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Abstract - Light Naphtha is distillated from crude oil unit and separated into the methane,
ethylene and propylene by boiling point difference in sequence. This separation is conducted
using a series of binary-like columns. This separation method is known that the energy con-
sumed in the reboiler is used to separate the heaviest components and most of this energy
is discarded as vapor condensation in the overhead cooler. In this study, the first two columns
of the separation process are replaced with the Petlyuk column. A structural design was ex-
ercised by the stage computation with ideal tray efficiency in equilibrium condition. Compared
with the performance of a conventional system of 3-column model, The design outcome shows
that the procedure is simple and efficient because the composition of the liquid component
in the column tray was designed to be similar to the equilibrium distillation curve. The per-
formance of the new process indicates that an energy saving of 12.1% is obtained and the cost
savings of 44 million won per day based on gross domestic product is reduced under same
total number of trays and the initial investment cost is saved.

Key words : Petlyuk Column, Naphther Cracker, Aspen HYSYS, Energy saving

TCorresponding author:;jylee@uc.ac.kr
Copyright (© 2019 by The Korean Institute of Gas

17 -



A A Ashs gyl
= TEr 74] Hoz FHHvITE ZrCondensero}
ReboilerE *+%43}7] IIH*Fv':"ﬂ FEH|go] v A
o2 dHA Arh[1,2] I olf= ¢ e SFHE
A 3 Ao AEDS Eazj'gi 3} Reboiler
oA AFEEE oAl AI7t SFH 7 Condenser®ll
Al SEEE WA wEolth dA 47355
AodA AL A= gat FHHEFY | §ol

2 ZEAR] ol f= SFH Internal Tray2] &
Z7F R E BESH 2AFAAT B2 2ol & 7t
A7) W&l ol 98 f&o] FRE WHEE =
o1gS o WAYSH= Irreversible Mixing &3 €
E & F 33 81 AR Re-Mixing @402
dafl FRE 2AREIF HI¥FF 2454
B2 Qe 890 E A8t G oE £
B8-S 7AaAZY [3,4,56] AT Petlyuk col-

[e)

o

@ &

Trayol 48] o] 2HBET} by
4k st

1

B el .

f
o 09&5
LWmW%

oy
it
o
L.
B
_}L
i)
_%
E
I:op
m{o
10
4 b =2
)
il
o

L D 1 et
iy
G X2
- 2
N

HEE FE5F A 2e SHYCE oY
2319] Petlyuk Column 2] 02
Light A%< "€} Inetrmidiate £ dEA S
Zrzb Bgdts ARG Bl 3A e 7k~ Ha-x«z-l o
AAIS Petlyuk Columno.2 34T 7 Ei
F8o] Ty Wiol FHHEE AT U B
Tk olyel FSF%2] Reboiler?} Condenser® Al
3= dudr]e Duty® £ F o] 7] FAH]
= Hzbe] 7bsstth T
Petlyuk Column© 2 W 5 2Ag ©]& Smith
WFE 3-Column ¥4)S AHESFATH[8] 3-Column
Wale AAE AA 871 18k main columnS 27)
o] gto = FAste] 2719 ©te] AAT-E short-
cut method & AHE-gF B2 HHE Al4to 2 3= o
olfl WY& AlRto] @ol £8%F B ofYgt U2
ARA7F A AAYE hA Aok e oY

=0l o] A =R AREE Zlo] SRS W=

KIGAS Vol. 24, No. 1, February, 2020

Aoz A Joh. B AFAA = FAF EE3 7
28y F3A ] = Y.H Kim 27} Ak
BYSHF FAH Ho”—‘}9] T2 AAYHEE o&
st AASHE WS AAGTE9] T3 ©] & Aspen

HYSYS %XgEA}ﬂT‘::— o] g3te] AAIBIAL 71EY F
F Ao g ke 34 nluske oyx] Ak
IS vadh

Il. Petlyuk Column A3

‘EL/\]' d#s)Fg e di#a ARl Furnace Z5-E]
QE FRdE= o8 AEEC] JE d o]F E+=
Ho| v AF] W qEAS FEsty] Xﬂ'ﬁ‘
o2 Aiete 38U AR e IAE
Petlyuk Column 1301-/5} o7 AAstuA} o) Ao
T 1400 A RE BT fol| wpet Wes X3
gk Light ?21@'%, odallS E33k Intermidiate E3F
E, z283U8 L3 YA Heavy SHES] 37}
X]i RSt I8 19149 Zo] AR SHEU
Prefractionator®l]l Feed’} == thHE2] Light
EgEI AE Intermidiate EFE-2 Prefractionator
9] AHol A -r‘ﬂ A SFH< Main Columno. 2 ¥
53, UM A Intermidiate EFEZ Heavy &3
=2 Prefractionator®] 394 Main Columno 2
o] Ht} o]u] Main Column®|A] Prefractionator.©.
2 o]%HE Vapor(V2)$} Liquid(L2) F&-e 27
Reboilere} Condenser & && 3= =2 Prefractionator

S

Fig. 1. Schematic of a Petlyuk Column.
(F: Feed, D:Overhead Product, S:Side
Product, B:Bottom product)
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Fig. 2. Liquid composition profile in minimum
trays.

Table 1. The Result of structural design

Prefractionator Main Column

No. of trays 18 80(101)
Feed/Side product 9 43
Interlinking Stages - 12,76
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Table 2. Compositions of feed and products

Table 3. Operating Conditions of Petlyuk Column

123} Prefractionator 59} AAFI, 76T+
Prefractionator®] &}5-¢} AZHATH

A dEATAHANA doeE e A8 7t
A 9] 7} 7o) EdE o] =

AEE BEste] AF 9 TAFOE Qi B
AT Petlyuk Column o] E97}= 53
7FA1 9] FEo]l EFEo YA I 2L E 29 &
o 71 =40 9L LightAlE& 480 W&
02 714 E AFE ALE-EH M, Intermidiate A =2 F
Ao ooz Zejddd g d5=E AL
Aok 3F 20 YEE 7B 34 945 D AEFT
A& NE5H7] A FEE FAHEATI] Aspen
HYSYSZE WHE mARSk o @ 75 &= Al F 745 7
sl AW AA AHA] ALgEFo] HAT} He &
A Z7AS F30] By

KIGAS Vol. 24, No. 1, February, 2020

Component F D S B . Main
(kg-mole/hr) Prefractionator Column
(Light)
Hydrogen 156 5.85 Feed 7,303
Methane 2505 93.86 Overhead product 1,949
(Intermediate) Side product 3,567
Acetylene 0.75 1.42 Bottom product 1,787
Ethylene 42.01 0.29 85.15 Reflux 1,054 6,123
Ethane 6.13 1333 003 Vapor boilup 1720 5312
H
(Heavy) Reboiler duty (Gkeal/hr) 16.65
Propylene 14.9 0.1 60.66
Propane 0.35 1.43 ‘
1,3 Butadiene 324 1324 .y FuzR
R )
n-butane 0.60 245 o i oo
PO
iso-butene 2.50 10.21 H Lighti 0}
Inbermridiate] S)
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iso-pantene 1.25 5.11 T dEamLen
Cyclopentene 1.11 453 ——F81
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Faz ‘ PEIR

RCY-2

Fig. 3. Schematic of a Petlyuk Column in Na-
phtha Cracker Splitter Unit.
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Fig. 4. Liquid Composition profile in Petlyuk
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Fig. 5. Schematic of a Conventional Naphtha
Cracker Gas Splitter Unit
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Table 4. Operating Condition of a Direct Sequ-
ence System

(kg-mole/hr) Coilsli’nn C(le?l(:rm
Feed 7,303 5,354
Overhead Product 1,949 3,567
Bottom Product 5,354 1,787
Reflux 1,701 4,222
Boilup 1,250 2,500
Reboiler Duty(Gkcal/hr) 8.50 10.44

Heavy Light

Fig. 6. Liquid Composition Profile of a Conven-
tional Naphtha Cracker Gas Splitter Unit.
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