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Abstract

Nitrogen, oxyeen and argon are industrial gases used in wide range of
industries and can be produced by many air separation methods. The most used
common produce method is cryogenic air separation. Then production of high
purity nitrogen, oxygen and argon gas is necessary. This work simulate cryogenic air
separation that separate air into three products include nitrogen, oxygen and argon
using computer program then vary reflux ratio and waste flow rate parameters that
effect purity of products on computer program. The results able to simulate air
separation process with nitrogen purity 99.3% and 89.51% vyield, oxysen purity
99.7% and 95.70%, argon purity 99.9% and 80.34% vyield, overall product 90.72%
yield. Moreover, reflux ratio and waste flow rate parameters effect purity of
products. Appropriate reflux ratio results in highest purity of nitrogen and oxygen
and higher reflux ratio results in higher purity of argon. Appropriate waste flow rate
results in highest purity of nitrogen and oxygen and reduce discharge amount of

waste.
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4.1 HAANSNN5IIA0INTLUIUNISUENBINA

4.1.1 WHUANLAZAIDTUIUNTEUIUNITLENDINTA

e
COND-ARC

lZTI
| S

U 4.1 wuamnszuaunsienanalagislaslendnannisitaes

gunsalnanysznousie

A38adneInA (COMPL, COMP2, COM3)

—Lﬂ?@qamqmwgﬁ (CEE QL2308

-vioAady (CMS, GELTRAP)

LeSowanasuninuieu (HE1, HE2, HE3)

LA3B9ANAIIIF (EXPAND)

-vendu (HPC, LPC, ARC)
ANBSUIENT¥UIUNTT (Process Description)

9N IARINUsIIINATiguvgll 30 earwaldua AnuRuUITEINIA FESnIINTS
lva 12,184.11 Alaluasiodalus dudhginiesdnenia 3 § (COMP1, COMP2, COMP3)
Tnefia3oainmuiunssanguuniudazduneudanusuiteldldanudu 6 uid
Aeufiaziimegadumivoulneenludiuazvagaduti (CMS, GELTRAP) Litevinaanials



13

o

U3ans andussddluduedowuaniusuauou (HEL HE2) ileuwanidsunmufeudu
winfurtlulasaueruians shlormauiavsdaubudu -133 svwades douss
ugnonruiavdifuassans lnsanedl 11 asgndluianiufounnuiousundniue
pandlauditaiosuaniudsuninuiou (HE3) a@qmwgﬁmmﬁuc‘%qmémmﬁa -172 99"
waiva anudu 6 unsiarluidmenduanuiugs (HPC) AnuduUFURnST 5.7 und
melunenau dwaned 12 szdieniauiansil -133 ssmuwaldea arwdu 6 v1fidn
yeNAUAMUNUA (LPO) muduUfdRnisd 1.2 viinielunendu s expander iiloan
pwsuvdvde 1.3 uisiely Tuduvewmenaunudugsazndutenainialagdiuuy
vewenduarlfiureuvanifimududuvedulasiugediundannudumie 1.2
un§ ihgwendumnududniiiendutensely dusweamendunimdugsliiduveanar
Aflanududuveseandiougeddly fmendunususilasananudusnindamde 1.3
vf Weansdafiavenduarwsiudl venduagyhnisnduusnlpgdiuuuve wenduagld
lulnsiauanuudans 99.3% uasufadis druanmendunudusiaylfoendiaundans
99.7% lneimansusilulasioy sandiay uasufaiilldesgndsluuaniuaouauioy
fuamauigvsiaieuanideummdou (HEL, HE2, HE3) dauenineudifloondiaunay
agavgnadludmenaueiinou (ARC) LileugnefnaumaIANUIANS 99.9% aond
druvuvewendulidundndasideluuazdinarmenduardseendiaunaundulugaen
dumnuiudiiendunensiely

4.1.2 Twavidungunsanlglunsyuiunis
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gunsal

yingunsol

SgAXLDYn

COMP1

Compressor

- Flow rate: 12,184.11 kg/h
- Drive power: 296.27 kW
- Discharge pressure: 1.96 bar

COMP2

Compressor

- Flow rate: 12,184.11 ke/h
- Drive power: 308.48 kW

- Discharge pressure: 3.46 bar

COMP3

Compressor

- Flow rate: 12,184.11 ke¢/h
- Drive power: 310.24 kW
- Discharge pressure: 6.36 bar

EXPAND

Expander

- Flow rate: 1,789.32 kg/hr
- Drive power: -17,031 kW
- Discharge pressure: 1.3 bar

JT-N2

Valve

- Flow rate: 9,987.96 kg/hr
- Qutlet pressure: 1.2 bar

JT-RL

Valve

- Flow rate: 151.54 kg/hr
- Qutlet pressure: 1.3 bar

Ll

Cooler

- Qutlet temperature: 40 €
- Qutlet pressure: 1.78 bar
- Duty: -262.81 kW

CL2

Cooler

- Outlet temperature: 40 C
- Qutlet pressure: 3.26 bar
- Duty: -309.83 kW

CL3

Cooler

- Outlet temperature: 30 i
- Qutlet pressure: 6.10 bar
- Duty: -367.29 kw
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gunsal wingunsal Tuazidun
- Flow direction: counter current
H tlet £-123C
HE1 Hest Exchanger ot stream outlet temperature 3
- Duty: 521.09 kw
- Flow direction: counter current
-H s 0
HED Heat Bxcharier ot stream outlet temperature: -133 C
- Duty: 35.29 kW
- Flow direction: counter current
: let t NL72
HE3 eflplechammes Hot stream outlet temperature: -172 C
- Duty: 122.23 kW
- Inlet flow rate: 12,184.11 kg/hr
CMS Absorber - Air outlet flow rate: 12,002.97 kg/hr
- Inlet flow rate: 12,184.11 kg/hr
GELTRAP Absorber - Air outlet flow rate: 11,928.82 ke/hr
- Tray style: sieve tray
- Reflux ratio: 0.55
HPC Distillation - Number of stages: 45
LY - Feed stage: 45
- Pressure : 5.7 bar
- Tray style: sieve tray
- Reflux ratio: 5
LPC Distillation - Number of stages: 69
column - Feed stage: 2, 21, 28 and 55
- Pressure : 1.2 bar
- Tray style: sieve tray
- Reflux ratio: 17.79
ARC Ristilation - Number of stages: 120
column

- Feed stage: 120

- Pressure : 1.2 bar
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gunsal wilngunsal gaidyn
- Outlet temperature: -191.1 °C
COND-ARC | Flashdrum 1 tet pressure: 1.3 bar
R - Heat duty: - 1.53 kW

4.1.3 gNsNENAALIBASHAYALSY

1379 4.2 AuanAvesansluany POST-COMP, PRE-HPC, POST-HPC N, PRE-LPC N,

Heat and Material Balance Table
Stream ID POST-COMP | PRE-HPC POST-HPC N | PRE-LPC N,
Temperature | C 30.0 -172.0 -175.3 -192.4
Pressure bar 6.10 6.10 5.70 1.20
Vapor Frac 0.996 1.000 <0.001 0.178
Mole Flow kmol/hr 420.000 350.003 345.000 345.000
Mass Flow kg/hr 12184.115 | 10139.497 9987.959 9987.959
Volume Flow | cum/hr 1723.194 415,179 12.926 337.046
Enthralpy MMBtu/hr -2.509 -1.998 -3.656 -3.656
Mole Flow kmol/hr
N> 321.174 272.998 270.681 270.681
0O 86.478 73.506 70.906 70.906
AR 4,116 3.499 3.412 3.412
H20 4.116
CO; 4,116
Mole Frac
N> 0.765 0.780 0.785 0.785
0; 0.206 0.210 0.206 0.206
AR 0.010 0.010 0.010 0.010
H.0 0.010
CO; 0.010




m3eil 4.3 puantivesansluay POST-HPC O,, PRE-LPC O, PRELLPC AR, AR

Heat and Material Balance Table

Stream ID POST-HPC O, | PRE-LPC O, | PRE-LPCAIR | AIR
Temperature | C -171.5 -191.1 -171.3 30.0
Pressure bar 5.70 1.30 1.30 1.01
Vapor Frac 0.000 0.000 1.000 1.000
Mole Flow kmol/hr 5.003 5.003 61.765 420.000
Mass Flow kg/hr 151,538 151.538 1789.323 | 12184.115
Volume Flow | cum/hr 0.173 0.155 391.378 | 10441.456
Enthralpy MMBtu/hr -0.054 -0.060 -0.337 -2.424
Mole Flow kmol/hr

N, 2.317 3T/ 48.176 321.174
0> 2.600 2.600 12.972 86.478
AR 0.086 0.086 0.617 4.116
H,O 4,116
CO» 4.116
Mole Frac

N 0.463 0.463 0.780 0.765
0, 0.520 0.520 0.210 0.206
AR 0.017 0.017 0.010 0.010
H.0 0.010
CO; 0.010

17
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Heat and Material Balance Table
Stream ID AR CO; H.O N, 0; WASTE
Temperature | C -184.3 30.0 30.0 27.9 -181.5 -193.4
Pressure bar 1.20 6.10 6.10 1.20 1.20 1.20
Vapor Frac 0.000 1.000 | 0.000 1.000 0.792 0.594
Mole Flow kmol/hr 3.314 4116 | 4.116 287.494 82.76 38.200
Mass Flow kg/hr 132.386 | 181.144 | 74.151 | 8062.973 | 2650.000 | 1083.462
Volume Flow | cum/hr 0.096 16.460 0.075 | 5993.548 402.322 120.186
Enthralpy MMBtu/hr | -0.034 | -1.535 | -1.121 0.020 -0.586 -0.316
Mole Flow kmol/hr
N, 285.548 trace | 35.626
ol <0.001 1.754 | 82.539 2.186
AR 3.314 0.192 0.222 0.389
H,0 4.116
co; 4.116
Mole Frac
N> 0.993 trace 0.933
0: 56 PPM 0.006 0.997 0.057
AR 1.000 668 PPM 0.003 0.01
H.O 1.000
CO, 1.000
4.1.4 ANUUTAVSUATNANANVOINAN SNl
P a - = a o  fav v
M15149% 4.5 LLammmua@mauaxwawamaﬂmamﬂm%mlﬂ
z . AR U
lulasiau 20NTLAU 213500U
Tags7u
ANUUIFNTVRN
A 99.3% 99.7% 99.9% -
WNARNUN
P RRREIV GG
Twav gl (Alalua 321.17 86.48 4.12 41177
favlua)
89351715 malay
luaviean (Ala 287.49 82.76 3.31 373.56
Tuanadlig)
NANAR 89.51% 95.70% 80.34% 90.72%
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lulastau (Nitrogen) [5]

Juansiildvinde nsalunin luasu dfen wazszuda Welulasuviujiseadu
lelasiaulaneuluiie venantudalulasinuddddinyionnisuazlugnamngsy
ddnnsetindseninnisndansudawesuaslalen dululaswumadldiduaisieiu
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panaLaU (Oxygen) [6]
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2135nou (Argon) [7]
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