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Abstract : In the dimethyl ether (DME) synthesis and separation process, over 8% by mole of CO; is fed to the DME synthesis
reactor which lowers DME productivity. Therefore, this work focused on the removal of CO, using three kinds of processes with
physical absorbents by comparing the ut1l1ty consumption through computer simulation of each process. Among the processes
selected for comparison are Rectisol® process using methanol, Purisol® process using n-methyl pyrrolidone (NMP), and
SelexolTM process using dimethyl ethers of polyethylene glycol (DEPG) as a solvent. As a result of this study, it was concluded
that Purisol™ process consumes the least energy followed by SelexolTM process. Therefore, it is considered that Purisol®™ process
is the most suitable method to absorb CO; contained in the feed of DME synthesis reactor.

Keywords : CO, removal process, Absorption method, Physical solvent, DME production process, Utility consumptions
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Figure 1. DME commercial plant production process.
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Figure 2. A schematic diagram for CO, capture process using aqueous methanol solution [11].
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Figure 3. A schematic diagram for CO, removal process using aqueous NMP solution [12].
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Figure 4. A schematic diagram for the CO, removal process using aqueous DEPG solution (using air stripper).
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Table 2. Henry constants
Solute | Solvent G G G, e}

N, H,O 158.26 | -7260.14 | -20.70 | 1.44E-06

N CH3;0OH | 27.76 -598.88 -2.27 0.00

N2 NMP -89.29 | 4622.20 15.48 0.00

CH4 HO 169.89 | -8132.23 | -22.36 | 1.44E-06

CHs | CH;0H | -63.15 | 2617.00 11.52 0.00

CH4 NMP 10.83 -3.25 0.12 0.00

CO, HO 154.95 | -8498.72 | -20.08 | 7.30E-06

CO; | CH3OH | 217.03 |-10620.00 | -30.14 0.00

CO; NMP 18.82 | -1859.90 | -0.66 0.00

Ha H,O 11641 | -4881.32 | -14.79 | 3.55E-06

H» CH3;0H | 15.56 271.33 -0.55 0.00

Hy NMP 10.80 784.69 0.00 0.00

CO H.0 166.67 | -7847.16 | -21.90 | 9.87E-07

CO CH;O0H 6.03 1144.40 0.00 0.00

CO NMP 81.29 | -2830.97 | -10.40 0.00
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Component L M N
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Table 4. PC-SAFT model pure parameters in Aspen Plus version Table 4. Feed stream information
838 Component kmol h'! mole%
Comp. | ¢/k (K) o m P (K) ' N, 01 0.12
CHs | 150.0300 | 3.7039 1.0000 - - CH, 0.8 103
CO, | 152.1010 | 2.5637 2.5692 - - o, 1 13.96
H> 12.5276 2.9729 | 0.8285 - -
CO 93.0380 3.2829 1.2751 - - H 353 44.20
H:O | 234.0640 | 2.8323 | 2.6894 | 3.264.41 | 0.0602 co 323 4050
DEPG | 169.758 | 3.0951 | 11.6050 | 2,500.00 | 0.2255 H,0 0.2 0.19
Total flow (kmol h™) 79.8 100.00
Temperature (C) 30 C
Table 5. Binary intera'lction parameter kij: for PC-SAFT equation of Pressure (kPa) 6,000.00
state model in Aspen Plus version 8.8
Component i | Component j Ay B, Cy; T
N2 DEPG 2.51587 | -2.25060 | 0.00000 | K TR @A} 54T} SelexolTM ZATAFE ©]3] Aspen Plus
CO, DEPG 0.21893 | -0.17101 | 0.00000 | K e AL o] 9L DEPG fufo] thdt AT COE
CH4 DEPG 1.63940 | -1.45670 | 0.00000 | K zalat YR SFAS 7hol| o] ARA AT AL WjAHET} m
H» DEPG 12.15750|-11.64010| 0.00000 | K = Y&Eo] 91 Selexol TMEZA o] gist oA w}d % a7
CO DEPG 0.21890 | -0.17100 | 0.00000 | K Az ez wro|ot
H,O DEPG -1.12258 | 1.02445 |0.00000 | K Table 60)= SH7} AZALS) A 10 ton day'l DME yA17]29]
CO; H0 | 0.09364 | -0.18361 [ 0.00000 | K o5 E (demo plant)oll 4] A7~ ADEH O ZHE CO,
CH4 H,O 0.30366 | -0.49743 | 0.00000 | K A4 THOZ SolE 9z ok 1 249 Uehfoich &
H, H,0  |-0.02327]-1.05169 |0.00000| K C almol % oo AlQTh 798 Kmolo|ul, o) 2ol
co H,0 | 0.17356 | -0.47734 | 0.00000 | K R U= 3 wEs ]Z"_ e
COL= F 13.96 mol% w7t EgHEo] Ik 1a]3 A4S}
Sl 40 FF2 ALY 11l BlER fYETh
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IARAE F5) 2R ol dRA ABAG S binary T EEACIREANA sl S F R AT T
interaction parameter, BIP)o]t}. dEoh FEFolss e Sujel durtAvt AR FR
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Figure 5. Rectisol® process (PRO/II ver.9.4).

Table 7. Simulation results summary of Rectisol® process

CO, CO; |MeOH solvent
absorber | stripper | recovery co-
(T-101) | (T-102) | lumn (T-103)

Column

Solvent feeding rate to absorber

(ke b 4,029.52| - -
CO, removal ratio (%) 99.00” | 99.99" -
Reflux ratio - 0.33 0.39
Reflux molar rate (kmole h™) - 8.01 48.57
Feed stage location 1,6 6 8

Condenser duty (Geal h']) - -0.0876 -1.5266

Cooling water consumption (ton h’ 1)
(supply / return temp. = 32/40 C)

Reboiler duty (Geal b -
MP steam consumption (kg h™)

- 10.95 190.82

0.2597 1.4275

(175.00 C saturated steam) ) 335031 2,94087
Solvent feeding pump (P-101)
power consumption 15.78

(n=0.60) (kW)

K (amount of removed CO, at CO, absorber bottom/amount of
CO; in feed gas at CO, absorber) x 100%

R (amount of removed CO, at CO; stripper top/amount of CO,
in feed gas at CO; stripper) x 100%

7]
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o] wghE Bl FULEE F5F 2000 Tz W37] 9|34
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Figure 6. A schematic diagram for refrigeration cycle.
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Table 8. Simulation results for refrigeration cycle

Step Item Result
1 | Evaporator heat duty (Geal h™) 0.0974
2 | Compressor discharge pressure (kPa) 1,600.00
3 | J-T expansion valve outlet pressure (kPa) 130.00
4 | Refrigerant temp. at expansion valve outlet (C) | -36.29
5 | Total refrigerant circulation rate (kg/h) 1,862.67
6 | Compressor power consumption, (Nn=0.70) (kW)| 86.64
7 | Condenser heat duty (Geal h™) 0.1745
3 Cooling water consumption (toon h'l) 2181

(supply / return temp. = 32/40 C)

1,600.00 kPa2 SR =]A $+o 23 =7
s} E S et L2) 9]

ol A F2ol Frol
3te Wuj= E-E<(Joule-Thomson) % W H oA Td
e Tl A2or "WolAA ok & dAFolMe BEY

S 9% 3719 RUL WA o gehuet o
130.00 kPa=z AAsteict kA, Woll= 130.00 kPa7}A]
& B Fol At 7ol I ZASHA S, 7))
e7le] SJsiAl L E7] AHOR HT ogF
FW)R BA TEwe FUPES B8 YE &
U 5 9w S Bhoirk. Table Soli= i Fol M Bas
Aol 2o eHAT Al YA ks Fsteh

off i wlo Mz n}m Mo 1 o 12 o

of, K 2

3.2. NMP 202 0|25} Purisol® &

Figure 39] ZA %ol ©J51H COE 3t YRIPA(LE
Y 1)k 5 SR FYUHT NMP $ujt T29 uE
Aro] 2(E-202)0] ofsiA WzE & F4E A(AEH 2%)

2 ZqEth oju] §ujo FLEl NMPY of (33t

24.00 C)Rr} 1400 C HE =2 3} 10.00 T2 AA5A
o, Z4Elo] 274 e Yz etgl R} 200.00 kPao] Y

5,800.00 kPaz ZA3}TH T4aEro] o]Eohil oJulz Q]
FrY TEA At etho 2 AAsHglh 1831 NMP
| FYRFFE COE FHoEE Hair] 99.00% A
7 s FEe R AAA F4H R FEEHE CO,
7} of&F 3t 8ulj(CO; rich solvent, AE Y 4HH)= 37]9]
2= F(D-201~203)7 2710l 60.00 C7HA] 7L A7) = 7}
& 7](heater, E- 201)é ol F5H SHHEE" 4W)ofA]
NMP-gmjjof] ol Qld COZ 98.80% A= DAA|7|A Hr}.
ol Al WA =H(D-203)2] A-FY-L 20.00 kPa J=7} H
t}. Figure 70= PRO/IZ AF&-3) Purisol® £4& WA 3}
Hg YERYQl e E'%, J*PEA} Z3}= Table 9] YERH AT
Table 95 HW 4 OM CO»9| AA&2 HEH|
99.00%7} == A& % glom ojm At gufjo] {IF

°
o
=

Table 9. Purisol ™ process simulation results

Column CO; absorber
(T-201)
Solvent feeding rate to absorber (kg ) 9.410.47

CO; removal ratio (%) 99.00
Reflux ratio -
Reflux molar rate (kmole h'l) -

Feed stage location 1,6
C-201 compressor power consumption (kW) 4.6288
E-201 heater heat duty (Geal h™) 0.1195
Steam ccznsumption at E-201 heater (kg h'l) 246.09
(175.00 C saturated steam) )

Solvent feeding pump power consumption 25.69

(1=0.60) (kW)

=]
3

T-201

=

i

o]

Figure 7. A schematic diagram for the CO, capture process using aqueous NMP solution (using PRO/II ver.9.4).
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Table 10. Computer simulation results for refrigeration cycle of
Purisol ® process

Step Item Result
1 | Evaporator heat duty (Gcal h']) 0.1661
2 | Compressor discharge pressure (kPa) 1,600.00
3 | J-T expansion valve outlet pressure (kPa) 130.00
4 | Refrigerant temp. at expansion valve outlet (C) -36.27
5 | Total refrigerant circulation rate (kg h™) 3,308.18
6 | Compressor power consumption, (n=0.7) (kW) 164.67
7 | Condenser heat duty (Gcal h'l) 0.3077
3 Cooling water consumption (toon h') 3077

(supply / return temp. = 32/40 C)

2 941047 kg h'7} E)= AL & 2= )t} HH CO, HAS
=71 98 2est 714719 heat duty= 0.1195 Geal h'7} =]
o COE A ¢&38t7] 98] Zast ¢=7](C-201)2 28 %
22 463 kW A=} Hr}

3, Purisol™ FA A WEALO|ZL] AL Rectisol® z
o] WEAtelZ 4 FYsttt Table 1001 & 374
a3 YF AfolEY 27T Aol s a.ofal =9k
t}. Table 102 ' 99.00 wt% 2] NMP-&ujje] FF2 =5 3}
10.00 T2 W=7 93] "odt =23 Yujo] & &3]
3,308.18 kg h'7} S, Z23}F =7] A& 98] Bash of
7] A% 58 70.00%2 7HereS uwf 164.67 kW7t H},
)AL A FFE 229 e FTE AR SE5A717]
ola) Fast Wk 2mekS 30.77 ton h' Hw=7} "k

3}
TTEgaZ?

3.3.DEPG Z20E 0|
Figure 404 S4-%

St SelexolTM 27X

AR(A~EY 2H)R §-9) %= DEPG &

mjo] SEE Y-S £EQ 99.00 wi%eZ st o, S
o] FF-Lmw= Rectisol® FA 9] A9} nprirlA & 3} 20.00
E-302
=
(e]
]
N
E-301

(
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C= Ask3it)y. 12]a1 DEPGY| & &1l &g CoE &5
g SH(AEY 4¥)E ARTH] 99.00% A7 guo
AAs). B3 B4 oA gEo 98 9T} 200.00
kPao] & 5.800.00 kPaz AA3IGOm, Foeto] o] 2its

L ooulAo] 2 gy FAT 6o g AAsT

Feek 3R R 17l 20|(CO; rich solvent, AEF 4¥)=
27]19) ZFERT F7H0] 60.00 TAA 7HedA|7] = 7hed]
(E-301)E E3f DEPGEHo] HoF ¥ COE 94.17% A=

gAAZITE 28] air stripper (T-302) AATHAEY 139H) 2
2 29l5o] W olUTHAED 158)oA] FABE 80 T 4
£9] 160.00 kPa =372 Q3| Ao E3 &7 DEPGE
ool o} Qe L 2] COXE= 99.99% oA} o i e st A
HEEY TR AAEA o
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AR Bk Lhehglo], AR AL ATRS Table 119 Uhe}

Table 11. SelexolTM process simulation results

Column CO, absorber

(T-201)

Solvent feeding rate to absorber (kg h']) 14,339.00

CO; removal ratio (%) 99.00

Reflux ratio -

Reflux molar rate (kmole h']) -

Feed stage location 1,6

C-301 compressor power consumption (kW) 1.7049

E-301 heater heat duty (Gkcal h™) 0.4115

Steam C(znsumption at E-301 heater (kg hh 346.61

(175.00 C saturated steam) ’

E-303 refrigerator heat duty (Gkcal h™) 0.2096

Solvent feeding pump power consumption 36.69

(n=0.6) (kW)

£
P-303
_ D-302
D10 )
Cv-302
s p-301

Figure 8. A schematic diagram for the CO, capture process using aqueous DEPG solution (Aspen Plus).
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Table 12. Computer simulation results for refrigeration cycle of

SelexolTM process
Step Item Result
1 | Evaporator heat duty (Gcal h']) 0.2096
2 | Compressor discharge pressure (kPa) 1,600.00
3 | J-T expansion valve outlet pressure (kPa) 130.00
4 | Refrigerant temp. at expansion valve outlet (C) -36.27
6 | Total refrigerant circulation rate (kg h'l) 4,185.02
7 | Compressor power consumption, (n=0.7) (kW) 197.82
8 | Condenser heat duty (Geal h™) 0.3797
9 Cooling water consumption (toon h 38.14
(supply / return temp. = 32/40 C)

YAt Table 11 HH % g Aol COxof AIAES
A@Zhu] 99.00%7F B A& = 4 ek e oy o
sl gujjo] 9-2F2 14,339.00 kg h' 7} Hch E3F CO, GAS
E7] 98 Za3d 7FA7](E-301)9] heat duty= 0.4115 Geal
h'7F =]m] AFQFo] airE 160.00 kPao] ¢t o0& ¢F&5l7] ¢
o Hadt 4F7|(C-301) 228 52 171 kW H=7} Hr
Table 120 99.00 wt%2] DEPG&1¢] ZTHFL=E 95}
2000 T2 W37] 93 W5 Aol29 Y= =24 A%
of thaliA Qoksf Ehrh Table 125 HH T2 Wujo] &
%3H32FS 4,185.02 kg h'o|n, Za7 7] Y=L 9|9
Zagh 457 22582 A& 70.00%E S o 197.82

kWb S9lth 13 t2g S50 Hadt yas &
mere oF 38.14 ton h' 7<457} g},

Aot b Y HE

—

Table 139 CO, 34=TA o] Tt z+zro] AA AL A}t
S fofsto] ehfigleh Table 132 21 99.00%2] COxE A
Ast7] et 8l e ATl
7P AL e o A Sl

© 2 Rectisol” process7}
AT =0 A2 B Ractisol”
St 27]9) FREoz FA o
AF FAAo|Z7) ZA] ke A
Ak E3F W SHAIZHS 8,766 A7t =2 B}
L, F71HE-E 00775 $ kWh' o2 7S uf, 2+ 5 of A
o] A7 A7])H]-8-2 SelexolTM process > Purisol® process >
Rectisol® process <=0 2 WA AXLE QT 181 /\FJ.L} Yzt
F*(cooling water)AH-8-%Fo]l T3 4] HlJL A7} Rectisol® pr0-
cess > SelexolTM process > Purisol’ ® process > O &2 Rectisol®
370l the Aol Hls| s g AS & & Utk

weha 2 ALANE o Zol HEE 4= Stk

1) Purisol™ processo]l AFg-E]4= NMP-&uji= CO,2to] Abd)
3| e xjo) 7} o %;—QEE 20.00 kPa7}x] 2] Z+¢ta} 60.00
C Awe] gu 719E BalAE grfol] TH COE 98.00%
old EAAIZI= Ao] 7hs kel olnf AUEH AR CO,
oF A Yk 8l &4 T2 0.06% o= Weton], &4
H= 8= ¥4e B3l 60.00% o) 3Tt Thsd A=

= A -

Table 13. Rectisol®, SelexolTM, and Purisol® Process simulation results

Process Rectisol® Purisol® SelexolTM
@ absorber @D absorber @ absorber
Main equipment % stripper @ decompression drum @ de(.:ompression drum
solvent recovery column @ vacuum system @ stripper
@ refrigerator @ refrigerator @ refrigerator
Solvent Methanol NMP DEPG
Solvent purity (wt%) 99.00 99.00 99.00
Solvent temperature (C) -20.00 -10.00 -20.00
CO; removal ratio (%) 99.00 99.00 99.00
Solvent feeding rate to absorber (kg h™) 4,029.52 9.410.47 14,339.00
Electricity
Sol. feeding pump power consumption (N=0.60) (kW) 15.78 25.69 36.69
Total compressor power consumption (n=0.70) (kW) 86.64 169.30 199.53
Electricity cost for 1 yr ($) (0.0775 $ kWh™) 69.580.56 132,469.38 160,479.60
Cooling water
. . -1
(Ts‘ilt;;lcyoj’iﬁigii;f’f;;fg?&“on b 233.58 30.77 38.14
Cooling water cost for 1 yr ($) (0.02378 $ ton™") 41,918.56 6,392.60 7.923.75
Steam
Total steam consumptioon (kg h at reboiler of s trif)iezlzfli 246.09 846.61
(Steam temp. = 175.0 C) solvent recovery col. at heater (E-201) at heater (E-301)
Steam cost for 1 yr ($) (0.0300 $ kg 914,092.18 64,716.75 222,641.50
Total operating cost for 1 yr ($) 1,025,591.31 203,578.73 391,044.84
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