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A Study for Carbon dioxide Removal Process Using Methanol
Solvent in DME Manufacture Process

Duhee Cho', Jachyun Rho!, Dong Sun Kim' and Jungho Cho"

"Department of Chemical Engineering, Kong Ju National University

2 ©F 2 AFoAE Dimethyl cther (DME) A4t 24 %o Eahelo] gl olbsjeia AAE gt Sulzn djg
L $gNS AESHE FA Ot AXAEANS £HSIHTE FARAE $]5lo] Aspen tech A2 Aspen Plus release
73S AMgdlgon, goIst mulalo 2 PC-SAFT REAlS AE319lch PC-SAFT Rglalofx] Hash o] 24 A
S48 ASE 247 skl 43 dolHE sk SAEAS Be) AEA Axsion, A4 oS
o getye A dolelote] wwE Fo HESGAC T, olefel wHAT AE ARSE AHgslel A
mag sigon M2 RgwT £A9Y 190 dE 2 52 A9slel 34 AASE Sasiec

Abstract In this study, simulation works have been performed for the modeling of CO, removal process
contained in the DME production process through an absorber-stripper system using methanol aqueous solution.
Aspen Plus release 7.3 in AspenTech company was utilized as a simulation tool and PC-SAFT modeling
equation of state was used as a thermodynamic model. Fitting parameters built-in PC-SAFT model was
determined by regressing experimental data, predicted results using PC-SAFT model were compared with
experimental data in order to verify the exactness of the thermodynamic model. Optimization works have been
performed to reduce the utility consumptions using solvent circulation rate, column operating pressure and feed
stage location as manipulated variables.
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DME gduk-g7] 57l DME 224 oA
B dEHE Hlold =2
h=4 =

(tri-reformer)ofl 4] AJ/d% EFH=o] DME 571
FYEZ] A oliERtas oltsleta: AA FH(COx
removal section)o|4] 99% A= A|A E]ojof gt} 18]
AAE olisteti= NA7Z HeBAIA i YAk
SEoXIt}t. Table 1ol S=7FAFAR] U 10ton
DME AJ47]38] gl M E(demo plant)oflA] o]4tslet
2 AA FHOE FUEEe dE 24 9 A5E vEd
et FU=E 71AY F 2 79.78 kmol/he7} E|w
o|FollA YAatshekao A0 FFE A 11l HEE
Z¥7} 32.31 kmol/hre} 35.26 kmol/hr7} Stk 12|31 o)Ak
SlekAo] 8L 11.14 kmol/hro &2 kS <k 13.96
mol% A=7} =}

Thd, oldlsteta AlA FAHANA FFAY A
DME A4t ZHE 744§ 2 28] HollA o 2
FEFE AR T aEHAAE BHEA] J1 )
Holok g A & Aol olalslga EA|
24 w|E-E(methanol; CH;0H)S AMEdh= 534S 29
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(T02)0l ]3| ] Afe]e] =il u|7]9] AE(steam)
2T WA "ok gk 2 AtelAs e vl
APAYEH(T03) 9] oG A] Awefa} 2] Alo] A& | Thete
2 £ol]7] Isto] Fig. 31} o] o]Akalga GAEH(T02)
SO A Lhe= AER(No. 8) 5 YHRES ek 8l
APYEHT03) o2 FQYA7 = Ao Hsigict

[Table 1] feed stream information

Component kmol/hr Mole%
CH4 0.92 1.15
CO, 11.14 13.96
H, 35.26 442
CcO 32.31 40.5
HO 0.15 0.19
Total flow(kmol/hr) 79.78 100.00
Temperature (K) 303.15 (30C)
Pressure (kPa) 6,000.00
(0, recycle
Hy/CO Recycle €0, Vent

Natural H,:CO,=1~151

gas
Tri €0,

Reformer Remover

Steam {

0,0,  CO,recycle

DME | | Separation | 990, pAE
Synthesis Column

[Fig. 1] DME manufacture process.
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[Fig. 2] A schematic diagram for the CO, capture process
using aqueous methanol solution (Type 1).
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[Fig. 3] A schematic diagram for the CO, capture process
using aqueous methanol solution (Type 2).
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2 A7 39 RAR Sl
o] PC-SAFT(perturebed-chain statistical associating fluid
theory) /] W A[5-6]-& AME-SHITH PC-SAFT et
AL Jo5kA] A& o] Z(theory of perturbation)S 7]%
E35}0] Huang®} Radosz[7-8]7F 7]3t SAFT gl A] o)A
EAK(dispersion)3}-2 £AeE mElXl o 2R A9 residual
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3k EALS AAEA Hoh PC-SAFT =ullA]of A
residual helmholtz A}-F-of[ 2|0 7]oJel= SO 2= 714
“L(hard sphere)d}, A&(chain)d}, H-AHKdispersion)d}, 3
SHassociation)gFo] WelE|n] 4] (1)7h Zo] EHFCH

Ares = Ahs 4 Adispy Fehain 4 Fassoc )

91 A(elA L AL E AT E 7] ko
3f] 2R E] = residual helmholtz A-F-o 4 #of| 7] 02]'6‘]{5
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3 Aol 24)2)2 o] HHT
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0= E(Uii +(7]j) (11)

;= eiiejj(lfkij) (12)

A1) A Hebd k= oAl AdeAE vz
i*ﬁ 2ol mhE o] dwAe] 7]-f 4P A HlolH

£ 4 FUAHER HARAS Folx o] Ak 4
(13)01] 2ol w2 o] JZA Aol diet kel A
& EASIR

k= a;+b,/ T+ InT+d, T +e, TP (13)

A=), PC-SAFT e Aol 2 gl disl

l_

712 er Fagt 72 segment®] =710 St
Sl= o, 24 Bl :‘TE“LH% segment®] 7l<=of] dEot=
24§ oUAE oJulsie col
o 7}1& 0 &= association 3}o]] th3l|A] association ©f
HAE ou|sh= eA'Bji',]- association HI|E oJu|sl=

K77} m sy 22w shetEo] e &

e !

m, 12|31 dispersion AF

HEE 710

4~(binary interaction parameters)= k; ;0]

2 a5t
2.2 AL D7l ME
24 wels W BPAAC] ool Mg Aefst wel
o] Mgz AuR e A ohe Faa.
Table 20J|+= aspen plus version 7.39] WA= o] Q= Z+
= dEEo] Wil o, m, e Y3 SR oR R}
Wekgo] e ek K gre ey
[Table 2] PC-SAFT model pure parameters
Comp. € o m P et
CHs 150.0300 3.7039 1.0000 - -
CO, 1521010 25637 2.5692 ; ;
H, 12.5276 2.9729 0.8285 - -
CO 93.0380 3.2829 1.2751 - -
H,O 366.5100 3.0007 1.0656 1,525.6265 0.0117
CH3;OH 182.5608 2.8422 2.2436 2,580.0849 0.0653

aspen plus version 7.39] o|AdEA A5 Ag o
7F W= o] QA 9F2 ol dRAEl disiAle A
Asl7] lste] Tl A glolelrl Ak EiA
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252 4338} Britte} Luecke[13]7} A|¢HgE &aig|S
3} BAGz A dolust Ataniee] et ot
a3 AT 7)1 kel B 2A49] AxE Azl
= Maximum-likelihood2] & [14] AFE3}o] 3| HEAS &
8 PC-SAFT A9 4] ol 427 4Eg tfase
= AAslgn). AARARE o5 AAH oA Azt
£ w74 Table 3¢ UebHQICE 18] AAE A
SAg wgol thet e A%a] Slatel £l
A2 Fo 503 AF dole g3k Table 3] o] 4%
A AZZe o HsS A L3 PC-SAFT AFejHA Al 9]

2N

F

ARE gt 20l WIS ST R0 olAlsket

oF ke, wEke T} 4-5e] ol RAle] digt 2ALATIE
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[Table 3] Binary interaction parameter k; for PC-SAFT
equation of state model

Component i Component j A B;; C; T
CH, MEOH 0.04094 -0.03682 0.00000 K
H, MEOH -0.86047 0.37000 0.00000 K
CO MEOH 0.00000 -0.02655 -0.02142 K
CO, MEOH 0.00000 0.00991 0.00443 K
H,0 MEOH 0.00513 -0.15198 0.00000 K
CH, H,O 0.30366 -0.49743 0.00000 K
H, H,O -0.02327 -1.05169 0.00000 K
CO H,O 0.17356 -0.47734 0.00000 K
CO, H,O 0.09364 -0.18361 0.00000 K
4500 T T T T
O Exp.data(230.00K, HONG J.H., 1988) [15]
4000 H A Exp.data(262.01K, SCHLICHTING H., 1991)[16]
O Exp.data(273.15K, HONG J.H., 1988) [15]
—— Estimation data (PC-SAFT EOS)
3500
oo o
— 3000 F
©
o
= 2500
et
@ 2000 f
w
bt
o 1500 f
1000 F
500 F
0 . . . .
0.0 0.2 0.4 0.6 0.8 1.0

Mole fraction 0of CO,

[Fig. 4] binary isothermal P-x experimental data for
carbon dioxide-methanol and its prediction with
PC-SAFT equation of state.
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[Fig. 5] Experimental vs calculated equilibrium curves
of methanol-water at 101.325 kPa.
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[Table 4] design conditions for CO, absorber

Column CO, absorber
Theoretical stage number 6
ZLIJ)IS\;erEL rfeg;l)mg temperature to 253.15
column top pressure (kPa) 5,800.00
column bottom pressure (kPa) 5,900.00
CO; removal ratio” (%) 99.00
stage efficiency (%) 30.00

Structured packing
(sulzer, 500Y)

350.00

Internal type

HETP® (mm)

a: [1-(amounts of CO; in treat gas/amounts of CO, in feed
2as)]*100%
b: height equivalent to a theoretical plate

100.0

99.0

98.0

2

97.0

96.0

95.0

Removal efficiency of CO_( % )

120 140 160 180 200 220 240 260 280 300
Mole flow rate of solvent (kmol/hr)

[Fig. 6] removal efficiency of carbon dioxide at absorber
with various flow rate of solvent (99.0 wt%
methanol aq.).
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dialA = Table 5o LeRf et

[Table 5] design conditions for CO, stripper

column CO, stripper
Theoretical stage number 12
Reflux ratio Manipulated
Target CO, removal ratio” (%) 99.99
Condenser type Sub-cooled
Condenser pressure (kPa) 1200.00
Reflux drum temperature (K) 318.15
Cooling water supply (K) 303.15
Cooling water return (K) 313.15
Column top pressure (kPa) 1220.00
Column Bottom pressure (kPa) 1250.00

473.15K saturated
Structured packing
(sulzer, 500Y)
300.00

Steam condition (K)
Internal type

HETP (mm)

a: [1-(amounts of CO; in treat gas/famounts of CO; in feed
gas)] x 100%

B WG] § OlEtaE 85719 Al et
stol 12gko.2 Ao A 1tko] S5 st

I A 125ko] Au]7le] siggtet. 121l Fig. 7ol 2|4
o] Y& FUES A flste] fE FUEY] 914
H3lo] w2 Au]719] o 2] 2Rekheat duty)e] H3}
£ Yl

0.270

0.265 |
0.260 |
0.255 |
0.250 |
0.245 | O\L

|

0.240

Reboiler duty ( x 106kcaI/hr)

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Tray location of feed

[Fig. 7] Optimization of feed stage location which
minimizes the reboiler heat duty at CO, stripper.
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o] 2% 99,00 wi%o| AWk YFNo. 1) Zof E3HE|o]
Ue 2T SRR Qe olisteha gAY SHEE
(No. 4) 2= me-E 89 = 98.95 wi%7}F Hrh
o]} Zro] Gufj7t =ghof whet 37 Well 4422] ol
A4 F7ksl7] el kg4 &4E HaliAle gk
= 2eEdql ves & AAE(T03)e] BasHA €
ok 2 AFofA= olakslea BARH(T02) sHRoA Y
Q= AEZNo. 8) F YRS wehE APAH R ¢

FAIFig. 20 8 elatgic). mehg guff Ao
2 FJ% mEke oo gAEE(No. 11) 99.92 wit%
7R A EH AR L Gt 2=(No. 10) Y& Fof =7}
Eof QY SRR OF Ee o] UM El=t o] &
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A ok g wghE Sl G R FA=A g2
RO HEE 43%% Heks g 2HA %*Oﬂfﬂ g
L2 ZAE vgs 8T o] E3tE] F5EY
LR Bk =%l 99.00 wt%E W=oXit). 121l
TA Zo| £A1E GYEE 99.00 wt% TERS 58S W
ol Fo2N g <=3 Ato]Zo] 2HgEA Ht

2 Aol A mighE: &0 AAR(T03)S] AAbiAt
E 7] oA el mE-Ee &%=7F 99.92
wt% 7} E)31 BFx|o)|A] 4=89] 3leko] 99.90 wt% 7} E %=
E ks SR FaolBukeet 24 FFHE A
okl ofofl thgt Alo]2 FAKcase study)S st 2
2 9] o|2etE AASIATE Fig. 8ol &iFHI¢t o2
= Abolo] TAIE ez E Ul Sith

26

24
22
20
18
16
14 ]
12%@
10

I

0 1 2 3 4 5 6 7 8 9 10

Total trays

Reflux ratio

[Fig. 8] relation between reflux ratio and theoretical
number of stage at T03 Column.
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F A A FA G SAul o T Haoh
AZ17) Sl BRuleh ol 2 Alole] 712717k 7}
A B 1ol ola 135 oA xelst
7o) A 4A 240] BE & 4 ek webA ]
e g AP olEHiE Ay ouA] sm
(heat duty)& S 4 YES FFHG ok Zol W
o o] 13eoR ARSIk 1elw olAlsheA @
A3 Yo AR YTl WE Au)7)e
heat duty HS1-E Bl 249 YR FUTE AYHY
©ou| 1 AE Fig. 99 trehhgich. Fig 92 M 2%
o YR FYEHE sero] H@ o] uf Yu]7] heat dutyt:
0.1686 x 10° kcal/hr7} Hlt} 1 dHbof Wghe 2] 2} ek

A 230l thsfiA= Table 60 LHERf Itk

v 3=
— 2T

Reboiler duty ( x 106kcallhr)

4 5 6

Tray location of feed

7

[Fig. 9] optimization of feed stage location which
minimizes the reboiler heat duty at Methanol
purification column.

[Table 6] design conditions for methanol solvent
recovery column

Methanol
Column . .

purification column
Theoretical stage number 13.00
Feed stage location 5.00
Reflux ratio Manipulated
Target methanol purity in top 99.90%
product (%)
Condenser type Sub-cooled
Condenser pressure (kPa) 120.00 kPa
Reflux drum temperature (K) 318.15
Cooling water supply (K) 303.15
Cooling water return (K) 313.15
Column top pressure (kPa) 140.00
Column Bottom pressure (kPa) 140.76

473.15K saturated
Structured Packing
(sulzer, 500Y)
300.00

Steam condition (K)
Internal type

HETP (mm)

1508

3.4 T2 4F Al0|22| 2R
99.0 wt%9] wEre: 8o TF2EE 312.15 K(3

9T)0llAl 253.15 K(200) 2 R5=7] fJafix= d& Alol
29| 7kso] deAoltt 57) AUYEFE ol8F IdE A
olZe] gt 7Nk Fig. 100] YERHGITE Fig. 100]
oJstH Z2I Y= YE71E Bl AY Aol
Go g EEoXl & gF7]ol YA 318.15 K(45T)
7R Yzt WSS E o). ojuf F&7] Fhe] oY
318.15K oA Zmue] 7|axy ofelat 2| "ok aex
57 o] sty Yulls &5 WA WE oS
A FE] FE =7 Dol A H=t & Aol
= BAEE dEE R 3719 £YE FAs] S8
130 kPa2 Aatgich &, Wujo] 255 &5 B3 o
Hoflx] 130 kPaz}A] PAE S W] HoljA= 2=
et g, Wrls S-S B ol 71t dido
Aol EAsHA E=t 7]-f E2]7]o] oA 7]
7] Ao R W1 QRIS SU7|E HUjA
2o AdS 53l W avs dofuiA Hk Table 7
ol & FAlA Hagt WE AtolZo 2z =

o Aol s fofsf U

.

e f
fli=

4 22 ot X

o
[e]
&

E102

Process
Fluid In (

€101 : Compressor
E101: Condenser
CV101: Pressure Let-down Valve
F101: Economizer

E102: Evaporator

[Fig. 10] A schematic diagram for refrigeration cycle
using propane as a refrigerant.

[Table 7] summary of computer simulation results for
refrigeration cycle

Step Item Result
1 Evaporator heat duty (x 10° kcal/hr) 0.1988
2 Comp. discharge pressure (kPa) 1,588.50
3 Expansion valve outlet pressure (kPa) 130.00
4 Ref. temp. at expansion valve outlet (K) 236.80
5 Ref. feeding rate to evaporator (kg/hr) 1,971.33
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6 Total ref. circulation rate (kg/hr) 3,970.30
7 Comp. power consumption, (n =0.7) (kW) 187.20
g8 Condenser heat duty (x 10° keal/hr) 0.3598
9 Cooling water supply (K) 303.15
10 Cooling water return (K) 313.15
11 Cooling water consumption (kg/hr) 36,146.72
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[Table 8] simulation results summary

224777 kg/hro] I AJH]7]2] heat duty= 0.4125 x 10°
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