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Abstract — Solubility data of carbon dioxide (CO,) in poly(ethylene glycol) dimethyl ether (PEGDME) are presented
at pressures up to about 50 bar and at temperatures between 303 K and 343 K. The solubilities of CO, were determined
by measuring the bubble point pressures of the CO, + PEGDME mixtures with various compositions using a high-pres-
sure equilibrium apparatus equipped with a variable-volume view cell. To observe the effect of the PEGDME molecular
weight on the CO, solubility, the CO, solubilities in PEGDME with two kinds of molecular weight were compared. As
the equilibrium pressure increased, the CO, solubility in PEGDME increased. On the other hand, the CO, solubility
decreased with increasing temperature. When compared at the same temperature and pressure, the PEGDME with a
higher molecular weight gave smaller CO, solubility on a mass fraction and molality basis, but gave greater CO, sol-
ubilities on a mole fraction basis.
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Table 1. Experimental bubble point data for various mole fractions of
CO, in the CO, + PEGDME250 system

Mass fraction Uncertainty

of CO,w,  inw, Uw)) T®) P (bar)
3034 40
3135 45
0.0319 0.0003 3232 6.0
3335 75
3432 95
3034 50
3138 6.0
0.0408 0.0003 3233 75
3337 100
3432 125
3035 80
3132 100
0.0612 0.0007 3230 12.5
3336 155
3434 19.0
3035 9.0
3133 1.0
0.0656 0.0006 3233 135
3335 165
3432 20.0
3035 105
3133 135
0.0808 0.0010 3232 165
3332 200
343.1 240
3034 13.0
3132 160
0.0969 0.0009 3234 200
3333 240
3432 285
3032 32
3134 16.5
0.0989 0.0013 323.0 200
3332 2455
3432 29.0
3032 7.0
3133 210
0.1210 0.0016 3235 250
3332 30.0
3433 350
3034 18.0
3132 215
0.1255 0.0012 3234 260
3333 31.0
3432 36.5
3033 200
3134 240
0.1383 0.0019 3232 285
3334 345
3433 400
3032 25
3132 265
0.1528 0.0015 3234 31,5
3333 36.5
3435 50
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Table 2. Experimental bubble point data for various mole fractions
of CO, in the CO, + PEGDMES500 system

Mass fraction of ~ Uncertainty
CO,, Wy inwy, U(w,) TK) P (bar)
303.4 7.0
313.1 8.0
0.0318 0.0003 3234 9.5
333.5 11.0
3432 12.5
3054 10.5
313.3 12.0
0.0473 0.0007 3232 14.0
3334 16.0
3433 18.0
303.2 11.5
313.2 13.5
0.0546 0.0003 3234 15.5
3334 18.0
3434 21.0
304.3 14.5
3134 17.5
0.0704 0.0007 323.5 20.5
3332 23.5
3434 27.0
3034 19.0
3134 22.5
0.0943 0.0010 3233 26.5
3333 31.5
3434 37.0
303.3 23.5
313.3 28.0
0.1152 0.0013 323.2 32.5
3334 38.5
3433 45.0
303.2 27.0
313.3 32.0
0.1296 0.0016 3232 37.5
3332 445
343.2 52.5
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Fig. 1. P-T isopleths of the CO, + PEGDME250 mixtures at differ-
ent mass fractions of CO, (w,). Lines are 2nd-order polyno-
mial fits to guide the eye.
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Fig. 2. P-T isopleths of the CO, + PEGDMES00 mixtures at differ-
ent mass fractions of CO, (w,). Lines are 2nd-order polyno-
mial fits to guide the eye.
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Fig. 3. CO, solubility in PEGDME250 as a function of pressure at
different temperatures in terms of the mass fraction.
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Fig. 4. CO, solubility in PEGDMES00 as a function of pressure at
different temperatures in terms of the mass fraction.
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Table 3. Interpolated isothermal solubility data for CO, in PEGDME250
Mass fraction of Molality, m, Mole fraction of Pressure (bar) at following temperature
CO,, W, (mol of CO,/kg of PEGDME) CO,, x" 303.2K 3132K 3232K 3332K 3432K
0.0319 0.7476 0.1575 39 4.7 5.8 7.5 9.5
0.0408 0.9668 0.1946 5.0 6.0 7.5 9.7 12.6
0.0612 1.4801 0.2701 8.0 10.0 12.5 15.5 189
0.0656 1.5949 0.2851 9.0 11.0 13.5 16.5 20.0
0.0808 1.9963 0.3329 10.5 133 16.5 20.1 24.0
0.0969 2.4367 0.3786 129 16.1 19.8 24.0 285
0.0989 2.4925 0.3839 132 16.4 20.2 244 29.0
0.1210 3.1284 0.4389 17.0 20.8 25.1 29.8 35.0
0.1255 3.2618 0.4492 17.9 21.6 259 309 36.5
0.1383 3.6475 0.4770 19.9 24.0 28.7 34.1 40.1
0.1528 4.0980 0.5061 225 26.5 312 36.6 42.7
"M, =250, the number average molecular weight of PEGDME, was used to calculate the mole fraction of CO,
Table 4. Interpolated isothermal solubility data for CO, in PEGDMES00
Mass fraction of Molality, m, Mole fraction of Pressure (bar) at following temperature
CO,, wy (mol of COy/kg of PEGDME) COy, x| 3032K 3132K 3232K 3332K 3432K
0.0318 0.7458 0.2716 6.9 8.1 9.4 10.9 12.5
0.0473 1.1283 0.3607 10.1 12.0 14.0 16.0 18.0
0.0546 1.3117 0.3961 11.6 134 15.5 18.0 20.9
0.0704 1.7214 0.4626 142 173 20.4 23.6 26.9
0.0943 2.3666 0.5420 18.9 224 26.5 314 36.9
0.1152 2.9597 0.5968 23.6 277 32.7 384 449
0.1296 3.3821 0.6284 27.1 31.8 37.6 445 52.5

"M, =500, the number average molecular weight of PEGDME, was used to calculate the mole fraction of CO,
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A8 o] T7istel et Ae] A3 A o7 kel &
o 22 hEloM v E v 27 WHE4E 0,9 Sl =
oXIth= A& & 4= Qlleh. T w2 9 ol 2o u}
& CO, &all=9] 2pol7} A7) ko), eheo] F7ietel whe §F
g 7kl vlElsle] Lol mE o, §3l =2 2fo| = AZIL). o]
23t §3l 5 AE 52 BEES S Kol vkl diA -
o]l thgh CO,2l B8t 25mg) steol] uhet W shel ] Bojg=
A1 5437 AXgit.

3-2. CO, 23| Hlwt

Fig. 5= 3232 K9] 2 EollM F 7% o] x2S 71 PEGDMEC]]
gt Co,20 Sl TS uwd A o2, Co, =S Al 7K &
72l o, 74 7o = YRl kA Fig. 5% PEGDME
AR Wslkel co, 24 W] o, §-38)= Wil oE
VR R=A12 BojFr) B3 Fig. 5256 30 bar®] o4 CO,
$3=F Tote] 2L ATE Table 50 53130t Fig. 59] HloJEl&
st digh thaha] o2 b FA14 2S5 $, oS 30 bar
2 A73tod o] tEelM 2] COo, Sl =E FEFtt. o] g2 A

A Co, 2 49 g 27 (20~60 bar)®]
g1 27} 9lth Fig. 59 Table 55 H
[e)

PEGDME250°] ¥-#}30] ¥ & PEGDMES00K.U} ¥ ¥-& CO,
S35 Tk 22 CO, §HlEE g 710 ® VERISS
w= W) 2 PEGDMES5000] PEGDME250K.U} ] 3-8 CO, &3]
L5 BolFlth whebA ko] A S PEGDMES) 22 &
ujel] gt 7]Ae] falEE v well= 7)A1<] S8l EE e
“g2lsto] v]watoio} sty

Fig. 59} Table 5°i= PEGDME®] tgk CO, &3l %=5 o]24) H4A|<]
Sl F5721 1-hexyl-3-methylimidazoilum bis(trifluoromethylsulfonyl)imide
((hmim][TEN]S] CO, -89} 1) w AT Fig. 59 221 hmim][Tf,N]
o thh dlofEl= & A7-AlellA ofn] whapdt HHl[13]10 = H 7}
A2 Zo)th, [hmim][TEN] ©]24 A -9 & AAg ¥t
g AlAl ] WS Aol thekst A W o R B 2e)
& RLlell AA 500 2RJE o)) COo, &3l HolHE Harst
B} 81O H[18], CO, F3l| = A7+ ol XF7HA] 713 who] - of
Zgo] © o] 27 Al T2 shtolrt. gk [hmim][THNE B &
7o E8]E5 o] AA FolME Coel thEt gl =) vig-
£ o] &4 o zo]t}. Fig. 59 Table 59 Ao A & 5= 9l5o],
CO, 2742 A J3Aglo] # 7] tld=2<] PEGDME=

Table S. Comparison of CO, solubility in liquid solvents estimated at 323.2 K and 30 bar

Liquid solvent Molecular weight

Mass fraction of CO,, w,;

Molality, m; (mol of CO,/kg of solvent) Mole fraction of CO,, X,

PEGDME250 250 0.1460
PEGDMES500 500 0.1064
Tonic liquid [hmim][T£,N]* 447.42 0.0723

3.8838 0.4926
2.7044 0.5749
1.7721 0.4422

*1-hexyl-3-methylimidazolium bis(trifluoromethanesulfonate)
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Fig. 5. Comparison of CO, solubility in PEGDME and ionic liquid
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[hmim][Tf,N] at 323.2 K: (a) in mass fraction; (b) in molality;
(¢) in mole fraction. The data for [hmim][Tf,N] are from
reference 13.

RT3

=5
o]#] 8t &2 Fig. 59} Table 5ol YAIH 259} ¢+ 92 of&

el ]}\—]1: 5‘17Lo] L].E]_LLE]. QEFH o= %E]_—S‘__’_ Eﬂ 2 o
A €O E ERJFAL Wd7kre) M‘EM 9= COE A
s HH, PEGDME:= ©]2/ ARt} o] 948 goljebar & 5

X, OLJ l“N

4.4 E

it

ATrollA = M-S FA] o] ke 1 e
o] PEGDME®] tgt C0,°] &3l = dHo|elE S7513
7} A& 5212 ] PEGDME®] &5+ CO,2] €3 (@ 3

Fejo] 7kl ukek Ae) A4 o Stk on, 3

A2
l}ll oft
o, of

ol

=

ML oo 2

bt

oA vl W 257} kel whet 244813t PEGDME
° ;% }%k% CO, &3l kel AA S vIH o, T A3 COo,
S E sk W E "/Lr%, s, SEel ukeh A=
‘:}Eﬂ] L}E} it ARE ) 2E R VIS0 R C02 = n
WIS v Al ¥ 2= PEGDMEZL B 2 &8lies +
o, vhde] B8 7]50 % €O, $3 s vlwslls wol=
Wi o] 3 BolFleh. BefE o Aag el i
= COE EAHFAY A A7 sweetening 57 2.2 CO,E A
7% ), PEGDMEE [bmim][TE;N] 0] ol mr} of 531 =
&5 ol 2 A7E Fall €2 €O, &3l = HlolEl= CO,
FA 9 HAATA AAE Q1% F 3 NS SR 7 E Akm

= 289 5 Qlrh
Al

2 A7 shddisty 20168hd S wH|EeATH| o] XYoo=

aEglon], ofo] ZAb=gLIc
References

1. M. Ramdin, T. W. de Loos, and T. J. H. Vlugt, Ind. Eng. Chem.
Res., 51, 8149-8177(2012).

2. Karadas, F., Atilhan, M. and Aparicio, S., “Review on the Use of
Ionic Liquids (ILs) as Alternative Fluids for CO, Capture and
Natural Gas Sweetening)’ Energy Fuels, 24, 5817-5828(2010).

3. Lee, J. H. and Shim, S.-B., “Analysis of the Gas Feed Distribution
at the Gas Sweetening Absorber Using CFD} Korean Chem. Eng.
Res., 52(3), 314-320(2014).

4. D’Alessandro, D. M., Smit, B. and Long, J. R., “Carbon Dioxide Cap-
ture: Prospects for New Materials} Angew. Chem., Int. Ed., 49,
6058-6082(2010).

5. Khakharia, P., Huizinga, A., Jurado Lopez, C., Sanchez, C., de
Miguel Mercader, F., Vlugt, T. J. H. and Goetheer, E., “Acid
Wash Scrubbing as a Countermeasure for Ammonia Emissions
from a Postcombustion CO, Capture Plant; Ind. Eng. Chem. Res.,
53, 13195-13204(2014).

6. MacDowell, N., Florin, N., Buchard, A., Hallett, J., Galindo,
A., Jackson, G,, Adjiman, C. S., Williams, C., Shah, N. and Fen-
nell, P, “An Overview of CO, Capture Technologies) Energy
Environ. Sci., 3, 1645-1669(2010).

7. “UOP Selexol™ Technology for Acid Gas Removal; UOP 5241F-01
(2009) (https://www.uop.com).

8. Rayer, A. V., Henni, A. and Tontiwachwuthikul, P., “High Pressure

Korean Chem. Eng. Res., Vol. 55, No. 2, April, 2017



236

10.

11.

12

13.

Physical Solubility of Carbon Dioxide (CO,) in Mixed Polyeth-
ylene Glycol Dimethyl Ethers (Genosorb 1753)) Can. J. Chem.
Eng., 90, 576-583(2012).

. Schmidt, K. A. G and Mather, A. E., “Solubility of Sulphur Dioxide in

Mixed Polyethylene Glycol Dimethyl Ethers,’ Can. J. Chem. Eng.,
79(6), 946-960(2001).

Li, J., Mundhwa, M. and Henni, A., “Volumetric Properties, Viscosi-
ties, Refractive Indices and Surface Tensions for Aqueous Geno-
sorb 1753 Solutions} J. Chem. Eng. Data, 52, 955-958(2007).
Lee, B.-C. and Nam, S.-G,, “High-Pressure Solubility of Carbon
Dioxide in Pyrrolidinium-Based lonic Liquids: [bmpyr][dca] and
[bmpyr][TEN], Korean J. Chem. Eng., 32(3), 521-533(2015).

. Nam, S.-G. and Lee, B.-C., “Solubility of Carbon Dioxide in

Ammonium-Based Ionic Liquids: Butyltrimethylammonium
Bis(trifluoromethylsulfonyl)imide and Methyltrioctylammo-
nium Bis(trifluoromethylsulfonyl)imide’ Korean J. Chem. Eng.,
30(2), 474-481(2013).

Shin, E. K., Lee, B.-C. and Lim, J. S., “High-Pressure Solubilities
of Carbon Dioxide in Ionic Liquids: 1-Alkyl-3-methylimidazolium

Korean Chem. Eng. Res., Vol. 55, No. 2, April, 2017

14.

15.

16.

17.

18.

Bis(trifluoromethylsulfonyl)imide}’ J. Supercrit. Fluids, 45, 282-
292(2008).

Jung, Y.-H., Jung, J.-Y., Jin, Y.-R., Lee, B.-C. and Baek, 1.-H.,
“Solubility of Carbon Dioxide in Imidazolium-Based Ionic Liquids
with a Methanesulfonate Anion) J. Chem. Eng. Data, 57, 3321-
3329(2012).

Shin, E.-K. and Lee, B.-C., “High-Pressure Phase Behavior of
Carbon Dioxide with Ionic Liquids: 1-Alkyl-3-methylimidazolium
Trifluoromethanesulfonate)’ J. Chem. Eng. Data, 53(12), 2728-
2734(2008).

Lee, B.-C., “Solubility of Hydrogen Sulfide and Methane in lonic
Liquids: 1-Ethy-3-methylimidazolium Trifluoromethanesulfonate
and 1-Butyl-1-methylpyrrolidinium Trifluoromethanesulfonate’

Korean Chem. Eng. Res., 54(2), 213-222(2016).

Guide to the Expression of Uncertainty in Measurement, International
Organization of Standardization (ISO), Geneva, Switzerland (1995).

Lei, Z., Dai, C. and Chen, B., “Gas Solubility in Ionic Liquids}

Chem. Rev., 114, 1289-1326(2014).



