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Abstract

Steadily increasing requirements on fractionation demands in the oleochemical industry,
require advances in separation technology. Today, often a distillation column has to
process severa different feeds, but also has to be able to produce two different products
simultaneously. Divided wall columns have been proposed and used in the chemical
industry, but there are presently few applications of divided wall columns in the
oleochemical sector. The main reason prohibiting their use might be in the limited
familiarity, higher requirements on operation, potential corrosion problems and last but
not least, limited flexibility.

Fractionation columns with added side stripper are a well-proven way to satisfy increased
demand of separation duties. The availability of second-generation structured packing
increases the efficiency and reduces pressure drops while, making it possible to increase
capacity and /or product purities. Lower pressure drop has a positive impact on the
separation itself. Combining these effects with an increase in capacity will result in a
synergy effect on the separation performance.

The newly developed BXPlus structured packing is a powerful tool for advanced
Glycerin separation, combining good wet-ability resulting in high efficiency with low-
pressure drop. New columns can be designed much more compactly. Revamps will
improve both capacity and/or purity.



Introduction

Didtillation is the separation of key components by the differencein their relative
volatility, or boiling points. It can also be called fractiona distillation or fractionation.
Distillation is favoured over other separation techniques such as crystallization or
membranes when;

1. Therelative volatility is greater that 1.2,

2. Products are thermally stable,

3. Largeratesare desired,

4. No corrosion, precipitation or explosion issues are present.

Close boiling mixtures may require many stages to separate the key components. One
tool to reduce the number of stages required isto utilize vacuum distillation.
Low-pressure distillation increases the relative volatility of key components in many
applications.

A second advantage of low-pressure distillation is the reduced temperature requirement at
lower pressures. For many systems the products degrade or polymerize at elevated
temperatures. Low Pressure Distillation has the following advantages:

1. Prevention of product degradation or polymer formation because of reduced
pressure leading to lower tower bottoms temperatures,

2. Reduction of product degradation or polymer formation because of reduced mean
residence time especialy in packing applications,
3. Increasesin capacity, yield, and purity.
A third advantage of low-pressure distillation is the reduced capital cost, at the expense

of slightly more operating cost. Utilizing low-pressure distillation can reduce the height
and diameter, and thus the capital cost of a column.

This paper will examine several of the applications in the oleochemical industry
including;

1. Fatty acid removal in Edible Oil Treating
2. Multipurpose Fatty Acid Distillation Plants
3. Glycerine Purification

Specifically acomparison of divide wall and side stripper will be presented for Fatty
Acid digtillation.



Fatty Acid Removal in Edible Oil Treating

An important step in pam oil purification is physical refining which is the removal of
free fatty acids present in the vegetable oil. This separation is carried out at alow
temperature to reduce the degradation of the final products. The following factors are
very important in the design of column for this service;

1. High vacuum
2. Low pressure drop
3. High packing efficiency to minimize stripping steam

The free fatty acids are removed using stripping steam at 250 °C. The column top
pressureisaround 2 - 3 mmHg. Because of very low pressure drop, columns with
structured packing require much lower stripping steam than the columns equipped with
trays.
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Fatty Acids Distillation

Fatty acids are saturated and unsaturated aliphatic carboxylic acids with carbon chain
length in the range of C6 up to C24. An example of afatty acid is palmitic acid

CH3 — (CH2)14 — COOH

Splitting oils and fats produces the fatty acids. Glycerin is produced as by-product.

The split fatty acid is a mixture of fatty acids ranging from C6 to C18 depending on the
type of Oil / Fat. The pure fatty acid is used as an important raw material in the
manufacture of soaps, washing powder and other personal care products. It isimportant
to purify the fatty acid to as high a product as possible.

The same factors are very important in the design of column for this service;

High vacuum

Low pressure drop

Low bottoms temperature
Minimum hold up

Short residence time
High packing efficiency
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Divided Wall Columnsversus Side Strippersfor Fatty Acid Distillation

A distillation column may be required to process different feedstocks and produce
different product simultaneoulsy. Divided wall columns have been proposed, but few
applications have been proven in the oleochemcial industry.

The main advantanges of dividied wall columnsinclude;

Two columns combined in one shell
Decreased energy requirments

Production of three products

Creation of aprefractionator on the feed side
Avoid remixing of products
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Dividied wall columns are prefered when;

1. Middle boiling component (B) is not in excess

2. Desired purity of middle boiling component (B) is higher that can be achived with
asidedraw.

3. Product specifications and relative volatility distribution are uniform.

The main challenges of dividied wall columnsin the oleochemical industry include;

1. Limited flexibility
2. Potential corrosion problems
3. Limited familiarity

Fractionation columns with added side strippers are awell proven ways to satisfy the
increased demands of capacity and efficiency. The availablilty of second generation
structured packing, reduces the pressure drop, while making it possible to increase
capacity and mataintian curruent product purties. New columns can be designed much
more compactly, while revamps can improve on capacity and purity. Revamp an existing
column and adding a sidestripper may allow to switch from atwo to athree-products
production scheme.



Case One — Conventional Two-Column System
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Advantages of a Conventional Two Column System:

Established industrial practice
Easy to operate

Low energy consumption
Stable operations
Small column diameter
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Disadvantages of a Conventional Two Column System

1. Higher overall capital cost
2. Large space requirements
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Low pressure drop as required packing height is limited
Flexible in feedstocks and products
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Case Two - Divided Wall Column System
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Advantages of Divided Wall Column:

1. Lowest overall capital cost
2. Compact Design, lower space requirements

Disadvantages of Divided Wall Column:

Limited feedstock flexibility (design for one single feedstock)
Additional reflux divider required

Increased operational and maintenance complexity

More sensitive to fouling and corrosion / Difficult maintenance
Increased pressure drop

Increased column diameter
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Composition of Fatty Acidsin Divided Wall Column
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Case 3 - Single Column with Side Stripper
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Advantages of single column with side stripper:

Low capital cost

Ease of installation
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Stable flexible operation

Good performance if middle distillate isin lower concentration
Decreased operational and maintenance compl exity
Possihilities to revamp single column and add new sidestrippers

Reasonable energy consumption

Disadvantages of single column with side stripper:

1. Increased pressure drop

2. Increased column diameter
3. Slightly larger space requirements

P Cl4 FA
5,149 kg/h



Comparison of Threethe Cases

The three cases comparison are based on individually optimized detailed process
simulation and consequent plant designs, incorporating different aspects like impacts on
required number of theoretical stages, packing heights, pressure drop etc. leading to atrue
picture on required separation duty.

Two Column Divided Wall Column with
System Column Side stripper
Case 1 Case 2 Case 3
Purity Same Same Same
Capacity (%) 100 100 100
Clllmi Sz 21/15 28 27/23+15
(m)
Overall Capital 100 70 80
Cost
Energy
Consumption 1690 (100%) 2115 (125%) 1882 (108%)
(kW)

Life Cycle Cost*

100

94.8?

87.6

Notes:

1. Based on USD 170 per tons of Fuel Gas and current capital investment cost

indexes.

2. Without consideration on operational flexibility (processing different feedstock).
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Glycerine Purification

Glycerol (C2HgO3), 1,2,3 — propanetriol, commonly known as glycerine, isthe ssimplest
triol. Itisobtained as a by-product during the conversion of fats and oilsto fatty acids

and fatty acid methyl esters. Glycerineis utilized in the cosmetic and pharmacy
applications and has very stringent standards.

Asglycerineisathermally very sensitive product, low column bottoms temperature and
low residence time are absolutely essential in order to achieve good product qualities.
Design practices are to maintain bottoms temperature below 160 degrees C, by keeping
tower pressure drop low. Low-pressure drop, high efficiency structured metal and wire
gauze packing is the best combination to ensure liquid film distribution of the packing
surface.

The liquid film distribution is the key to achieving high efficiency. Dueto the presence
of water in Glycerol Fractionation, the wet-ability of sheet metal structured packing is
reduced, leading to reduced stage efficiency. The capillary effect of wire gauze packing
to spread the flow evenly through the wire gauze at low liquid loads, even with the
presence of water improves the separation efficiency and thus givesit an advantage in
this application. Wire gauze packing is utilized in the middle and bottom section with the
structured sheet metal utilized in the top section.

At liquid loads of less than 10 m3/mzhr, the liquid flows within the wire gauze (interna
flow). For higher loads the liquid flows on the exterior surface of the wire gauze
(external flow). BXPlus combines both high wettability and lowest achievable pressure
drop per theoretica stage.

Capillarity Action in Wire Gauze Packing
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New Gener ation Packing- M elapakPlus and BXPlus

Two of Sulzer’s new generation packing are the MellapakPlus and BXPlus developed in
year 1999 and 2001 respectively.

BXPlus

BX gauze packing  Mellapak Nutter Ring Mellagrid MellapakPlus

o — [

Float valves V-grid trays MVG trays MVGT trays Shell trays VG Plus

MellapakPlus represents the novel, high capacity structured packing, which typically
shown 25 to 30% more capacity compared with conventiona packing.

Picture on the right hand side shows the 1
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The MellapakPlus had been successfully used in column revamp and new grass root
plant. Below is the result comparison for Coconut Fatty Acid distillation column
revamped with MellapakPlus.

The feed composition is shown in the table below:

Feed Distillate Bottoms
Flow rate (kg/h) 10,000 4,851 5,149
Composition (wt %)

C10 0.10 0.18 -

Ci12 48.28 99.00 0.50

Cl14 16.57 0.81 3141

Ci16 9.62 0.01 18.68

C18" 3.42 - 6.64

C18’ 16.89 - 32.80

C18 1.71 - 3.32

C20 0.32 - 0.62

Neutrals 3.09 - 6.03

The column design with MellapakPlus reduced significantly in diameter or capacity
increased if maintain the same diameter.

Mellapak 250.Y vs MellapakPlus 252.Y:

Diameter (m) Capacity (%) DP (mbar)
Mellapak 250.Y 2.0 100 19
1.8 100 26
2.0 100 14
MéellapakPlus 252.Y 20 113 19
2.0 120 24
2.0 135 36"
Mellapak 250.Y vs MellapakPlus 452.Y:
Diameter (m) Capacity (%) DP (mbar)
Mellapak 250.Y 2.0 100 19
2.0 100 26
MéllapakPlus 452.Y 20 109 369

1) Pressure drop is limited by maximum allowed bottom temperature
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The new gauze packing (BXPlus) benefits from various features of the MellapakPlus
product line. It provides lower pressure drop as compared to BX packing due to smooth
changein gas flow direction and increased open areafor gas flow due to smaller liquid
hold-up at element transition. In fact it has the lowest pressure drop per theoretical stage
of any packing ever measured.

It offers substantial improvements for applications in degp vacuum. Replacement from
standard gauze packings to Sulzer BXPlus generates:

1. Lower pressure drop of up to 25% or
2. Corresponding reduction of column diameter or
3. Increase of the column throughput

while achieving the same high efficiency of Sulzer BX packing. Investment can be
reduced by 10% at the same operating conditions.

Typical applications of BXPlus packing are as follows:

* Glycerine

» Plastic monomer distillation (Caprolactam, MDI, DMT, etc)
» Fatty acids, fatty alcohols, fatty acid esters

» Ethylene glycols, Ethanolamines

* Finechemicas, Vitamins

The figures show that BXPlus having 25% lower pressure drop and higher capacity than
BX packing while maintaining same efficiency.
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Conclusions

Advanced Fractionation Technology for the Oleochemical Industry must include;

1. Prevention of product degradation or polymer formation. This requires reduced
pressure leading to lower tower bottoms temperatures.

2. Reduction of product degradation or polymer formation. This requires a reduced
mean residence time, which is only achieved with structured packing distillation.

3. Increasesin capacity, yield, and purity.

Fractionation columns with added side stripper are a well-proven way to satisfy increased
demand of separation duties. The availability of second-generation structured packing
increases the efficiency and reduces pressure drops while, making it possible to increase
capacity and /or product purities. Lower pressure drop has a positive impact on the
separation itself. Combining these effects with an increase in capacity will result in a
synergy effect on the separation performance.
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