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

employing statistical methods. A study of various coat-resistance levels to corrosion deterioration of mechanical 

properties of low carbon steel by some bitumen from Nigerian resources has previously been undertaken 

through parallel experimental processes. The purpose of this paper is to present an assessment of overall levels 

of variation in such processes through inferences drawn from impact strength using proper data size and the 

charts as a case study. 78 ASTM impact specimens were similarly prepared from procured rods of the steel and 

three clear bitumen samples harvested at different critical resource sites in Nigeria for the study. Three of the 

specimens as a set were each bath-dip-coated to a working thickness of 0.81mm with a separate bitumen sample 

and the level of the coating’s resistance to corrosion deterioration of impact fracture strength of the specimens 

determined through the same experimental process. This was repeated at different times with each of the 

remaining sets. The overall appropriately obtained information was tabulated and analyzed using the charts. 
The analysis indicated that the quality of the harvested bitumen samples and their corrosion coat protection 

levels of the steel strength and the overall as-conducted experimental process were in statistical quality control.  
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I. INTRODUCTION 
Corrosion costs for industrialized nations are put at 5% of their gross national domestic products 

(GNDP). In developing countries, the general level of corrosion-consciousness and counteractions are however 

minimal and the deleterious phenomenon has more or less silently been taking its toll directly and indirectly on 

their economies and people’s lives in many quarters. 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 (Guma et al, 2010; 2011a ,b and 2013a). 

The most important corrosion problem in all quarters worldwide is the rusting of structural steelworks. Rusting 

is a uniform or nearly uniform form of corrosion and accounts to about 90% of all corrosion problems in the 

total economy. The amount of steel which rusts away for lack of adequate protection amounts to about 1000 

tonnes every single day (Higgins, 1993). Rusting can impair the levels of mechanical properties of steel to the 

extent that it may not perform satisfactorily in structural service or even collapse. Although the most steel-

corrosive natural environments include; acidic soils, highly saline soils and heavy clays of high electrical 
conductivity, organic deposits such as silt and harbor mud, and sea water; the material rusts at almost incredible 

rates on the surf beaches in the tropics where it is exposed to continuous spray of sea salts particularly sodium 

chloride. (Laque, 1975; Cottrell, 1985; Guma et al, 2013a and Guma and Oguchi, 2011). The rate of rusting 

increases with the salt and moisture contents of air. At a very high salt content of 11.1% and dew point, a rate of 

0.95mm/yr was obtained for ingot iron by Ambler and Bain (2012) at 50 yards from the tropical surf beach in 

Lagos, Nigeria. 
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Nigeria’s economy is about 85% petroleum-dependent. The country is a developing nation that is groping for 

ways to catapult her to the status of an industrialized nation without necessarily preparing for it. No government 

in Nigeria has yet come to grips with the reality of the devastating effect of corrosion on the country’s economy.  

The country is endowed with abundant critical and strategic resources that can help her to easily attain the 

industrial status if managed properly but so far, the utilization of these resources as raw materials is dependent 

wholly on the industrialized economies. The petroleum industry upon which her economy is so dependent is 

prone to corrosion ravages. About 80% of her refinery equipment and transmission pipelines are made of carbon 
steel particularly of the low carbon type. The petroleum products are transported from one location to another 

through pipelines which pass through the sea, rivers, ground or surface water in urban and rural areas. The 

deterioration of these pipelines and other aspects of plants due to corrosion is a huge cost to the country in terms 

of; subsequent oil leakage and spillage, violation of environmental and safety laws, product contaminations, 

reduction of efficiency of operating plants, loss of production, over design, protection and maintenance, 

replacements of parts, fire and other general losses. Yet all the materials of construction in the country are 

imported, an enormous amount of foreign exchange is lost for combating corrosion in the country. These 

necessitate professional and technological challenges on how best to protect these pipelines with novel 

approaches (Ali, 1998; Wami, 1998; Yawas, 2006, Guma et al, 2010; 2011a, b and 2013a).  

 There are many approaches to combating corrosion; however, the most economical, versatile, widely 

and commonly used method is by paints or organic coatings. It is estimated that about 90% of all steel surfaces 
are protected by paints or organic coatings (Laque, 1975 and Pludek, 1977). Bitumen is an important organic 

material that has been in use for coat-protection of steelworks in corrosion-preponderant industries such as 

petroleum or other chemical and water industries and coatings based on it provide excellent resistance to 

industrial pollution. The grades and service attributes of bitumen obtained from different sources can however 

vary widely.  Nigeria is blessed with abundant reserves of natural bitumen amounting to about 14.46 billion 

barrels whose quality varies from location to location and capability for synthesizing large quantities of bitumen 

from petroleum, but there has been no public-available coating codes of practice with her bitumen (Olalere, 

1991; Fed. Min. Sol. Mine. Dev; 2006; INTERNET, 2012 and Guma et al, 2013a). Guma et al (2010; 2011a, b 

and 2013a) undertook a study to evaluate and provide information on suitability levels of various coating 

treatments of bitumen from the resources as inhibitors of steel corrosion. In that study; coat-resistances to  

corrosion deterioration of hardness, fatigue, tensile and impact fracture strengths of a low carbon steel by three 

harvested bitumen samples designated as Ondo S-A, Ondo S-B, and KPB  from different critical resource sites 
in the country were evaluated. Five different coating treatments of working thicknesses in the range of 0.81-

1.46mm were used. The obtained results showed different appreciable inhibition performance levels of practical 

importance that generally increased with the working thickness within the range of 53.36 to about 97.42%. The 

experimental processes from which the information were obtained included: procurement of the bitumen 

samples and low carbon steel rods, analyses of chemical composition and  microstructures of the steel rods to 

ascertain those that were indeed low carbon steel and consistent in structure, analyses of physico-chemical 

properties  to assess grades of bitumen from the sample sources, machine-production of 33 specimens for 

ASTM E8 tensile; 33 for ASTM E23 (impact); 33 for ASTM 384 (Knoop micro-hardness); and 175 for ASTM 

E92-82 (fatigue) tests with the rods, polishing the produced specimens to an average surface finish of 25 

microns, normalization of the specimens to relieve them of any machining stresses, heating each bitumen 

sample to a desired temperature and bitumen-coating sets of  specimen types to various thicknesses by bath-
dipping them in the heated bitumen for a period of 30 seconds, removing the specimens from the bath and 

allowing the coatings on them to cool to room temperature and statistically determining the working coating 

thickness for each case of bath coating temperature used, place-exposing the coated specimens continuously  to 

a design-produced acidic and chloride corrosive medium for 50 days to undergo any possible level of corrosion, 

removing the specimens and subjecting each as well as the others for control to appropriate mechanical tests, 

collection of the test results and appropriately evaluating the resistance level of each coating thickness of each 

bitumen sample to corrosion deterioration of each mechanical property, etc. Although these processes were so 

carried out for each mechanical property and coating thickness, any one or more unknown causes from them 

might have affected the true inhibition data values from the overall tests. This is because variations in quality 

characteristic are inevitable, however well a process may be controlled and tests carried out (Holman, 1984). 

The variation is attributable to two types of causes, namely; 
 

i      Natural or chance causes. 

ii    Assignable (special) causes. 
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 Variations due to material or chance causes are inherent in a process. They are due to multitude of 

causes which are difficult to identify and uneconomical to eliminate. Furthermore, variations due to chance 

causes consists of many individual causes with any one chance resulting in only a very minute amount of 

variation; and follow statistical laws. Such causes include; changes in the process over time and time required 

taking measurements, errors introduced into the measurement by the instrumentation system, lack of perfection 

in reading instruments, small variation due to aging of machine or equipment. On the contrast, assignable or 

special causes of variation are generally due to few individual factors which can be identified and eliminated. 
Assignable causes do not follow statistical laws and any one of them can result in a very large amount of 

variation in the output from a process. Some typical assignable causes of variations are; batch defective raw 

materials, faulty set-ups, and new or inexperienced operators (Holman, 1984; Miller and Freund, 1987; Evans 

and Lindsay, 1996; Jain, 2005; Jain and Aggarwal, 2008). Statistical methods of experimental and production 

assessments provide the basis for making decisions, determining errors, precision and general validity of 

measurements; or performance levels. Statistical process control is a methodology which operators, supervisors 

and managers use control charts to monitor output to identify and to eliminate special cause of variation in a 

process. It is a proven technique for reducing scrap and rework, thus, increasing productivity. It also provides 

the basis for determining process capability and predicting yield from a process. In many industries, suppliers 

are required to provide evidence of statistical process control to their customers. The commonly used methods 

for statistical quality control include the average (X ) and range (R) charts; also called Shewart charts, fraction 
defective (p-chart), and chart for defective (c-chart). Where the characteristic under study can be measured 

along a scale of measurement, the X  and R charts have proved to be of greater values and should be used in 

preference to the p and c charts. Usually 25 to 30 data values per sample and three to ten samples are collected 

and used for the X  and R charts (Evans and Lindsay, 1996; Jain and Aggarwal, 2008 and INTERNET, 2013a, b).  

 The object in this paper is to understand better the levels of variation in qualities of the as-harvested 

bitumen samples from Nigerian resources and the overall experimental processes used to obtain their various 

coat-resistance levels to corrosion deterioration of mechanical properties of a low carbon steel by Guma et al 
(2010; 2011a, b and 2013a); through inferences from Shewart charts’ analyses of a proper test-obtained data size 

on the levels by the bitumen samples with impact fracture strength and 0.81mm working thickness as a case 

study. 

 

II. EXPERIMENTAL CONCEPT/METHOD 
Material Sourcing 

Low carbon steel rods of diameters 8-10mm were purchased from a supplier in the iron and steel 

market in Lagos, Nigeria, while two natural bitumen samples with identification names Ondo S-A and Ondo S-

B, and a synthetic bitumen sample with name KPB were collected in sufficient quantities from critical bitumen 
sources in Nigeria for the tests. Ondo S-A was collected from a clear bitumen deposit on the ground surface in a 

waterlogged area in Ondo state on the outskirts of Agbabu village that adjoined Agbabu-Ore road, and Ondo S-

B from a rich deposit underground within the village through a standard extraction hole drilled by early 

explorers of bitumen in Nigeria. KPB was from bitumen manufactured at Kaduna Refining and Petrochemical 

Company (KRPC) with the blend of the Nigerian and Iran’s Basara crudes as feedstock (Guma et al, 2010; 

2011a, b; 2013a). 

 

Test Procedures 

 The elemental average weight composition of each procured rod was determined by the energy 

dispersive X-ray fluorescence analysis and a chromatographic technique. The obtained composition together 

with analyses of revealed microstructures of the rods at an optical magnification of 200 confirmed rods that 

were similar low carbon steel. The obtained composition and microstructure had previously been presented by 

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

 

 The confirmed rods were used to machine-produce 26 three-set impact specimens at different occasions 
according to ASTM E23 test procedure. The sets were designated numbers. 1-26. The number (No.) 1 set was 

first produced and each specimen of the set similarly machine-polished with various grades of polishing paper, 

starting with the 250-grade and finishing with the 400 at a profilometer-ascertained average surface finish of 25 

microns. Differences in machining parameters can exist and result in various residual stresses among the same 

type of specimens and have different effects on corrosion and impact strength values of the specimens and cause 

difficulty and inaccuracy in analysis of true effects of the test corrosion per se on the specimens. The polished 

specimens were thus normalized to relieve them of any such stresses by heating them in a tubular heat treatment 

furnace to a temperature of 8500C, holding them there for enough time of two hours, and removing and cooling 
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them in air at room-temperature in accordance to Cottrell (1985), Rajan et al (1990), Guma et al ( 2010; 2011a 

,b and 2013a, b), and Guma and Oguchi (2011). 

 

 The normalized specimens were coated by dipping them in the bitumen bath at 230
0
C. The temperature 

was chosen within the range of 150-250OC for heating and coat-applying most bitumen (Pain. Dec. Con., 1995; 

Guma et al, 2010; 2011a, b and 2013a, b). A 20-kg gas-fired heating unit was used to heat a portion of Ondo S-

A in a steel container to 2300C. The temperature was monitored by a 0-360oC mercury-in-glass thermometer. A 
specimen was held on its head with a thin-lip crucible tong and dipped into the bitumen for 30 seconds.  This 

was repeated with a different specimen and portion of Ondo S-B and likewise KPB.  This produced a 

statistically determined overall working coating thickness of 0.81mm with the bitumen samples after the 

coatings had cooled to room temperature, in accordance with Guma et al ( 2010; 2011a, b and  2013a, b). 

 The coated specimens were fully exposed to a corrosive medium that was design-prepared with a very 

high factor of aggressiveness in accordance with the principle for laboratory corrosion testing, using Armfield 

corrosion studies kit. 11.538g of NaCl and 2.308g of concentrated sulphuric acid (H2SO4) were determined with 

a very accurate digital weighing scale and mixed thoroughly in 1000cm3 of water to get the corrosive medium 

composed of 30% NaCl + 5% con. H2SO4 + 65% water by mass. The medium was poured to about 70% of the 

volume capacity of a flat-based 250-ml plastic container in which the specimens had been carefully placed in 

vertical positions with due consideration to identity of each as-coated with the bitumen samples. Air from the 
compressor part of the kit was released at a pressure of 0.015 bars in excess of one atmosphere via a 4mm-

diameter plastic hose that had its open end immersed to the bottom of the corrosive medium in the container.. 

This aerated the medium and made it to circulate in an up and down fashion over the specimens at the prevailing  

room temperature to simulate with a reasonable higher aggressive factors, the specimens’ field exposure to one 

of the worst natural corrosive environments-the tropical surf beach atmosphere of 100% relative humidity. In 

that way, the specimens were left continuously exposed to the medium for 50 days at ambient room temperature 

in the laboratory to undergo any possible level of corrosion (Guma et al, 2010; 2011a, b and 2013b).  

 At the end of the exposure time, the specimens were all removed and tested within two hours of their 

impact fracture strengths in accordance with ASTM E23 procedures (Choudary, 2003 and Guma et al, 2011b) 

using the Hounsfield balanced impact strength machine.  Each specimen was properly held in the vise of the 

machine and struck at the position of its notch with two similar pendulums each of mass 2.443kg travelling at a 

calibrated speed of 5m/s in opposite directions with a kinetic energy of 149.25 Joules from its calibrated 
standard height to fracture the specimen. The energy remaining after fracture was determined in each case from 

the height rise of the pendulums and their weights.  The difference between the energy input and energy 

remaining represented the energy absorbed by the specimen.  In that way three different data values were 

collected from the test.  The percentage inhibition performance (Xi) on deterioration of the strength with the 

coating thickness for each case of bitumen sample was evaluated as (Guma et al, 2011b): 

Xi = (∆Ti /∆Ui) 100……..1                                           

 

 Where ∆Ti is the change in the impact fracture energy between the un-coated but corroded (UC) 

specimens of the steel in the same test corrosive medium as was test-obtained and the coated and corroded steel 

specimen in the medium. ∆Ui is the change in the impact fracture energy between the un-coated and un-

corroded (UU) and the UC specimens (Guma et al 2011b). The impact energy values of 87.1 and 93.63 Joules 
for the UC and UU specimens respectively determined by Guma et al (2011b) were used to evaluate ∆Ti   and 

∆Ui. 

 The above process from the machine-production of No. 1 set of specimen to evaluation of Xi from 

equation 1 was repeated with each of No. 2 to No. 26 three-set specimen at different occasions in accordance 

with the same test procedure used by Guma et al (2011b). The overall test obtained coat-resistance or inhibition 

data was tabulated. 

 

Evaluation of Requisite Parameters of the Coat-Resistance Performance data for Shewart Charts 

The average (X ) and range (R) values were evaluated from the test-obtained data on all the steel 

specimens  of sets No. 1- 26  presented in Tables 1a and 1b.  For each set (Ni), the average value (𝑋 𝑁) for the set 
was evaluated as (Miller and Freund, 1987): 
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𝑋 𝑁 =   𝑋𝑖

𝑖=3

𝑖=1

 
1

3
   ……………………………………………… . . (2) 

 

Where, Xi is as obtained from equation 1 for a specimen 

 

The corresponding range (Ri) for the set was evaluated as ( Grant and Leavenworth, 1996): 

Ri = Xi max - Xi min   --------------------------- (3) 

Xi  max, Xi min  are the least and highest coat-resistance values respectively in each case with a three-set specimen. 

The average of the average values (𝑋 ) for the 26 three-set specimen was evaluated as (Miller and Freund, 1987):     

 

X =    X 𝑁

𝑁=26

𝑁=1

 
1

26
= 47.8846% ……………………… . . (4) 

The average (R ) of the ranges (Ri) for the 26 three-set specimens was evaluated as (Jain and Aggarwal, 2008): 

R =    𝑅𝑖

𝑁=26

𝑁=1

 
1

26
= 26.846154% ……………………… . . (5) 

Where, N is the total number three-set specimen used (N = 26). From these, the upper control limits (UCL), and 

lower control limits (LCL) for the R and X  charts were appropriately evaluated according to Evans and Lindsay 
(1996), and Grant and Leavenworth (1996) as follows; 

The upper control limit for the range (R) chart (UCLR) was set as: 
UCLR = D1R   = 2.574(26.846154) = 69.102% -------------------------------- (6a) 

The lower control limit for the R chart (LCLR) was set as:  

LC LR = D2R   = 0.0 --------------------------------- (6b) 
The upper control limit for the X  chart (UCLX) was set as: 

UCLX = X  + A R  = X  + 3σ = 47.8846 + 1.023(26.846154) = 75.348216% ------------------ (7a) 

The lower control limit for the X  chart (LCLX) was set as: 

LCLX = X  - A R  = X  – 3σ = 47.8846 – 1.023(26.846154) = 20.420984%   -----------------  (7b) 
 

Where; D1, D2, and A are parameters that depend on the sample size (n) for the 𝑋  and R control charts, and σ is 

the population standard deviation of the average values for all the three-set specimens and was determined from 

an equation given by Miller and Freund (1987)  and Jain (2005) as: 

σ =    𝑋 − 𝑋 𝑁

𝑁=26

𝑁=1

 
1

26
= 10.459912% ……………………… . . (8) 

For the three-set size used, that is n = 3; D1, D2, and A were obtained from data table for X and R charts given 
by Evans and Lindsay (1996) and Grant and Leavenworth (1996) as; 1.023, 2.574, and 0 respectively. The 

obtained parameters from equations 1-5, 6a, 6b, 7a and 7b were used to plot the X  and R charts of the obtained 

corrosion coat-resistance data with the bitumen samples.  

III. RESULTS AND DISCUSSION 
Results 

Results of corrosion coat-resistance levels to impact strength deterioration of a low carbon steel 

specimens by Ondo S-A, Ondo S-B and KPB as were appropriately obtained from a laboratory test process with 

a more or less working coating thickness of 0.81mm are shown in Table 1a while the appropriately evaluated 

parameters for the X  and R charts using results in Table 1a, are shown in Table 1b. The drawn X  and R charts 

using information presented in Table 1b are shown in Figures 1 and 2 respectively. The upper control limit for 

the X  chart is set at an inhibition performance value of 75.348316% and the lower limit at 20.420984%, while 

those for the R chart are 69.102 and 0.0% respectively. The average (X ) values vary from the least value of 26% 

to the highest value of 62%, while the range (R) values from the least value of 5% to the highest value of 52% 



Experimental assessment of bitumen coat-resistance to impact… 

www.theijes.com                                                The IJES                                                     Page 32 

as can be seen from Table 1b and Figures 1 and 2. The centre line (CL) for the X  chart is at 47.8864% and R 

chart at 26.85%. 

Discussion of Results  

From the drawn Shewart charts with the bitumen coat-protection levels of corrosion deterioration of 

impact fracture strength of a low carbon steel shown in Figures 1 and 2, it can be observed that for each chart no 

point is outside its control limits, the number of points above and below the centre line of each control chart are 

about the same. The points seem to fall randomly above and below the centre line of each chart and most points 

are near the centre line with only few close to the control limits. All the obtained data values of each chart fall 

within its lower and upper control limits and fluctuate randomly without any recognizable pattern as can be 
observed from Figures 1 and 2. This indicates that the overall experimental process was quite in statistical 

quality control, so that there was no special cause of variation to be eliminated in the quality of the test bitumen 

samples, low carbon steel, facilities and the overall conduction of the experimental process.  

IV. SUMMARY AND CONCLUSION 
An experimental or production process will always exhibit some variations in outputs or levels of 

performance when repeated a number of times in the same process with even precise and accurate facilities 

using similar materials, samples or specimens. This variability can be due to multitude of natural or chance 

causes which are difficult to identify and uneconomical to eliminate or assignable (special) causes due to a few 

individual factors which can be identified and eliminated. The data obtained from such a process may therefore 

be an assembly of readings but not an exact and reliable result. The data is however considered acceptable or 

reliable if its individual values are found to all fall within a permissible range of variation. Maximum 

information for acceptability or reliability of such assembly can be extracted by employing statistical methods. 

Shewart-charts’ analyses of overall results from a meticulously conducted laboratory test process of evaluating 
coat-resistance levels of impact strength corrosion deterioration of a low carbon steel by three harvested bitumen 

samples from some critical bitumen sources in Nigeria with a working coating thickness of 0.81mm has been 

presented. The analyses indicate that variation in the obtained data values and hence qualities of the test bitumen 

samples, steel, facilities and the overall conducted test process are all in statistical quality control (acceptable 

range of variation), so there was no special cause of variation to be eliminated in the process. The analyses also 

give an indication of acceptability of results for the cases of other coating thicknesses previously obtained by 

Guma et al (2011b) with other coating thicknesses using the same test process and results with parallel test 

processes for cases of other mechanical properties of the steel by Guma et al (2010, 2011a and 2013b). 

V. RECOMMENDATIONS 
Clear natural bitumen around the region of Agbabu, in Ondo State and the KRPC-synthesized type in 

Nigeria are recommended to be harvesting and exploiting as economical materials of more or less consistent 

quality for desired corrosion coat-protection levels with various coating thicknesses. The bitumen should be 

used for protection of steelworks in the country’s corrosion-preponderant industries with due consideration to 

existing coating codes of practice with bitumen and coat-inhibition information presented in this paper and 

previously by Guma et al (2010; 2011a, b and 2013a).  
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Fig. 1: 𝐗  Chart for the Impact Strength Coat-inhibition values 

 

Fig. 2: R Chart for the Impact Strength Coat-inhibition values 
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