KLM Technology
Group

Practical Engineering
Guidelines for Processing
Plant Solutions

Technology
KLM

Group
ENGINEERING SOLUTIONS

www.kimtechgroup.com

Page : 1 of 79

Rev: 01

Rev 01 Mar 2017

KLM Technology Group
P. O. Box 281

Bandar Johor Bahru,
80000 Johor Bahru,
Johor, West Malaysia

Kolmetz Handbook
of Process Equipment Design

BTX EXTRACTION UNIT
SELECTION, SIZING
AND TROUBLESHOOTING

(ENGINEERING DESIGN GUIDELINES)

Co Author

Rev 01 - Yulis
Sutianingsih

Editor / Author

Karl Kolmetz

INTRODUCTION
Scope

Properties

TABLE OF CONTENTS

Process Consideration

DEFINITIONS

NOMENCLATURE

THEORY

BTX Production
Extraction

Extractive Distillation
Downstream Process

Equipment Listing

REFERENCES

15

22

23

24

24

33

45

57

64



Kolmetz Handbook

KLM Technology of Process Equipment Design
Group
Practical Engineering BTX EXTRACTION UNIT
Guidelines for Pl_'ocessing SELECT'ON, SIZING
Plant Solutions AND TROUBLESHOOTING

www.kimtechgroup.com

LIST OF TABLE

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

Table 10:
Table 11:
Table 12:
Table 13:
Table 14:
Table 15:
Table 16:
Table 17:
Table 18:
Table 19:
Table 20:
Table 21:
Table 22:
Table 23:
Table 24:
Table 25:
Table 26:

: Physical data of C¢ — Cs aromatics

: Binary azeotrope mixtures of benzene

: Ternary azeotrope mixtures of benzene

: Octane rating of benzene and related components
: Petroleum properties

: Properties of Toluene

: Binary azeotrope of Toluene

: Ternary azeotrope of Toluene

: World production capacity (Mixed — xylenes, 1994)

Binary azeotrope of xylene

Properties of xylene and its isomer
Aromatic yields incorporated of RON
Extractive process of BTX separation
World consumption of BTX

BTX yields from various feed

Sulfolane solvent properties

Material Balance (Sulfolane process)
Breakdown of reformates

Operating condition (Sulfolane process)
Glycol solvent properties

Material Balance (Glycol Process)
Operating condition (Glycol Process)
Boiling Points of Aromatics

Material Balance (Toluene Dealkylation)
Comparison of yield (Toluene dealkylation)

Operating condition (Toluene Delakylation)

(ENGINEERING DESIGN GUIDELINES)

Page 2 of 79

Rev: 01

March, 2017

06
07
08
08
09
10
11
11
13
13
14
15
17
27
32
48
49
51
51
53
54
56
58
60
61
61



Kolmetz Handbook

KLM Technology of Process Equipment Design
Group
Practical Engineering BTX EXTRACTION UNIT
Guidelines for Pl_'ocessing SELECT'ON, SIZING
Plant Solutions AND TROUBLESHOOTING

www.kimtechgroup.com ' =N GINEERING DESIGN GUIDELINES)

Table 27:
Table 28:
Table 29:
Table 30:
Table 31:
Table 32:
Table 33:

Model plant size

Pump Listing (Sulfolane process)

Valves and Connections Listing (Sulfolane process)
Pump Listing (Glycol process)

Valves and Connections Listing (Glycol process)
Pump seal Listing (Toluene Dealkylation)

Valve and Connections Listing (Toluene Dealkylation)

LIST OF FIGURE

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17
Figure 18

Figure 19 :

: Benzene Molecule

: Three isomers of benzene

: Toluene Molecule

: Xylene

: Simplified aromatic extraction process

: BTX derivatives

: Economic value of benzene derivative 1

: Economic value of benzene derivative 2

: Simplified BTX process

: Chemical reaction sequences of reforming process
: Simple hydrotreating and reforming process

: Three-stage refinery countercurrent extraction
: Solvent extraction (tower system)

: Cross-current extraction scheme

: Countercurrent extraction scheme

: Fractional extraction without reflux

: Fractional extraction with reflux

: Phase Diagram

Single stage equilibrium (process diagram)

Page 3 of 79

Rev: 01

March, 2017

64
64
65
66
67
67
68

06
07
10
12
16
25
26
27
28
29
31
34
35
37
38
39
40
41
42



Kolmetz Handbook Page 4 of 79

KLM Technology of Process Equipment Design
Group Rev: 01
Practical Engineering BTX EXTRACTION UNIT
Guidelines for Processing SELECT'ON, SIZING
Plant Solutions AND TROUBLESHOOTING
March, 2017

www.kimtechgroup.com

Figure 20
Figure 21
Figure 22
Figure 23
Figure 24
Figure 25

(ENGINEERING DESIGN GUIDELINES)

: Continuous multistage countercurrent extraction

: Generalized sulfolane solvent extraction

: Tetraethylene glycol extraction unit

: Downstream process for enhancing BTX production
: Toluene Dealkylation (Simplified process)

: Toluene Disproportionation

43
47
52
57
59
63



Kolmetz Handbook Page 5 of 79

KLM Technology of Process Equipment Design
Group Rev: 01
Practical Engineering BTX EXTRACTION UNIT
Guidelines for Processing SELECT'ON, SIZING
Plant Solutions AND TROUBLESHOOTING
March, 2017

www.kimtechgroup.com

(ENGINEERING DESIGN GUIDELINES)

INTRODUCTION

Benzene, Toluene, and Xylene are become the lowest molecular weight of the aromatic
class. They are very beneficial for petrochemical feedstocks. They are considered as one
group because in real application, benzene, toluene and xylene are produce in the same
process. The familiar name is “BTX".

Originately produced from commercial pyrolysis of coal, BTX production shifted to gasoline
production. These aromatic compounds have such high value octane number that made
them good components to be mixed with gasoline products to alter its octane number as
market requirements

Benzene, Toluene and Xylene combined produce one of the largest aromatic volumes that
is used in the petrochemical industry. Toluene could be converted to Benzene to fulfilled
market demand by hydroalkylation process. Products separation is required to split each
into pure components. Thus, separation process could be consisted of. Extraction,
Distillation, Crystallization or combination of all of those processes.

Properties
Benzene

Benzene is an aromatic compound with single ring and composed of six carbon atoms and
six hydrogen atoms (CeHs, Figure 1). Benzene is colorless and classes as flammable liquid
with boiling point at 80.1°C and flash point 5.5°C. Styrene, phenol, and cyclohexane are
chemicals derived from benzene which could be used for manufacturing several daily
products including : dyes, detergents, plastics, resins, and insecticides. Benzene is very
toxic but also a good solvent agent and has high octane rating for gasoline blending. Table
1 to Table 4 are providing details data of physical — chemical information of Benzene.
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Figure 1. Benzene molecule

Table 1. Physical data of Cs — Cs aromatics

Compounds Molecular Density Melting Boiling Flash point
weight (Mr) (kg/m?3) point (°C) point (°C) (°C)
Benzene 78.11 879.01 5.533 80.099 -11
Toluene 92.13 866.94 -94.991 110.626 4.0
Ethylbenzene 106.16 866.90 -94.975 136.186 15
o-xylene 106.16 880.20 -25.182 144.411 17
m-xylene 106.16 864.17 -47.872 139.104 23.2

p-xylene 106.16 861.05 13.263 138.351 25




Kolmetz Handbook Page 7 of 79

KLM Technology of Process Equipment Design
Group Rev: 01
Practical Engineering BTX EXTRACTION UNIT
Guidelines for Processing SELECT'ON, SIZING
Plant Solutions AND TROUBLESHOOTING
March, 2017
www.kimtechgroup.com ' =N GINEERING DESIGN GUIDELINES)
Table 2. Binary azeotrope mixtures of benzene
Component B Benzene composition (% wt) Azeotrope temperature (°C)
Water 91.17 69.25
Methanol 60.4 58.34
Acetonitrile 60.0 73.7
Acetic acid 98.0 80.5
Ethyl alcohol 67.6 68.24
Isopropyl alcohol 66.7 71.92
Propyl alcohol 83.1 7712
85.0 79.45
Cyclohexane 55,0 775
n-Hexane 5.0 68.87

Benzene is a basic aromatic class and is one of the largest organic chemicals that had
been produced in the United States. Benzene is thermally stable and formed at
temperatures of 500°C. Elevating temperature can make benzene decompose thermally.

Condensation reactions could took place in associate with several mineral like lead, iron
and other catalytic materials such as vanadium to form diphenyl and any other
polyaromatic components. Oxidation of benzene is severe under the presence of water and
carbon dioxide. Phenol can be obtained in low yield by high-temperature oxidation of
benzene with air. Substitution reaction is one of the most important reaction on benzene
that could produce disubtituted benzene with three possible isomers.
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Table 3. Ternary azeotrope mixtures of benzene

= Component = Benzene (% wt) B (%wt) Azeotrope (°C)
Water Ethyl alcohol 741 7.4 64.86
Water Allyl alcohol 82.1 8.6 68.3
Water n-isopropyl alcohol 82.4 8.6 68.48
Water Isopropyl alcohol 73.8 7.5 66.51
Water 2-butanone 73.6 8.9 68.9
Water Sec-butyl alcohol 85.55 8.63 69.0
Water Tert-butyl alcohol 70.5 8.1 67.3
Chloroform 1,2-dichloroethane 66.4 5.0 79.2
Water Acetonitrile 68.5 8.2 66.0

Table 4. Octane rating of benzene and related components

Component B Boiling point (°C) Octane Rating
Benzene 80.1 98

Cyclohexane 81.4 83
Toluene 110.6 120

Ethylbenzene 136.1 107
o-xylene 144 .4 120
m-xylene 139.1 115
p-xylene 138.4 116
Cumene 152.4 113

As in general, production of benzene and its homologues such as toluene and xylene
(BTX) are below 15% on naphtha fractions from petroleum refinery plant with benzene
contents in the fractions maximum of 50% of the total aromatic content. Table 5 shows the
aromatic, napthnetic, and paraffinic contents of several type petroleum and naphtha
fractions.
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Table 5.Petroleum properties
Properties Petroleum A Petroleum B Petroleum C
Crude gravity (°API) 34 -34.9 37.4 34.1
Ce and lighter (% vol) 1.6 3.3 1.5
Light debutanized naphtha
yield (% vol) 13.7 13.23 9.3
Boiling point (°C) Up to 126 31-105 Up to 93
Aromatics content (% vol) 5 3.1 24
Naphthenes content (% vol) 5 30.5 12.3
Paraffins content (% vol) 90 66.4 85.3
Sulphur content (% wt) 1.63 0.31 1.72

Hence, addition, alkylation and hydrogenation are several other reactions that could be
reacted to a benzene molecule. The reactions generally take place at elevated temperature
and pressure under the presence of catalyst. Ethylbenzene could be obtained from
alkylation of benzene with ethylene in the presence of a catalyst. Hydrogenation of
benzene at elevated temperature and pressure may produce cyclohexane. Whereas
dehydrogenation of ethylbenzene to form styrene is necessary in the kinetic and
thermodynamic perspective due to the endothermic operating conditions.

Toluene

Toluene is known due to its derivative compounds trinitrotoluene (TNT) in which extensively
used during World War | and World War Il. Production of sufficient quantities of toluene
was obtained by catalytic reforming process where naphtha fractions from crude petroleum
is converted to reformate along with high aromatic content. Extraction and extractive
distillation had been developed to isolate pure toluene from reformate. Toluene (Figure 3)
could be added to gasoline fuel as a mixture with other aromatics due to high resistance to
knocking event. Table 6 to Table 8 listed physical and chemical data of toluene.
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Figure 3.Toluene Molecule
Table 6. Properties of Toluene
Properties Value
Molecular weight (Mr) 92.13
Melting point (°C) -94.991
Boiling point (at 100 kPa) 110.625
Critical temperature (°C) 320.8
Critical pressure (MPa) 4.133
Critical compressibility 0.260
Critical molecular volume (/mol) 0.321
Density at 100 kPa, 25°C (kg/m?3) 863.1
Viscosity at 100 kPa, 20°C (mPa.s) 0.5864

Flash point (°C) 4
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Table 7. Binary azeotrope of Toluene

Toluene - . /o
Component composition of Boiling point (°C)
1)
azeotrope (% wt) Component (% wt) Azeotrope
Water 79.7 100 84.1
Methanol 31 64.7 63.8
Acetic acid 66 118.5 105.0
Ethanol 33 78.3 76.6
Glycol 93.5 197.4 110.2
Ethylenediamine 70 116.9 103
Propanol 49 97.3 92.5
Butanol 73 117.8 105.7
Isobutanol 55.5 108.0 100.9
Tert-Amyl 44 101.7 100.0
alcohol
Isoamyl alcohol 88 131.3 110.0

Tolene had another name called “methylbenzene” composed by seven carbon atoms and
eight hydrogen atoms (C7H8). Toluene is a colorless and flammable with low viscosity and
smells like benzene. Toluene is a good solvent for oils, tars, sulphur, fats and so on.
Toluene is completely miscible with most organic solvents like alcohols, phenols, ethers
and ketones. Toluene slightly soluble in water.
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Table 8. Ternary azeotrope of Toluene

—— 5
Boiling point (°C) Composition in azeotrope (%

Components wt)

Component Azeotrope Toluene A B
A Water 100 76.3 48.7 13.1 38.2
B Isopropanol 82.3
A Butanol 117.8 108.7 67.4 11.9 20.7
B Pyridine 115.5
A Pyridine 115.5 110.2 87.3 8.6 4.1
B Isoamyl alcohol 131.3

At most cases, toluene has a similar chemical properties with benzene. Furthermore,
methyl group provides additional reactivity. Alkylation of toluene with propylene gives
methylcumene (cymenes). Meanwhile, cumene hydroperoxides could be obtained by
toluene saponification for acetone production.

Xylene

Another homologues of benzene is xylene. Xylene composed by eight carbon atoms and
ten hydrogen (CsH10) atoms with boiling points in range of 135 — 145°C depend upon
mixture of isomers which mainly consisted of at least three isomeric components :
dimethylbenzenes and ethylbenzenes (Figure 4).
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Figure 4. Xylene

Xylene always produce as a mixture along with other isomer. Disproportionation of toluene
is another path to produce xylene compounds. Xylenes are good for motor fuels due to
their high knock resistance.

Isomeric xylenes and ethylbenzene form azeotropic mixtures with water and numeruous
organic compounds (Table 10 and Table 11). Absorption properties of exylene are of
technical interest due to the significant differences in the solubilities of various gases as a
function of temperature. Table presents details of xylene and its isomer physical data.
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Table 10. Binary azeotrope of Xylene

Azeotrope
C tA A ti ili i
omponen romatic Bmh::%)pomt Composition of A (% wt)
m-xylene 94.5 40
Water ethylbenzene 33.5 33
Methanol p-xylene 64.0 5
Butanol Ethylbenzene 115.85 65
Isobutanol Ethylbenzene 125.7 49
Ethylene o-xylene 135.7 7
glycol
Glycol 0-, m-, p-xylene and 133 - 139 14
ethylbenzene
Acetic acid ~ © M Pxylene and 114 — 116 66 — 76

ethylbenzene

Phenol m-xylene 133 18
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Table 11. Properties of Xylene and its isomer
Properties o-xylene m-xylene p-xylene Ethylbenzene
Molecular weight (Mr) 106.16 106.16 106.16 106.16
Boiling p(?,'g)t’ at1 bar 144.4 139.1 138.4 136.2
Sl t(eogperat”re 357.1 343.6 342.8 344.0
Critical pressure (bar) 35.20 35.47 34.45 37.27
Critical compressibility 0.260 0.270 0.250 0.260
Critical molar volume 0.380 0.390 0.370 0.371
(/mol)
Melting point (°C) -25.182 -47.87 13.26 -95.00
Density at 1 bar (kg/m3)
At 20°C 880.2 864.2 861.0 867.0
At 25°C 876.0 859.9 856.7 862.4
Dynamic viscosity at 0.809 0.617 0.644 0.6783

20°C (mPa.s)

Oxidation of toluene and isomers obtain dicarboxylic acids. Phthalic acids is produced
industrially from o-xylene, isophthalic acid from m-xylene whereas terephthalic acid from p-
xylene. The reaction goes under gas and liquid phases and have been widely applied on
many petrochemical plant around the world. Nitration of o- and m-xylenes provides a route
to xylidines following hydrogenation of the initially formed dimethylnitrobenzene isomers.
Xylidines typically used as intermediates in dye and rubber additive production. Sulfonation
of m-xylene and subsequent decomposition of the sulfonic acid derivatives gives 3,5- and
2,4-xylenols providing starting materials for insecticides and herbicides.
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Process Consideration

There are at least three classes of petrochemical feedstock according to the use and
preparation methods, there are :

1. Aromatics,

Aiming to the ring-chained products obtained from catalytic reforming units that usually
used to upgrade octane number of heavy straight-run naphtha gasoline blending
stocks.

2. Unsaturated-chain hydrocarbons,

Aiming to the olefins and diolefins compounds which could be produced by fluid
catalytic cracking units, steam cracking and low polymerization of low molecular weight
components.

3. Saturated-chain hydrocarbons,
Aiming to paraffinic and cycloparaffinic compounds.

Catalytic reforming is one of the main processes for aromatic component production.
Catalytic reforming unit for petrochemical purposes can be operated at higher severity than
for motor gasoline production. Additionally, enhancing octane number will increasing
aromatic yields as illustrated in Table 12.

Table 12. Aromatic yields incorporated of RON

RON value Aromatic yields (%)
90 54
95 60
100 67
103 74

Benzene, Toluene and Xylene combined produce the largest aromatic volume that usually
used for petrochemical industry. Among the others, benzene have the highest demand of
all. Toluene and Xylene could be converted to Benzene to fulfiled market demand by
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hydroalkylation process. Products separation is require to split each pure components.
Thus, separation process could be consisted of : Extraction, Distillation, Crystallization or

combination of all of those process.

Although for many cases, distillation tend to me more familiar for most of separation
process. For some cases, liquid — liquid extraction is more cost effective rather than
distillation alone. The differences in molecular interaction between feedstock and solvent
provide more effective way of accomplishing the desired separation compared to

differences in component volatilities.

Raffinate
To Water
Wash Cokumn

Solvent

Feed

Reflux

-

d
Product

Extractor Stripper
Extract
Distillation
Recovered
_< \‘ Solvent

Figure 5. Simplified aromatic extraction process.
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At very specific manner, the distillation option may involve addition of solvent (extractive
distillation) to enhance the relative volatility. Nonetheless, a liquid — liquid extraction still
offer advantages in terms of higher selectivity and lower energy consumption. One of
largest applications of liquid — liquid extraction has been developed to recover benzene,
toluene, and xylene (BTX) as feedstock for chemical manufacturing (Figure 5).

Many chemicals could be used as solvent agents for aromatic extraction like alcohols,
ketones, ethers, water, and also aromatic hydrocarbon itself. Table 13 summarized the
various commercial of extractive processes for BTX separation.
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Table 13. Extracitve process of BTX separation.
Solvent Operating . Con_tactlng Notes
temperatures (°C) equipment
: : Sulfolane is
Sulfolane 120 Rr)rcl)tctlaigrr]r?e?ésrk(ilrjlgizjoe? insensitive to water
content.
Require antifoarming
, agent.
Water-Glycol 150 (diethylene . Could increase
. glycol — water Sieve tray contactor. .
mixture capacity of benzene
system) .
production by a
factor of 4.
et s 100 Reciprocating plate NO. . . further
glycol purification process.
Low corrosion.
Non-toxic solvent.
Dimethy Rotating-blade ~ Sorent has low
sulfoxide Ambient contains 10 — 12 9 point.
Reflux stream
(DMSO) stages. .
consisted of
aromatics and
paraffins.
60 (NMP — glycol Vertical multistage  Shall contained
N-methyl 1-2- system). mixter settler with 24  polar-mixing
pyrrolidinone — 30 stages and component (water or
(NMP) 35 (NMP — water diameter (inside) up glycol) to increase
system) to8m selectivity.
Addition water to
mixture is important
N-formyl 40 Perforated tray to increase
Morpholine (FM) extractor. selectivity.

Low corrosion.
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Manufacturing BTX aqueous using tetraethylene glycol was previously the favorite process.
Many today use sulfolane as solvent in many large units aournd the world. Sulfolane is a
strong polar compound with high selectivity for aromatic hydrocarbons and has much
greater solvent capacity for hydrocarbons rather than glycol systems.

NMP systems will have high selectivity as the polar mixing component added to the
system. DMSO process employs two separated extraction, low viscosity of the solvent
allows the extraction operates at ambient temperatures. Since there is no single or blend
solvent agent could be the best for all chemicals extraction, compromises often to be
implied. To make the right decision of solvent agents choice, several considerations shall
be given a respect in order of :

1. Loading Capacity.

The term refers to a maximum content of solute within the extract before it separate.
Loading capacity could be determined by the point in which all the extractant in
solution is completely occupied by solute. A high solvent-to-feed ratio required when
loading capacity is low.

2. Partition Ratio.

Partition ratio determine as :

Ki — ﬁ
X (1)
Where :
K : Partition ratio
X : Concentration of solute in feed or raffinate.
Y : Concentration of solute in the solvent or extract

Partition ratio can show a minimum amount of solvent that allowed for extraction
process. High partition ratios (desirable at value of 10) allow for low solvent use
which will lead to smaller and less costly extraction equipment implied. If the partition
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ratios value is less than 1.0 it will indicated a high solvent-to-feed ratio that cause a
higher cost operation.

3. Solute Selectivity.

Selectivity of given solvent for solute | compare to solute j could be calculated as :

K;
{I. , — —
7K 2)
Where :
a : Selectivity solute i over solute |
Ki : Partition ratio of solute i
Kj : Partition ratio of solute j

The value of a must be above 1.0 so the solute will increase its purity (on a solvent-
free basis). Solvent blends somewhat provides higher selectivity while also lowering
partition ratios. Selectivity is significantly depends upon the scheme process that had
been chosen, number of extraction solvent, and number of stages applied.

4. Solubility.

Lower solubility of extraction solvent in the raffinate phase often results in higher
relative volatility for stripping the residual solvent in a raffinate stripper, implying low-
cost desolventizing of raffinate. In addition, low solubility of feed solvent in extract
phase will reduce separation requirements for recovering solvent for recycle and
producing a purified product solute. The limits of solvent-to-feed ratios that can be
used provided by solubility data.

5. Stability.

Extraction solvent agent must not be reactive to the feed and product stream. It also
shall not form any unwanted byproducts when contacted to the solute. The
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unwanted byproduct will not only decreasing overall yield, it also hard to purge from
product stream.

6. Density.

Practical density difference between feed stream and solvent stream is in range 0.1
to 0.3 g/ml. If the difference is too low, it makes difficult to separate which could
cause additional equipment installment (i.e : centrifuge). When the difference gets
too high, it also difficult to build high dispersed-droplet that good for mass-transfer
process.

7. Viscosity.

Higher viscosity generally increases mass-transfer resistance that causing difficulties
in liquid — liquid separation. Viscosity mostly impacted by temperature. Thus, higher
operating temperature is favorable because it is lowering viscosity of liquid
processed

8. Recoverability.

Recoverability means that extraction solvent agent better when it could be directly
recycled without any further purification process so it will facilitate low-cost options
for solvent recovery recycle and storage.

9. Safety.

Extraction solvent agent must be pass safety requirement like low potential fire and
low reactivity chemical hazards. The way how solvent, feedstock, and products
handling also important. The chemical shall be used with high awareness in a
manner consistent with desired measures to avoid hazards.
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10. Environmental requirements.

When it used, all of chemical elements shall be on the form that not only safety for
operation, but also must meet with environmental requirement physically and
chemically. Low aquatic toxicity, low potential for fugitive emissions from leaks or
spills, low photoreactivity in the atmosphere and biodegradable material are
examples of preferred chemical properties. Process optimization will increase the
efficiency of chemical materials that lead to waste minimization and reducing of
environmental impact also.

11. Corrosion.
Solvent used for operation is preferably had low corrosion issues. Since, low
corrosion rate provide a long lasting equipment operation and decreasing
maintenance rate. Particular extraction operating process could reduce life time of
equipment. Operating process at moderate temperature and pressure tend to be the
choice to delay equipment damage.

12.Cost.

At the end of the day, it is all come to one purpose : cost. All of the factors previously
explained shall be optimized to gain a maximum benefit for costing. Recycling
extraction solvent agent is one way to minimizing operating cost.
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DEFINITION

Benzene — An aromatic compound with single ring and composed of six carbon atoms and
six hydrogen atoms (CsHe).

Extraction - A process for separating components dissolved in a liquid feed by contact
with a second liquid phase.

Loading Capacity — A term refers to a maximum content of solute within the extract before
it separate. Loading capacity could be determined by the point in which all the extractant in
solution is completely occupied by solute.

NMP — N-methyl 1-2-pyrrolidinone, refer to the one a kind of extractive distillation process
in which main solvent is N-methyl 1-2-pyrrolidinone.

Partition Ratio — A proportion that show a minimum amount of solvent that allowed for
extraction process.

Saturated-chain hydrocarbon — A kind of hydrocarbon that aim to paraffinic and
cycloparaffinic compounds.

TEG - Tetraethylene Glycol, refer to the one a kind of extractive distillation process in
which main solvent is tetraethylene glycol.

Toluene — Another name of “methylbenzene” composed by seven carbon atoms and eight
hydrogen atoms (C7Hs)

Unsaturated-chain hydrocarbon — A kind of hydrocarbon which could be produced by
fluid catalytic cracking units, steam cracking and low polymerization of low molecular
weight components.

Xylene — An aromatic compound with single ring and composed by eight carbon atoms and
ten hydrogen atoms (CsH+1o).
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NOMENCLATURE

o : concentration of solute in first liquid phase (% wt)
C. : concentration of solute in second liquid phase (% wt)
K : Partition ratio

Ki : Partition ratio of solute i

Kj : Partition ratio of solute j

Lo : Feed stream input (kg/h)
L1 : Raffinate stream (kg/h)

Ln : Raffinate stream (kg/h)

S : pure solvent (Ib)

Vi : Extract stream (kg/h)

V1 : Solvent stream input (kg/h)
\2 : Extract stream (kg/h)

VN+1 : Solvent stream input (kg/h)
w : stock to be treated (Ib)

XA : fraction mass A.

XA0 : Fraction A on feed

XA1 : Fraction A on raffinate

XAM : Fraction A in mixture point
XAN : Fraction A on raffinate

xB : fraction mass B.

xC : fraction mass C.

Xco : Fraction C on feed

Xco : Fraction C on feed

Xc1 : Fraction C on raffinate

XcMm : Fraction C on mixture point
XCN : Fraction C on raffinate

Yai : Fraction A on extract

Va2 : Fraction A on solvent

yei : Fraction C on extract

Yc2 : Fraction C on solvent

YCN+1 : Fraction C on solvent
SYMBOLS

a : Selectivity solute i over solute j
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