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ABSTRACT  
 

Treatment of Used Motor Oil with Moringa stenopetala Seed Cake and Modified Natural 

Zeolite for Domestic Fuel.  

 

Bethel Nahusenay Medmim 

Addis Ababa University, 2018 

Among the fraction from the refinery process of petroleum industry automotive and non-

automotive lubricants oils are some of the products which can be recycled for its primarily 

purpose or as secondary use for energy resource after their primary purpose life cycle 

completed usually called as used motor oil. These oils gained significant attention due to the 

predicted depletion of conventional fuels availability in near future and environmental 

pollution concern. Utilization of used motor oil as a domestic fuel after treatment with 

Moringa stenopetal hexane extract seed cake powder and modified natural zeolite at various 

ratios and measured its heavy metal ion content by ICP-OES followed by mixing kerosene 

with modified natural zeolite treated used motor oil with 20% and 25% are one of the most 

promising options to replace conventional fossil fuel. Accordingly, the modified natural 

zeolite treated used motor oil with 20% and 25% of kerosene ratio observed that favorable 

physico-chemical characteristics such as viscosity, density, flashpoint and calorific value for 

domestic fuel. All the physico-chemical measurement shows decrease in enhancing the 

mixture for domestic fuel use. In addition to this preliminary treatment with Moringa 

stenopetala hexane extracts seed cake indicates that there is a decrease in viscosity value 

from 228 to 201,167 and 126 milli poise as the percentage value of Moringa stenopetala 

hexane extracts seed cake and used motor oil increase from 0%, to 10%, 20%, 30% and up to 

its saturation level of 40% respectively. However the calorific value of the mixture with 

kerosene decrease as the percentage of kerosene increased due to the dilution effect of 

kerosene because of the kerosene calorific value is less than that of used motor oil.  

 

 

 

 

 

Keywords: Domestic Fuel, Kerosene, Moringa stenopetal, Natural Zeolite and Used Motor 

Oil. 
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1. INTRODUCTION 

 

1.1. Background 
 

Coal was the basic type of fuel used in industries, however technological advancements over 

the years has led to cheaper, easy to process, easy to transport, easy to mine liquid and 

gaseous fuels called petroleum and natural gas that satisfy for the worlds energy needs. Fossil 

fuel sources (coal, petroleum, natural gas) play a major role in the world wide energy 

consumption. These power the transportation, agricultural and industrial sectors. However, 

problems like depletion of petroleum resources, fluctuating fuel prices, environmental 

concerns over the recent years has paved way for researchers to develop alternate fuel sources 

that are cheaper and eco-friendly (Eterigho and Olutoye, 2008).The cost and availability of 

oil and its products will significantly impact our quality of life, the stability of our 

environment, the health of national economies and even the relationships between nations. In 

the transportation service sector automotive lubricants oils are used from petroleum refinery 

processing industry which can be recycled for its primary purpose and as secondary use for 

energy resource after their primary purpose life cycle completed and usually called as used 

oil (Awaja and Pavel, 2006). 

 

The amount of lubricating oils that is collected annually in Europe and USA is very large, 

approximately 1.7 to 3.5 million tons. This large amount of waste engine oils has a significant 

impact on both economical and environmental aspects. They cost millions of dollars to 

manufacture and represent a high pollutant material when disposed of. If discharged into the 

land, water or even burnt as a low grade fuel, it may cause serious pollution problems 

because they release harmful metals and other pollutants into the environment (Hamawand, 

Yusaf and Rafat, 2013). 

 

Development of alternative energy from renewable sources such as wind, geothermal, solar, 

biomass as well as energy efficiency measures will be a key part of Ethiopia‘s energy mix 

and integrated with the country‘s new Climate Resilient Green Economy (CRGE) Strategy, 

which has the ambitious objective of a transforming Ethiopia into climate resilient green 

economy by 2025. The GTP (Growth and Transformation Plan) and the CRGE – as well as 

other national development plans – are explicitly focused on addressing issues of energy 
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access, quality of supply and productive energy use in the context of new energy policies and 

planning (Ministry of Water and Energy, 2012). 

The global lubricants market was 36.36 million tons in 2014 and is projected to grow to 43.87 

million tons by 2022. High demand from automotive, industrial machinery and construction 

are expected to drive industry growth over the forecast period. Increasing demand for light 

weight passenger cars and heavy-duty commercial vehicles has fostered global automotive 

production, which in turn is conducive to the development of lubricants for application in this 

field. Rapid industrialization in China, India, Brazil, and Mexico has encouraged applications 

in industrial machinery maintenance (Grand View Research, 2015). 

 

 

    Figure1. Global lubricants market volume by product, 2012 - 2022 (Million Tons) 

                         (Grand View Research, 2015). 

 

In developing countries, used motor oils are utilized in road construction for dust control, for 

pest and weed control, wood preservation, as old engines emergency lubricants, for burners, 

boilers, and furnaces, as a diesel after mixed in small quantities with diesel to enhance 

running efficiency and fuel conservation in diesel engines and in production of grease which 

have multiple environmental effects on soil, land and air pollutions. Sometimes it is 

traditionally used for medication purposes on wound and cuts causing additional health 

effects. Depending on the composition and the impurities in the used oil the off-gas produced 

by this operation may be very dirty and hazardous. Therefore, the current practices are not 

environmentally friendly or climate compatible. These practices can be hazardous to people 

living nearby. If the off-gas is properly cleaned, waste oil can be used for heating and energy 

production (Nwachukwu, Alinnor and Feng, 2012). 
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 Ethiopia as one of the developing countries the same practice is exercised. The proper 

recycling used motor oil would protect our environment and our natural resources. Instead of 

dumping the used oil to our landfills, sewage, or water, it could be collected, treated, and 

reused.  

This paper focus on the potential of these used motor oil to be recycled using natural zeolite 

and  by product of hexane extract of Moringa steneopetala seed cake for the purpose of  

domestic energy production.  

 

 

1.2 Statement of the Problem 

 

Used oil is a high pollutant material that requires responsible management. Used motor oil 

may cause damage to the environment when dumped into the ground or into water streams 

including sewers. This may result in groundwater and soil contamination. Recycling of such 

contaminated materials will have a significant positive impact on the environment 

(Hamawand, Yusaf and Rafat, 2013). 

It takes only one liter of oil to contaminate one million liters of water and a single automotive 

oil change produces 4 to 5 liters of used oil. Similarly, one gallon of oil is able to contaminate 

million gallons of drinking water and can form a thin layer of oil on the surface of the water 

which prevents oxygen from being dissolved in water. By this process, it hampers all kinds of 

aquatic life and the processes of photosynthesis (Rahman et al., 2008). 

 

Wise application and disposal of used motor oils will be of a great value from protecting the 

environment and utilizing resources in efficient and effective ways. Recycling makes more 

sense today than ever in this aspect. Recycling protects the environment by reducing waste 

generation and simultaneously saving expenses through increasing the reusable potential of 

once purchased resource several times (Andargachew, 2014). 

 Table 1 shows the potential availability of used motor oil. Therefore, it would be prudent to 

use these oils economically to bring sustainable development of a given country especially a 

country like Ethiopia which spends plenty of the foreign currency to this sector.  
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Table 1. Ethiopia‘s imported lubricant oil from 2012-2016 (ECRA, 2017) 

Year Net Mass(kg) CIF Value (ETB)       CIF (USD) 

2012 1,150,340.83 46,110,884.23 2,580,987.16 

2013 1,322,153.45 108,014,288.01 5,745,410.29 

2014 1,422,499.37 99,496,143.23 4,939,342.68 

2015 1,558,080.19 116,415,539.73 5,601,748.62 

2016 1,891,291.80 147,294,738.64 6,712,545.97 

            Total      7,344,365.64     517,331,593.84       25,580,034.71 
 

CIF = Cost of Insurance and Freight. 
 

 

The degree of used motor oils generation from vehicles in Ethiopia could be estimated from 

the analysis of used crankcase oils based on the total vehicle registrations in the country.Data 

from the customer services division of land transport authority Ethiopia in 2016 (Land 

Transport Authority, 2016) indicate the total number of vehicles registered in the country 

until 2016 are 956,430 including motor cycles. The automotive industry in Ethiopia 

recommends changing engine oil every 5,000 km driven due to the life time of its lubrication. 

If each automobile is driven for an average of 10,000 km per year, it is then expected to 

generate a minimum of 8 liters of used oil per year. This implies that all motor vehicles 

generate more than 7.6 million liters of used motor oil. 

 

The cornerstone of the global interest on renewable energy is due to the danger of global 

warming, mainly due to gas emissions from fossil run power plants in the developed nations. 

The import of fossil fuels is complicated with the issues of port tariffs and long distance 

transportation costs. This total dependence on foreign fossil fuels could affect, among other 

things, the national security. This situation gives hint to why Ethiopia has to aggressively go 

forward with renewable energy development (Mekete, 2008). 

 

Therefore there is a huge potential to develop recycling opportunity by collecting used motor 

oil from various location where used motor oils such as car service station and industries of 

potential users of these motor oils which indicates that there is a huge potential of accessing 

used motor oils for the consumption of its primary use as well as secondary use for 

alternative energy. 
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1.3. Significant of the Study 

 
In the case of poor economies like Ethiopia quality of life and energy consumption are tidily 

joined with particular emphasis on sourcing options for energies. Abundant and untapped 

availability, applicability for wider fuel need purposes, competitiveness in terms of cost of 

production, should make treated used motor oil fuels as an alternative source of domestic fuel 

for Ethiopia. The energy poverty of the country is manifested in its indigenous biomass 

resource resilience. National energy balance of Ethiopia has been so far predominated by two 

sort energy resources (Hydro and biomass). The latter sourcing over 80% of its energy needs. 

As a result, the country has been suffering from massive depletion of indigenous biomass 

resources. Moreover, domestic petroleum consumption is completely imported resilient 

posing its evolving economy to recent fossil fuel prices soaring (Guta, 2012).  

 

Thus this study contribute its share in cutting of Ethiopia‘s foreign currency bill substituting 

its petroleum import bill through the use of this treated used motor oil. It also helps to impose 

rules on improper disposal of used motor oil and educate public about the energy and 

environmental benefits of recycling used motor oil by creating job opportunity for small scale 

enterprise in collection preparation and treatment of used oils. 

 

1.4 Objectives 
 

1.4.1 General objective 

The main objective of this study it to improve fuel characteristics of used motor oil for its use 

as domestic fuel by mixing with kerosene after treatment  of Moringa stenopetala seed cake 

powder and modified natural zeolite.  

1.4.2 Specific objectives  

The specific objectives of the study are:  

 To isolate Moringa stenopetala seed with n-hexane and modify commercial natural 

zeolite for the use as an adsorbent. 

 To optimize the ratio of Moringa stenopetala seed cake extract and modified natural  

zeolite with used motor oil. 

 To determine the physico-chemical characteristics of the optimized and modified 

natural zeolite versus used motor oil after mixing with kerosene  
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2. LITERATURE REVIEW 

 

2.1 Classification of Motor oil 

 
Engine oil is normally specified in terms of their performance and viscosity grade. Table 2.1 

shows the engine oil viscosity classifications, three types of automotive lubricants have been 

defined and classified by the Society of Automotive Engineers (SAE) America: 

i. Crankcase oil 

ii. Transmission and axle lubricant 

iii. Fluids for hydraulic torque converters and fluid coupling 

 

Table 2. The International standards for motor oil physico- chemical properties. (Awaja and 

Pavel, 2006). 

 

Grade Viscosity (cSt) 

40
o
C 

Viscosity 

(cSt)100
o
C  

Pour point 

(
o
C) 

Flash 

point(
o
C) 

     

SW-40 55.8 9.5 -38 218 

10W-30 61.9 9.6 -35 224 

10W-40 96.7 14.4 -35 218 

10W 37.1 6.1 -33 205 

20W 68.8 9 -27 224 

30 111 12.1 -21 230 

40 114 14.15 -18 240 

50 210.7 18.6 -12 245 

     

 

 

2.2 Virgin motor oil characteristics 
 

Lubricating oil is the very stable, non-volatile and smallest fraction of crude petroleum. As 

petroleum products are essentially composed of hydrocarbons, lubricating oils have 

hydrocarbon structures, containing from 20 to 70 carbon atoms per molecule (Andargachew, 

2014).The main functions of lubricating oil include reducing friction, carrying away heat, 

protecting against rust, protecting against wear and removing contaminants from the engine. 
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The additives are used to enhance the natural properties of the lubricating oil and to prevent 

some undesirable properties. The main additives for lubricating oil are as follows. 

2.2.1 Oxidation inhibitor 

An oxidation inhibitor is used to prevent or eliminate the oxidation reactions of lubricating 

oil. The oxidation reactions conditions are present in the crankcase of the engine. These 

reaction conditions include high temperature, the presence of air, and the presence of metal in 

the engine. The metals act as catalyst for the oxidation reactions. 

2.2.2 Detergent and Dispersant Additives 

Detergents and dispersants are the dominant performance additives components in engine oil 

formulations. For example, ―typical‖ gasoline engine oil contains 5-20% of a performance 

package, which is the largest component, on average, after base oil. The additive supplier 

supplies the oil marketer with the additive performance package, the pour point depressant, 

and the viscosity modifier (sometimes known as the viscosity index improver).  

2.2.3 Viscosity Index Improvers 

The viscosity index is very important because it indicates the suitability of an oil to lubricate 

properly at the elevated temperature of the engine. At the same time, lubricating oil should be 

moderately viscous for operating during starting. Polyisobutylene and polymethacrylate are 

used as viscosity index improvers for lubricating oil (Awaja and Pavel, 2006). 

The process of manufacturing conventional or unconventional base oils (by mild hydro-

refming) makes it possible to obtain a viscosity index of the oil ranging from 95 to 105. This 

range of viscosity index does not correspond to multi-grade oils used in cars. The objective 

is, to obtain oil that is fluid at low temperature and sufficiently viscous at high temperature. 

In the SAE classification of viscosity, the term 10W40, for example, has the following 

meaning: the first number (10) refers to the viscosity of oil when cold start up is concerned  

( maximum at - 10°C) and the second (40) indicates the viscosity at 100°C) (Audibert, 2006). 

2.2.4 Pour Point  

Pour point is the lowest temperature at which the oil will just flow when it is cooled. This oil 

property is important in the lubrication of any system exposed to low temperature, such as 

automotive engines, construction machines, military and space applications (Mekonnen, 

2014). 
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2.3 Additive in Motor Oil 

 
Additives are generally added into motor oils to inhibit metal corrosion and oxidation of oil. 

They also act as detergents, dispersants, and anti wear compounds. On the other hand, oil 

additives contain hazardous material such as magnesium, lead, zinc, and organics, and they 

increase the concentrations of chlorine, sulfur, and nitrogen in lube oil. A typical formulation 

of gasoline engine oil is shown in the following table 3 (Hamad et al., 2002). 

 

Table 3. Typical Formulation of Gasoline Engine Oil (Hamad et al., 2002). 

 

 Ingredient Percent by 

Volume 

  

Base Oil (solvent 150 neutral) 86 

Detergent Inhibitor (ZPDD-Zinc dialkyl) 1 

Detergent (barium and calcium sulfonates) 4 

 Multifunctional additives (polymethy-methacrylates) 4 

Viscosity Improver (Poly isobutylene) 5 

Total       100 

 

 

2.4. Composition of used motor oil 
 

Lubricant oil is used in automobile engines to lubricate moving parts of engine, reducing 

friction, protect, against wear, and removing contaminants from the engine, act as a cleaning 

agent, and act as an anticorrosive and cooling agent. It picks up a number of impurities and 

additional components from engine wear. These components include metal particles (iron, 

steel, copper, lead, zinc, etc.) and other compounds of barium, sulfur, water, dirt, burnt 

carbon, and ash, most of them are highly toxic in nature; therefore these contaminants must 

be separated in order to reuse the engine oil (Abro et al., 2013).The composition of used 

motor oil result for olefins saturates and aromatics were 5.5-7.4%, 73.3-73.7% and 18.9-

21.2% for different samples respectively (Awaja and Pavel, 2006).Therefore, the composition 

of used motor oil is difficult to generalize in exact chemical terms. 
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2.5 Contaminant of Used Motor Oil 
 

Used motor oil material contains small quantities of substances that could contaminate air, 

soil and ground water. It could contain trace metals, chlorinated solvents, and miscellaneous 

organic compounds. The Presence of metals could be attributed to oil additives or as a result 

of engine or bearing wear (Hamad et al., 2002).  

Contaminants include solids (sludge, varnish, rust, and wear debris), additive degradation by- 

products (oxidized additive molecules, and sheared viscosity improver polymers), water (free 

emulsified, and dissolved), fuels, and process chemicals.). Once the used lubricant is isolated 

from crankcase, hydraulic cylinder, or other application and is awaiting collection and 

recycling further contamination often occur as other wasted area added to the container. 

While no two truckloads of used oil are exactly alike, typical parameters for used oil arriving 

at a collection tank farm and processing plant might include as shown in Table 4 (Cresham 

and Totten, 2009)  

 

Table 4. Typical contents of used motor oil characteristics (Cresham and Totten, 2009) 

Description of Parameter Quantity 

Water content 10 to 30% 

Flash point >100
o
C 

Acid number 2 to 3 

Chlorine 500 to 3000 ppm 

Sulfur 1000 to 4000 ppm 

Non distillable 5 to 15% 

  

 

2.6 Used motor oil recycling 

 
There are several processes that are used in processing used oil to fuel or base oil. Used oil is 

dark in color due to carbon from wears. The acid present maintains the color of the engine 

oil, but in used oil, the acid is weakened by the neutralization of a base. The most popular 

physical methods include settling, centrifugation, filtration, distillation and scrubbing with 

water to remove water soluble acids. The additive are incorporated into the recycled engine 

oil and sometimes mixed with fresh oil. Research shows that various methods have been used 

for the purification of spent engine oil as described in Table 5. The choice of any method 

determines the level of cleanliness for re-use of the treated oil (Ogbeide, 2010). 
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Table 5. Important type of re-refining technologies (Awaja and Pavel, 2006). 

Technology Pre-treatment Finishing Advantages 

Viscolube (Italy) Propane solvent extraction Clay 

contacting 

High quality  

and yield 

Institute Francias du 

Petrol (IFP) (France) 

Propane solvent 

extraction 

Clay 

contacting 

High quality 

and yield 

Bartlesville energy 

research center (USA) 

Alcohol–keton 

Solvent extraction 

Clay 

contacting 

High quality 

and yield 

Kinetics technology 

International.(KTI) 

 

Chemical (not 

specified) 

 

Clay 

contacting 

High quality 

and yield and 

clean waste 

Recyclon leybold 

(Germany) 

Sodium Clay Contacting Low capital 

cost 

    

2.6.1 Using solvent extraction process 

Solvent treatment method significantly reduces the impurities present in waste oil. The 

resultant refined oil is used as higher quality oil. In this process, the impurities are removed by 

a solvent-mixing process that does not include sulfuric acid. This solvent consists of butanol, 

methyl ethyl ketone and 2-propanol. The process produces a waste sludge removed as non-

hazardous waste(Nwachukwu, Alinnor and Feng, 2012).  

Extraction by solvent is one of the best methods of recycling but having drawback of 

expensiveness of solvents used in recycling. After extraction by composite solvent method, 

acid treatment method is the second best method, however, this method has high acid value 

which creates series of environmental problems (Abro et al., 2013). 

2.6.2 Acid – Clay treatment 

In this kind of treatment of used motor oil, the oil is subjected into in a dehydration vessel to 

remove moisture from the oil completely at a temperature of 180
o
C. After dehydration it is 

allowed to cool and then mixed with sulfuric acid of concentration 98% and some diesel to 

make the mixing process easier while the acid‘s purpose is to remove the impurities and metal 

traces. The acidic layer of mixture is then mixed with CaO or lime to neutralize the layer 

formed in the acid treatment process. The remaining layer of diesel and oil coming out from 

the acid settlement clay is added and then is mixed thoroughly, which is then pumped to a 
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vacuum distillation network at a temperature of 280-290
o
C where the diesel vaporizes and 

recycled. 

After the distillation process the oil stream is cooled down once again to about 120
o
C then 

clay is separated from the oil using a plate and frame filter press followed by a micromesh 

filter press in order to keep the oil free as much as possible from the clay to reach out product 

of 99% base oil. However this process is a proven technology of worldwide and can be set up 

for very small capacity with low capital investment, simplicity to operate but causes 

environmental pollution due to generation of acid sludge and acid gas emission and causes 

corrosion of equipment and require higher dosage of clay (Hamad et al., 2002).    

 

Table 6. Physical and chemical properties of used motor oils, acid clay treated used motor oils 

and virgin oil (Hamad et al., 2002). 

Physical Property ASTM 

method 

Used oil 

Collected 

(Acid/clay 

treatment) 

Recycled 

with 

additives SAE 40 

Specific gravity D 1298 0.8800 0.8640 0.8387 

Flash point 
o
C D 93 148.0 188.0 195.5 

Water and sediment, Vol% D 4007 7 .0 0.5 Nil 

Viscosity at 37.8
0
C D 445 195.25 135.00 137.25 

Carbon residue, wt% D 189 1.43 0.43 0.45 

Ash content, wt% D 6245 1.700 0.375 0.325 

Sulphated ash wt% D 874 1.8 0.672 0.712 

Carbon residue, wt% D 189 1.43 0.43 0.45 

Sulphated ash wt% D 874 1.8 0.672 0.712 

Normal heptane insoluble, 

wt% 

D 3279 3.370 0.337 0.339 

     

2.7 Regulations of used motor oil recycling 

 Used Oil Recycling Act defines used oil as any oil which has been refined from crude oil, 

used, and as a result of such use, contaminated by physical or chemical impurities. It is not 

listed as a hazardous waste under US EPA unless it exceeds the limits in toxic and hazardous 

components such as chlorinated solvents. The following table gives specification limits for 

used oil fuel.  
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Table 7. Specification limits for used  motor oil Fuels (Hamad et al., 2002). 

 

Contaminant Property Limit 

  

Arsenic ≤ 5 ppm 

Cadmium ≤ 2 ppm 

Lead ≤ 100 ppm 

Chromium ≤ 10 ppm 

Total Halogens ≤ 4000 ppm 

Flash Point ≥ 37.78 
o
C 

  

2.8 Used motor oil recycling and environmental consideration. 

Prior to 1988, the most prevalent use for used motor oil was fuel for energy recovery and dust 

control, such as road oiling. Since that time, environmental legislation has ensured that road 

oiling with used oils has almost completely disappeared in developed countries. The most 

famous event involving used oil applied to roads occurred in 1982 in Times Beach when the 

Environmental Protection Agency (EPA) purchased all properties, closed the town of 2000 

people, and demolished all the homes due to extensive road oiling with used oil contaminated 

with dioxin and PCBs (Poly Chlorinated Biphenyl). 265,000t of soils were incinerated as part 

of the cleanup efforts. In the year that followed, road oiling with used oil has been banned in 

almost every state in the United States and most developed countries throughout the world. 

Today, the primary use in worldwide is as a fuel. It is estimated that at least two-thirds of all 

collected used oil in North America is eventually burned for energy recovery either directly 

in space heaters and industrial boilers, as blended fuels used in commercial applications or 

from reprocessing facilities, which produce fuels for various applications. Worldwide this 

number may be closer to 90%  (Cresham and Totten, 2009) 

 

Source of used motor oil 

Recycling used motor oil keeps it out of rivers, lakes, streams and even the ground water. In 

many cases, that means keeping it out of drinking water, beaches, and away from wildlife. 

Recycling used oil allows us to continue to enjoy what many of us take for granted every day  
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clean water. There are many practical uses for used motor oil. A primary use is to refine it 

into a base stock for lubricating oil. This process is very similar to the refining of crude oil. 

The result is that the refined oil is of as high a quality as a virgin oil product.  

A secondary use of the used oil is to burn it for energy. Large industrial boilers can efficiently 

burn the used oil with minimum pollution. As a result some used oil is sent to power plants or 

cement kilns to be burned as fuel. On a smaller scale small quantities of used oil are burned 

in specially designed heaters to provide space heating for small businesses. Recycling is one 

way which can demonstrate commitment to maintaining a clean environment (API, 2017) . 

 

Many individuals who are unfamiliar with the importance of recycling used oil are 

unconsciously harming the environment by throwing it away with their normal garbage or 

emptying their used oil into storm drains. Such actions, especially emptying used oil into 

storm drains, can cause real harm to the environment. To put it into perspective, just one 

gallon of used oil can contaminate 1 million gallons of water. (API, 2017) 

 

Therefore, recycling will provide time to develop alternative fuels and lessen dependence on 

foreign oil suppliers. The Source of used motor oil and their quantity categorized as from 

automotive, industrial and mixed in quantity of 70%, 15% and 15% respectively (Used Oil, 

2013). 

2.9 Physico-chemical characteristic of petroleum refined domestic fuel 

(Kerosene) 

Since the mid-19th century, when it replaced the more expensive whale oil as a lighting fuel, 

kerosene has become a major household, commercial, and industrial fuel. ―Kerosene‖ started 

as a brand name but was later adopted (with a small ―k‖) as a general descriptor. In the first 

half of the 20th century, the prevalence of household kerosene lighting greatly reduced as 

electrification and availability of gas fuels spread, particularly in developed countries. 

However, in the developing countries of Africa, Asia, and Latin America, kerosene use for 

cooking and lighting remains widespread. Globally, an estimated 500 million households still 

rely on kerosene or other liquid fuels for lighting, corresponding to 7.6 billion liters 

consumed annually (Mills, 2017). 

 

Kerosene is a transparent liquid fuel with a mixture of hydrocarbon chains 6 to 16 carbon 

atoms in length. It has numerous commercial and industrial applications as well as on 
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household uses, for cooking, heating, and lighting, in low- and middle-income countries. 

These lead to the most widespread exposures to kerosene and its combustion products (Lam 

et al., 2012) 

 

Table 8. Specification of kerosene (Mills, 2017) 

Parameter Specification ASTM Test 

Method 

   

 Flash point 37.78
o
C ASTM D - 56 

10% distilled, max 205
o
C ASTM D - 86 

Boiling Point, max 300
o
C ASTM D - 86 

No.1 Sulfur,  max 0.04% (No. 1) 

0.30% (No. 2) 

ASTM D -1266 

Burn quality Pass ASTM D -187 

   

   

 

2.10 Moringa stenopetala  

2.10.1 Taxonomy and distribution 

The taxonomic position of the family Moringa stenopetala belongs to family Moringaceae is 

not clear. It has some features similar to those of Brassicaceae and Capparidaceae but the 

seed structure does not agree with either of the above families. Pollen studies have not 

provided any other suggestions and recent molecular studies have pointed to a relationship 

with the Carricaceae. These indicate that the taxonomic position of the family is not yet 

settled and is open for further studies. Its seed physiology is also not yet studied in the 

country (Mekete, 2008). 

Moringa stenopetala is a tree 6-10m tall trunk more or less 60cm in diameter at breast height; 

crown: strongly branched sometimes with several branches; thick at base; bark: white to pale 

gray or silvery, smooth; wood: soft; Leaves: up to 55cm long; Inflorescence: pubescent, 

dense many flowered panicles ca. 60cm long (Adefa, 2013).  
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Figure 2. Moringa stenopetala tree in Gamo-Gofa Zone, Arbaminch (Mekete, 2008). 

2.10.2 Uses as adsorbent 

Moringa is a multipurpose vegetable used by thousands of people in Southern parts of 

Ethiopia. The advantage of this plant is that it can be continuously harvested throughout the 

year. The roots and leaves are good sources of traditional herbal medicinal preparations. 

Some studies have been conducted on the use of Moringa seed cake for its water purification 

potential.  

Leafy vegetables including Moringa are sources of minerals, vitamins, fiber, quality protein, 

and flavor. An increase in the consumption of vegetables is commonly recommended for 

their micronutrients and management of chronic diseases (Addis et al., 2014). 

Moringa seeds treat water on two levels, acting both as a coagulant and an antimicrobial 

agent. Moringa works as a coagulant due to positively charged, water –soluble proteins 

which bind with negatively charged particles ( silt, clay, bacteria, toxins, etc) allowing the 

resulting ― flocs‖to settle to  the bottom or be removed by filtration (Doerr, 2005).  

2.11 Natural zeolites use as an adsorbent 

Zeolites are naturally occurring hydrated alumino silicate minerals. They belong to the class 

of minerals known as ―tectosilicates.‖ Most common natural zeolites are formed by alteration 

of glass-rich volcanic rocks (tuff) with fresh water in playa (dry) lakes or by seawater .The 

structures of zeolites consist of three-dimensional frameworks of SiO4 and AlO4 tetrahedral. 

The aluminum ion is small enough to occupy the position in the center of the tetrahedron of 

four oxygen atoms, and the isomorphous replacement of Si
4+

 by Al
3+

 produces a negative 

charge in the lattice. The net negative charge is balanced by the exchangeable cation (sodium, 
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potassium, or calcium). These cations are exchangeable with certain cations in solutions such 

as lead, cadmium, zinc, and manganese (Shaheen, Derbalah and Moghanm, 2012).  

  

The sorption capacity of natural zeolite (clinoptilolite) for inorganic cations has been 

investigated by many authors. As seen from different literature review, zeolites can be used 

for the removal of some heavy metals from wastewater. The clinoptilolite samples from 

different regions show different behavior in sorption processes (Shaheen, Derbalah and 

Moghanm, 2012). 

 

Adsorption of heavy metals onto zeolite material 

Heavy metals are persistent pollutants, non-biodegradable and can be accumulated easily in 

organisms even at low concentrations, causing serious illness; common effects on humans are 

described as increased salivation, severe stomach irritations leading to vomiting and diarrhea, 

abdominal pain, choking, high blood pressure, iron-poor blood, liver disease, pancreas and 

nerve or brain damage, poisoning by ingestion include vomiting, vomiting of blood, 

hypotension and gastrointestinal pain. For avoiding flora, fauna and health problems, the 

discharge limits are strict and require advanced wastewater treatment processes. Heavy 

metals (cadmium, copper, zinc, nickel) removal by adsorption was reported on, sugar beet 

pulp, bituminous coal, and peat, clay and diatomite natural zeolite or on zeolite obtained by 

conversion of fly ash (Visa and Popa, 2015). 
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3. MATERIALS AND METHODS 

3.1 Experimental work design 

The operations carried out in the experimental work were as depicted in the following schematic 

diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Schematic diagram of experimental work. 
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The necessary material such as equipment and chemicals required to carry out this 

experimental work   as well as the methodology followed to conduct the experiment are 

depicted in this chapter as well as in appendix 2. 

 

3.2 Materials  

3.2.1 Used motor oil sampling  

 A representative Sample of petrol running vehicle used motor oil was collected from Vehicle 

service giving station which is located in Addis Ababa Bole sub city and filtered using 

whatman filter paper No. 41 and kept at room temperature for further sample treatment 

followed by analysis.  

3.2.2 Chemicals and equipment used   

All of the chemicals were obtained from Addis Ababa University College of natural science 

in the center of environmental science laboratory. 2 kg dried Moringa stenopetala seed was 

collected from Horn of Africa regional environment center and network office which is 

located in Addis Ababa University.  All the experimental works were carried out in this 

laboratory whereas determinations of heavy metal content and physico-chemical analysis 

were conducted in Horticoop Ethiopia Plc and Addis Ababa university chemical engineering 

and civil engineering department.  

 

3.3 Methods 

3.3.1 Preparation of Moringa stenopetala seed cake 

2 kg dried Moringa stenopetala seeds were removed from the pods, and shelled. Seed kernels 

were crushed and sieved (0.8mm) mesh size. 1000gm of ground and sieved seeds were 

allowed to be extracted in four 500ml Erlenmeyer flask with 100% n-hexane 1200ml solvent   

for 24 hours followed by filtration of the extract using Whatman filter paper No.41 and the 

residue which is Moringa stenopetala seed cake were allowed to dry in the laboratory hood 

and kept for further treatment of used motor oil. The purpose of extracting this seed cake was 

to use it as an adsorbent in used motor oil  since it is a by-product of extracted oil in 

preparation of bio diesel. 
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Figure 4 Moringa stenopetala dried seed 

3.3.2 Preparation of natural zeolite resin  

500 gm of natural zeolite resin were allowed to mix with an equal amount (w/v) % of 35% 

ammonium hydroxide with stirring with glass stirrer for about 10 minutes. The mixture was 

subjected to be filtered with Whatman filter paper No.41 while washing with distilled water 

and allowed to be heated using furnace at 550
o
C for one hour and kept to cool at room 

temperature for further treatment of used motor oil. 

 

 

 

Figure 5 Commercial natural zeolite (a) before modification (b) after modification 

 

3.3.3 Treatment of used motor oil using n- hexane extracts Moringa stenopetala seed 

cake 

Preliminary investigation of this study was conducted using Moringa stenopetal as an 

adsorbent with different ratio of used motor oil followed by measurement of viscosity. 

Accordingly, four used motor oil samples with 10%, 20%, 30% and 40% hexane extract 

Moringa stennopetala seed cake composition were prepared in four different 250ml 

Erlenemyer flask and allowed to mix for 15 minutes at room temperature while stirring with 

a b 
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glass rod followed by filtration of whatman filter paper No.41. The resultant filtrate was kept 

for determination of viscosity. 

Four 60g of used motor oil sample was weighed in four Erlenmeyer flask and 40g, 30g, 20g 

and 10g of n-hexane extracts of Moringa stenopetala seed cake were added in the first, 

second, third and fourth Erlenmeyer flask  of the weighed used motor oil samples 

respectively. All the four mixtures of samples and adsorbent were then allowed to mix for 3 

hours using mechanical shaker at room temperature at 150 rpm and followed by filtration 

using Whatman filter paper No.41. The resultants of each ratio of filtrate kept at room 

temperature for heavy metal ion analysis and labeled as Moringa stenopetala seed cake 

versus used motor oil ratio.  

3.3.4 Treatment of used motor oil using modified commercial natural zeolite  

Four 60g of used motor oil sample was weighed in four Erlenmeyer flask and 40g, 30g, 20g 

and 10g of modified natural zeolite were added in the first, second, third and fourth 

Erlenmeyer flask  of the weighed used motor oil samples respectively. All the four mixtures 

of samples and adsorbent were then allowed to mix for 3 hours using mechanical shaker at 

room temperature at 150 rpm and followed by filtration using Whatman filter paper No.41. 

The resultants of each ratio of filtrate kept at room temperature for heavy metal ion analysis 

and labeled as modified natural zeolite versus used motor oil ratio.  

3.3.5 Determination of Heavy metal ion content  

3.3.5.1 Determination of heavy metal ion content of used motor oil before and after 

treatment with Moringa stenopetala.  

After treatment of used motor oil with Moringa stenopetal hexane extract seed cake with four 

different ratios with used motor oil heavy metal content analysis were conducted using ICP-

OES.  Accordingly, from each ratio of treated used motor oil with n-hexane extracts of 

Moringa stenopetala seed cake 2g of sample were taken in a crucible and an equal amount 

w/v ratio of concentrated H2SO4  acid were added and heated gently in a hot plate to dryness. 

It was then carefully transferred into furnace and ashed at 550
o
c for 1 hour. Each of the ashed 

samples was diluted in 2M HNO3 acids and made up to 50ml volumetric flask with distilled 

water. Each of the prepared samples were subjected to analysis of heavy metal using ICP-

OES (Onyekwere Nwosu et al., 2008). The result was then compared with treated used motor 

oil by modified natural zeolite for further mixing with kerosene. 
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3.3.5.2 Determination of heavy metal ion content of used motor oil before and after 

treatment with modified natural zeolite  

After treatment of used motor oil with four different ratios of modified natural zeolite with 

used motor oil heavy metal content analysis were conducted using ICP-OES.  Accordingly 

from each ratio of treated used motor oil with modified natural zeolite 2g of sample were 

taken in a crucible and an equal amount w/v ratio of concentrated H2SO4  acid were added 

and heated gently in a hot plate to dryness. It was then carefully transferred into furnace and 

ashed at 550
o
c for 1 hour. Each of the ashed samples was diluted in 2M HNO3 acids and 

made up to 50ml volumetric flask with distilled water. Each of the prepared samples were 

subjected to analysis of heavy metal using ICP-OES (Onyekwere Nwosu et al., 2008).  

3.3.6 Determination of physico-chemical characteristics after mixing with kerosene  

 

The result obtained from ICP-OES was then compared with Moringa steneopetala hexane 

extract seed cake for further mixing with kerosene  5%, 10%, 15%, 20% and 25% v/v% and 

subjected for determination of physico-chemical parameters and compared with commercial 

domestic fuel for the purpose of using treated used motor oil for domestic fuel using 

American Standard Testing Method ( ASTM). 

  

 

Table 9. American Standard Testing Method 

 

Fuel Properties Standard method 

Viscosity ASTM D445 

Specific gravity ASTM D1298 

Flash point ASTM D93 

Heat of combustion ASTM D240 

  

 

3.3.6.1 Determination of Viscosity 

A clean dry viscometer tube was selected which have a flow time above 200 seconds for the 

fluid to be tested. The viscometer was charged with the sample by inverting the tubes thinner 

area into the liquid sample and suction is applied through the thicker area with a vacuum 

machine. The sample is then drawn up to the upper timing work of the inverted viscometers. 
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Then the instrument is turned to its normal vertical position. The viscometer was placed into 

the holder and inverted into the constant temperature bath maintained at 40
0
C and depending 

on which temperature of the sample viscosity to be determined. The test was repeated and the 

kinematics viscosity was calculated by multiplying the efflux time by the viscometer constant 

(Ogbeide, 2010). 

 

 

 

 

Figure 6 Determination of viscosity for the mixture of kerosene and modified natural 

zeolite treated used motor oil. 

 

3.3.6.2 Determination of Density 

The sample was put in a 25 ml density bottle and weighed on a mass balance. The densities 

were then determined as given in Equation (1). The densities were measured in triplicates and 

the aver-age value was taken.  

 

              -------------------------------------------Equation (1) 

  

Where D is density of liquid (g/cm
3
) 

   MBL= the mass of bottle and liquid (g) 

 MB = the mass of bottle only and  

VL = is the volume of the liquid (cm
3
).  
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3.3.6.3 Determination of Flash Point 

A clean Cleveland open cup tester was filled with the sample oil to the meniscus line; excess 

oil is removed before the test proceeds. The cup positioned on the Bunsen burner with 

thermometer inserted vertically into the sample oil and held vertical with the thermometer 

holder. The bubble present on the surface on the sample oil during heating was getting off 

with the aid of stirrer. 

The test flame was lighted and the burner switched on, set to a minimum value for 

approximately value for 15 seconds. The heater was then lowered to half the maximum value. 

When the sample is approximately 56% below the anticipated flash point, the heat was 

decreased on the third setting. The test flame applicator was passed across the center of the 

cup with smooth continuous motion. The time consume in passing the test flame across the 

cup in each cast was one second. When a flash appears at any point on the surface of the oil, 

the temperature at that point was noted as the flash point. Heating was continued at one-third 

setting number and the applicator continually moved across the center of the oil. When the oil 

ignited and continues to burn for at least five (5) seconds, the thermometer reading was noted 

at that time. The test was then repeated (Ogbeide, 2010) . 

The flash point was determined using Pensky-Martens closed cup tester and corrected to 

atmospheric pressure (760mmHg) using equation (2). 

Corrected flash point =C + 0.033(760 – P)...............................................Equation 2 

Where, C = observed flash point, 
0
C 

P = ambient barometric pressure, mm Hg 

 

 

Figure 7 Determination of flash point of the mixture of kerosene and modified natural 

zeolite treated used motor oil. 
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3.3.6.4 Determination of Calorific Value 

A Widson make isothermal bomb calorimeter was used in the experiment. Approximately 1g 

sample of fuel in the crucible was allowed to burn in the bomb of calorimeter in presence of 

pure oxygen. The sample was ignited electrically. As the heat was produced, the rise in 

temperature was measured. The water equivalent (effective heat capacity of the calorimeter) 

was also determined using pure and dry benzoic acid as test fuel. Each sample was replicated 

three times (Shambhu et al., 2013). The gross heat of combustion of treated used motor oil 

samples was calculated using the equation given below: 

--------------------------------------------- Equation (3) 

Where, 

Hc = Heat of combustion of the fuel sample, Cal / g 

Wc = Water equivalent of the calorimeter, Cal / 
0
C 

            (2883.32 Cal/°C) 

T = Rise in temperature, 
0
C 

Ms = Mass of sample burnt, in g. 

 

 

 

Figure 8. Calorific value of the mixture of kerosene and modified natural zeolite 

treated used motor oil using isothermal bomb calorimeter. 



25 
 

The favorable percentage of physical parameter of mixture of kerosene and treated used 

motor oil were allowed to burn in a separate flask containing the mixture with the presence of 

woven thread. 

 

 

 

Figure 9. Burning of optimized treated used motor oil with kerosene 75:25 ratio 

respectively after treatment by modified natural zeolite. 

3.3.7 Statistical analyses 

Descriptive statistics were used to evaluate the different Physico-chemical parameters 

measurement and an average value was taken. All statistical analysis was performed using 

Excel spreadsheet. 
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4. RESULTS AND DISCUSSION 

4.1 Filtration of used motor oil  

The collected used motor oil from the study area was dark viscous liquid oil with a unique 

odor. However, these characteristics were not changed or no changes were observed after 

filtration of this used motor oil. 

4.2 Extraction of Moringa stenopetal seed cake  

The residue obtained after extraction of oil from Moringa stenopetala seeds using n-hexane 

as a solvent in Erlemeyer flask was a solid yellowish color which was 55.0 % from the seeds 

subjected for extraction. The extracted oils were liquid at room temperature and pale yellow 

in color with characteristics of unique odor.  

4.3 Modification of natural zeolite  

After mixing of commercial natural zeolite with an equal amount of (w/v) % of 35% 

ammonium hydroxide followed by filtration while washing with distilled water and allowed 

to be heated using furnace at 550
o
C for one hour and kept to cool at room temperature. It was 

then observed that the degree of its color from being white decreased to light grey. This is 

may be due to the presence of some organic impurities found in the commercial natural 

zeolite. 

4.4 Treatment of used motor oil using Moringa stenopetala   

The result obtained after treatment of each 60g of used motor oil sample in four Erlenmeyer 

flask by adding 10g, 20g, 30g and 40g of Moringa stenopetala hexane extract seed cake 

followed by filtration were all a dark viscous liquid which have a similar color from that of 

the untreated used motor oil. However, the yield obtained in each mixture varies. 

Accordingly the yield obtained after treatment and followed by filtration were, 91.67%, 

86.67%, 83.33%, 78.33%, of treated used motor oil for the applied 10g, 20g, 30g and 40g of 

Moringa stenopetala hexane extract seed cake respectively. This indicates that as the ratio of 

Moringa stenopetala hexane extract seed cake increase the yield of treated used motor oil 

decreased and the point of saturation point in the ratio of 60:40 of used motor oil and hexane 

extract Moringa stenopetala seed cake respectively makes the filtration process difficult. 
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4.5 Treatment of used motor oil using modified natural zeolite   

The result obtained after treatment of each 60g of used motor oil sample in four Erlenmeyer  

flask by adding 10g, 20g, 30g and 40g of modified natural zeolite followed by filtration were 

all also a dark viscous liquid which have a similar color to that of the untreated used motor 

oil. However, the yield obtained in each mixture varies as well. Accordingly the yield 

obtained after mixing and followed by filtration were, 93.33%, 90.00%, 85.00%, 81.67%, of 

treated used motor oil for the applied 10g, 20g, 30g and 40g of modified natural zeolite 

respectively. This indicate that as the ratio of modified natural zeolite increase the yield of 

treated used motor oil decreased and reached saturation point filtration which makes it 

difficult to filtrate it from the adsorbent which has a similar phenomenon with Moringa 

stenopetala hexane extract seed cake treatment of used motor oil. 

4.6 Determination of physico-chemeical characteristics   

4.6.1 Determination of heavy metal ion content before and after treatment of used 

motor oil using Moringa stenopetal   

The amounts of different metal ion before and after treatment of used motor oil using 

different ratio of Moringa stenopetal seed cake were shown in Table 10.  

 

Table 10. Concentration of the different metal ion under various ratio of used motor oil and 

Moringa stenopetal hexane extract seed cake mixture. 

 

Moringa 

stenopetal   

Vs used motor  

oil ratio in gm  

Metal Ion Concentration in 

mg/kg  

      

Ca
2+

 Mg
2+

 Mn
2+

 Pb
2+

 Fe
2+ 

 Zn
2+

 Cu
2+

 Cr
3+

 Sn
2+

 As
2+

 Ni
2+

 

Before 

 treatment  

 

 

 

 

 

68.93   0.40 0.14    0.42  1.42    41.24    0.16 0.25  0.32  0.25  0.22 

 

10/60 69.42 3.70 0.23 0.36 0.91 36.57 0.11 0.21 0.31 0.20 0.11 

20/60 68.51 0.68 0.24 1.06 1.47 26.68 0.25 0.30 0.45 0.55 0.21 

30/60 69.39 2.58 0.26 1.19 1.62 23.66 0.14 0.31 0.55 0.52 0.21 
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The result obtained from ICP-OES shows that  there is an up and down trend in the different 

ratio  of Moringa Steneopetala hexane extract seed cake for different metal ion.  This may be 

characterized as due to  Moringa Steneopetal is known as nutritious plant which already 

contain such metals in it which brings the result up and down trend of concentration. This 

may also confirm that other scholars finding ash content of Moringa steneopetal  which were 

found to contain an average ash contents of 57 ± 2.8 g/kg  of such metals (Melesse et al., 

2013). 

 

4.6.2 Determination of heavy metal ion content before and after treatment of used 

motor oil using modified natural zeolite   

 

The amounts of different metal ion before and after treatment of used motor oil using 

different ratio of modified natural zeolite were shown in Table 11.  

 

Table 11. Concentration of the different metal ion under various ratio of used motor oil and 

modified natural zeolite mixture. 

Modified natural 

zeolite Vs used  

motor oil ratio 

 in gm 

               Metal Ion Concentration  

in mg/kg  

      

Ca
2+

 Mg
2+

 Mn
2+

 Pb
2+

 Fe
2+ 

 Zn
2+

 Cu
2+

 Cr
3+

 Sn
2+

 As
2+

 Ni
2+

 

Before 

 treatment  
 
 
 
 
 

 68.93   0.40 0.14    0.42    1.42    41.24 0.16 0.25  0.32  0.25  0.22 

 

10/60 77.17 22.18 0.23 0.87 1.09 37.31 0.14 0.35 0.46 0.36 0.21 

20/60 150.79 45.12 0.35 2.64  1.60 27.03 0.01 0.55 1.33 1.00 0.39 

30/60 167.62 55.81 0.27 2.96 1.97 27.75 0.03 0.57 1.31 1.07 0.35 

 

The result obtained from ICP-OES shows that there is an up and down trend in the different 

ratio of modified natural zeolite which resembles to Moringa steneopetala hexane extract 

seed cake.  This may be characterized due to the nature of zeolite type structure accompanied 

by such metal ions cause an interference with the metal ion in used motor oil which makes it 

imbalance for the net output of the concentration of the metal ion. 

 



29 
 

The significance effect of both modified natural zeolite and Moringa stenopetala   adsorption 

potential do not have uniform trend however from comparison against each adsorbent give 

rise to that Moringa stenopetala   have a better impact on cleansing potential of heavy metal 

from used motor oil. However considering abundant availability of natural zeolite compared 

to hexane extract Moringa stenopetala   seed cake further experimental work were carried out 

on mixture of the lowest ratio of zeolite treated adsorbent with kerosene in different ratio and 

characterized in the following manner.  

4.6.3 Physico-chemical characterization of modified natural zeolite treated used motor 

oil with kerosene mixture 

4.6.3.1 Determination of viscosity 

The determination of viscosity of the various mixture of modified natural zeolite treated used 

motor oil with kerosene gas using the smallest w/w ratio i.e 10:60 modified natural zeolite 

and used motor oil respectively indicated in Figure 10 and the study prove that the viscosity 

of the mixture decrease as the ratio of kerosene gas increase which favors the mixture to be 

used for domestic fuel.   

Preliminary investigation of this study using Moringa stenopetal as an adsorbent with 

different ratio followed by measurement of viscosity indicated that the viscosity value 

decreased from 228 to 201, 167,126 milli poise as the adsorbent of Moringa Stenopetal 

hexane extract seed cake percentage increase from 0%, 10%, 20% and to 30% respectively of 

used motor oil which may indicate the disturbance of the metal ion which present in used 

motor oil metal ion concentration. However, the mixture of Moringa stenopetala with 40% 

ratio was found to be unable to be filtered and as a result of which no measurement of 

viscosity was done. This indicates the saturation point of mixing Moringa stenopetala for the 

use of adsorbents with used motor oil. 
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Figure 10. Viscosity determination of mixture of treated used motor oil with kerosene. 

 

The average viscosity value of used motor oil indicated that it is 195.25 mill poise (Hamad et 

al., 2002). After treatment with natural zeolite the viscosity of used motor oil is decreased to 

147.5 mill poise. The decrease further enhanced significantly by mixture of kerosene from 

147.5 mill poise to 26.20 mill poise as the percentage of kerosene increased from 5% to 75% 

respectively. 

4.6.3.2 Determination of Density 

The determination of density of the various mixture of modified natural zeolite treated used 

motor oil with kerosene gas using the smallest w/w ratio i.e 10:60 modified natural zeolite 

and used motor oil respectively indicated in Figure 11.  The study prove that the density of 

the mixture decrease as the ratio of kerosene increase which favors the mixture to be used for 

domestic fuel.   
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Figure 11. Density determination of mixture of kerosene with treated used motor oil. 

 

The average density value of used motor oil indicated that it is 88.0 gm/ml (Hamad et al., 

2002). After treatment with natural zeolite the density of used motor oil is significantly 

decreased to 44.7 gm/ml. The decrease further enhanced by mixture of kerosene from 44.7 

gm/ml to 43.48 gm/ml as the percentage of kerosene increased from 5% to 25% respectively. 

 

 

4.6.3.3 Determination of Flash Point 

The determination of flashpoint temperature of the various mixture of modified natural 

zeolite treated used motor oil with kerosene gas using the smallest w/w ratio i.e 10:60 

modified natural zeolite and used motor oil respectively indicated in Figure 12.  The study 

prove that the flashpoint in 
o
C of the mixture decrease as the ratio of kerosene gas increase 

which favors the mixture to be used for domestic fuel with 20% and 25% of kerosene to 

modified natural  zeolite treated used motor oil composition.   
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Figure 12. Flash point determination of mixture of kerosene with treated used 

motor oil. 

 

The flashpoint of kerosene which is commercially available domestic fuel is 37.78
o
C. Since 

the characteristics of used motor oil differ from place to place, most used motor oil flash 

point is greater than 100
o
C (Cresham and Totten, 2009). The after treatment mixture with 

kerosene with 20% and 25% flash points were 95
o
C and 89

 o
C respectively. 

4.3.4 Determination of Calorific Value  

The determination of Calorific value of the various mixture of modified natural zeolite 

treated used motor oil with kerosene gas using the smallest w/w ratio i.e 10:60 modified 

natural zeolite and used motor oil respectively indicated in Figure 13. Various mixture of 

kerosene from 25% up to 0% with the treated used motor oil show that the calorific value of 

the mixture decrease as the ratio of kerosene gas increase which minimize the heat value of 

the mixed domestic fuel in turn.  
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Figure 13. Calorific value of mixture of kerosene with treated used motor oil. 

The decrease in the heating value of the mixture as the percentage of kerosene increase were 

from 61.23MJ/kg to 45.65MJ/kg is due to low heating value of kerosene which play a 

dilution role since the calorific value of pure kerosene is 43.12 MJ/kg. The advantages of 

adding kerosene can be characterized in other physico-chemical properties such as density, 

viscosity and flash point decrement in favor of domestic fuel. 

4.3.5 Application of treated used motor oil for fuel  

Based on the best physico chemical result of for domestic fuel the mixture of kerosene gas 

and modified natural zeolite treated used motor were subjected in to flask containing the 

mixture in presence of woven thread. The mixture allowed to burn as indicated in Figure 14 

and observed that the mixture burnt easily as the commercially available kerosene gas for 

domestic fuel. 

 

 

Figure 14. Application of treated used motor oil with 25% kerosene mixture for domestic  

fuel. 
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The practical application of domestic fuel uses of modified zeolite used motor oil in the 

mixture of kerosene after characterization by physico- chemical studies such as viscosity, 

density, flash point, calorific values have proved that it is in the range of domestic fuel since 

the permissible and listed heavy metal content such as As , Pb and Cr were below or equal to 

5ppm, 100ppm and 10ppm respectively before and after treatment and modification of used 

motor oil. 
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5. CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

Various aspects of the waste oil‘s management are now in focus of research and occupy 

significant part in industries of many countries. This is especially true for the highly 

industrialized countries, with high lubricating oils consumption, for two reasons: ecological 

and financial. This means that two problems must be solved simultaneously: the 

environmental problems, which may be caused by lubricant‘s inappropriate handling, storage 

and operating procedures, and at the same time to optimize the operating costs to an 

economically payable level. There are a number of options of using waste oil as fuel, like 

direct burning (no pre-treatment of the waste oil, with several methods of energy recovery); 

mild re-processing (simple cleaning process, mainly separation from water and solids, before 

further use, e.g. burning after blending into fuel oil) are among the possible application of 

used motor oil. 

 

In the case of poor economies like Ethiopia quality of life and energy consumption are tidily 

joined with particular emphasis on sourcing options for energies. Abundant and untapped 

availability, applicability for wider fuel need purposes, competitiveness in terms of cost of 

production, should make treated and modified used motor oil fuels as an alternative source of 

domestic fuel for Ethiopia. It also enable the country to cut foreign currency  bill substituting 

its petroleum import bill through the use of this modified used motor oil as domestic fuel and 

create awareness on its environmental benefits of recycling used motor oil by creating job 

opportunity for small scale enterprise in collection, preparation and treatment of used motor 

oils.  

 

This research was planned in search of alternative energy to satisfy the consumers‘ growing 

demand energy. It was carried out to evaluate and enhance domestic fuel properties of used 

motor oil after treatment with  Moringa steneopetal hexane extract seed cake and modified 

natural zeolite. The result of the experiment in this aspect did not show remarkable trend of 

adsorption on both type of experiment. However the degree of heavy metal adsorption 

capacity of Moringa steneopetal hexane extracts seed cake better than modified natural 

zeolite in the different ratio of adsorbent quantity. On the other hand mixing used motor oil 

with kerosene in 20% and 25% give rise to a better domestic fuel opportunity since all physic 

chemical characteristics are improved.  
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The practical application of domestic fuel uses of modified zeolite used motor oil in the 

presence of mixture of kerosene after characterization by physico- chemical studies such as 

viscosity, density, flash point, calorific value have proved that it is in the range of domestic 

fuel. Although the level of permissible heavy metal content such as As , Pb and Cr before 

treatment were below the standard, measurement of such metal after treatment of used motor 

oil were also  equal or less to 5ppm, 100ppm and 10ppm respectively. 

  

Mixing of kerosene with 20% and 25% to treated used motor oil using modified natural 

zeolite are one of the most promising options to replace conventional fossil fuel. The physical 

properties such as density, viscosity, flash point, and calorific value were in the range of the 

conventional domestic fuel so as to use as an alternative energy source of domestic fuel. 

Accordingly, the modified natural zeolite treated used motor oil with mixture of 20% and 

25% kerosene observed that favorable physico-chemical characteristics for domestic fuel. All 

the physico-chemical measurement shows decrease which enhances for domestic fuel use. In 

addition to this preliminary treatment with Moringa stenopetala hexane extracts seed cake 

indicates that there is a decrease in viscosity value from 228 to 201,167 and 126 milli poise 

as the percentage value of Moringa stenopetala hexane extracts seed cake and used motor oil 

increase from 0%, to 10%, 20%, 30% and 40% respectively. 

 

Therefore the other finding in this study were the mixture of Moringa stenopetala hexane 

extract seed cake with used motor oil decreases the viscosity value until it reaches its 

saturation point of 40% of Moringa stenopetala hexane extract seed cake ratio with used 

motor oil where the mixture was unable to be filtered out for further investigation of the 

viscosity measurements. This indicates the saturation point of mixing Moringa stenopetala 

for the use of adsorbents. 
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5.2. Recommendations 
 

The proper recycling used motor oil would protect our environment and our natural 

resources. Instead of dumping the used oil to our landfills, sewage, or water, it could be 

collected, treated, and reused. The benefits of recycling used motor oil will improve the 

socio- economic and environmental development of the nation and a means of providing a 

better livelihood to various stakeholders. 

 
 

In view of the results of the study, depending on the results obtained in this thesis and 

considering the study is new for the country as far as researcher best knowledge concerned, 

the following points are forwarded.  

 

The research results strongly indicate that Ethiopian untapped resources which could have a 

great value in alternative fuel. The concerned energy sector and environmental controlling 

body of the government should investigate the current amount of used motor oil as well as 

other type of used lubricating oil in the country to get out a better benefit of recycling from 

such oils. In depth identification of the chemical composition of used motor oil  should be 

made so as to know the exact amount of chemical in it before using it for domestic fuel. 

Further economic analysis need to be investigated to compare and use the higher composition 

of kerosene and used motor oil mixture. This should include selection of further standardized 

heavy metal and other impurities adsorption methods.   
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7. APPENDIX 

Appendix 1 ICP-OES Reading of the samples 

Horticoop Ethiopia(Horticultural) PLC 

Soil and Water Analysis Laboratory 

Heavy Metal Analysis Results 
 

Reading Ca Mg  Mn Cr Sn As Pb Fe Zn Cu Ni 

  mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Ratio of 

Untreated 

Used 

motor oil 

with 

modified 

natural 

zeolite mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Untreated 

Used 

motor oil 68.93 0.40 0.14 0.25 0.32 0.25 0.42 1.42 41.24 0.16 0.22 

Z - 40/60 68.93 0.40 0.14 0.25 0.32 0.25 0.42 1.42 41.24 0.16 0.22 

Z - 30/60 167.62 55.81 0.27 0.57 1.31 1.07 2.96 1.97 27.75 0.03 0.35 

Z - 20/60 150.79 45.12 0.35 0.55 1.33 1.00 2.64 1.60 27.03 0.01 0.39 

Z - 10/60 77.17 22.18 0.23 0.35 0.46 0.36 0.87 1.09 37.31 0.14 0.21 

Reading Ca Mg  Mn Pb Fe Zn Cu Cr Sn As Ni 

  

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Ratio of 

Untreated 

Used 

motor oil 

with 

Moringa 

stenopetala 

seed cake 

Untreated 

Used 

motor oil 68.93 0.40 0.14 0.42 1.42 41.24 0.16 0.25 0.32 0.25 0.22 

M - 40/60 69.03 3.98 0.23 1.08 1.62 21.32 0.16 0.29 0.71 0.50 0.25 

M - 30/60 69.39 2.58 0.26 1.19 1.62 23.66 0.14 0.31 0.55 0.52 0.21 

M - 20/60 68.51 0.68 0.24 1.06 1.47 26.68 0.25 0.30 0.45 0.55 0.21 

M - 10/60 69.42 3.70 0.23 0.36 0.91 36.57 0.11 0.21 0.31 0.20 0.11 
 

 

Z =  Modified natural zeolite treated sample 

M = Moringa stenopetal treated sample 

      

   
Analytical Methods 

     

   
Parameter Examination Standards 

     

   
All Elements ICP-OES Reading 
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Appendix 2 Instrument, chemical and other appliance used in the experiment  

SNo. Item description Purpose used 

Chemical used in the experimental work 

1 N- Hexene For extraction of Moringa stenopetal seed cake 

2 Sulphuric acid 98% For ash making of samples for heavy metal analysis 

3 Nitric acid 35% For dissolution of ash  samples for heavy metal 

analysis 

4 Ammonium  Hydroxide 35% For calcination of natural Zeolite before treatment of 

used motor oil 

5 Distilled water For dissolution of ash  samples for heavy metal 

analysis 

6 Kerosene For mixing with used motor oil. 

7 Natural Zeolite For treatment of used motor oil 

8 Moringa Stenopetal seed cake For treatment of used motor oil 

Equipment  used in the experimental work 

9 Furnace 900
o
C For ash making of samples and for calcination of 

natural Zeolite before treatment of used motor oil 

10 ICP-OES For determination of heavy metal content 

11 Oven For drying 

12 Mechanical Shaker For adsorption of natural Zeolite and Moringa 

Stenopetal seed cake on used motor oil 

13 Bomb Calori meter For determination of Calorific value 

14 Picno meter For determination of Calorific value 

15 Visco meter For determination of viscosity 

16 Cleveland open cup tester For determination of flash point 

Other appliances 

17 Filter paper For filtration 

18 Crucibles For ash making 

19 Measuring Cylinder For measuring 

20 Funnel For filtration 

21 Erlenmeyer Flask For keeping adsorbent and sample for treatment 

22 Tongs For handling crucibles 



44 
 

Appendix 3 Standard test methods for flash point  

Designation: D 93 ± 02a 

Standard Test Methods for 

Flash Point by Pensky-Martens Closed Cup Tester
 

This standard is issued under the fixed designation D 93; the number immediately 

following the designation indicates the year of original adoption or, in the case of 

revision, the year of last revision. A number in parentheses indicates the year of last 

reapproval. A superscript epsilon (e) indicates an editorial change since the last 

revision or reapproval. 

This standard has been approved for use by agencies of the Department of Defense. 

INTRODUCTION 

This flash point test method is a dynamic test method and depends on definite rates of 

temperature increases to control the precision of the test method. The rate of heating 

may not in all cases give the  precision quoted in the test method because of the low 

thermal conductivity of certain materials. To improve the prediction of flammability, 

Test Method D 3941, an equilibrium method, was developed in which the heating rate 

is slower. This allows the vapor above the test specimen and the test specimen to be at 

about the same temperature. If your specification requires Test Method D 93, do not 

substitute Test Method D 3941 or any other test method without obtaining 

comparative data and agreement from the specified. 

Flash point values are a function of the apparatus design, the condition of the 

apparatus used, and the operational procedure carried out. Flash point can therefore 

only be defined in terms of a standard test method, and no general valid correlation 

can be guaranteed between results obtained by different test methods, or with test 

apparatus different from that specified. 

 

1. Scope  

1.1 These test methods cover the determination of the flash point of petroleum 

products in the temperature range from 40 to 360°C by a manual Pensky-Martens 

closed-cup apparatus or an automated Pensky-Martens closed-cup apparatus. 

NOTE 1—Flash point determination as above 250°C can be performed, however, the 

precisions have not been determined above this temperature. For residual fuels, 

precisions have not been determined for flash points above 100°C. 

1.2 Procedure A is applicable to distillate fuels (diesel, kerosene, heating oil, turbine 

fuels), new lubricating oils, and other homogeneous petroleum liquids not included in 

the scope of Procedure B. 

1.3 Procedure B is applicable to residual fuel oils, cutback residua, used lubricating 

oils, mixtures of petroleum liquids with solids, petroleum liquids that tend to form a 

surface film under test conditions, or are petroleum liquids of such kinematic 

viscosity that they are not uniformly heated under the stirring and heating conditions 

of Procedure A. 

1.4 These test methods is applicable for the detection of contamination of relatively 

nonvolatile or nonflammable materials with volatile or flammable materials. 

1.5 The values stated in SI units shall be regarded as the standard. The values given in 

parentheses are provided for information only. 

1.6 This standard does not purport to address all of the safety concerns, if any, 

associated with its use. It is the responsibility of the user of this standard to establish 
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appropriate safety and health practices and determine the applicability of regulatory 

limitations prior to use. For specific hazards statements, see 6.4, 7.1, 9.3, 9.4, 11.1.2, 

11.1.4, and 12.1.2. 

2. Referenced Documents 

2.1 ASTM Standards: 

D 56 Test Methods for Flash Point by Tag Closed Cup Tester2 

D 3941 Test Method for Flash Point by the Equilibrium Method with a Closed-Cup 

Apparatus3 

D 4057 Practice for Manual Sampling for Petroleum and Petroleum Products4 

 

D 4177 Practice for Automatic Sampling of Petroleum and Petroleum Products4 

E 1 Specification for ASTM Thermometers5 

E 300 Practice for Sampling Industrial Chemicals6 

E 502 Test Method for Selection and Use of ASTM Standards for the Determination 

of Flash Point of Chemicals by Closed Cup Methods7 

2.2 ISO Standards8 

Guide 34 Quality Systems Guidelines for the Production of Reference Materials 

Guide 35 Certification of Reference Material—General and Statistical Principles 

3. Terminology 

3.1 Definitions: 

3.1.1 dynamic, adj—in petroleum products—the condition where the vapor above the 

test specimen and the test specimen are not in temperature equilibrium at the time that 

the ignition source is applied. 

3.1.1.1 Discussion—This is primarily caused by the heating of the test specimen at the 

constant prescribed rate with the vapor temperature lagging behind the test specimen 

temperature. 

3.1.2 equilibrium, n—in petroleum products—the condition where the vapor above 

the test specimen and the test specimen are at the same temperature at the time the 

ignition source is applied. 

3.1.2.1 Discussion—This condition may not be fully achieved in practice, since the 

temperature may not be uniform throughout the test specimen, and the test cover and 

shutter on the apparatus can be cooler. 

3.1.3 flash point, n—in petroleum products, the lowest temperature corrected to a 

barometric pressure of 101.3 kPa (760 mm Hg), at which application of an ignition 

source causes the vapors of a specimen of the sample to ignite under specified 

conditions of test. 

3.1.3.1 Discussion—The test specimen is deemed to have flashed when a flame 

appears and instantaneously propagates itself over the entire surface of the test 

specimen. 

3.1.3.2 Discussion—When the ignition source is a test flame, the application of the 

test flame may cause a blue halo or an enlarged flame prior to the actual flash point. 

This is not a flash point and shall be ignored. 

4. Summary of Test Method 

4.1 A brass test cup of specified dimensions, filled to the inside mark with test 

specimen and fitted with a cover of specified dimensions, is heated and the specimen 

stirred at specified rates, by either of two defined procedures (A or B). 

An ignition source is directed into the test cup at regular intervals with simultaneous 

interruption of the stirring, until a flash is detected (see 3.1.3.1). The flash point is 

reported as defined in 3.1.3. 

5. Significance and Use 
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5.1 The flash point temperature is one measure of the tendency of the test specimen to 

form a flammable mixture with air under controlled laboratory conditions. It is only 

one of a number of properties which must be considered in assessing the overall 

flammability hazard of a material. 

5.2 Flash point is used in shipping and safety regulations to define flammable and 

combustible materials. One should consult the particular regulation involved for 

precise definitions of these classifications. 

NOTE 2—The U.S. Department of Transportation (DOT)9 and U.S. Department of 

Labor (OSHA) have established that liquids with a flash point under 37.8°C (100°F) 

are flammable, as determined by these test methods, for those liquids which have a 

kinematic viscosity of 5.8 mm 2/s (cSt) or more at 37.8°C or 9.5 mm 2/s (cSt) or more 

at 25°C (77°F), or that contain suspended solids, or have a tendency to form a surface 

film while under test. Other classification flash points have been established by these 

departments for liquids using these test methods. 

5.3 These test methods should be used to measure and describe the properties of 

materials, products, or assemblies in response to heat and an ignition source under 

controlled laboratory conditions and should not be used to describe or appraise the 

fire hazard or fire risk of materials, products, or assemblies under actual fire 

conditions. However, results of these test methods may be used as elements of a fire 

risk assessment which takes into account all of the factors which are pertinent to an 

assessment of the fire hazard of a particular end use. 

5.4 These test methods provides the only closed cup flash point test procedures for 

temperatures up to 370°C (698°F). 

6. Apparatus 

6.1 Pensky-Martens Closed Cup Apparatus (manual)—This apparatus consists of the 

test cup, test cover and shutter, stirring device, heating source, ignition source device, 

air bath, and top plate described in detail in Annex A1. The assembled manual 

apparatus, test cup, test cup cover, and test cup assembly are illustrated in Figs. A1.1-

A1.4, respectively. Dimensions are listed respectively. 

6.2 Pensky-Martens Closed Cup Apparatus (automated) 

This apparatus is an automated flash point instrument that is capable of performing 

the test in accordance with Section 11 (Procedure A) and Section 12 (Procedure B) of 

these test methods. The apparatus shall use the test cup, test cover and shutter, stirring 

device, heating source, and ignition source device described in detail in Annex A1. 

6.3 Temperature Measuring Device—Is a thermometer having a range as shown as 

follows and conforming to the requirements prescribed in Specification E 1 or in 

Annex A3, or an electronic temperature measuring device, such as resistance 

thermometers or thermocouples. The device shall exhibit the same temperature 

response as the mercury thermometers. 

 

                              Thermometer Number 

Temperature Range                       ASTM                  IP 

−5 to +110°C (20 to 230°F)            9C (9F)             15C 

+10 to 200°C (50 to 392°F)           88C (88F)         101C 

+90 to 370°C (200 to 700°F)         10C (10F)         16C 

6.4 Ignition Source—Natural gas flame, bottled gas flame, and electric ignitors (hot 

wire) have been found acceptable for use as the ignition source. The gas flame device 

described in detailed in Fig. A1.4 requires the use of the pilot flame described in 

A1.1.2.3. The electric ignitors shall be of the hot-wire type and shall position the 

heated section of the ignitor in the aperture of the test cover in the same manner as 
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the gas flame device. (Warning—Gas pressure supplied to the apparatus should not 

be allowed to exceed 3 kPa (12 in.) of water pressure.) 

7. Reagents and Materials 

7.1 Cleaning Solvents—Use suitable solvent capable of cleaning out the specimen 

from the test cup and drying the test cup and cover. Some commonly used solvents 

are toluene and acetone. (Warning—Toluene, acetone, and many solvents are 

flammable and a health hazard. Dispose of solvents and waste material in accordance 

with local regulations.) 

8. Sampling 

8.1 Obtain a sample in accordance with instructions given in Practices D 4057, D 

4177, or E 300. 

8.2 At least 75 mL of sample is required for each test. Refer to Practice D 4057. When 

obtaining a sample of residual fuel oil, the sample container shall be from 85 to 95 % 

full. For other types of samples, the size of the container shall be chosen such that the 

container is not more than 85 % full or less than 50 % full prior to any sample aliquot 

being taken. 

8.3 Successive test specimens can be taken from the same sample container. Repeat 

tests have been shown to be within the precisions of the method when the second 

specimen is taken with the sample container at least 50 % filled. The results of flash 

point determinations can be affected if the sample volume is less than 50 % of sample 

container capacity. 

8.4 Erroneously high flash points may be obtained if precautions are not taken to 

avoid the loss of volatile material. Do not open containers unnecessarily, to prevent 

loss of volatile material or possible introduction of moisture, or both. Avoid storage of 

samples at temperatures in excess of 35°C or 95°F. 

Samples for storage shall be capped tightly with inner seals. Do not make a transfer 

unless the sample temperature is at least the equivalent of 18°C or 32°F below the 

expected flash point. 

8.5 Do not store samples in gas-permeable containers, since volatile material may 

diffuse through the walls of the enclosure. 

Samples in leaky containers are suspect and not a source of valid results. 

8.6 Samples of very viscous materials shall be heated in their containers, with lid/cap 

slightly loosened to avoid buildup of dangerous pressure, at the lowest temperature 

adequate to liquefy any solids, not exceeding 28°C or 50°F below the expected flash 

point, for 30 min. If the sample is then not completely liquefied, extend the heating 

period for additional 30 min periods as necessary. Then gently agitate the sample to 

provide mixing, such as orbiting the container horizontally, before transferring to the 

specimen cup. No sample shall be heated and transferred unless its temperatures is 

more than 18°C or 32°F below its expected flash point. When the sample has been 

heated above this temperature, allow the sample to cool until its temperature is at least 

18°C or 32°F below the expected flash point before transferring. 

NOTE 3—Volatile vapors can escape during heating when the sample container is not 

properly sealed. 

NOTE 4—Some viscous samples may not completely liquefy even after prolonged 

periods of heating. Care should be exercised when increasing the heating temperature 

to avoid unnecessary loss of volatile vapors, or heating the sample too close to the 

flash point. 

8.7 Samples containing dissolved or free water may be dehydrated with calcium 

chloride or by filtering through a qualitative filter paper or a loose plug of dry 

absorbent cotton. Warming the sample is permitted, but it shall not be heated for 
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prolonged periods or greater than a temperature of 18°C 32°F below its expected flash 

point. 

NOTE 5—If the sample is suspected of containing volatile contaminants, the 

treatment described in 8.6 and 8.7 should be omitted. 

9. Preparation of Apparatus 

9.1 Support the manual or automated apparatus on a level steady surface, such as a 

table. 

9.2 Tests are to be performed in a draft-free room or compartment. Tests made in a 

laboratory hood or in any location where drafts occur are not reliable. 

NOTE 6—A shield, of the approximate dimensions 460 mm (18 in.) square and 610 

mm (24 in.) high, or other suitable dimensions, and having an open front is 

recommended to prevent drafts from disturbing the vapors above the test cup. 

NOTE 7—With some samples whose vapors or products of pyrolysis are 

objectionable, it is permissible to place the apparatus along with a draft shield in a 

ventilation hood, the draft of which is adjustable so that vapors can be withdrawn 

without causing air currents over the test cup during the ignition source application 

period. 

9.3 Prepare the manual apparatus or the automated apparatus for operation in 

accordance with the manufacturer‘s instructions for calibrating, checking, and 

operating the equipment. 

(Warning—Gas pressure should not be allowed to exceed 3 kPa (12 in.) of water 

pressure.) 

9.4 Thoroughly clean and dry all parts of the test cup and its accessories before 

starting the test, to ensure the removal of any solvent which had been used to clean 

the apparatus. Use suitable solvent capable of removing all of the specimen from the 

test cup and drying the test cup and cover. Some commonly used solvents are toluene 

and acetone. (Warning—Toluene, acetone, and many solvents are flammable. Health 

hazard. Dispose of solvents and waste material in accordance with local regulations.) 

10. Verification of Apparatus 

10.1 Adjust the automated flash point detection system (when used) in accordance 

with the manufacturer‘s instructions. 

10.2 Verify that the temperature measuring device is in accordance with 6.3. 

10.3 Verify the performance of the manual apparatus or the automated apparatus at 

least once per year by determining the  

 

flash point of a certified reference material (CRM) such as those listed in Annex A4, 

which is reasonably close to the expected temperature range of the samples to be 

tested. The material shall be tested according to Procedure A of these test methods 

and the observed flash point obtained in 11.1.8 or 11.2.2 shall be corrected for 

barometric pressure (see Section13). The flash point obtained shall be within the 

limits stated in Table A4.1 for the identified CRM or within the limits calculated for 

an unlisted CRM (see Annex A4). 

10.4 Once the performance of the apparatus has been verified, the flash point of 

secondary working standards (SWSs) can be determined along with their control 

limits.These secondary materials can then be utilized for more frequent performance 

checks (see Annex A4). 

10.5 When the flash point obtained is not within the limits stated in 10.3 or 10.4, 

check the condition and operation of the apparatus to ensure conformity with the 

details listed in Annex A1, especially with regard to tightness of the lid (A1.1.2.2), the 
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action of the shutter, the position of the ignition source (A1.1.2.3), and the angle and 

position of the temperature measuring device (A1.1.2.4). After any adjustment, repeat 

the test in 10.3 using a fresh test specimen, with special attention to the procedural 

details prescribed in these test methods. 

PROCEDURE A 

11. Procedure 

11.1 Manual Apparatus: 

11.1.1 Ensure that the sample container is filled to the volume capacity requirement 

specified in 8.2. Fill the test cup with the test specimen to the filling mark inside of 

the test cup. The temperature of the test cup and test specimen shall be at least 18°C 

or 32°F below the expected flash point. If too much test specimen has been added to 

the test cup, remove the excess using a syringe or similar device for withdrawal of 

fluid. Place the test cover on the test cup and place the assembly into the apparatus. 

Be sure the locating or locking device is properly engaged. If the temperature 

measuring device is not already in place, insert the device into its holder. 

11.1.2 Light the test flame, and adjust it to a diameter of 3.2 to 4.8 mm (0.126 to 

0.189 in.), or switch on the electric igniter and adjust the intensity in accordance with 

the manufacturer‘s instructions.  

(Warning—Gas pressure should not be allowed to exceed 3 kPa (12 in.) of water 

pressure.)  

(Warning— Exercise care when using a gas test flame. If it should be extinguished it 

will not ignite the vapors in the test cup, and the gas for the test flame that then enters 

the vapor space can influence the result.) 

 (Warning—The operator should exercise  and take appropriate safety precautions 

during the initial application of the ignition source, since test specimens containing 

low-flash material can give an abnormally strong flash when the ignition source is 

first applied.)  

(Warning—The operator should exercise and take appropriate safety precautions 

during the performance of these test methods. The temperatures attained during these 

test methods, up to 370°C (698°F), are considered hazardous.) 

11.1.3 Apply the heat at such a rate that the temperature, as indicated by the 

temperature measuring device, increases 5 to 6°C (9 to 11°F)/min. 

 

11.1.4 Turn the stirring device at 90 to 120 rpm, stirring in a downward direction. 

(Warning—Meticulous attention to all details relating to the ignition source, size of 

test flame or intensity of the electric ignitor, rate of temperature increase, and rate of 

dipping the ignition source into the vapor of the test specimen is desirable for good 

results.) 

11.1.5 Application of Ignition Source: 

11.1.5.1 If the test specimen is expected to have a flash point of 110°C or 230°F or 

below, apply the ignition source when the temperature of the test specimen is 23 6 

5°C or 41 6 9°F below the expected flash point and each time thereafter at a 

temperature reading that is a multiple of 1°C or 2°F. Discontinue the stirring of the 

test specimen and apply the ignition source by operating the mechanism on the test 

cover which controls the shutter so that the ignition source is lowered into the vapor 

space of the test cup in 0.5 s, left in its lowered position for 1 s, and quickly raised to 

its upward position. 

11.1.5.2 If the test specimen is expected to have a flash point above 110°C or 230°F, 

apply the ignition source in the manner described in 11.1.5.1 at each temperature 
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increase of 2°C or 5°F, beginning at a temperature of 23 6 5°C or 41 6 9°F below the 

expected flash point. 

11.1.6 When testing materials to determine if volatile material contamination is 

present, it is not necessary to adhere to the temperature limits for initial ignition 

source application as stated in 11.1.5. 

11.1.7 When testing materials where the expected flash point temperature is not 

known, bring the material to be tested and the tester to a temperature of 15 6 5°C or 

60 6 10°F. When the material is known to be very viscous at this temperature, heat the 

specimen to a starting temperature as described in 8.6. Apply the ignition source, in 

the manner described in 11.1.5.1, beginning at least 5°C or 10°F higher than the 

starting temperature. 

NOTE 8—Flash Point results determined in an ―unknown expected flash point mode‖ 

should be considered approximate. This value can be used as the expected flash point 

when a fresh specimen is tested in the standard mode of operation. 

11.1.8 Record as the observed flash point the reading on the temperature measuring 

device at the time ignition source application causes a distinct flash in the interior of 

the test cup. 

The sample is deemed to have flashed when a large flame appears and instantaneously 

propagates itself over the entire surface of the test specimen.  

(Warning—For certain mixtures containing halogenated hydrocarbons, such as, 

methylene chloride or trichloroethylene, no distinct flash, as defined, is observed. 

Instead a significant enlargement of the test flame (not halo effect) and change in 

color of the test flame from blue to yellowish-orange occurs. Continued heating and 

testing of these samples above ambient temperature can result in significant burning 

of vapors outside the test cup, and can be a potential fire hazard. See Appendix X1 

and Appendix X2 for more information.) 11.1.9 When the ignition source is a test 

flame, the application of the test flame may cause a blue halo or an enlarged flame 

prior to the actual flash point. This is not a flash and shall be ignored. 

 

11.1.10 When a flash point is detected on the first application, the test shall be 

discontinued, the result discarded, and the test repeated with a fresh test specimen. 

The first application of the ignition source with the fresh test specimen shall be 23 6 

5°C or 41 6 9°F below the temperature at which a flash point was detected on the first 

application. 

11.1.11 When a flash point is detected at a temperature which is greater than 28°C or 

50°F above the temperature of the first application of the ignition source, or when a 

flash point is detected at a temperature which is less than 18°C or 32°F above the 

temperature of the first application of the ignition source, the result shall be 

considered approximate, and the test repeated with a fresh test specimen. Adjust the 

expected flash point for this next test to the temperature of the approximate result. 

The first application of the ignition source with the fresh test specimen shall be 236 

5°C or 416 9°F below the temperature at which the approximate result was found. 

11.1.12 When the apparatus has cooled down to a safe handling temperature, less than 

55°C (130°F), remove the test cover and the test cup and clean the apparatus as 

recommended by the manufacturer. 

NOTE 9—Exercise care when cleaning and positioning the lid assembly so not to 

damage or dislocate the flash detection system or temperature measuring device. See 

the manufacturer‘s instructions for proper care and maintenance. 

11.2 Automated Apparatus: 
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11.2.1 The automated apparatus shall be capable of performing the procedure as 

described in 11.1, including control of the heating rate, stirring of the test specimen, 

application of the ignition source, detection of the flash point, and recording the flash 

point. 

11.2.2 Start the automated apparatus in accordance with the manufacturer‘s 

instructions. The apparatus shall follow the procedural details described in 11.1.3 

through 11.1.8. 

PROCEDURE B 

12. Procedure 

12.1 Manual Apparatus: 

12.1.1 Ensure that the sample container  

3.2 to 4.8 mm (0.126 to 0.189 in.), or switch on the electric igniter 

and adjust the intensity in accordance with the manufacturer‘s instructions. 

(Warning—Gas pressure should not be allowed to exceed 3 kPa (12 in.) of water 

pressure.)  

(Warning—Exercise care when using a gas test flame. If it should be extinguished it 

will not ignite the vapors in the test cup and the gas for the test flame that then enters 

the vapor space can influence the result.) 

 (Warning—The operator should exercise and take appropriate safety precautions 

during the initial application of the ignition source, since test specimens containing 

low-flash material may give an abnormally strong flash when the ignition source is 

first applied.)  

(Warning—The operator should exercise and take appropriate safety precautions 

during the performance of these test methods. The temperatures attained during these 

test methods, up to 370°C (698°F), are considered hazardous.) 

12.1.3 Turn the stirring device at 250 6 10 rpm, stirring in a downward direction. 

12.1.4 Apply the heat at such a rate that the temperature as indicated by the 

temperature measuring device increases 1 to 1.6°C (2 to 3°F)/min. 

12.1.5 Proceed as prescribed in Section 11, with the exception of the preceding 

requirements for rates of stirring and heating. 

12.2 Automated Apparatus: 

12.2.1 The automated apparatus shall be capable of performing the procedure as 

described in 12.1, including control of the heating rate, stirring of the test specimen, 

application of the ignition source, detection of the flash point, and recording the flash 

point. 

12.2.2 Start the automated apparatus in accordance with the manufacturer‘s 

instructions. The apparatus shall follow the procedural details in accordance with 

12.1.3 through 12.1.5. 

PRECISION, CALCULATION, AND REPORT FOR 

PROCEDURES A AND B 

13. Calculation 

13.1 Observe and record the ambient barometric pressure (see Note 10) at the time of 

the test. When the pressure differs from 101.3 kPa (760 mm Hg), correct the flash 

point as follows: 

Corrected flash point 5 C 1 0.25 ~101.3 – K! (1) 

Corrected flash point 5 F 1 0.06 ~760 – P! (2) 

Corrected flash point 5 C 1 0.033 ~760 – P! (3) 

where: 

C = observed flash point, °C, 

F = observed flash point, °F, 
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P = ambient barometric pressure, mm Hg, and 

K = ambient barometric pressure, kPa. 

NOTE 10—The barometric pressure used in this calculation is the ambient pressure 

for the laboratory at the time of the test. Many aneroid barometers, such as those used 

at weather stations and airports, are precorrected to give sea level readings and would 

not give the correct reading for this test. 

13.2 After correction for barometric pressure, round the temperature to the nearest 

0.5°C (1°F) and record. 

14. Report 

14.1 Report the corrected flash point as the ASTM D 93–IP 34, Procedure A or 

Procedure B Pensky-Martens Closed Cup Flash Point of the test specimen. 
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Appendix 4 Standard method for viscosity determination  

Designation: 0445 - 65 Reapproved (1970) American National Standard Zll.107-1965 

America n National Standards Institute 

Designation: 71/66 

Standard Method of Test for Method 305.6-Federal Test 

Method Standard No. 791 b 

 

VISCOSITY OF TRANSPARENT AND OPAQUE 

LIQUIDS (KINEMATIC AND DYNAMIC VISCOSITI ES) 

 

This Standard is issued under the fixed designation D 445; the number immediately 

following the designation indicates the year of original adoption or, in the case of 

revision, the year of last revision. A number in parentheses indicates the year of last 

reapproval. This is also a standard of the Institute of Petroleum issued under the fixed 

designation IP 71. The final number indicates the year of last revision. 

This method was adopted as ajoint ASTM-IP standard ill 1964. 

1. Scope 

1.1 This method covers the determination of the kinematic viscosity of liquid 

petroleum products (Notes 1 and 2), both transparent and opaque, by measuring the 

time of flow of a fixed volume of liquid at a given temperature through calibrated 

glass capillary instruments, using "gravity-flow." A procedure is given for a 

calculation of dynamic viscosities from measured kinematic viscosities. 

NOTE I-Bitumens are excepted; for the similar measurement of their viscosity, see 

ASTM Method D 2170, Test for Kinematic Viscosity of Asphalts,2  and ASTM 

Method D 2171, Test for Absolute Viscosity of AsphaJts.2  

NOTE 2-The method is intended for use with liquids, in which the rate of shear is 

proportional to the shearing stress (Newtonian flow). The proportionality constant is 

the coefficient of viscosity. With certain products which exhibit "gel-like" behavior, 

care must be taken that measurements are made at sufficiently high temperatures for 

such materials to flow freely so that similar results will be obtained in viscometers of 

different capillary diameters. 

2. Definitions 

2.1 kinematic viscosity-a measure of the time for a fixed volume of liquid to flow by 

gravity through a capillary. The cgs unit of kinematic viscosity is the stoke which has 

the dimensions centimeters-squared per second. In the petroleum industry kinematic 

viscosity is usually expressed in centistokes, cSt, so that 1St = 100 cSt. 

2.2 dynamic viscosity (sometimes called absolute viscosity) is numerically the product 

of kinematic viscosity and the density of the liquid, both at the same temperature. The 

cgs unit of dynamic viscosity is the poise, P, which has the dimensions grams per 

centimeter per second. 

3. Summary of Method 

3.1 The time is measured for a fixed volume of the liquid to flow through the capillary 

viscometer under an accurately reproducible head and at a closely controlled 

temperature. 

The kinematic viscosity is then calculated from the measured flow time and the 

calibration constant of the viscometer. 

4. Apparatus 
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4.1 Viscometers, calibrated glass capillary type, capable of measuring viscosity within 

the limits of repeatability and reproducibility 

given in Section 10 are acceptable. Those viscometers listed in Table 1 meet these 

requirements. 

NOTE 3-The calibration constant, C, is dependent upon the gravitational acceleration 

at the place of calibration and this must, therefore, be supplied by the standardization 

laboratory together with the instrument constant. Where the acceleration of gravity, g, 

in the two locations differs by more than I This method is under the jurisdiction of 

ASTM Committee D-2 on Petroleum Products and Lubricants. A list of members may 

be found in the ASTM Yearbook. 

Current edition effective Aug. 31, 1965. Originally issued 1937. Replaces D 445 - 65. 

In the IP, this method is under the jurisdiction of the Standardization Committee. 

In 1965, the appended material describing viscometers was deleted. Other editorial 

changes were made to take care of comments from the Institute of Petroleum. 

2 Anllua! Book of ASTM Standards, Part 11. 

 

O. 1 percent, correct the calibration constant as follows: 

C2 = (g2/g,) X Ct 

where the subscripts I and 2 indicate respectively the standardization laboratory and 

the testing laboratory. 

NOTE 4-Specifications for these viscometers are described in ASTM Specification D 

2515, for Kinematic Glass Viscometers.3 

4.2 Viscometer Holders or Frames to enable the viscometer to be suspended securely 

in the bath in the same vertical position as when calibrated, using a plum bline or 

accurate level. 

4.3 Viscometer Thermostat-Any transparent liquid or vapor bath of sufficient depth 

such that at no time during the measurement will any portion of the sample in the 

viscometer be less than 20 mm below the surface of the bath liquid or less than 20 

mm above the bottom of the bath may be used. The temperature control must be such 

that for the range of 60 to 212 F (15 to 100 C) the temperature of the bath medium 

does not vary by more than 0.02 F (0.01 C) over the length of the viscometers, or 

between the position of each viscometer, or at the location of the thermometer. 

For temperatures outside this range, the variation must not exceed 0.05 F (0.03 C). 

4.4 Temperature-Measuring Device-Suitable 1iquid-in-glass Kinematic Viscosity Test 

Thermometers, covering the range of test temperatures indicated in Table 2, as 

specified in ASTM Specification E 1, for ASTM Thermometers,4 and in the IP 

requirements for IP Standard Thermometers; make certain that they have been 

standardized before use (see Section 5). Any other thermometric device is permissible 

provided that the same accuracy can be obtained. 

4.5 Timing Device-Any device may be used provided it is graduated in divisions 

representing not more than 0.2 s and has an accuracy of at least ±0.05 percent when 

tested over intervals of 15 min. A stop watch or other spring-actuated timer is 

permissible. 

Also, electrical timing devices may be used when the current frequency is controlled 

to an . accuracy of 0.0 1 percent or better. 

NOTE 5-AIternating currents as provided by some public power systems are 

intermittently, not continuously, controlled; when used to actuate electrical timing 

devices, such intermittent control can cause large errors in viscosity flow time 

measurement. 
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5. Standardization 

5.1 Viscometers-Only calibrated viscometers shall be used. 

5.2 Thermometers-Routine liquid-in-glass thermometers should be checked to the 

nearest 0.02 F (0.01 C) by direct comparison with a suitable standardized 

thermometer. Kinematic Viscosity Test Thermometers shall be standardized at "total 

immersion" which means immersion to the top of the mercury column, with the 

remainder of the stem and the expansion chamber at the top of the thermometer 

exposed to room temperature; do not submerge the expansion bulb at the top of 

the thermometer. It is essential that the ice point of standardized thermometers be 

determined before use and the official corrections be adjusted to conform to the 

change in ice point. 

5.3 Timers-In the United States of America, time signals as broadcast by the National 

Bureau of Standards, Station WWV, Washington, D. C., at 2.5, 5, 10, 15,20, 25, 30, 

and 35 MHz are a convenient and primary standard reference for calibrating timing 

devices; the signals are broadcast 24 h daily. Station CHU from Ottawa, Canada, at 

3.330, 7.335 and 14.670 MHz or Station MSF at Rugby, United Kingdom, at 2.5, 5 

and 10 MHz may be received better in some locations. 

6. Procedure for Kinematic Viscosity 

6.1 The specific' details of operation vary for the different types of viscometers listed 

in Table 1, In all cases, however, proceed in accordance with 6.1.1 through 6.1.9. 

6.1.1 Ascertain that the thermometer has been standa~dized recently; new 

thermometers may require checking every week. 

6.1.2 Maintain the bath at the test temperature within the limits given in 4.3. Apply 

the necessary corrections, if any, to all thermometer readings. 

6.1.3 Select a clean, dry, calibrated viscometer which will give a flow time not less 

than the minimum specified for the viscometer, or 200 s, whichever is the greater . 

6.1.4 Charge the viscometer (Note 6) in the manner dictated by the design of the 

instrument, this operation being in conformity with that employed when the 

instrument was calibrated. Should the sample contain solid particles, filter during 

charging through a No. 200 (74-j.tm) sieve. 

NOTE 6-The viscosity of steam-refined cylinder oils, black lubricating oils, residual 

fuel oils, and similar waxy products can be affected by the previous thermal history. 

The followmg preheating procedure should be followed to obtain uniform results for 

viscosities below 200 F (95 C). 

To obtain a representative sample, heat the sample in the original container to about 

122 F (50 C) with stirring and shaking. Probe the bottom of the container with a rod to 

be certain that all waxy materials are in solution. Pour 100 ml into a 125-ml 

Erlenmeyer flask. Stopper loosely with a cork or rubber stopper. Immerse the flask in 

a bath of boiling water for 30 min. Mix well, remove the sample from the bath, and 

strain it through a No. 200 ( 7~Ilm) screen directly into the viscomete~ alr~ady In 

the thermostated bath. Complete the VISCOSIty test within 1 h after preheating. 

6.1.5 Allow the charged viscometer to remain in the bath long enough to reach the test 

temperature. Because this time will vary for the different instruments and for different 

temperatures, establish a safe temperature equilibrium time by trial. Where the design 

of the viscometer requires it, adjust the volume of the test sample after the sample has 

reached temperature equilibrium. 

6.1.6 When the temperature of the test is below the dew point, fit loosely packed 

drying tubes onto the open ends of the viscometer to prevent water condensation. 

Drying tubes must fit the design of the viscometer and not restrict the flow of the 

sample under test by pressures created in the instrument. At temperatures below 32 F 
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(0 C), it may be advisable to charge the sample into the viscometer at ambient 

temperature; allow the viscometer to cool to bath temperature, keeping sample in the 

working capillary to prevent slight accumulation of frost on the walls of the capillary. 

6.1.7 Use suction (if the sample contains no volatile constituents) or pressure to adjust 

the head level of the test sample to a position in the capillary arm of the instrument 

about 5 mm ahead of the first timing mark.  

6.1.8 With the sample flowing freely, measure in seconds, to within 0.2 s (see 4.5), 

the time required for the meniscus to pass from the first timing mark to the second. If 

this flow time is less than the specified minimum (see 6.3), select a viscometer with a 

capillary of smaller diameter and repeat the operation. 

6.1.9 For modified Ostwald and suspended level types, repeat the procedure described 

in 6.1.7 and 6.1.8 making a second measurement of the flow time. If two 

measurements agree within 0.2 percent, use the average for calculating the reported 

kinematic viscosity. For reverse-flow types, duplicate determinations must be made; 

flow times should agree within 0.35 percent. If these agreements are not obtained, 

reject the test results. 

7. Procedure for Dynamic Viscosity 

7.1 Determine the kinematic viscosity as described in Section 6. 

7.2 Determine the density of the sample, in grams per milliliter, at the same 

temperature as the viscosity, in accordance with the following applicable methods: 

7.2.1 ASTM Method D 941, Test for Density and Specific Gravity of Liquids by 

Lipkin Bicapillary Pycnometer, 3 

7.2.2 ASTM Method D 1481, Test for Density and Specific Gravity of Viscous 

Materials by Lipkin Bicapillary Pycnometer,5 

7.2.3 IP Method 189, Specific Gravity and Density, Graduated Bicapillary 

Pyknometer Method, 

7.2.4 ASTM Method D 1217, Test for Density and Specific Gravity of Liquids by 

Bingham Pycnometer, 3 

7.2.5 ASTM Method D 1480, Test for Density and Specific Gravity of Viscous 

Materials by Bingham Pycnometer,5 

7.2.6 IP Method 190, Specific Gravity and Density, Capillary-Stoppered Pyknometer 

Method, or  

7.2.7 IP Method 733, Density Bottles. 

8. Cleaning of Viscometer 

8.1 Between successive determinations, clean the viscometer thoroughly by several 

rinsings with an appropriate solvent completely miscible with the sample, followed by 

a completely volatile solvent. Dry the tube by passing a slow stream of filtered dry air 

through the viscometer for 2 min or until the last trace of solvent in removed. 

8.2 Periodically clean the instrument with chromic acid to remove organic deposits, 

rinse thoroughly with distilled water and acetone, and dry with clean dry air. 

Inorganic deposits may be removed by hydrochloric acid treatment before use of 

cleaning acid, particularly if barium salts are suspected. 

8.3 Viscometers used for silicone fluids, fluorocarbons, and other liquids which are 

difficult to remove by the use of a cleaning agent, should be reserved for the exclusive 

use of those fluids except when standardizing. Such viscometers should be subjected 

to standardization checks at frequent intervals. 

9. Calculations and Report 

9.1 Calculate the kinematic viscosity ,as follows: 

Kinematic viscosity, cSt = Ct 

where: 
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c= calibration constant of the viscometer, cSt/s, and t = flow time, s. 

9.2 Calculate the dynamic viscosity as follows: 

Dynamic viscosity, cP = p v 

where: 

p = density, g/cm3 (Note 6) at~ame temperature 

as kinemati.c viscosity, and 

v = kinematic viscosity, cSt. 

NOTE 6-It is permissible to use density in g/ml instead of g/cm3 

• The 12th General Conference on Weights and Measures in November 1964 

redefined the liter so that 1 ml is exactly 1 cm3 

• The latter unit is preferred for expressing precise volume measurements. 

9.3 Report both the viscosity and the temperature of test. 
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Appendix 5 Standard method for Calorific value determination  

Standard Test Method for 

Heat of Combustion of Liquid Hydrocarbon Fuels by Bomb 

Calorimeter 

This standard is issued under the fixed designation D 240; the number immediately 

following the designation indicates the year of 

original adoption or, in the case of revision, the year of last revision. A number in 

parentheses indicates the year of last re approval. A 

superscript epsilon (e) indicates an editorial change since the last revision or 

reapproval. 

This standard has been approved for use by agencies of the Department of Defense. 

1. Scope 

1.1 This test method covers the determination of the heat of combustion of liquid 

hydrocarbon fuels ranging in volatility from that of light distillates to that of residual 

fuels. 

1.2 Under normal conditions, this test method is directly applicable to such fuels as 

gasolines, kerosines, Nos. 1 and 2 fuel oil, Nos. 1-D and 2-D diesel fuel and Nos. 0-

GT, 1-GT, and 2-GT gas turbine fuels. 

1.3 This test method is not as repeatable and not as reproducible as Test Method D 

4809. 

1.4 The values stated in SI units are to be regarded as the standard. 

1.5 This standard does not purport to address all of the safety concerns, if any, 

associated with its use. It is the responsibility of the user of this standard to establish 

appropriate safety and health practices and determine the applicability of regulatory 

limitations prior to use. For specific hazard statements, see Sections 7 and 9 and 

A1.10 and Annex A3. 

2. Referenced Documents 

2.1 ASTM Standards: 2 

D 129 Test Method for Sulfur in Petroleum Products (General Bomb Method) 

D 1018 Test Method for Hydrogen In Petroleum Fractions D 1266 Test Method for 

Sulfur in Petroleum Products (Lamp Method) 

D 2622 Test Method for Sulfur in Petroleum Products by Wavelength Dispersive X-

ray Fluorescence Spectrometry 

D 3120 Test Method for Trace Quantities of Sulfur in Light Liquid Petroleum 

Hydrocarbons by Oxidative Microcoulometry 

D 3701 Test Method for Hydrogen Content of Aviation Turbine Fuels by Low 

Resolution Nuclear Magnetic Resonance Spectrometry 

D 4294 Test Method for Sulfur in Petroleum and Petroleum Products by Energy-

Dispersive X-ray Fluorescence Spectrometry 

D 4809 Test Method for Heat of Combustion of Liquid Hydrocarbon Fuels by Bomb 

Calorimeter (Precision Method) 

D 5453 Test Method for Determination of Total Sulfur in Light Hydrocarbons, Spark 

Ignition Engine Fuel, Diesel Engine Fuel, and Engine Oil by Ultraviolet Fluorescence 

E 1 Specification for ASTM Liquid-in-Glass Thermometers E 200 Practice for 

Preparation, Standardization, and Storage of Standard and Reagent Solutions for 

Chemical Analysis 

3. Terminology 
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3.1 Definitions: 

3.1.1 gross heat of combustion, Qg (MJ/kg)—the quantity of energy released when a 

unit mass of fuel is burned in a constant volume enclosure, with the products being 

gaseous, other than water that is condensed to the liquid state. 

3.1.1.1 Discussion—The fuel can be either liquid or solid, and contain only the 

elements carbon, hydrogen, nitrogen, and sulfur. The products of combustion, in 

oxygen, are gaseous carbon dioxide, nitrogen oxides, sulfur dioxide, and liquid water. 

In this procedure, 25°C is the initial temperature of the fuel and the oxygen, and the 

final temperature of the products of combustion. 

3.1.2 net heat of combustion, Qn (MJ/kg)—the quantity of energy released when a 

unit mass of fuel is burned at constant pressure, with all of the products, including 

water, being gaseous. 

3.1.2.1 Discussion—The fuel can be either liquid or solid, and contain only the 

elements carbon, hydrogen, oxygen, nitrogen, and sulfur. The products of combustion, 

in oxygen, are carbon dioxide, nitrogen oxides, sulfur dioxide, and water, all in the 

gaseous state. In this procedure, the combustion takes place at a constant pressure of 

0.1012 MPa (1 atm), and 25°C is the initial temperature of the fuel and the oxygen, 

and the final temperature of the products of combustion. 

3.1.3 The following relationships may be used for converting to other units 

(conversion factor is exact only for Btu): 

1 cal (International Table calorie) = 4.1868 J 

1 Btu (British thermal unit) = 1055.06 J and refer to as factor not exact 

1 cal (I.T.)/g = 0.0041868 MJ/kg 

1 Btu/lb = 0.002326 MJ/kg 

3.2 Definitions of Terms Specific to This Standard: 

3.2.1 energy equivalent—(effective heat capacity or water equivalent) of the 

calorimeter is the energy required to raise the temperature 1° expressed as MJ/°C. 

1 MJ/kg 5 1000 J/g (1) 

In SI, the unit of heat of combustion has the dimension J/kg, but for practical use a 

multiple is more convenient. The MJ/kg is customarily used for the representation of 

heats of combustion of petroleum fuels. 

NOTE 1—The energy unit of measurement employed in this test method is the joule 

with the heat of combustion reported in mega joules per kilogram. 

3.3 Symbols: 

3.3.1 The net heat of combustion is represented by the symbol Qn and is related to the 

gross heat of combustion by the following equation: 

Qn (net, 25°C) Qg (gross, 25° C) - 2 0.2122 3X H (2) 

where: 

Qn (net, 25°C) = net heat of combustion at constant pressure, MJ/kg, 

Qg (gross, 25°C) = gross heat of combustion at constant 

volume, MJ/kg, and 

H = mass % of hydrogen in the sample.3 

4. Summary of Test Method 

4.1 Heat of combustion is determined in this test method by burning a weighed 

sample in an oxygen bomb calorimeter under controlled conditions. The heat of 

combustion is computed from temperature observations before, during, and after  

combustion, with proper allowance for thermochemical and heat transfer corrections. 

Either isothermal or adiabatic calorimeter jackets can be used. 

4.1.1 Temperatures can be measured in degrees Celsius. 

4.1.1.1 Temperatures can be recorded in either degrees 
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Fahrenheit or ohms or other units when using electric thermometers. Use the same 

units in all calculations, including standardization. 

4.1.2 Time is expressed in calculations in minutes and decimal fractions thereof. It 

may be measured in minutes and seconds. 

4.1.3 Masses are measured in grams and no buoyancy 

 

5. Significance and Use 

5.1 The heat of combustion is a measure of the energy available from a fuel. A 

knowledge of this value is essential when considering the thermal efficiency of 

equipment for producing either power or heat. 

5.2 The heat of combustion as determined by this test method is designated as one of 

the chemical and physical requirements of both commercial and military turbine fuels 

and aviation gasolines. 

5.3 The mass heat of combustion, the heat of combustion per unit mass of fuel, is a 

critical property of fuels intended for use in weight-limited craft such as airplanes, 

surface effect vehicles, and hydrofoils. The range of such craft between refueling is a 

direct function of the heat of combustion and density of the fuel. 

6. Apparatus 

6.1 Test Room, Bomb, Calorimeter, Jacket, Thermometers, and Accessories, as 

described in Annex A1. 

7. Reagents 

7.1 Benzoic Acid, Standard4—Benzoic acid powder must be compressed into a tablet 

or pellet before weighing. Benzoic acid pellets for which the heat of combustion has 

been determined by comparison with the National Bureau of Standards sample are 

obtainable commercially for those laboratories not equipped to pellet benzoic acid. 

7.2 Gelatin Capsules. 

7.3 Methyl Orange or Methyl Red Indicator. 

7.4 Mineral Oil. 

7.5 Oxygen—Commerical oxygen produced from liquid air can be used without 

purification. If purification is necessary, see A1.11 (Warning—Oxygen vigorously 

accelerates combustion. 

See A3.2.). 

7.6 Pressure-Sensitive Tape—Cellophane tape 38 mm (11⁄2 in.) wide, free of chlorine 

and sulfur. 

7.7 Alkali, Standard Solution: 

7.7.1 Sodium Hydroxide Solution (0.0866 mol/L)— Dissolve 3.5 g of sodium 

hydroxide (NaOH) in water and dilute to 1 L. Standardize with potassium acid 

phthalate and adjust to 0.0866 mol/L as described in Practice E 200 

(Warning—Corrosive. Can cause severe burns or blindness. Evolution of heat 

produces a violent reaction or eruption upon  too rapid mixture with water. See Annex 

A3.1.) 

7.7.2 Sodium Carbonate Solution (0.03625 mol/L)— Dissolve 3.84 g of Na2CO3 in 

water and dilute to 1 L. 

Standardize with potassium acid phthalate and adjust to 0.03625 mol/L as described 

in Practice E 200. 

7.8 2,2,4-Trimethylpentane (isooctane), Standard5—(Warning—Extremely 

flammable. Harmful if inhaled. Vapors may cause flash fire.  
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8. Standardization 

8.1 Determine the Energy Equivalent of the Calorimeter— Average not less than six 

tests using standard benzoic acid. These tests should be spaced over a period of not 

less than three days. Use not less than 0.9 g nor more than 1.1 g of standard benzoic 

acid (C6H6COOH). Make each determination according to the procedure described in 

Section 9 and compute the corrected temperature rise, t, as described in 10.1 or 10.2. 

Determine the corrections for nitric acid (HNO3) and firing wire as described in 10.3 

and substitute in the following equation: 

W = (Q X g + e1 + e2)/t     (3) 

where: 

W = energy equivalent of calorimeter, MJ/°C, 

Q = heat of combustion of standard benzoic acid, MJ/g, calculated from the certified 

value, 

g = weight of standard benzoic acid sample, g, 

t = corrected temperature rise, as calculated in 10.1 or 

10.2,°C, 

e1 = correction for heat of formation of nitric acid, MJ, and 

e2 = correction for heat of combustion of firing wire, MJ. 

8.1.1 Repeat the standardization tests after changing any part of the calorimeter and 

occasionally as a check on both calorimeter and operating technique. 

8.2 Checking the Calorimeter for Use with Volatile Fuels— Use 2,2,4-

trimethylpentane to determine whether the results obtained agree with the certified 

value (47.788 MJ/kg, weight in air) within the repeatability of the test method. If 

results do not come within this range, the technique of handling the sample may have 

to be changed (Annex A1.8). If this is not possible or does not correct the error, run a 

series of tests using 2,2,4-trimethylpentane to establish the energy equivalent for use 

with volatile fuels. 

8.3 Heat of Combustion of Pressure-Sensitive Tape or Gelatin/Mineral Oil—

Determine the heat of combustion of either the pressure-sensitive tape or 0.5 g gelatin 

capsule/ mineral oil in accordance with Section 9 using about 1.2 g of tape or 0.5 g 

gelatin capsule/mineral oil and omitting the sample. Make at least three 

determinations and calculate the heat of combustion as follows: 

Qpst = (Dt x W - e1)/1000 a      (4) 

where: 

Qpst = heat of combustion of the pressure-sensitive tape or mineral oil, MJ/kg, 

Dt = corrected temperature rise, as calculated in accordance with 10.1 or 10.2,°C, 

W = energy equivalent of the calorimeter, MJ/°C, 

e1 = correction for the heat of formation of HNO3, MJ, and 

a = mass of the pressure-sensitive tape or gelatin capsule/mineral oil, g. 

Average the determinations, and redetermine the heat of combustion of the tape or 

gelatin capsule/mineral oil whenever a new roll or batch is started. 

9. Procedure 

9.1 Weight of Sample—Control the weight of sample (including any auxiliary fuel) so 

that the temperature rise produced by its combustion will be equal to that of 0.9 to 1.1 

g of benzoic acid (Note 2). Weigh the sample to the nearest 0.1 mg. 

NOTE 2—If the approximate heat of combustion of the sample is known, the required 

weight can be estimated as follows: 

g 5 26.454/Qs (5) 

where: 

g = mass of sample, g, and 
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Qs = MJ/kg. 

Some fuels contain water and particulate matter (ash) that will degrade calorimetric 

values. If the heat of combustion is required on a clean fuel, filter the sample to 

remove free water and insoluble ash before testing. 

9.1.1 For highly volatile fluids, reduce loss with use of tape or gelatin capsule mineral 

oil. 

NOTE 3—Acceptable procedures for handling volatile liquids include those described 

in the reports referenced at the end of this test method. 

References (1-6) describe glass sample holders: (7) describes a metal sample holder: 

(8) describes a gelatin sample holder. 

9.1.2 Tape—Place a piece of pressure-sensitive tape across the top of the cup, trim 

around the edge with a razor blade, and seal tightly. Place 3 by 12-mm strip of tape 

creased in the middle and sealed by one edge in the center of the tape disk to give a 

flap arrangement.Weigh the cup and tape. Remove from the balance with forceps. Fill 

a hypodermic syringe with the sample. The volume of sample can be estimated as 

follows: 

V = (W x 0.00032)/(Q x D)     (6) 

where: 

V = volume of sample to be used, mL, 

W = energy equivalent of calorimeter, J/°C, 

Q = approximate heat of combustion of the sample, MJ/kg, and 

D = density, kg/m3, of the sample. 

9.1.2.1 Add the sample to the cup by inserting the tip of the needle through the tape 

disk at a point so that the flap of tape will cover the puncture upon removal of the 

needle. Seal down the flap by pressing lightly with a metal spatula. Reweigh the cup 

with the tape and sample. Take care throughout the weighing and filling operation to 

avoid contacting the tape or cup with bare fingers. Place the cup in the curved 

electrode and arrange the fuse wire so that the central portion of the loop presses 

down on the center of the tape disk. 

9.1.3 Gelatin/Mineral Oil—Weigh the cup and gelatin capsule. 

The capsule should only be handled with forceps. Add the sample to the capsule. 

Reweigh the cup with capsule and sample. If poor combustion is expected with the 

capsule, add several drops of mineral oil on the capsule and reweigh the cup and 

contents. Place the cup in the curved electrode and arrange the fuse wire so that the 

central portion of the loop contacts the capsule and oil. 

 

9.2 Water in Bomb—Add 1.0 mL of water to the bomb from a pipet. 

9.3 Oxygen—With the test sample and fuse in place, slowly charge the bomb with 

oxygen to 3.0-MPa (30-atm) gage pressure at room temperature (9.3.1). Do not purge 

the bomb to remove entrapped air (Warning—Be careful not to overcharge the bomb. 

If, by accident, the oxygen introduced into the bomb should exceed 4.0 MPa, do not 

proceed with the combustion. 

An explosion might occur with possible violent rupture of the bomb. Detach the 

filling connection and exhaust the bomb in the usual manner. Discard the sample, 

unless it has lost no weight, as shown by reweighing.). 

9.3.1 Lower or higher initial oxygen pressures can be used within the range from 2.5 

to 3.5 MPa, provided the same pressure is used for all tests, including standardization. 

9.4 Calorimeter Water—Adjust the calorimeter water temperature before weighing as 

follows: 
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Isothermal jacket method 1.6 to 2.0°C below jacket temperature Adiabatic jacket 

method 1.0 to 1.4°C below room temperature This initial adjustment will ensure a 

final temperature slightly above that of the jacket for calorimeters having an energy 

equivalent of approximately 10.2 kJ/°C. Some operators prefer a lower initial 

temperature so that the final temperature is slightly below that of the jacket. This 

procedure is acceptable, provided it is used in all tests, including standardization. 

9.4.1 Use the same amount (60.5 g) of distilled or deionized water in the calorimeter 

vessel for each test. The amount of water (2000 g is usual) can be most satisfactorily 

determined by weighing the calorimeter vessel and water together on a balance. The 

water can be measured volumetrically if it is measured always at the same 

temperature. 

9.5 Observations, Isothermal Jacket Method—Assemble the calorimeter in the jacket 

and start the stirrer. Allow 5 min for attainment of equilibrium, then record the 

calorimeter temperatures (Note 4) at 1-min intervals for 5 min. Fire the charge at the 

start of the sixth minute and record the time and temperature, ta. Add to this 

temperature 60 % of the expected temperature rise, and record the time at which the 

60 % point is reached (Note 5). After the rapid rise period (about 4 to 5 min), record 

temperatures at 1-min intervals on the minute until the difference between successive 

readings has been constant for 5 min. 

NOTE 4—Use a magnifier and estimate all readings (except those during the rapid 

rise period) to the nearest 0.002°C when using ASTM Bomb Calorimeter 

Thermometer 56C. Estimate Beckmann thermometer readings to the nearest 0.001°C 

and 25-V resistance thermometer readings to the nearest 0.0001 V. Tap mercurial 

thermometers with a pencil just before reading to avoid errors caused by mercury 

sticking to the walls of the capillary. 

NOTE 5—When the approximate expected rise is unknown, the time at which the 

temperature reaches 60 % of the total can be determined by recording temperatures at 

45, 60, 75, 90, and 105 s after firing and interpolating. 

9.6 Observations, Adiabatic Jacket Method (Note 6) 

—Assemble the calorimeter in the jacket and start the stirrers. 

Adjust the jacket temperature to be equal to or slightly lower than the calorimeter, and 

run for 5 min to obtain equilibrium. Adjust the jacket temperature to match the 

calorimeter within 60.01°C and hold for 3 min. Record the initial temperature and fire 

the charge. Adjust the jacket temperature to match that of the calorimeter during the 

period of rise, keeping the two temperatures as nearly equal as possible during the 

rapid rise, and adjusting to within 60.01°C when approaching the final equilibrium 

temperature. Take calorimeter readings at 1-min intervals until the same temperature 

is observed in three successive readings. Record this as the final temperature. Time 

intervals are not recorded as they are not critical in the adiabatic method. 

NOTE 6—These instructions supersede the instructions given in 9.5 when using 

jackets equipped for adiabatic temperature control. 

9.7 Analysis of Bomb Contents—Remove the bomb and release the pressure at a 

uniform rate such that the operation will require not less than 1 min. Examine the 

bomb interior for evidence of incomplete combustion. Discard the test if unburned 

sample or sooty deposits are found. 

9.7.1 Wash the interior of the bomb, including the electrodes and sample holder, with 

a fine jet of water and quantitatively collect the washings in a beaker. Use a minimum 

of wash water, preferably less than 350 mL. Titrate the washings with standard alkali 

solution, using methyl orange or methyl red indicator. 
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9.7.2 Remove and measure the combined pieces of unburned firing wire, and subtract 

from the original length. 

Record the difference as wire consumed. 

9.7.3 Determine the sulfur content of the sample if it exceeds 0.1 %. Determine sulfur 

by analyzing the bomb washings remaining after the acid titration, using the 

procedure described in Test Methods D 129, D 1266, D 2622, D 3120, 

D 4294, or D 5453. 

10. Calculation 

10.1 Temperature Rise in Isothermal Jacket Calorimeter Using data obtained as 

prescribed in 9.5, compute the temperature rise, t, in an isothermal jacket calorimeter 

as follows: 

t= tc - ta – r1(b- a) - r2(c – b)       (7) 

where: 

t = corrected temperature rise, 

a = time of firing, 

b = time (to nearest 0.1 min) when the temperature rise reaches 60 % of total, 

c = time at beginning of period in which the rate of temperature change with time has 

become constant (after combustion), 

ta = temperature at time of firing, corrected for thermometer error (10.1.1), 

tc = temperature at time, c, corrected for thermometer error (10.1.1), 

r1 = rate (temperature units per minute) at which temperature was rising during 5-min 

period before firing, and 

r2 = rate (temperature units per minute) at which temperature was rising during the 5-

min period after time c. If the temperature is falling, r2 is negative and the 

quantity − r2(c − b) is positive. 

10.1.1 All mercury-in-glass thermometers shall be corrected for scale error, using data 

from the thermometer certificate  

 

prescribed in Annex A1, A1.5.1, or A1.5.2. Beckmann thermometers also require a 

setting correction and an emergent stem correction (Annex A2, A2.1.2). Solid-stem 

ASTM Thermometers 56F and 56C do not require emergent stem corrections if all 

tests, including standardization are performed within the same 5.5°C interval. If 

operating temperatures exceed this limit, apply a differential emergent stem correction 

(Annex A2, A2.1.1) to the correct temperature rise, t, in all tests, including 

standardization. 

10.2 Temperature Rise in Adiabatic Jacket Calorimeter— Using data obtained as 

prescribed in 9.6, compute the temperature rise, t, in an adiabatic jacket calorimeter as 

follows: 

t = tf – t a      (8) 

where: 

t = corrected temperature rise, 

ta = temperature when charge was fired, corrected for thermometer error (10.1.1), and 

tf = final equilibrium temperature, corrected for the thermometer error (10.1.1). 

10.3 Thermochemical Corrections (Annex A2)—Compute the following for each test: 

e1 = correction for heat of formation of nitric acid (HNO3), 

MJ = cm3 of standard (0.0866 N) NaOH solution used in titration 3 5/106, 

e2 = correction for heat of formation of sulfuric acid (H2SO4). MJ = 58.0 3 

percentage of sulfur in sample 3 mass of sample/106, 

e3 = correction for heat of combustion of firing wire, MJ, 

= 1.13 3 millimetres of iron wire consumed/106, 
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= 0.96 3 millimetres of Chromel C wire consumed/106, and 

e4 = correction for heat of combustion of pressure-sensitive tape or gelatin capsule 

and mineral oil, MJ = mass of tape or capsule oil, g 3 heat of combustion of tape or 

capsule/oil, MJ/kg/106. 

10.4 Gross Heat of Combustion—Compute the gross heat of combustion by 

substituting in the following equation: 

Qg = (tW - e1 - e2 - e3 - e4)/1000 g     (9) 

where: 

Qg = gross heat of combustion, at constant volume expressed as MJ/kg, 

t = corrected temperature rise (10.1 or 10.2), °C, 

W = energy equivalent of calorimeter, MJ/°C (8.1), 

e1, e2, e3, e4 = corrections as prescribed in 10.3, and 

g = weight of sample, g. 

NOTE 7—The gross heat of combustion at constant pressure may be calculated as 

follows: 

Qgp = Qg + 0.006145H      (10) 

where: 

Qgp = gross heat of combustion at constant pressure,MJ⁄kg ,and H = hydrogen 

content, mass %. 

10.5 Net Heat of Combustion: 

10.5.1 If the percentage of hydrogen, H, in the sample is known, the net heat of 

combustion may be calculated as follows: 

Qn = Qg– 0.2122 3 H      (11) 

where: 

Qn = net heat of combustion at constant pressure, MJ/kg, 

Qg = gross heat of combustion at constant volume, MJ/kg, and 

H = mass percent of hydrogen in the sample. 

When the percentage of hydrogen is not known, determine the hydrogen in 

accordance with Test Methods D 1018 or D 3701. 

10.5.2 If the percentage of hydrogen in aviation gasoline and turbine fuel samples is 

not known, the net heat of combustion may be calculated as follows: 

Qn = 10.025 + (0.7195)Qg     (12) 

where: 

Qn = net heat of combustion at constant pressure, MJ/kg, 

Qg = gross heat of combustion at constant volume, MJ/kg. 

NOTE 8—Eq 12 is recommended only if the percentage of hydrogen is not known. It 

is based on Eq 11 and an empirical relation between Qn and the percentage of 

hydrogen in aviation gasolines and turbine fuels, developed from data by Jessup and 

Cragos. 

11. Report 

11.1 Net heat of combustion is the quantity required in practical applications. The net 

heat should be reported to the nearest 0.005 MJ/kg. 

NOTE 9—Usually the gross heat of combustion is reported for fuel oils in preference 

to net heat of combustion to the nearest 0.005 MJ/kg. 

11.2 To obtain the gross or net heat of combustion in cal (I.T.)/g or Btu/lb divide by 

the appropriate factor reporting to the nearest 0.5 cal/g or 1 Btu/lb. 

QBtu/lb = (Q, MJ/kg)/0.002326    (13) 

Qcal /g = (Q, MJ/kg)/0.0041868     (14) 


