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                                       Abstract  
 

In this study, a two-stage process was conducted. The first stage was carrying out for the activation 

process of Peanut shell powder at different temperatures and concentrations to select the optimum 

parameters. The second stage was bleaching of Niger seed oil using the chosen activated peanut 

shell powder adsorbent. The peanut shell collected from Sululta, Ethiopia was activated by 

phosphoric acid, and further bleaching experiments were conducted to assess the activated 

powders effect on the bleaching capacity of Niger seed oil. The Two key parameters of the acid 

activation process were acid concentration and activation temperature. The highest bleaching 

capacity was obtained around 3M acid concentration and at 350oC of activation temperature as 

optimal activation. The PSP and PAAPSP at optimal condition were characterized by XRD, FTIR 

and SEM with EDS. The results of the XRD showed that the PSP is composed of cellulose, 

hemicellulose and lignin polysaccharide. The XRD analysis of PAAPSP illustrated the presence 

of crystalline carbonaceous structure and different alumino silicate minerals. X-ray and FTIR data 

confirmed that acid activation degrades cellulose. The results of the analysis by Energy Dispersive 

Spectroscopy (EDS) showed that, presence of carbon, oxygen, silica, alumina and phosphorous. 

Full factorial Box Behnken design (BBD) experimental design was employed to correlate the 

bleaching parameters (temperature, time and dosage of PAAPSP) to the percentage color 

reduction for Niger seed. The result showed that the optimum condition for the bleaching process 

was a temperature of 110oC, a period of 20 minutes and 3% PAAPSP dosage which resulted in 

88.02% bleaching performance of the Niger seed oil. The experimental result was in agreement 

with the model prediction. Generally, the study has shown that the phosphoric acid activated 

peanut shell powder is a good adsorbent for the bleaching of the Niger seed oil. This research has 

further established that acid activated peanut shell powder has the capacity to remove not only 

pigments but also reduce the free fatty acid and peroxide value of unbleached oil. 

 

Keywords: Acid activation, Bleaching, Characterization, Niger seed oil, Peanut shell 
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1. Introduction 

1.1. Background 
 

Vegetable oils are regarded as an important component of the human diet.  It is essential because 

it supplies nutrients, improves flavor, aids in the absorption of vitamins, and provides source of 

energy for our bodies (Okorie, 2014) as well as fatty acids (Vidrih et al., 2010). Manufacturers are 

responsible for the fulfillment of quality requirements throughout the whole food supply chain, 

from manufacturing and packaging to distribution and retail sales. Quality control and quality 

assurance are crucial for combating different concerns raised by the consumers. In edible oil 

processing each and every process are important for producing suitable end products. Among these 

processes refining is considered as the crucial operations for making the final product attractive 

and acceptable to the end user. The complete steps of treatment to make the oil suitable for edible 

use is called refining and usually refers to the operations of pretreatment, deacidification, bleaching 

and deodorization (Christianne et al., 2007). These refining processes a times modify the chemical 

properties and constituents of these oils to the point of which could be detrimental to human health. 

Bleaching or purifying edible oils by adsorption involves the selective adsorption of pigments from 

oils and fats on clay or carbon, specially chosen and activated for specific effects. During bleaching 

not only the color, but also minor constituents are removed, i.e. peroxides are degraded and 

removed, traces of soap and a portion of Cu and Fe are removed, traces of phospholipids are 

adsorbed, the resistance of oil to rancidity is reduced and partial hydrolysis of the oil takes place  

(Bailey, 1996; Patterson, 1992; Shaw & Tribe, 1981). The mechanism of bleaching involves 

mixing of bleaching agent with the oil at controlled operating condition (temperature, time and 

pressure) followed by removal of bleaching agent by filtration. As a result, quality parameters of 

the oil color, odor, taste, appearance will be guaranteed. Bleaching agents either natural clay, acid-

activated clay, carbon-activated clay, silicates or carbonaceous material derived activated carbons 

are important for successful bleaching process (Erickson, 1995). 

Carbon is used in addition to clay because they are highly selective to phospholipids, thus leaving 

the adsorption sites on the clay free for the pigment adsorption (Gnanasambandam et al., 1998). 

Activated carbons are extremely versatile adsorbents that one of the many applications is bleaching 

of edible oils. The common sources for activated carbon production are wood, peat, lignite and 



 
2019 

 

Page | 2  

MSc Thesis  

coal, however agricultural wastes such as nutshells, because of their renewable nature and 

availability in large quantities in Ethiopia, are considered as a potential resource for the production 

of activated carbon. Most peanuts/groundnuts are sold without the shell, and so large quantities of 

peanut shells remain as byproduct in the field, not being used properly. Nut shells, fruit stones, etc 

are very adequate as precursors for activated carbons of high quality, which are useful in adsorption 

of both gases and solutes from aqueous solutions (Toles et al., 1997; Iwoha and Aguanne, 1999; 

Hong et al., 2000 ). 

This study focused on the activation of peanut (Arachis hypogaea L.)  shell using phosphoric acid 

followed by testing its bleaching capacity for Niger seed oil by determining the optimal conditions. 

The effects of experimental conditions such as temperature, contact time and oil/activated peanut 

shell ratio was examined in order to get optimum experimental conditions. 
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1.2. Statement of the problem 
 

Edible oils are commonly used in industrial food manufacturing and home cooking worldwide and 

are the primary sources of unsaturated fats and vitamin E in human diets. Vegetable oils are a 

mixture of triacylglycerols, partial acylglycerols, free fatty acids, phosphatides, pigments, sterols 

and tocopherols (compounds that present vitamin E activity) (Christianne et al., 2007). Demand 

for edible oils is growing from time to time due to increasing world population. Consumer’s 

preference is highly dependent on the quality of the oil. Good quality oil is the reflection of 

complete refining process. On the other hand, extraction process only from the seed or fruits of oil 

rich plant cannot give any guarantee about edibility of the oil. Because, there are different 

impurities in vegetable oils include pigments such as chlorophyll, tocopherol, xanthophyll and 

carotenoid (David et al., 1991) other impurities phosphatides, trace metals, traces of soap, 

peroxides and free fatty acids. These impurities must be subjected to further processing in order to 

make it suitable for human consumption. 

In Ethiopia eight oilseeds, namely Niger seed, soybeans, linseed, rapeseed, sesame, groundnut, 

castor, cotton and sunflower are economically important (Institute of Agricultural Research, 1992). 

However, edible oils obtained from these oil seeds without refining process do not fulfill the 

quality requirements e.g. color. As a result, some crude seed oils can have unexpectedly high 

pigmentation that might lead to unacceptance to the end user and market loss to the producer 

(Institute of Agricultural Research, 1992). 

The edible oil sector in Ethiopia however, is constrained by several factors including processing 

area. The major problems in processing of oilseeds in Ethiopia is that most edible oil manufacturers 

do not incorporate the refining plant, uses backward technology, limited capacity with low hygiene 

standards results in inefficiency and poor quality. Only a few larger crushing or refining companies 

have adequate safety and hygiene standards compared to European industry standards (Wijnands, 

2007) . Vegetable oil refining processes include degumming, neutralization, bleaching, filtration 

and deodorization. are aimed at converting the crude oil to more suitable oil for subsequent uses. 

Bleaching is most important among these processes of refining because it determines the 

appearance, flavor, taste and stability of the final product (Rossic et al., 2003).  
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Most of Ethiopian edible oil manufacturers do not perform bleaching operation as a result, 

undesirable substances such as carotenoids especially beta-carotene and their derivatives, 

xanthophyll chlorophylls, tocopherols, pheophytin, gossypol and its degradation products decrease 

quality of the oil by darkening, foaming, smoking, precipitation, development of off-flavor and 

decreasing oxidative stability. Consequently, consumers’ preference is changed to imported edible 

oil. 

Bleaching process is achieved by using a surface active solid to adsorb the coloring matters. In the 

process of refining vegetable oil, bleaching clays have been used extensively as adsorbent in 

vegetable oil refining. The vegetable oil industry uses mainly three types of adsorbents in the 

bleaching process: clay, activated carbon and silica (Dijkstra & Segers, 2007). All the bleaching 

clays used in the Ethiopian edible oil industry are imported thus posing a big load of hard currency. 

The growing interest in using low cost adsorbent in vegetable oil bleaching as brought about the 

use of carbonaceous materials as alternatives to expensive commercially available bleaching earth. 

These carbonaceous materials can be easily gathered from nut shelters, grain miller, oilseed 

crusher and raw sugar factories that create huge amount of shells, hulls, cobs and fibre each year. 

The conversion of agricultural wastes to adsorbents such as activated carbon is a major economic 

and ecological advantages. One such opportunity would be to convert peanut shell (an agricultural 

by-product) to high-value activated carbon and using for bleaching of vegetable oils. And to 

researcher’s knowledge, no one has studied the bleaching performance for edible oil using these 

activated peanut shells which are available locally as a waste. Therefore, this study will solve the 

problem that comes from foreign currency in order to import the bleaching agent for bleaching 

process. Generally, its scope encompasses the improvement of the quality of local edible oils as 

well as the development of local materials likely to be used for the bleaching process of edible 

oils. 
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1.3. Objectives  
 

1.3.1. General objective 

➢ The general objective of the study was to prepare and characterize phosphoric acid activated 

peanut (Arachis hypogaea L.)  shell of local origin for the bleaching process of Niger seed oil. 

1.3.2. Specific objectives 
 

➢ To characterize the physical properties of local origin peanut shell (moisture content, bulk 

density, ash and volatile matter). 

➢ To characterize raw and phosphoric acid (H3PO4) activated peanut shell using SEM, FTIR and 

XRD. 

➢ To evaluate the bleaching performance of activated peanut shell on Niger seed oil. 

➢ To investigate the effect of operating conditions during bleaching process (i.e. temperature, 

time, oil/peanut shell derived activated carbon ratio) so as to find optimum conditions. 

➢ To determine percentage free fatty acid before and after bleaching. 

➢ To determine percent color reduction of the bleached oil.  

➢ To determine the peroxide value of the oil before and after bleaching. 

 

 

 

 

 

 

 

 



 
2019 

 

Page | 6  

MSc Thesis  

1.4. Significance of the research 

Nowadays, world population is increasing with the demand for food is also increased. Edible oil 

is the major ingredient that most of the peoples use in their kitchen. Therefore, in order to fulfill 

such consumer demands, manufacturers are expected to produce healthy and quality of oil. 

Bleaching is one of the key process for the production of edible oil. Large amount of consumers 

demand indicates that manufacturers need for bleaching agents is also large. Currently, Ethiopia 

is importing bleaching agents from different foreign countries thus posing big load of hard 

currency. Therefore, this research is significant in the sense that it will produce low cost bleaching 

agent, minimize the imported bleaching agents, minimize big load of hard currency, improve 

quality of the vegetable oil, produce eco-friendly bleaching agent by the conversion of peanut 

shell, which is an agricultural waste, in to valuable bleaching agent. Furthermore, this research 

will play an important role in creating job opportunities. 
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2. Literature Review 
 

2.1. Review on edible oils  
 

An oil is a substance that is a viscous liquid at ambient temperatures, and is both hydrophobic 

(immiscible with water) and lipophilic (miscible with other oils, literally). This general definition 

includes compound classes with otherwise unrelated chemical structures, properties, and uses, 

including vegetable oils, petrochemical oils, and volatile essential oils.  

A vegetable oil is a cooking oil. It belongs to the class of food; fats and oils, which is significantly 

seen in its various edible forms. cooking oil is the general term used for oils which absorb more 

heat energy and therefore very suitable for cooking. Sources of cooking/ edible oils comes from 

plant, animal or microbial origin, which is liquid at room temperature. Whereas, sources of 

vegetable oils are plants seeds or less often from other parts of the fruit. These includes olive oil, 

palm oil, soybean oil, canola oil, niger seed oil, pumpkin seed oil, cotton seed oil, corn oil, 

sunflower oil, safflower oil, peanut oil, grape seed oil, sesame oil and rice bran oil are widely 

known and are mostly unsaturated oils. 

2.1.1. Sources of edible oils 
 

Sources of vegetable oils, can be distinguished in to three different types Gunstone (2002).  

➢ By-products 

Cotton and corn are grown primarily for fiber and for cereal respectively and the oil is a byproduct. 

Soybean can also be included in this category because it yields two products oil and meal, which 

represent approximately18% and 79% respectively of the dried bean. The demand for soybeans is 

driven sometimes by one of these and sometimes by the other. It could also be argued that peanuts 

(groundnuts) should also be included, since only about one half of the crop is crushed (for oil and 

meal) and the rest is consumed as nuts. 

➢ Tree crops 

Palm, palm kernel, coconut and olive oils are obtained from trees that have to be planted and 

mature before they give a useful crop. Once this stage is reached, the trees continue to provide 
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crops for 25–30 years, in the case of palm, and longer than that for olive. These crops cannot be 

changed on a yearly basis. 

➢ Annual crops 

The third category are annual crops such as rape, sunflower and linseed. Appropriate decisions 

have to be made annually by the farmer or planter concerning which crops to grow. The choice is 

usually between oilseed crops and cereals, and the decision is based on agricultural and economic 

factors 

2.1.1.1. Major oil seeds for the production of edible oils  
 

Annual harvest of a little over 450 million tonnes, oilseed production accounts for just 20% of the 

world grain production. But, growth all over the world in oilseed production has been remarkable 

in the past 25 years : world production of the major 10 oilseeds (soybeans, cotton seed, rapeseed, 

sunflower seed, groundnuts shelled , sesame seed, palm kernels, copra, linseed and castor seed) 

rose from approximately 190 MT in 1985/1986 to more than 453 MT in 2010/2011, a 136% rise 

over the course of a quarter-century, a period during which the grains sector as a whole (wheat, 

coarse grains and rice) witnessed “only” a one-third growth in production, from 1647 Mn T in 

1985 to 2213 Mn T in 2010 (Mittaine, 2012). Oilseeds are harvested in all continents of the world 

from a variety of plants of diverse origins: in 2011, 57% of all oilseeds originated in the American 

continent (most of all because of soybean), 23% in Asia and about 9% in Europe. With 14% of 

oilseeds volume, rape seed is the second world oilseed, but its volumes are dwarfed by soybean 

which represents 55% of the harvest. Nevertheless, for European agriculture this crop is the major 

oilseed, with a 2012 production of 19.5 Mt for a total production of 27.0 Mt.  
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2.1.2. World edible oil production  
 

Over the last several years, the global production of vegetable oils has experienced constant 

growth. Since 2007, annual vegetable oil production had increased by more or less five percent, 

however slowed down in 2012/2013. Between 2016 and 2017, approximately 185.78 million 

metric tons of coconut, cottonseed, olive, palm, palm kernel, peanut, rapeseed, soybean and 

sunflower seed oils were manufactured all over world with 6.28 percent raise from the previous 

period. Palm oil was the leading vegetable oil category in terms of production volume and 

consumption. In 2016/2017, worldwide palm oil production yielded roughly 65.5 million metric 

tons. According to FAOSTAT, Asia accounted for around 89 percent of the global production of 

palm oil in 2013. Indonesia and Malaysia were the top palm oil producers that year, followed by 

Thailand, Nigeria and Colombia. 

2.1.3. Edible oil production in Ethiopia 
 

Ethiopia consists of different climate zones and a range of altitudes from below sea level up to 

more than 4,500 meters above sea level. This enables it to grow a wide range of oilseeds, in which 

it has a long tradition (Wijnands, 2007). Linseed, Niger seed, soybeans, Cotton seed, sesame, 

groundnuts, safflower seed, castor beans, and rapeseed are important types of oilseeds grown in 

Ethiopia (Hailegiorgis, 2011). Oils from three oilseeds Niger, cotton, and linseed - account for 

approximately 44%, 23%, and 22% percent, respectively, of oil production. The remaining 11% 

percent is made up of sunflower, soybean and ground nuts. 

Edible oil supply from Ethiopia's oil factories is less than 20 percent of the total consumption of 

the country. In addition to the 27 large and medium‐scale edible oil processors in Ethiopia there 

are more than 1,000 edible oil micro‐processors that operate in rural and urban areas in often using 

outdated technology to crush oilseeds which are sold to consumers as crude oil. The processors 

run their operations in their own backyard in residential areas where most of the oilseeds are 

crushed locally without any refining (Wijnands, 2007). As a result, consumers are giving priority 

for imported oils than locally produced oils. Although, the local production of edible oil has 

tremendous growth potential, the country is still importing large amount of edible oils from 

different foreign countries. Therefore, there are lots of works to be done on import substitute 

activities.  

https://www.statista.com/statistics/263933/production-of-vegetable-oils-worldwide-since-2000/
https://www.statista.com/statistics/263937/vegetable-oils-global-consumption/
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Table 2.1 Edible oil import volume (metric ton) 

Imports 2010 2011 2012 2013 2014 2015 

Palm Oil  212,686 228,209 292,797 139,899 373,763 442,536 

Sunflower Oil  1,135 2,228 1,453 2,198 2,450 9,704 

Soy Oil  713 6,755 654 2,001 656 6,746 

Vegetable Fats & Oils  11,912 11,263 17,041 13,487 11,316 16,954 

Olive Oil  86 166 174 253 308 758 

Sesame Oil  5 390 14 5 16 13 

Other Edible Oils  780 3,548 85 194 577 1,877 

Total  227,316 252,559 312,217 158,038 389,086 478,588 

Source: ERCA (2018) 

In CY15, Ethiopia imported 479,000 metric tons of cooking oil, valued at nearly $474 million 

dollars. Of this imported oil, more than 90 percent by volume was palm oil, most of which comes 

from Indonesia and Malaysia. The remainder of imported oil is made up of sunflower, soybean 

and olive oils. The leading supplier of soybean oil is Egypt, while Turkey is the largest supplier of 

sunflower oil. 

2.1.4. Niger seed oil  
 

Seed oils of niger (Guizotia abyssinica Cass.) grown in different regions of Ethiopia are typically 

high in linoleic acid (54–73%), but with varying levels of oleic (5–27%), palmitic (8–10%) and 

stearic acids (5.5–8.1%) (Dagne et al., 1997). Palmitoleic, linolenic, arachidic, eicosenoic, behenic, 

erucic and lignoceric acids account for about 2–3% of the total fatty acids present in the oil. Besides 

triacylglycerols, niger oil contains other bioactive classes such as polar lipids (phospholipids). 

Phospholipids are widely distributed in food, and pro as well as anti-oxidant effects have been 

attributed to them. The higher the concentration of unsaturated fatty acids, especially 

polyunsaturated ones such as linoleic and linolenic acid, the more unstable the oil (Fatemi and 

Hammond, 1980). 
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2.1.4.1. Composition  
 

The genus Guizotia consists of six species, of which five, including niger, are native to the 

Ethiopian highlands. It is a dicotyledonous herb, moderately to well branched and grows up to 2 

m tall. The seed contains about 30% - 40% oil, 10% - 25% proteins, 12% - 18% soluble sugars, 

10% - 20% crude fiber and 10% - 11% moisture. In general, the Ethiopian Niger meal contains 

less protein and more crude fiber than the Niger meal grown in India (Chavan, 1961). 

Table 2.2 Physical and chemical characteristics specification of Niger seed oil 

Characteristics Requirements 

 Refined  Grade I  

Moisture and insoluble impurities (%) 0.10 0.25 

Iron (Fe), mg/kg 1 1.5 

Cupper (Cu), mg/kg 0.1 0.1 

Color on Lovibond scale in ¼” cell, expressed 

as Y±5R 

8 15 

Specific gravity at 30oC 0.917-0.920 0.917-0.920 

Reflective index at 40oC  1.4665-1.4691 1.4665-1.4691 

Butyro-refractometer reading at 40 oC  61.0 65.0 

Saponification value 189-193 189-193 

Iodine value 110-135 110-135 

Unsaponificable matter (%) 0.8 1 

Acid value 0.5 5 

Bellier’s turbidity temperature in oC  25-29 25-29 

Source: agmarknet.nic.in/vogmrule.htm 
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2.2. Review on peanut processing   
 

Groundnut (Arachis hypogaea L) also known as peanuts, are the edible seeds of a legume plant 

that grow to maturity in the ground. It is an important annual legume in the world. Cultivated in 

nearly 100 countries, over 90% of which are developing countries mainly grown for oil seed, food 

and animal feed (Pande et al., 2003; Upadhyaya et al., 2006). The world’s average groundnut 

production is 1.49 tonnes per hectare (FAOSTAT, 2010).  Peanuts are a common foodstuff all over 

the world. Annual production was approximately 34.4 billion kg in 2014. China is the largest 

producer, contributing 45% of the world’s peanuts that ranks first in peanut production; which 

represents a potential of 4500 thousand tons of peanut shells produced each (Liao, 2004). 

 

Figure 2.1 Overview of peanut processing  

Source: USDA, Economic Research Service, Oil Crops Outlook; USDA, National Agricultural. 

Statistics Service, Peanut Stocks and Processing; USDA, Foreign Agricultural Service, Global 

Agricultural Trade System (2013). 
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2.2.1. Peanut production in Ethiopia  
 

In Ethiopia, groundnut covers about 80,000 hectares of land in the 2013/14 cropping season 

leading to a total production of well over 0.11 million tons (CSA, 2014). Groundnut is planted 

both during the “Belg” season (March) and also during the main season (June), in some parts of 

western Ethiopia. The lowland areas of the country have considerable potential for increased oil 

crop production including groundnut. Groundnut is mainly grown in eastern part of Ethiopia 

namely eastern Harerghe, with immense potential in Gamogofa, Illubabor, West Gojam, North 

Shoa, North and South Wello, East and West Wellega, and Western Tigray (CSA, 2010). Oromia 

region constitutes the largest proportion of groundnut production areas accounting for 66% (52, 

921.26 ha), out of which more than one half (28,909.44 ha) is found in East Harerghe. Benishangul 

Gumz is the second largest contributor in terms of ground nut production areas (18,592.72 ha) 

followed by Harari (2874.09), Amhara (2,380.15 ha) and SNNP (376.66 ha) (CSA, 2014). 

2.2.2. Raw peanut shells  
 

The peanut, or groundnut (Arachis hypogaea), is a species in the legume “bean” family. The world 

production of 34.43million metric tons has been reported in 2008–2009. China and India are the 

world’s largest producers of peanuts and the yield of peanut shell is abundant annually. Peanuts 

after harvesting are then transported to a processing facility where they are dried and stored. At 

this point they are sent to a sheller, where the shell or hull is separated from the nut. The fruit (pod, 

nut) of the peanut (Arachis hypogaea L.) consists of an external hull (or shell) (21-29%) 

surrounding the nut (79-71%) (Van Doosselaere, 2013; Davis et al., 2016). 

The chemical composition of peanut shell (Raju et al., 2011) is cellulose (35.7%), lignin (30.2%), 

hemicelluloses (18.7%), and ash content (5.9%). Peanut shell fiber characterization average length 

of the peanut shell fibers was found to be 38mm and 0.25mm diameter. Average tenacity of peanut 

shell fiber is of 1.06 g/den. Also, average strain of the fibers was 7.45 % and average modulus 25.3 

g/den. Peanut shells/hulls account for approximately 20% of the dried peanut pod by weight, 

meaning there is a substantial amount of shell residual left after peanut processing (Palmer, 2010). 

Peanut hulls are a bulky waste generated in large amounts. In peanut-producing countries, they are 

often burned, dumped, or left to deteriorate naturally(Kerr et al., 1986).  therefore, it is worthy to 

convert peanut shell into high-value material through thermochemical methods such as pyrolysis. 
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In the recent past environmental concerns have led to an interest in using peanut shells for a variety 

of purposes: fuel, mulch, carrier for chemicals and fertilizers, bedding for livestock and poultry, 

pet litter, soil conditioners, etc. (Hill, 2002).  The end product from the activation process can be 

used for vegetable oil industry as a bleaching agent. There are different research studies reported 

the use of carbon in vegetable oil processing. Proctor and Harris (1996), produced carbon 

adsorbents from soybean hulls by pyrolysis and used it to bleach crude soybean oil. (Toles et al., 

1997), working with nutshells reported acidification to open carbon adsorbents pores and modify 

the surface chemistry to enhance adsorbents. Iwoha and Aguanne (1999), acid activated palm 

kernel shells by treatment with hydro-chloric, sulphuric and phosphoric acids, and examined the 

activated carbons in bleaching of palm kernel oil Aly & Girgis (2000), acid activated apricot shell 

carbon and used it to bleached refined cottonseed oil. (Hong et al., 2000), prepared soy hull 

adsorbents by acid activation with phosphoric acid or hydrochloric acid and examined their 

efficiency during bleaching of crude soybean oil. Despite the numerous researches carried out, 

there is very little information on the development of peanut shell derived activated carbons for 

the bleaching process of niger seed oil. The quality parameters data of peanut shell according to 

Manzano-agugliaro & Francisco (2018) is shown in table 2.3. 

Table 2.3 The quality parameters data of peanut shell 

Parameters Standard value Minimum value Maximum value 

Proximate analysis (%)    

Moisture content 5.79 5.79 5.79 

Ash content 4.26 4.11 4.41 

Volatile matter 84.90 83.81 85.99 

Fixed carbon 13.40   

 Source: Manzano-agugliaro & Francisco (2018) 
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2.2.3. Structure and chemistry of peanut shell powder 
 

Structure and chemistry of peanut shell powder Figure 2.2 shows the structure of lignocellulose. 

The primary constituent of this lignocellulose is glucose molecules with beta (1–4)-linked chain 

which is also known as cellulose (Thakur & Singha, 2013). The crystalline cellulose is resistance 

to degradation which is contributed by hydrogen bonds between different layers of the 

polysaccharides. Besides that, the second most abundant constituent of lignocellulose is 

hemicellulose which consists of various 5- and 6-carbon sugars such as glucose, mannose, xylose, 

arabinose and galactose. Lignin comprises three main phenolic elements, namely sinapyl alcohol 

(S), and p-coumaryl alcohol (H) and coniferyl alcohol (G) (Thakur & Singha, 2013). Generally, 

hemicellulose is used as tablet binders, gelling agents and viscosity modifiers. The polymerization 

of these three components synthesized lignin. Lignin structure is very dense comprising of three-

dimensional structure of phenyl propane units. The ratio of these components is varied within 

different plants, cell wall layers and wood tissues. Microfibrils are formed by cellulose, 

hemicellulose and lignin. Its structured into macrofibrils that facilitates structural stability in the 

plant cell wall (Thakur et al., 2014). 

 

Figure 2.2 Structure of lignocellulose           

Source: Nor Fasihah & Hanafi 

Ismail (2018). A review on 

peanut shell   powder reinforced 

polymer composites. Retrieved 

from http://www.nature.com 
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Figure 2.3 Structure of lignocellulose  

Source: Nor Fasihah & Hanafi Ismail (2018). A review on peanut shell powder reinforced polymer 

composites. Retrieved from http://www.nature.com 

 

2.3. Edible oil processing  
 

Edible oil processing and oil extraction processes are designed to obtain high quality oil with 

minimal undesirable components, achieve high extraction yields and produce high value meal. 

There are several techniques for extracting oil from oilseed. Two common oilseed extraction 

processes are solvent extraction and mechanical extraction using a screw press.  These processes 

can be combined in commercial operation, i.e. continuous mechanical pressing with continuous 

solvent extraction, and batch hydraulic pressing followed by solvent extraction (Walkelyn & Wan, 

2006; Weiss, 1983). The first step of the process, common to all technologies, is the preparation 

of raw material. The main unit operations used are: scalping, cleaning, dehulling, cracking, drying, 

conditioning (or cooking), and flaking (Anderson, 2010). 
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2.3.1. Extraction  
 

 

Vegetable oils and/or fats can be extracted from the oil seeds or fruit pulp by mechanical extraction 

or solvent extraction. In mechanical extraction, the oleaginous material undergoes a process that 

uses high temperature and high pressure, forcing the oil out of the cells. This oil is usually of higher 

quality than those extracted with solvents, since mechanical extraction does not remove certain 

compounds such as phospholipids, which are considered harmful during the other processing 

stages. In fact, some vegetable oils extracted by pressing, like olive oil and evening primrose oil, 

require no additional processing, and can be directly used for consumption. The solid portion 

remaining from the pressing stage can still continue to a solvent extraction step (usually hexane) 

in a combined process which increases the product yield, or may even be destined for animal feed 

production (Anderson, 2010). 

In solvent extraction, the oil from the oleaginous material is leached with a solvent, usually hexane. 

Elevated temperatures reduce the oil viscosity and increase diffusion; however, in the case of using 

hexane as solvent the temperatures should be limited up to 50 °C because of its high volatility 

(vapor pressure). The oil and the solvent are distilled until the oil is completely solvent free, and 

the solvent can be recovered for next extraction (O’Brien, 1998). 

 

2.3.2.  Refining  
 

According to Shahidi (2005), refining is the term liberally applied to series of processes designed 

to neutralise free fatty acids present in the oil by introduction of an alkali and centrifugal separation 

of the heavy insoluble materials. It is also associated with the removal of phospholipids, colour 

bodies and other soluble and insoluble impurities. The purpose of refining is to remove undesirable 

components with the least possible damage to the triglycerides and maximum retention of the 

beneficial components. After refining, a pure oil with desirable properties for the consumers such 

as taste, odor, light color and stability is obtained. Generally, the refining routes of edible oils are 

considering the following basic processing steps: degumming, neutralisation, bleaching and 

deodorization (steam refining). There are two types of refining processes these are physical and 

chemical refining. 
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After extraction, vegetable oils proceed to the refining steps, which are either chemical or physical 

(Figure 2.4). Chemical refining consists of removing free fatty acids by adding alkali and 

separating the soap by centrifugation (sludge). Physical refining removes free fatty acids and other 

compounds by stripping (O'Brien, 1998). Choosing the best process depends on the individual 

characteristics of each oil. The palm, palm kernel and coconut oils, which have low levels of 

phospholipids, are almost always physically refined. The oil from seeds such as canola, sunflower 

and corn, can be refined both ways, and the choice depends on economic and environmental issues, 

such as managing soap and water waste generated by chemical refining. To obtain a good quality 

oil via physical refining, the phosphorus content should be below 5 mg/kg before the process 

(Anderson, 2010).  

 

Figure 2.4 General Overview of physical and chemical refining lines (De Greyt et al., 2000) 
 

The physical refining method of vegetable oils is an alternative to the traditional method which 

uses caustic substances to remove free fatty acids. The traditional process of refining oils with high 

phospholipid content should be avoided because it generates large amounts of soap and large losses 
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of neutral oil. Physical refining removes free fatty acids and other compounds by stripping with 

the aid of a carrier gas, high temperatures and very low pressure (close to the absolute vacuum). 

However, it is still necessary to pre-treat oil by degumming and bleaching, which aims to remove 

impurities that cause a change in color, and other quality losses when heating the oil (O'Brien, 

2008). 

Deodorization: 

 

Deodorization is the last major processing step in the refining sequences, in which odors and 

flavors are removed from the bleached oil or fat. It is essentially a steam distillation process in 

which volatile compounds are separated from the non-volatile glycerides. With deodorization, 

relative bland flavor and odor, essentially complete removal of residual herbicide and pesticide 

residue, low free fatty acid content, removal of oxidation products (zero peroxide content), low 

moisture content (about 0.05%), color reduction through heat bleaching of the carotene pigments 

improvements achieved. Normally, a chelant, like citric acid, is injected into the deodorized oil 

stream for reacting with any residual metals. The metal salts formed are subsequently removed 

from the oil by filtration (Yesim et al., 2011). 

Deodorization relies on the large differences in volatility between the triacylglycerols and other 

undesirable components under certain conditions. The musty and earthy odor produced from 

bleaching and the hydrogenation odor and flavor are effectively removed by deodorization. The 

free fatty acids, typically ranging from 0.1% to 0.5% in neutralized oil and 0.5% to 5% in oil to be 

physically refined, are also reduced to below 0.03%, a value used as an indicator for deodorization 

efficiency. Zero peroxide value is another indicator for effective deodorization. Heat bleaching is 

achieved by holding the oil for 15–60 min at high temperature to ensure considerable 

decomposition of carotenoid pigments. During the deodorization process, many desirable reactions 

take place, but some undesirable reactions, such as lipid hydrolysis, polymerization, and 

isomerization, also occur. Therefore, the deodorization temperature is carefully controlled to 

achieve optimum quality of the finished oil product (Earl et al., 2005). There are three types of 

deodorization operations. The batch process is the least common because of its low efficiency and 

inconsistent product quality. The semi-continuous and continuous deodorizers have improved 

processing efficiency. There are several configurations of the continuous deodorizer, including the 
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single-shell cylindrical vessel type, the vertically stacked-tray type, and the thin film packed-

column type. The thin-film system provides excellent fatty acid stripping with minimum use of 

steam, but it does not achieve the desired heat bleaching or effective deodorization because of its 

relatively short retention time. A retention vessel held at high temperature has to be used after the 

column distillation to achieve bleaching (W. De Greyt and M. Kellens, 2000).  The deodorization 

principles are the same regardless of the system used. By heating the oil up to a temperature in the 

range (230-260°C) under a vacuum of 2 to 10 mmHg absolute, the non-triglyceride components 

and steam (vapor steam) are removed from the deodorization vessel by the vacuum system. 

2.4. Activated carbon 
 

Activated carbon (AC) popularly, known as activated charcoal or activated coal, and is a common 

term for carbon materials, which comprises charcoal. The fine structure possessed by AC increased 

the surface area (>1000 m2/g) of pores that result in the possession of powerful adsorptive 

properties. Carbon is available in three main forms; these are; powder, granular and pellet. 

Nonetheless, the most frequently used are granular and powdered AC (Mohammed et al., 2014). 

Activated Carbon has wider applications in Industry, mainly on account of filtration of liquids 

and it remains a choice media for water filtration in domestic water connections and municipalities. 

It has large scale use in the Beverage, Pharmaceutical, Sugar, Vegetable Oil, Chemicals and Textile 

Industry. Activated Carbon is mainly produced in powder, granules and pellets forms due to its 

varied applications. Different applications of Activated Carbon are shown in table 2.4. 

Table 2.4 Application areas of different activated carbons 

Grade Sector 

Powdered Activated Carbon  

 

Vegetable oils, fats, sugar, water treatments, pharmaceuticals, 

fine chemicals, food products, mining, paper industry, 

municipal waste water.  

Granular Activated carbon Air Purification, chemical and pharmaceutical industry, 

automotive canisters, boiler feed water. Other gas phase 

applications. 

Pelletized Activated Carbon Solvent recovery, catalyst applications. 
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2.4.1. Activated carbon production process  
 

Activated carbons are high surface area porous materials with exceptional adsorptive properties. 

Its application ranges from the treatment of domestic and industrial waters to the production of 

refined sugar, pharmaceuticals, decolorization of petroleum products, purification of vegetable 

oils, etc. The basic raw materials used for production of activated carbon include coal (anthracite 

or brown coal), peat, lignite, wood, nut shells, petroleum coke, coconut shell etc., sometimes also 

synthetic high polymers. Nowadays, great efforts are spent to exploit wastes as a raw material 

(precursor) in activated carbon production. Activated carbon can be produced from a number of 

agricultural by-products. Such precursors are exposed to several activation methods in an effort to 

achieve an activated carbon with the best qualities for a particular application. 

The production of activated carbon involves basically two different steps: carbonization and 

activation (Buchel et al., 2000). 

 

Figure 2.5 Production of activated carbon (Buchel et al., 2000) 
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Activated carbons or porous carbons are obtained through one of two general routes:  

1. Partial gasification of the primary char with steam or carbon dioxide or a mixture of both to 

increase their porosity, or 

2. Chemical activation of the precursor with a chemical like zinc chloride or phosphoric acid.  

Chemical activation offers several advantages, as 

▪ It is performed in one stage, combining carbonization/activation,  

▪ It yields higher carbon products,  

▪ It needs lower temperatures, and  

▪ In most cases part of the added chemicals is easily recovered (Reinoso F.R. and Sabio M.M, 

1998). 

Generally, demand for adsorbents like activated carbon, bentonite and bleaching earth in Ethiopia 

are increasing from time to time for different purposes. Among different purposes bleaching of 

edible oils is one of them. Ethiopia import different bleaching agents from different countries. 

These adsorbents after bleaching are discarded as a result the need for bleaching agent for another 

batch is mandatory. Therefore, there are lots of work to be done on import substitution activities
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Table 2.5 Activated carbon, Bentonite and Bleaching earth import volume 

Year 2013 2014 2015 2016 2017 

Imported items Net wt 

(Kg) 

CFI 

(ETB) 

Net wt 

(Kg) 

CFI 

(ETB) 

Net wt 

(Kg) 

CFI 

(ETB) 

Net wt 

(Kg) 

CFI 

(ETB) 

Net wt 

(Kg) 

CFI 

(ETB) 

Activated 

carbon 

55256 5804450 83745 7691065 107749 9025878 114325 8037662 96854 7421270 

Bentonite 2828377 10041420 2859470 11446230 3114317 15510621 3417809 13940346 3727779 16826124 

Bleaching 

earth 

692,050 11049209 266088 3097754 348254 6676197 530229 10794530 416526 8905979 

Total 

  

3575683 26895079 3209303 22235049 3570320 31212696 4062364 32772539 4241160 33153373 

Source: ERCA (2018) 
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2.4.2. Types of activated carbon product 

 

2.4.2.1. Powdered activated carbon (PAC) 

 

PAC is made up of crushed or ground carbon particles such that 95–100% of it will pass through 

a designated sieve of 0.297mm according to the American Water Works Associations Standard, 

or 0.177mm according to ASTM. PAC is generally produced from wood in the form of sawdust, 

the average particle size of PAC being in the range of 15–25mm. PAC finds wide applications in 

the treatment of both drinking water and wastewater. In wastewater treatment, it is either added to 

activated sludge or is contacted with wastewater in a separate unit. PAC may also act as a coagulant 

for colloidal fractions in the liquid phase. (Çeçen et al., 2011). PAC has also application in 

decolorization of oil pigments in the vegetable oil industries.  

2.4.2.2. Granular activated carbon (GAC) 

 

GAC is usually in the form of crushed granules of coal or shell. GAC may also be prepared by 

granulations of pulverized powders using binders such as coal tar pitch. Unlike PAC adsorptions 

from the liquid phase, the rate-limiting step in GAC adsorptions from the liquid phase often 

becomes the intraparticle diffusions. GAC particles have sizes ranging from 0.2 to 5mm. GAC is 

designated by mesh sizes such as 8/20, 20/40, or 8/30 for liquid phase applications and 4/6, 4/8, 

or 4/10 for vapor phase applications. Particle sizes in the range of 12/42 mesh are advantageous 

for liquid phase adsorptions (Çeçen et al., 2011). 
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2.5. Bleaching process  
 

The function of bleaching is to prepare the oil for subsequent refining steps, and in the case of 

physical refining, preparing oil for physical deacidification. Oils are usually treated with bleaching 

earth after alkali or physical refining and before hydrogenation and final deodorization. However, 

bleaching can be applied at different stages of the edible oil refining operation, for example, after 

water or acid degumming. This step removes impurities such as pigments, soaps, gums, pro-

oxidant metals and the products of decomposition of peroxides which are either dissolved or in 

colloidal suspension. Bleaching is an adsorptive process involving the mass transfer of the 

adsorbate (solute) from solution onto the surface of the adsorbent. When the thermodynamic 

equilibrium between the solution and the adsorbent is reached, the mass transfer ceases. 

Equilibrium is governed by the temperature and pH of the system and the properties of the 

adsorbent and adsorbate. There are several mathematical models that describe the equilibrium 

Langmuir, Brunauer-EmmettTeller, and Freundlich (Neuman & Turgut, 2004). The vegetable oil 

industry uses mainly three types of adsorbents in the bleaching process: clay, activated carbon and 

silica (Dijkstra; Segers, 2007). 

Bleaching generally occurs under vacuum pressure to reduce the quantity of oxidizing agents and 

moisture, and under elevated temperatures to decrease the oil’s viscosity. The process takes 15 to 

30 minutes under a temperature of 80 to 120 °C. Although the use of high temperatures improves 

the kinetics of adsorption, it can also lead to unwanted reactions (Neuman & Turgut, 2004). 
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2.5.1. Adsorbents for the bleaching process of edible oil 

 

Activated carbon  

Raw materials for the production of activated carbon are derived from a variety of carbon 

containing substances. These include coal, coke, saw dust, peat, wood char, coke from coconut 

shells, etc. The activation is carried out by chemical or gas activation. For chemical activation, 

phosphoric acid, zinc chloride or potassium carbonate, amongst others, are used. The process is 

usually done in the temperature range of 400–800 °C. Higher temperatures (800–1000 °C) are 

typical for gas activation. For gas activation air, steam and carbon dioxide are used. During the 

activation a part of the carbon reacts with the processing gas, thus creating an increase in the inner 

surface. Gas-activated carbons, mostly together with bleaching earth, are mainly used for the 

bleaching of fats and oils. 

Naturally active clays 

Naturally active clays possess some bleaching activity. Naturally active clays are comprised of a 

number of layered silicates such as bentonite, palygorskite, hectorite or sepiolite. These minerals 

show a high adsorption capacity, due to their high surface area. Naturally active clays only require 

physical procedures, such as drying or calcining and milling before use. 

 

Activated clays 

Compared to naturally active clays, activated bleaching earths show a much higher activity. In this 

context “activity” is defined as the sum of all properties, which are typical for activated bleaching 

earth. Activated bleaching earth is by far the most common adsorbent for purification and colour 

improvement of fats and oils. Starting material for the production of activated bleaching earth is 

essentially the mineral bentonite. The main component of bentonite is montmorillonite. The 

activation of montmorillonite is usually done with mineral acid (sulphuric or hydrochloric acid) at 

an elevated temperature for a few hours. This treatment greatly increases the specific surface area 

(BET) from an original 40–60 m2/g to about 300 m2/g (250–350 m2/g). Interestingly the maximum 

of decolourisation is not achieved with bleaching earth with the highest specific surface area. The 

optimum amount of acid and the exact conditions for activation depend largely on the raw clays 
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used. The maximum of activity depends also on the type of oil to be bleached. As a result, the 

precise conditions for the activation have to be determined by laboratory tests. After the activation, 

acid and the elements dissolved in it have to be removed by filtration. The elements consist mainly 

of calcium-, aluminium- and iron-ions. The filter cake is washed with water until it is almost 

neutral, dried and milled to obtain the desired particle size distribution. 

Other adsorbents 

Other adsorbents such as alumina, silicic acid, aluminium and magnesium-silicate have been 

proposed. One class of silica gel is very important. This material possesses very little decolouring 

activity but a high activity and selectivity for the adsorption of soap, metal traces and 

phospholipids. Silica gel is produced by treating water glass with diluted sulphuric acid. The 

finished product has a water content of 60 to 70%. The specific surface area is about 800 m2/g. It 

has to be mentioned that synthetic products generally have an advantage over natural products in 

that the former can be practically tailor-made for specific applications. 

Chemical bleaching agents  

In the context of bleaching of fats and oils it is irrelevant to discuss oxidative or reductive bleaching 

of fats and oils. Oxidative bleaching of edible fats is no longer important, whereas reductive colour 

improvement is essential for the hydrogenated fats and oils. 

2.5.2. Bleaching equipment and types of bleaching 

 

In batch bleaching the entire operation is carried out in the same vessel, which allows flexibility 

and easy feedstock change. Operation is also quite simple. However, most of the larger-capacity 

modern bleaching plants are designed as either semi continuous or continuous operations. In 

general, continuous bleaching units are used when large quantities of oil are processed. A 

simplified flow diagram of a batch bleaching operation is provided in Figure 2.6. Bleaching takes 

place in a vacuum vessel equipped with a mixer, heating/cooling coils, and ports for acid, lye, 

water, and adsorbent addition. Oil is pumped into the bleaching vessel through a preheater (heat 

exchanger). 
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Figure 2.6 Flow diagram of a typical batch bleaching operation 

 

 

Double-pipe, plate, and cross-flow heat exchangers are suitable for continuous bleaching 

operations. It is important to note that heat exchangers should be designed with no dead volume, 

which can cause settlement of bleaching earth. Ideally heat exchangers are placed in the system 

before bleaching earth addition or after filtration. 

 

In conventional bleaching, clay is added in one step. However, newer processes use multistep 

addition to reduce the required amount of bleaching clay. Clay addition can be cocurrent or 

countercurrent. During cocurrent bleaching, which is simpler, clay is added to the oil in two 

consecutive stages, with filtration after each stage. The performance of a countercurrent operation 

is better. In this case spent clay from the second stage is used in the first stage. 

The adsorbent is added from the top of the vessel by a screw feeder. Agitation in the reactor 

improves mass and heat transfer and keeps the adsorbent in suspension. Conventional agitated 

vessels require mixers with 50–1000 rpm speed. Reactors with steam sparge and tubular and loop 

reactors do not need an agitator. Steam sparge reactors utilize the turbulence created by the steam 

for mixing. In loop reactors a portion of the oil–bleaching clay mixture is recycled to the reactor 

to provide mixing. Tubular reactor design should provide a laminar flow in the reactor. Mixing in 
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a tubular reactor is achieved by jet like channels, which narrow the flow area and consequently 

create high-velocity turbulent flow.  

Bleaching is normally carried out under vacuum to eliminate oxygen from the environment. 

Vacuum is generated by either steam jet pumps or liquid seal pumps or a combination of the two. 

Liquid seal pumps are more expensive. Ceramic-lined pumps, which are more resistant to abrasive 

bleaching earth, are used for pumping bleaching earth–oil suspension. Wet-bleaching operations 

occasionally require a dryer. Oil flows as a thin film over the baffles, which increase the surface 

area, installed in the dryers. Drying is performed under vacuum.   

 

Dry bleaching: 

 

Dry bleaching is the method traditionally used for fats and oils. Although most common in Europe 

and Asia, it is a process that industry experts throughout the world are familiar with, and provides 

a viable solution in many processing situations. Before it is mixed with bleaching earth, the oil is 

heated. If the process requires it, a citric acid solution is mixed with the hot oil to bind trace metals 

and decompose any residual soaps. After this treatment, the oil is mixed with bleaching earth, 

activated carbon or a mixture of these two. This is done under vacuum to prevent oxidation, and 

in the presence of sparing steam. This process is called dry bleaching, because the bleaching 

reactor operates at a vacuum of about 70torr, which greatly reduces the humidity in the oil. After 

bleaching, the bleaching agent is normally removed using pressure leaf filters. Naturally, the filter 

cake that accumulates here still contains oil. Much of this can be recovered by steam-blowing the 

contents of these filters. 

Wet bleaching: 

 

As the name implies, wet bleaching is a bleaching process in which water is added to the oil while 

it is in contact with the bleaching agent in the bleaching reactor. The presence of small amounts of 

water results in more efficient use of the relatively expensive bleaching earth. This greater 

efficiency results in lower earth consumption as well as reductions of total oil losses. This makes 

wet bleaching an attractive solution on account of the overall economics of the process, even 

though the investment costs are slightly higher. The water present during wet bleaching is 
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introduced in the form of a citric acid solution, or by taking wet oil from the separation line. 

Adjustment is carried out by careful control of the operating vacuum in the bleaching reactor to 

determine how much of the water subsequently evaporates. Even tiny amounts of water – anything 

in excess of 0.5% – remaining in the mixture after this will cause filtration problems later on. The 

oil therefore has to be dried before filtration. In terms of the equipment used, the basic difference 

between wet and dry bleaching installations is therefore whether or not a dryer is located between 

the bleaching reactor and the filtration system. 

 

2.5.3. Mechanism of bleaching operation 

 

Adsorption 

 

Adsorption is a complex chemical process employed in the refining of vegetable oils during which 

oil impurities are removed by adsorbent materials after alkali or before physical refining. 

Bleaching is an adsorptive process. Adsorption is a physical chemical phenomenon that involves 

mass transport of an adsorbate (solute adsorbed) from the solution phase to the adsorbent surface. 

Depending on the chemical and physical properties of both the compounds to be adsorbed and the 

adsorbent, the adsorption process may proceed through the following mechanisms: physical 

adsorption, in which van der Waals forces between molecules hold the adsorbed species on the 

adsorbent; and chemisorption, where a chemical bond is formed between the adsorbate and the 

adsorbent (Khoo et al., 1979). Decomposition and dehydration, or pseudoneutralization of 

peroxides during the oil-bleaching process takes place (Ney, 1964). 

When thermodynamic equilibrium is reached between the solution and the adsorbent, no further 

net adsorption occurs. Equilibrium is governed by the concentrations and properties of adsorbent 

and adsorbate, and the temperature, viscosity, and pH of the system. Several models (i.e., those of 

Langmuir, Brunauer-Emmett-Teller, and Freundlich) have been developed to describe adsorption 

equilibrium. The Freundlich isotherm is widely used to describe vegetable oil adsorption. An 

excellent review on its use in examining adsorption processing of vegetable oils has been published 

by (Proctor & Toro-Vazquez, 1996). The bleaching capacity of an adsorbent and adsorption 
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mechanism are usually described by the parameters K and n, respectively. These parameters are 

defined by the Freundlich equation: 

 

𝑥

𝑚
= 𝐾𝑐𝑛 

 

where x is the amount of solute adsorbed, m the amount of adsorbent, and c the amount of residual 

solute. K is a constant that depends mainly on the surface area of the adsorbent and describes its 

adsorption power, and n is a constant that depends mainly on the adsorption mechanism and the 

type of adsorbate.  

The adsorption capacity of an adsorbent increases with increasing degree of activation (or specific 

surface area). In industry, the term “loading capacity” is used instead of adsorption capacity. The 

loading capacity is defined as the amount of solute adsorbed by 100 g of adsorbent (g/100 g). The 

loading capacity is a function of temperature; therefore, comparisons should be done at constant 

temperature. 

 

Although the adsorption process is fairly complex, the kinetics appears to be quite simple. It has 

been reported that the bleaching process proceeds in two phases. The initial phase involves the fast 

aggregation of particles on the adsorbent surface, forming a coating layer. Then gel-like flocks are 

formed. Flock formation destabilizes the colloidal suspension, causing precipitation. Flocculation 

is the rate determining step in vegetable oil bleaching. The following rate formula, which was 

derived from the data collected from edible oil bleaching experiments Brimberg (1982), describes 

the kinetics of the adsorption process fairly well: 

                                                                      

ln
𝑐

𝑐𝑜
= 𝑘√𝑡 

where t is the time from the addition of adsorbent, c is the adsorbate concentration 

at time t, co is the solute concentration at t = 0, and k is a rate constant. 

 

Absorption: mechanism by which the intra-granular pores are filled with some fluid, mainly oil 

and in turn whatever contaminants came along with it. 
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Filtration: After the bleaching process, oil is filtered and separated from the bleaching clay. Filters 

are very important components of the bleaching operations. Batch units can be run economically 

when two or more reactors are operated in tandem with two separate filters so that the system can 

be operated in semicontinuous mode. Pressure leaf filters are commonly used for filtration of 

bleaching clay.  
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3. Materials and Methods 
 

3.1. Materials  
 

3.1.1. Equipment and instruments 

 

The major equipment used are Muffle furnace, drying oven, desiccator, crucibles, balance 

(EP214C), hot plate magnetic stirrer (WiseStir MSH-D), vacuum filter, pH meter (Jenway 3505), 

Scanning electron microscope (SEM, JSM-IT300), sieve (Retch, AS200), Mortar and pestle (5657 

HAAN), rotary evaporator (RVO 400), centrifuge (UNIVERSAL 320R), FTIR spectrometer, X-

ray diffractometer (Mini Flex powder XRD), UV-VIS spectroscopy, mill (ACHTUNG), plastic 

bag sample holders. The laboratory wares used were measuring cylinder, volumetric flask, beaker, 

conical flask and pipette. 

 

3.1.2. Chemicals and reagents 
 

All the chemicals used in this study are analytical grade. These are 85% Phosphoric acid, 

Potassium hydroxide (KOH), Glacial acetic acid, Ethyl alcohol, Hexane, Phenolphthalein 

indicator, starch soluble, chloroform, sodium thiosulfate, potassium iodide and distilled water were 

used. 

3.2. Methods 
 

3.2.1. Collection, Pretreatment and characterization of peanut shell and Niger seed oil 

samples  

 

3.2.1.1. Collection of neutralized Niger seed oil  

 

Neutralized niger seed oil was collected from Kebelemenie edible oil factory, which is located 

around Sebeta, Ethiopia. 
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3.2.1.2. Peanut shell collection and pretreatment 

 

The raw material peanut shell, was collected from local peanut supplier and sheller factory, located 

around Sululta, Ethiopia. After collection of peanut shell, the shells were washed well with distilled 

water, sun dried for 24h. After the accomplishment of drying, the sample was grounded by milling 

machine (ACHTUNG, Germany). Then the sample was sieved to pass a mesh size screen of 

between (100-325 mesh) or between (0.037-0.149mm). The obtained peanut shell powder (PSP) 

by sieving was further activated with phosphoric acid with different concentration and temperature 

so as to obtain good adsorbent for the bleaching experiments. Pictorial demonstration of the above 

process is shown in Appendix C.    

3.2.1.3. Proximate analysis of peanut shell 

 

The proximate analysis of PS is a means of determining the distribution of products obtained 

when the sample is heated under specified conditions. Proximate analysis (volatile matter 

(ASTM D 3175), ash content (AOAC 923.03, 2016), moisture content (AOAC 930.15, 2016), and 

fixed carbon (ASTM D 3172) of the peanut shell were measured using the method of ASTM 

(ASTM, 2004). Proximate analysis is the most often used analysis for characterizing a material in 

connection with their utilization. 

3.2.1.3.1. Moisture content determination 

 

The moisture content was determined according to (AOAC 930.15, 2016) method. The moisture 

content of the sample was determined by weighing 1.0g of sample into a pre-weighed crucible, Wi 

and drying it in an oven at a temperature of 105 ± 5°C for 16hr in the oven, then cooled in 

desiccator at room temperature, Wf. The crucible weight, Wc was recorded. The percentage 

moisture content was computed as follows: 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
𝑊𝑖 − 𝑊𝑓

𝑊𝑖 − 𝑊𝑐
∗ 100                                                      𝐸𝑞. (3.1) 
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Where:  

Wi = Weight of crucible and sample before drying (g) 

Wf = Weight of crucible and sample after drying (g) 

Wc= Weight of the crucible 

 

3.2.1.3.2. Determination of ash content  

 

Ash is an inorganic residue remaining after the material has been completely burnt at a temperature 

of 650 °C in furnace. It is the aggregate of all non-volatile inorganic elements. About 1.0 g of dried 

sample was weighed into a crucible (W1) and incinerated at 650°C for 3 hrs. in furnace. The 

crucible was cooled in desiccators and reweighed (W2). The % ash content of the sample was 

calculated as follows: 

𝐴𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
𝑊1 − 𝑊2

𝑊1
∗ 100                                                        𝐸𝑞. (3.2) 

 

Where: W1 and W2 = Weight of crucible and sample before and after incineration(g) respectively 

 

3.2.1.3.3. Volatile matter 

 

The volatile matter was determined according to ASTM E872-82 (1998) standard. The crucible 

was weighed and covered and recorded as crucible weight, Wc. 1 g of sample was measured into 

the crucible, covered, weighed the crucible and recorded as initial weight, Wi and incinerated at 

950 ± 20°C for 7 minutes in furnace. This procedure is undertaken without contact with air under 

standardized conditions. The crucible was then cooled in desiccators and reweighed (Wf). The % 

volatile of the sample was calculated as follows: 

 

% 𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑒 𝑚𝑎𝑡𝑡𝑒𝑟 =
𝑊𝑖 − 𝑊𝑓

𝑊𝑖 − 𝑊𝑐
∗ 100                                                                          𝐸𝑞. (3.3) 
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Where 

Wi = Weight of crucible and sample before incineration (g) 

Wf = Weight of crucible and sample after incineration (g)  

Wc = Weight of the crucible (g) 

 

3.2.1.3.4. Determination of fixed carbon content  

 

Fixed carbon is a calculated value and it is the resultant of summation of percentage moisture, 

ash, and volatile matter content subtracted from 100. All percentages shall be on the same moisture 

reference base. The % fixed carbon of the sample was calculated as follow: 

𝐹𝑖𝑥𝑒𝑑 𝑐𝑎𝑟𝑏𝑜𝑛 (%) = 100 − [𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 (%) + 𝑎𝑠ℎ (%) + 𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑒 𝑚𝑎𝑡𝑡𝑒𝑟 (%)]     𝐸𝑞. (3.4) 

 

3.2.2. Preparation of carbonized peanut shell samples and phosphoric acid activated 

peanut shell powder samples 

 

3.2.2.1. Preparation of carbonized peanut shell samples 

 

The aim of preparing carbonized samples at different temperature was to assess the effect of 

carbonization temperature on the yield.  Pretreated peanut shell powder PSP was subjected to direct 

carbonization with the absence of oxygen, at a constant heating rate (10oC/min) and activation 

time (2:00 hrs.) and without applying any type of activating agent to produce simple charcoal. Four 

samples were prepared with varied carbonization temperature 350oC, 400 oC, 500 oC in muffle 

furnace. Among these four samples three of them were 15 g weight and the other one was 30g. 

The need for doubling the mass of the fourth sample was to analyze the effect of increasing the 

mass of the sample on yield. The carbonized PSP samples was cooled at the desiccator and packed 

in air tight plastic bags. Each sample were weighted and designated as C1, C2 C3 C4. 
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3.2.2.2. Preparation of phosphoric acid activated peanut shell powder samples 

 

The chemical activation was carried out according to the method described by Derbyshire et al. 

(1995). Oven-dried and grounded peanut shells was well mixed with a continuous stirring at 

100rpm in a 1:2 (weight: volume) ratio with 85% H3PO4. A fifty-gram 15g of pretreated peanut 

shell powder samples PSP was soaked in different phosphoric acid concentrations of 0.5M, 1.5M, 

3M. These mixtures were allowed to soak for 24 hrs. at room temperature. Then the impregnated 

samples were pack with aluminum foil before insertion in to the muffle furnace. Carbonization 

was taken place in this furnace with the absence of air. In this stage the temperature of the muffle 

furnace was raised with a constant heating rate 10oC/min to the activation temperature of 350, 400 

and 500oC for each sample while activation time was held constant for 2hrs. Temperature and 

phosphoric acid concentrations were varied according to design of the experiment. The carbonized 

peanut shells were cooled in the desiccator.  Then the cooled product was thoroughly washed with 

hot water until the pH of washing solution reached to the neutral pH 7 consequently unreacted acid 

was removed. Vacuum filter was used to separate the solid from the solution. The final drying was 

taken place at drying air oven at a temperature of 110oC for overnight and then grounded and 

sieved. finally, the prepared samples were stored in air tight plastic bags for further experiments. 

Phosphoric acid activated peanut shell powder (PAAPSP) samples were designated as A1, A2, A3, 

A4, A5, A6, A7, A8 and A9. Pictorial demonstration for impregnation and carbonization process is 

shown in Appendix C. 

3.2.3. Investigation of effect of carbonization temperature on char and activated carbon 

 

Effect of carbonization temperature and acid concentration were studied. All char samples C1-C4 

and activated samples A1-A9 were studied. Temperature, particularly the final activation 

temperature, affects the characteristic of the activated carbon produced. Recently, as reported by 

several authors, activation temperature significantly affects the production yield of activated 

carbon and also the surface area of activated carbon (Adib et al., 2015). The temperature used as 

low as 200°C and up high to 1100 °C. The optimum temperatures have been reported to be between 

400°C to 600°C by most of earlier researchers irrespective of the time of activation and 

impregnation ratio for different lignocellulosic raw materials (Srinivasakannan et al., 2004). The 
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activation temperature can affect the yield of the activated carbon continuously. The yield of 

activated carbon was calculated by the equation 3.5. 

%𝑌𝑖𝑒𝑙𝑑 =
𝑊𝑓

𝑊𝑜
∗ 100                                                                          𝐸𝑞. (3.5) 

 

Where: 

Wf = The dry weight of final activated (g). 

Wo = The dry weight of precursor (g). 

 

3.2.4. Proximate analysis of the prepared phosphoric acid activated peanut shell powder 

 

Proximate analysis was conducted to determine moisture content, Volatile content, % ash and 

fixed carbon. 

Moisture content  

Moisture content was determined by oven-drying test method (ASTM D2867 – 09). AC sample 

1g was weighed and dried in a furnace continuously. The crucible and its content were retrieved 

and cooled in desiccators. The difference in weight (ΔW) was recorded and the moisture content 

(MC) calculated from Eq. (3.6) as loss in weight on drying divided by initial weight of carbon 

multiplied by 100. 

𝑀𝐶 =
𝑊𝑜 − 𝑊𝑝

𝑊𝑜
∗ 100%                                                𝐸𝑞. (3.6) 

where  

Wp = weight of Carbon retrieved from the furnace  

Wo= initial dry weight of the AC sample. 
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Volatile content and Ash content 

The percentage of volatile matter of the AC sample was determined by the standard method 

(ASTM D 5832–98) The volatile ash content of activated carbon is the noncombustible residue 

left after burning samples at 900°C ± 10oC for 7min in muffle furnace. Ash content determination 

was done according to the ASTM D 2866-70 method.  

Dry AC sample 1.0g was placed in to a porcelain crucible and transferred into a preheated muffle 

furnace set at a temperature of 650oC±25oC. The furnace was left on for three hours after which 

the crucible and its content was transferred to desiccators and allowed to cool. The crucible and 

content were reweighed and the weight lost was recorded as the ash content of the AC sample 

(Wash). Then the % ash content (dry basis) and %volatile was calculated from equation 3.7 and 3.8 

as shown below. 

𝐴𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡(%) =
𝑊𝑎𝑠ℎ

𝑊𝑜
∗ 100%                                                                      𝐸𝑞. (3.7) 

 

𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡(%) =
𝑊𝑜 − 𝑊𝑎𝑠ℎ

𝑊𝑜
∗ 100%                                                 𝐸𝑞. (3.8)                        

 

Fixed carbon 

 

Fixed Carbon: Fixed Carbon was determined by assuming that the sulphur content was negligible 

in all cases the fixed carbon content (FC) was given as: 

 

𝐹𝐶 = 100% − 𝑀𝐶 − 𝑉𝐶 − 𝐴𝐶                                                                              𝐸𝑞. (3.9) 

 

Where; FC= Fixed Carbon (%), MC= Moisture Content (%), VC=Volatile Content (%), Ash= 

ash content (%) 
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pH 

pH was determined using the standard method ASTM D 3838-80. 1g activated carbon of 

coconut shell sample was put in a conical flask and 100ml distilled water was added to it. 

The mixture was stirred for1hour. pH readings were taken using pH meter.  

Bulk density 

The bulk density of selected PAAPSP was conducted according to ASTM D 2854. The mass of 

empty 10ml graduated cylinder was measured and recorded (mec). Then a known amount of 

PAAPSP was transferred to the cylinder. The cylinder was tamped using rubber pad while the 

sample was being added until there was no further settling produced. After all sample was 

transferred, final mass of the cylinder was weighed (msc) and recorded. Finally, the bulk density 

of PAAPSP was calculated as follows: 

ρ PAAPSP =
(𝑚𝑠𝑐 − 𝑚𝑒𝑐)

𝑉𝑐𝑦𝑙
                                                                     𝐸𝑞. (3.10) 

Where 

ρ PAAPSP = Bulk density of PAAPSP, g/ml 

msc= mass of sample and cylinder, g, 

mec=mass of empty cylinder, g, and 

Vcyl=volume of cylinder, ml. 

 

3.2.5. Experimental design and statistical data analysis on phosphoric acid activation 

process 

 

The main objective of the design of the experiment is to determine the optimum operating 

conditions of the activation process of phosphoric acid activated peanut shell powder, that gives 

maximum bleaching capacity and yield with a model. To do so a general full factorial design was 

used. Phosphoric acid concentration and activation temperatures were chosen as independent 

variables. The design matrix for two variables is varied at three levels (+1, 0, -1). Table 3.1 show 

the experimental factors and levels for the activation process. 



 
2019 

 

Page | 41  

MSc Thesis  

In this study a total of nine phosphoric acid activated peanut shell powder samples were prepared. 

Randomization of experimental runs as well as appropriate analysis techniques were ensured 

through proper utilization of software package ‘Design Expert 11’. Results from the analysis 

helped to make conclusions about the research. 

Table 3.1 Experimental factors and levels for acid activation 

 

Factors 

 

Coded 

factor 

 

Levels 

 

Low (-) 

 

Medium (0) 

 

High (+) 

 

Phosphoric acid concentration (M)  

 

A 

 

0.5 

 

1.5 

 

3 

 

Activation temperature (oC) 

 

B 

 

350 

 

400 

 

500 
 

 

  Conclusion was conducted based on the experimental results 

 

3.2.6. Investigation of effect of activation temperatures and phosphoric acid 

concentrations on the bleaching performances  

 

A series of bleaching experiments of Niger seed oil with the prepared nine adsorbents i.e. 

phosphoric acid activated peanut shell powder samples were carried out. The aim of the experiment 

was to select best adsorbent sample based on bleaching performance among the prepared nine 

samples.  Niger seed oil was also bleached with control sample (BE) to compare the effect of 

bleaching capacity with that of the prepared adsorbents (PAAPSP). Same operating parameters 

were used as shown below for both adsorbents. The process for all samples was conducted at 

selected optimum bleaching parameters according to Ganansambandam and Proctor (1997). The 

selected bleaching temperature was 100oC, bleaching dosage 2% wt. of oil for a bleaching time of 

30min.  Bleaching process was carried out on rotary evaporator RVO 400. 50ml of degummed, 

neutralized Niger seed oil was poured into a 250ml round bottom flask and heated to a of 

temperature 100oC for the reaction on rotary evaporator under continuous stirring at 100rpm. 

When the rotary evaporator reached the set temperature, the phosphoric acid activated peanut shell 

powder samples was added. After the accomplishment of bleaching process centrifugation was 

followed to separate the oil with the adsorbent under 6000rpm for 10min. 
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3.2.6.1. Analysis on the bleaching performance of the bleached oil samples using UV-

Visible spectroscopy  

 

The UV-vis absorption spectra of the unbleached Niger seed oil were acquired by using UV-vis 

spectrophotometer (UVD-3200), at room temperature, by using quartz cells cuvette. The oil 

samples were first diluted in n hexane. 0.1g of oil sample were diluted in 2ml of solvent (Banda-

Cruz et al., 2016). All oil samples the unbleached, control and PAAPSP (A1-A9) bleached samples 

were diluted as mentioned in the above ratio. The spectrophotometer wave length was adjusted in 

the range between 200 and 700nm using n hexane as reference. The analysis was done in duplicate. 

The percentage of oil bleached was calculated as follows: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑐𝑜𝑙𝑜𝑟 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (%𝐶𝑅) =
𝐴𝑏𝑜 − 𝐴𝑏𝑥

𝐴𝑏𝑜
∗ 100                                     𝐸𝑞. (3.11) 

 

Where  

%CR = percentage color reduction, % 

Abo = Absorbance of the unbleached oils, and  

Abx = Absorbance of bleached oils 

The sample which have better percent color reduction was selected for further bleaching 

experiments and sample characterization. 
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3.2.7. Characterization of raw and phosphoric acid activated peanut shell powder 
 

3.2.7.1. SEM 
 

Scanning Electron Microscopy (SEM) technique was employed to observe the surface physical 

morphology of the peanut shell-derived activated carbon. It is a type of microscope which is used 

for visualization of porous structure of a material. Morphological characteristics of the PSP and 

PAAPSP were examined using a JSM-IT300 SEM at accelerating voltage of 20 kV It uses a beam 

of highly energetic electrons to scan a sample and create its image. Electron gun acts as a source 

for electrons here. The electron beam is focused by a pair of condenser lenses made of magnets. 

These magnets are capable of bending the path of electrons. Sample was placed in the sample 

chamber for analysis. The electron beam strikes the sample, get decelerated. It produced a variety 

of signals like secondary electrons, back scattered electrons, diffracted back scattered electrons, 

photons, visible light and heat. The secondary electrons were picked up by the detectors and 

produced the images of the object’s surface on the monitor. The activated carbon sample was 

analyzed in a SEM to visualize the effect of activation on porosity. Further Semi quantitative 

chemical analysis of PSP and PAAPSP was also obtained using an EDS (Acquisition Parameter: 

20.0 kV, probe current 7.47500 nA and energy range 0-20 keV) attached to a SEM. The analysis 

was carried out at Leather Industry Development Institute (LIDI). 

3.2.7.2. XRD analysis 
 

X-ray scattering techniques are a family of non-destructive analytical techniques which reveal 

information about the crystallographic structure, chemical composition, and physical properties 

of materials and thin films. These techniques are based on observing the scattered intensity of an 

X-ray beam hitting a sample as a function of incident and scattered angle, polarization, and 

wavelength or energy. X-ray diffraction yields the atomic structure of materials and is based on 

the elastic scattering of X-rays from the electron clouds of the individual atoms in the system. 

X–ray diffraction (XRD) patterns was recorded with MiniFlex 600 powder x-ray diffractometer 

and structure of activated carbon was determined by X-ray diffraction method using Bruker D8 

Advance X with CuKα radiation, 2θ scan angle varies from 10-60º, scan time is 1 s step, scanning 

angle of 0.03º. 
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3.2.7.3. Fourier transform infrared spectroscopy (FTIR) analysis 
 

The surface functional groups on peanut shell powder and phosphoric acid activated peanut shell 

powder samples were studied by using Fourier transform infrared spectroscopy (FTIR). The FTIR 

analyses were conducted using Spectrum 65 FT-IR (PerkinElmer) in the wave range 4000 - 400 

cm-1 using KBr pellets. The samples were first milled in a ceramic pestle and mortal to powdery 

conditions. The powder was then mixed with KBr particles to make it suitable to infrared analysis. 

The mixture was then pressed to a small thickness, slightly below 1mm, required for FTIR analysis. 

 

3.2.7.4. Percentage crystallinity 
 

The percentage crystallinity was calculated by using the software origin pro 2018 design and 

analysis software. This analysis was conducted after receiving XRD data. Then peaks from the 

XRD data were the major input to calculate crystallinity.  

 

𝐶𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦 =
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝑝𝑒𝑎𝑘𝑠

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑎𝑙𝑙 𝑝𝑒𝑎𝑘𝑠 (𝐶𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 + 𝐴𝑚𝑜𝑟𝑝ℎ𝑜𝑢𝑠)
                                   𝐸𝑞. (3.12) 

 

3.2.8. Investigations of the effects of operating parameters on bleaching performance of 

phosphoric acid activated peanut shell powder on Niger seed oil  
 

3.2.8.1. Bleaching experiment 
 

A series of bleaching experiments of Niger seed oil was carried out with the selected sample (A3) 

among the prepared nine adsorbent samples. The aim of the experiments was to investigate effect 

of operating parameters on the bleaching performance of PAAPSP. To do so 50ml of oil was 

measured and transferred in to a round bottom flask and heated to a temperature of 60oC. Then 

addition of bleaching agent PAAPSP, bleaching temperature and bleaching time was varied 

according to the design of the experiment. The process was carried out on rotary evaporator RVO 

400 under continuous stirring at 100rpm. After the accomplishment of bleaching process 

centrifugation was followed to separate the oil with the adsorbent under 6000rpm for 10min. The 

bleached oil samples were designated as B1-B17. Where the numerical values indicate the run order. 
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3.2.8.2. Experimental design and statistical data analysis on bleaching process 
 

The bleaching experiment of niger seed oil was carried out using Box-Behnken design with three 

factors (PAAPSP dosage percent, the bleaching time and bleaching temperature) and one response 

(%CR). Statistical analysis was carried out to determine correlation coefficients of the model as a 

function of the responses. Optimization of the bleaching parameters was done using the chosen 

PAAPSP sample. A total of 17 randomized experimental runs were conducted. Table 3.2 shows 

experimental factors and levels for the bleaching process. 

 

Table 3.2 Experimental factors and levels for testing bleaching performance 

Factors Coded 

factor 

Levels 

Low (-) Medium (0) High (+) 

Peanut shell derived activated 

carbon / oil ratio (w/v %) 

A 1 2.5 4 

Bleaching temperature (oC) B 90 100 110 

Bleaching time (min) C  20 30 40 

 

In order to compare the bleaching performance of PAAPSP, the bleaching process was also carried 

out using commercially available bleaching earth as control of the experiment. 
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3.2.8.3. Analytical techniques for the determination of physicochemical properties of 

bleached oil 

 

3.2.8.3.1. Percentage color reduction 
 

The percentage color reduction of the oil before and after bleaching was determined using UV-Vis 

spectrophotometer. The oil samples were first diluted in n hexane. 0.1g of oil sample were diluted 

in 2ml of solvent (Banda-Cruz et al., 2016). All samples the unbleached, control and experimental 

samples were diluted as mentioned in the above ratio. The spectrophotometer wave length was 

adjusted in the range between 200 and 700nm using n hexane as reference. The analysis was done 

in duplicate. Then the bleaching capacity of the adsorbent was determined using equation 3.11. 

 

3.2.8.3.2. Peroxide value 
 

The primary products of lipid oxidation are hydroperoxides, which are generally referred to as 

“peroxides”. Peroxides are unstable organic compounds formed from triglycerides. The peroxide 

value is the classical method for determining the extent of oil oxidation (Lawson, 1985; Rossell, 

1983) and measures the formation of intermediate hydroperoxides in milli equivalents of active 

oxygen per kilogram of sample. Hydroperoxides formed by fat oxidation react with iodide ions to 

form iodine, which in turn is measured by titration with thiosulphate. Bleaching causes peroxides 

to decompose, and one measure of the effectiveness of the bleaching process may be the peroxide 

value (Bailey, 1996). The peroxide value of the unbleached and bleached oil samples was 

determined according to AOAC official method 965.33. 

5.00±0.05g of Niger seed oil was weighted into a 250ml Erlenmeyer flask and 30ml acetic acid-

chloroform (3:2) solution was added. 0.5ml saturated potassium iodide solution was added and the 

flask was swirled for 1min until the sample was dissolved and 30ml distilled water was added. It 

was slowly titrated with 0.01N sodium thiosulphate with constant and vigorous shaking. The 

titration was continued until the color is changed to light yellow. 0.5ml 1% soluble starch indicator 

was added which gave blue color, titrating was continued by shaking the flask vigorously near end 

point which was faint blue color to liberated all the iodine from chloroform layer. The sodium 
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thiosulphate was added drop wise until the blue color disappeared. Blank determination was also 

conducted.  

  

𝑃𝑒𝑟𝑜𝑥𝑖𝑑𝑒 𝑣𝑎𝑙𝑢𝑒 =
(𝑉𝑠 − 𝑉𝑏) ∗ 𝑁

𝑊
∗ 1000                                                                   𝐸𝑞. (3.13) 

 

Where: Peroxide value = mEq peroxide per Kg sample 

Vs = Volume of sodium thiosulphate solution (titrant) in milliliter for sample 

Vb = Volume of sodium thiosulphate solution (titrant) in milliliter for blank 

N = Normality of sodium thiosulphate solution  

1000 = Conversion unit (g/kg) 

W = Sample mass (g) 

 

3.2.8.3.3. Acid value and percentage free fatty acid 
 

The FFA, Acid value and peroxide value was determined according to ISO 660:1996 method. The 

acid value (AV) is the number that expresses, in milligrams the quantity of potassium hydroxide 

required to neutralize the free acids present in 1g of the substance. 

Acid value and free fatty acid content of the oil before and after bleaching was determined using 

titrimetric method. 

Reagents: 

✓ Ethyl alcohol: 95% alcohol 

✓ Phenolphthalein indicator solution  

Firstly, phenolphthalein indicator solution of 10g/L was prepared by dissolving 1g of 

phenolphthalein in 100ml of ethanol (95%). Then 0.1N potassium hydroxide stock solution was 

prepared. And allowed to cool and settle in a stoppered bottle for 5 days. 
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5g of oil sample was weighted and transferred in 500ml flask. Then 100ml of hot ethyl alcohol 

and 0.5ml of the phenolphthalein indicator solution was added. After addition of the solution, it 

was titrated immediately while shaking with 0.1N KOH solution until faint pink color persists for 

30sec. finally, AV was calculated by the formula as follows: 

𝐴𝑉 =
(𝑚𝑙 𝑜𝑓 𝐾𝑂𝐻 × 𝑁 × 56.1)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
                                                                                   𝐸𝑞. (3.14) 

Where 

N= the exact normality of KOH solution 

%𝐹𝐹𝐴 = 0.503 × 𝑎𝑐𝑖𝑑 𝑣𝑎𝑙𝑢𝑒 

Where 

%FFA= percentage free fatty acid, mg KOH/g oil 
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4. Results and Discussion  
 

4.1. Proximate compositions of peanut shell 
 

The proximate analysis of the peanut shell powder and activated peanut shell powder was 

conducted according to AOAC and ASTM standard procedures 

Table 4.1 Proximate analysis of peanut shell powder  

Type of analysis Test methods used Results 

Ash % w/w AOAC 923.03, 2016 5.54 

Moisture % w/w AOAC 930.15, 2016 7.50 

Bulk density Okaka & potter 0.38 

Volatile matter ASTM D 3175 74.8 

Fixed carbon ASTM D 3172 12.16 

 

Moisture content: 

The moisture content of the peanut shell powder was conducted in duplicate and found to be 

7.50%.  When compared to the standard values in Table 2.3, it is slightly higher. This was due to 

the variety and type of the collected sample. 

Bulk density: 

The bulk density of peanut shell powder was conducted in duplicate and found to be 0.38.  

Volatile matter 

The result of the volatile matter content of peanut shell powder was found to be 84.8%. 
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4.2. Proximate analysis results of the prepared phosphoric acid activated 

peanut shell powder at optimum condition 
 

The proximate analysis of phosphoric acid activated peanut shell powder at the optimum condition 

(A3) which is a temperature of 350oC and concentration of 3M, was selected for the analysis. The 

proximate analysis was conducted according to ASTM standard procedures. Table 4.2 shows the 

results. 

Table 4.2 Proximate analysis of phosphoric acid activated peanut shell powder 

Type of analysis Test methods used Results 

Ash % w/w ASTM D 2866-70 3.50 

Moisture % w/w ASTM D 2867-09 6.02 

Bulk density ASTM D 2854 0.617g/ml 

Volatile matter ASTM D5832–98 12 

Fixed carbon ASTM (1987) 78.48 

PH ASTM D 3838-80 6.5 

 

The moisture content was found to be 6.02%. Moisture content, according to Aziza et al. (2008) 

has a relationship with porosity (α) of a given carbon. Adsorbent with high moisture content is 

expected to swell less, thus retarding pore size expansion for adsorbate uptake. 

Ash is a measure of inorganic impurities and the ash content was found to be 3.5% which is in 

range of most ash content of agricultural wastes. The ash content and the volatile contents are the 

least. This is due to its high fixed carbon formation which makes a preferred adsorbent. 

The bulk density of the PAAPSP was 0.617g/ml. It played a great role on adsorbate uptake. 

Generally, higher density carbons hold more adsorbate per unit volume. Bulk density has impact 

on adsorbate-retention level by any adsorbent. 

The pH of the produced activated carbon was measured after the accomplishment of washing 

process using pH meter and found to be 6.5, which falls within the range of pH of most agricultural 

by products. Generally, adsorbents with pH of 6-8 are acceptable in most applications.  
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4.3. Yield of phosphoric acid activated peanut shell powder 
 

Percent yield is an important parameter to know the rate of carbonization process. Results for 

percent yield of char and activated carbon during activation conditions are shown in table 4.3 and 

table 4.4. It was observed that the yield of char and PAAPSP samples were varied as the 

temperature of the muffle furnace varies. Inverse relationship between temperature and yield was 

observed. As the carbonization temperature increases the yield becomes decreased. It indicates 

that the release of volatile matter present in biomass.  

The decomposition of two major components (equivalent to approximately 70% of the overall 

mass) in raw PS, namely, hemicellulose 14.7 % and cellulose 40.5%, occurred in the temperature 

range between 250-430 oC and lignin 26.4%, proceeded slowly with temperature between 230–

550oC (Malik et al., 2006).  

For a temperature of 555 oC, most of these two components had been converted to gaseous products 

such as H2O, CO, CO2 and CH4 or stabilized char but the decomposition of another major 

component, lignin, proceeded slowly with temperature in which the yield decreased. The yield 

percentage for variation in carbonization temperature is good agreement with the above statement 

up to 555oC, maximum volatile matter is released due to decomposition of cellulose, hemicellulose 

and lignin, that’s why yield percentage remains almost constant on increase of temperature because 

there is no volatile matter left for release (Chen et al., 2015; Yang, 2007). When compare percent 

yield between char and activated carbon, the yield of PAAPSP was show higher yield. This is due 

to along with temperature concentration of activating agent also a significant effect on yield. 

Therefore, carbonization temperature and concentration play an important role on the yield of 

PAAPSP activated carbon. 

 

From laboratory analysis the carbonization yield was determined as follows: 

𝑌𝑖𝑒𝑙𝑑(%) =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑟𝑎𝑤 𝑠𝑎𝑚𝑝𝑙𝑒 𝑢𝑠𝑒𝑑
∗ 100                                                       𝐸𝑞. (4.1) 

                        

From the equation 4.1; the percentage yield of the modified carbon at different carbonization 

temperatures presented in Table 4.3 and 4.4. 
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Table 4.3  Effect of carbonization temperatures on yield of char 

Run Mass of PSP 

in g 

Carbonization 

temperature 

Mass of PSP 

char, g 

Yield in % 

1 15 350 6.179 41.193 

2 15  400 5.866 39.106 

3 15 500 5.718 38.120 

4 30 400 7.795 38.975 
 

Activation time 2:00hrs and heating rate 10oC/min 

 

Table 4.4 Effect of carbonization temperatures on yield of PAAPSP activated carbon 

Run Mass of PSP 

in gm 

A:  

Conc. of H3PO4 

(M) 

B: Activation 

temperature 

(oC) 

Mass of PSP 

char, g 

Yield in % 

1 15 0.5 350 7.95 53.00 

2 15  1.5 350 8.58 57.22 

3 15 3 350 9.11 60.73 

4 15 0.5 400 7.23 48.20 

5 15 1.5 400 7.85 52.33 

6 15 3 400 8.95 59.73 

7 15 0.5 500 6.33 42.20 

8 15 1.5 500 7.18 47.86 

9 15 3 500 8.48 56.53 

 

From Table 4.3 we observed that all the samples had a low percentage yield after carbonization 

having recorded their yield below 35%. But after chemical activation, the percentage yield was 

very high in all the samples at all temperatures used. Moreover, the yield of carbon in chemical 

activation is usually higher than those in physical activation because the chemical agents used are 

substances with dehydrogenation properties that inhibit formation of tar and reduce the production 

of other volatile products (Shrestha et al., 2012). It could also observe that the percentage yield at 

a higher temperature is lower than at lower temperature even when carbonized at a longer period. 

This is because increase in temperature resulted in more volatile components of the precursor 

materials being lost, and hence a decreasing percentage yield. As seen in the Figure 4.1, the 

carbonization temperature has significant effect.  
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Figure 4.1 Effect of carbonization temperatures on yield of prepared activated carbon 

As shown in the figure 4.2 the final yield is strongly dependent acid concentration and temperature 

during preparation of AC. As the temperature of carbonization increases, the prepared activated 

carbon % yield decreased. 

 

 

Figure 4.2 Relationship between temperature increase and percentage yield of PAAPSP 
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4.4. Characterization results of raw and phosphoric acid activated peanut 

shell powder 
 

Instrumental characterizations were performed after the determination of optimum acid activation 

parameters. The optimum acid activation parameters were a concentration of 3M H3PO4 and a 

temperature of 350oC with activation time of 2hrs.   

4.4.1. SEM results 

 

To study the effect of activation on porosity Scanning Electron Microscopy (SEM) technique was 

employed to observe the surface physical morphology of the PAAPSP activated carbon. Figure 

4.3 shows the SEM micrographs of the PSP before chemical activation and the chemically 

prepared activated carbon. The selected sample for the analysis of SEM were prepared under 

optimum condition (Activated temperature = 350oC, Activation time = 2hr and PSP and 3M H3PO4 

Impregnation ratio = 1:2) 

 

 
                                       A                                                                                        B 

Figure 4.3 Scanning electron micrographs (500x), of peanut shell powder (PSP) before activation 

(A) and phosphoric acid activated peanut shell powder (PAAPSP) activated carbon after 

chemical Activation (B). 
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According to the SEM micrographs the raw material before chemical activation (PSP) does not 

have porous surface, while SEM micrograph of phosphoric acid activated peanut shell powder 

(PAAPSP) activated carbon shows the presence of wide pores which result due to chemical 

activation with acid which is highly corrosive and dehydrating in nature. 

In semi quantitative EDS microanalysis in SEM, the mass fractions and weight percent of 

the elements present in the PSP and PAAPSP was calculated. ZAF method standardless 

quantitative analysis, given in Table 4.5, indicates the presence of silica, alumina, phosphorous, 

carbon and oxygen were detected.  

 

Figure 4.4 ZAF Method standardless quantitative analysis before activation (PSP) 
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Figure 4.5 ZAF method standard less quantitative analysis after chemical activation (PAAPSP) 

Table 4.5 ZAF method standard less quantitative analysis before and after chemical activation 

Element  KeV  Mass% (PSP)  Mass% (PAAPSP) 

C K  0.277 49.39 40.98 

O K  0.525 48.44 44.09 

Al K  1.486 - 0.56 

Si K  1.739 1.91 2.02 

P K 2.013 - 12.35 

Tm L  0.26 - 

Total  -  100% 100% 
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4.4.2. XRD results 
 

MiniFlex 600 powder x-ray diffractometer was used to analyze the crystallinity of the peanut shell 

powder before and after activation. Figure 4.6 and figure 4.7 shows the XRD spectra of PSP and 

PAAPSP. The analysis reveals that there are two peaks for both PSP and PAAPSP. For the case 

of peanut shell powder, the peak 14.60 is associated with polysaccharide structure and the peak 

20.42 is associated with cellulose structure.  

 

Figure 4.6 XRD pattern of PSP 

 

The XRD spectra of the activated carbon illustrated the presence of different alumino silicate 

minerals. XRD result of PAAPSP as shown in figure 4.7, peak at angle 24.11 which revealed the 

presence of crystalline carbonaceous structure. Activation process highly affects the structure of 

the produced activated carbons. With increasing temperature increase in the intensity of the 

amorphos halo peak. Maximum becomed more pronounced and moves to 24.11 degrees, which is 

the characteristics of graphite, which is associated with the processes of graphitization of the 

organic component and the formation of the nanocrystalline structure of the matrix.  
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The sharp peak is produced due to better layer alignment which is the further confirmation of a 

crystalline structure. 

 

 

Figure 4.7 XRD patterns of PAAPSP 

 

4.4.3. Percentage crystallinity result 

 

The percentage crystallinity of the prepared activated carbon was calculated by using the software 

origin pro 2018 design and analysis software and it was found to be 34.96% and the amorphous 

peak was 65.04%. This suggests that a lesser crystallinity favors porosity development, especially 

of mesopores along the activation because the lesser crystallinity allows phosphoric acid to 

penetrate rapidly in to the interior of the lignocellulosic particles.  
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4.4.4. Fourier transform infrared spectroscopy FTIR results 

 

Fourier Transform Infrared Spectroscopy (FTIR) analysis was carried out in order to identify the 

functional groups present in activated carbon. Functional groups of adsorbents not only affect the 

adsorption behavior, but also dominate the adsorption mechanism (Zheng et al., 2014). The peaks 

appearing in the FTIR spectrum were assigned to various functional groups according to their 

respective wave numbers. Figure 4.8 shows the FTIR spectrum for the untreated (PSP) and the 

chemically treated (PAAPSP) spectra peaks representing phenols, carboxyl and carbonyl were 

observed in 3093.95 cm-1, 3093.95 – 1539.26 cm-1, and 1539.26 – 979.88 cm-1, for chemical A.C 

while for the untreated AC the peaks were observed in 3333.14 cm-1, 2924.21 –1456.32 cm-1, and 

1371.45 – 1033.89cm-1, respectively. 

 

Figure 4.8 FTIR results before and after chemical activation process 

 

Activation with acid i.e. phosphoric acid resulted in the decrease of the peaks of the bands.  
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4.5. Bleaching performances of phosphoric acid activated peanut shell 

powder at different activation parameters 
 

Statistical analysis results of activation process, ANOVA, reveals that 2FI terms were effective for 

determination of both percent color reduction and yield of PAAPSP respectively. The result of 

analysis of variance (ANOVA) for 2FI model for percent color reduction is shown in Table 4.6. 

The P values were used as a tool to check the significance of each of the coefficients, which in 

turn are necessary to understand the pattern of the mutual interactions between the test variables.  

The larger the magnitude of F-test value and the smaller the magnitude of P-values, the higher the 

significance of corresponding coefficient.  Values of P less than 0.05 indicate that the model terms 

are significant. In this case, A and B are the significant model terms. 

 The fitness of the model equation was also expressed by the coefficient of determination, R2. The 

adequacy of the model was tested by analysis of variance. The value of R-squared for the 

developed correlation is 0.9467. It implies that 94.67% of the total variation in the 

percentage of color reduction is attributed to the experimental variables studied. The graph of the 

predicted values obtained using the developed correlation versus actual values is shown in 

Appendix B.  

The result of analysis of variance (ANOVA) for the second response i.e. yield with 2FI model is 

shown in Table 4.7. In this case A, B and AB are the significant model terms. The regression model 

obtained was also shown in this table. 
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Table 4.6 Design expert output ANOVA for bleaching capacity 

Response 1: %Color reduction  

ANOVA results of percentage color reduction for 2FI model  

Source Sum of 

Squares 

df Mean 

Square 

F-value p-value 
 

Model 159.19 3 53.06 29.61 0.0013 significant 

A-Temperature 52.69 1 52.69 29.40 0.0029 
 

B-H3PO4 

Concentration 

97.50 1 97.50 54.41 0.0007 
 

AB 11.69 1 11.69 6.52 0.0510 
 

Residual 8.96 5 1.79 
   

Cor Total 168.15 8 
    

 

Fit Summary 

 

Source Sequential 

p-value 

Lack 

of Fit 

p-

value 

Adjusted R² Predicted 

R² 

  

Linear 0.0019  0.8363 0.6613   

2FI 0.0510  0.9147 0.8366 Suggested  

Quadratic 0.4466  0.9170 0.7377   

Cubic 0.8393  0.8246 -5.3691 Aliased  

 

Fit Statistics 

 

Std. Dev. 1.34  R² 0.9467   

Mean 79.50  Adjusted R² 0.9147   

C.V. % 1.68  Predicted R² 0.8366   

   Adeq 

Precision 

15.5968   

Final Equation in Terms of Coded Factors 

%Color 

reduction 

 

= 

     

               +79.43       

                  -2.92 *A      

                 +4.04 *B      

                 +1.67 *AB      

 

Factor coding is Coded. 

Sum of squares is Type III - Partial 
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Table 4.7 Design expert output ANOVA for yield response  

Response 2: Yield of phosphoric acid activated carbon 

ANOVA results of yield of phosphoric acid activated carbon for 2FI model 

Source Sum of Squares df Mean 

Square 

F-value p-value 
 

Model 298.38 3 99.46 145.55 < 0.0001 significant 

A-

Temperature 

92.19 1 92.19 134.91 < 0.0001 
 

B-H3PO4 

Concentration 

198.39 1 198.39 290.32 < 0.0001 
 

AB 10.70 1 10.70 15.65 0.0108 
 

Residual 3.42 5 0.6833   
 

Cor Total 301.79 8    
 

Fit Summary 

Source Sequential p-

value 

Lack 

of Fit 

p-

value 

Adjusted 

R² 

Predicted 

R² 

  

Linear 0.0001  0.9376 0.8631   

2FI 0.0108  0.9819 0.9731 Suggested  

Quadratic 0.4243  0.9830 0.9372   

Cubic 0.5666  0.9836 0.4041 Aliased  

Fit Statistics 

Std. Dev. 0.8266  R² 0.9887   

Mean 53.09  Adjusted R² 0.9819   

C.V. % 1.56  Predicted R² 0.9731   

   Adeq 

Precision 

34.9298   

Final Equation in Terms of Coded Factors 

Yield (AC) =      

            +53.03       

               -3.86 *A      

              +5.76 *B      

              +1.60 *AB      

 

Factor coding is Coded. 

Sum of squares is Type III - Partial 
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4.5.1. Effect of bleaching temperature, bleaching agent dosage and bleaching time on 

percentage color reduction and yield 

 

The bleaching capacity or ability of the prepared adsorbent to bleach the Niger seed oil has shown 

a direct relation with acid concentration but inverse relation with activation temperature. 

Percentage yield of prepared activated carbon was decreased as activation temperature increases 

but increase in acid concentration increased the yield of activated carbon. Similarly, percent color 

reduction was highly affected by the increment of acid concentration and temperature as shown in 

figure 4.9. This is due to the development of pores, structural change along with large amount of 

adsorption site availability of the activated carbon successfully adsorbed color pigments that was 

found on unbleached oil.  

 

Figure 4.9 Effect of activation temperature and concentration on the yield of PAAPSP at temp 

350oC and 3M conc. 
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Figure 4.10 Effect of activation temperature and concentration on percent color reduction at temp 

350oC and 3M conc. 

 

 

4.5.2. Interaction effects of activation parameter on percentage color reduction  

 

The study of the effects of the combinations of two factors were discussed and some 

important results described in the contour diagrams and 3D plot of full factorial design type with 

a 2FI design model is shown below in figure 4.11 and 4.12. There is interaction effect between 

acid concentration and activation temperature on yield due to the degradation of cellulose caused 

by the impregnation and carbonization process. On the other hand, since there is no interaction 

effect on percent color reduction there is no need to discuss.  
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Figure 4.11 3D and contour plot of full factorial design type with a 2FI design model of the 

activation temperature and concentration interaction on yield 

 

 

 

Figure 4.12 3D and contour plot of full factorial design type with a 2FI design model of the 

activation temperature and concentration interaction effect on %Color reduction 
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4.5.3. Optimal acid activation parameters to prepare efficient phosphoric acid activated 

carbon bleaching agent 
 

According to the experimental parameters bleaching capacity varies significantly from 69.93-

85.11% under certain operating conditions. A clear evidence for the judicious choice of the 

parameters range is that the highest bleaching capacity is obtained around 3M acid concentration 

and at 350oC of activation temperature. Considering the other response, highest percent yield is 

also obtained at higher acid concentration and lower temperature. But the main objective of this 

research is to find the optimum activation parameters for the highest performance of bleaching. 

The bleaching parameters were optimized subject to constraint shown in Table 4.8. eighteen   

solutions were found and four of them listed and the solution with the highest desirability was 

chosen. In order to verify the optimization results, the selected parameters were validated in the 

laboratory with suggested values as shown in Table 4.9. The result from the experiments confirmed 

the selected solutions.  

Table 4.8 Optimization constraints and solutions 

Constraints 

Name Goal Lower 

Limit 

Upper 

Limit 

Lower 

Weight 

Upper 

Weight 

Importance 

A: Temperature is in range 350 500 1 1 3 

B:H3PO4 

Concentration 

is in range 0.5 3 1 1 3 

Yield (AC) is in range 42.2 60.73 1 1 3 

%Color reduction maximize 69.93 85.11 1 1 3 

Solutions 

Number Temperature H3PO4 

Concent

ration 

Yield 

(AC) 

%Color 

reduction 

Desirab

ility 

 

1 360.978 3.000 60.730 84.544 0.963  

2 360.093 2.992 60.730 84.543 0.963  

3 359.920 2.991 60.730 84.542 0.963  

4 350.003 2.901 60.730 84.538 0.962 Selected 
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Table 4.9 Validation result for phosphoric acid activated peanut shell powder 

Parameters Model predict Experimental result 

Activation temperature (oC) 350.003 350 

H3PO4 conc. (M) 2.901 3 

Yield (%) 60.730 60.73 

Percentage color reduction (%) 84.538 85.11 

 

After selecting the best activated peanut shell powder sample with high bleaching oil performance 

further bleaching experiments and PSP characterization was conducted. 

4.6. Bleaching performance of selected Phosphoric acid activated peanut 

shell powder on Niger seed oil at different bleaching parameters 
 

Statistical analysis on the bleaching performance of PAAPSP, statistical summary of the design 

and the Experimental design are shown in Appendix B.  Table 4.10 show sequential model sum of 

squares for percentage color reduction of Niger seed. The models were chosen because of their 

high correlation coefficient (actual and adjusted) value as shown in Fit summary. 

Table 4.10 Fit summary and sequential model sum of squares for % Color reduction 

Fit summary  

Source Sequential 

p-value 

Lack of 

Fit p-

value 

Adjusted 

R² 

Predicted 

R² 

 
 

Linear 0.0057 0.2910 0.5158 0.2899 
 

 

2FI 0.8047 0.2018 0.4271 -0.3683 
 

 

Quadratic 0.0199 0.8104 0.7831 0.5850 Suggested  

Cubic 0.8104 
 

0.6942 
 

Aliased  

Sequential Model Sum of Squares [Type I] 

Source Sum of 

Squares 

df Mean 

Square 

F-value p-value  

Mean vs Total 1.215E+05 1 1.215E+05    

Linear vs Mean 91.26 3 30.42 6.68 0.0057  

2FI vs Linear 5.32 3 1.77 0.3289 0.8047  

Quadratic vs 2FI 39.60 3 13.20 6.47 0.0199 Suggested 

Cubic vs Quadratic 2.78 3 0.9264 0.3222 0.8104 Aliased 

Residual 11.50 4 2.88    

Total 1.216E+05 17 7153.67    
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4.6.1. Assessment for significance and accuracy of the model 
 

The Model F-value of 7.42 implies the model is significant. There is only a 0.75% chance that an 

F-value this large could occur due to noise. P-values less than 0.0500 indicate model terms are 

significant. The model terms A, B, B² are significant model terms. Values greater than 0.1000 

indicate the model terms are not significant. Where the term A, B and C represents bleaching 

temperature, PAAPSP dosage and bleaching time respectively. It is understood that varying 

temperature and PAAPSP dosage will have effect on the percentage color reduction of Niger seed 

oil. But bleaching time has no significant effect and interaction effect between all the factors are 

significant. The Lack of Fit F-value of 0.32 implies the Lack of Fit is not significant relative to the 

pure error. There is a 81.04% chance that a Lack of Fit F-value this large could occur due to noise. 

Non-significant lack of fit is good for the model to fit. The significance of the model was tested 

further by plotting the actual experimental values against the model prediction values as shown in 

Appendix B. It can also be observed from the plots that some points lie on the 45˚ line while others 

are not too far from it showing that the model predictive. Normal probability plots of the residuals 

are shown in Appendix B. Since the residuals lie approximately along a straight line, any problem 

was not suspect with normality in the data. 

Table 4.11 Analysis of variance for response surface quadratic model for percent color reduction 

Response: % Color reduction 

Sum of squares is Type III – Partial 
 

Source Sum of 

Squares 

df Mean Square F-value p-value 
 

Model 136.18 9 15.13 7.42 0.0075 significant 

A-Bleaching Temperature 13.24 1 13.24 6.49 0.0383 
 

B-PAAPSP Dosage 77.75 1 77.75 38.11 0.0005 
 

C-Bleaching Time 0.2775 1 0.2775 0.1360 0.7232 
 

AB 0.5256 1 0.5256 0.2577 0.6273 
 

AC 1.12 1 1.12 0.5508 0.4822 
 

BC 3.67 1 3.67 1.80 0.2219 
 

A² 0.9400 1 0.9400 0.4608 0.5191 
 

B² 35.17 1 35.17 17.24 0.0043 
 

C² 4.19 1 4.19 2.05 0.1950 
 

Residual 14.28 7 2.04 
   

Lack of Fit 2.78 3 0.9264 0.3222 0.8104 not significant 

Pure Error 11.50 4 2.88 
   

Cor Total 150.46 16 
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4.6.2. Fit statistics and development of regression model equation  

 

Table 4.12 Fit Statistics  

Std. Dev. 1.43 
 

R² 0.9051 

Mean 84.53 
 

Adjusted R² 0.7831 

C.V. % 1.69 
 

Predicted R² 0.5850    
Adeq Precision 9.3876 

 

The Predicted R² of 0.5850 is in reasonable agreement with the Adjusted R² of 0.7831; i.e. the 

difference is less than 0.2.  Adeq Precision measures the signal to noise ratio. A ratio greater than 

4 is desirable. The ratio of 9.388 indicates an adequate signal. This model can be used to navigate 

the design space. 

The equations generated from the quadratic models for the bleaching operation is shown in 

Equation below. These equations are mathematical representation of the experimental results and 

can be used to determine the bleaching parameters required to achieve a particular color reduction 

of oil prior the experiment.  

 

 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐶𝑜𝑙𝑜𝑟 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (%) = 85.64 + 1.29𝐴 + 3.12𝐵 + 0.1862𝐶 −

0.3625𝐴𝐵 − 0.5300𝐴𝐶 − 0.9575𝐵𝐶 − 0.4725𝐴2 − 2.89𝐵2 + 0.9975𝐶2 

 

4.6.3. Effect of bleaching temperature, bleaching agent dosage and bleaching time on 

percentage color reduction  

 

Figures 4.13-4.15 show the effect of individual parameters on color reduction of the oil. It is 

observed that the bleaching power of the adsorbent and effect of each factor varies from one type 

of oil to the other. Temperature has shown positive effect on the bleaching performance of the oil. 

As temperature increase the percentage color reduction increases. It is also observed that the 

bleaching power increased with the increase temperature up to the value of 110oC. At this 

temperature the bleaching power is greater than 88%. It is not recommended to go beyond 1100C 

because nutritional quality of the oil might be affected and also it is not economical. It is also 

observed that the bleaching power increases with the increase in PAAPSP dosage. High amount 
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of PAAPSP enhances the removal of impurities in oil. The PAAPSP dosage was varied from an 

adsorbent oil ratio of 1% to 4%. However, the results clearly indicate that the bleaching efficiency 

increases to an optimum value from which further increase in the adsorbent dosage has no 

significant effect. From figure 4.15, it can be shown that the bleaching power of the oil is 

insignificantly affected by bleaching time. The percentage color reduction reaches equilibrium 

almost after 20 min. 

 

Figure 4.13 Effect of bleaching temperature on percentage color reduction of the Niger seed oil 

at time 20min and PAAPSP dosage 2.5% 

 

Figure 4.14 Effect of PAAPSP dosage on percentage color reduction of the Niger seed oil at 

temp 110oC and time 20min. 



 
2019 

 

Page | 71  

MSc Thesis  

 

Figure 4.15 Effect of bleaching time on percentage color reduction of the Niger seed oil at 

temperature 110oC and PAAPSP dosage of 2.5% 

 

4.6.4. Interaction effects of bleaching parameters on percentage color reduction  

 

3D response surface plots which are the graphical results of interactive effects are shown 

in Figures 4.16-4.18. The contour plots (others) are shown in Appendix (B). Figure 4.16  

represents the response for the interactive factors PAAPSP dosage and bleaching temperature. It 

is observed that both factors have positive effect for color reduction of the oil. From figure 4.18 it 

is understood that increment in bleaching time was slightly increased the bleaching efficiency but 

not significantly. Most significant factors were found to be bleaching temperature and PAAPSP 

dosage. 
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Figure 4.16 Response surface plot (3D) of temperature and PAAPSP dosage interaction effect at 

time 30min 

 

 

 

 

 

Figure 4.17 Response surface plot (3D) of PAAPSP dosage and bleaching time interaction effect 

at temperature 110oC 
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Figure 4.18 Response surface plot (3D) of PAAPSP dosage and bleaching time interaction effect 

at PAAPSP dosage 2.5% 

 

4.6.5. Optimal parameters to prepare effective phosphoric acid activated peanut shell 

powder bleaching agent  

 

 

The bleaching parameters were optimized subject to constraint shown in Table 4.13. The 

objective is to maximize percentage color reduction. seventy-seven 77 solutions were found and 

the solution with the highest desirability was chosen. In order to verify the optimization results, 

the selected parameters were validated in the laboratory with suggested values as shown in Table 

4.13. The result from the experiments confirmed the selected solutions. 

 

Table 4.13 Optimization constraints for the bleaching process and performance of niger seed oil 

Name Goal Lower Limit Upper Limit 

A:Bleaching Temperature is in range 90 110 

B:PAAPSP Dosage is in range 1 4 

C:Bleaching Time is in range 20 40 

Average absorbance 
 

0.0314 0.0614 

Percentage color reduction maximize 77.59 88.54 
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Figure 4.19 Optimum process conditions for bleaching of Niger seed oil 

 

Table 4.14 Validation result 

Parameters Model predict Experimental result 

Bleaching temperature (oC) 108.37 110 

Bleaching time (min) 20.3932 20 

PAAPSP dosage (%) 3.06414 3 

Percentage color reduction (%) 88.5489 88.02 
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4.6.6. Comparison between phosphoric acid activated peanut shell powder (PAAPSP) 

bleached oil and commercially available bleaching earth bleached oil on their 

percent color reduction 

 

The best phosphoric acid activated peanut shell powder (PAAPSP) activated carbon sample that 

yields maximum percentage color reduction was selected to compare with commercial bleaching 

earth. The niger seed oil was bleached with both adsorbents at similar bleaching conditions. 

Finally, after the accomplishment of bleaching process their percentage color reduction was 

85.54% and 95% respectively. From this we can understand that the commercial bleaching powder 

(bleaching earth) have great bleaching performance than the prepared adsorbent (PAAPSP). On 

the other hand, noticeable and significant color change was observed between PAAPSP bleached 

oil and the unbleached oil. Fig 4.20 illustrates the color difference pictorially. Therefore, from this 

we can understand that activation process was critical for color reduction and it reveals the main 

objective of the study is achieved. 

 

 

Figure 4.20 PAAPSP bleached Niger seed oil and unbleached oil 
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4.7. Analytical experiment results 
 

4.7.1. Acid value and percentage free fatty acid results 

 

The free fatty acid content and acid value of the Niger seed oil was determined before bleached 

and after bleached samples along with controlled sample (BE). Samples bleached with commercial 

bleaching earth shows good reduction of both free fatty acid and acid value than samples that was 

bleached with prepared adsorbent (PAAPSP) as shown in table 4.15. On the other hand, samples 

that was bleached with prepared adsorbent (PAAPSP) has showed good results in terms of free 

fatty acid value, acid value and peroxide value reduction than unbleached oil. therefore, the 

phosphoric acid activated peanut shell powder activated carbon has the ability to remove not only 

pigments but also other impurities. Most importantly from the comparison it was found that peanut 

shells have the potential to be converted to an important bleaching agent. 

 

4.7.2. Peroxide value results 

 

Peroxide value (PV) which is used as an indicator of deterioration of oils was found to be 

3.6±0.01meqs of o2/kg of oil for unbleached niger seed oil, 1.44±0.02 for PAAPSP bleached oil 

and 1.05±0.01 for BE bleached oil. These values indicate that the oils are fresh. This is because, 

the PV is used as an indication of quality and stability of oils and fats, and generally fresh oils 

usually have peroxide values well below 10meq/kg (Vidrih et al., 2010). Among these three oils 

studied PV of BE bleached oil was significantly lower than PV Unbleached and PAAPSP bleached 

oil. It was observed that the prepared adsorbent have significant reduction in PV when compared 

with unbleached oil. Studies using soybean oil indicate that peroxide levels ranging from 1.0-5.0 

meq/kg signify low oxidation; 5.0-10.0 meq/kg signify moderate oxidation; and 10.0meq/kg and 

above signify high levels of oxidation (AOCS, 1998). Accordingly, determined PV of all oils 

investigated was between the ranges 1.0-5.0 meq/kg implying that low oxidation had occurred in 

the oils studied. The result obtained for both BE and PAAPSP bleached edible oils in the study 

were in agreement with the Ethiopian standard value (PV=10 meq/kg) mentioned (CES-20, 2013). 

Peroxide value reduction is due to bleaching effect of the adsorbents used. Table 4.15 below shows 

the PV results obtained from the experiments. 
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Table 4.15 Free fatty acid and acid values 

Oil samples %FFA %AV (mg KOH/g oil) PV (meqo2/kg) 

Before bleached NS oil 2.45 4.90 3.60 

After bleached with PAAPSP NS oil 1.44 2.88 1.44 

After bleached with commercial 

bleaching earth (control) 

0.98 1.96 1.05 

 

%FFA = Percentage free fatty acid 

%AV = Percentage acid value 

PV = Peroxide value 

NS = Niger seed oil 
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5. Conclusions and Recommendations  
 

5.1. Conclusions  
 

Peanut shells, an abundantly available carbonaceous solid waste collected from Sululta, Ethiopia 

were chemically activated by phosphoric acid for the bleaching process of Niger seed oil. The 

activation process was carried out in muffle furnace. The highest bleaching capacity and a model 

for acid activation of PSP were investigated by means of full factorial design. The result presented 

herein provides clear evidence that activation temperature and acid concentration influence greatly 

the bleaching capacity of PAAPSP.  The investigated parameters also exert binary interactions that 

must not be neglected. The experimental data showed that 3M and 350oC are the best parameters 

for activation of PSP. An increase in acid concentration has a significant role in the activation 

process and increase the bleaching efficiency. The effects of acid activation on peanut shell 

structural properties were determined by XRD, FTIR, SEM and EDS. The XRD analysis illustrated 

the presence of crystalline carbonaceous structure and different alumino silicate minerals. The FT-

IR analysis results indicate that only minor differences between the samples could be established. 

However, shift in bands and changes in wavelength numbers and absorbance between the untreated 

and treated samples indicate that chemical transformation would have taken place during chemical 

treatment. The FTIR spectrum for the untreated (PSP) and the chemically treated (PAAPSP) 

spectra peaks representing phenols, carboxyl and carbonyl were observed in 3093.95 cm-1, 3093.95 

– 1539.26 cm-1, and 1539.26 – 979.88 cm-1, for chemical A.C while for the untreated AC the peaks 

were observed in 3333.14 cm-1, 2924.21 –1456.32 cm-1, and 1371.45 – 1033.89cm-1, respectively. 

Changes in surface morphology of peanut shell powder before and after activation were examined 

by scanning electron microscopy which showed well developed pore structure in activated carbon 

demonstrating the effect of chemical activation with H3PO4. Therefore, it can be concluded that 

more pore sites are generated on the peanut shell surface. The maximum bleaching parameters of 

the activated peanut shell powder were investigated and models were developed by utilizing Box 

Behnken design in order to bleach Niger seed oil. The bleaching performance of the PAAPSP were 

determined with respect to bleaching temperature, contact time and PAAPSP dosage. The results 

show that the best temperature, contact time and PAAPSP dosage for optimum bleaching 

conditions are 110°C, 20min and 3% PAAPSP dosage. The maximum percentage color reductions 
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were obtained 88.02%. Reduction of peroxide value, acid value and free fatty acid value were 

observed. The overall results lead to the conclusion that peanut shell can be converted into potential 

adsorbents by optimum acid activation for bleaching of local edible oils. Consequently, the foreign 

currency spent to import activated bentonite clay and bleaching earth will be minimized by the 

utilization of locally available agro-wastes. 
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5.2. Recommendations  
 

This research work was mainly focused on the study of the effect of acid concentration and 

carbonization temperature on the bleaching efficiency, surface characteristics and yield of 

prepared activated carbon for the bleaching process of Niger seed oil. Bleaching of Niger seed oil 

using PAAPSP has a promising potential for the removal of impurities in vegetable oils include 

pigments such as chlorophyll, tocopherol, xanthophyll and carotenoid and other impurities 

peroxides and free fatty acids. But there is a need to undertake further research on the peanut shell. 

The identified and the recommended studies are listed below. 

➢ Since effect of other parameters such as activation time, acid to PAAPSP ratio and 

agitation speed was not studied in the acid activation studies, it is recommended 

that these parameters get studied even though their effects as compared to the others is less 

as observed in literature reviews. 

➢ It is also recommended to give technological advanced alternative method for activation 

procedure of peanut shell powder that results desired product with in short time and safe 

conditions. 

➢ Sludge removal, regeneration and utilization techniques should be studied. 

➢ It is recommended to study the blending effect of PAAPSP with commercially available 

bleaching earth and bentonite.  

➢ Determination of the bleaching capacity using adsorption isotherm models and kinetic 

adsorption in order to examine the controlling mechanism of the adsorption process were 

also suggested. 

➢ It is recommended to perform preliminary design, economic feasibility study and 

establish economic scale for activated peanut shell powder manufacturing unit. 
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Production Process, Benefits and Uses in Pharmaceutical Dosage Form, Soybean and 

Health (Hany El-Shemy, Ed.). 

Zheng X., Jin X., Z. W. and W. L. (2014). Removal of iron and manganese in steel industry 

drainage by biological activated carbon. Desalination and water treatment. 

https://doi.org/10.1080/19443994.2014-963682 

 

 

 

 

 

 

 

 

 

 



 
2019 

 

Page | 87  

MSc Thesis  

Appendices  
 

Appendix A: Experimental results 

 

Table A.1 Moisture content % w/w of PSP 

Sample Initial 

sample 

mass 

m2 (g) m3 (g) (m2-m3) Moisture 

content (%) 

Average 

moisture 

content, % 

1 2g 25.19 25.0402 0.1498 7.49 

7.5% 2 2g 25.19 25.0398 0.1502 7.51 

3 2g 25.19 25.0400 0.1500 7.50 

 

Table A.2 Ash content % w/w of PAAPSP 

Sample Sample 

weight, g 

Crucible 

weight, g 

Weight of 

crucible and 

sample 

Weight of 

crucible and 

sample after 

incineration 

Average ash 

content, % 

1 1g 23.19 24.19 23.343 3.5% 

2 1g 23.19 23.33 23.331 

 

Table A.3 Volatile matter % of PAAPSP 

Sample Sample 

weight, 

g 

wc wi wf wi-wf  wi-wc Volatile 

matter % 

Average 

volatile 

matter % 

1 1g 17.548 18.548 18.428 0.120 1 12.0 

12% 2 1g 17.548 18.548 18.426 0.122 1 12.2 

3 1g 17.548 18.548 18.430 0.118 1 11.8 
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Table A.4 Bulk density of PAAPSP 

Sample Mass of 

sample 

Mass of 

empty 

cylinder, mec 

Mass of 

sample 

and mass 

of empty 

cylinder, 

(mec+ms) 

Volume of 

cylinder 

Vcyl (ml)  

Bulk 

density 

(g/cm3) 

Average 

bulk density 

(g/cm3) 

1 5g 37.070 42.07 8.1 0.617 

0.617g/cm3 2 5g 37.070 42.07 7.9 0.632 

3 5g 37.070 42.07 8.3 0.602 

 

Table A.5  Acid value and FFA determination 

Oil 

Sample 

Mass of 

oil 

sample 

(g) 

Concentration 

of KOH 

solution 

Unbleached oil PAAPSP Bleached oil 

V of 

KOH 

required 

(ml) 

AV 

(mg 

KOH/g 

oil) 

FFA V of 

KOH 

required 

(ml) 

AV 

(mg 

KOH/g 

oil) 

FFA 

Niger 

seed oil 

5g 0.1N 4.37ml 4.90 2.45 2.56ml 2.88 1.44 

   BE bleached oil 

Niger 

seed oil 

5g 0.1N 1.75ml 1.96 0.98    

 

Table A.6 Peroxide value 

Oil 

Sample 

Weight 

of 

sample 

(g) 

Initial 

volume 

of 

titrant 

(ml) 

Final 

volume 

of 

titrant 

(ml) 

Volume 

of titre Vs 

difference 

(Vf-Vi) 

(ml) 

Volume 

of 

titrant 

for 

blank 

Vb(ml) 

Blank 

corrected 

volume 

(Vs-Vb) 

(ml) 

PV mEq 

peroxide/kg 

oil 

Unbleached 

Niger seed oil 

25g 0 4.7 4.7 0.2 4.5 3.60 

PAAPSP 

bleached oil 

25g 4.7 6.7 2.0 0.2 1.8 1.44 

BE bleached 

oil 

25g 6.7 7.6 0.9 0.2 0.7 1.05 
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Table A.7 Wave length absorbance 

Wave length (nm) Absorbance 1 Absorbance 2 Average absorbance 

300 0.386 0.386 0.386 

350 0.123 0.123 0.123 

400 0.087 0.086 0.0865 

450 0.082 0.082 0.082 

500 0.061 0.061 0.061 

550 0.053 0.053 0.053 

600 0.05 0.05 0.05 

650 0.048 0.048 0.048 

700 0.046 0.046 0.046 

 

 

Figure A.0.1 Visible spectra of unbleached Niger seed oil recorded in the range 200-700nm 
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Appendix B: Experimental design output results 

 

Table A.8 Experimental design data for activation process 

Block Run Temperature 

oC 

H3PO4 

Concentration 

M 

Final mass 

(g) 

Yield 

(AC) 

Average 

absorbance 

%Color 

reduction 

Block 1 1 400.00 0.50 7.23 48.20 0.0623 77.23 

Block 1 2 400.00 3.00 8.95 59.73 0.0467 82.95 

Block 1 3 500.00 3.00 8.48 56.53 0.0492 82.02 

Block 1 4 400.00 1.50 7.85 52.33 0.0590 78.44 

Block 1 5 350.00 3.00 9.11 60.73 0.0407 85.11 

Block 1 6 350.00 1.50 8.58 57.22 0.0456 83.34 

Block 1 7 500.00 1.50 7.18 47.86 0.0627 77.09 

Block 1 8 500.00 0.50 6.33 42.20 0.0823 69.93 

Block 1 9 350.00 0.50 7.95 53.00 0.0564 79.41 

Absorbance of unbleached oil = 0.274                                                Agitation speed = 100rpm 

Initial mass of samples = 15g                                                              Powder to acid ratio 1:2 

Activation time = 2hr  
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Table A.9 Design summary for activation process 

 

Build Information    

File Version 11.1.2.0 
  

Study Type Factorial Subtype Randomized 

Design Type Full Factorial Runs 9 

Design Model 2FI Blocks No Blocks 

 

Factors 

Factor Name Unit

s 

Type Min Max Code

d  

Low 

Code

d 

High 

Mean Std. 

Dev. 

 

A Temperature oC Numeri

c 

350.00 500.0

0 

-1 ↔ 

350.0

0 

+1 ↔ 

500.0

0 

416.6

7 

66.1

4 

 

B H3PO4 

Concentratio

n 

M Numeri

c 

0.5000 3.00 -1 ↔ 

0.50 

+1 ↔ 

3.00 

1.67 1.09  

 

Responses 
 

Resp Name Unit

s 

Obs Analysis Min Max Mean Std. 

Dev.  

Rati

o 

Mode

l 

R1 Yield (AC) 
 

9 Polynomi

al 

42.2 60.73 53.40 6.44 1.44 2FI 

R2 %Color 

reduction 

 
9 Polynomi

al 

69.93 85.11 79.50 4.58 1.22 2FI 
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                               (A)                                                               (B) 

Figure A.0.2 Normal probability plots for responses percentage color reduction (A) and Yield 

(B) 
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Table A.10 Experimental design data for bleaching 

Block Run Bleaching 

Temperature 

oC 

PAAPSP 

Dosage 

% 

Bleaching 

Time 

min 

Average 

absorbance 

Percentage 

color reduction 

% 

Block 1 1 110 2.5 20 0.0314 88.54 

Block 1 2 100 4 20 0.0357 86.97 

Block 1 3 100 2.5 30 0.0403 85.29 

Block 1 4 90 2.5 20 0.0432 84.23 

Block 1 5 90 2.5 40 0.0415 84.85 

Block 1 6 110 2.5 40 0.0355 87.04 

Block 1 7 100 4 40 0.0377 86.24 

Block 1 8 100 1 40 0.0481 82.44 

Block 1 9 100 2.5 30 0.0392 85.69 

Block 1 10 100 2.5 30 0.0466 82.99 

Block 1 11 100 2.5 30 0.0354 87.08 

Block 1 12 90 1 30 0.0614 77.59 

Block 1 13 100 1 20 0.0566 79.34 

Block 1 14 100 2.5 30 0.0352 87.15 

Block 1 15 110 1 30 0.0542 80.21 

Block 1 16 110 4 30 0.0377 86.24 

Block 1 17 90 4 30 0.0409 85.07 

Absorbance of unbleached Niger seed oil = 0.274 

Speed of Rotary evaporator = 100rpm  
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Table A.11 Design summary for bleaching of Niger seed oil 

 

Build Information 

 

File Version 11.1.2.0 
  

Study Type Response Surface Subtype Randomized 

Design Type Box-Behnken Runs 17 

Design Model Quadratic Blocks No Blocks 

Build Time (ms) 20.00 

  

  

 

 

Factors 

 

Factor Name Units Type Min Max Coded 

Low 

Coded 

High 

Mean Std. 

Dev. 

 

A Bleaching 

Temperature 

oC Numeric 90.00 110.00 -1 ↔ 

90.00 

+1 ↔ 

110.00 

100.00 7.07  

B PAAPSP 

Dosage 

% Numeric 1.0000 4.00 -1 ↔ 

1.00 

+1 ↔ 

4.00 

2.50 1.06  

C Bleaching 

Time 

min Numeric 20.00 40.00 -1 ↔ 

20.00 

+1 ↔ 

40.00 

30.00 7.07  

 

Responses 

 

Resp Name Units Obs Analys

is 

Min Max Mean Std. 

Dev. 

Rati

o 

M

od

el 

R1 Average 

absorbance 

 
17 Polyno

mial 

0.0314 0.0614 0.0422 0.0083 1.96 Qu

adr

ati

c 

R2 Percentage 

color 

reduction 

% 17 Polyno

mial 

77.59 88.54 84.59 3.04 1.14 Qu

adr

ati

c 
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Figure A.0.3 Normal probability plot 

 

 
Figure A.0.4 Predicted vs. Actual plot 
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Figure A.0.5 Contour plot of PAAPSP dosage and bleaching temperature when bleaching time is 

20min 

 
Figure A.0.6 Contour plot of bleaching temperature and bleaching time when PAAPSP dosage is 

2.5% 
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Figure A.0.7 Contour plot of PAAPSP dosage and bleaching time when bleaching temperature is 

110oC  
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Appendix C: Glimpse view of experimental pictures 

 

                                   
Peanut shells                                                               During sun drying 

 

                   
Milling using ACHTUNG machine                                    Sieve 

                    
Chemical impregnation                                                  Muffle furnace  
 

                        
Vacuum filter                                                 Phosphoric acid activated peanut shell powder 
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Bleaching process                                                        After bleaching 

 

                 
  Centrifuge process                                                    After using centrifuge 

 

               
Uv-vis spectroscopy                                           Some of bleached oil samples at different  

                                                                                            Process conditions 

                      
Research output on selected samples (After bleaching and before bleaching)                                  

A B 
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