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Sp.Gr  Boiling Melting
Material Formula

(157C) Point Point
Benzene Co6Ho6 78.11 0.879 80.1 5.5
Toluene C6H5CH3 92.13 0.871 110.6 -95.0
Ethyl Benzene C6H5C2H5 106.16 0.867 136.2 -94.9
Para-Xylene C6H4(CH3)2 106.16 0.865 138.4 13.3
Meta-Xylene C6H4(CH3)2 106.16 0.862 139.1 -47.8
Ortho-Xylene C6H4(CH3)2 106.16 0.881 144.4 -25.2
Isopropyl Benzene C6HS5CH(CH3)2 120.01 152.7 -96.0

Table 2-1. Chemical property of main component in para-xylene process

artho para

Figure 2-2. Xylene isomer
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Classify the components in your process:
gases, non-polar, associating, solvating,
electrolyte.

Try Peng-Robinson,
SRK, APL

Any gases (e.g. NH3, IP's all known’
CO2)? or P>10bars?

Try NRTL, Pitzer, or Bro-
mley, whichever has all
BIP's.

Try NRTL, UNIQUAC,
FH, Wilson, or Van Laar,
whichever has all BIP's.

Try UNIFAC. If possible,
estimate BIP's for missing
components only.

Try SAFT, ESD.

Try Henry's Law.

Try ESD, SAFT, MHV2,
Wong-Sandler.

Figure 3.3 Guideline for choosing a property method [7]
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Figure 4-1. Flow diagram of DeC7 Column simulation
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Target Product

Total Xylene Composition of Distillate Rate < 1.0 wt%
Toluene Composition of BTM Rate < 0.75 wt%

Feed Flow 211.1 ton/h

Feed Stage #21

Feed Stream Composition
HYDROGEN 0.009 wt%
METHANE 0.023 wt%
ETHANE 0.838 wt%
PROPANE 0.152 wt%
ISOBUTANE 0.044 wt%
N-BUTANE 0.020 wt%
2-METHYL-BUTANE 0.050 wt%
N-PENTANE 0.055 wt%
N-HEXANE 0.097 wt%
BENZENE 4.684 wt%
CYCLOHEXANE 0.002 wt%
METHYLCYCLOHEXANE 0.007 wt%
TOLUENE 1.160 wt%
ETHYLBENZENE 4.610 wt%
P-XYLENE 20.446 wt%
M-XYLENE 46.121 wt%
O-XYLENE 19.746 wt%
N-NONANE 1.308 wt%
1-METHYL-3-ETHYLBENZENE 0.176 wt%
ISOPROPYLBENZENE 0.000 wt%
1,2,4-TRIMETHYLBENZENE 0.370 wt%
M-DIETHYLBENZENE 0.082 wt%

Table 4-1. Design specifications of DeC7 column
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TEMA Dimension Surface
Item Unit Description
Type (Shell ID x Tube Length) Area
OVHD TRIM ,
EA-1103 1 AES 1150mm x 5000mm 463 m
CONDENSOR
FEED/BTM
EA-1105A/B AEM 1050mm x 6000mm 988 m?
PRE-EXCHANGER
OVHD/FEED
EA-1109A/B 2 AES 1500mm x 4200mm 834.6 m?
PRE-EXCHANGER
NET OVHD
EA-1112 1 BEM 350mm x 4000mm 30.6 m?

VENT COOLER

Table 4-2. Data sheet and geometry of the exchangers
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Tray Stage #1 ~ #20 #21 ~ #56
Tray Pass 2 4
Tray Type (FLEXI TRAYY?(IBeCH-GLITCH ) | (FLEXI TRAYY?(IBeCH-GLITCH )
Column Diameter 3800mm 3800mm
Number of Valves 840ea 950ea
Tray Spacing 600mm 600mm
Side Downcomer WidthTtop 388mm 388mm
Off-Center Downcomer Width Top 311mm 311mm
Center Dowencomer Width Top - 311mm
Side Downcomer Width Bottom 388mm 388mm
Off-Center Downcomer Width Bottom 311mm 311mm
Center Downcomer Width Bottom - 311mm
Weir Height 75mm 75mm
Downcomer Cleaerance 60mm 60mm

Table 4-3

. Internal condition of DeC7 Column
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Figure 4-2. Tray layout on (a) 2 pass trays and (b) 4 pass trays
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Stream AA A A RA}
Feed 211.1 2111
Off-Gas 2.3 25
Flow
Distillate 11.2 11.2
(ton/h)
BTM 197.6 197.4
Reflux 74.3 74.3
Feed 95.0 95.0
OVHD Vapor 141.5 141.0
Temperature Off-Gas 54 =7} 45.6
() Distillate 56.5 56.4
BTM 215.8 214.6
Reflux 56.5 56.4

Table 4-4. Comparision between current operating and simulation

condition
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Table 4-5 = Case ¥ %% W3le] ©pE &4 BAF dafolrh. 4
stelo] 2.0kg/cm2G 7HA= 4 7hs ekl o, 1.0kg/cm2G ©] 8= &
Aol &7FskAth 1 ol fr= &4 ¥ Aol wE OVHD Vapor 79
72 ] @A dA =] 9lE Column OVHD Stream @ il3H7]
(EA-1109, EA-1103, EA-1112)2] =kgto] S7ksto] o ol &4 EAE 4
B A ekskrh. 1eja b Wdte] wE OVHD Vapor? +4 7t}
OVHD Vapor % BTM Rate ©] 2% 7}4 % Feed Preheating &1 37]
(EA-1109, EA-1105) ¢ LMTD(Logarithmic Mean Temperature

Difference) 7+4> WA 3to] Preheating Duty 7} THA9 -5 ghlstqiTh

O

StA 9k Figure 4-3°141 R vkgl o] Al &4 b=l 4.0kg/cm2G
oA 2.0kg/cm2G 7}4 Reboiler Heat Duty = 12.24mmkcal/he]A]

11.24mmkecal/h% FAA o 72 ZHAagS lsiglon, &4 48 #Ha=E
lato] oF 8%2 oA Hils olE F AT ol A e Hiel

w2 v A 8 28 88 5O % Reflux Ratio 8} Reboier Boilup

Rate 7} #4391 7] wji&o|t}.
Figure 4-4 o4 X ue}l o] OVHD Trim Condenser(EA-1103) ]
=

Wzke T 29 o® Q8 oY frael et Vapor Outlet =%7F 4



o] Benzene Loss &©°| < 7}= At}

Operating Pressure Case 1 Case 2 Case 3 Case 4
(kg/cm2G) 4.0 3.0 2.0 1.0
OVHD Temperature
. 141.0 13211 121.5 error
(€)
BTM Temperature
) 214.6 203.8 190.9
(€)
Reflux Ratio 541 5.33 5.32
Reboiler Boilup Rate
175.0 163.1 151.2
(ton/h)
Reboiler Heat Duty
12.24 11.75 11.24
(mmbkcal/h)
OVHD Volume Flow
7555.7 9164.1 11886.5
(m3/h)
OVHD Exchanger
0.64 0.85 1.48
Total AP (kg/cm2G)
Preheating Duty
10.41 9.22 7.82
(mmbkcal/h)
EA-1103 Outle Vapor
. 56.2 58.4 64.5
Temperature ()
Table 4-5. Simulation results for the effect of DeC7 Column
operating pressure
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Reboiler Heat Duty (mmical/h)
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Figure 4-3. Effect of DeC7 Column operating pressure on (a) the

reboiler heat duty, (b) the reflux ratio, (c) the reboiler boilup rate
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Figure 4-4. Effect of DeC7 Column operating pressure on

(@) EA-1103 outlet temperature and (b) benzene loss flow
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2. OVHD TRIM CONDENSER(EA-1103) 343t A] ¢48 wA

dAl OVHD Trim Condenser(EA-1103) &5 =2l uket
Off-Gas % Benzene Loss ¥ 5715 &<lat3l+ 2% EA-1103 7
FshAlat AA 9D A 2H)ske] k7] Outlet A A 2521 50CE
FA e 49 ¢ty WA A DeC7 Column &4 %71 4 o= 3}
= F7HH o HESIAH

Sref| 4] OVHD Vapor Stream ¢ @ 3H7] 24k S7kel 93l &
A e S 1.0kg/ecm2G 7HA] 7%:6]%] o= ERlg Bk itk 1

% OVHD/FEED EXCHANGER(EA-1109)°4] th¥-32] otg] &2
S HASH AL, 1.0kg/em2G 7HA] S8 FFAEelS 49 OVHD
Vapor®] &+%7} 105.0C +F2Z Feed &% 95T ¢} *}o]7} A4

RO 7 EA-1109 & 8 &Aoo AL = dAlste] A5t e

w2 2 Aw3h7]9 Friction Loss & 7F¢Fsho]

0.3kg/cm2G 77}?4‘4 o] FHRANE A
< EA-1103 @ #7] 443t Al Case 1 &

37 BEA éﬁrolﬁ‘r. AA Adule Aol o WA 3

AV Apel mpxb7bA R 9k ZFAe] WE Reboiler Heat

he1sl 5= 9llth 4.0kg/cm2G A 0.3kg/cm2G 77}

= =
A b 4skd S Al ok 2.5mmkeal/h BHE9] olyvA] A7 &)
=

Figure 4-5°14] X.i=n}9} 7Ho] EA-1103 Outlet 25=5 A7 &%
50C & fASteete dA AulelA b= g vixrA = ¢t
g Z+A4 o w2l Benzene Loss < 57t ol 25+ Y
AR qteo] ZFadhel wet Flash ¥]i= Benzene Fol S7tal
7] wEolth AR Y 4 Y 2elA &% &% 50TCE

T2 A5, EA-1103 Y2 55 =32 45 tiv]slo] Benzene

-
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T A0, Reboiler Heat

Operating Pressure =~ Case 1-1 Case 2-1 Case 3-1 Case 4-1 Case 5-1
(kg/cm2G) 4.0 3.0 2.0 1.0 0.3

OVHD Temperature

. 140.6 131.5 120.4 105.0 90.8
(€)
BTM Temperature
. 214.6 203.8 190.9 174.8 160.0
(€)
Reflux Ratio 5.29 5.15 4.98 4.79 4.72
Reboiler Boilup Rate
174.9 162.5 149.5 137.1 1224
(ton/h)
Reboiler Heat Duty
12.21 11.70 11.11 10.56 9.70
(mmbkcal/h)
OVHD Volume Flow
7435.8 8946.9 113454 159934  23349.0
(m3/h)
OVHD Exchanger
0.56 0.69 0.81 0.14 0.23
Total AP (kg/cm2G)
Preheating Duty
10.40 9.20 7.78 5.87 4.72
(mmbkcal/h)
EA-1103 Outlet Vapor
50.0 50.0 50.0 50.0 50.0

Temperature ()

Table 4-6. Simulation results(Normalization of OVHD Trim Condenser) for

the effect of DeC7 Column operating pressure
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Figure. 4-5. Effect of DeC7 Column operating pressure on

(a) reboiler heat duty and (b) benzene loss flow
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Al 3 A DeC7 Column Internal Check

e e mE olyA A R8s ® Column UH
glstofof sttt Aspen Plus 7]

4
Internal 2] Hydraulic ¥ d5<

£ AlFste] 71E Tray 2] Ratings
skQlgk = Q& 7ls°] St} DeC7 Column g4; 7JE] EAF AlH-
H Internal JHE AlFsto] 34 EAE sz by W
sle]l @& Column Internal Hydraulic 2 #& <1313t

e Fael wet F-97F F71eke] Column W52 vapor 5
o] Welx) A HOF o]o wpE Tray & Capacity $+7+= Flooding
3 Blowing °f olsf HdgHojd 4 vk

Koch-Glitch °|4:= Flooding = 85% ©¢|3t& Fx3ta loH,
Blowing *| & ¢13ll Liquid Loading ©] 5GPM/ft ©]/2 = o]of
stohar skt [11]

Column Internal Hydraulic 2 ¥}, Table 4-7°4] H.i= ufg} o]
Koch-Glitch ©ll4] Fxski= Ataoell thall Case EF WHEgIow
Tray 2] Hydraulic ©li= £#l°l W& Performance #sh= §lea <
gelet 5 Atk

% Internal Condition X

Jﬂ 011‘
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Max. Min.
Tray
Flooding Liquid Loading
Koch-Glitch
< 85% > 5GPM/ft

Recommend
1~20 451 404

Case 1-1 4.0
21-56 73.0 57.9
1~20 44.0 37.2

Case 2-1 3.0
21-56 721 55.0
1~20 432 7.6

Case 3-1 2.0
21-56 71.6 11.8
c 41 10 1~20 432 29.5
ase & ' 21-56 729 486
1~20 45.3 26.8

Case 5-1 0.3
21-56 72.9 452

Table 4-7. Effect of DeC7 Column operating pressure on Max.

flooding and Min. liquid loading
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Al 4 A Benzene Loss 7+4 <l

e WA o oux 47 a¥ 9 7]¥E Column Internal &
2 7hes @53 2 E Benzene Loss F 57/HE HAa 4 Sl
© Weto]l FQastth. 1¥ A Cooling Water(32C) Rt 2571 4
w2 Chilled Water(7C) & AH8-3lo] Off-gas 255 45.6CellA
10C7HA 430 24 Off-Gas & -§53F0] Benzene & 3|3k
HA gt A0S FAATE 1 2 Table 4-7 o4 B vkl 2ol
20 ton/h & F7} 37T 4 o, dA &4 Al Benzene

Loss #(0.44ton/h) tin] I T 43 A4S s

Case 5-1 Case 5-2

Chilled water "|A}&  Chilled water A&

Operating Pressure

0.3 0.3
(kg/cm2G)
Off-Gas Temperature
. 45.6 10
(€)
Benzene Loss
2.37 0.37

(ton/h)

Table 4-8. Effect of chilled water on benzene loss
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(Fr. Reactor)
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L |
™
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=
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(EA-1105)

Figure 5-1
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Heater Drum
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* HC : Hydrocarbon

. Flow diagram after optimizing DeC7 Column
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TEMA Dimension Surface
Item Unit Description Tube No.
Type (Shell ID x Tube Length) Area
OVHD TRIM
EA-1103 1 AES 1525mm x 6000mm 1271 ea 576.6 m2
CONDENSER
OFF GAS
EA-1112B 1 BEM 540mm x 5250mm 391 ea 121 m2
COOLER
(a) Exchangers
Differential
Item Unit Description Type Stage Design Flow BHP
Pressure
OFF GAS
GB-1102 1 Turbo #3 2000NM3/H 4 KG 191 kW
COMPRESSOR
(b) Compressor
Chilled Water Power
Item Unit Description Type Capacity
Temperature Consumption
R-1101 1 Chiller Water Cooling Screw 7C 100 usRT 55 kW

(©) Chiller

Table 5-1. Design of additional equipment
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Al 2 A BAE 37t

AW stel] e ouA A3 a3 W Ay Ao wE 7
4] Design & AASFR O E Fxpo| WE AAA AT
el B = % FAE HdEE WF st

578 HA3} a3 Hek= 918 Heat Duty 7
A} 4E= LNG 7308 Aziek W A7k Zo
Chilled Water 40ton/h & A1bet7] 913 Wd&71F Off-
Fuel Gas Drum ©.% ©]%3s}7] £3$F Compressor 2] 57
£ skl a3 o geteint olu) ThE A
7hs ARl 357 Agekion, A8 @yl 2017'd A3
SbE Vo ® Stk gl FAH|E oA e A
= v o ® AlF gAelA AA ofFste] w2 AATE V]FEo
A= FAF = AbEel whE ik FARIE A&kl

Table 52 o4 H%o] 574 HA3 F 7|= tiv] LNG Aol
274NM3/h Zrastglon, ole wE Ay A3 ade dxt
13619 ol tk Aok =& st 571 Av]dl Compressor 2+
Chiller ¢ A3 AM$-7F 246kWh 2 18] d7F F714 Q1 M 2n] 291
Winkelo] WS A 3 HASE Qs T &3 S
Gz 11420 R0t} & FARH = 2,700 Rkl o], Table 5-4 o
Al T2 Wels e ITE T2 o] m b3 717
o] 240 % AL oA A3t FAF V=<l 35 VIR 5de A&

2l
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tlo
rl

) 2
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712] 3l Table 5-3 oA Hzo] wj&d AAL d=dE CO2
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T User 9 As-Is To-Be =}o) v 1
Fuel Heat Duty | mmkcal/hr 12.24 9.70 2.54 LNG €% : 9,240kcal/NM3
Heater T NM3/H 1,324 1,050 274
(AS LNG) ZZon w2 /14 o} . )
a kel /d 6,581 5,219 1,361 LNG ©7} : 5809 /NM3
Chiller A kWh 55 A 55
Power Compressor AYEF kWh 191 A 191
Total =9 kel /d 219 A 219 | A7) &7} 1049 /kW
a7 5o kel /d 1,142
2] Wukel /1l 2,700
3|+ 7)3k 5l 2.4
Table 5-2. Economic feasibility of the DeC7 Column optimization
T 4 AT TOE tCO2 vl 3L
A=H] (LNG) KNM3/d 2,347 2,444 5,166
A8 F7F AR MW/ A 2,108 A 483 A 983
A 1,961 4,183
CO2 d3t= el /d 96 7} - 23,0009 /tCO2

Table 5-3. Economic effect of CO2 emission reduction
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e 29t (M) e
717] %A H] Exchanger 200 271
Compressor 1,800
Chiller 100
27 2,100
FAHE A 50
AR A W & HF 480 71714, H=, o3, RE&FAL
a4 50 A/ A A
27 530
A7 8l ]l 7t 20
gl 2,700

Table 5-4. Investment cost

B kit
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Abstract

Optimization of Deheptanizer(DeC?7)
Column for energy saving using

Aspen Plus

Lee Dongky
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

Deheptanizer(DeC7) Column is a distillation column that recovers
xylene from the isomerized product in the para-xylene(PX) production
process. In the past, for the purpose of reducing the initial
investment cost, it was designed as a pressurized distillation to
reduce the size of the equipment and to supply the off-gas generated
from the column to the heater without the compressor. At present,
however, pressurized distillation is not considered for reasons such as
increase in energy consumption and pyrolysis at high temperature
except in special circumstances.

In this study, process modeling was performed to confirm the
increase of separation efficiency and energy saving by decreasing

operating pressure of DeC7 Column under operation by
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pressurization. DeC7 Column was simulated using Aspen Plus V8.8
and the Peng-Robinson equation of state(PR EOS) was applied for the
thermodynamic model. Problems of the current facility were
identified during pressure change, and process optimization was
performed to improve them. Further, a review of additional facilities
related to optimization and an economic evaluation for investment
decision were conducted. As a result of the study, it was shown that
20% energy saving was possible at atmospheric pressure operation
compared to pressurized operation and that the economic efficiency of
more than 1 billion won per year can be achieved through process

optimization.

keywords : Aspen Plus, Distillation, Para-Xylene, Process Modeling, Process
Optimization, PR EOS
Student Number : 2016-22212
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