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HIGHLIGHTS  Low-price bulk engine oils enjoy higher demand in Nigeria.  Physicochemical tests proved most of Nigerian commercial engine oils unserviceable.  Equipment running on most of Nigerian commercial engine oils risk early breakdown. ABSTRACT The largest players in the lubricant market in Nigeria are the low-price commercial bulk engine oil manufacturers. Their market dynamics are boosted by the consumers’ blind patronage, which is price-based, without authentic knowledge of the serviceability of these products. This work used physicochemical test parameters to predict the serviceability of these low-price engine oils. Six candidate products which are very popular in the market were investigated. The results, when compared with the standard specified for SAE 40 oil revealed that all the candidate oils fell within SAE 40 grade oil, and their specific gravity, pour points and flash points meet the statutory standard requirements. However, only two out of the six candidate products clearly passed crankcase oils minimum statutory standard; one candidate may be accepted when subjected to early drain time because of its low total base number (TBN) which leaves an operator with higher cost implications. The remaining three candidates are unfit for use, majorly from the TBN point of view; with one of these last three also having very low viscosity index (VI). The characteristics of the last three presents a scenario that the VI, and TBN of some of the oils could cause the engines in which they are used to experience early wear from lubricating film starvation and possibly corrosion effect. Keywords: | Commercial bulk engine oils | Low price | Product integrity |
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1.0



INTRODUCTION



An acceptable résumé of any lubricating oil for any industrial or automotive application must contain the suitable parametric specifications. The physical parameters in order of importance are viscometrics: viscosity, viscosity index, and specific gravity, lubricity (friction reduction and wear protection), flash point, and pour point, while the basic chemical characteristics include thermo-oxidation stability, total base number, total acid number, corrosion and rust prevention capability, hydrolytic stability, compatibility with seals and other components in the service environment etc., then their environmental friendliness, classified by toxicity level, and biodegradability. To achieve adequate lubricity and engine temperature control across all operating conditions, proper viscosity and viscosity index are requirements. In fact, viscosity and viscosity index are viewed as the most important characteristics of lubricating oils (Wagner et al., 2001). Viscosity had mostly been used to define the conditions of oils (Macian et al., 2014). Whether thin film (boundary lubrication), or thick film (elastohydrodynamic lubrication), or intermediate thickness film (mixed lubrication) formation is the requirement between tribological pairs, it is factored on viscosity, while the sufficiency of any of this film formation under all temperature regimes of the tribosystem relies on viscosity index. Viscosity is equally used to estimate the degradation of oil owing to oxidation, while in service. Viscosity has been one primary consideration in the proper selection of lubricants for a particular application (Wagner et al., 2001). It is gathered that in automotive engines and other internal combustion engines, apart from frictional drag, the viscosity of an oil also have significant effects on cranking, starting, fuel conservation, and battery life, especially at low room temperatures (Caracciolo and McMillan, 1979). The oil viscosity at extremely low ambient temperatures reduces the engine cranking speed, limits the starting possibility, and reduces the battery life and the fuel economy of the vehicle (Caracciolo and McMillan, 1979). A good information about the viscosity of the oil you choose is therefore crucial to these parameters. One property which is physical-thermal woven is flash point. It is defined as the temperature at which a heated sample of oil generates sufficient vapour and gets ignited without sustaining the flame, when the oil is instantaneously exposed to an ignition source (Tebbe et al., 2005). This property characterizes the volatility of any oil, and determines the maximum safe temperature the oil should encounter in its service environment. Chemical properties like the total base number can reliably estimate the quality of any oil. It is defined as the ability to neutralize acids which may evolve while the oil is in service. Engine oils with higher base number have higher capacity to neutralize more acids (Noria Corporation, 2015). Nigeria lubricant market is littered with varieties of products, ranging from net, untreated base oils to low quality formulated oils, and to premium quality products. The
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dominant is the low quality formulated oils, due to the high demand for such category of oils by the consumers, predicated on the low-price range. Using a low quality lubricating oil can lead to excessive energy loss through friction, which is estimated at 20–25% of the energy produced through the burning of fuel by the engine (Rudnick, 2009), and early engine ‘spent’ before the expected duration of its salvage value. It also poses high risk or denies the consumer the benefits of extended oil drain interval, and rather subjects them to frequent and early change of oil which has been estimated to be up to 40 times the lubricant price (Noria Corporation, 2014). The motivation for research into the integrity of this class of engine oils arose from the fact that it is about the cheapest available in Nigeria at any time. The price ranges from 1.25 USD to 1.50 USD per litre, while the premium (high price) counterparts are going for 3.77 USD to 6.28 USD per litre. The low-price class is also the highest selling product type even though it is the lowest quality of engine oils available and allowed by statutory regulations. They are used as lubricating oils in passenger cars, buses, heavy trucks, light engines, and power generator sets. While this class of engine oils are contributing to the sustaining of our economy in terms of market indices, the worry is whether they are capable of equally sustaining our machineries. The general norm is that cheap things are inferior in quality. This work is a preliminary and basic probe tool into the capabilities of these products to sustain the Nigerian vehicles and equipment. The outcome will wisely advise the users of lubricants on their choices, enlightens the ignorant users of the products, and also addresses or confirms the fears of the oil and equipment users who are sceptical about the satisfactory performance of this class of products. Six samples of this class of low price product were tested of basic physical parameters including specific gravity, kinematic viscosity, viscosity index, pour point, and flash point, and then total base number as one important chemical property capable of estimating the oxidation stability and corrosion/rust protection stamina of the oil. 2.0



MATERIALS AND METHODS



2.1



Statistical Survey of Opinions of Lubricant Users from Auto-Mechanics Workshops



An investigation which lasted for about two months was carried out on 20 automechanics workshops sampled within the North Central part of Nigeria to ascertain the lubricant users’ preferred demand for the two grades of engine oils, which are Low-Price Bulk Oil and Good Quality Packaged Oil being consumed in the country. The survey involved a questionnaire (administered to the mechanics) which categorized the demand as very weak (0 – 40%), weak (41- 60%), strong (61 – 75%), and very strong (76 – 100%). The responses were analysed and reported.
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2.2



Experiments on the Low-Price Bulk Oil Samples



Six samples of Low-Price Commercial Bulk Engine Oils (unknown compositions) designated as E1, E2, E3, E4, E5, and E6 (Figure 1) were obtained from local lubricant marketers in Kaduna Nigeria. The choice was made based on the knowledge of the wide coverage of Nigeria lubricant markets by the said products. The samples were tested for the earlier stated parameters, based on the indicated ASTM methods, using standard and properly calibrated industrial laboratory equipment. The results of the tests carried out were reported and discussed. a) Specific gravity (SG) @ 15oC according to ASTM D1298 – 85 (1990). b) Flash Point (0C) according to ASTM D92-90. c) Kinematic viscosity (KV) @ 40oC (cSt) and @ 100oC (cSt) according to ASTM D0445. d) Viscosity index (VI) of each candidate oil calculated from results of (c) according to ASTM D2270-93. e) Pour point (0C) according to ASTM D97-93. f) Total base number (TBN) (g KOH/mg) according to ASTM D2896.



Figure 1: Low-price bulk oil samples 3.0



RESULTS AND DISCUSSION



3.1



Survey of Users, Preference on Two Categories of Lubricating Oil Consumed in Nigeria



Figure 2 reports the survey of users’ preference on two categories of lubricating oil usage activities in 20 workshops in North Central Nigeria. Figure 2 depicts that 7 out of 20 workshops recorded very weak (between 0 – 40%) users’ preference for Good Quality Packaged Oil, while only 3 out of 20 indicated that users’ preference for Low-
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Grade Bulk Oil is very weak. As the demand indices grow from very weak to very strong, the number of workshops recording the users’ preference for Low-Price Bulk Oil increases while the preference for Good Quality Packaged Oil reduces. The number of workshops that indicated very strong demand (76 – 100%) for Low-Price Bulk Oil were 8 whereas only 4 workshops indicated very strong demand (76 – 100%) for Good Quality Packaged Oil, indicating that the demand for the Low-Price Bulk Oil is generally around double of the demand for the Good Quality Packaged Oil.



Figure 2: Survey of Users’ preferred demand on two categories of lubricating oil usage activities in 20 workshops in North Central Nigeria. From the Survey, the users, who are the vehicle owners, authorized the automobile technicians, popularly called “moto mechanics” in Nigeria to use the Bulk Oil, which, usually are low grade; as against using good quality packaged engine oil which are expensive (Bongfa et al., 2015). Whether it be out of ignorance or due to its being much cheaper, or both, this is possible only because such products are readily and openly available for purchase; and this gives the users a choice. The Petroleum Inspection Department of the Nigerian National Petroleum Company (NNPC), which translated to Department of Petroleum Resources (DPR) and the Standard Organisation of Nigeria (SON), have mandates to ensure that manufacturers produce engine oils that meet minimum documented specified standards, and should ensure that these minimum standards are maintained through more proactive enforcement arrangements which will remove Commercial Bulk Oil sale as an option. They should also ensure that all engine oils are properly packaged for sale. 5
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3.2



Specific Gravity



This test is carried out at the normal room temperature which is about 30°C and the results obtained are converted to the standard specified temperature of 15°C by ASTM D1298 - 85(1990)e1 (Standard Practice for Density, Relative Density (Specific Gravity), or API Gravity of Crude Petroleum and Liquid Petroleum Products by Hydrometer Method). The value of specific gravity of each of the candidate oils presented in Table 1 falls within the range of the specific gravity of mineral oil, which is from 0.85 to 0.90 (Troyer, 2002). However, the standard for SAE 40 engine oil specifies a minimum SG @ 15°C of 0.88 minimum. Of note is that the values are closer to the upper limit, which means that the candidate oils will require the use of high powered pumps for good flow and circulation within the engine. Table 1: Specific gravity of the 6 samples of low price commercial bulk engine oils Samples S/N Test parameters E1 E2 E3 E4 E5 E6 o 1 SG @ 15 C 0.8941 0.8923 0.9001 0.8930 0.8950 0.8934 3.3



Kinematic Viscosity



As can be seen in Table 2, the kinematic viscosities (KV) of all the samples are within the SAE 40 range (which is 12.5 cSt to 16.3 cSt @ 100oC while the values for 40oC is to be reported), however, sample E1 (having 148.55 cSt @ 40°C), followed by sample E6 (having 154.30 cSt @ 40°C), then sample E2 (having 156.86 cSt @ 40°C) will be most preferred from the viscosity at 40°C point of view, because oil with reduced viscosity, especially at low temperatures can maintain good hydrodynamic oil film (at low temperatures - at start up) between close tolerance contacting tribological pairs, such as piston rings-cylinder, crankpins-journal bearings, valve train contacts of internal combustion engines. Secondly, provided full film still exists between tribological pairs of the engine, a reduction in viscosity means low energy consumption due to lower viscous drag, and less build-up of the bulk lubricating oil and local temperatures from the usually converted excess energy to heat, assuring longer lifetime of the lubricant and the lubricated components (Boyde, 2002). Their lower viscosities at 40°C will enable good pumpability at low temperatures, and ensured flow to all close tolerance regions requiring lubrication and cooling. These mean that consumers using sample E1 oil will have better protection against friction and by inference, wear; and also lower fuel consumption when the operating temperature of the engines are at low regions than those using the rest samples, with consumers using sample E3 having the least of these benefits. This lower viscosity benefits including fuel economy (Hawley et al., 2010), friction reduction, and wear protection, possible with sample E1 is actually on the conditions that the oil is
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properly equipped with friction modifier and wear protection agent (Hoshino et al., 1998). In a motor engine test, reduced viscosity oils did not permit significant wear at 50°C in engine pairs such as valve train which is the seemingly most vulnerable to wear, but at 130°C, reduced viscosity oils caused significant wear even in cam faces and piston rings (Ohmori et al., 1993). Looking at the viscosities of the oil samples at 100°C, sample E3 will offer better separation between interface asperities within the regions of high temperatures compared to the rest, because it has the highest viscosity at this temperature region. Table 2: Kinematic viscosity and viscosity index of the 6 samples of low price commercial bulk engine oils Samples S/N Test parameters E1 E2 E3 E4 E5 E6 o 1 KV @ 100 C (cSt) 14.40 15.08 16.93 14.97 16.45 14.36 o 2 KV @ 40 C (cSt) 148.55 156.86 197.20 180.37 194.29 154.30 3 VI 95 96 90 117 87 90 3.4



Viscosity Index



The viscosity indices of the tested oils as presented in Table 2 indicate the general low viscosity index characteristics of petroleum base oils which is due to lack of chemical functionality (Kandula, 2014). However, the gross deficiency of sample E5 in meeting the minimum statutory requirement of 90 implies that no or less efficient VI improver might have been used in the formulation; or that the base oil is of such a low quality that it lacks solvency to dissolve the VI supplement used in the formulation. This kind of mediocre viscosity index cannot meet up with the rising demands on lubricating oils by the new generation combustion engines (Rizvi, 2009). Because the viscosity will be too low at high temperatures (above 120°C) giving room for asperity contacts between tribological pairs such as piston/piston rings, valve train, crank pins/journal bearings, cam/followers and every other train members. This scenario (viscosity drop) can lead to increased wear rate (Macian et al., 2014). This can equally mean poor ability to cope with the rising temperatures in terms of heat extraction. On the other hand, the viscosities of these same samples may be too high at temperatures when far below 40°C, giving rise to poor pumpability by the oil not reaching some isolated parts of the engine which may at the time in question need to be lubricated, and high losses due to increased fluid interlayer friction otherwise known as viscous drag. In the light of the demands on lubricating oils from the modern types of engines, the VIs of candidates E3 and E6 are low and far from being capable to meet the demands of these engines. Candidates E1, E2 and E4 fall into the categories of multi-grade oils (oils with VI of 95 and above) and should satisfactorily meet the demands of the modern engines. Candidate E4 has an
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exceptionally high VI, meaning that it must have been treated with high performance, and good dose of VI improver(s). This will make the oil have good and speedy flow to the various bearings and boundary lubricated areas at low temperatures, and retain sufficient viscosity at higher temperatures to maintain adequate fluid film at the bearings and other contacting members. Although, oil treated with high dose of VI improvers may exhibit susceptibility to mechanical shearing. The capacity to perform adequately at a large range of viscosities helps the user engines to perform optimally, thereby, reducing any adverse impacts on the environment due to incomplete combustion. 3.5



Pour Point



The pour points of all the tested samples as can be seen in Figure 3 are sub-zero, the typical low temperature requirement for lubricating oils (Bart et al., 2013), and are good enough for the country and other tropical countries. Candidate oil E2 and E4 are at the threshold minimum of -9oC specified by the standard. However, all of them are serviceable from the pour point angle, with samples E3 and E6 having superiorities, followed by samples E1 and E5. Pour point depicts the temperature at which the oil ceases to flow. It is one of the most important low-temperature characteristics of lubricants (Ahmed et al., 2014). The pour point of a lubricant depends on the nature and quality (refining) of base oil, and the efficacy of the pour point depressant used in the formulation. Samples E3 and E6 must have been from better quality base stocks than the others, and the pour point depressants used may be of the poly-methacrylate type. The implication of low poor point is that at cool start up, the contacting pair at all tribological regimes are adequately lubricated as the oil fluidity still permits adequate film formation at near optimum level.



Figure 3: Pour points of low price commercial bulk engine oils in Nigeria market 8
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3.6



Flash Point



From Figure 4, it can be observed that the flash points of all the candidate oils are above the minimum specified for SAE 40 oils of 220°C, implying that these oils have relatively low volatility and can be run safely in internal combustion engines.



Figure 4: Flash point of the 6 samples of low price commercial bulk engine oils The low volatility equally means lower oil consumption (i.e. engine oil getting reduced in volume in the course of its utilisation) rate (Carey et al., 1989), and lower evaporation loss. Their resistance to oil consumption in descending order is E5, E2, E6, E3, E1, and E4. The differences in their flash points should be majorly base stocks related. With the revealed values of the flash points of the tested oils, there is guarantee of the oils still in possession of their tribological properties and other lubricant qualities at the highest engine temperatures, especially for passenger cars which is placed between 200 to 250°C at locations near the piston crowns (Rizvi, 2009; Rudnick, 2013). However, at that extreme temperature, it is not advisable to use oil samples E4 and E1. 3.7



Total Base Number



The TBN number reveals the same information with the total acid number, i.e. ‘the rate of change between a new and used lubricant’ (Thorp, 2015). The TBN of a new crankcase oil normally ranges from 5 to 15g KOH/mg (Noria Corporation, 2015). In fact the most satisfactory range, according to ASTM D2896 - 07a Standard Test Method is 7 – 10, and 10 - 14 for gasoline and diesel engines respectively. The reported results in
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Figure 5 indicate that only samples E1, E2 and E4 are fit to be in the market – from TBN consideration, if they have very slow rates of depletion of alkalinity contents.



Figure 5: Total base number of the 6 samples of low price commercial bulk engine oils Samples E3, E5, and E6 are completely disqualified because in online oil analysis, oil with TBN number below 3 g KOH/mg is recommended for a change (Noria Corporation, 2015). They will expose the engine to very early corrosion and rust, and the oil to early or faster oxidation. They may have been blended with additive packages which have very poor or no corrosion/rust inhibitors, and dispersants. Another reason may be the use of wrong proportion and/or combinations of rust inhibitors and antiwear additives which could raise the acidity of the oil thereby reducing their TBN. Note that Sulphated Ash Content would have been a better parameter if the 6 candidates were from one manufacturer; meaning if they are produced from the same additive source. It is therefore assumed that if these products have been produced from proper crankcase additive packages, the TBN will be a good basis for quality comparison and assessment of their serviceability; knowing that the TBN can be imparted using alkaline over-base otherwise called TBN booster, which may not necessarily impart any other required quality specification outside this alkalinity.
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3.8



Statistical Position of Consumers of The Six Samples Oils



Overall, if six modern car users each runs his engine on one of these tested candidate oils, statistically, the implication are as follows: a) Three out of the six (probability of 0.5) users are at risk of their engines suffering the effects of poor viscosity index with the user of oil sample E5 being the worst for it. b) Three out of the six (probability = 0.5) users are at risk of their engine failing early, owing to the consequences of low TBN value with the user of sample E6 being at the worst end. c) Three out of the six (probability = 0.5) users, i.e. users of samples E3, E4, and E5 will have sufficiently high film formation at low temperatures, resulting in adequate separation of asperities of close relative moving components, but may experience slightly more energy losses due to high hydrodynamic shear forces. d) Two out of six (probability = 0.33) users, i.e. users of samples E4 and E1 could have problems of evaporation losses at maximum engine temperatures. e) In terms of the pour points of the samples, there is no cause for alarm. CONCLUSION Candidates E2, E5, and E6 have very low TBN numbers, below 3 g KOH/mg, the bench mark, below which in-service oils are recommended for change. This could be due to highly acidic base oils or additives used in their formulation, and complete absent of alkaline over-base supplements (TBN boosters). It could also be that they are straight blends of base oils without any additives, which more or less exposes the users to blatantly endangering their engines. This may be an attempt at maximizing the profit margins of these candidate products E2, E5, and E6, but resulting in an undue and unwarranted quality compromises. This work has proven to be a good estimation of the quality and serviceability of any lubricant. It has shown that it is not all together cheap to use low price commercial bulk engine oils sold in Nigeria lubricant market. There are associated risks, including negative impacts on engine durability, especially if one sticks to one of the defective products (E2, E5, and E6). It is now evident that the minimum quality of API: SD/CC (NIS 370:2006) for automotive engine oils marketed in Nigeria have not been adhered to by candidate products E2, E5, and E6 as revealed in their TBNs. A closer monitoring and enforcement capacity for the quality regulating bodies are to be ensured; with which these products may not have been in the market.
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Notwithstanding, any of these candidate products may be safely used, provided the user engages a specialized oil treatment, comprises majorly of over-base additive(s) and VI improver(s), and the remaining components are not antagonistic to the other additives used in formulating the candidate oil, which the user may not be able to assess. REFERENCES Ahmed, D.I., Kasolang, S., Dwyer-Joyce, R.S., Sainan, K.I. and Roselina, N.N., 2014. Formulation and physico-chemical characteristics of biolubricant. Jurnal Tribologi, 3, 1-10. Bart, J.C.J., Gucciardi, E. and Cavallaro, S., 2013. Renewable feedstocks for lubricant production. Biolubricants: Science and Technology, 121-248. Bongfa, B., Atabor, P.A., Barnabas, A. and Adeotic, M.O., 2015. Comparison of lubricant properties of castor oil and commercial engine oil. Jurnal Tribologi, 5, 1-11. Boyde, S., 2002. Green lubricants. Environmental benefits and impacts of lubrication. Green Chemistry, 4, 293-307. Caracciolo, F. and McMillan, M.L., 1979. Effect of engine oil viscosity on lowtemperature cranking, starting, and fuel economy. Society of Automotive Engineers Preprint, 1-20. Carey, L.R., Roberts, D.C. and Shaub, H., 1989. Factors influencing engine oil consumption in today's automotive engines. SAE Technical Paper, 1-32. Hawley, J.G., Bannister, C.D., Brace, C.J., Akehurst, S., Pegg, I. and Avery, M.R., 2010. The effect of engine and transmission oil viscometrics on vehicle fuel consumption. Proceedings of the Institution of Mechanical Engineers, Part D: Journal of Automobile Engineering, 224(9), 1213-1228. Hoshino, K., Kawai, H. and Akiyama, K., 1998. Fuel efficiency of SAE 5W-20 friction modified gasoline engine oil. SAE Technical Paper, 1-8. Kandula, S., Stolp, L., Grass, M., Woldt, B. and Kodali, D., 2014. Synthesis and functional evaluation of soy fatty acid methyl ester ketals as bioplasticizers. Journal of the American Oil Chemists' Society, 91(11), 1967-1974. Macian, V., Tormos, B., Ruiz, S., Miró, G. and Pérez, T., 2014. Evaluation of low viscosity engine wear effects and oil performance in heavy duty engines fleet test. SAE Technical Paper, 1-9. Noria Corporation, 2014. Tips for extending oil change intervals. machinery lubrication. Machinery Lubrication. http://www.machinerylubrication.com/Read/29848/oilchange-intervals. Accessed September 15, 2015. Noria Corporation, 2015. Know the proper base number of your oil. Machinery Lubrication. http://www.machinerylubrication.com/Read/29204/oil-base-number. Accessed September 15, 2015.
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