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Abstract 

Ethiopian Bentonite clay was activated using sulfuric acid at various concentrations 

and investigated for their ability to bleach sunflower oil. Bleaching properties of acid-

activated bentonite clays were studied to investigate their applicability as an alternative 

to the expensive imported bleaching earth. To know effect of acid concentration on 

bentonite clay, temperature and contact time were fixed at 90oC and 30min respectively 

and bleaching experiment was done on activated samples namely B1, B2, B3, B4 and B5. 

From this experiment maximum adsorbing efficiency was attained at 70.37% with 

sample activated with 3M of H2SO4. After acquiring the best acid concentration, the 

effect of temperature and contact time were investigated with 9 experiment done at 

constant acid concentration of 3M of H2SO4 with contact time of 20min, 30min and 

40min with temperature of 70oC, 90oC, 110oC. The adsorbing performance was 

investigated using Lovibond Tintometer and the results showed that high bleaching 

performance was determined at 3M Concentration of H2SO4 with temperature and time 

of 110oC and 30mins respectively and also maximum adsorbing efficiency was attained 

at 77.96%. The activated Ethiopian bentonite clay can be used in oil industries for 

bleaching vegetable oils since it showed closer properties with the commercial 

bleaching earth. Since bentonite is an abundant natural adsorbent, improving its 

properties by acid activation can make a cost effective adsorbent for bleaching 

vegetable oils.  
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Chapter One 

Introduction 

1.1 Background 

The bleaching of edible oils and fats is a main part of the refining process of crude oils 

and fats, which removes contaminants that adversely impact the appearance and 

performance of these triglyceride (triacylglycerol)-based materials. Bleaching is an 

adsorption process that utilizes clay as adsorbent. It serves both cosmetic and chemica l 

purposes. It is used in refinery industries to stabilize the oil by removing colored and 

colorless pigments which tend to destabilize vegetable oils. Typically, edible oils and 

fats are extracted together with impurities in various quantities. Many of these 

impurities have to be removed from the oil to achieve the high quality oil standards 

necessary for edible applications. Preceded generally by degumming and refining 

(neutralization) processes, bleaching is required to remove specific detrimenta l 

contaminants that are not effectively removed by these processes before the oil 

progresses through deodorization. Bleaching is the main process in edible oil 

production before the oil goes to deodorization process and it is the physical and 

chemical interaction of an oil or fat with bleaching earth to improve its quality.  

 
In vegetable oil refining, there are four major steps involved which are degumming, 

neutralization, bleaching and deodorization. Among these steps bleaching is the very 

important and critical step, because it ensures the good color and odor of vegetable oil. 

Furthermore, appearance, taste and quality of vegetable oil are also depending on this 

step (Usman et al, 2012). And this process can be done by treatment with powdered 

substances called bleaching earth or bleaching clay. After heating and mixing, the 

bleaching clay is removed by filtration; the resultant oil is brighter, less colored and 

more stable. 

 

Oils are bleached using a powdered, surfactant material. Simply put, the powder is 

mixed with water, and then added to the oil where they absorb unwanted impurit ies 

before they are removed from the oil again, taking the impurities with them. Bleaching 

earths are generally composed of up to three types of clay minerals: bentonite, 
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step because quality of cooking oil is based on this step. Furthermore, appearance, taste 

and color of vegetable oil are also depending upon this step.  

 

Theoretically, colored particles (or substances) that should be removed during 

bleaching are present in the oil either in dissolved or in a colloidal form. For both types, 

the process reaction happens at the surface of bleaching agent. There are few types of 

bleaching agents that are being used in edible oil industry such as acid activated 

bleaching earth, natural bleaching earth, activated carbon, synthetic silicates and 

synthetic resins.  

 

Refiners have a wide choice of adsorbents to be used and their selection of main criteria 

are cost and performance of the adsorbent materials. The main characteristics of the 

bleaching earth is its decolorizing power, i.e. the property of the earth to absorb 

selectively certain pigments rather than others according to the characteristics of the 

product to be decolorized, acidity, oxidation degree, origin and biological state etc. 

Among the above bleaching agents, acid activated bleaching earth is very common and 

numerous studies has been made for regarding the bleaching performance and the 

relationship between physic-chemical properties of adsorbents and adsorption of trace 

constituents in edible oil and the studies have shown that acid activated bleaching earth 

has high efficiency in removing peroxides during bleaching. 

 

The major raw materials required for the production of bleaching earth is raw ore (raw 

Bentonite) & Sulfuric acid (98%). Raw Bentonite is locally available. It is particular 

kind of clay derived from volcanic ash and consists mainly of montmorillonite with 

minor amount of illite, kaolinite, cristobalite and other minerals. According to minis try 

of Mines of Ethiopia in Ethiopia the main occurrences are in the Ledi, Gewane, and 

Warssisa areas in the Afar. The Resources have been estimated at 170 million tons and 

also Sulfuric acid is locally available. Therefore, we have enough resource to produce 

Acid activated bleaching earth, since it is a potential means of improvement to the 

quality of the used edible oils, Producing Acid activated bleaching earth has a 

significant change on the quality of edible oil which are currently processed in Ethiopia 

and the technology for production of acid activated bleaching earth is available so more 

improved technologies need to be researched.  
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swelling properties (Kutlic et al., 2012) and forms colloidal suspensions very quickly 

(Basim, 2011). Clays have been widely investigated because of their potential 

application in many fields such as adsorbents in the bleaching of edible oils, purifica t ion 

of discharge waters, medication and in the preparation of pillared clays and organoclays 

(Diaz and Santos, 2001; Usman et al., 2013). 

 

2.2.1 Bentonite Occurrence in Ethiopia  

Bentonite clay resources are found in the Afar and Oromia regions. They are easily 

accessible, as they are located near the main road. The main occurrences in Afar are 

located at Ledi, Gewane, Hadar and Warseiso. The bentonite beds are part of a thick 

sequence of lacustrine sediments, which consists of clays, silts, sands, calcareous grits, 

gravels, conglomerates, basaltic flows, and ashes. These sediments were deposited near 

the western margin of the central part of the Afar depression, which throughout the 

Tertiary and Quaternary was an area of subsidence and intermittent volcanism. The 

bentonite clays are probably the result of alteration of glassy igneous materia ls 

(Mengistu, 1987). The total resource in the Afar region is estimated to be 170 million 

tonns. The bentonite beds are well exposed and the overburden consists of loamy gravel 

and sandy clay.  

 
Table 2. 2 location and resource of bentonite deposit in Ethiopia 
Area 
 

Name of Deposits  Easting  Northing Resource 
(million tons) 

Afar (1) Gewane Bentonite 40° 38' 05"E 10° 17' 50"N 126 
Sidamo  Gidicho Bentonite 37° 56' 00"E 06° 24' 00"N  5 
Afar (2)  Warsissa Bentonite 40° 39' 00"E 22' 20"N  10.5 

Source: www.mome.gov.et (Ministry of Mines of Ethiopia) 
 

2.2.2 Composition and Properties of Bentonite Clay 

Clay minerals are small fragments of hydrous layer silicates. The most important of 

these minerals are kaolinite, montmorillonite, illite vermiculite and chlorite, each 

having specific characteristics (Ejikeme et al., 2013). The bentonite clay consists 

essentially of montmorillonite. 

 
The swelling type or sodium bentonite (NaB) has a single water layer particles 

containing Na+ as an exchangeable ion. Calcium bentonite (CaB), which is non-
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Therefore, it is important to examine the qualitative properties of bentonite and to 

determine the mineral composition and physicochemical parameters which control their 

behaviour. Europian Bentonite Association (EUBA) qualitatively distinguishes five 

types of bentonite: Ca bentonite, activated bentonite, natural Na bentonite, organofilic 

bentonite and acid activated bentonite (Kutlic et al., 2012). 

2.3 Demand of Bleaching Earth 

The growth of demand for bleaching earth largely depends on the domestic production 

of edible oil. The demand for edible oil in turn relies upon population growth, and GDP. 

In projecting the demand, growth in GDP is taken into consideration. Moreover, the 

current production technology of edible oil will not likely to change in the  future, i.e., 

the input coefficient of 30 kg of bleaching earth for every 1 ton of output of edible oil 

will be utilized in all the forecasting period. As per this assumption domestic production 

of edible oil output will increase by 7% as a result of the expected  growth in GDP and 

population. Accordingly, the projected demand is shown in Table below. 

 

 Table 2. 3 projected demand for bleaching earth (tons) 

Year  Projected Output of 
Edible Oil in tons 

Projected Demand For  
Bleaching Earth in tons 

2006  145,000  4350 
2007  146000  4380 
2008  147,159  4414 
2009  148,800  4464 
2010  149,483  4484 
2011  150,220  4506 
2012  151,005  4530 
2013  152,000  4560 
2014  153,000  4590 
2015  154,707  4641 
2016  155,737  4672 
2017  156,838  4705 

Source: The Ethiopian Revenue and Customs Authority 
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Figure 2. 3 projected demand for bleaching earth 

 

2.4 Industrial Use of Activated Bentonite Clay 

Natural CaB has some bleaching action useful in activities such as oil refining, 

pharmaceutical preparation, catalyst, and sugar refining. Its bleaching power can be 

increased manifold by treatment with strong mineral acid such as sulfuric acid or 

hydrochloric acid.  

 
There are many others uses but the major use for activated clay is for refining oils 

[Makhoukhi et al., 2009]. Acid activated bentonites have been used as solid acid 

catalysts and catalyst supports of organic applications that require an extreme degree of 

reaction control of considerable industrial interest [Didi et al. 2009, Foletto, et al., 2011]. 

 

2.4.1 Wastewater Treatment 

Wastewater treatment can be achieved by chemical precipitation, ion exchange, 

adsorption, membrane filtration, and electro dialysis. Among these methods, chemica l 

precipitation is the most common technique. But adsorption is an alternative technology 

for metal separation from aqueous solutions. Activated clay is used in the removal of 

heavy metals and dyes from waste water (Resmi et al., 2012; Qingliang et al., 2013); 

for example it has been used to remove cobalt from wastewater (Al-shahrani, 2013). 

 

It has been shown that acid activated bentonite clay can also be used in petrochemical 

wastewater pre-treatment for the removal of ammonium compounds and phosphorous 

ions. Such ions-saturated bentonite can be used as a mineral fertilizer or as an additive 
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for cattle fodder (Buic and Zelic, 2009). 

 

2.4.2 Catalyst 

Activated montmorillonite is used to catalyse various chemical reactions such as 

cracking of petroleum to increase the yield and the quality of gasoline from petroleum. 

In addition, the montmorillonite is used as an alkylation catalyst of phenols and as 

delicate pH adjuster (Hartwell, 1965). Vijayakumar et al., (2009) have reported high 

efficient catalyst for esterification of various carboxylic acids with phenol alcohols 

made from acid activated Indian bentonite. 

 

2.4.3 Edible Oils Refining 

In vegetable fats and oils industries, bentonite is utilized in the removal of impurit ies, 

where its adsorptive properties are crucial (EUBA, 2011). Mineral oils such as 

lubricating oils and other hydrocarbons are refined by treatment with activated 

bleaching clays. The unburned fuel is stripped off by steam, and the oil-solub le 

impurities, which are corrosive and gum-forming, are removed by the bleaching earth  

(Hartwell, 1965). Besides removing pigments and other impurities such as soap, trace 

metals and phosphatides, the clay also reduces the oxidation products (Langmaack and 

Eggers, 2002). Bentonite is also used as a clarification agent in drinks such as beer, 

wine and mineral water and in products like sugar or honey (EUBA, 2011). 

 

Most of these oils are refined in vegetable oil refineries in Kenya using imported 

bleaching agent. This prompted the need to investigate the optimization of adsorption 

capacity of natural bentonite clays in this project. 

 
2.4.4 Pharmaceutical, Cosmetics and Medicine 

Due to its adsorptive properties, bentonite is used as a filler in pharmaceuticals because 

it allows paste formation. In medicine, it is used as an antidote in heavy metal poisoning. 

Bentonite is also used in production of personal care products such as sunburn cream, 

baby and face powder, etc. (EUBA, 2011). 
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2.4.5 Paper 

Bentonite is crucial to paper making for pitch control and in paper recycling where it 

offers useful de-inking properties. In addition, acid activated bentonite is used in the 

manufacture of carbonless copy paper as active component (EUBA, 2011). 

 

2.4.6 Construction and Civil Engineering  

Bentonite is traditionally used as a thixotropic, support and lubricant agent in 

diaphragm wall, foundation and pipe jacking. It is also used in cement and mortars due 

to its viscosity and plasticity (EUBA, 2011). It is conventionally used as mud 

constituent in oils and water well drilling mainly to seal the borehole walls, to remove 

drill cuttings and to lubricate the cutting head. In Kenya, it is mostly used as drilling 

mud (Mutisya et al., 2011). 

 

2.5 Activation Methods of Clay Mineral 
Generally activation is a chemical or physical treatment applied to certain types of clays 

to improve the capacity to adsorb coloring matter and other impurities in oils and 

solutions (Farihahusnah et al., 2011). 

 

2.5.1 Acid Activation of Bentonite Clay 

Bentonite clays are found abundantly in nature; however most of them can be modified 

in different ways such as acid activation, ion exchange and heating in order to promote 

their surface properties (Korichi et al., 2009, Ejikeme et al., 2013). Acid activation of 

bentonite is an important process for modifying the physical and chemical properties of 

the clay (Diaz and Santos, 2001; Korichi et al., 2009). Acid activated bentonite is a 

bentonite whose structure has been dissolved by treatment mostly with inorganic acids. 

Depending on degree of activation, Ca2+, Mg2+ and Na+ are mostly replaced by H+, 

while Al, Fe, Mg and Si are dissolved from the lattice (Kutlic et al., 2012). The acid 

activation of clays is usually made on non-swelling types (Diaz and Santos, 2001). In 

addition, it has been reported that natural bentonite clays are generally less efficient in 

the removal of impurities. However, the activated clays are more effective 

(Farihahusnah et al., 2011). Acid activation of CaB clay result in an important increase 

in the specific surface area, increase in acids centres and ion exchanges, and 
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B. Apparent Bulk Density (ABD): It means the wt. /unit volume of clay when it 

has been tapped to constant volume in a graduated cylinder. The ABD of a clay 

is one of its most informative properties, such as the ABD is inverse ly 

proportional to the adsorptive capacity and to the clay's filtration rate. Its most 

significant correlative value is as a measure of the clay's oil retention because 

the ABD depends upon the air void space in the clay, which in turn measures 

directly the amount of oil the clay will retain as a filter cake. 

 
C. The Particle Size Distribution: It is one of the essential properties of the 

bleaching earths and obtaining the desired particle size distribution, will help to 

become a bleaching earth with high activity and, at the same time, excellent 

filtration properties. An earth size of 100-200 mesh is convenient for 

experimental work. 

 
Effects on Treatment Techniques 

A. Types of Acid: Natural clays are purified and treated with mineral acids. These 

acids include hydrochloric acid, sulfuric acid, phosphoric acid, nitric acid, 

organic acid such as acetic, citric, oxalic and lactic. Among these acids, 

hydrochloric acid and sulfuric acid are the most widely used in acid activation, 

because they give good result regarding the specific surface area, porosity and 

adsorption capacity of the activated clay (Valenzuela Diaz FR, Souza Santos P. 

2001) 

 

B. Acid Concentration: Bleaching efficiency increases proportionally to the 

removal of octahedral cat ions from bentonite structure. Dissolution of 

octahedral cat ions (Mg2+, Fe2+, Al3+) increased continuously with increasing 

acid concentration. As a result, acid activation of the clay sample with high 

concentration of acid yielded an adsorbent material which are highly efficie nt 

in the bleaching of the oil. Salawudeen (2007), evaluated the performance of 

acid treated Nigerian clay for palm oil bleaching. The maximum percentage 

color reduction of 89.46% was achieved in H2SO4 activated clay at 2M acid 

concentration. Further increase in concentration of H2SO4 has no significant 

effect. 
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of filtration. Smaller particle size of clays produces better bleaching performance 

however, filtration rate and oil retention can be affected adversely. Therefore, for 

efficient filtration, short filtration time and low oil retention are desired. Bleaching can 

be carried out as either batch or as continuous process. 

 

2.7.1.1 Batch Bleaching 

Batch bleaching is the simple operation, where the bleaching vessel is fed with a set 

amount of oil and heated by steam to remove the moisture while the apparatus is 

maintained under vacuum by the barometric condenser and vacuum pump. During this 

stage the bleacher acts as dryer. After drying, a metered amount of bleaching earth is 

added to the mass and the adsorbent is pulled into the vessel by the vacuum existing 

therein. Upon completion of bleaching, the oil-bleaching earth suspension is pumped to 

filtration section where components are separated (Rohani et al., 2006). 

 

2.7.1.2 Continuous Bleaching 

In a continuous bleaching plant, the crude oil is heated by means of steam in the 

exchanger and is sucked as very small drops in the lower part of the vacuumed bleacher 

which operation is ensured by the presence of barometric condenser and ejectors. Dry 

steam is injected to the oil mass in order to facilitate the operation and also to keep the 

mass in agitation. The oil is then taken by a pump through a series of heat exchangers 

to raise its temperature to a desired level and is then sent to the upper part of the 

bleaching vessel. The oil remains in contact with the earth for a specified period of time 

and then the suspension is sent to filtration (Rohani et al., 2006). 

 

2.7.2 Various Methods Used by Scholars  

B. Makhoukhi et al. did various experiments in order to assess and simulate the effects 

of the acid activation of an Algerian bentonite on the bleaching capacity of Colza oil. 

Three key parameters of the acidic activation, namely acid concentration, contact time 

and temperature, were considered. The bleaching attempts were performed in a round-

bottom three-necked flask equipped with a stirrer, a contact thermometer and a three-

way valve (used to apply or break the vacuum). A mixture of 1g of dry activated 

bentonite and 100 g of oil was heated under continuous stirring at 100 °C, for 20 min. 

The contact time between oil and bleaching earth should not exceed 20 min at 100°C 
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duration of bleaching and clay content tested in this study were based on the literat ure 

(2, 4, 5, 29) and on previous experience with bleaching at the refining plant of the 

Zvijezda oil factory, Zagreb, Croatia. Three bleaching temperatures (95, 105 and 

115°C), three clay amounts (0.5, 1 and 1.5 %) and three bleaching duration (20, 30 and  

40 min) were tested. The experiment gave that bleaching with 1.5 % clay gave 

significantly greater transparency and lower levels of red units and phosphorus. 

Bleaching with higher amounts of clay at higher temperatures resulted in significantly 

greater levels of secondary oxidation products, based on the AV values and absorbent 

at 270 nm. In contrast, the formation of primary oxidation products was not 

significantly influenced by the bleaching parameters analyzed. 

 

R. L. Bleifuss had collected samples in the field seem to fit into a hypothetica l 

weathering pattern that is compatible with their chemistry, mineralogy and geologica l 

environment. The data show that the gray or blue bentonite, and many of the oxidized 

bentonite that are low-yield materials in their natural state and of restricted commercia l 

application at present are calcium deficient. Field samples were run through 

conventional physical and mineralogical tests including Marsh Funnel, gel strength, X-

ray diffraction, differential thermal analyses, partial chemical analyses, grit 

determinations, and moisture content. Examination of field samples shows that the 

alteration of the bentonite beds of Wyoming and Montana near the surface to produce 

high-quality, high-swelling, commercial bentonite is analogous to pedocal soil 

development. Measurements show that the maximum viscosity values are observed in 

montmorillonite in which calcium occupies about 40% of the exchangeable cation sites 

(Williams et al., 1954). 

 
P. Falaraset al. Fifty grams of Ca-montmorillonite was ground and stirred magnetica l ly 

with 250 ml of H2SO4 (analytic grade Riedel-de Hahn) at 80ofor 2 h in a round-bottom 

flask. Bleaching experiments were conducted in open vessels containing a stirred 

dispersion of clay (2%) in cottonseed oil heated to 120o for 5 min. The color of the oil 

was determined according to the AOCS Official Method Cc 13e-92 on a Lovinbond 

Automatic Tintometer (TYPE D) equipped with 1 inch cells. As the oil was neutral 

(Free Fatty Acids, FFA = 0.09%), its acid value was not affected by the bleaching 

procedure. The bleaching efficiency (Lovinbond Tintometer colors) of the natural and 

three acid-activated montmorillonites for pigments and peroxides in the poor quality 
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Chapter Three 

Material and Method 

3.1 Materials  

Table 3. 1 list of equipments used 
Instrument Use 
Jaw Crasher  To reduce the size of bentonite  
Mortar and Pestle To reduce size of activated bentonite samples 
Sieve To screen powdered samples from lumps 
Plastic Bags To store samples 
Drying Oven To dry sample 
Desiccator To store the sample during cooling 
Balance To measure weight of substances 
Measuring Cylinder  To measure volume  
Hotplate Magnetic Stirrer To carry out bleaching process 
Vacuum Filter  To filter washed activated bentonite 
UV Spectrophotometer To measure absorbance 
Filter Paper  To filter mixture of crude oil and activated bleaching 

earth 
Tinto Meter To determine color intensity of belched oil 
Water Bath To activate the raw bentonite 

 
 
Table 3. 2 list of chemicals and reagents used  
Chemicals and Reagents Use 
Distilled water Used for washing raw bentonite and 

activated bentonite, preparation and 
dilution of solution 

Sulfuric acid Used for activation of raw bentonite 
Bentonite (local) Used as bleaching agent 
Neutralized sunflower seed oil Used as  carry out bleaching experiments 

Phenolphthalein & Ethyl alcohol To determine acid value and free fatty acid 
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3.2 Method 

General procedure of the experiment 
 
 
 
 

 
 
 

 
 

 
 
 
 
 
 
  
 

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Grinding the raw clay to below 200 mesh 

Drying in the oven at 120°C for 2 hours 

Mixing of H2SO4 acid with raw clay 

   Stirring the mixture at the water bath at 90°C for 3 hours 

Filtering by vacuum filtration 

Drying at 80°C for 4hours 

Grinding using mortal and pistol 

Acid activated bentonite clay 

Heating neutralized oil to different temperature 

Filtering bleached oil through spent clay using filter paper 

Heating the mixture to a top bleaching temperature 

Bleached oil 
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We took 400ml of Crude oil heating it at 95oC to remove any volatile impurities. On 

another beaker we measured 200ml of tap water. Then 6.6ml of NaOH was introduced 

into the oil while manually shaking it which leads to soap formation. While fixing the 

mixture on a stand, we poured hot water wait for 3hrs to separate the soap, oil and water 

due to density difference. In this way we collected for bleached ready oil. 

 

 
Figure 3. 2 crude oil after degumming and neutralization 

 

3.2.3 Selecting for the Best Activated Bentonite 

3.2.3.1 Bentonite Collection and H2SO4 Solution Preparation 

The bentonite sample was collected from Amhara Water Well Drilling Enterprise 

(AWWDE). The sample was ground with jaw crusher and 150gm measured on a mass 

balance. Then the ground sample was sieved under 75µm sieve. 

 

       
       A. Raw Bentonite               B. Crushing bentonite sample 
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      C. Sieving Process              D. Powdered Bentonite Sample 

Figure 3. 3 sample preparation 
 

The raw powdered bentonite clay then dried in the oven at 120oC for 2 hours. 

98%H2SO4 was taken from BiT laboratory and a solution with five different molar 

concentration C1, C2, C3, C4 and C5 was prepared using the following expression. 

 
For C1 (1M) 
Volume of the solution = 200ml=0.2l 
Density of H2SO4 = 1.835g/ml 
V H2SO4 = No. of mol * Vsolution * Mwt 
              D H2SO4 

         = 1M * 0.2ml * 98g/mol 
            1.835g/ml 
      = 10.682ml 
 
Molar concentration of C2, C3, C4 and C5 was also prepared using the same procedure. 

C2 with 21.36ml of H2SO4, C3 with 32.0436ml of H2SO4, C4 with 42.723ml of H2SO4 

& C5 with 53.40 ml of H2SO4.  

 

3.2.3.2 Preparation of Acid Activated Bleaching Bentonite  

Five samples each having a mass of 50gm was measure with mass balance and taken. 

The samples were then mixed with 98% H2SO4 solutions with mass to volume ratio 

(wt./volume) of 1:4 bentonite sample and H2SO4 respectively, which had different 

molar concentration (1M, 2M, 3M, 4M and 5M). The activation was performed by 

heating the mixture in shaking water bath at 90oC for 3hours. The activated samples 

were filtered under vacuum filter and precipitate was washed with distilled water until 

it is free of H2SO4 with an aid of PH meter. The samples which will then be dried for 4 

hours at 80oC will be labeled as B1, B2, B3, B4 and B5 where B1 implies bentonite sample 

activated with C1 i.e. 10.682ml of H2SO4 concentration and so on for the rest of the 
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3.2.3.4 Bleaching Experiment at Constant Temperature and Contact Time Using 

Acid Activated Bentonite 

For selecting higher bleaching performance of acid activated bentonite from (1M, 2M, 

3M, 4M and 5M) by bleaching test at constant contact time 30min and at 90oC 

temperature then based on the result of manual color measurement was used for 

measuring colors by Lovibond Tintometer of red and yellow plus blue and uv light 

spectroscopy was done on how much coloring components were removed by the 

adsorbing agent (bentonite). 

 
Then after we get the maximum efficiency of bleached sunflower oil from above trial 

selecting efficient acid activated clay combining with at different temperature which is 

70°C, 90°C and 110°C and with contact time of 20min, 30min and 40min by thus three 

parameters (acid concentration, contact time and temperature) combination to study the 

effect of temperature and contact time in bleaching was shown. In each case similar 

procedure of bleached oil preparation will be used. The adsorption of coloring 

substance from the neutralize oil will be tested.  

  

 
Figure 3. 5 bleaching process for the five bentonite samples 
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Chapter Four 

Result and Discussion 

4.1. Physical Characterizations 

4.1.1 Moisture Content Determination 

After oven-drying, the free moisture remaining in samples was determined and this 

varied from 13.77 to 4.8 raw bentonite acid activated as shown in Table 4.2 below. 

 

Table 4. 1 variation of moisture content with sulfuric acid concentration 
H2SO4 

concentration 
0M (raw 
bentonite) 

1M 2M 3M 4M 5M 

Moisture 
content (%) 

13.77 8.4 7.9 7.1 6.0 4.8 

 

The results presented in Table 4.1 for bentonite, revealed that at first, the acid attack 

increased the capacity of the clay to hold water. Subsequently, the moisture content 

decreased as the acid concentration was further increased. This could be attributed to 

the increase in void space as created as the exchangeable metal ions were displaced by 

hydrogen ions which have smaller volumes than metal ions. Bleaching clays normally 

contain 10-18 % moisture. If the clay is completely dried prior to use, the structure of 

it collapses, so bleaching power is reduced because of decreased surface area. 

 

4.1.2 Bulk Density of Acid Activated and Raw Bentonite Clay 

 
Table 4. 2 variation of bulk density with sulfuric acid concentration 
  H2SO4 
concentration 

0M 1M 2M 3M 4M 5M 

   Bulk 
density(g/ml 

1.34 0.78 0.6 0.55 0.48 0.45 
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4.1.4 pH Value of Acid Activated and Raw Bentonite Clay 

Table 4. 5 variation of pH Values with sulfuric acid concentration 
Sulfuric acid 
concentration 

0M 1M 2M 3M 4M 5M 

PH value 10.5 4.9 4.2 4.0 3.9 3.8 

 
4.1.5 Effect of Acid Concentraion 

The effect of acid concentration on bleaching of sunflower oil was studied at 90°C with 

1% (w/v) clay dosage for 30 minutes. 

 
Table 4. 6 bleaching of sunflower seed oil at 90oC and 30 min 

Bleaching 
Agent 

Color Intensity 
Yellow Red Blue 

Before After Bleaching 
Efficiency 
(%) 

Before After Bleaching 
Efficiency 
(%) 

Before After Bleaching 
Efficiency 
(%) 

B-1 29 16 44.83 5.4 1.9 64.82 0.2 0.2 - 
B-2 29 13 55.17 5.4 1.7 68.52 0.2 0.3 - 
B-3 29 9 68.96 5.4 1.6 70.37 0.2 0.2 - 
B-4 29 11 62.06 5.4 2.0 62.96 0.2 0.2 - 
B-5 29 12 58.62 5.4 2.1 61.1 0.2 0.2 - 

 
The effect of acid concentration for acid activated bentonite on the bleaching 

performance of sunflower oil is shown in the figure 4.2 below. 

 

 
 

Figure 4. 2 a plot of percent bleaching performance with acid concentration 
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The test employs the bleaching temperature and time of 90°C and 30 minute 

respectively. As we can see in the table 4.6 there are three color standards that can be 

measured by the tintometer: yellow, red and blue. But during Edible oil bleaching, red 

is the main color that affects the quality of the final product. Hence, the removal of this 

color is mainly considered to investigate the bleaching performances of several 

bleaching agents.  

 
As shown in the table 4.6 for sunflower oil bleaching, the B1, B2, B3, B4, B5, and raw 

bentonite removed 64.82%, 68.52%, 70.37%, 62.96%, 61.1% and 6.23% of the red 

color respectively. 

 
It can be seen that the activated clay samples adsorbed red color pigments from the sun 

flower oil more than the raw clay sample, raising the bleaching performance from 6.23 % 

to 70.37%. The bleaching performance first increased with the concentration of acid 

used up to 3M H2SO4. Above this concentration, the performance dropped. These 

results indicate that the maximum value of bleaching performance (70.37%) was 

attained at 3M acid concentration. Subsequent decline in bleaching performance could 

be due to passivation of the rest of the clay which protects the clay layers from further 

acid attack (Christidis et al., 1997). The initial increase in bleaching performance with 

increasing sulfuric acid concentration was probably due to the formation of active sites 

on bentonite surface.  

 

In the other way, the bleaching efficiency of the five samples were measured using 

lambda 35 spectrometer and the results are shown in the table below. 

 
Table 4. 7 bleaching efficiency of the five samples used with uv spectroscopy 
Bleaching 
agent 

Wave 
length 
(nm) 

Bleach
ing 
Tempe
rature 
(oC) 

Bleachi
ng 
Time 
(min) 

Absorba
nce 1 

Absorba
nce 2 

Average 
Absorba
nce 

Color 
remova
l % 

B-1 425 90 30 0.22 0.23 0.225 64.1 
B-2 425 90 30 0.195 0.195 0.195 68.9 
B-3 425 90 30 0.178 0.178 0.178 71.6 
B-4 425 90 30 0.240 0.240 0.240 61.7 
B-5 425 90 30 0.249 0.248 0.248 60.3 

Average absorbance of unbleached sunflower oil = 0.628  
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Figure 4.6:Training and validation loss graph of the hybrid  model  

 

We have compared the models using accuracy and MSE during training and validation 

phases. The hybrid model shows high accuracy with minimum error (MSE) than of the 

others. The following graphs shows the crime type prediction of the hybrid model. 

 

Figure 4.7: Crime type prediction  
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CHAPTER FIVE  

5. CONCLUSION AND RECOMMENDATION  
 

In this section conclusion, contribution and future works are discussed.  

  

5.1. Conclusion 

This research has used a hybrid approach of deep learning algorithms. After having 

systematic review of literatures and related works, we have identified predicting crimes is 

given low emphasis and are unresolved problems yet especially in Ethiopia. We have also 

identified that different scholars focus on either location and time data or demography data 

even though both are important. 

The objective of this research is to apply the hybrid of feedforward artificial neural network 

and long short- term memory recurrent neural network so as to predict the to be committed 

�F�U�L�P�H�� �W�\�S�H�V���� �7�K�H�� �F�U�L�P�H �� �W�\�S�H�� �L�V�� �S�U�H�G�L�F�W�H�G�� �E�D�V�H �G�� �R�Q�� �F�U�L�P�L �Q�D�O�V�¶�� �G�H�P�R�J�U �D�S�K�\���� �W�L �P�H�� �D�Q�G��

location. The data was collected from Bahir Dar city administration. 

An exhaustive study is performed on the given dataset and algorithms. The research 

approach consists five phases. The first one is data gathering, the crime data from Bahir 

Dar city police stations is collected. The second is data pre- processing, it is about making 

the data ready for the prediction model. Thirdly, the prediction model is implemented to 

accurately predict crimes. Fourth, the model is trained using training dataset. Finally, the 

model is evaluated using test dataset. We have built FFANN, LSTM- RNN and the hybrid 

of the two algorithms. We have compared the accuracy of the algorithms and they scored 

90.20%, 9 4.80%, and 9 5.07% for FFANN, LSTM - RNN and hybrid model respectively. 
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5.2. Contribution  

As a contribution to the scientific world, we have prepared a dataset with 10,270 records 

and 15 features. This will be useful for researchers who wants to do their research using 

crime record dataset especially for those who need Ethiopia crime dataset. One of the 

limitations was the availability of dataset in electronic format. We have combined two deep 

learning algorithms; feedforward artificial neural network and long short- term memory 

recurrent neural networks.  

5.3. Recommendation and Future w ork  

The hybrid model proposed in this research work is used in prediction of crimes. We would 

say the proposed model is fit to the current requirement though there are some issues that 

need additional work. In this section, therefore, we insight two key points that remain a 

challenge and of course were limitation of this research work. The first one is it will be 

better to calculate the information gain and correlations of attributes rather than selecting 

them by the truth on the ground. Then the prediction will have high accuracy based on the 

feature result from information gain and correlation. Second, we have used a feed forward 

approach in both algorithms even if they have backward learning mechanisms, we 

recommend that to use bi- directional neural network approaches since their learning rate is 

high. However, it will be much efficient and effective if the crime is predicted with a 

promising result, we believe that an attempt in the future study should consider it to achieve 

better result in predicting crimes. Hence, this research work presented different 

contributions that can be further improved or implemented on additional efforts.  
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