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ABSTRACT 
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2014 

56 pages, 43 figures, 35 tables  

Examiners:  Professori Ilkka Turunen 

 DI Jarmo Halttunen 

Keywords: adsorption, animal fat, sepiolite, bentonite 

 

Goal of this thesis was to examine animal fat purification by adsorption. Animal 

fat is food industry by-product and it is also got from unsold food packets. The fat 

contains impurities which must be removed before making biodiesel. Impurities 

examined in this thesis are nitrogen, phosphorus, iron, sodium, calcium and 

magnesium. Used methods were chelating by citric acid and adsorption by two 

adsorbents. The goal was to find out necessary amount of acid and adsorbent and 

examine mechanism of purification. Temperature effect was also investigated. 
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Työn tarkoitus oli tutkia eläinrasvan puhdistusta biodieselin valmistusta varten. 

Eläinrasvaa syntyy elintarviketeollisuuden sivutuotteena ja sitä saadaan myös 

myymättä jääneistä elintarvikkeista. Rasva sisältää epäpuhtauksia, jotka on 

poistettava ennen biodieselprosessia. Tässä työssä tutkittavat epäpuhtaudet ovat 

typpi, fosfori, rauta, natrium, kalsium ja magnesium. Puhdistusmenetelminä 

käytettiin saostamista sitruunahapolla sekä adsorbointia kahdella eri adsorbentilla. 

Tavoitteena oli selvittää riittävä määrä happoa ja adsorbenttia sekä tutkia 

puhdistuksen mekanismia. Lisäksi tarkasteltiin lämpötilan vaikutusta adsorption 

aikana. 
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Ce Equilibrium solution concentration 
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FT-MIR Fourier transform mid-infrared spectroscopy 
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K Constant related to the adsorption energy 
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1 Introduction 

In 2010 animal fat residue potential in Norway was 2.5 tons per 1000 households. 

If EU has same potential, 501 million households could produce 1.25 million tons 

of animal fat residue. It could be converted to 1250 million liters of biodiesel1.  

Animal fat can be used as a raw material in biofuel production. Fats contain 

impurities which must be removed before producing fuel. The important 

impurities in the animal fat are phosphorus, nitrogen, calcium, iron, magnesium 

and sodium. The main interests in this thesis are purification mechanisms of 

phosphorus and nitrogen compounds. The phosphorus exists in organic 

compounds in phospholips and as inorganic compounds. Most of nitrogen is in 

proteins but phospholipids, nucleic acids, amino acids, fatty acids, hemoglobin 

and chlorophyll contain also small fractions of nitrogen. Chlorophyll is from 

plants and it ends up to the animal fat because animals consume those plants.  

Adsorption is one of the purification methods which can be used for removing 

those impurities. Nitrogen removal methods used in waste water treatment are not 

suitable for fats. Clarification between chemisorption, physisorption and ion 

exchange will be examined.  

Main goal of the thesis is to find out information concerning the mechanisms and 

phenomena in purification of animal fat. The mechanism is found out by 

conducting several methods like filtration, adsorption and precipitation. Two 

different adsorbents are used and amounts of adsorbent and citric acid are the 

variables. 
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2 Literature part 

In this chapter properties of animal fat, availability and fat purification are 

examined. 

2.1 Animal fat properties and suitability for fuel 

All oils and greases are classified as lipids and chemically they are triglycerides. 

Oils are considered to be liquid in room temperature and greases and fats are 

solid. Many animal fats are solid in room temperature because saturated fatty acid 

content is higher in animal fats than in vegetable oils.2,3,4 Common properties to 

oils and fats are water-insolubility, hydrophobicity, and solubility in nonpolar 

organic solvents.5 

Traditionally waste animal fat is used in other animal food but disease risk can 

cause problems. Making fuel from waste animal fat is a good alternative. Waste 

animal fat is also more abundant, than for example, frying oils2. When comparing 

to vegetable oils, one disadvantage of animal fat is worse stability to oxidation 

because animal fat does not contain natural antioxidants like vegetable oil.2 

Unsaturated fatty acids are more sensible to oxidation than saturated 

compounds.5,6 

2.2 Animal fat markets and availability 

Animals are raised for food, milk, eggs or wool. Animal fats are by-products of 

those processes. Amount of animal fat increases when production of those 

products increases. In Figure 1 animal fat usage is shown in 2010 and 2011. 

About 66 % of energy use is as biodiesel.7 
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Figure 1. Animal fat amount and usage in 20 EU countries.7 

Table 1 shows animal fat production in Australia. As seen from the table, 

Australia exports 66 % of total animal fat production. Animal fat usage for 

biodiesel and fuel is about 8 % of domestic usage. 

Table 1: Production of animal fats in Australia in 20117 

 
Commodity Production (1000 tonnes) 

Tallow 487.0 

Poultry oil 59.7 

Total production – animal fats 546.7 

Exports 362.2 

Domestic oleochemical and 

industrial 

50 

Domestic edible applications 35.0 

Domestic intensive animal 

production 

40.0 

Domestic aquaculture feeds 18.0 

Domestic pet food 25.0 

Domestic biodiesel and fuel 15.0 

Other 1.5 

 

In Table 2 fractions of different animals are presented. By-products include 

animal parts which are used for pet food, leather manufacture etc. 

Table 2 Average proportion of meat and by-products in different species7 

 
Slaughtered animal Human consumption (%) By-products (%) 

Chicken 68 32 

Pig 62 38 

Cow 54 46 

Sheep/goat 52 48 
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2.3 Animal fat classification and safety 

European Union has regulation 1774/2002/EC for animal by-products and those 

are divided to three categories.8,9 The first category is for high risk by-products. 

High risk by-products mean animals which are suspected to be infected by 

harmful disease like a mad cow disease. Animal fats contaminated by heavy 

metals or persistent organic compounds are also put in this category. These by-

products must not be used in food or feed chain because normal rendering 

methods does not purify fat from those diseases or substances. 

The second category contains medium risk by-products from dead animals. These 

by-products must be handled separately and can be used only in non-eatable 

applications such as fertilizer. The third one is low risk by-products which are 

handled like human consumption products. The by-products from this category 

can be used in, for example, animal food. 

Pathogenic prions can cause biodiesel contamination. However, if the fat is 

treated by sulphuric acid in high temperature the biodiesel is considered safe.5  

Allowed animal fat usage in EU is presented in Tables 3 and 4. UCO is used 

cooking oil. 

Table 3. The permitted uses of different categories in the EU.7 

 

Category Incineration Combustion Oleochemistry Biodiesel 

1 X X X1 X 

2 X X X1 X 

3 X X X1 X 

UCO X X X X 

 

Table 4. The permitted uses of different categories in the EU.7 

 
Category Biogas Fertilizer Feed Pet food 

1 X2    

2 X3 X3   

3 X3 X3 X3 X3 

UCO X    
1 Only for limited purposes (i.e. no cosmetics, no pharmaceuticals, etc.) 
2 After high pressure thermo-hydrolysis, residues must be disposed of 
3 After pressure sterilisation 

Recycled greases can be classified to yellow and brown grease.3,5 Yellow grease 

or used cooking oil is heated animal fat or vegetable oil which is collected from 
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cooking industry. Yellow grease is for example from meat ball or potato chip 

frying and it is collected to tanks. Brown grease is also called as trap grease 

because it is sometimes collected from waste water by traps in restaurants. It is 

emulsion of water and oil and free fatty acid content is usually quite high. 

2.4 Animal fat compositions 

Compositions of the fat depend on animals. Main differences are saturation level, 

water content and free fatty acid level.4 Beef tallow contains 65.52 % saturated 

fatty acids and 34.48 % unsaturated fatty acids. The percentages for poultry fat are 

34.03 % and 65.98 %, respectively.10 

The main components of fats and oils are triacylglycerols (TAGs), 

diacylglycerols, monoacylglycerols, free fatty acids and phospholipids. There are 

also lots of other minor components. Triacylglycerols are trihydric alcohols 

esterified with fatty acids. Differences between TAGs are total carbon number, 

degree of unsaturation and configuration and position of the double bonds of each 

fatty acid. The oil can contain numerous TAGs because there are multiple 

possible fatty acid configurations and microbial metabolism creates more fatty 

acids.11 

Fatty acids can be labelled by several different methods like trivial name or by 

lipid numbers. In lipid numbers first digit is total number of carbon atoms and 

second is amount of double bonds in fatty acid. For example lipid number of 

palmitoleic acid is C16:1 which means 16 carbon atoms and one double bond. 

van Ruth et al. analyzed 36 animal fat samples.11 10 of them were from poultry, 8 

from bovine, 5 from pork, one from ruminant and 12 were mixtures. The most 

abundant TAGs were C52, C54 and C50. 
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Table 5. Triacylglycerols in animal fat samples11 

 

Triacylglycerol Animal fats (n - 36) 

Cholesterol 0.28 ± 0.21 

C24 0.01 ± 0.01 

C26 0.01 ± 0.01 

C28 0.00 ± 0.01 

C30 0.02 ± 0.01 

C32 0.06 ± 0.07 

C34 0.41 ± 0.36 

C36 1.49 ± 1.29 

C38 1.34 ± 1.21 

C40 0.08 ± 0.06 

C42 0.10 ± 0.06 

C44 0.38 ± 0.16 

C46 1.14 ± 0.74 

C48 5.04 ± 2.44 

C50 17.22 ± 2.90 

C52 43.55 ± 6.13 

C54 26.04 ± 5.14 

C56 2.39 ± 0.65 

C58 0.43 ± 0.12 

C60 0.00 ± 0.00 

C62 0.00 ± 0.00 

C64 0.00 ± 0.00 

 

In the Table 6 fatty acid composition is presented. The most common fatty acids 

are C18:1, C16:0, C18:0, C18:2. 
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Table 6. Fatty acids in animal fat samples11 

 

According to other source7, fatty acid composition is presented in Table 7. Poultry 

fat includes chicken, goose and duck. 
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Table 7 Properties of different animal fats7 

 

 

Volatile organic compounds were analyzed by proton transfer mass spectrometry 

(PTR-MS). According to measurements, VOC composition seems to be complex. 

 

 

Figure 2. Volatile organic compounds in animal fat11 

Fat with high free fatty acid (FFA) content is considered as low quality feedstock. 

FFA causes saponification (soap formation) if the fat is used to make biodiesel by 

transesterification.4 FFA content in animal fat is naturally 5 - 30 %. Saponification 
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occurs when alkaline transesterification is used and FFA content is more than 0.5 

%.6 

Iodine value is another measurable criteria of animal fat. Fats with high iodine 

value are less saturated and more sensible for oxidation and less stable.6 Other 

quality factors are water content, insoluble impurities, colour, smell and melting 

point.7 

2.4.1 Measuring animal fat properties 

Multiple methods for fat measurements exist and determining for example free 

fatty acid content is essential.6 American oil Chemists’ Society and Association of 

Analytical Communities have official methods but those methods need time and 

labor and use toxic chemicals. Adewale et. al have investigated Fourier transform 

near-infrared spectroscopy (FT-NIR) for determining iodine value and FFA 

content.6 The method is used for determining physical and chemical properties of 

edible oils and fats. Mid infrared technology (FT-MIR) is also usable but FT-NIR 

is more common in industry. These methods are based electronic radiation 

adsorption. Benefits of FT-NIR are rapid results. Defects are low sensitibility, 

dependence on reference material and difficult calibration. Adewale et. al made 

their experiments with 40 different samples and according to the results FT-NIR is 

fast, easy and accurate method. When determining FFA and iodine value content 

FT-NIR reduces time and chemical reagents are not needed. 

2.5 Impurities in animal fat 

Animal fats contain usually several impurities like salts, phosphorus, sulphur and 

plastics. 

92 wt-% of nitrogen in animal fat exists in proteins. The amount of non-

coagulable and soluble nitrogen increases when cells die. Nitrogen concentration 

in animal fat varies between 5 and 8000 ppm (5 - 8000 mg/kg) and maximum 

allowed concentration in biodiesel is 1 ppm. Water soluble nitrogen is easy to 

remove but oil soluble is difficult.  

Phosphorus exists both in organic and inorganic compounds in the animal fat. 

Phospholipids in animal fat are phosphatidic acid, phosphatidylcholine, 
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phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol and 

lysophosphatidylcholine. There is also sphingomyelin which is sphingolipid.  

Caland et al. have examined metal concentrations in biodiesel made by 

transesterification from bovine animal fat.12  Calcium and sodium have higher 

concentrations than allowed but magnesium and potassium concentrations were 

small. The animal fat is usually stored in carbon steel tanks and corrosion may 

cause iron impurities to the fat. Corrosion depends, for example, on water content 

of fat and storing time. Animal fats contain more water than vegetable oils and 

vacuum drying is usually used to remove water.5 

Polyethylene (PE) is plastic and practically does not exist in animals. However, 

packing of food in polyethylene packages can cause contamination of PE of 

animal fat. During the storage polyethylene particles settle to the bottom of vessel.  

2.6 Purification methods 

2.6.1 Animal fat pretreatment 

Pretreatment can be divided to physical and chemical pretreatments. Physical 

pretreatment consists of moisture and suspended impurities removal and fat 

separation from dead body. Chemical pretreatment means adding chemical to 

make reaction. High free fatty acid content can be reduced by chemical 

pretreatment. 

Waste animal fat is available for example from slaughterhouses and poultry farms. 

First the fat must be separated from meat and bones. The separation can be done 

by melting or by supercritical extraction.10 

Usable fat from slaughterhouse waste can be separated by simple melting in 100 -

110 °C temperature and reduced pressure. Chicken and mutton fat extraction is 

done in 60 °C but for drying the temperature is increased to 110 °C. Part of water 

is also removed during melting and drying can be done by continuing heating. The 

fat is then filtrated to remove suspended impurities. 

Supercritical carbon dioxide extraction for slaughterhouse fat is also possible. 

Taher et al. has used this method for lamb meat and determined parameters. They 

chose different conditions and examined which one of them is best. The process is 
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continuous and the conditions are 45 °C, 500 bar and CO2 flow rate is 3 ml/min. 

They got 87.4 % of total fat extracted.10 

Water in animal fat causes hydrolysis and increases acid value. Dias et al. made 

biodiesel by transesterification and they used pork fat in their experiments.4 The 

raw material was mostly fat but contained residues of skin and meat. Fat 

extraction was done by heating it to above melting point and separating it. The fat 

was filtrated under reduced pressure. The extracted fat was homogenized and 

stored in freezer during experiments. 

Untreated animal fat can cause formation of gum during storage. The gums 

consist mainly of phosphatides but they contain also entrained oil and coarse 

particles. The gums are formed when oil absorbs water and become hydrated and 

insoluble to oil. Water degumming means hydrating the oils and removing gums 

before storage. Degumming can also be done by 60 % orthophosphoric acid and 

the gums are centrifuged away.5 

2.6.2 Acid treatment 

Acid reacts with metals and product is salt which can be removed by centrifuging 

and filtration. 

2.6.3 Adsorption 

During adsorption impurities from fluid are transferred to pores of adsorbent. 

Batch adsorption will end up equilibrium determined by measuring adsorbed 

amount and time. Adsorption percentage can be also plotted to y-axis and time to 

x-axis. When equilibrium is reached, the curve becomes horizontal line. 

The adsorption isotherm is a relation between fluid particles and adsorbent 

particles.  Isotherms may reveal if the adsorption is chemisorption or 

physisorption. In Figure 3 mass of adsorbed particles is in y-axis and 

concentration in fluid phase in x-axis. Linear isotherm means that adsorbed 

amount is proportional to the concentration in fluid. Favorable isotherms mean 

that relatively big amount of solids are adsorbed from low concentration of fluid. 

Unfavorable means poor adsorption because concentration of fluid must be high 
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to reach satisfactory amount of adsorbed solids. In the irreversible isotherm, the 

amount of adsorbent is independent of concentration. 

Hrenović et al. have examined phosphate removal by sepiolite.13 They measured 

Acinetobacter junii immobilization from wastewater. A. junii is phosphate 

accumulating bacteria. They used sepiolite as carrier of bacteria but some of the 

phosphorus was adsorbed to sepiolite. 

 

Figure 3. Adsorption isotherms14  

Tang et al. have examined adsorption kinetics by adsorbing malachite green to 

chitin. Malachite green is dyestuff and dissolved into water.15 

Experimental data can be applied to isotherm such as Langmuir or Dubinin-

Radushkevich isotherm.16 Equation for Langmuir isotherm is 

 
1

𝑞𝑒
=

1

𝑞𝑚
𝐿 +

1

𝐾𝐿𝑞𝑚
𝐿 𝐶𝑒    (1) 

where 

𝑞𝑚
𝐿  saturated monolayer sorption capacity 

Ce equilibrium solution concentration 

qe amount of substance adsorbed at equilibrium 

 KL adsorption equilibrium constant 
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Dubinin-Radushkevich isotherm is more general and equation is 

 𝑞𝑒 = 𝑞𝑚exp(−𝐾𝜀
2)   (2) 

where K constant related to the adsorption energy 

 qm theoretical saturation capacity 

 ε Polanyi potential, RTexp(1+1/Ce) 

and linear form is 

 ln 𝑞𝑒 = ln 𝑞𝑚 − 𝐾𝜀2    (3) 

Mean energy of adsorption can be calculated by equation 

 𝐸 = (−2𝐾)−1/2    (4) 

Energy of adsorption can be used when adsorption mechanism is estimated. Ion 

exchange reactions have value 8 - 16 kJ/mol. 

2.6.3.1 Adsorption mechanism 

Adsorption can be divided to physical adsorption (physisorption) and 

chemisorption.17 In the physical adsorption only weak intermolecular forces are 

present while in chemisorption a chemical bond formation occurs between sorbate 

molecule and a surface of adsorbent. Sometimes there are many intermediate 

cases and always it is not possible to categorize it. Ruthven17 has divided 

properties as presented in Table 8. 

Table 8. Differences of physisorption and chemisorptions 

 
Physical Adsorption Chemisorption 

Low heat of adsorption High heat of adsorption 

Non specific. Highly specific 

Monolayer or multilayer. Monolayer only. 

No dissociation of adsorbed species. May involve dissociation. 

Only significant at relatively low temperatures. Possible over a wide range of temperature. 

Rapid, non-activated, reversible. Activated, may be slow and irreversible. 

No electron transfer although polarization of 

sorbate may occur. 

Electron transfer leading to bond formation 

between sorbate and surface. 
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2.6.3.2 Adsorbents 

Sepiolite is fibrous clay and its molecular formula is Mg4Si4O12 •6H2O. It consists 

from magnesium (16 %), hydrogen (2 %), silicon and oxygen. Sepiolite does not 

swell as much as bentonite. 

 

Figure 4. The crystal structure of sepiolite18 

Bentonite is a layered clay mineral and its composition is 

(Na,Ca)0,3(Al,Mg)2Si4O10(OH)2•nH2O. It contains silicon, oxygen, 10 % 

aluminum and one percent sodium and calcium.  

Both adsorbents can be regenerated after use by washing with naphtha and 

steaming but this may not be usable in industrial scale. Bentonite is soft rock and 

consists mostly of smectite clay mineral montmorillonite. Bentonite is 

inexpensive and widely available. The most important purpose of use is metal 

casting but it is also suitable for adsorbent.19 

Properties of sepiolite can be improved by chemical or heat treatment. Kilislioglu 

and Aras have examined sepiolite adsorption capacity if sepiolite is treated by 

acid or heat.16 They adsorbed uranium from water and used HCl, H2SO4 and heat 

treated sepiolite and natural sepiolite. Heat or acid treatment had effect on surface 

area, micropore volume and average pore diameter. 
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Adsorption energy is usable when determining adsorption mechanism. Kilislioglu 

and Aras measured adsorption energy and mechanism was ion exchange for 

natural and heat treated sepiolite. For acid treated sepiolite driving forces were 

physical attractions. 

2.6.4 Filtration 

Vacuum filtration is suitable separation method for small particles which are not 

removed by centrifuging.  

2.7 Industrial processing 

Rendering can be divided to wet and dry rendering. Rendering processes have 

three goals: water removal, separation raw fat to purified fat and solids and 

reduction of pathogens.7 General flow diagram of wet rendering is presented in 

Figure 5. First the material is crushed and melted. Melting is done in lowest 

possible temperature because high temperature decreases nutritional value. The 

source material is separated to three phases; aqueous phase, fat and solids. 

 

Figure 5. General flow diagram of wet rendering.7 

In the Figure 6 dry rendering flow diagram is presented. 
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Figure 6. General flow diagram of dry rendering.7 

General fat purification process is presented in Figure 7. It consists of acid and 

water adding and adsorption.  

Oils and fats are insoluble to water. Droplet sizes have a large distribution. Water 

droplet size is 500 - 2000 µm, acid droplet 5 - 70 µm and dissolved water 

molecule size about 0.2 µm.  
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Figure 7. General block diagram of bleaching unit. 
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3 Experimental part 

3.1 Experimental plan  

The purified methods used to reveal mechanism for animal fat purification are 

composed of precipitation using citric acid as chelating agent, filtration and 

adsorption using acid activated clays like sepiolite and bentonite. The schematic 

experimental plan is shown in Figure 8. 

 

Figure 8. Experimental plan for animal fat purification. 

 

The experiments are divided into 6 paths. The path number (4), which consists of 

acid treatment by acid and adsorption, is current way used in purification of 

animal fat.  The path numbers (1), (5) and (6) represent experimentions of 

precipitation, adsorption and filtration, respectively. The path number (2) is the 

combination methods of acid treatment followed by filtration in order to observe 

the presence of solid contaminants. The path number (3) is similar to number (4), 

however, precipitate from acid treatment is removed by centrifugation prior 

adsorption of impurities remaining in supernate. Added clay is centrifugally 

removed and filtered out before analysis. More detail will be presented in chapter 

3.2.2. 
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3.2 Experimentation 

3.2.1 Materials 

There were two sources of animal fat; one source of contains nitrogen about 55 

ppm, another one contains about 400 ppm of nitrogen. The low nitrogen sample 

contains low polyethylene (PE) content, 34 mg/kg, approximately. The higher 

nitrogen sample has bigger PE content. Phosphorus and metals concentrations are 

11 - 20 ppm and 0 - 4 ppm, respectively. Reagent grade of citric acid 

monohydrate from Merck KGaA (Darmstadt, Germany) was used in acid 

treatment. The citric acid solution used in experiments was prepared from 50 w-% 

solution. Acid activated clays, sepiolite and bentonite, were used as adsorbents.  

Bleaching earth is a clay from Asia, Europe and United states. It is also known as 

fuller’s earth. The clay is divided to two groups: 1) layered clay (for example 

bentonite) and 2) fibrous clay mineral (for example sepiolite). Clays are inorganic 

oxides and many of their properties are similar with catalyst. The clays have high 

specific surface area and a small amount of clays can adsorb a lot of impurities on 

the surface. 

3.2.2 Methods and equipments  

All experiments were conducted in laboratory in Chemical Department, 

Lappeenranta University of Technology. Animal fat obtained was in the canister 

of 40 liters. Due to ease of use it was divided into glass bottles of one liter. The fat 

must be well mixed because some particles like PE can settle down during 

storage. A glass bottle was heated to 70 °C in an oven for overnight or at least two 

hours before starting experiments. Six different experiments were done as briefly 

described in chapter 3.1. In experiments (1), (2), (3), (4) and (6), a beaker 

containing certain amount of animal fat was placed to the hot plate heating at 70 

°C and air tight cap was put to the top of glass. The cap has a big hole for a high 

shear Ultra Turrax mixer and a small one for a nitrogen line. Nitrogen is injected 

consistently to prevent oxidation. The animal fat was mixed with acid and purified 

water. The amount of acid and water varies on experiments. A picture of this 

setting is presented in Figure 9. 
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Figure 9.  Mixing system of animal fat. 

3.2.2.1 Precipitation  

Experiments (1) and (2) were conducted for studying the precipitation 

mechanism. The precipitation was started by mixing the animal fat with acid and 

water. In this experiment, 300, 800 and 1200 ppm of 50 w-% citric acid 

concentrations were used. Acid was added to 200 g of fat by micropipette and the 

solution was mixed for 10 minutes by the Ultra Turrax mixer at 8000 rpm. Then 

0.2 w-% (400 µl) of distilled water was added and the solution was mixed for 

another 10 minutes. After that, the solution was slowly mixed by a magnetic 

stirring bar at 250 rpm for 5 minutes. The solution was then centrifuged for 30 

minutes at 1900 rpm. The solution was divided following the experimental plan 

presented in Figure 2. From this solution 50 ml was directly put in a sample 

bottle. Another 50 ml of solution was further filtered by vacuum filtration and put 

in a sample bottle. 
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3.2.2.2 Adsorption 

Studying mechanism of adsorption was done in experiments (3), (4) and (5). Clay 

concentrations used to study were 0.1, 0.25, 0.5, 1.0, 1.5 and 2.0 w-%. For 

experiment (3), the adsorption was studied using the degummed fat. Two batches 

of 3.5 kg of animal fat were heated to 60 °C and nitrogen was injected 

consistently. The fat was rapidly mixed with 1200 ppm of 50 wt-% citric acid 

solution for 2 minutes and slowly mixed for 15 minutes. After that, 2 wt-% (70.17 

g) of distilled water was added and mixed for another 2 minutes at high speed and 

60 minutes for slow speed. The degummed fat was then immediately centrifuged 

and was ready for further step. 200 g of degummed fat was taken and the rest of 

the 3.5 kg batch was stored in fridge. 200 g of degummed fat was mixed with 0.2 

wt-% of distilled water for 10 minutes with the Ultra Turrax mixer at 8000 rpm. 

Then the solution was slowly mixed by a magnetic stirring bar for 5 minutes at 

250 rpm. After that, 150 g of the solution and certain amount of clay were added 

into a 500 ml of three-necked flask which was placed in an electromantle bath 

(Digi-Mantle 500). One neck of the round bottom flask was connected with 

condenser to prevent moisture going into the vacuum pump. The experimental 

setup for the adsorption is presented in Figure 10. The adsorption was done at 

temperature of 80 °C and the stirring speed was 270 rpm. The experiment was 

maintained under vacuum (800 mbar) by a vacuum pump for 1 h at which the 

system was at equilibrium. Then the adsorption was continued at 80 mbar under 

pressure for 30 minute. Temperature was adjusted to 105 °C. After that, the 

solution was put into the centrifuge for 30 minutes, filtered and collected for 

analysis. 

The animal fat used in experiment (5) was not degummed, therefore, the solution 

contained no acid solution. In the Experiment (5), 200 g of animal fat was mixed 

with 0.2 wt-% of distilled water. The Experiment (4) is similar to Experiment (3) 

but there is no centrifuging between acid adding and adsorption. 
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Figure 10. Experimental setup for adsorption experiments 

3.2.2.3 Filtration 

Experiment (6) represents study of filtration mechanism using vacuum filtration 

system. 200 g of heated animal fat was filtered through the vacuum filtration 

using membrane filter (Metricel® Membrane Filter 0.45 μm), as shown in Figure 

11. Filtration was done at temperature of 70 °C to prevent fat to be in solid form. 

The filtrate was then collect for analysis.  



23 
 

 

 

Figure 11. Filtration equipment of animal fat 

3.2.3.4 Combination of precipitation and adsorption 

These experiments were done according to experiment (4). The solution was 

firstly mixed with acid and distilled water and clay was then added into the 

solution. The following steps were the same procedure as adsorption experiment. 

The variables studied are the amount of acid, water and clay.  

3.2.3 Sample bottle labeling 

The sample bottles were labeled with a code. First number of the code is 

experiment number. In the experiments 1 and 2, three different acid 

concentrations were used and the samples were labeled as 1A-2C. Adsorption 

experiments 3, 4 and 5 were labeled from 3-A-n to 5-B-n where A means 

Sepiolite and B Bentonite. N refers to number of experiment from 1-9. The sixth 

experiment contained only one experiment and it was labeled as 6.  

3.2.4 Analysis 

Metals were analyzed an inductively coupled plasma mass spectrometry (ICP-

MS). Some samples were sent to phospholipid analysis and concentrations of 20 
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different phospholipids were measured. Most of those 20 phospholipids are below 

detection limit and results are presented from six phospholipids. They are 

phosphatic acids (PA), phosphatidylcholines (PC), lysophosphatidic acids (LPA), 

lysophosphatidylcholines (LPC), lysophosphatidylinositol (LPI) and 

sphingomyelins (SM). 

3.3 Description of experimental series 

3.3.1 Chelating and precipitation 

In this experiment, three citric acid concentrations 300, 800 and 1200 ppm were 

used.  

50 ml of liquid was collected for analysis and numbered as 1A, 1B or 1C. Then 

150 g of fat was measured for experiment 4. The rest of fat were filtrated and 50 

ml of filtrate was collected for analysis and numbered as 2A, 2B or 2C. 

Solid residue from centrifuge bottles was discarded. Cleaning of equipment was 

done by dishwashing liquid. Ultra Turrax mixer and the centrifuge bottles were 

cleaned also by xylene to dissolve solid residue. 

3.3.2 Chelating, precipitation and filtration 

The fat got from previous experiment was filtrated under partial vacuum. If the 

filter paper is clogged, it is changed. The solid residue was discarded and 50 ml of 

filtrate was collected for analysis and numbered as 2A, 2B or 2C. 

3.3.3 Chelating, precipitation, adsorption and filtration 

The experiments were done in two stages. The fat was degummed with 1200 ppm 

of citric acid, cooled and packed to a canister. The centrifuged fat could be 

transported to LUT for adsorption experiments. Six clay concentrations were used 

in those experiments. After experiments, 50 ml filtrate was collected for analysis 

and labeled as 3-A-n or 3-B-n. 

3.3.4 Chelating and adsorption 

150 g of mixture got from first experiment was transferred to three-necked flask 

and adsorbent was added. After adsorption the liquid was centrifuged and 

filtrated. Centrifuging is needed to remove clay and filtration removes the 
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remaining solid impurities. 50 ml of filtrate was collected and labeled as 4-A-n 

and 4-B-n. 

3.3.5 Adsorption 

During this test acid adding will not be done and the sample is put to the 

adsorption column. Two clays and six clay concentrations were used. 12 

experiments were done. Clay concentrations were 0.1, 0.25, 0.5, 1.0, 1.5 and 2.0. 

Clays were labeled A for Sepiolite and B for Bentonite. 50 ml of filtrate was 

collected for analysis. Liquid was put a 50 ml brown glass bottle and solid residue 

was discarded 

3.3.6 Filtration 

Filtration is very slow and if it stops the filter paper had to be replaced. Filter 

papers were discarded and the filtrated liquid was ready to analyzing. Filtrate 

bottle must also be on the hot plate (70 °C) to prevent fat to alternate solid. 

In this experiment only one test was done. 200 g fat was heated to 80 °C with 

nitrogen and filtrated. 

  



26 
 

 

4 Results and discussion of the experiments 

4.1 Chelating and precipitation 

The results of first series are presented in the next chapter with results of second 

series. 

4.2 Chelating, precipitation and filtration 

Results of acid adding and centrifuging are presented in Figures 12 - 13 and Table 

9 - 10. Nitrogen removal is not effective without adsorption. 

 

Figure 12. Effect of acid concentration to removal of nitrogen 

 

In Figure 13 phosphorus removal is much better when fat is filtrated. If it is not 
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Figure 13. Effect of acid concentration to removal of phosphorus 

Metal concentrations are small and some results are below detection limit. Results 

are presented in the Tables 9 and 10. 

Table 9. Amount of elements (mg/kg) in feed sample and acid treated samples. 

 

Acid (ppm) Filtration N Fe Na Ca Mg P 

Feed Feed 55 3.2 3.9 4.1 0.5 12.6 

300 No 51 2.2 3.3 2.2 0.4 9.2 

800 No 50 1.5 2.4 <0.3 0.3 7.1 

1200 No 42 1.2 1.7 1.7 <0.3 6 

300 Yes 47 0.1 <1.0 <0.3 <0.3 2.4 

800 Yes 47 <0.1 <1.0 <0.3 <0.3 2.4 

1200 Yes 42 0.2 <1.0 0.3 <0.3 2.1 

 

Neither experiment has strong effect to nitrogen but filtration after acid treatment 

decreases metal concentration and especially phosphorus concentration. 

Table 10. Percentage of removed elements 

 

Acid (ppm) Filtration N Fe Na Ca Mg P 

300 No 7 31 15 46 20 27 

800 No 9 53 38 80 40 44 

1200 No 24 63 56 59 >40 52 

300 Yes 15 97 >74 >93 >40 81 

800 Yes 15 >97 >74 >93 >40 81 

1200 Yes 24 94 >74 93 >40 83 
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Phospholipids are presented in Tables 11 and 12. 

Table 11. Amount pf phospholipid in mg/kg 

 

      Amount of  acid 800 ppm 

and 

filtration   Feed  300 ppm 800 ppm 1200 ppm 

Phosphatic acids 0.11 0.02 0.03 0.01 0.03 

Phosphatidylcholines 1.1 0.22 0.18 0.03 0.01 

Lysyphosphatic acids 0.59 0.14 0.24 0.1 0.14 

Lysyphosphatidylcholines 0.96 0.28 0.37 0.18 0.01 

Lysophosphatidylinositol 0.41 0.03 0.04 0.01 <0.01 

Sphingomyelins 0.7 0.16 0.19 0.16 <0.01 

Total phosphorus 12.9 6.1 7.1 6 2.4 

 

Table 12. Removed % of phospholipids 

 

 Amount of acid 800 ppm 

and 

filtration Phospholipid  300 ppm 800 ppm 1200 ppm 

Phosphatic acids 82 73 91 73 

Phosphatidylcholines 80 84 97 99 

Lysyphosphatic acids 76 59 83 76 

Lysyphosphatidylcholines 71 61 81 99 

Lysophosphatidylinositol 93 90 98 >98 

Sphingomyelins 77 73 77 >99 

Total phosphorus 53 45 53 81 

 

4.3 Chelating, precipitation, adsorption and filtration 

In Figure 14 nitrogen concentration after adsorption are compared to degummed 

sample. In some samples phosphorus concentration is below detection limit and 

the results are presented in the Tables 13 and 14. Comparison to raw fat is done in 

chapter 4.4. 
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Figure 14. Removed nitrogen after adsorption when fat was degummed. 

 

 

Figure 15. Removed phosphorus after adsorption when fat was degummed. 
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Metal concentrations are very small after degumming and all sodium, calcium and 

magnesium concentrations are below detection limits. 

Table 13. Amount of elements (mg/kg) 

 
Clay amount 

(wt-%) Clay type N Fe P 

Degummed 

feed 50 0.7 2.7 

0 None 52 0.5 2.8 

0.25 Sepiolite 42 0.3 0.8 

0.5 Sepiolite 37 <0.1 <0.6 

1 Sepiolite 29 <0.1 <0.6 

1.5 Sepiolite 23 <0.1 <0.6 

2 Sepiolite 22 <0.1 <0.6 

0.1 Bentonite 43 0.5 1.8 

0.25 Bentonite 41 0.4 1 

0.5 Bentonite 36 0.3 0.6 

1 Bentonite 28 <0.1 <0.6 

1.5 Bentonite 24 <0.1 <0.6 

2 Bentonite 21 <0.1 <0.6 

 

Table 14. Percentage of removed elements  

 
Clay 

amount 

(wt-%) Clay type N Fe P 

0 None 0 29 0 

0.1 Sepiolite 6 29 41 

0.25 Sepiolite 16 57 70 

0.5 Sepiolite 26 >57 >78 

1 Sepiolite 42 >57 >78 

1.5 Sepiolite 54 >57 >78 

2 Sepiolite 56 >57 >78 

0.1 Bentonite 14 29 33 

0.25 Bentonite 18 43 63 

0.5 Bentonite 28 57 78 

1 Bentonite 44 >57 >78 

1.5 Bentonite 52 >57 >78 

2 Bentonite 58 >57 >78 

 

Isotherms of nitrogen and phosphorus adsorption are presented in Figures 16 and 

17. 
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Figure 16. Nitrogen isotherm when degummed fat was purified by adsorption 

 

Figure 17. Phosphorus isotherm when degummed fat was purified by adsorption 

 

4.3.1 Comparison between high and low PE fat 

Series three was done first with fat of high polyethylene content but one goal was 

to find out how high PE concentration affects to purification. Concentrations of 

nitrogen and phosphorus were about 50 mg/kg and 2.7 mg/kg in animal fat 

containing low amount of PE. In animal containing high amount of PE, 

0

0,001

0,002

0,003

0,004

0,005

0,006

0,007

0,008

0 0,01 0,02 0,03 0,04 0,05

m
(N

)*
m

(f
at

)/
m

(c
la

y)
, 

-

m(N)*m(fat)/ρ(fat), mg/ml

Sepiolite

Bentonite

0

0,0002

0,0004

0,0006

0,0008

0,001

0,0012

0 0,0005 0,001 0,0015 0,002

m
(P

)*
m

(f
at

)/
m

(c
la

y)
, 

-

m(P)*m(fat)/ρ(fat), mg/ml

Sepiolite

Bentonite



32 
 

 

concentrations of nitrogen and phosphorus were 428.8 mg/kg and 19.6 mg/kg, 

respectively. 

As seen in Figures 18 - 19 and Tables 15 - 16, both nitrogen and phosphorus 

removal are better in low PE fat. However, this does not necessarily mean that 

polyethylene has an effect on purification process because difference in initial 

concentration of nitrogen is significant. 

 

Figure 18. Nitrogen removal when degummed fat was adsorbed by sepiolite. 

 

 

Figure 19. Nitrogen removal when degummed fat was adsorbed by bentonite. 
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Table 15. Amount of nitrogen and phosphorus (mg/kg) in fat 

 
Clay  

(wt-%) Clay type 

N 

(high PE) 

N 

(low PE) 

P 

(high PE) 

P 

(low PE) 

Degummed 

feed 428.75 50 19.625 2.7 

0 None 460 52 18.8 2.8 

0.1 Sepiolite 400 47 15.3 1.6 

0.25 Sepiolite 390 42 10.2 0.8 

0.5 Sepiolite 360 37 6.6 <0.6 

1 Sepiolite 320 29 2.9 <0.6 

1.5 Sepiolite 290 23 1.1 <0.6 

2 Sepiolite 260 22 <0.6 <0.6 

0.1 Bentonite 370 43 16.2 1.8 

0.25 Bentonite 440 41 12 1 

0.5 Bentonite 420 36 7.7 0.6 

1 Bentonite 390 28 4.1 <0.6 

1.5 Bentonite 360 24 2.4 <0.6 

2 Bentonite 340 21 1.1 <0.6 

 

Table 16. Percentage of removed elements 

 
Clay  

(wt-%) Clay type 

N  

(high PE) 

N  

(low PE) 

P  

(high PE) 

P  

(low PE) 

0 None 0 0 4 0 

0.1 Sepiolite 7 6 22 41 

0.25 Sepiolite 9 16 48 70 

0.5 Sepiolite 16 26 66 >78 

1 Sepiolite 25 42 85 >78 

1.5 Sepiolite 32 54 94 >78 

2 Sepiolite 39 56 >97 >78 

0.1 Bentonite 0 14 17 33 

0.25 Bentonite 0 18 39 63 

0.5 Bentonite 2 28 61 78 

1 Bentonite 9 44 79 >78 

1.5 Bentonite 16 52 88 >78 

2 Bentonite 21 58 94 >78 

 

4.3.2 Temperature effect 

Studies of temperature effect on adsorption were done with animal fat containing 

high amount of PE. 
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Figure 20. Effect of temperature to nitrogen and phosphorus adsorption when 

degummed fat was purified with 1 w-% of sepiolite. 

 

 

Figure 21. Effect of temperature to nitrogen and phosphorus adsorption when 

degummed fat was purified with 2 w-% of sepiolite. 
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4.4 Chelating and adsorption 

The results of fourth series are shown in the Tables 17 and 18.  

Table 17. Amount of elements (mg/kg) 

 
Acid 

(ppm) 

Clay  

(wt-%) Clay type N Fe Na Ca Mg P 

 

Feed average  

(non-degummed)  55.8 3.2 3.6 4.0 0.5 12.0 

300 0 None 51 0.9 1.4 0.9 <0.3 5.2 

800 0 None 51 <0.1 <1.0 <0.3 <0.3 2.5 

1200 0 None 47 <0.1 <1.0 <0.3 <0.3 3.2 

300 0.1 Sepiolite 44 <0.1 <1.0 <0.3 <0.3 2 

1200 0.1 Sepiolite 47 0.2 <1.0 <0.3 <0.3 2.6 

300 0.5 Sepiolite 34 <0.1 <1.0 <0.3 <0.3 1 

1200 0.5 Sepiolite 35 <0.1 <1.0 <0.3 <0.3 1.2 

300 2 Sepiolite 49 0.2 <1.0 <0.3 <0.3 2.7 

1200 2 Sepiolite 27 <0.1 <1.0 <0.3 <0.3 <0.6 

800 0.1 Sepiolite 43 <0.1 <1.0 <0.3 <0.3 1.3 

800 0.5 Sepiolite 34 <0.1 <1.0 <0.3 <0.3 <0.6 

800 2 Sepiolite 22 <0.1 <1.0 <0.3 <0.3 1.4 

300 0.1 Bentonite 46 0.3 <1.0 0.3 <0.3 2.4 

1200 0.1 Bentonite 49 <0.1 <1.0 <0.3 <0.3 2.2 

300 0.5 Bentonite 40 0.2 <1.0 <0.3 <0.3 1.2 

1200 0.5 Bentonite 40 <0.1 <1.0 <0.3 <0.3 0.7 

300 2 Bentonite 24 <0.1 <1.0 <0.3 <0.3 1.5 

1200 2 Bentonite 27 <0.1 <1.0 <0.3 <0.3 <0.6 

800 0.1 Bentonite 49 0.4 <1.0 0.3 <0.3 2.6 

800 0.5 Bentonite 40 <0.1 <1.0 <0.3 <0.3 1.4 

800 2 Bentonite 24 <0.1 <1.0 <0.3 <0.3 0.7 
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Table 18. Percentage of removed elements 

 
Acid 

(ppm) 

Clay    

(wt-%) Clay type N Fe Na Ca Mg P 

300 0 None 9 72 61 78 >44 57 

800 0 None 9 >97 >72 >93 >44 79 

1200 0 None 16 >97 >72 >93 >44 73 

300 0.1 Sepiolite 21 >97 >72 >93 >44 83 

1200 0.1 Sepiolite 16 94 >72 >93 >44 78 

300 0.5 Sepiolite 39 >97 >72 >93 >44 92 

1200 0.5 Sepiolite 37 >97 >72 >93 >44 90 

300 2 Sepiolite 12 94 >72 >93 >44 78 

1200 2 Sepiolite 52 >97 >72 >93 >44 >95 

800 0.1 Sepiolite 23 >97 >72 >93 >44 89 

800 0.5 Sepiolite 39 >97 >72 >93 >44 >95 

800 2 Sepiolite 61 >97 >72 >93 >44 88 

300 0.1 Bentonite 18 91 >72 93 >44 80 

1200 0.1 Bentonite 12 >97 >72 >93 >44 82 

300 0.5 Bentonite 28 94 >72 >93 >44 90 

1200 0.5 Bentonite 28 >97 >72 >93 >44 94 

300 2 Bentonite 57 >97 >72 >93 >44 88 

1200 2 Bentonite 52 >97 >72 >93 >44 >95 

800 0.1 Bentonite 12 87 >72 93 >44 78 

800 0.5 Bentonite 28 >97 >72 >93 >44 88 

800 2 Bentonite 57 >97 >72 >93 >44 94 

 

 

Phospholipids are presented in Tables 19 and 20. Phosphatidylcholines, 

lysophosphatidylcholines, lysophosphatidylinositol and sphingomyelins are below 

detection limit. 

Table 19. Phospholipids 

 

  

800 ppm, 

0.5 wt-% 

sepiolite 

800 ppm, 

0.5 wt-% 

bentonite 

Phosphatic acids 0.03 0.06 

Phosphatidylcholines <0.01 <0.01 

Lysyphosphatic acids 0.05 0.09 

Lysyphosphatidylcholines <0.01 <0.01 

Lysophosphatidylinositol <0.01 <0.01 

Sphingomyelins <0.01 <0.01 

Total phosphorus <0.6 1.40 
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Table 20. Phospholipids removal in w-% when fat was treated by 800 ppm citric 

acid and 0.5 wt-% of clay. 

 

  

800 ppm, 

0.5 % 

sepiolite 

800 ppm, 

0.5 % 

bentonite 

Phosphatic acids 73 45 

Phosphatidylcholines >99 >99 

Lysyphosphatic acids 92 85 

Lysyphosphatidylcholines >99 >99 

Lysophosphatidylinositol >98 >98 

Sphingomyelins >99 >99 

Total phosphorus >95 89 

 

 

In the fourth series both acid and clay are used. Difference between third and 

fourth series is that the fat was not centrifuged between acid adding and 

adsorption. The results of fourth series are presented with results of third and fifth 

series. In the Figures 22 - 25 the results of fourth series which are treated with 

1200 ppm citric acid are presented with results of third series. Both results are 

compared to original raw fat instead of degummed fat. The results of fourth series 

with 300 ppm and 800 ppm acid are presented in chapter 4.5.1 with results of the 

fifth series. 

 

In the Figure 17 used adsorbent was sepiolite and nitrogen removal is shown in 

percents. If sepiolite concentration is 2 wt-% centrifuging improves nitrogen 

removal from 52 % to 61 %. Otherwise centrifuging between acid adding and 

adsorption has little effect and may not be necessary. 
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Figure 22. Removal of nitrogen when acid concentration is 1200 ppm and 

sepiolite concentration is in x-axis. 

 

In the Figure 23 centrifuging effect is examined to phosphorus removal by 

sepiolite. Centrifuging effect is very small and it can be assumed that centrifuging 

before adsorption is unnecessary. The current method in industrial scale is 

purification without centrifuging between acid adding and adsorption and adding 

that step would be waste of resources.  

 

Figure 23. Removal of phosphorus when acid concentration is 1200 ppm and 

sepiolite concentration is in x-axis. 
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Figure 24. Removal of nitrogen when acid concentration is 1200 ppm and 

bentonite concentration is in x-axis. 

 

 

Figure 25. Removal of phosphorus when acid concentration is 1200 ppm and 

bentonite concentration is in x-axis. 
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Table 21. Results of adsorption without acid (mg/kg) 

 
Clay    

(wt-%) Clay type N Fe Na Ca Mg P 

 Feed 55.8 3.2 3.6 4 0.5 12 

0 None 49 2.1 3.3 2.2 0.4 8.8 

0.1 Sepiolite 42 2 2 2.1 0.3 6 

0.25 Sepiolite 38 1.7 1.1 1.9 0.3 4.6 

0.5 Sepiolite 34 1.3 <1.0 1.4 <0.3 3.2 

1 Sepiolite 29 0.1 <1.0 0.3 <0.3 <0.6 

1.5 Sepiolite 29 0.1 <1.0 0.3 <0.3 <0.6 

2 Sepiolite 20 <0.1 <1.0 <0.3 <0.3 <0.6 

0.1 Bentonite 48 2.2 2.4 2.1 0.4 7.4 

0.25 Bentonite 45 2.1 1.8 2 0.3 6 

0.5 Bentonite 41 1.8 1.4 1.8 0.3 4.6 

1 Bentonite 32 1.5 <1.0 1.6 0.3 3.3 

1.5 Bentonite 33 1.2 <1.0 1.2 <0.3 2.9 

2 Bentonite 28 1.1 <1.0 1.1 <0.3 2.6 

 

Table 22. Percentage of removed elements 

 
Clay    

(wt-%) Clay type N Fe Na Ca Mg P 

0 None 12 34 8 45 26 27 

0.1 Sepiolite 25 37 44 48 44 50 

0.25 Sepiolite 32 47 69 53 44 62 

0.5 Sepiolite 39 59 >72 65 >44 73 

1 Sepiolite 48 97 >72 93 >44 >95 

1.5 Sepiolite 48 97 >72 93 >44 >95 

2 Sepiolite 64 >97 >72 >93 >44 >95 

0.1 Bentonite 14 31 33 48 26 38 

0.25 Bentonite 19 34 50 50 44 50 

0.5 Bentonite 27 43 61 55 44 62 

1 Bentonite 43 53 >72 60 44 73 

1.5 Bentonite 41 62 >72 70 >44 76 

2 Bentonite 50 65 >72 73 >44 78 
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From the Figure 26 could be seen that the bigger clay concentration, the better 

nitrogen removal. Sepiolite seems to be more effective than bentonite.  

 

Figure 26. Percentage of nitrogen removal. 
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limit. 

 

Figure 27. Percentage of phosphorus removal. 
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Iron removal is almost complete with sepiolite concentration 1 % and 1.5 %. With 

2 % concentration of sepiolite removal is complete. Bentonite is not so effective. 

 

Figure 28. Percentage of iron removal. 

 

Sodium seems to be easy to remove. Total removal is achieved with 0.5 % of 

sepiolite and 1 % of bentonite. 

 

Figure 29. Percentage of sodium removal. 
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Figure 30. Percentage of calcium removal. 

Concentrations of metals are very small and difficult to measure accurately. 

Magnesium can be removed completely with 0.5 % of sepiolite or 1.5 % of 

bentonite. 

 

Figure 31. Percentage of magnesium removal. 
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Sepiolite is more effective for all compounds but metals can be removed also by 

bentonite. However, required concentration of clay is bigger for bentonite to 

achieve total removal of metals.  

Following figures are isotherms of adsorption.  

 

Figure 32. Adsorption isotherm for nitrogen 

 

 

Figure 33. Adsorption isotherm for phosphorus 
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Figure 34. Adsorption isotherm for iron 

 

 

Figure 35. Adsorption isotherm for sodium 
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Figure 36. Adsorption isotherm for calcium 

 

 

Figure 37. Adsorption isotherm for magnesium 

 

Isotherm for magnesium is unclear. Concentrations are small and very close to the 

detection limit. Phospholipids are presented in Tables 18 and 19. 
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Table 23. Phospholipids 

 

  

0.5 % 

Sepiolite 

1.5 % 

Sepiolite 

0.5 % 

Bentonite 

1.5 % 

Bentonite 

Phosphatic acids 0.01 <0.01 0.01 0.01 

Phosphatidylcholines 0.02 <0.01 0.04 0.02 

Lysyphosphatic acids 0.03 <0.01 0.07 0.04 

Lysyphosphatidylcholines 0.03 <0.01 0.08 0.05 

Lysophosphatidylinositol 0.05 <0.01 0.07 0.06 

Sphingomyelins 0.01 <0.01 0.03 0.01 

Total phosphorus 3.20 <0.6 4.60 2.90 

 

Table 24. Removal percentage of phospholipids when the fat was purified by 

adsorption without acid. 

 

  

0.5 % 

Sepiolite 

1.5 % 

Sepiolite 

0.5 % 

Bentonite 

1.5 % 

Bentonite 

Phosphatic acids 91 >91 91 91 

Phosphatidylcholines 98 >99 96 98 

Lysyphosphatic acids 95 >98 88 93 

Lysyphosphatidylcholines 97 >99 92 95 

Lysophosphatidylinositol 88 >98 83 85 

Sphingomyelins 99 >99 96 99 

Total phosphorus 75 >95 64 78 

 

4.5.1 Comparison of series 4 and 5.  

In the series 4 both acid and clay were used. Series 5 was adsorption only. The 

results are compared in the following figures. In the Figure 38, acid concentration 

0 % is fifth series and others are from series 4. According to the literature, 

nitrogen is removed by adsorption, not by chelating by acid and that’s why acid 

concentration is not essential for nitrogen removal.  Acid concentration has some 

effect when clay is not used but high acid concentration seems to disturb nitrogen 

removal. Point with 300 ppm of acid and 2 wt-% of sepiolite has measurement 

error. 
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Figure 38. Nitrogen removal, sepiolite 

 

 

Figure 39. Nitrogen removal, bentonite 
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Figure 40. Phosphorus removal, sepiolite 

 

 

Figure 41. Phosphorus removal, bentonite. 

 

4.5.2 Comparison of series 3 and 5.  

In the series 3 and 5, the main goal was adsorption. The remaining concentrations 

of series 3 and 5 are not compared here because series 3 is similar than series 4. 

Degummed fat was used in the series 3 and in the series 5, non-degummed fat was 

used. The isotherms look different. When degummed fat was used, isotherms are 
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mostly favorable, when raw fat was used, the isotherms look unfavorable. It can 

be assumed that acid treatment improves adsorption. 

4.6 Filtration 

It seems that treating fat with big amount of clay reduces filtration time. Very 

small amount of clay or no clay at all cause slow filtration and finally clogging. 

The filtration paper had to be changed several times when clay was not used or 

amount was small. In the sixth series feed sample was just filtrated. From Figure 

42, it can be seen that filtration is not very effective. 

Table 25. Results of sixth series 

 

Name N Fe Na Ca Mg P 

Feed sample 55 3.2 3.9 4.1 0.5 12.6 

After 

filtration 51 2.2 3.4 2.2 0.4 9 

Removed % 7 31 13 46 20 29 

 

 

Figure 42. Concentration of elements (mg/kg) when animal fat sample was only 

filtrated. 

Filtration alone has little effect but it was tested to see how much fat contains 
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Figure 43. Removed % of phospholipids by filtration. 

 

Table 26. Phospholipids 

 

  

Feed 

(mg/kg) 

After 

filtration 

(mg/kg) 

Removed 

(%) 

Phosphatic acids 0.11 0.05 55 

Phosphatidylcholines 1.1 0.63 43 

Lysyphosphatic acids 0.59 0.33 44 

Lysyphosphatidylcholines 0.96 0.64 33 

Lysophosphatidylinositol 0.41 0.13 68 

Sphingomyelins 0.7 0.30 57 

Total phosphorus 12.9 9.80 24 

 

4.6.1 Comparison of series 5 and 6 

In the series 5 one experiment was done without clay and acid. Water was added 

and the fat was boiled in the adsorption column and then filtrated. In the Table 27 

results of that experiment is compared to filtration-only experiment. 
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Table 27. Comparison of experiments of series 5 and 6. 

 

Name N Fe Na Ca Mg P 

Feed of filtration only 

sample (mg/kg) 55 3.2 3.9 4.1 0.5 12.6 

After filtration (mg/kg) 51 2.2 3.4 2.2 0.4 9 

Removed % by filtration 7 31 13 46 20 29 

Feed of sample heated in 

column and filtrated 

(mg/kg) 55.8 3.18 3.59 4.01 0.54 12.03 

After heating and filtration 

(mg/kg) 49 2.1 3.3 2.2 0.4 8.8 

Removed  % by heating and 

filtration 12 34 8 45 26 27 
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5 Conclusions 

Goals were determining best amount of acid and adsorbent and finding out 

adsorption mechanism. 

5.1 Effect of acid amount 

Metal removal is based on reaction to insoluble salts. Fat was treated by acid 

without adsorption in test series (1) and (2) by three citric acid concentrations 

(300, 800 and 1200 ppm). For nitrogen concentrations of 300 ppm and 800 ppm 

had similar results but 1200 ppm increased nitrogen removal. For phosphorus 

filtration after acid treatment is more essential than acid amount. Metal 

concentrations are below detection limit if the fat is treated by 300 ppm acid and 

filtrated. 

In the series (5) and (6) acid was not used and in the series (3) acid concentration 

was constant. Series (4) combines adsorption and variable concentration of citric 

acid. Removal of nitrogen is quite independent of acid concentration but clay 

amount has significant effect. For phosphorus acid has effect to purification but 

clay concentration is also important. 

5.2 Effect of adsorbent amount 

Sepiolite is more effective than bentonite. Bigger amount of bentonite must be 

used to reach same removal. Series (5) was adsorption without acid. Removal of 

all elements increases when clay concentration is increased and sepiolite seems to 

be always better than bentonite. Phosphorus and metals can be removed to the 

detection limit by 1 % of sepiolite. 

In the series (3) and (4) acid was also used. Results are similar to nitrogen; 

sepiolite is better and nitrogen removal is mostly depending on clay concentration, 

not on the acid concentration. For phosphorus and metals both acid and clay have 

effect. Metal removal below detection limit needs only small amount acid or 

adsorbent. 

5.3 Conditions 

When processing animal fat, lowest possible temperature should be used.7 

Temperature 80 °C seems to be good. Removal of nitrogen and phosphorus in 50 
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°C is little less effective but may be enough. Typical temperature during rendering 

is 70 - 90 °C so 80 °C used during experiments may be best. 

Adsorption time was not examined and it remained constant one hour and half 

hour drying. Some experiments were done with fat with high polyethylene 

content. Initial concentrations of nitrogen and phosphorus were higher so it is 

unclear if PE disturbs chelating and adsorption or is smaller removal caused only 

by higher initial concentrations. 

5.4 Comparison of purification methods 

Both acid treatment and adsorption are essential to remove impurities. 

Centrifuging between acid treatment and adsorption is not necessary. Current way 

is path 4 and it seems to be best. 

5.5 Adsorption phenomena 

One goal of the thesis was to examine adsorption phenomena. Adsorption 

isotherm is one way to try to explain phenomena during adsorption. Isotherm 

theories are presented in chapter 2.6.3. 

Isotherms for phosphorus and nitrogen in series 3 seem to be quite linear and they 

are quite unfavorable in series 5. It can be assumed that treating fat by acid before 

adsorption is essential. 
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