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ABSTRACT

Dealing with the excessive glycerol from biodiesel production is now becoming a
dilemma to the industry. The crude glycerol contains too many contaminants to find a useful
application while a high purity has a numerous applications in industry.

The purpose of this study is to increase value-added utilization of crude glycerol from
biodiesel production:purification by thin film distillation. The goal was achieved through a
several objectives; to design and construct the thin film distillation system for glycerol
purification and to study the appropriate condition and parameters for the constructed system.
Thin film distillation system consist of 5 parts which are thin film evaporator unit, fractionating
column, condenser, product and trap drums and vacuum pump. Thin film evaporator unit was
designed to be a rotatable cylindrical tube with 18 cm. diameter and 25cm. length in a 30 liters
stainless steel bath. HYSYS simulation program was used for designed a fractionating column
unit which contain 7 stainless steel trays in a 18.4 cm. diameter and 118 cm height stainless steel
column. After connected all of 5 parts together, thin film distillation system was operated with 4
liters of crude glycerol from Patum Vegetable Oil .,Co.Ltd. The performance of the thin film
distillation system was tested. It was found that the thin film distillation system can be operated
at a condition of 20 mbar and 180° and can be used to distil crude glycerol.
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Chapterl

Introduction

1.1 Motivation

Our economy and lifestyle rely on the use of fossil fuel. Today the expanding economics
of developing nations such as China and India are reflecting a dramatically increasing need for
energy. Nearly 90% of our energy consumption come from oil, natural gas and coal.
Approximately 10% came from nuclear power and renewable energy with questions of global
energy availability and security looming large in our future, this unbalanced consumption is
clearly unsustainable and a threat to this an future generation. This has led to a search for
technologies that generate fuels and materials from renewable carbon sources, such as plant
biomass. Depending on the component of the biomass used as feedstock and the technology
employed to transform this component into the desired product, at least three general platforms
have been envisioned: the sugar, synthesis gas, and oil platforms. The sugar and oil platforms are
the most well-established today, with bioethanol and biodiesel being examples of their
commercial products, respectively. Biodiesel is produced by the transesterification of vegetable

oils or animal fats with an alcohol to produce esters.
l

Biodiesel is a fuel that has much the same characteristics as normal diesel oil; on the
contrary, it is derived from vegetable oils or animal fat not petroleum. To produce biodiesel from
these oils, they are subjected to a chemical reaction, which is called transesterification. A residue

forms due to transesterification, called glycerol

Glycerol is generated about 10% of total weight of synthesis biodiesel. The rapid increase
in biodiesel production is resulting in a worldwide surplus of glycerol. For every 10 kg of oil
used to manufact!ure biodiesel, about 1 kg glycerol will be produced. Once considered a valuable
co-product in the biodiesel process, crude glycerol is rapidly becoming a waste product with an
attached disposal cost.



The current annual amount of glycerol arising from this biodiesel production will
continue to rise proportionally compare to the existing world market for pure glycerol for high
quality industrial applications still stable. This means that either new applications for glycerol
need to be developed and or the existing pathways need to be expanded. This should be possible

as there are more than a thousand potential applications for glycerol can be identified

Dealing with the excessive glycerol from biodiesel production is now becoming a
dilemma to the industry. The crude glycerol possesses very low value due to the impurities
present. There is an urgent demand that alternative yet value-added applications have to be found

to ensure biodiesel industry’s stronger and healthier growth.

Purified glycerol has hundreds of commercial uses from food to pharmaceuticals.
Besides added value to glycerol, purification give many advantages include minimize waste from
biodiesel production. This research will be conducted on crude glycerol for value-added by

purification.
1.2 Objectives of this project

1. Design and construct the thin film distillation system for glycerol purification.

2. Study and find the appropriate condition and parameters for the constructed system.
1.3 Scope of study

1. Design and construct the thin film distillation system.

2. Study the performance of the thin film distillation system; distillation of crude glycerol
from Patum Vegetable Oil Co.,Ltd.

3. Characterize the purified glycerol.
1.4 Expected results

1. To obtain an appropriate thin film distillation system which can purified crude glycerol.



2. To obtain purified glycerol.

3. To minimize waste from biodiesel production and to add value to crude glycerol.



Chapter 2

Literature Review

2.1 Biodiesel

Biodiesel is the name of a clean burning alternative fuel, produced from domestic,
renewable resources. Biodiesel is not petroleum, but it can be blended at any level with
petroleum diesel to create a biodiesel blend. It can be used in compression-ignition (diesel)
engines with little or no modifications. Biodiesel is simple to use, biodegradable, nontoxic, and

essentially free of sulfur and aromatics.
2.1.1 Biodiesel Production

Biodiesel is made through a chemical process called transesterification whereby the
glycerol is separated from the fat or vegetable oil. The process leaves behind two products which
are methyl esters (the chemical name for biodiesel) and glycerol (a valuable byproduct usually

sold to be used in soaps and other products).
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Figure 2.1 Tranesterification. [1]
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Prices, are under severe pressure, is determining factor in the majority of end user
sectors, however quality is fundamental in the main sectors such as pharmaceuticals, personal

\

care and food.

As more and more crude glycerol is continuously generated from the biodiesel industry, it
is very important that economical ways of the low-grade glycerol utilization be explored to

further defray the cost of biodiesel production in the growing global market.

2.3 Distillation

Distillation is a process used to separate or partially separate components in a mixture by

boiling (vaporization) followed by condensation. Distillation separates chemicals by the

difference in how easily they vaporize. The two major types of classical distillation include
continuous distillation and batch distillation. Continuous distillation, as the name says,
continuously takes a feed and separates it into two or more products. Batch distillation takes on
lot at a time of feed and splits it into products by selectively removing the more volatile fractions

over time. [29]
2.3.1 Distillation Categories [30]

Distillation services can be sorted out into many different categories. Here are some basic

definitions:
e System composition
System refers to the chemical components present in the mixture being distilled.

- Binary distillation is a separation of only two chemicals. A good example is separating

ethyl alcohol (ethanol) form water.
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- Multicomponent distillation is the separation of a mixture of chemicals. A good
example is petroleum refining. Crude oil is a very complex mixture of hydrocarbons with

literally thousands of different molecules.

e Processing Mode

Processing mode refers to the way in which feed and product are introduced and

withdrawn from the process

- Continuous distillation is feed is sent to the still all the time and product is drawn out at

the same time.

- Batch distillation is when the amount going into the still and the amount going out of
the still is not supposed to be the same all the time. The distiller fills a container at the start, then
heats it, as time goes by the vapors are condensed to make the overhead. When the proper

quantity of overhead is made, the distiller stops the still and empties it out ready for a new batch.
e Equipment Type
Distillation equipment includes two major categories, trays and packing.
- Trays force a rising vapor to bubble through a pool of descending liquid.

- Packing creates a surface for liquid to spread on. The thin liquid film has a high surface

area for mass-transfer between the liquid and vapor

2.3.2 Distillation Theory [31]

Binary mixtures are those having two components. Three-component mixtures could be
called ternary mixtures. There can be Vapor-Liquid Equilibrium data for mixtures with even
more components, but such data becomes copious and is often hard to show graphically. Vapor-
Liquid Equilibrium data is often shown at a certain overall pressure, such as 1 atm or whatever

pressure a process of interest is conducted at. When at a certain temperature, the total of partial
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pressures of all the components becomes equal to the overall pressure of the system such that
vapors generated from the liquid displace any air or other gas which maintained the overall

pressure, the mixture is said to boil and the corresponding temperature is the boiling point

The boiling point of a liquid is the temperature at which the vapor pressure of the liquid
equals the environmental pressure surrounding the liquid.The normal boiling of a liquid ia the
temperature at which the vapor pressure of the liquid equals the defined atmospheric pressure at

sea level, 1 atmosphere.

e Vapor-Liquid Equilibrium Diagram

For each component in a binary mixture, one could make a vapor-liquid equilibrium
diagram. Such a diagram would graph liquid mole fraction on a horizontal axis and vapor mole
fraction on a vertical axis. In such VLE diagrams, liquid mole fractions for components 1 and 2
can be represented as x; and x; respectively, and vapor mole fractions of the corresponding
components are commonly represented as y; and y,. Similarly for binary mixtures in these VLE

diagrams:

x1+xz=landy1+y2=l

These types of VLE diagrams are used in the McCabe-Thiele method to determine the
number of equilibrium stages needed to distill a given composition binary feed mixture into one
distillate fraction and one bottoms fraction.Corrections can also be made to take into account the

incomplete efficiency of each tray in a distillation column when compared to a theoretical plate.
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Figure 2.13 Vapor-Liquid Equilibrium Diagram. [32]

e Clausius-Clapeyron relation[33]

The Clausius-Clapeyron relation is a way of characterizing the phase transition between
two states of matter. The Clausius-Clapeyron equation for the liquid — vapor boundary may be

use in the following form;

These types of VLE diagrams are used in the McCabe-Thiele method to determine the number of
equilibrium stages needed to distill a given composition binary feed mixture into one distillate
fraction and one bottoms fraction.Corrections can also be made to take into account the

incomplete efficiency of each tray in a distillation column when compared to a theoretical plate.
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Where T, and P, are a corresponding temperature and vapor pressure
T, and P, are temperature and pressure at another point
AHy,p 1s the molar enthalpy of the vaporization
R is the gas constant (8.314 J mol ' K ’1)

The Clausius-Clapeyron equation allows us to estimate the vapor pressure at another
temperature, if the vapor pressure is known at some temperature, and if the enthalpy of

vaporization is known.
e Henry’s Law[34]

Henry's law is one of the gas laws, formulated by William Henry. It states that “At a
constant temperature, the amount of a given gas dissolved in a given type and volume of liquid is

directly proportional to the partial pressure of that gas in equilibrium with that liquid”

A formula for Henry's Law is

ef = e

Where e is approximately 2.7182818, the base of the natural logarithm (also
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called Euler's number)

p is the partial pressure of the solute above the solution

c is the concentration of the solute in the solution

k is the Henry's Law constant, which has units such as L-atm/mol,
atm/(mol fraction) or Pa‘m*/mol.

Taking the natural logarithm of the formula , give us the more commonly used

formula

e Raoult's law[36]

]
Established by Frangois-Marie Raoult, Raoult's law states: the vapor pressure of an ideal

solution is dependent on the vapor pressure of each chemical component and the mole fraction of
the component present in the solution. Once the components in the solution have reached

chemical equilibrium, the total vapor pressure of the solution is
Psolution = (Pl)purexl + (P2)pure:c2 + .-
And the individual vapor pressure for each component is

-P‘i = (Pi)purexi

Where (P1) pure is the vapor pressure of the pure component

X; is the mole fraction of the component in solution
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Consequently, as the number of components in a solution increases, the individual vapor
pressures decrease, since the mole fraction of each component decreases with each additional
component. If a pure solute which has zero vapor pressure (it will not evaporate) is dissolved in a
solvent, the vapor pressure of the final solution will be lower than that of the pure solvent.
Raoult’s law is similar in that it assumes that the physical properties of the components are
identical. The more similar the components are, the more their behavior approaches that
described by Raoult’s law. For example, if the two components differ only in isotopic content,
then the vapor pressure of each component will be equal to the vapor pressure of the pure

substance Py, times the mole fraction in the solution.

Today distillation is the most important industrial separation technology. It is particularly
well suited for high purity separations since any degree of separation can be obtained with a
fixed energy consumption by increasing the number of equilibrium stages. It is relatively
straightforward to derive models of distillation columns based on almost any degree of detail,
and also to use such models to simulate the behavior on a computer. However, such simulations

may be time consuming and often provide limited insight.
e Thin film distillation

Thin film distillation, the method that is used to eliminate the influence of the static
height of liquid and consume less energy.Thin film is a thermal separation process for thermal
sensitive products. Short residence time and low evaporation temperature will cause a minimum
thermal stress to the distilled product. Typical applications are high molecular organic

compounds particularly from the fields of chemistry, pharmaceutical and food industry

In a thin film evaporator, raw material will be heated up on the internal surface of a
heated tube until its temperature reach to the lower evaporate temperature. Condensation takes

place in a condenser located outside, which is connected to a vacuum system.

Typical pressure range is the "fine vacuum range", e.g. between 1 and 0.001 mbar. At this

pressure the required evaporation temperature will decrease .[37]
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2.3.3 Design of distillation columns

Design and operation of a distillation column depends on the feed and desired
products.Given a simple, binary component feed, analytical methods such as the McCabe-Thiele
method or the Fenske equation[38] can be used. For a multi-component feed, simulation models

are used both for design and operation.
\

Bubble-cap "trays" or "plates" are one of the types of physical devices which are used to
provide good contact between the up flowing vapor and the down flowing liquid inside an

industrial fractionating column.

The efficiency of a tray or plate is typically lower than that of a theoretical 100% efficient
equilibrium stage.[39] Hence, a fractionating column almost always needs more actual, physical
plates than the required number of theoretical vapor-liquid equilibrium stages from designed

model.
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Figure 4.22 Spectrogram of distillated glycerol after treated by activated carbon (a) and 99.5% -

purified glycerol (b)

Spectrum analysis

1.) Result analysis of purified glycerol following to the standard pharmaceutical grade of
APS Finechem was shown in table 4.2.

Table 4.2 Result analysis of purified glycerol following to the standard pharmaceutical grade.

Range Structural 99.5% purified A distilled glycerol

glycerol (reference) after treated by

activated carbon
3500-3480 cm™’ O-H stretching 3361 3391

(Alcohol)
3000-2800 cm™ C-H stretching 2938 2936
1075-1010 cm™ C-OH stretching 1045 1045
(primary alcohol)

1120-1100 cm™ Secondary alcohol 1120 1116
1150-1140 cm™ Tertiary alcohol non non
1950-1600 cm™ C=0 stretching 1651 1645
1610-1550 cm™ Ionic carboxyl (COO) non non
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Chapter 5

Conclusion and Recommendation

5.1Conclusion

Glycerol is a by-product from biodiesel production. High purity glycerol is a very
important industrial feedstock. Its applications are found in food, drug, cosmetic and tobacco
industries. However, crude glycerol derived from biodiesel production contains too many
contaminants to find a useful application. As more and more crude glycerol is continuously
generated from the biodiesel industry, purification process is very important

This special project is a value-added to crude glycerol from biodiesel production:
purification by thin film distillation. Due to a glycerol is a high boiling point chemical, 290° at 1
atm ,a vacuum distillation technique was introduced to this project to reduce a boiling
temperature. Thin film distillation technique, was used to eliminate the static height of liquid and
consume less energy. Thin film distillation system consist of 5 parts which are thin film
evaporator unit , fractionating column, condenser, product and trap drums and vacuum pump.
Thin film evaporator unit was designed to be a raotatable cylindrical tube with 18 cm. diameter
and 25cm. length in a 30 liters stainless steel bath. HYSYS simulation program was used for
designed a fractionating column unit which contain 7 stainless steel trays in a 18.4 cm. diameter
and 118 cm height stainless steel column. After connected all of 5 parts together, thin film
distillation system was operated with 4 liter of crude glycerol from Patum Vegetable Oil
,Co.Ltd. under the condition of 20 mbar and 180° for 2 hours. This crude glycerol was obtain
from biodiesel production via the reaction of palm oil and methanol by using a potassium
hydroxide as catalyst . The performance of the thin film distillation system was tested. It was
found that the thin film distillation system can be operated at a conditions of 20 mbar and 180°%

and can be used to distil crude glycerol.
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5.2 Recommendation

1.

Because of founding a small amount of glycerol in a trap drum, a condenser pipe
should be longer or use a higher flow rate of cooling water for better condensation of
glycerol.

A number of a sockets for electrical wire around a thin film evaporator unit should be
lesser in order to avoid leaking of air that lead to a failure to control pressure.

This thin film distillation system has a limitation on controlling pressure, we have
planned to operated at 20 mbar but we can reduce a pressure minimum to 40 mbar.

This may because of a vacuum pump is old.
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Appendix A

1.) Fourier Transform Infrared (FT-IR)

FT-IR is the preferred method of infrared spectroscopy. In infrared spectroscopy, IR
radiation is passed through a sample. Some of the infrared radiation is absorbed by the sample
and some of it is passed through (transmitted). The resulting spectrum represents the molecular
absorption and transmission, creating a molecular fingerprint of the sample. Like a fingerprint no
two unique molecular structures produce the same infrared spectrum. This makes infrared
spectroscopy useful for several types of analysis. FT-IR can identify unknown materials and
determine the quality or consistency of a sample. The amount of components in a mixture also
determine by FT-IR Infrared spectroscopy has been a workhorse technique for materials analysis
in the laboratory for over seventy years. An infrared spectrum represents a fingerprint of a
sample with absorption peaks which correspond to the frequencies of vibrations between the
bonds of the atoms making up the material. Because each different material is a unique
combination of atoms, no two compounds produce the exact same infrared spectrum. Therefore,
infrared spectroscopy can result in a positive identification (qualitative analysis) of every
different kind of material. In addition, the size of the peaks in the spectrum is a direct indication
of the amount of material present. With modern software algorithms, infrared is an excellent tool
for quantitative analysis. The original infrared instruments were of the dispersive type. These
instruments separated the individual frequencies of energy emitted from the infrared source. This
was accomplished by the use of a pristh or grating. An infrared prism works exactly the same as
a visible prism which separates visible light into its colors (frequencies). A grating is a more
modern dispersive element which better separates the frequencies of infrared energy. The
detector measures the amount of energy at each frequency which has passed through the sample.
This results in a spectrum which is a plot of intensity vs. frequency. Fourier transform infrared
spectroscopy is preferred over dispersive or filter methods of infrared spectral analysis for

several reasons:

» It is a non-destructive technique

* It provides a precise measurement method which requires no external  calibration
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