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ABSTRACT 

Refining of spent lube (used Automobile engine oil) has been undertaken using 

Acid treated Calcined Clay. The Clay was obtained trom Chanchaga Sheltcr Clay. 

Minna. The same quantity of the used oil was retined with different quantity of the Clay 

sample, i.e. at SOg, 100g, lS0g, 200g and 250g. The following paramcters, such as 

viscosity at 40°C and at 100°C, Flash point. Viscosity index, Speci fic gravity and 

Appearance were analyzed. Better results were obtained from refined used lube oil with 

250g of acid treated Calcined Clay when compared with similar parameters result 

obtained from the untreated used engine oil sample.The Flash point increased. from 

120°C of the spent lube to 126°c of the refined oil at 250g Clay, Viscosity decreased from 

17.07 to 16.70 allOO()C and 156.94 to 153.04 at 4CtC. Viscosity index increases from. 

116 to 118.The appearance has no significance change. Total Base Number is zero 

respectively. This result for the refined lube oil were compared with the fresh engine oil , 
I 

standard values with similar parameters. 24SoC-28S °c . for the flash point. 5.0 - 8.0 

mgKOH/g for the TBN, 0.880 - 0.895 for the specific gravity 250-280cst and 19-21 cst 

for 40°C and 100°C respectively. This values obtained from refined oil are closer to the 
standard values but when compared with untreated values of the spent ~ube oil showed 

slight improvement 

. , 
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CHAPTER ONE 

1.0 INTRODUCTION 

A lubricant can be defined as an oil product that separates the metal parts 

of an engine to; reduce friction and weanng. 

Spent lube refers to lubricants that have through their intended use cycle and must 

be disposed or treated for use. Spent lube constitutes one of major pollutants 

today. 

While automobile engine is running, the motor oil collects heavy metals (lead, 

calcium, Zinc and barium), Iron steel particles and copper. Several of these 

-contaminants are toxic and harmful to the environment. 

The major characteristic of spent lube is the oil degradation and oxidation. 

Oil degradation implies the physical and chemical change dUring the period of 

services by the exposure to heat, oxygen and formation of acids and catalytic 

metals. While oxidation due to high temperature and extended services will tend to 

darken the colour of the oil, increase its viscosity and make it taken can odour and 

insoluble refine be formed and become deposits. 

An adsorbent is a natural or synthetic material or amorphous or 

microcrystalline structure whose internal pore surfaces are accessible for selective 

combination of solid and solute. 

An adsorbent will be developed from locally available materials (clay). Tnis clay is 

sourced from Shelter Clay Product Chanchaga. 

Two major steps will be conSidered, these are calcinations and activation. 

Calcinations involve heating of clay at a higher temperature of 55°c for five or six 

hours and activation process involves acid treatment of the calcined clay with 

H2S04, as attivating agent. These will increase the absorptive sites and porosity. 

The method adopted here in the refining is the contact method. This involves 

mixing the acid treated calcined clay with the spent lube. 

The economic benefit of this research work is that 
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I. The waste lube may be converted to a use1ul product 

ii. Since it constitute the maior pollutants to the environment. It may be 

converted to a less hanTlfui substance. 

iii. The materials are locally sourced. It is hoped that this work will provide a 

source of useful knowledge to the reader 

1.1 OBJECTlVE 

The objective is to refine spent lube from locally sourced material. which will 

serve as adsorbent. 

1.2 SCOPE OF WORK 

The scope of this work covers the characteristics of spent lube and its , 
I 

analysis after it has been refined by the developed adsorbent. This will be 

done by comparing their physical and chemical characteristics before and 

after refining. And also find out if It can be upgraded for use. 

---- . 



CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.10 LUBRICANT 

Lubricant is a gas, liquid or solid used to prevent contacts of parts m relative 

motion. And as result reduces friction and wear. 

2.11 HISTORICAL BACKGROUND 

From the early history in Egypt, Greece, Rome and Persia where grease 

made of a 

Combination of animals fats and calcium where used as lubricants on chariots 

wheels. 

In the nineteen century vegetable oils from olives, grape seeds. castor seeds and 

animal oil from fallow land and were mixed with potassium sodium and calcium 

soaps to make grease use for lubricating of steams cylinders, cutting metals and 

during the first world war (1914 - 1916) are~ used in an aircraft engine, further 

researches in the inherent properties of the base stocks obtained from petroleum 

refining revealed the inadequacies and limitations in modern engine lubrication. 

Hence the introduction of chemical additive in the early 201tl century to improve 

their performance. 

The additives are chemical compound added to the refined base stock to improve 

I 
some specific properties of the lubricating oil either by enhancing the inherent 

properties. The understanding of lubricant has helped to reduce considerably, the 

problem posed by loss of energy due to friction developed in relative motion. Motor 

oil are intended for lubricating the motor engme against friction and wear. 
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,ype present (1). 

2.30 FUNCTIONS OF LUBRICANT 

2.31 LUBRICATE AND PRE~eNT WEAR 

Once an engine is stand the oil must COncentrate promptly and lubncate 

a~! moving surfaces to prevt the metal-to-metal contact that would result in 

Near\og, scoring Of se\zure engine part. Oils films on bearing and cylinder walls 

ire sens\b\e to movemed'd pressure and oil supply. This film must be 

. \\ rep\en\shed byquate flow and proper oil distribution. This is called onhnua y 

1\\ "\m \Ubf\Cat\On. ,2) 

N 
32 REDUC\MG fR 

lion conditions. thick films of oil prevent metal-to-metal under ~u\\ mm . 

ngine part. Relative movements of this lubricant part 
ntact be\.'.Neen t1" 

) ercome fluid friction of the lubricant. 
. e enougn \0 

\~U\f gh enough to maintain an unbroken firm but must not be 
. cos\\"l sr 

ne \J\S order to permit easy starting. (2) 

\g'ner \'nan n€ 

~GAINST RUST AND CORROSION 

t.3'l Pfm carbon dioxide and water under ideal condition. Gasoline 

f~st of the time does not burn all the fuel completely. As a 

and D\~ed fuel, there is a formation of soot and Carbon. The soot 

{es\l\\ 
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and the Carbon escape through the rings and Into the Crank case and combine 

with to form sludge and deposits on critical engine parts, other Corrosive 

Combustion gases also get pass the rings and are condensed or dissolve Into the 

Crankcase oil. The water present attacks the metal parts to form rust (2) 

2.34 KEEPING ENGINE PARTS CLEAN AND ALSO COOLS. 

This is available with the use of Chemical additives (detergent and dispersant) 

blended into the modern lubricant for necessary cooling 

2.40 TYPES OF ADDITIVES. 

The basic functions of additives can be summarized as protection of metal 

surfaces (rings, bearing, gears e.t.c.) extending range of lubricant applicability and 

extending lubricant life. There are different types of additives used In blending the 

various classes and grades of lubricating oils to enable such finished product 

meets the performance requirement for the engine. (3) , 

2.41 CORROSION INHIBITORS. 

These are Zinc dithiosphosphate either Sulphur and Phosphorus containing 

materials, they are highly alkaline materials. They neutralize corrosive acids that 

develop in the oil and those induced by contaminants in the oils by chemically 

t50nded on the engine parts to form a protective film to reduce corrosion and wear. 

2.42 RUST INHIBITORS. (3) 

These are compounds with higher polar attraction towards metal surfaces such as 

alkylated phenoxyl, alkaline oxides, alkenyl succinic acid, alkaline earth 

sulphonateds and other derivatives of fatty and organic acids that help to prevent 

water in oil from attacking metal by forming continuous films on such surfaces. 
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2.43 ANTI-WEAR AGENTS. (3) 

These are organic phosphate ester such as alkaline detergent, tri-aryl phosphate. 

zinc dithiophos{yhates and dlthiocarbonates that helps to reduce friction. wear 
I 

during friction. In some application, at higher temperatures and under heavy loads, 

sulphurized olefins, chlorinated waxes, phosphorous and Sulphur compound are 

used as extreme pressure (EP) anti-wear additives by forming film of metallic 

salts, which acts as a solid lubricants to prevent sever surface damage 

"2-.44 DETERGENT AND DISPERSANTS. (3) 

These are metallic organic compounds of Sodium. Calcium and Magnesium 

phosphates, Phosphates and Sui phonates. These are soluble metallic 

Compounds of higher molecular weight organic acid that have the affinity to 

dissolve the Carbonaceous deposit in the ring grooves, piston surfaces and single 

deposit in internal Combustion engine. 

2.45 POUR POINT DEPERSANT. 

There are polymers of alky-aromatic and polymethacrylate that enable oils to flow 

easily without any agitation; they are used to prevent the growth of large wax 

crystals into the inter-locked structures as the oils cool down. (3) 

2.46 VISCOSITY INDEX IMPROVERS. 

These are large chain and high molecular weight polymers such as 

polymethacrylates, polysolutyfenes, olefins copolymers. ethylene propylene 

copolymers arid acrylate polymers that prevent the decrease in viscosity of oils at 

high temperature. 

The viscosity temperature characteristics of oils show that viscosity index (VI no.) 

shows a small decrease in viscosity with increasing temperature. (3) 

-' 



2.47 XIDATION INHIBITORS. 

2.51 These arc Chcmi<.:al pI opcll y 111\ ll'ilil~1 S l'allcd anti-o'\ioant s E ~ I.in( 

dilhiophosphatcs. hundrcd phcllols. ar \ lmal i( amincs, sulphur i/(,'(] C..,tCI <; Tl1C~ 

prevent oxidation process at high tempel aturcs of air (3) 

2.50 OIL CLASSIFICATION. 

Oil viscosity and the lubricant service reqUirement for a particular vehicle must be 

considered before selecting. 

Two bodies namely, SOCiety of Engineers (SAE) and Amencan Petroleum Institute 

(API) has classified motor oil accordingly based on the viscosity and quality 
I 

(service requirement) respectively. 

2.51 SAE CRANKCASE OIL VISCOSITY CLASSIFICATION SYSTEM. 

The society of automobile Engineers (SAE) developed a classification system 

based on Viscosity. This system, established distinct motor oit classification of 

~rade. These include among others SAE5W, SAE10W. SAE15W. SAE30. SAE40 

and SAE50. W stands for water and indicates that oil is suitable for use in cold 

temperature region. Those classifications as SAE30. SAE40 and SAE50 do not 

include Wand defined grades for use at higher temperatures. 

2.52 MOTOR OIL COMPOSITION. 

The motor oil is composed of mainly the base oils and the Chemical additives 

blended together in pre-determined proportions and under specific conditions. The 

types of base stocks and choice. 

8ase oil are highly viscous index distillate of crude oil existing in fire grades: 100 

Neutral; 150N; 250N, 500N and the bright stocks (8S). (3) 
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2.60 DEFINITION OF LUBRICANT CHARACTERISTICS. 

VISCOSITY: Viscosity is the resistance to flow or thickness of a liquid, viscosity of , 
oils decrease with increase in temperature. hence the temperature at which 

viscosity is measured must always be specified ·T he Kinematics L;!/T, where L IS 

the length and T is time. The cgs unit is one centimeter squared per second (one 

Strokes), while the SI unit is one squared meter per second and is equivalent to 

ViSCOSITY INDEX: Is a number on a Conventional scale used to characterize the 

temperature. A high viscosity index indicates a relatively small change of viscosity 

with temperature and vice-versa. 

POUR POINT: Lowest temperature at which a liquid petroleum product will flow 

when it is cooled under the condition of the standard test method. (3) 

NEUTRALIZATION NUMBER: An indication of the acidity or alkalinity of an oil, the 

number is the weight in milligrams of the amount of acid or base expressed as 

potassium hydroxide (KOH) equivalent required to neutralize 1 gram of oil in 

accordance with an ASTM test method. (3) 

TOT AL BASE NUMBER (TBN): The quality of acid expresses In terms of the 

equivalent number of milligrams of KOH that require to neutralize all basic 

constituents present in 1 g of sample. (3) 

TOT AL ACID NUMBER: The quality of base expressed in milligrams of KOH that 

is required to neutralize all acidic constituents present in 19 sample (3) 

FLASH POINT: The lowest temperature under closely specified conditions at 

• 
which a combustible will give off sufficient vapour to form a flammable mixture with 

air in a standardized vessel. Flash point tests are used tom access the volatilities 

of petroleum products. (3) 

FIRE POINT: This is the lowest temperature at which ignited sample under nash 

pOint test sustained burning for a period of 5 seconds. (3) 

8 



CHAPTER THREE 

3.00 Experimental procedures and analysis 

3.10 Materials and equipment 

3.20 Preparation of materials 

3.21 Calcined clay preparation 

3.22 Clay acid treatment , 
3.23 Refining method 

3.30 Analysis of samples 

3.31 Test for specific gravity at 150c 

3.32 Test for kinematic viscosity 

3.33 Test for flash point 

-3-~34 Test for Total Base Number (TBN) 

3.35 Viscosity index determination 

CHAPTER·FOUR 

4.00 Results and Discussion of Results 

4.10 Results 

4.11 Discussion of results 

CHAPTER FIVE 

5.00 Recommendation and Conclusion 

5.10 Conclusion 

5.11 Recommendation 

Reference 

Appendix 

---'-

~ , 

Ix 

22 

22 

22 

22 

23 

23 

23 

24 

25 

26 

26 

27 

.~ 

. 28 

28 

28 

32 

32 

33 

34 

36-42 



2.60 BASE OIL 

These are high viscosity index distillate of crude 011 existing in five grades. 100 

Neutral 150N, 250N, 500N and the bright stOCK Bs) the table blow shows the 

physical properties of the base oils (3) 

\ Characteristic \ 100N 1150N \ 250N \ SOON \ AS 

~inetie 
.---.1-.-.----·-----

____ . ____ L ___ ._. __ .. __ ---l_ 

viscosity 
\ 

\ 305-325 \ 39.43 4 1-:" 5 6.9-7.7 108-12.0 

\ (CST) 

\ 95 I \ Viscosity index 95 95 \ 95 95 

\ 193 

I 

\ 226 \ Flash pat (Oc) 204 \ 210 221 

\ Fire pat (Oc) \ 198 210 \ 217 236 \ 234 \ 
\ 1 

\ Pour point ("el -9 -9 -9 -9 \ 9 1 

r- \ Clear & 
.. 

\ Appearance 
bright 

\ 

I I 

\ 

\ 
Water content Nil Nil Nil Nil I Nil 

L _______ ......... _ ...... _.l ___ ._. _______ J_. ________ L ____ .--J 

2.70 USED ENGINE OIL 

This refers to lubricating oil that have been through their intended cycle and 

must be either disposed or treated for reused. 

I 

2.71 CHARACTERISTICS OF SPENT OIL 

(i) Oil Degradation 

Oil in services is chemically and physically contaminated depending on the 

length of service and the condition imposed on it by its application. Although they 

are linked together in many cases and one factor may influence another factor. I 

.will tty to separate them for case of understanding. 
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A mineral oil lubricant in services Will chemically change dunng that period of 

services by its exposure to heat oxygen. The formation of acids and the catalytic 

metals it comes in contact with in the appl ication. (15) 

(ii) Oxidation 

The most important type of chemical reaction affecting OIls In services IS 

oxidation, which very often determines the services life. The effect of oxidation is 

to introduce oxygen atoms into the base 0,1 molecules, converting the hydrocarbon 

molecules into aldehydes and then into acids. Because these products are less 

stable than the original hydrocarbons molecules, they tend to be further attacked 

I 

and the final products may be highly oxidiz.ed guns and lacquers, or oven solid 

residues such as carbonized materials. Oxidation due to high temperature and 

extended services will tend to darken the colour of oil, increase its viscosity and 

make it take an odour. Insoluble resins will ultimately be formed and becomes 

deposit forming in the application . 

. The rate of oxidation depends on the oxidation resistance of the Oil and on 

the operating temperature. Certain metals present such as Iron, steel, aluminium, 

also catalyze oxidation or copper surface are been worn. 

The presence of anti oxidants, natural or addictives, win reduce the rate of 

oxidation but when used up, rate of oxidation will increase rapidly. (15) 

(iii) Contamination 

Contamination from the application contributes majorly to oil degradation 

both physically and chemically. Build up dirt in a system will cause accelerated 

wear. Wear metals can act as a catalyst In the oxidation process as can the acid 

formed by the oxidation of the products of oxidation will act as a catalyst for further 

oxidation. (15) 

1\ 



(iv) Evaporation 

Lubricants are not generally vo\a\\\e and it is only with lower viscosity oils at 
~ .. 

higher temperature or in vacuum application that evaporation is hke\v to be 

significant. It effects is to produce an increase in viscosity. (15) 

(v) Polynuclear Aromatics 

Polynuclear aromatics hydrocarbons are present in the petroleum base 

stocks and can be produced during the use of the oil. Several of these 

compounds, primarily 4,5 and 6 rings structures are known carcinogens and 

mutagens. Benzo (a) pyrene B (a) P IS a purine examp\e of a PNA. which exhibits 

carcinogic effects. (15) 

2.72 RECYCLING AND ITS MECHANISM 

Recycling is the process a generating used materials substances so that it 

can be used again. Recycling of used engine oil has to do with the mechanism 

and processes involved in removing the impurities in the used oil and bringing it to 

it initial state. Engine oil is used up when there are no function of additives again. 

The used oil is dark in colour due to carbon from wear. The aCid present maintains 
, 

the colour of the engine oil, but in used oi\. the acid is weakened by the 

neutralization by a base. 

The choice of method of regenerating base oils is determine by the nature 

of the constituents. Some oil requires only purification from mechanical impurities 

while others require deep purification With the use of chemical and physiochemical 

_~_ . methods (4). 

The physical methods of regeneration include setting. centrifugation. filtration, 

distillation, and snubbing water to remove water -soluble acids. 

Of the physiochemical methods adsorption treatment is employed as an 

independent method or sulphuric acid treatment (5). Recycling will only bring back 

12 



the base oil without additives. Additives are Incorporated Into the recycled engIne 

oil and sometimes mixed with fresh oil. 

2.80 C'ay 

Clay may be defined as a natural. earthly fine-grained matenal that 

ldevelops 

l 

lPlasticity when mixed with a limited amount of water. The term is also used to 

tdesignate the smallest particles in sedimentary rocks and soils. The maximum size 

tof particles in the clay size grade is commonly considered to be two microns 
1 , 
1(0.002 mil\imeter).' Clays are composed essentially of silica, alumina, water and 
? 

;'appreciable quantities of iron, alkalis and alkaline earths are frequently present. 
1 

\Clay has wide variety of physical characteristics such as plasticity, refractory. 
i 

i 
polour and colloidal properties that make them suitable for a Wide variety of 

lndustrial purposes (6). 
~ , 

~.81 TYPES OF CLAYS 

1 n. KAOUNtTE M'NERALS: 

These are of composition AL203.2SI02.2H20 and are the most prevalent 

~inerals group in natural clays although hydrous micas or illite is also common. 
; 

fhe minerals, Kaolinite is not of frequent occurrence and may be restricted to 

Ihose clays, which have been formed under hypogenic action i.e. sub-surface 
; 
.. 
ieaction at high temperatures and pressures, and to the direct sediments of those 
~, 

rlayS (6). 

I 
I 1. MONTMOR'LLON'TE M'NERALS: 
I 

j These are more common than kaolins but numerous examples are known. 
1 
they are of variable chemical composition, containing aluminium, silicon, 
1 

\3 
, 



magnesium, Iron and other elements The general name given to clays, wt-llch 

contains appreciable amount of montmorillonite miner;:)I!;. i!; bentonite (6) 

3. ALTAPULGlTE: 

The mineral is not of common occurrence but In a pure state. It is 

particularly valuable in for drilling flUids and as a fl\\er. It is essentially a hydrated 

magnesium silicate, but other elements may be present. (6) 

4. CHLORlTES: 

These are group of hydrous alurnlno-silicates With Iron and magnesium as 

essential ingredients. They occur as greenish flakes resembling micas. They have 

a hardness of 1.5 and a specific gravity of 2.5 - 2.8. Chlorites are the most usual 

alteration products in recent clays derived from minerals rich In Iron and 

magnesium and they are common constituents in many sedimentary clays (6) 

5. VERMICUliTES 

They are hydrated magnesium silicates but other elements, chiefly iron 

are frequently .associated. They owe their name to their property of exfoliatlng on 
/ 

heating. They occur as plate-like flakes, are softer than micas and are usua\ly red, 

brown or black. (6) 

2.82 PROPERTIES OF CLAY 

1. Clay water relationship 

Clay materials contain water in several forms; the water may be held in 

pores and may be removed by drying under ambient conditions. Water may be 

adsorbed on the surface of the clay minerals structure in attapulgites, the water 

may occur in interlayer positions or within the structural channels. Clay mineral 

structures container hydroxyls that are lost as water at elevated temperature. (6) 
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2. High Temperature Reactions 

When hydroxyls are lost by heating, the lattice structure may be destroyed 

or simply modified depending on the composition and structure of the clay 

minerals in presence of flux such as Iron or potassium fUSIOn may follow 

dehydration very qUickly. In the absence of such component particularly for 

aluminous diotahedral minerals, a succession of new phases may form at 

increasing temPEfature, prior to fUSion. (6) 

(3) Size and shape 

The size and shape of the clay minerals have been determined by electron 

micrographs, allophone, the amorphous clay mineral. show no definite 

morphology. Electron microscope shows that aUapulgite occurs in single and 

bundles of elongated laths. The individual lath is many microns In length and 50-

100AO in width. (6) 

(4) Solubility of Clay minerals. 

Solubility of the clay minerals in acids varies with the nature of the acids. the acid 

concentration, the acid to clay ratiO, the temperature and the duration of treatment. 

It also varies as a function of heating. The clay minerals and the firing temperature 

prior to the acid attack. The acid first attacks the absorbed cations and then the 

component of the octahedral part of the clay mineral structure. The SIlica sheets 

are not attacked and morphology of the clay minerals may not be retained after 

solutions of all components except silica. (6) 

(5) 'ron Exchange 

Clay minerals are able to absorb certain positively and negatively charged 

particles (cations and anions) and retain them around the outside of the structural 

unit in an exchangeable state. 

The exchange differs from simple sorption because it is stoichiometnc (involving 
, 

equal amounts). It does not generally affect the silica alumina structure. The 
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exchange capacity varies with particle sIzes. perfection of crystallinity and the 

nature of the absorbed ion. Cation exchange capacity results from broken bonds 

around the edges of the structural units, which rise to unsatisfied changes. 

Anions exchange capacity may be due to replacement of hydroxyl Ions at the 

edges of the lattice structures and adsorptIon because of the geometry of the 

anion in relation to the geometry of the clay-minerals structural units (6) 

2.83 ACTIVATION OF CLAY 

Clays to be used as recycling agents are usually subjected to various phYSIcal and 

chemical treatments to enhance their refining capacity. It gives them certain 

desired properties with respect to their application. The process involved In making 

clay as a recycling agent is called Activation. 

2.84 ACID ACTIVATION 

In acid activation, exchangeable ions like potassium, sodium and calcium are 
I 

replaced by hydrogen ions in the inter-molecular space. Apart of aluminium, iron 

and magnesium ions are leached out from the lattice structure, thereby rendering 

the clay physically more porous and electrically more active. (7) 

Sulphuric acid or hydrochloric acid is commonly used as the acttvating agent The 

base components of lhe montmorillonite are attacked. magnesium. aluminium. and 

-rons proceed from lhe octahedral position to exchange site and then go Into 

solution. The removal of aluminium and other ions is not affected though unbroken 

silica-oxygen layers sandwich both sides of the basic lattices constituent. The acid 

penetration, this into the interior of the structures from the edges leaving a 

framework processing a large area (5). 

The change taking place on an idealized montomoril\onite is expressed as (8). 

If) 



Half of the aluminium atoms are removed from the structure together with 1000 

hydroxyl groups the remaining aluminiurn atoms \etrahedraly coordinated with the 

remaining oxygen atoms. The change from octahedral to tetrahedral coordination 

leaves the crystal lallice wilh negative charge balanced by a hydrogen Ion ('3) 
• 
I 

This is thus, the source of the aCidity. '.'inlCn IS conSidered to be related \0 actlvl'y 

for refining oil .. 

2.85 CALCINATION 

Calcination. is a heat treatment given to materials "involves heating the 

m~\erial to temperatures high enough to drive away water and burn oU any organtc 

components in the material in the presence of air 

The pr~duction of new physical and chemical states when clays are heated, 

often results in materials with very dIfferent chemical reactiVIty from that of the 

different temperatures, the reac\lvlty of the product when It IS cooled to room 

temperature shows many unusual charactens\JCS. Investigahon has been done on 

the extent of which kaolinite and other days can be leached by acids follow1no 

cal.cina\\ons. After treatment at various temperatures. decompOSitIons reactions 

-' 
took place which liberated alumina from It normal fixed lattice posItion enable 1\ \0 

be taken up freely into acid solutions. (9) 

2.86 THEORY OF ADSORPTIVE REFINING 

The refining process of using earthen malerial (clay) is based on the 

opera\\on of absorption. Absorption IS a process in which a substance or 

substances become attached to the surf ace of a solid The substances absorbed 

on the sOli9 surface may be gases, liquid or solids. The amount of material 

absorbed by a given man of adsorbent depends on the physical condition of the 

materials to be adsorbed. Most material is adsorbed when the solid IS porous or 
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finely divided which is In accordance with the theory that adsorption IS a surface 

phenomenon. (11) 

Adsorption is the selective collection and concentration Into solid surface of 

particular types of molecules contained in a liquid or gas. When the solid fluid 

contacting operation of adsorption IS used to treat a fluid stream on an II"Idustnal 

scale, one of the following characteristics has usually been responsible for its 

selection as the most economic method. High selectivity of the adsorbent related 

to the selectivity, chemical instability of the adsorbate (solute) restricbng it to 

temperature unsuited for other separations e.tc. (16) 

Adsorption from the liquid phase has long been used for removal of 

contaminants present at low concentrations in process stream. In some instances 

the objective is removal of specific components white in others, the contaminants 
I 

are not well defined and the objective is the improvement of general properties 

such as colour, taste, odour and storage stability. (13) 

Adsorbent fall into two general classes. The polar and non polar, the polar or 

hydrophilic types are employed when the materials to be improved are more polar 

or hydrophobic type are employed to remove ten polar back stream. (13) 

2.87 ADSORPTION AND ITS MECHANISMS 

The adsorption treatment of oil is based on the ability of absorber to 

selectively extract resinous and Sulphur containing compounds and organic acid 

residues from oils. (10) 

Natural clay (bleaching earth) and artifiCial alumll"lousilicate are used as 

adsorbents in the treatment of oils. There are basically two treatment methods: 

contact treatment method and percolation of flUration through a bed of granulated 

adsorbent. (15) 

18 



, 

1) CONTACT TREATMENT 

For this treatment the oils are mixed with finely comminuted blea("Jiinq earth. Very 

finely ground clay is used because the activity of the adsorbent depends on the 

degree of its communition. (10) 

The oil is heated to lower the VISCOSity of the oil and Improve Its penetration Into 

adsorbent pores. The process temperature depends on the quality of the stock. 

the nature of adsorbent and the required degree of product purification 

Most often, light distillate oils are subjected to contacting at 80°C-120°C (5) 

The efficiency of the process is affected by the duration of contact of OIl with day; 

This time generally is 20-25 minutes 

(2) PERCOLATION METHOD 

Filtration is performed through a layer of granulated adsorbent when the latter is 

stationary. The oil is filtered through a fixed bed of clay (10) 

The filter is a vertical allow cylindrical apparatus packed with the adsorbents. 

which is the clay, the first portion of oil, are purified. As the adsorbent becomes 

saturated with the substances extracted from the oil the extent of purification 

drops. 

2.88 KINETICS OF ADSORPTION 

Physical .adsorption surface is extremely rapid and the kinetic are invariably 
I 

controlled by mass or heat transfer rather than by intrinsic rate surface process. 

(11 ) 

2.89 FORCES OF ADSORPTION 

Most adsorption, separation bleaching processes depends on physiosorption 

rather than chemisorption. The force of physical adsorption consist of normal 

dispersion-repulsion force (Vander Waal's forces) which are fundamental 
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properties of all matters and electrostatic forces (polarization field. gradIent dipole 

field gradient e.t.c.) which are significant polar adsorbents such as activated clay is 

essentially non-polar although oXidation may Impact some polarity to the surface 

(12) 

2.90 FACTORS FOR RATE ADSORPT'ON 

The fac~ors that affect the rate at which substances is adsorbed by adsorbent 

include: 

(1) Time of contact of the substances to be adsorbed with the adsorbent. 

(2) Temperature of substances to be recycled. 

(3) Concentration of adsorbent 

(4) Nature of the adsorbent. 

2.91 ADSORPT'ON lSOTHERMS 

In 1915, Langmuir proposed a theory based on the beheve that the 

adsorbed layer was unimolecular .Iangmuir assumes elementary spaces or point of 

residual valency exist on the surface of a crystal. The adsorptIVe forces are 

concentrated at these points and adsorption consists in the fixing of the adsorbed 

atoms in the elementary spaces for a certain tIme. He assume that these spaces 

or points of residual valiancy can hold only one atom of molecule therefore, the 

adsorbed of layer can be only one molecule thick, thus, the force between the 

atoms of the adsorbed substance decreased rapidly with the distances between 

the atoms. (13, 12.) 

Freundlich logarithms though it's empirical has found a vary wile use and 

application the extent of adsorption decreases with increase in temp and increase, 

with increase in concentration. In order to represent the variation of extent of 

adsorption with concentration, Freundlich suggested an empirical isotherm simi1ar 

to the: equation below. 
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= Kc-l-'- 2.1 
n 

X & M are masses of the substances adsorbed and of adsorbent respectively. c IS 

the equilibrium concentration of the adsorbed substances in the solution, k and n 

are empirical constants 

Taking logarithms 

Log x = log k + , log c -' 2 2 

m n 

This implies that a plot of log x against log c. Should be a straight hne 

m 

With slope 1/n and intercept k (13) 
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CIL\PTER III 

3.00 EXPERIMENTAL PROCEOl.1RE AND ANALYSIS. 
, 

3.10 MATERIALS ANI) E()liIPME~TS 

\. Vibrating Shaker and Sieve \\::st (:;00 ~m and 2)0~lm and receiving pan). 

2. Weighing balance. 

3. Beaker. 

4. Electric hot plate. 

S. Oven. 

6. Furnace. 

7. Mortar and Pestle. 

8. Electric Stirrer. 

9. Burette (SOOm\). 

10. Standard Volumetric Flask. 

I \. Wash bottle. 

12. Distilled water. 

13. Clay samples. 

14. Automobile waste lube sample. 

3.20 I'REPARJ\TION OF MATERIALS. 

3.2\ CALCINED CLAY PRE1)ARATI0N. 

The raw Clay sample gollen li·olll the Chanchaga Shelter Clay product was broken 

dowt~ intu luuse particles in a mortar with a pestle. The rClluin.-o mcsh SiLC. which was , 
250 ~m, were gotten with the aid of the Vibrating shaker and sieves nest. TIle required 

mesh size was then heated at Temperature of 550°C for 6 hours and then cooled. 
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3.22 (:LA" ACID TRFAT\lF~T 

O. \% I 12So.1 Solution with distil\t..:d walel "'as made by \Ileaslllin~ \ m\ Ilf cOIll:cntlatcO 

\OOOm\ with the distilled water This Solution of 0 \~o of ll]S(h made was well mixed 

with the Calcined Clay and then m'en dried at the Temperature of 42° C Alter v.hich the 

Clay was homogelli/.ed. 

3.23 REFINING METIIOn. 

The method adopted hell: \\as lhl.! ("ulllad IIIcthod or adsOIl'lioll Illc<.:h,misltl The 

procedures are as follows. 

\. SOg or Al:id treated Calcincd Clei\' was measured am\ mi,c<i \",i\h 400m} of u~-d 

engine oil heated to a Temperature between 50 - 55
11
(' 

2. The mixture was stirred with Electric Stirrer for 20 minutes and allowed to settle. 

3. Th~s mixture was then (i\tclcd \\ith doth sieve. The Relined eng.ine oil is the filter 

ate. 

4. This process was repeated t()I \ OOg.. ISOg.. 200g and 250g respectively and 400ml 

used oil was kept constant. 

5. Analysis was then taken to l:ompal c thc (iltrate wilh the \ISL-tl cng.inc oil 

3.30 ANALYSIS OF SAMPLES. 

The analysis was carried out at Oando tube blending plant Kaduna. The following 

tests were carried out: that is, Appcaram:e, SpL'Ci(ic gravity, ami Kinematic Viscosity at 

4011e and at lOOoe, Viscosity index. 



3.31 TEST FOR SPECIFIC GRA \Try AT I~"C. 

APPARATllS: llvlll ull)(:\CI. 'hdlOllletcr C, linder. Lo!J. table , 
I 

(HydrometcrlTcmpcrature °C) 

METHOD: 

I. The sample was translencd inlu a dean' \nhull1c\cl Cylindcl 

2. The Hydrumeter was dcptesseu into the sample in the Cylinu\"l and thcn 

released. 

3. Suflicicnltime was a\\m'-teLl 1~11 the IhdlOlllL'tet tu (ome to H",,,t. nllalill~ rt\.·c1~ 

away [i'om the walls of the Cylinder 

4. Then the HydlUllletcr reading \\'a~ taken and lel:OIdcd. 

S. Aller lhe sample in the Cylinder was stilled with a thcllnometcr ulltil a ~tcady 

reading was ubtained. This sleauy sample Tempel aillt c was H.'t:OId\.-tl 

6. The Log lable for Hydrometer/Temperature was then used to ~et the specilic 

gravily. (See Appenuix iii anu iv rUI the Log) 

-~.-
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3.32 Tf.ST FOH. KI~EM,,'IIC VISC()(TI Y 

AI'PARATllS: ASTM Capillary V iscometcr , Sm;tiol\ pump with tube. 

Viscomelcr holdill~. CUl\stanl TcmpClallllC hath 

[)IAGRAi\1. 

i\'fcnisCliS tir st timing llIar k 

Second timing malk 

ASTM VISCUl\tETER 

I. The Viscometer mad·, , .. as inverted and suction applied to the lalger end of the 

Viscumeter tubc while the thinner cnd was immefSl.-o intu the $ample to be 

analyzed. The sample rcquir ed was drawn 

2. The Viscometer was then turned to its normal position and then fixed in the 

Viscometer holder. 

3. The Viscumcler a~scmbl\' was then mounh .. -d into the Constant Tempt .. rature 

bath depending on what Temperature to be used (40°C or lootle) the 

Viscometer was muunled in a vertical position 

4. The chargc was allowed to rcmain in the hath fm 30 minutes 

S. The suction was then used on the thinner end of the tube to adjust the head 

It:vel of lhe test sample to about 5mm above the I\r st timing. mark. With the 

sample flowing freely, the lime required for the meniscus to pass from the lirst 

liming mark to thl.: sC\:llnd was takcn and rl.'Cmut..-o 
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G. Viscosity was calculated by the {til mula stated below 

VJ...,(> t 

v --. Kinetic \"iscusil" 

t·-" time in Seconds 

c-~ Calihration COIl<..tal1t ut' the \·iscomcter 

(See appendix vii t~)(· pichll c diagram) 

3.33 TEST I'OR FI ASH POINT 

Apparatus'. Cleveland open cup teste! \COCl heating plate (Bunsen burner). Test 

[lame applicatur. ThclIllOIllClcl holdcl rllmc Cuphllat d (pWCl...oOlI1 C \" as ~all iL-d uut 

in a fume Cupboard). 

METHOD: 

1. The CLIp was (i\\ell so that the lop ur the met\i~cl1s is e'i.at:tly at tilling linc 

2. The test name lighted was adjusted in diameter to about J 2 -- 4.Smm. 

3. Then. heat was applied on the hotplate. 

4. As the nash point was observed. the Temperatme on the Thermometer was 

then taken and recurded This The! Illolllcter leading. i"dit:ates the nash 

point. (see appendix vi ti.)1 pictme diag.ram) 

3.34 T~ST FUR TUN. 

REAGENTS: Chlorohenzene, Glacial acetic acid. Perchloric acid 

AI'I'ARATUS·. 

POlenlograph (Automatic). 
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MI£TIIOI>: 

I. 120ml uf lilt aliun soh'c1Il of I aliI..) 2 I hy vol of ChlOl ohc1l/cnl..~ alld 

Glacial acetic Acid was weighed inlo the sample. 

2. The beaker was placed un the lilt aliun sland and slilled until the 

solution dissolved. 

3. The burette \\las lilled wilh the tillation (Pen:hIUlil.: acio) solulion 

4. Then the titration \\ as ddclllIllH.:d hv po\(:1IlOgl aph (St.."C gl aph i1l 

appendix). From the equation helow 'IBN can he cakulalcu 

BN, mg KOH/g := ([E - Fl N A S() I )fS 

E ---. Vol. ofHCl ,01 (m\) IIscd tn titrate the ~mple to the end point 

f --~ Vol. correspondin,!!. to E for blank titration. 

M--~ Molarity ofHCL04 solution. 
~ . 

S-. Sample in grams (see appendix vi ) 

3.35 VIS<.:OSITY INI>EX. 

APPARATUS: 

Log table of Viscosity at 40nC and against JOd'c 
~. 

METHOD: 

1. When the viscosity at400C and lodlc was used on the log table to 

determine the value of V I. 

2. The value of VI was traced at a puint un the graph when the 

3. See Appendix (or lhe Log table. (Sec appendix i and ii) 
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CHAPTER FOUR. 

4.10 RESULTS ANIl IlISCUSION OF RESlJLTS. 

4.11 RESULTS. 

TEST SOg 100g lS0g 200g 2S0g Used Fresh 
clay clay clay clay clay Engine Engine 

Oil Oil 
Appearance Dark Dark Dark Dark Dark Dark Clear 
S.G@ lSuC 0.8964 0.8965 0.8969 0.8970 0.8976 0.8962 0.880-

0.895 
-------- .. _---- -~--.----- ..• _------

K.Viscosity 155.94 154.70 153.51 153.06 153.04 156.94 250-
@40oC 280CST --
K.Viscosity 16.86 16.86 16.71 16.70 17.07 16.70 19-
@ 100°C 21C'S"! 

.----- ----------- ----- .. -~.---- ----. -- ... -+- - -"---

Viscosity 166 117 118 118 \ 18 "'6 95- I 00 
Index V.I 
Flash Point 122uC 122uC 126°C 126°C 12iJ'C 120IJC 240-

2~5f1(' 
-'-''''--- ~----.-.---- .. --. "_._"-_. __ .. - _ ... - " ----._--. 

TBN 0 0 0 0 0 0 5.0-
8.0mg 
KOll/g 

4.12 DISCUSSION OF RESULTS. 

1. Viscosity index is an empirical number indicating the rate of change in 

viscosity of oil within a given Temperature range. Higher numbers indicate a 
I 

low change; lower numbers indicate a relatively large change. The higher the 

number the better the oil, therefore, from the tahle. Viscosity index increases 

with increase in activated Calcined clay sample used from SOg - I ()Og. hut 

remain constant from 1S0g - 2S0g (clay). The viscosity index for used oil 

was 116 and increased to 118 when the used oil was refined with 250g acid 

~.. treated Calcined clay. This result shows a little improvement in the quality of 

the spent oil. 
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~-- . 2. - Kinematic Viscosity is a measure of the Ilowability of oil. The Kinematic 

viscosity at 40°C and at 1000e decreases with increase in the quantity of acid 

treated Calcined clay used, at 40°C. it decreases from 1 5S.94 at SOg of clay to 

153.04 at 250g clay and from 16.86 to 16.70 at 100
0
e respectively. Also. 

when these values were compared with the used engine oil value as shown on 

the table of Results, which is 17.07 at 100°C and 1 S6.94 at 40°C. These values 

are higher compared to those of the refined oil. The values further show that 

the acid treated Calcined clay had adsorbed certain quantity of impurities from 

the used oil, because the higher the impurities the more viscous the sample 

will be. 

3. Flash point is the Temperature at which oil gives off vapours that can be 

ignited with a flame held over the oil. The lower the flash points, the greater 

tendency for the oil to suffer vaporization loss at high temperature and to bum 

off on hot cylinder walls and pistons. Flash point is lowered by the extent of 

impurities. From the result gotten, the spent lube flash point was 120°C and , 
I 

increased to 126°C, when the oil was treated with the acid treated Calcined 

clay, at I 50g, 200g and 250g. This implies that the clay from the original 

sample has adsorbed some impurities. 

4. Total Base Number (TBN) is a measure of the amount of basic substances in 

the oil. This because lubricants product contains basic constituents that 

present as additives. The nature of graph shown in the appendix for TBN 

indicates that its value is zero, since the graph is not sinusoidal in shape. It 
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also shows that the additives have been used up and what it contains is just the 

base oil. 

S. There was no significant change in the appearance of the samples. 

6. Specific gravity is the ratio of the mass of a given volume to the mass of equal 

volume of wafer. The specific gra>'ity of mineral oils vary from 0.&6 0.9& 

since the viscosity of water is I at I SOc. Specific gravity decreases with 

increase in temperature and decreases slightly as viscosity decreases for 

similar composition. API. From the table. the specific gravity increases as the 

quantity of clay increases from 0.8964 -0.8962. since viscosity decreases as 

shown on the table. The value is not in line with the fact mentioned above. 

This error may result from experimental error. 
I 

7. comparing the values of the treated spent lube oil with the fresh engine oil 

standard values on the table. the appearance of the treated oil is dark this is 

because of the carbon deposits and that of the fresh is bright due to the 

absence of impurities. The S.G at lSoC of the treated oil is within the range of 

the fresh engine oil standard values: the kinematics viscosity at 40 and 100 (Ie 

are below the range of that of the fresh engine oil values with similar 

parameters. These is because there are still deposit in the oil refined. although 

there were slight improvement when compared with the untreated spent oil 

values with similar parameters: the viscosity index of the treated oil is above 

the range of that of the fresh engine oil: the nash point values arc helow the 

range of the fresh engine oil, but showed improvement when compared with 

the untreated spent lube oil; the TAN is zero compared to that of the fresh 
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engine oil which is betwecn S.0-8.0 mgKOH/g, this is bccause all the 

additives in the spent oil refined had been used up 
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CHAPTER FIVE 
I 

5.00 RECOMMENDATIONS AND CONCLUSION. 

5.10. CONCLUSION. 

This work was successfully carried out and the following conclusions 

were dr~n. It was found out that better results were given when2S0g of acid 

treated Calcined clay was mixed with the spent tube. when compared with the 

spent engine oil results. 

The viscosity decreases from 17.07 at 1000e of used engine oi I to 16.70 of 

oil refined with 250g of acid treated Calcined clay and also 156.94 at 40
0e to 

153.04 respectively. This indicates that the clay adsorbent from the used engine. 

oil sample has adsorbed some impurities. 

The flash point also increases from 120
0e of used engine oil to 1 26

0e .of 

oil treated with 1 Sag, 200g and 2S0gof acid treated Calcined clay. This indicates 

improvement in the quality of the oil after it was refined. 

The Total Based Number (TBN) result. which was zero. indicates that the 

refined oil contains just the based oil without additives. 

The viscosity index also increases from the table of results. this 

also shows the used oil has improved slightly in quality. Ilowever the values of 

the treated oil is not to closed to the fresh engine oil. standard values hut it 

showed a little improvement in quality due to adsorption of some impurities hy 

the acid treated calcined clay when compared to the untreated spent lube oil. 

Effective filtration and addition of additives will improve more on the quality of 

the treated spent lube oil. 
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, 
5.'11 RECOMMENDATION. 

1. The activation should be pcrfonned using different acids such as 

HCL, H2S04, HN03. and e.g .. to authenticate the best for 

activation. 

2. Percolation method of adsorption should bc tricd using a hcd of 

different mesh size of clay. if bctter results could hc obtaincd. it 
----=- .. 

may also improve the appearance of the used oiL 

3. Chanchaga Shelter clay sample should be studied and analyzcd to 

investigate the type of clay based on its structure and its 

composition. 

4. Filter paper or cloth sicvc cannot do cffcctive filteration. sincc 

effective filteration furthcr improvcs the quality of oil hy removing 

the impurities prescnt. The pressure vacuum filter is rccommendcd. 

5. The oil refined from 150g to 250g should he refined again in the 

same manner; this might further improve the flash point and some 

other parameters. 
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