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ABSTRACT

This research aims to study the adsorption of contaminants in biodiesel by using
magnesium silicate as an adsorbent. The contaminants in the biodiesel include free fatty acid,
soap, free slycerin and total slycerin. The adsorbent was prepared by precipitation reaction
between magnesium sulfate (V1) and four different sources of silica. The four different sources
of silica; namely (I) solution of sodium silicate from Merck Company (SSM), (Il) solution of
silica was extracted from rice husk ash (RHA), (Ill) crystalline sodium metasilicate from Rankem
(SMR) and (V) Aldrich Company (SMA), were selected as a reactant. The efficiency of
adsorbents in the purification of biodiesel was compared with commercial magnesium
silicate. Magnesium gilicate derived from SMA source had high adsorption capacities of
contaminants with 0.76:1 SiO,/MgO ratio. Thus, magnesium silicate derived from SMA source
was further synthesized at three different concentration ratios of silica and magnesium
sulfate(V1) (Na,SiOs: MgSQy); 0.5:1.5M, 0.5:0.5M and 3.0:0.5M. The result presented increasing in
efficiency of adsorption when silica concentration increased. The element analysis, the
crystalline structures and surface area of the adsorbents were studied by X-ray fluorescence
method (XRF), X-ray diffraction method (XRD) and Brunauer-Emmett-Teller technique (BET),
respectively. FTIR technique was used to obtain infrared spectrum of the adsorbents. The
effect of dosage amount to equilibrium adsorption capacities and equilibrium time were
studied to find the optimum conditions for adsorption. The equilibrium was reached after 4
hours for 4 grams of synthesized magnesium silicate per 150 grams biodiesel. The highest
capacity of contaminates adsorption with this condition was 49.44 mg/g for free fatty acid,
0.76 mg/g of soap, 2.43 mg/g of free glycerin and 109.43 mg/g of total glycerin.

A study on adsorption of impurities from a prewashed biodiesel by using Lewatit SP
112H resin packed in a bed was found to better adsorb soap comparing with Purolite C150
and Dowex mono88. The adsorption time for soap on Lewatit SP 122H bed to reach
specification limit was 1, 5, and 18 hours at biodiesel feed flow rate of 2.5, 2, and 1.5 BV/h,
respectively. Lewatit SP 112H could adsorb glycerine and total glycerine from biodiesel for

30 hours without reaching the limitation.

Keywords : adsorption, biodiesel, magnesium silicate, resin, free fatty acid
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Chapter 1

Introduction

1.1 Motivation

Nowadays, the demand of energy, price of petroleum and environmental concerns
about air pollution from gas cars are steadily increasing. Biodiesel is alternative fuel and a
renewable fuel. It presents outstanding characteristics as non-toxicity, absence of sulfur, high
energy content and biodegradability. Biodiesel consisting of mono-alkyl esters of long chain
of fatty acid derived from vegetable oils or animal fats, including methyl ester or ethyl ester
and glycerin with a chemical process called transesterification [1]. Transesterification is a
chemical reaction relating triglycerides and alcohol using homogeneous or heterogeneous
substances as catalyst to yield alkyl esters (biodiesel) and glycerol as by-product, as shown
in Figure 1.1. The methyl ester has contaminants frequently that have effect on the quality
of biodiesel. The amount glycerin also affects the quality of biodiesel as well [2], the high
concentration of glycerol in biodiesel can be the cause of storage problem because
biodiesel with high concentration of glycerol is easy to occurs separation of biodiesel
phases. And using of that biodiesel, glycerol might accumulate in the nozzle of the engine
[3]. The water content in biodiesel cause corrosion of system (such as fuel tubes and
injector) or might react with glycerides got soap and gtycerol as by-products [4]. In addition,
soap and free fatty acids cause the deterioration of engine components. Therefore, the

amount of water and free fatty acids affect to indicate the quality of biodiesel.

O O

i H
CH2-0O-C-Ry CH:-0O0-C-Ry
i [
H O I O CH; - OH
1 i | ] !
CH-0O-C-R; + 3CHi0OH > CH;-O0-C-R; + CH-OH
f (Catalyst) | !
i O ! o CH2-OH
| fl ! H
CH;-0O-C-Ry CH:-0-C-Ry

Triglyceride Methanol Esters glycerin

Figure 1.1 Transesterification of vegetable oil with methanol

The purification of crude biodiesel is usually achieved via two notable techniques;

wet and dry washings. Conventionally wet washing is the most employed technique to



remove contaminants such as soap, catalyst, glycerol and residual alcohol from biodiesel.
However, the major disadvantages in the use of water to purify biodiesel are emulsion
férmation, preventing the separation of the esters, allowing the formation of free fatty acids
and soap, increase in cost and production time [5]. To avoid, the dry washing technique (ion
exchange resins, magnesium silicate as adsorbent) was introduced to substitute wet washing
to remove biodiesel contaminants. The use of adsorbents turns the process more rapid and
there is not a formation of aqueous residues.

The adsorbent such as magnesium silicate has the potential of selectively adsorbing
hydrophilic materials such as glycerol and mono-, diglycerides. Magnesium silicate surface
consists of partially hydrophobic and partially hydrophilic. The hydrophobic part includes
siloxane (=Si-O-Si=) groups and the hydrophilic portion contains isolated hydroxy groups
(-Mg-OH), individual silanol groups (=Si-OH) and hydrogen bonds formed due to close
vicinity of hydroxy groups linked to neighboring silicon atoms. Surface modification is
performed to augment hydrophobicity of silicate surface and, thus, to promote binding of
several compounds. The modification takes place by introduction of new organofunctional

groups to silicate surface [6].

Hydrogen bonds

H Silanolan Silanol
\ -~ group H group (‘)HMagnesil

H
/
0

O—'S|\

Figure 1.2 Magnesium silicate surface

In this research, the adsorption of contaminants in biodiesel by using magnesium
silicate as an adsorbent was studied which the contaminants included free fatty acid, soap,
free glycerin and total glycerin. The adsorbent, magnesium silicate, was synthesized by
precipitation reaction between magnesium sulfate (VI) and four different source of silica as
reactants. The efficiency of adsorbents in the purification of biodiesel was obtained and
compared with commercial magnesium silicate. After that, the highest efficiency of source of
silica was used for synthesize of magnesium silicate which varied in three different

concentration ratios of silica and magnesium sulfate(Vl) (Na,SiOs: MgSO,). The element



composition was obtained from X-ray fluorescence method (XRF). X-ray Diffractrometer
method (XRD) was used to determine its crystallinity. And the FTIR technique was used
to study infrared spectrum. The effect of dosage amount to equilibrium adsorption
capacities were studied by adding different amount of magnesium silicate to 150 grams of
biodiesel. In addition, the behavior of magnesium silicate adsorption was noticed by

equilibrium time of adsorption and isotherm of adsorption.

1.2 Objectives

To test some commercial adsorbents on impurities removal from prewashed

"biodiesel.
1.3 Scopes of the study

1. To synthesize magnesium silicate as adsorbent in biodiesel.

2. To study the characters of the adsorbents prepared with the different sources of
silica; () solution of sodium silicate from Merck Company (SSM), (II) solution of silica was
extracted from rice husk ash (RHA), (lll) crystalline sodium metasilicate from Rankem (SMR)
and (V) Aldrich Company (SMA).

3. To evaluate the effect of molecular ratio SiO,/MgO by vary concentration ratios of
silica and magnesium sulfate (V1) (Na,SiOs: MgSQOy); 0.5:1.5M, 0.5:0.5M and 3.0:0.5M to the
efficiency of contaminants adsorption.

4. Characterization of magnesium silicate

4.1 X-ray fluorescence method (XRF)
4.2 X-ray Diffractrometer method (XRD)
4.3 Fourier transforms infrared spectroscopy technique (FTIR)
4.4 Brunauer-Emmett-Teller technique (BET)
5. To evaluate the effect of dosage amount to equilibrium adsorption efficiency.
6. To study some commercial adsorbents as a packed bed on the capability of

impurities removal from prewashed biodiesel.



1.4 Result

1. Gaining the techniques of biodiesel dry wash that can prevent loss and waste water

2. Publicize the techniques as a conference paper in ICEAST 2012 International

Conference on Engineering, Applied Sciences and Technology. November 21-24, 2012

Bangkok, Thailand

3. The developed technigue can be easily applied by biodiesel producers



Chapter 2

Theoretical Background and Literature Review

2.1 Adsorption process [7, 8, 9]

Adsorption is a process that occurs when a gas or liquid solute accumulates on the
surface of a solid or'a liquid (adsorbent), forming a molecular or atomic film (the adsorbate).
The molecules are attracted to the surface that is different from absorption, in which a
substance diffuses into a liquid or solid to form a solution. The term of sorption contains
both processes, while desorption is the reverse process.

Mostly, solid adsorbents were used for adsorption, especially adjustable pore size
adsérbeots and high surface area adsorbents. Adsorption is effective in most natural
physical, biological, and chemical systems, and is widely used in industrial applications such
as activated- charcoal, synthetic resins and water purification. The adsorption is a
consequence .of} surface energy liked surface tension. In a bulk material, all the bonding
requirements; ionic, covalent or metallic bonds, of the constituent atoms of the material are
filled. But atoms on the (clean) surface experience a bond deficiency, because they are not
wholly surrounded by other atoms. Thus it is energetically favorable for them to bond with
whatever happens to be available. The exact nature of the bonding depends on the details
of the species involved, but the adsorbed material is generally classified as exhibiting

physisorption or chemisorption.

gas molecules © [ #]

Academy Artworks

Figure 2.1 Adsorption process [10]

A solid material usually exhibits a heterogeneous distribution of surface energy. Gas,
vapor, or liquid molecules may become bound to the surface if they approach sufficiently
close to interact. The discussions in this paper are confined to the adsorption (and

desorption) of gases or vapors on (or from) solid surfaces. The solid is called the adsorbent,



the gas or vapor molecule prior to being adsorbed is called the adsorptive and while bound

to the solid surface, the adsorbate.

| l l Adsorption of ] I ’
! ! reacting molecules
i OO —O— | — O0—0—0—~A
T +A+B —— RN
— 0—0—0— —— 0—0—0—B
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Figure 2.2 Mechanism of Adsorption Using Adsorbent [11]

2.1.1 Types of adsorption
Adsorption process was classified into 2 types which followed characteristic of

molecule bonding; Physical adsorption and Chemical adsorption.

1. Physical adsorption [8, 12, 13]

Physisorption or physical adsorption is a type of adsorption in which the
adsorbate adheres to the surface only through Van der Waals (weak intermolecular)
interactions. Even though the interaction energy is very weak (~10-100 meV) which are also
responsible for the non-ideal behavior of real gases, physisorption plays an important role in
nature. Adsorption energy usually not exceeding 80 kJ/mole, with typical energies being
considerably less. Physically adsorbed molecules may diffuse along the surface of the
adsorbent and typically are not bound to a specific location on the surface. Being only
weakly bound, physical adsorption is easily reversed. Van der Waals forces originate from the
interactions between induced, permanent or transient electric dipoles. In comparison
With chemisorption, in which the electronic structure of bonding atoms or molecules is
changed and covalent or ionic bonds form, physisorption, generally speaking, can only be
observed in the environment of low temperature (thermal energy at room temperature
~26 meV) and the absence of the relatively strong chemisorptions. In practice, the

categorization of a particular adsorption as physisorption or chemisorption depends



principally on the binding energy of the adsorbate to the substrate. Physical adsorption

takes place on all surfaces provided that temperature and pressure conditions are favorable.

2. Chemical adsorption [8,13]

Chemisorption or Chemical adsorption is a type of adsorption whereby a
molecule adheres to a surface through the formation of a chemical bond, as opposed to
the Van der Waals forces which cause physisorption. Chemisorption is highly selective and
occurs only between certain adsorptive and adsorbent species and only if the chemically
active surface is cleaned of previously adsorbed molecules. A chemical bond involves
sharing of electrons between the adsorbate and the adsorbent and may be regarded as the
‘formation of a surface compound. Due to the bond strength, chemical adsorption is difficult

to reverse.

i

Figure 2.3 Physical adsorption and Chemical adsorption [14]

Under proper conditions, physical adsorption can result in adsorbed
molecules forming multiple layers. Chemisorption, in the typical case, only proceeds as long
as the adsorptive can make direct contact with the surface; it is therefore a single-layer
process. Exceptions can exist if the adsorptive is highly polar such, NH3 being an example.
Both physical and chemical adsorption may occur on the surface at the same time; a layer
of molecules may be physically adsorbed on top of an underlying chemisorbed layer. The
same surface can display physisorption at one temperature and chemisorption at a higher

temperature.



Table 2.1 Comparison between Physisorption and Chemisorption [11]

Physisorption Chemisorption
1. Low heat of adsorption usually in the | High heat of adsorption in the range of
range of 20-40 kJ mol’’ 40-400 kJ mol '

2. Force of attraction are Van der Waal's | Forces of attraction are chemical bond

forces forces

3. It usually takes place at low temperature. It takes place at high temperature

and decreases with increasing temperature

4. It is reversible It is irreversible

5. It is related to the ease of liquefaction of | The extent of adsorption is generally not

the gas related to liquefaction of the gas
6. It is not very specific It is highly specific
7. It forms multi-molecular layers It forms monomolecular layers

8. It does not require any activation energy It requires activation energy

2.1.2 Types of adsorbent [15]
Adsorbent was classified into 3 types as followed; )

1. Non-polar adsorbent - It involving physical adsorption. The important of non- polar
adsorbent is activated carbon or activated charcoat.

2. Polar adsorbent - This type of adsorbent relating chemical adsorption while the
molecule structure of adsorbent was not changed. For instance, (I) oxide group adsorbent
e.g. silica oxide, metal oxide (Il) material of silica e.g. silica gel, fuller’s earth

3. Chemical adsorbent - Its surface can react chemically with adsorbate. Chemical

adsorbent included activated silica gel and activated manganese oxide etc.

2.1.3 The effects of adsorption [16,17]
1. Properties, of adsorbent
- Surface area and pore structure
The pore structure with smaller pore sizes can increase the surface area, then surface
area increasing when pore structure increased. And capacity of adsorption increased when
surface area was increased.
- Adsorption size
The adsorbent without pore has more surface area when size of adsorbent
decreased, so efficiency of adsorption was increased. However, the adsorption performance

of porous adsorbent depended on amount of pores more than size of adsorbent.

2. Properties of adsorbate



- Solubility _

In adsorption process, molecules of adsorbate were ‘brought out from solvent to
attach on adsorbent surface. Thus, solubility of adsorbate effects on performance of
adsorption; poor solubility can lead to high performance of adsorption, on the other hand,
high solubility (strongly bonding with solvent molecule) has effect on efficiency of
adsorption. i

- Molecular weight and size of molecule

Increasing of molecular weight and size of molecule influenced on rising of

adsorption. Because of solubility has decreased when molecular weight increased.
- Polarity

The performance of adsorption depended on solubility and then when polarity of
adsorbate increased, the solubility was increased also.

3. Temperature

At high temperature, rate of adsorption was increased; however efficiency of
adsorption was decreased because mostly adsorption process is exothermic reaction.

4. Time

Time is the important factor that effect on adsorption. However, it depends on

individual adsorbent and adsorbate, then before usage, they were studied effect of time.

2.1.4 Applications of adsorption [11]
The principle of adsorption is employed,
1) In heterogeneous catalysis.
2) In gas masks where activated charcoal adsorbs poisonous gases.
3) In the refining of petroleum and discoloring cane juice.
4) In creating vacuum by adsorbing gases on activated charcoal.
5) In chromatography to separate the constituents' of a mixture.
6) To control humidity by the adsorption of moisture on silica gel.
7) In certain titrations to determinate the end point using an adsorbent as indicator

(Example: Fluorescein).

2.2 Biodiesel

Biodiesel is a domestic, renewable fuel for diesel engines. Made from agricultural co-
products and byproducts such as soybean oil, other natural oils, and greases, it is an
advanced biofuel. To be called biodiesel, it must meet the strict quality specifications of
ASTM D 6751. Biodiesel can be used in any blend with petroleum diesel fuel /78]

Biodiesel fuel is usually produced from virgin and used vegetable oils and animal
fats. Presently several efforts are made to produce biodiesel from microalgae. Microalgae

clearly offers a few advantages among others include: much higher biomass productivities
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than land plants (doubling times may be as short as 3.5 hours), some species can
accumulate up to 20-50% triacylglycerols, while no high-quality agricultural land is
necessary to grow the biomass, and even no land at all, offshore microalgae farming could
be a reasonable alternative.[19]

The most common way to produce biodiesel is by transesterification. In this reaction,
triglycerides, as the main components of vegetable oils, react with an alcohol to produce
fatty acid monoalkyl esters and glycerol. Methanol is the most common alcohol because of
its low price compared to other alcohols. In this case, the reaction is referred to as
methanolysis. The stoichiometry of methanolysis reaction requires 3mol of methanol and
1mol of triglyceride to give 3mol of fatty acidmethyl ester and 1mol of glycerol. This
reaction, in turn, consists of three consecutive reversible reactions with intermediate
formation of diglycerides and mono- glycerides. After the reaction, the glycerol is separated
by settling or centrifuging and the layer obtained is purified to be used in its traditional
applications (the pharmaceutical, cosmetics and food industries) or in its recently developed
applications (animal feed, carbon feedstock in fermentations, polymers, surfactants,
intermediates and lubricants). The biodiesel phase is also purified before being used as
diesel fuel in order to fulfill the EN 14214 Standard. [20]

Transesterification;

CH,— OCOCR, CH—0OH R—COOCH,
('ZH— OCOR, + 3 HOCH, %AH—OH + Ry7— COOCH,
CH—OCOR, CI‘.HI— OH R~—COOCH,
Triglyceride Methanol Glycerol Mecthyi csters
(parcct oil) (alcohol) (biodicscl)

Figure 2.4 Transesterification process [21]
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Table 2.2 Biodiesel Compared to Petroleum Diesel [22]

Advantages Disadvantages

e  Domestically produced from e  Use of blends above B5 not yet
non-petroleum, renewable approved by many auto makers
resources e  Lower fuel economy and power

e  Can be used in most diesel (10% lower for B100, 2% for B20)
engines, especially newer ones e Currently more expensive

e Less air pollutants (other than e B100 generally not suitable for use
nitrogen oxides) in low temperatures

e Less greenhouse gas emissions e  Concerns about B100's impact on
(e.q., B20 reduces CO, by 15%) engine durability

e  Biodegradable e  Slight increase in nitrogen oxide

e  Non-toxic emissions possible in some

e Safer to handle circumstances

The methyl esters cannot be classified as biodiesel until the EN 14214 Standard
specifications are fulfilled. Therefore, the purification stage is essential. The untreated
biodiesel contains several impurities: free glycerol, soap, metals, methanol, free fatty acids
(FFA), catalyst, water and glycerides. The engine life can be reduced by high levels of
impurities. Table 3 shows the effect of each impurity. There are two generally accepted
methods to purify biodiesel: wet and dry washing. The more traditional wet washing method
is widely used to remove excess contaminants and leftover production chemical from
biodiesel. However, the inclusion of additional water to the process offers many
disadvantages, including increased cost and production time. Dry washing replaces water
with an ion exchange resin or a magnesium silicate powder to neutralize impurities. Both dry

washing methods are being used in industrial plants [20].

el | Transestefification
d Separatioh

et U ascund Tochmokogy
o1 s siesareat

Figure 2.5 Biodiesel process [23]
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Table 2.3 Negative effects of contaminants on biodiesel and engines.[19]

Contaminants Negative effect

Methanol Deterioration of natural rubber seals and gaskets, lower flash points
(problems in storage, transport, and utilization, etc.), Lower viscosity
and density values, Corrosion of pieces of Aluminum (Al) and Zinc
(Zn).

Water Reduces heat of combustion, corrosion of system components (such
as fuel tubes and injector pumps) failure of fuel pump, hydrolysis
(FFAs formation), formation of ice crystals resulting to gelling of
residual fuel, Bacteriological growth causing blockage of filters, and
Pitting in the pistons.

Catalyst/soap Damage injectors, pose corrosion problems in engines, plugging of
filters and weakening of engines.

Free fatty acids | Less oxidation stability, corrosion of vital engine components.
Glycerides Crystallization, turbidity, higher viscosities, and deposits formation at
pistons, valves and injection Nozzles.

Glycerol Decantation, storage problem, fuel tank bottom deposits Injector

fouling, settling problems, higher aldehydes and acrolein emissions,

and severity of engine durability problems.

2.2.1 Factors Affecting Biodiesel Production [24]

- Effect of molar ratio of alcohol

Normally the transesterification reaction requires 3 mol of alcohol for one mol of
triglycerides to three mol of fatty acid ester and one mol of glycerol. Excess amount of
alcohol increases conversion of fats into esters within a short time. So the yield of biodiesel
increases with increase in the concentration of alcohol up to certain concentration. However
further increase of alcohol content does not increase the yield of biodiesel but it also
increase the cost of alcohol recovery. In case the oil samples contain high free fatty acid
(FFA) such reaction does not respond to alkali catalyst. In that situation acid catalyst will be
effective to catalyze the reaction and the reaction requires higher amount of alcohol than
alkali catalyst. This is due to the fact that acid catalyst tolerates the FFA content and water

content present in the oil samples.

- Effect of water and FFA contents
The water and free fatty acid contents are critical factors for transesterification

reaction. Base-catalyzed transesterification reaction requires water free and low acid value (<
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1) raw materials for biodiesel production. If the oil samples have high FFA content (more
than 1%) then the reaction requires more alkali catalyst to neutralize the FFA. Presence of
water gives greater negative effect than that of FFAs because Water can cause soap
formation and frothing which can cause increase in viscosity. In addition formation of gels
and foams hinders the separation of glycerol from biodiesel. Free fatty acid and water
always produce negative result during transesterification and causes soap formation and
consumes the catalyst which leads to reduction of catalyst effect. Water and FFA also leads
to the reduction of methyl ester. To overéome this problem, water has less influence in

supercritical methanol method.

- Reaction time

The increase in fatty acid esters conversion when there is an increase in reaction
time. The reaction is slow at the beginning due to mixing and dispersion of alcohol and oil.
After that the reaction proceeds very fast. However the maximum ester conversion was
achieved within < 90 min. Further increase in reaction time does not increase the yield
product i.e. biodiesel/mono alkyl ester. Besides, longer reaction time leads to the reduction
of end product (biodiesel) due to the reversible reaction of transesterification resulting in

loss of esters as well as soap formation.

- Reaction temperature

Reaction temperature is another important factor that will affect the yield of
biodiesel. For example higher reaction temperature increases the reaction rate and
shortened the reaction time due to the reduction in viscosity of oils. However, the increasing
in reaction temperature beyond the optimal level leads to decrease of biodiesel yield,
because higher reaction temperature accelerates the saponification of triglycerides. Usually
tHe transesterification reaction temperature should be below the boiling point of alcohol in
order to prevent the alcohol evaporation. The range of optimal reaction temperature may

vary from 50°c to 60°c depends upon the oils or fats used.

- Catalyst concentration

Biodiesel formation is also affected by the concentration of catalyst. Most
commonly used catalyst for biodiesel production is sodium hydroxide (NaOH) or Potassium
hydroxide (KOH). However, the sodium methoxide would be more effective because mixing
of sodium hydroxide with methanol produce little amount of water which inhibit the
formation of end product (Biodieset) due to the hydrotysis reaction. This is one of the reason
for mixing of catalyst with methanol first and then added to the oil or fats. In addition to this
when the concentration of catalyst is increases with oil samples, the conversion of
triglycerides into biodiesel is also increases. On the other hand insufficient amount of

catalyst leads to the incomplete conversion of triglycerides into fatty acid esters. However,
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optimal product yield (biodiesel) was achieved when the concentration of NaOH reaches 1.5
wt% at the same time further increase of catalyst concentration proved to have negative
impact on end product yield. Because addition of excess amount of alkali catalyst react with

triglycerides to form more soap.

- Agitation speed

Agitation speed plays an important role in the formation of end product (mono alkyl
ester or biodiesel), because agitation of oil and catalyst mixture enhances the reaction. For
example the mixing intensities chosen were 200 rpm, 400 rpm, 600 rpm and 800 rpm for 60
min while other parameters were kept constant. At 400 rpm higher conversion of end
product were obtained. Because, lower stirring speed shows lower product formation. On
the other hand higher stirring speed favors formation of soap. This is due to the reverse

behavior of transesterification reaction.

2.2.2 Wet washing technique [25,26]

Biodiesel wet washing technique involves addition of certain amount of water to
crude biodiesel and agitating it gently to avoid formation of emulsion. The process is
repeated until colorless wash water is obtained, indicating complete removal of impurities.
Wet washing processes usually require a lot of water, approximately water wash solution at
the rate of 28% by volume of oil and 1 g of tannic acid per liter of water. The use of large
quantity of water generates huge amount of wastewater and incur high energy cost.
Production of 350,000 L/day of fatty acid esters (biodiesel) will result to no less than 70,000
L/day of contaminated wastewater. Wet washing is mostly conducted through washing with
dionized water, washing with acid (5% phosphoric acid) and water and washing with organic
solvent and water.

Water washing has been traditionally used to purify crude biodiesel after its
separation from glycerol. The air was cautiously introduced into the agueous layer, while
gently stirring the mixture of crude biodiesel and water. This process was continued until the
ester layer became cleared. In addition, after settling the aqueous solution was drained and

water alone was added at 28% by volume of oil for the final washing process. [27]

2.2.3 Dry washing technique [19]

The dry washing technique commonly employed to purify crude biodiesel is usually
achieved through the use of silicates (Magnesol or Trisyl), ion exchange resins (Amberlite or
purolite), cellulosics, activated clay, activated carbon, and activated fiber, etc. These
Adsorbents consist of acidic and basic adsorption (binding) sites and have strong affinity for
polar compounds such as methanol, glycerin, glycerides, metals and soap. This technigue is
followed with the use of a filter to enable the process to be more effective and efficient as
shown in figure 2.15. Therefore during washing process, the amount of glycerides and total
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glycerol in crude biodiesel are lowered to a reasonable level. Besides, the process has the
advantage of being waterless, strong affinity to polar compounds, easy to integrate into
existing plant, significantly lower purification time, no wastewater, total surface area
coverage of wash tank is minimized, solid waste has altemate uses, saves space, and

improves fuel quality.

Absorbent
Crude Excess {Magnesol/ton
biodiesel »| alcohol exchange resins),
Removal activated carbon.
¥ v . Refined

i I * biodiesel

Mixer
{65°C for
20-30min) Filter

: Used up

| absorbent

Figure 2.6 Schematic diagram of biodiesel dry washing process

2.3 Free fatty acid (FFA) [28]

The FFA are generally degradation products of the vegetable oil, with the FFA
breaking away from the triglycerides (hence, the name "free"). In other words, a triglyceride
molecule under exposure to prolonged heat will become a di-glyceride and one FFA, or a
mono-glyceride and two free fatty acids, or potentially three FFA.

Vegetable oils with as little as 1-2 percent free fatty acid have been observed to
cause difficulties with biodiesel production and/or separation. Although some biodiesel
reaction systems are designed to convert free fatty acids to biodiesel using an acid-catalyzed
esterification reaction, the most common biodiesel systems lack this capability. Most often,
a homebrew biodiesel system or first-generation commercial system designed to handle
virgin vegetable oils, uses a base-catalyzed reaction to convert the triglycerides to biodieset

and glycerin.
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Figure 2.7 Hydrolysis of a triglyceride to form free fatty acids [29]

This reaction is particularly prevalent in deep fryers, and is the primary reason used
cooking oil contains free fatty acids. It can also happen during biodiesel processing. The
presence of a base catalyst facilitates this reaction in a similar way as it facilitates
transesterification, except the end result is soap. [30]

However, with free fatty acids present, a portion (perhaps all if there is enough free
fatty acid) of the basic catalyst will react with the free fatty acid to create a soap. This
depletes the base used to catalyze the transesterification reaction or requires the addition
of a larger amount of base to overcome the free fatty acid reaction and can cause problems
with soap formation and the separation of products after the reaction is complete. In
extreme cases, the soaps mix with water from the fuel wash stage to create an emulsion
that can greatly lengthen or even prevent settling of the wash water layer from the fuel

layer.

There are several ways to compensate for the free fatty acids present in the
vegetable oil:
1. Using great care and equipment designed for strong acids, add sulfuric acid or another
strong acid with alcohol to the oil assuming a certain level of free fatty acids (some users
suggest using 1 mbL of acid per liter of oil. Adding excess acid will increase your chemical
costs, both in terms of the acid used and the base necessary to neutralize the excess acid
prior to the base-catalyzed transesterification reaction.
2. Test the free fatty acid content, and if it is low enough (less than 1 percent), ignore it and
take care with washing to prevent the formation of an emulsion.
3. Test the free fatty acid content and add the appropriate amount of strong acid to
convert the free fatty acids to biodiesel. This approach requires the most skill, but will
increase your yield of biodiesel fuel while minimizing your chemical costs and

washing/separation problems.
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Figure 2.8 Structure of free fatty acid [31]

2.4 Soap [32]

Saponification is a chemical reaction that involves the production of a metal salt or
soap. The reaction involves the attack on a methyl ester, free fatty acid, triglyceride, or other
glyceride by a hydroxide ion, OH.

The hydroxide ion implies the presence of water in the system. If water could be
eliminated, then there would be no soap formation. However, this is a practical impossibility.
There is always some water present, and there will always be some soap formed when
biodiesel is made. )

The exception to this is when a solid (heterogeneous) catalyst is used which does
not provide the free metal ions needed to form soap. These catalysts should provide
biodiesel and glycerin that are free of soap. In reality, many of these supposed
heterogeneous catalysts leach metals ions into the liquid and thus require some clean-up of
the reaction products.

Soap forms when the base catalyst reacts with FFAs in the feed stocks. Soap
production gives rise to the formation of gels, increases viscosity and greatly increases
product separation cost. The alcohol and catalyst must also comply with rigorous
specifications. The alcohol as well as the catalyst must be essentially anhydrous (total water
content must be 0.1-0.3 wt% or less). This is required since it is assumed that the presence
of water in the feedstock promoted hydrolysis of the alkyl ester to FFA and consequently,

soap formation.

0 0O
JIg +  NaOH -+ H,0
R OH R ONat
FFA Soap

Figure 2.9 Formation of soap

Soap must be removed from biodiesel after the reaction, and this can be done by

either water washing, using a solid adsorbent mixed with the liquid, or by passing the liquid

077943
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through a packed bed of ion exchange resin. And soap is not formed when biodiesel is
manufactured using a supercritical technology that does not require a catalyst. [33]

The negative effects of excessive soap formation include amongst others;
consumption of the catalyst, reduction of catalyst effectiveness, difficulty in glycerol
separation, and prevention of crude biodiesel purification. So, the soap titration can be
performed again after washing to see if the biodiesel is of enough quality for use in your
diesel engine.

ASTM Standards call for no more than 41 PPM of soap when NaOH is used as your
catalyst and 66 PPM whén KOH is used. If the fuel tests at or below these standards, you
have quality fuel. ASTM standards do not usually need to be met for clean operation, but
are required for commercial use of the fuel. See the chart below for generally accepted
values for home-brewers.

Fuel which is around or above 300 PPM of soap should be washed more before use. It is
important to be sure your biodiesel is low enough in soap content to preserve your fuel

filters and prevent long-term engine damage.

Table 2.4 Analyzing the quality of Biodiesel based on soap content chart (34]

Soap Content Fuel Quality

at or below 41 PPM (NaOH) | Within ASTM standards
or 66 PPM (KOH)

Above ASTM Standards but | Should not pose any threat to a fuel filter or engine
Below 200 PPM

200-300 PPM maximum soap content which should be allowed in fuel
300-400 PPM May clog fuel filters, not recommended, wash more

400-500 PPM High soap content, not recommended, wash more

Above 500 PPM Can possibly leave ash in your engine and cause longterm

damage, not recommended, wash more

2.5 Glycerin [35]

FAMEs are manufactured from various triglyceride feedstocks, including say, rape
seed, and palm oils. Triglycerides have three aliphatic unbranched fatty acids bonded to
one molecule of glycerol, each by an ester linkage. The triglycerides undergo a
transesterification reaction, with excess methanol and potassium hydroxide as the catalyst,
to generate three molecules of free FAMEs and one molecule of glycerol byproduct. The
glycerol, excess alcohol, and base are then separated from the FAMEs. The alcohol and
base are recycled for another transesterification reaction, whereas the glycerol is refined and
sold for use in industrial and medicinal syrup pharmaceutical products. Glycerin forms during
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the fat splitting process (Figure 2.19) and transersterification(Figure 2.13). Glycerol is an
undesirable byproduct in biodiesel and therefore must be removed from the FAMEs. Free
glycerol and bound glycerol from unconverted triglycerides cause negative effects on the
diesel engine, such as clogging fuel filters, fouling fuel injectors, and forming a deposit on
the bottom of fuel storage tanks.5 Additionally, the sub-freezing temperatures common in
many winter climates affect unconverted triglycerides (bound glycerol) more than that
typically observed in diesel. The most common effects are fuel separation and increased

fuel viscosity, which results in poor fuel injection and engine lockup.

TR 1 9
H—C—O—C—Ra HC—O—H MO—E—Rg
o
| i 0
H—C—0—C—Rp * IHO —» H-C—-O—H ¢ HO~—C—~Ry
! O . l 0
fl
H-C—0—C—Re H—C—O—H Ho-—g—-Rc
H ’ H
trigiycerids glycerol {atty acids

Figure 2.10 Fat splitting process [36]

Total glycerol, defined as free glycerol plus bound glycerol (unconverted
triglycerides), is determined by base- hydrolysis to convert the bound glycerol to free
glycerol. To minimize the problems caused by free and bound glycerol, sustain production
of biofuels, and provide quality control criteria to this developing industry, the ASTM and
other regulatory organizations have established limits of 0.02 wt % free glycerol and 0.24 wt
% total glycerol (ASTM D6751) in B100 biofuels used to prepare B2-B20 blends. Therefore,
accurate and sensitive methods are needed for the determination of free and total glycerol

HO/\K\OH
OH

Figure 2.11 Structure of glycerin [37]

in biodiesel.

2.6 Magnesium silicate

Silicates belong to the widest spread minerals on the Earth making about 25% of all
known minerals. The rocks-forming silicates include: quartz, amphiboles, pyroxenes and

micas. Besides their rock-forming role, silicates are the sources of many valuable metals
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such as nickel, zinc, zircon and lithium and form deposits of many important minerals [38].
And silicate raw materials are of enormous technological importance. They are regarded to
represent the most important mineral raw materials in the ceramic industry as well as,
directly or indirectly, in other industries, like in the iron and steel, electrochemical, chemical,
metallurgical, construction, radiochemical, and electronic industries[39].

Magnesium silicate may be used as a filler and pigment in dispersive paints, as an
adsorbent in affinity chromatography, and as a component of anti-epileptic drugs. It could
be used in the treatment of alimentary intoxication, indigestion, inflammatory conditions of
the small intestine, gastric peracidity and peptic ulcers. Magnesium silicate is also used in
the production of confectionery as an antiadhesive and anti-caking agent (molding powder
or a component of anti-glitter paste).. As far as whiteness is concerned, its white color may
easily compete with titanate-based pigments, which permits us to eliminate partially or
totally titanium dioxide.

Magnesium silicate exhibits strong sedimentation interactions in an organic medium
such as linseed oil. The interactions increase with increasing amounts of applied modifying
compounds, which the improve physicochemical properties of the product. The surface of
magnesium silicate carries free hydroxyl groups (silanol groups), the most reactive groups on
the surface. They provide the site for physical adsorption of organic particles and easily react
chemically with multiple substituents. Being substituted with new atom grdups, they provide
potential for surface modification. The surface of magnesium silicate may be presented as
illustrated by Figure 2.21

Hydrogen bonds
H H Silanolan Silanol

\O/ group group ?H Magnesll
- ll" h’llg group
H
(o] 0 !
l o)

O‘_""SI\

e

Figure 2.12 Magnesium silicate surface

Increasing demand for synthetic silicates of special parameters and properties has
stimulated development of new technologies of their production. One of the best known of
silica gel production is the solgel method. It needs relatively low temperatures and gives
products of high purity and homogeneity. This method belongs to wet ones and requires
hydrolysis and condensation of metal alkoxides and inorganic salts. Another well-known

method is based on the ion exchange between the basic ions and protons contained in =Si-
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OH, which permits formation of =Si-O-A type bonds (where A is the alkaline metal e.g. Na).
The course of hydrolysis and ion exchange depend on the concentration of protons and
basic ions in the reaction mixture and influence the concentration of =Si-O-A bonds in
oligomers. The amorphous Na,0SiO, powder obtained by the ion-exchange method is the
initial product for synthesis of magnesium silicate. The ion exchange between alkali earth
ions and sodium in Na,0-Si0, leads to formation of =Si-O-M (where M stands for magnesium
or calcium ions). Quite often used are the methéds of obtaining synthetic silicates in water
systems. One of them is the standard reaction of precipitation from water-soluble alkaline
silicates, e.g. sodium silicate, by addition of a reagent such as mineral acid or magnesium

hydroxide.

2.7 Isotherm adsorption [40]

The process of adsorption is usually studied through. graphs know as adsorption
isotherm. It is the graph between the amounts of adsorbate (x) adsorbed on the surface of
adsorbent (m) and pressure at constant temperature. Different adsorption isotherms have

been Freundlich and Langmuir theory.
In the process of adsorption, adsorbate gets adsorbed on adsorbent.

Adsorption
Adsorbate + Adsorbent ——
desorption

Adsorption

A+B —— (2.1)

According to Le-Chatelier principle, the direction of equilibrium would shift in that
direction where the stress can be relieved. In case of application of excess of pressure to the
equilibrium system, the equilibrium will shift in the direction where the number of
molecules decreases. Since number of molecules decreases in forward direction, with the

increases in pressure, forward direction of equilibrium will be favored.
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4 _ Adsorption Isotherm

e

SIS

Saturation Pressure

VAREEEN

7
P——7F;

Figure 2.13 Adsorption isotherm

From the graph, we can predict that after saturation pressure Ps, adsorption does not
occur anymore. This can. be explained by the fact that there are limited numbers of
vacancies on the surface of the adsorbent. At high pressure a stage is reached when all the
sites are occupied and further increase in pressure does not cause any difference in

adsorption process. At high pressure, Adsorption is independent of pressure.

2.7.1 Langmuir Adsorption Isotherm

In 1916 Langmuir proposed another Adsorption Isotherm known as Langmuir
Adsorption isotherm. This isotherm was based on different assumptions one of which is that
dynamic equilibrium exists between adsorbed gaseous molecules and the free gaseous
molecules.

Adsorption
A@+Bl) ——— AB
desorption (2.2)
Where A(g) is unadsorbed gaseous molecule, B(s) is unoccupied metal surface and AB is
Adsorbed gaseous molecule.
Based on his theory, he derived Langmuir Equation which depicted a relationship

between the number of active sites of the surface undergoing adsorption and pressure.

kP
g =

1+ &P (2.3)

Where B the number of sites of the surface which are covered with gaseous molecule, P

represents pressure and K is the equilibrium constant for distribution of adsorbate between
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the surface and the gas phase .The basic limitation of Langmuir adsorption equation is that it
is valid at low pressure only.

At lower pressure, KP is so small, that factor (1+KP) in denominator can almost be

ignored. So Langmuir equation reduces to
0 =«p (2.4)

At high pressure KP is so large, that factor (1+KP) in denominator is nearly equal to

KP. So Langmuir equation reduces to

KP ' (2.5)

2.7.2 Freundlich Adsorption Isotherm
In 1909, Freundlich gave an empirical expression representing the isothermal
variation of adsorption of a quantity of gas adsorbed by unit mass of solid adsorbent with
pressure. This equation is known as Freundlich Adsorption Isotherm or Freundlich Adsorption

equation or simply Freundlich Isotherm.

m (2.6)

Where x is the mass of the gas adsorbed on mass m of the adsorbent at pressure p
and k, n are constants whose values depend upon adsorbent and gas at particular
temperature. Though Freundlich Isotherm correctly established the relationship of
adsorption with pressure at lower values, it failed to predict value of adsorption at higher

pressure.
2.7.3 Type of Adsorption Isotherm

Five different types of adsorption isotherm and their characteristics are explained

below.
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1. Type | Adsorption Isotherm
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Figure 2.14 Type | adsorption isotherm

Type | Adsorption Isotherm

e The above graph depicts Monolayer adsorption.

e This graph can be easily explained using Langmuir Adsorption isotherm.

o If BET equation, when P/P0<<1 and c>>1, then it leads to monolayer formation and
Type | Adsorption Isotherm is obtained.

e Examples of Type-| adsorption are Adsorption of Nitrogen (N2) or Hydrogen (H) on

charcoal at temperature near to -1800C.

2. Type Il Adsorption Isotherm
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Figure 2.15 Type Il adsorption isotherm
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Type Il Adsorption Isotherm

e Type Il Adsorption Isotherm shows large deviation from Langmuir model of
adsorption.

» The intermediate flat region in the isotherm corresponds to monolayer formation.

« In BET equation, value of C has to be very large in comparison to type .

» Examples of Type-Il adsorption are Nitrogen (N2 (g)) adsorbed at -1950C on Iron (Fe)
catalyst and Nitrogen (N2 (g)) adsorbed at -1950C on silica gel.

3. Type lll Adsorption Isotherm
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Figure 2.16 Type Il adsorption isotherm

Type IIl Adsorption Isotherm

» Type lll Adsorption Isotherm also shows large deviation from Langmuir model.

e In BET equation value if C <<< 1 Type lll Adsorption Isotherm obtained.

» This isotherm explains the formation of multilayer.

e There is no flattish portion in the curve which indicates that monolayer formation is
missing.

» Examples of Type Il Adsorption Isotherm are Bromine (Br2) at 790C on silica gel or
lodine (12) at 790C on silica gel.
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4. Type IV Adsorption Isotherm
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Figure 2.17 Type IV adsorption isotherm

Type IV Adsorption Isotherm
« At lower pressure region of graph is quite similar to Type Il. This explains formation of

monolayer followed by multilayer.
e The saturation level reaches at a pressure below the saturation vapor pressure. This

can be explained on the basis of a possibility of gases getting condensed in the tiny
capillary pores of adsorbent at pressure below the saturation pressure (PS) of the gas.
« Examples of Type IV Adsorption Isotherm are of adsorption of Benzene on Iron Oxide

(Fe,0O,) at 500°C and adsorption of Benzene on silica gel at 500°C.

5. Type V Adsorption Isotherm
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Figure 2.18 Type V adsorption isotherm

Type V Adsorption Isotherm

e Explanation of Type V graph is similar to Type V.
« Example of Type V Adsorption Isotherm is adsorption of Water (vapors) at 1000°C on

charcoal.
e Type IV and V shows phenomenon of capillary condensation of gas.



27

2.8 Literature review

Warod Patrungsee et al. studied about magnesium silicate with various silica and
magnesium oxide ratios (SiO,/MgO ratios) was used as the adsorbent for a study of
adsorption of free fatty acid (FFA) in crude palm oil (CPO). Magnesium silicate was prepared
from magnesium nitrate or magnesium sulfate solution precipitated with a solution of
sodium silicate derived from rice husk. SiO,/MgO ratios of the magnesium silicate
synthesized from magnesium nitrate and magnesium sulfate were 3.93, 3.75, 2.74, 2.40, 1.99
and 3.96, 3.61, 3.51, 2.91, 2.69, respectively. FFA adsorption on the magnesium silicate was
carried out by adding 1 gram of the adsorbent to 50 grams of CPO and shaking for 1 hour at
50°C. It was found that SiO,/MgO prepared from magnesium nitrate ratio of 1.99 had the
highest adsorption capacities of 185 mg of FFA per gram of adsorbent. In addition, increasing
of Si0,/MgO ratios of magnesium silicate was found to reduce the adsorption capacities due
to decreasing of FFA chemisorption. The effect of dosage amount to equilibrium adsorption
capacities were carried out by adding different amount of magnesium silicate (SiO,/MgO ratio
of 1.99) to 50 grams of CPO. The result showed that efficiency decreased when dosage
increased. The Fruendlich and Langmuir isotherm were applied to describe this absorption
system. The values of maximum sorption capacity (Q,) and Langmuir's sorption affinity (b) in
the Langmuir equation obtained by linear-regression were minus values which were
physically meaningless. Thus, FFA adsorption on magnesium silicate was both physisorption

and chemisorption and well represented by the Fruenlich isotherm [9].

The precipitation of highly dispersed magnesium silicate were studied by Andrzej
Krysztafkiewicz et al. that solutions of sodium metasilicate and of magnesium salts [chloride,
sulfate(VI) or nitrate(V)] were employed. The chemical reaction of silicate precipitation was
corrected by supplementation of the system with diluted (5-15 wt%) solutions of sodium
hydroxide. Optimum parameters of the precipitation process were established. The
precipitated magnesium silicates were comprehensively examined. Their chemical
composition and principal physicochemical properties were established, including bulk
density, capacities to absorb water, dibutyl phthalate and paraffin oil as well as the
sedimentation rate in linseed oil. Moreover, their morphology, microstructure and particle
size distribution were studied, using scanning electron microscopy and dynamic light
scattering technique. The obtained products manifested variable physicochemical properties.
The presence of sodium hydroxide solution in the course of precipitation proved to

significantly affect the quality of the obtained magnesium silicates [39].

Research of Marcia Cardoso Manique et al. studied about the purification of biodiesel
from waste frying oil (WFO) using rice husk ash (RHA) at concentrations of 1%, 2%, 3%, 4%
and 5% (w/w) was studied and compare it with two other different purification methods, the
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traditional acid solution (1% aqueous HiPO,4) and with the commercial adsorbent Magnesol
1% (w/w). The structure and composition of the RHA were studied to better understand its
properties as an adsorbent. In a concentration of 4%, the RHA showed excellent results for
removal impurities from biodiesel. The high concentration of silica in its composition and the
presence of meso and macropores can explain its high capacity of adsorption. Thus, the
RHA, that is a byproduct of the rice processing, can appear as an alternative material for

biodiesel purification [41].

From M. Berrios et al., in order to meet the very high purity requirements laid down
on the European Standard for biodiesel fuel (EN 14214), a significant amount of post
transesterification purification is needed. Until recently the preferred method was water
washing but considerable interest is now being shown in purification by ion exchange resins
and the use of magnesium silicate as a solid adsorbent. The three methods have been
tested under several reaction conditions (temperature, concentration, agitation rate, etc.) in
order to compare which gives better results. It has been found that it is necessary a previous
methanol removal to avoid the saturation of the adsorbents. Glycerol and soap content
have been removed in all the processes. Not many differences have been found on the

other tested parameters [(20].

The efficiency of different adsorbents in the purification of biodiesel produced by
alkaline transesterification of soybean oil (Methanol/KOH) was studied by Candice Schmitt
Faccini et al. The proposed methodologies were based on the use of Magnesol®, silica,
Amberlite BD10 DRY® and Purolite PD 206® as adsorbents and were developed by
adsorption at 65 °C. The response of each adsorbent was measured through the residual
potassium, alcohol, water and soaps dissolved in the purified biodiesel. As a result, we
observe that Magnesol® and silica showed better adsorption properties than Amberlite
BD10 DRY® and Purolite PD 206®, especially for removing soap, free and bonded glycerol
and potassium. In comparison to the conventional acid water washing, these matrices were
found to be equally appropriate for the removal of inorganic and organic contaminant
species from biodiesel. The main results found for these two adsorbents (Magnesol® 1%
and silica 2%) were values below 0.17 mg KOH ¢-1 for acid number, 1 mg kg-1 of K, 61 ppm
of soap, 500 mg kg-1 of water, 0.22% of methanol and 0.03% of free glycerol [42].



Chapter 3

Experimental details

This chapter describes a comprehensive research on synthesis magnesium silicate as
adsorbent by precipitation method and adsorption process in five sections: section 1
describes how to synthesize magnesium silicate by precipitation method with four different
sources of silica and magnesium sulfate (Vl) as reactants. In section 2, synthesis of
magnesium silicate varies in concentration ratio of the best source of silica from sectionl
and magnesium sulfate (VI). For section 3, the optimum conditions for adsorption of the
highest efficiency magnesium silicate from section 2 were studied, i.e. amount of absorbent
and time to equilibrium. The characterization of magnesium silicate were describes in details
in section 4 and the determination contaminates in biodiesel; free fatty acid, soap, free
glycerin and total glycerin, were explained in section 5. Resins preparation and packed-bed
fabrication were explained in details in section 6. The dry wash method by resins was also

given.

3.1 Instruments and apparatus for magnesium silicate part
1) 250 mL, 500 mL and 1L - Beaker
2} 100 mL, 500 mL and 1000 mL - Volumetric flask
3) 50 mL - Buret
4) 5 mlL and 10 mL - Pipette
5) 10 mL and 100 mL - Cylinder
6) 125 ml and 250 mL - Erlenmeyer flask
7) Stirring rod
8) Magnetic bar
9) Desiccator
10) Whatman® Filtered-paper No.42
11) pH meter
12) Pestle
13) Sieve ASTM standard #80
14) Glass funnel
15) Filtration machine GAST DOA-P504-BN
16) Oven - REDLINE by Binder 9090-0001
17) Centrifuge - GEMMY PLC-012 series
18) Incubator shaker - Zhicheng Analytical Instruments Manufacturing Co.,Ltd Model:
ZHWY-1008
19) Hotplate stirrer - IKA® C-MAG HS7
20) Analytical balance Mettler Toledo - AX 205
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3.2 Chemicals for magnesium silicate part

1)
2)
3)
4)
5)
6)
7)
8)
9)

Sodium metasilicate Analytical grade Produced by Rankem Company
Sodium metasilicate Analytical grade Produced by Aldrich Company
Solution of sodium silicate Analytical grade Produced by Merck Company
Rice husk ash

Magnesium sulfate Analytical grade Produced by Fisher Company
Magnesol D60 Produced by Dallas group America

Hydrochloric acid Analytical grade Produced by Labscan Asia Company
Sodium hydroxide Analytical grade Produced by Merck Company

Sodium fluoride Analytical grade Produced by Ajax Finechem

10) Methyl alcohol commercial grade

11) Sodium periodate Analytical grade Produced by Fisher Company
12) Ethanodiol Analytical grade Produced by Merck Company

13) Acetone Analytical grade Produced by Labscan Asia Company
14) Methy! red indicator

15) Bromophenol bltue indicator from Loba Chemie Company

16) Phenolphthalein indicator

17) Phenol red indicator

18) Distilled water

3.3 Procedure for magnesium silicate part

Section1 and 2

1)
2)
3)
4)
5)
6)

1)

2)
3)
4)
5)

3.3.1 Extraction solution of silica from rice husk ash

Boil rice husk ash (RHA) with 3M hydrochloric acid for 30 minutes.

Wash with distilled water until pH = 7.

Dry in an oven at 100°C for 24 hours.

Heat 10g of rice husk ash with 1 M sodium hydroxide at 70-80°C for 24 hours.
Filter the solution with Whatman® filtered-paper No.42.

Titrate silica content of silicate solution from RHA.

3.3.2 Synthesis of Magnesium silicate by precipitation method

Add solution of sodium silicate drop-wise into magnesium sulfate (VI) solution at
room temperature with stirrer speed of 200 rpm. The details are shown in the table
3.1-3.2.

Keep the mixture at room temperature for 5-10 minutes

Separate the precipitate by centrifuge 2000 rpm. for 20 minutes

Filter the product and wash several times with distilled water.

Dry in an oven at 105°C for 24 hours.
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6) Mash and sieve the magnesium silicate powder.

7) Keep the magnesium silicate powder in desiccator.

Table 3.1 The composition of mixture for section 1

Source of Concentration ratio of silica Weight of Weight of magnesium
silica and magnesium sulfate (VI) silica sulfate (g)
SSM | 0.5:0.5 17.4 mL 12.324
RHA 0.5:0.5 - 25.0mL 12.324
SMR 0.5:0.5. 6.103 ¢ 12.324
SMA 0.5:0.5 6.103 ¢ 12.324

Table 3.2 The composition of mixture for section 2

Source of ~ Concentration ratio Weight of Weight of magnesium
silica (Na,Si0;:MgSO,) SMA (g) sulfate (g)
SMA ' 0.5:1.5 6.103 36.96
SMA 0.5:0.5 6.103 12,324
SMA 3.0:0.5 36.618 12.324
Section3

3.3.3 Comparison of adsorptive capacity between synthetic magnesium silicate
with different silica source and commercial magnesium silicate
1) Add 50 ¢ of biodiesel into 250 mL erlenmeyer flask.
) Add 1 ¢ of magnesium silicate into the same erlenmeyer flask.
3) Put the mixture into incubator shaker at 60°C, 200 rpm for 2 hours.
) Separate the biodiesel and adsorbent by centrifuge 2000 rpm for 20 minutes.
)

Analyze remaining contaminates in biodiesel.

3.3.4 Study effect of Na,SiO;:MgSO, concentration ratio on adsorptive capacity

Repeat experiment as topic 3.3.3 by using the highest adsorptive capacities of
silica source (from 3.3.3) with three different Na,SiOs:MgSO, concentration ratio; 0.5:1.5,
0.5:0.5 and 3.0:0.5. And the adsorptive conditions are 1, 2 and 3 grams per 150 mL biodiesel.

3.3.5 Study effect of dosage amount of magnesium silicate and time to
equilibrium adsorption capacities

Repeat experiment as topic 3.3.3 by using the highest adsorptive capacities of
Na,SiO1:MgSO, concentration ratio (from 3.3.4) with different dosage amount of
magnesium silicate; 1, 2, 3, 4, 5 and 6 gram per 150 mL biodiesel. After that, effect of time
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to equilibrium was studied by using the highest adsorptive capacities of dosage amount of

adsorbent at every hour until 7 hours.

Section4

3.3.6 Characterization of magnesium silicate

3.3.6.1 X-ray fluorescence (XRF)

It is used to study elements that present in @ material by measuring the
emission of X-ray fluorescence from a material that has been excites by bombarding with
high-energy X-ray.

3.3.6.2 X-ray diffractometer (XRD)

It is used to identify the different phases in the catalyst as well as examine its
crystalline structure by using Cu Kg radiation. The intensity data were collected over a 2]
range of 5-70 degree

3.3.6.3 Brunauer-Emmett-Teller (BET)

It is used to explain the physical adsorption by measurement of the specific
surface area (mz/g), pore volume (cc/g) and pore size (A") of magnesium silicate.

3.3.6.4 Fourier transforms infrared spectrometry (FITR)

It is used to observe materials as it can reveal their molecular structure. It
allows one to record infrared spectra. Infrared light is guided thréugh an interferometer and
then through the sample. A moving mirror inside the apparatus alters the distribution of
infrared light that passes through the interferometer. The signal directly recorded represents
light output as a function of mirror position. A data-processing turns this raw data into the
desired result (the sample’s spectrum): Light output as a function of infrared wavelength

range of --- wavenumbers.

Section5
3.3.7 Determination contaminates in biodiesel
3.3.7.1 Free fatty acid

1) Mix biodiesel with MeOH as follow table 3.3. In this case, biodiesel has % free fatty
acid about 0.2-1.0% w/w.

2) Add 1% concentration of phenolphthalein indicator 2-3 drops.

3) Titrate with 0.1M NaOH solution until the mixture tumns pink color (still pink color at
least 30 minutes).

4) Calculate %.free fatty acid in the sample follow this equation:

9 =
NFFA Woi X1000

(3.1)
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where %FFA is concentration of free fatty acid (%wt), Cyson is normality of the NaOH titration
solution (0.1M), Viaon is volume in mL of NaOH titration solution and W is weight of the

sample of oil in grams.

Table 3.3 Ratio of weight of sample, volume of alcohol and concentration of base in

every range of % free fatty acid

Free fatty acid (% Weight of safnple (9) * Volume of Concentration of
w/w) alcohol (mL) NaOH (M)
0.0-0.2 56.4 + 0.2 50 | 0.1
0.2 - 1.0 28202 50 1.0
1.0 - 30.0 ~ 7.05%0.05 75 0.25
30.0 - 50.0 7.05+ 0.05 ' 100 0.25 0r 1.0
50.0 - 100 3.252 £ 0.001 100 1.0
3.3.7.2 Soap

1) Prepare a solvent of 980 mL of acetone and 20 mL of distilled water.

2) Mix 10 g of sample to 20 mL of solvent into 125 mL Erlenmeyer flask.

3) Add 4-5 drops of bromophenol blue indicator.

4) Titrate the mixture with 0.01M HCl solution until it reaches the yellow endpoint.
5) Calculate soap in parts per million in the sample follow this equation:

CuciXVycix304.4x10° (3.2)
W< 1000 )

S:

where S is amount of soap in biodiesel (ppm), Cy is normality of the HCL titration solution
(0.01M), Vyeris volume in mL of HCL titration solution and W, is weight of the sample of oil

in grams.

3.3.7.3 Free glycerin
1) Weigh the biodiesel 50 ¢ into a 250 mL Erlenmeyer flask.
2) Extraction of glycerin from the biodiesel by washing:
a) Put the flask in a water bath (60-65°C) and stir.
b) Add 20 mL of HCl 5wt% stir approximately 15 minutes.
c) Transfer carefully to a separatory funnel.
d) Separate and place the aqueous phase in 250 mL Erlenmeyer flask.
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e) Put the biodiesel phase in the flask and repeat the washing using 20 mL
of HCl 2.5 wt%.

f) Separate and collect the aqueous phase into the Erlenmeyer flask.

g) Repeat steps e and f but using distilled water instead of HCl 2.5 wt%.

h) Rinse the flask with distilled water (20 mL approx.) and add it to the
separatory funnel containing the biodiesel phase. Transfer the aqueous
phase to the Erlenmeyer containing the previous washings.

Analyze the glycerin content in the aqueous phase:

a) Add 5 drops of phenol red indicator.

b) Add NaOH 2M to turn to fuchsia.

c) Add HCl 5 wt% to turn to yellow, and then add 0.5 mL of HCl 5'wt% to
make acid solution.

d) Boil 3 minutes (with porous material to prevent violent boiling) to remove
dissolve CO,. '

e) Cool the mixture to room temperature.

f) Add NaOH 0.1M until turning point (pink color).

g) Add 15 mL of NalOq4 (6 ¢/ 100 mL recently prepared), mix and leave 5-10
minutes in the darkness. Glycerin will react with NalO, and produce formic
acid.

h) Add 2 mL ethanodiol (ethylene glycol) to get rid of remaining NalO,, wash
the walls of the Erlenmeyer with distilled water, mix, and leave 5-10
minutes in the darkness.

i)  Titrate with 0.1 M NaOH

Calculate % Free glycerin in the sample follow this equation:
0/ FG CNGOHXVNGOHXO‘OQZJ‘XIOO
() =
Wou

(3.3)

where %FG is gram of glycerin per 100 g of sample, Cyson is normality of the NaOH titration
solution (0.1M), Vuaon is volume in mL of HCL titration solution and Wy, is weight of the

sample of oil in grams.

1)

3)

3.3.7.4 Total glycerin
Weigh the biodiesel 50 g into a 250 mL Erlenmeyer flask.
Reaction of residual glycerides; transesterification. The reaction is carried out in a
batch reactor with reflux:
a) Put the flask in water bath (60-65°C) on a magnetic stirrer, and stir
vigorously.
b) Add 20 mL of sodium methoxide solution (0.7 ¢ NaOH/ 40 mL methanol)
c) Keep the temperature and the stirring during 30 minutes at 60°C

Extraction of glycerin from reacting media by washing:



35

Repeat step 2 in 3.3.7.3
4) Analyze the glycerin content in the aqueous phase:
Repeat step 3 in 3.3.7.3
5) Calculate % Free glycerin in the sample follow the equation as shown in step 5
of 3.3.7.3
3.4 Instruments and apparatus for resin part
1) Graduated glass cylinder 250 ml . -
2) Metering pump
3) Stopwatch

5
6) Stand and clamp
7) Reactor 15 litres

3.5 Chemicals for resin part

)

4) Silicone tube
) Titration glassware, including burette and conical flask
)

1) Sodium hydroxide (Commercial grade)
2) Sodium chloride (Commercial grade)
3) Methanol (Commercial grade)

4) Distilled water

5) RBD Palm oil

6) Purolite ® €150 resin

7) Dowex mono 88 resin

8) Lewatit SP 112H resin

3.6 Procedure for resin part

3.6.1 Biodiesel synthesis

Free fatty acid (FFA) of RBD palm oil was first determined for the amount of sodium
hydroxide catalyst required in biodiesel synthesis. FFA was quantified according to AOAC
Official Method Ca 5a-40.

RBD Palm oil was filled into the reactor, agitated, and warmed to 60 degree Celsius.
Sodium hydroxide dissolved in methanol was slowly poured into the reactor and mixed well
with the oil. After 1 hour of reaction time, methanol was evaporated and the mixture was
settled for 4 hrs. for glycerine separation. The bottom glycerine liquid was drawn out from
the reactor. The biodiesel product was ready for dry wash.

3.6.2 Resin Preparation

Lewatit SP 112H is a H-form cationic resin. The resin ion form was converted into
sodium form by using 4% of sodium hydroxide solution. 1 liter of the base solution was

used for the exchange of 250 ml resin bed. The solution flow rate was 500 mUhr. Further,
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the resin was washed with distilled water until the wash solution became neutral. Water and
moisture inside the resin was replaced by washing with methanol 1 liter.

Purolite ® C150 and Dowex mono 88 resin are Na-form cationic resin. Both resins
were washed to remove impurities by distilled water until there wash solution had no color.
Water and moisture inside the resin was removed by methanol washing.

3.6.3 Dry wash by resin i

Raw biodiesel was fed into the bed of resins above by using a metering pump. The
flow rate was monitored and fixed at 1.5 bed volume/hr (BV/hr). Samples were collected
every hour, 4-hour, and 8-hour for base, free glycerine, and total glycerine determination,
respectively. All resins were compared on the washing capability. The best one will be

tested at the higher flow rate of 2 and 2.5 BV/hr.



Chapter 4

Results and Discussion

This research aims to synthesize and characterize the magnesium silicate as
adsorbent in contaminated biodiesel with different conditions to determine adsorptive
capacity. The synthesis was varied in sources of silica and concentration ratio to compare
adsorptive capacity with commercial magnesium silicate. For adsorption, effect of dosage
amount and time to reach equilibrium adsorption were studied by adding different amount
of magnesium silicate at every hour for 7 hours of adsorption. Adsorbate characterization
methods inctuded XRF, XRD, BET and FTIR.

The results were discussed in the term of the comparison of adsorptive capacity in
the different sources of silica and molecular ratio of SiO,/MgO with commercial magnesium
silicate, the optimum conditions of adsorption to equilibrium state.

Impurities of prewashed biodiesel were determined and removed by a packed-bed

of resins as would be discussed later on.

4.1 The characterization of magnesium silicate

The synthetic magnesium silicate was prepared by precipitation method between
different sources of silica and magnesium sulfate (VI).The magnesium silicates were
characterized by XRF and FTIR technique. Magnesium silicate synthesized from SMA source,
the highest adsorptive capacity, was studied by varying Na,SiO;: MgS0, concentration ratios
and characterized by XRF, XRD, BET and FTIR technique.

4.1.1 The chemical compositions by the X-ray fluorescence (XRF)

The synthetic magnesium silicate was the fine white powder. Table 4.1 shows the
components of commercial magnesium silicate and magnesium silicate derived from SMA
and SMR as source of silica; 1.48:1, 0.76:1 and 0.004:1 molecular ratio of SiO,/MgO,
respectively. Obviously, the difference of silica source has effect on SiO,/MgO ratio by SMR
provided magnesium silicate precipitates with lower SiO,/MgO ratio due to the limitation of
SMR solubility in water. When, SMA could be able to prepare the desired Si02/MgO molar
ratio of magnesium silicate with high SiO, content. And the commercial Magnesium silicate
was exhibited the highest molar ratio of SiO,/MgO magnesium silicate.

Table 4.2 exhibited the chemical composition of synthetic magnesium silicate which
was synthesized by varying Na,SiOs: MgSO4 concentration ratio. The molecular ratio of
Si0,/MgO in synthetic magnesium silicate was 0.36:1, 0.76:1 and 2.04:1 according to the
Na,SiOs: MgSO, concentration ratio of 0.5:1.5, 0.5:0.5 and 3.0:0.5, respectively. Na,SiOs:
MgSO, concentration ratio of 3.0:0.5 exhibited highest molecular ratio of SiO,/MgO, while the
concentration ratio of 0.5:1.5 showed lowest molecular ratio of SiO,/MgO. Thus, the molar

ratio of synthetic magnesium silicate was in agreement with the used concentration ratio.
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Table 4.1 Chemical compositions of commercial magnesium silicate and magnesium

silicate devised from various sources of silica.

N % wt Molecular ratio of
Source of silica 50, MO Other Si0,/MgO
SMR 0.41 96.11 3.48 0.004:1
SMA 43,18 56.81 0.01 0.76:1
Commercial magnesium 48.00 32.40 19.60 1.48:1
silicate

Table 4.2 Chemical compositions of synthetic magnesium silicate devised from SMA

silica source by various Na2SiO3: MgSO4 concentration ratios.

Na,SiOs: MgSO, % wt Molecular ratio of
concentration ratios SiO, MgO Other Si0,/MgO
0.5:1.5 26.34 72.31 1.35 0.36:1
0.5:0.5 43.18 56.81 0.01 0.76:1
3.0:0.5 52.88 2585 21.27 2.04:1

4.1.2 The crystalline structures by the X-ray diffractometer (XRD)

The synthesized magnesium silicate which was devised from different molecular ratio
of Si0,/MgO and commercial magnesium silicate were characterized and identified the
crystalline structure by the X-ray diffraction technique. Cu KO radiation was used and the
intensity data were collected at 25°C over a 2[J range of 5-70° and scan step of 0.02° (2[]).

The diffraction patterns from the X-ray diffractometer were shown in Figure 4.1. The
crystallinity of magnesium silicate was very weak, suggesting that magnesium silicate were

amorphous [43-45].
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Figure 4.1 The XRD patterns of magnesium silicate with different molecular ratio of
Sj0,/MgO: (a) 0.36:1, (b) 0.76:1, (c) 2.04:1 and (d) commercial magnesium silicate

N

4.1.3 The surface area and pore size by Brunauer-Emmett-Teller (BET)

Table 4.3 lists the average surface area, pore volume and pore size of synthesized
magnesium silicate and commercial magnesium silicate that were characterized by BET
method. The results of synthesized magnesium silicate exhibited range of surface area
between 15-58 mz/g. And the average pore sizes were 50-105 A’ which could describe that

magnesium silicate was mesopore formation. From the results, the 2.04 : 1 molecular ratio
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of Si0,/MgO of magnesium silicate had the biggest pore size than others, 105 Ao, which

related to contaminates adsorption. Noticeably, the structure size of concerned
contaminates were large so the pore size of adsorbents should play a significant role on

adsorptivity of structure size of adsorbate.

Table 4.3 Average surface area, pore volume and pore size of magnesium silicate

Molecular ratio of 2 )
. Surface area (m'/g) | Pore volume (cc/g) Pore size (A)
SiOy/MgO
0.36 : 1 151 0.0192 50.88
0.76: 1 67.19 0.1098 65.34
204 :1 57.77 0.1516 105
Commercial
) N 425.4 0.7966 74.9
magnesium silicate

4.1.4 The infrared spectrum by the Fourier transforms infrared spectroscopy
(FTIR)

The FT-IR spectra of magnesium silicate which were varied with silica source, SMR
and SMA, are shown in Figure 4.2. These spectra were obtained from scanning in the range
of 400-4000 cm-1. The band represented Si-O stretching vibration of magnesium silicate from
commercial magnesium silicate, SMR and SMA were shown at 1034.84, 1129.89 and 1025.18
cm-1, respectively [41). The hydroxyl stretching band (-OH) shows shoutders between 3300-
3450 cm-1 [46). Magnesium silicate from commercial magnesium silicate, SMR and SMA were
exhibited the bands at 470.81, 451.56 and 446.26 cm-1, due to Mg-O stretching vibration,
respectively [47]. From Figure 4.2, the band of magnesium silicate which derived from SMR
represented hardly stretching vibration of Si-O which related with XRF result.



42

T T
ss‘h\ // 7 o \[143@

Vol g
7Y

659
451 3434.63 |
35 I
47081
254 .
15 — . 1034384 ]
4000 3200 2400 1800 1400 1000 600
Wavenumber (cm-1)
(@)
%T [ re T TN ST YN
' / B \\_ K "
65 ‘;' 292200 205291 Y 1433 06 11289 863.90\1i
o 1630-‘6 i
343463 !
551 !
| %
&
45- ,"
|
5 -
“l‘ll [
25 4 '\\ /
15 45116
4000 3200 2400 1800 1400 1000 600
Wavenumber (cm-1)

(b)



43

%T

601 446.28
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-1)

(c)
Figure 4.2 FT-IR spectra of magnesium silicate; (a) commercial magnesium silicate (b)

SMR as source of silica and (c) SMA as source of silica

From Figure 4.3, the bands in 950-1100 cm-1 are due to Si-O stretching vibrational
modes, the bands at 400-450 cm-1 is attributed to Mg-O stretching vibration and the bands
at 3200-3800 cm-1 are assigned to deformation of hydroxyl stretching (-OH) [41,47). The
bands present at 1400-2000 cm-1 are due to the Si-O vibration because of combination and
overtones of Si-O [46). Therefore, the infrared analysis indicates that magnesium silicate

adsorbents are a material with high content of SiO, and MgO.
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Figure 4.3 FT-IR spectra of magnesium silicate with different molecular ratios of
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4.2 The adsorption in contaminated biodiesel by synthesized magnesium silicate with
different silica source compare with commercial magnesium silicate -

The adsorption of contaminates in biodiesel by synthesized magnesium silicate,
which RHA, SMA, SSM and SMR as source of silica, were studied and compared with
commercial magnesium. The concerned contaminants in the biodiesel included free fatty
acid, soap and free glycerin. The adsorption studied was observed under these conditions;
0.5:0.5M concentration ratio of silica and magnesium sulfate (VI), 50 grams biodiesel per 1
gram adsorbent of adsorbed ratio, 60°C and 2 hours.
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4.2.1 The adsorption of free fatty acid

Figure 4.4 demonstrates adsorption efficieicy comparison of FFA from different
sources of silica and commercial magnesium silicate. Adsorption efficiency of commercial
magnesium silicate was 29.34%, while magnesium silicate which derived from RHA, SMA,
SSM and SMR as silica source had 78.76%, 91.90%, 66.61% and 23.18% adsorption efficiency,
respectively. For the FFA adsorption capacity (qge) of magnesium silicate which derived from
RHA, SMA, SSM and SMR as silica source and commercial magnesium silicate were 239.74,
287.25, 215.23, 73.83 and 96.07 mg/g, respectively. Thus, magnesium silicate which derived
from SMA as source of silica had the highest adsorption .efficiency of FFA.

100
Q0 et e
80 -
70 -

60 -~ PR . e

50
40
30
20
10

Adsorption efficiency of FFA (%)

RHA SMA SSM SMR commercial

Source of silica

Figure 4.4 Comparison of adsorption efficiency of FFA from different sources of silica

and commercial magnesium silicate.

4.2.2 The adsorption of soap
Adsorption efficiency of soap with different adsorbents was shown in Figure 4.5. For
the figure, both of SMA and SSM as source of silicate show similarly high value of soap
adsorption efficiency. Magnesium silicate which derived from SSM as silica source exhibited
highest adsorption efficiency of soap at 44.29% and for SMA as adsorbent showed
adsorption efficiency at 42.02%. For the soap adsorption capacity (ge) presented 1.62 mg/g
of RHA, 2.137 mg/g of SMA, 2.141 mg/g of SSM, 0.49 mg/¢ of SMR and 0.75 mg/g of

commercial magnesium silicate, when soap of unwash biodiesel was 475.83 ppm.
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Adsorption efficiency of soap (%)

RHA SMA SSM SMR commercial

Source of silica

Figure 4.5 Comparison of adsorption efficiency of soap from different sources of silica

and commercial magnesium silicate.

4.2.3 The adsorption of free glycerin

In figure 4.6, the comparison of efficiency on adsorption of free glycerin was
exhibited. It presents that magnesium silicate which derived from SMA as source of silica had
the best adsorption efficiency; 90.78%, when SSM had adsorption efficiency at 79.06%.
When, the adsorption capacity (ge) of magnesium silicate which derived from RHA, SMA, SSM
and SMR as silica source and commercial magnesium silicate were 9.59, 16.11, 14.08, 7.26

and 7.93 mg/g, respectively which free glycerin of unwash biodiesel was 0.051%.

100 - -~ - e e -

Adsorption efficiency
of free glycerin (%)
(¥
(]

RHA SMA SSM SMR commercial

Source of silica

Figure 4.6 Comparison of adsorption efficiency of free glycerin from different sources
of silica and commercial magnesium silicate.
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From the result, SMR exhibited lowest adsorption efficiency of contaminates in
biodiesel because of the limitation of SMR solubility with Na,SiO5-7H,O of formula. Whereas
SMA presented highest adsorption efficiency of contaminates in biodiesel because of it had
structure without water; Na,SiO; and had more solubility than SMR.

From behavior of adsorption of free fatty acid, soap and free glycerin, magnesium
silicate which derived from SMA as source of silica showed high adsorption efficiency which
Si0,/MgO molar ratio of magnesium silicate is 0.76:1. Because of magnesium silicate surface
is partially hydrophobic and partially hydrophilic. The hydrophobic part includes siloxane
(=Si-0-Si=) groups and the hydrophilic portion contains isolated hydroxy groups (-Mg-OH),
individual silanol groups (=Si-OH). For the modification of magnesium silicate surface can
carry out by increase hydrophobicity part of silicate surface to promote binding of several
compounds [48]. And both structure of free fatty acid and soap are partially polar and non-
polar, while glycerin presents non- polar structure. Thus, it related with the results of XRF
analysis, magnesium silicate from SMA and commercial were exhibited high content of
SiO,/MgO molar ratio and FTIR result that clearly represented vibration'of siloxane bonding;
Si-O-Si.

4.3 The adsorption of contaminates in biodiesel by synthesized magnesium silicate
from SMA silica source with different molecular ratios of SiO,/MgO compare with
commercial magnesium silicate

This topic studied adsorbed trend of free fatty acid, soap, free glycerin and total
glycerin in biodiesel by synthesized magnesium silicate, which different Na,SiO;: MgSO,
concentration ratios: 0.5:1.5M, 0.5:0.5M and 3.0:0.5M; 0.36:1, 0.76:1 and 2.04:1 molecular
ratio of SiO,/MgO respectively, compare dosage amount of adsorbents between 1g, 2g and
3¢ per 150 grams of biodiesel. The adsorbed study was noticed under these conditions;

magnesium silicate which derived from SMA as silica soutce, adsorbed at 60°C for 5 hours.
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Figure 4.7 Comparison of adsorption efficiency of contaminates from different
molecular ratios of Si0,/MgO and commercial magnesium silicate; (a) free fatty acid,

(b) soap, (c) free glycerin and (d) total glycerin

The comparison of contaminates adsorption efficiency between molecular ratios of
Si0,/MgQ: 0.36:1, 0.76:1 and 2.04:1 and commercial magnesium silicate were presented in
figure 4.7. From the results, dosage amount of adsorbent had direct variation with efficiency
of contaminates adsorption and trends of FFA, soap, free glycerin and total glycerin
adsorption with magnesium silicate which 2.04:1 molecular ratios of SiO,/MgO show highest
efficiency of adsorption;, 77.39%, 77.11%, 100% and 82.92% respectively, while the
adsorption capacity average, between 1g, 2¢ and 3¢ of adsorbent amount, was shown 70.73
mg/g of FFA adsorption, 1.62 mg/g of soap adsorption, 2.29 mg/g of free glycerin adsorption
and 265.01 mg/g of total adsorption. On the other hand the trends of magnesium silicate,
0.36:1 molecular ratio of SiO,/MgO, present low adsorbed efficiency of contaminates. This is
because 2.04:1 molecular ratios of SiO,/MgO of magnesium silicate had high silica content
than other concentration ratios of magnesium silicate which related to XRF result. It means
silica content in magnesium silicate effect on efficiency of contaminates adsorption, in other
words, contaminates adsorption efficiency was increased when silica content in magnesium
silicate increased because of siloxane groups in magnesium silicate (hydrophobic part)
increasing. And in physical terms, BET results presented largest pore size of 2.04:1 SiO,/MgO
molecular ratio of magnesium silicate which involved adsorption efficiency; free fatty acid,
soap, free glycerin and total glycerin have large size of structures. Therefore, pore size of
magnesium silicate relates to structure size of adsorbate which effect on adsorption

efficiency.
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4.4 The study of effect on dosage amount of synthesized magnesium silicate with
efficiency of contaminates adsorption in biodiesel

The effect on dosage amount of synthesized magnesium silicate with efficiency of
contaminates adsorption in biodiesel by 3.0:0.5 M synthesized magnesium silicates, 2.04:1
molecular ratio of Si0,/MgO, which derived from SMA as source of silica, were studied. The
adsorption was observed to equilibrium state by the amount of absorbents were varied at 1,
2,3,4,5and 6 grams pér 150 grams of biodiesel. The study of adsorption was noticed at
60°C for 5 hours.

The effect on dosage amount of absorbents were exhibited in figure 4.8 which the
concentration ratio of contaminates before and after adsorption were plotted with amount
of adsorbent for study the adsorption equilibrium of amount of adsorbent. The adsorption
of soap, free glycerin and total glycerin show that the variation of contaminates amount
decreased obviously at 1, 2grams and adsorption equilibrium was found at 3 grams
adsorbent per 150 grams biodiesel, while adsorption equilibrium of FFA was found at 4
grams adsorbent per 150 grams biodiesel . For the efficiency of contaminates adsorption at 3
grams adsorbent were 61.46% of soap, 100% of free glycerin and 73.00% of total glycerin.
For adsorption efficiency of FFA presents adsorption equilibrium at 4 grams adsorbent per
150 grams biodiesel, which were 82.37% of FFA adsorbed efficiency.
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Figure 4.8 Relation between concentration ratio of contaminates before and after
adsorption with amount of adsorbent; (a) free fatty acid, (b) soap, (c) free glycerin and

(d) total glycerin
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From the study effect on dosage amount of synthesized magnesium silicates (2.04:1
Si0,/MgQ), the optimum amount of adsorbent was 4 grams of adsorbent per 150 grams

biodiesel. Therefore, the optimum conditions were used to study equilibrium time of

adsorption in next topic.

Table 4.4 Contaminates adsorption efficiency of magnesium silicate at different dosage

amount of adsorbent

Efficiency (%)
Amount of adsorbent (g)
FFA Soap Free glycerin | Total glycerin
1 62.15 41.29 23.95 65.49
2 64.07 45.11 61.35 65.73
3 67.96 61.46 100 73.00
4 82.37 59.28 97.97 71.88
5 84.16 59.74 97.77 73.44
6 83.94 61.03 99.12 73.19

4.5 The study of equilibrium time of contaminates adsorption in biodiesel

From the previous study, the optimum conditions for synthesis and adsorption of
magnesium in biodiesel were SMA as silica source, 2.04:1 molecular ratio of SiO,/MgO and 4
grams dosage amount of adsorbent per 150 grams biodiesel. In this topic, these conditions

were used to study the equilibrium time of magnesium silicate.
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Figure 4.9 Equilibrium time of contaminates adsorption in biodiesel by synthesized

magnesium silicate; (a) free fatty acid, (b) soap, (c) free glycerin and (d) total glycerin
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In figure 4.9, the behavior of adsorption were exhibited to study the equilibrium time
of adsorption, which free fatty acid, soap and free glycerin reach equilibrium time at 4 hours
while total glycerin presents at 3 hours. The efficiency of free fatty acid, soap, free glycerin
and total glycerin adsorption at equilibrium time were 85.11%, 60.52%, 100% and 71.59%,
respectively. The variation of contaminates amount decrease noticeably in couple of hours

at beginning, after that the adsorption reach equilibrium time.

Table 4.5 Contaminates adsorption efficiency of magnesium silicate at different time

of adsorption.

Efﬁ(fiency (%)
Time (hr.)
FFA Soap Free glycerin | Total glycerin
1 60.70 3.62 44.95 69.43
2 72.29 26.72 70.45 70.09
3 78.91 31.52 85.55 71.59
4 85.11 60.52 100 71.76
5 85.59 64.77 97.97 71.78
6 86.22 68.20 100 71.82
7 85.38 68.48 100 71.86

Therefore, the optimum conditions for free fatty acid, soap, free glycerin and total
glycerin adsorption in biodiesel were synthesized magnesium silicate as adsorbent, which
derived from crystalline sodium metasilicate from Aldrich company (SMA) and magnesium
sulfate (V1) with 3.0:0.5M of Na,SiOs;: MgSO, concentration ratios (2.04:1 molecular ratio of
SiOx/Mg0), and adsorb the contaminates with 4 grams of synthesized magnesium silicate per
150 grams biodiesel for 4 hours. The capacity of contaminates adsorption with these
condition were 49.44 mg/g for free fatty acid, 0.76 mg/g of soap, 2.43 mg/g of free glycerin
and 109.43 mg/g of total glycerin.

4.6 FFA in oil reactant
RBD palm oil was analyzed for the FFA content and was found to be 0.025%.
Therefore, the glycerides reactant had a very low FFA that would direct to sodium soap

product in transesterification.

4.7 Raw biodiesel impurities
Raw biodiesel was determined for its impurities and represented in Table 1. It can be
elucidated that impurities in raw biodiesel exceed DOEB specification. Free glycerine was

produced from the biodiesel synthesis as a byproduct and its separation by gravity settle
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alone did not meet the DOEB limitation. Incomplete transesterifcation caused such a high
content of total glycerine in addition to the free glycerine content. One mole of sodium
palmitate (MW 278) is equivalent to sodium 23 g. Thus, soap content in the raw biodiesel
had the amount of sodium approximately ten times above the specification. Without
washing by water, the raw biodiesel was basic, and the acidity couldn’t be determined. This
is an advantage of dry wash process in lower the amount of FFA in biodiesel final product.
(DOEB FFA limitation is 0.25%)

Table 4.6 Composition of impurities in raw biodiesel and biodiesel specification of

Department of Energy Business (DOEB), Thailand

Type of impurities Amount of DOEB Specification
Impurities
Free glycerine, % 0.12 0.02
| Total glycerine, % 0.6 0.25
Soap [as sodium’ palmitate (SP) or as . 588 (SP) 5 (Na)
sodium(Na), ppm [or 60(SP)]

4.8 Dry wash biodiesel impurities
4.8.1 Sodium soap removal

Raw biodiesel was fed into a packed-bed column filled with 3 types of resins, namely
Purolite C150, Dowex mono88, and Lewatit SP 122H, respectively. The sodium soap
absorption capability of each resin was shown in figure 4.12. Purolite C150 resin can’t serve
as a candidate adsorbent for soap removal from raw biodiesel since the amount of sodium
soap that met the requirement of DOEB is impossible. 60 ppm of sodium soap in the dry
wash biodiesel was reached after 5 and 19 hours on the operation for Dowex mono 88 and
Lewatit SP112H, respectively. Therefore, Lewatit SP112H seems to be the best resin for soap

adsorption and it will be chosen as the only candidate resin_for the removal of other

impurities.
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Figure 4.10 Sodium soap absorption on Purolite C150, Dowex mono 88 and Lewatit SP112H

resins at different time. Raw biodiesel feed flow rate was 1.5 BV/hr.

Lewatit SP112H was used for a study of feed flow rate effect on the soap removal
efficiency. The feed flow rate was varied from 1.5 to 2.5 BV/hr. as shown in figure 4.13. High
flow rate at 2.5 BV/hr. produced a podr quality washed biodiesel. At 1.5 and 2 BV/hr.,, the
adsorption times for soap limitation were 18 and 6 hr., respectively. Thus, to meet DOEB
limitation, 27 and 12 BV of raw biodiesel can be washed by this resin at the flow rate of 1.5
and 2 BV/hr., respectively. Lower feed flow rate should result on a longer operation time,

but the productivity will be too low.
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Figure 4.11 Sodium soap adsorption performance at different feed flow rates by Lewatit
SP112H resin.
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4.8.2 Free glycerine and total glycerine removal

According to DOEB, free glycerine content altowance in biodiesel is 0.02 %. Lewatit
SP 112H could adsorb free glycerine effectively at all flow rates as shown in figure 4.14.
Longer than 32 hours, free glycerine adsorption on the resin couldn’t reach DOEB limitation

while the soap content had already been above the specification.
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Figure 4.12 Free glycerine adsorption at different feed flow rates by Lewatit SP112H resin

Total glycerine in biodiesel is allowed to be not more than 0.25%. It includes free
glycerine, mono- and di-glycerides species and they are all calculated as glycerine. As
depicted in figure 4.15, total slycerine content in washed biodiesel was below 0.25% for all

experiments.
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Figure 4.13 Total glycerine adsorption by Lewatit SP112H at different feed flow rates.



Chapter 5

Conclusion and Recommendations

5,1 Conclusion

This research aims to study the adsorption of contaminants; free fatty acid, soap, free
glycerin_ and total glycerin, in biodiesel by using magnesium silicate as adsorbent. The
method involves precipitation reaction between magnesium sulfate (VI) and four different
sources of silica. The four different sources of silica; (1) solution of sodium silicate from Merck
Company (SSM), (il) solution of silica was extracted from rice husk ash (RHA), (lll) crystalline
sodium metasilicate from Rankem (SMR) and (IV) Aldrich Company (SMA) were prepared to
provide a reactant. The efficiency: of adsorbents in the purification of biodiesel was obtained
and compared with commercial magnesium silicate. From the results, magnesium silicate,
which was provided by SMA silica source, exhibited highest adsorption capacities of
contaminants with 0.76:1 SiO,/MgO ratio. After that, effect of concentration ratios of
synthesized magnesium silicate was studied by using SMA as source of silica which varied in
three different concentration ratios of silica and magnesium sulfate(Vl) (Na,SiOs: MgSOy);
0.5:1.5M, 0.5:0.5M and 3.0:0.5M. The result presented increasing in efficiency of adsorption
when silica concentration increased. From the X-ray fluorescence spectrometer (XRF), the
result exhibited that synthesized magnesium silicate, which derived from SMA silica source
with 3.0:0.5M Na,SiOs: MgSO, concentration ratio, consisted highest silica content; 2.04:1
molecular ratio of SiO,/MgO. On the other hand, 0.5:1.5M Na,5i0;: MgSO,4 concentration ratio
of magnesium silicate presented 0.36:1 molecular ratio of SiO,/MgO. For the diffraction
patterns from the X-ray diffractometer were shown that crystallinity of magnesium silicate
was very weak, suggesting that magnesium silicate were amorphous. And the infrared
spectrums of magnesium silicate were studied by Fourier transform infrared spectroscopy
(FTIR) technique. It showed the vibration of siloxane bonding; Si-O-Si, hydroxyl stretching
band (-OH) and Mg-O stretching vibration which related with XRF result.

The synthesized magnesium silicate, which derived from crystalline sodium
metasilicate from Aldrich Company (SMA) and magnesium sulfate (VI) with 2.04:1 molecular
ratio of SiO,/MgO, was used to study effect on dosage amount and equilibrium time of
adsorbents. The results presented the optimum conditions of contaminates adsorption,
which were 4 grams of synthesized magnesium silicate per 150 grams biodiesel for 4 hours.
The highest efficiency of contaminates adsorption with these condition were 49.44 mg/g for
free fatty acid, 0.76 mg/g of soap, 2.43 mg/g of free elycerin and 109.43 mg/g of total
glycerin.

From behavior of adsorption of free fatty acid, soap free glycerin and total glycerin in
biodiesel, the silica content in synthesized magnesium silicate affected on capacity of

contaminates adsorption. Due to the hydrophobic part in magnesium silicate; siloxane



59

(SSi-0-Si=) groups, effected on polar structure of contaminates and identically the
hydrophilic part of magnesium silicate effected on nonpolar structure of contaminates. And
both structure of free fatty acid and soap are partially polar and non-polar, while glycerin
presents non- polar structure. Therefore, increasing of silica content was the cause of
adsorbed capacity increased. And in physical terms, pore size of magnesium silicate relates
to structure size of adsorbate which effect on adsorption efficiency.

Adsorption of prewashed biodiesel by three ion exchange resins in a packed-bed
column was investigated. Lewatit SP 122H ion exchange resin was found to be superior to
Purolite C150 and Dowex mono88 on soap removal. At biodiesel feed flow rate of 1.5, 2,
and 2.5 BV/h into Lewatit SP 122H bed, the adsorption time to reach the soap speciﬁéation
limit was 18, 5, and 1 hours, respectively. Lewatit SP 112H could efficiently adsorb glycerine
and total glycerine from biodiesel product for 30 hours without violating the limiting

content.

5.2 Recommendations

1. The surface modification of magnesium silicate should be studied for increase the
adsorbed capacity in biodiesel.

2. The contaminates adsorption should be included methanol.

3. Study adsorption phenomena of pure contaminates to compare. each

contaminates adsorption phenomena.
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Appendix A

Determination of NaO, and SiO, in solution of
Sodium silicate [49,50]
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Appendix A

A.1 Determination %W of NaO, in solution of sodium silicate

1. Weigh solution of sodium silicate 0.5 ¢ into a 250 mL Erlenmeyer flask.

2. Mix the solution with distilled water approximately 50 mL.

3. Drop methyl red indicator 2-3 drops (the mixture’s color will change colorless
to yellow).

4. Titrate the mixture with 0.5 M hydrochloric acid.

Calcutation

3‘1xVHCGCHCl

%NaOz = -

(A.1)
sol

where Vi is volume in mL of hydrochloric acid titration solution, Cy¢ is normality of
the hydrochloric acid titration solution (0.5M) and W, is weight of the solution of

sodium silicate in grams.
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A.2 Determination %W of SiO, in solution of sodium silicate

1. Add Sodium fluoride 2.5 grams into the solution from A.1. The orange color of
mixture will change to yellow.
Mix the mixture with 30 mL methanol.

3. Titrate the mixture with 0.5 M hydrochloric acid until become pink color.

4. Titrate the mixture with 0.5 M potassium hydroxide until become yellow
color.

Calcutation

. 1.5022x[(V xCyep)-V xC )]
0/05102 — HCl :Cl KOHALKOH (A.2)
sol

where Vi is volume in mL of hydrochloric acid titration solution, Cy¢ is normality of
the hydrochloric acid titration solution (0.5M), Viey is volume in mL of potassium
hydroxide titration solution, Cyoy is normality of the potassium hydroxide titration

solution (0.5M) and W, is weight of the solution of sodium silicate in grams.
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Appendix B

Raw data of the adsorption in contaminated
biodiesel by synthesized magnesium silicate with
different silica sources compare with commercial

magnesium silicate
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Appendix C

~ Raw data of the adsorption of contaminates in
biodiesel by synthesized magnesium silicate from

SMA silica source with different molecular ratios of
SiO,/MgO compare with commercial magnesium

silicate
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Appendix D

Raw data of the adsorption-of contaminates in
biodiesel by 2.04:1 SiO,/MgO molecular ratios
synthesized magnesium silicate from SMA silica

source with different dosage amount of adsorbent
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Appendix E

Raw data of the adsorption of contaminates in
biodiesel by 2.04:1 SiO,/MgO molecular ratios
synthesized magnesium silicate from SMA silica
source and 4g adsorbent per 150g biodiesel ratio

| with different time (hr)
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ICEAST 2012
International Conference on Engineering,
Applied Sciences and Technology
November 21-24, 2012
Bangkok, Thailand
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International Conference on
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21-24 November 2012
Swissotel Le Concorde, Bangkok, Thailand

Organized by:
Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang, Thailand

In assocjation with
Electrical/Electronics. Computer, Telecommunications, and Information Technology Association
(ECTI), Thailand
The Institute of Control. Robotics and Systems (ICROS). Korea
Japan Society for Simulation Technology (JSST), Japan
IEEE Thailanhd Section
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®-- - International Conference on Engineering, Applied Sciences, and Technology

<6 a St ' November 21 - 24, .2012

201 E o Swissbtel Le Concorde, Bangkok, Thailand

PID : 00167
Synthesis of Magnesium Silicate asadsorbent in biodiesel

Pornsawan Assawasaengrat

King Mongkut's institute of Technology Ladkrabang, Thailand
Pornrin Jintanavasan

King Mongkut's Institute of Technology Ladkrabang, Thailand

Keywords:
Magnesium Silicate, Adsorption

Abstract:
This research aims to study the adsorption of contaminants in biodiesel by using magnesium silicate as an

adsorbent, which involved by precipitation reaction between magnesium sulfate (V1) and four different sources of
silica were prepared to provide a reactant; (i) solution of sodium silicate from Merck Company (SSM), (il)
solution of silica was extracted from rice husk ash (RHA), and (1) crystalline sodium metasilicate from Rankem
(SMR) and (1V) Aldrich Company (SMA). The efficiency of adsorbents in the purification of biodiesel was
obtained and compare with commercial magnesium silicate. The impurities in the biodiesel, including free fatty
acid, soap. water and free glycerin. The element analysis was studied by X-ray fluorescence method (XRF). And
the FTIR technique was used {o obtain infrared spectrum. Magnesium silica from SMA as source of silica
exhibited high adsorption capacities of FFA, free glycerin and soap with 0.76:1 SiO2/MgQ ratio.
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