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29] A7, 51514 2Fg/dE DSC Y TGAS AHEate] S4st5lom, 318H4 134 'H-NMR spectrum @2 13191
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Stk A3 2712 30, 50, 70 °C 2ol 881, 8 195 bar7kA] S73Hict. AE AT} qtelo] STl AY =
b 24 1) co, EEe] S7I8ICH, 30°C, 13 barellA] 27.6 COyIL(gke)S] CO, T56S Rt

Abstract — In this study, 1-(2-methoxyethyl)-3-methylimidazolium methanesulfonate ionic liquid has been synthe-
sized, characterized and tested with respect to carbon dioxide absorption with the aim to use it as advanced absorbent
materials in fossil fuel processing. The ionic liquid was synthesized by a one step method, low cost. The thermal and
chemical stability of selected ionic liquid has been investigated by DSC, TGA and the structure was verified by 'H-
NMR spectroscopy. The solubility of carbon dioxide in the methanesulfonate-based ionic liquids were measured using a
high-pressure equilibrium apparatus equipped with a variable-volume view cell at 30, 50 and 70 °C and pressure up to
195 bar. The results show that carbon dioxide solubilities of 1-(2-methoxyethyl)-3-methylimidazolium methane-
sulfonate increased with pressure increasing and temperature decreasing, and the carbon dioxide absorption capacity
showed 27.6 CO,/IL(g/kg) at 30 °C, 13 bar.
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£-89 (molten salt)o]2} & 4= Ql=l, olefdt 32 4722 2
AR 7} et o A o0& ke §838 7HA =),
E3] oA A7 EAsh= o] 2A4] o4
(room temperature ionic liquid, RTIL)2} SHCH5,6]. Bogt -2
E] 300 °C B=5= 400 °C7FA| 9] wll-¢- 5l 25 YoM =
2 EARFAAME F715t0] M3 glom, TekA] o) o)
4 712 (VOCsys w8 ol th7|= &5 wiEakA] =tHT).
o]/ M= HEfstat sk Eel4, s o Afsle] 7]
A 3lA71E o] 9lom 53] gull UelA 548 v
(CO, CO,, SO,, N,O, H,, 0, 5)& 2 &3A17ITH7]. So
ool x87]9] Zgtsto] fol W AR EHEZ o
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A== FARRE Bwd AR Al 7182 EA 5752
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)29l o]2A] MAZ Imidazolium, pyridinium, phosphonium,
ammonium, pyrrolidinium, quanidinium, triazolium®] A% 11 1.0
(9], oAsheA 2 AFFAR oA A= o7 |7 F7}
¥ o]w|thE o] &S 7|RES 2 S TSIL(Task Specific lonic Liquid)
o] tjxAolct. Zrefut o]t ofulF o] 24 A= A #dol o
AR Aol B8, Co, T Al Frt S7] WiE
o] FFAIE o188k CO, 23T 4 A olglgo] Wk WlE
ZHA AL Gk, whebA] olefet BS S5E 4 ol AR oA
M7} 2FFE AL 9o, T 5 37} sulfonate 0124 AAot),
Sulfonate”]] 0] HAE= Fo]&S HSIAA o] &A] HA| A|x Al
SRR AMEE AL 910 halideE 36k QA ¢bar A8k &
52 947 8 & vk AAls 7B alek0].

& Aol M= sulfonate 0]/ A FoflA EAQ! 1-(2-meth-
oxyethyl)-3-methylimidazolium methanesulfonate({C,OCmim][MeSO;]))E
olisEkA: Al gTAlR E8atr] fI8te] olef] oigk Az | o|4ils}
e 5= 542 gelstax) st Wb sulfonate 024 AAIS
ggatelon, 3w Edel tist 542 velslr] A8l 'H NMR,
DSC ¥ TGA #4= Sttt HF4 0% 7haF-aFA %
(Variable-volume view cell)o] &2 198 43 A=& o] &3}
o] CO, &= B7IBIRIt
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2-1. A<k

1-(2-methoxyethyl)-3-methylimidazolium methanesulfonate
([C,O0Cmim][MeSO,])= /93171 #1389 2-methoxyethyl meth-
anesulfonate(Tokyo chemical industry Co., 97.0%)%} 1-methylimid-
azolium(Aldrich chemistry, 99.8%) ARE-51Ict. $4d5h7] A 315
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A8 FFZEAE 959 'H NMR spectrum(Bruker Co.,
AVANCE 400MHz)&- ©]-4-311 2™, 25 °C, 0.03% tetramethylsilane
(TMS)E $-i3F= CDCLE |72 A3t 4% [C,0Cmim]
[MeSO,] A1 59 34814 %2 22938130t} A =] (Wells/Brookfield
Co., LVDV-+PCP)E AHg3to] € o]/ AAe] HesE 573t
Sk, Sel ARE AJFO] ok oF 0.5 mlC R 9] ALK 0.6,
1.5, 3.0 ipmO.=E 3+ & 25°CE A ez Yoa A5 =4
aloitt. Al7e) 94 EAL DSC(TA Instruments Co., DSC 2910)9}
TGA(Mettler Toledo Co., TGA/SDTA 851e)Z ©]-g3t5itt. DSC
(Differential Scanning Calorimetry) 21> Al & 2.7~3.6 mg= A|5%
ARE3ILOT, 10°C/min] G- FHEEE A 1917164 -100~150°C
7K Z733det. oful, o] 2] )| 9] =% (T, : melting temperature)
o} A SREI(T,: crystallization temperature), 121310 25(T,: glass
transition temperature)E 2] 3F1 T}, TGA(Thermal Gravimetric
Analysis)= 3l <X(T,: decomposition temperature) 3 &2} H4
S Z7s] sl ol &3t A w917 SfellA] s 28
10 °C/min 43t “JEll oA 30~800 °C 7H4] F7aH) 00, Al g
7~15 mge ARESIITH

2-3. O|AMSIES E5 &Y

olgletA Fres Sk flste] 7HAN- I FAI % (Variable-
volume view cell)o] "¢ 1198 P A5 ol gsialon, 1
W= Fig. 10 YERASITH
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|2 FREE 7 Q. o T AT 98 297 (pressure generator;
High pressure equipment Co., #50-6-15), ¢1&S AdA1717] 95t &
AT 9 88 54 AIAE W S golir] f151e] Heise &
2] 77| (Heise pressure gauge; WIKA Co., P-30)7} &2r=]o] )T},
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Fig. 1. A schematic diagram of the experimental apparatus.
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bath(temperature range; <80 °C)E |5} 0™, 7]-H HHF-& =7
3171 fek RES71(7d 16 mm, 5’4?‘3 70m , W 39 31 em’)=

QA YH-E Stz A5sh = view cello] F-2HE A=
o Jel2 A= St 7]- ZS% %‘7}’\1717] $Istod vyl

uldg v Fstar ol mlavE vt 31715 Eslelt
TEgk 23 A} CO, 38 AU E AAsle] #hg7] Ulol| B5=
AAS} CO, T AF3] 3i3lth. HEA 0= 7]-of HE HUEH
A2 A= bore scopes ©]83to] BEg7] Uii-E BEste] 9L
2719 FREEHE & Atk

AEpH oz Ao okx o] 24 Ao E3E ] Yl ErES
AAB] St Al5E Ay PER oFF Bt
8~12 g& Wk&- Ao £ %k
22 T o] MAE P RS o] EeES AlAsH ] $lsk

Z

B FQk 11T WG ol §3to] U 3715 AL 134 )
oflA] o124 ehAl9] olatsheka: F4 W2 91101, €O, sample 2

AL E ol 8ato] YA olilsletAE Folsisict. R ] 5
g olakslerAe] HAIE CO, sample A-E 2] CO, 74 HF-2
FAIE SAste] AXBIGITE o HEkek o atsheka TS &
71 $1814 €O, sample AATHE HA| D27} %] Dewar flaskel]
TUFCZA CO, sample HATI 9} W48 Adsl] = 2l f
9] o|AkslEAE CO, sample AT Z 3575t & FAE ST
Aet.

¥ 9971 (pressure generator)E ©]-83t] REGA Wjol] =91 %

oirsREARS] S AAE] F7IAIZTE Bgk RESAL ol )%
ulZId|E vk o]g-3te] olikslekag) o] /] A 9ke] HES St
Azt olu whg-Ale] 25 AW ghow SuFqint o] 24 o
A2} o] 2ks}ekA7} single-phase® WHE Uk, 5 bar/mim© & $F8S
X8| ZolwA] 25 bubbleo] 271 AJellX €] S S7g3IGITt
=, o] Aol =9} Sheellx] 7]-H 3 Aot} BE 242 7t
7)o LollA] T H WHESIATE #5524 0.2 5793 bubble pressure
2 -2k 524S TE3ITH16-18].
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3-1. 1-(2-methoxyethyl)-3-methylimidazolium methanesulfonate
o224 Al =Y

2-methoxyethyl methanesulfonate 19.572 g(0.127 mol)2} 1-methy-
limidazole 10.427 g(0.127 mol)& H]o]A ] Y1 €<l dichlo-
romethanes 15 g TU3IIth 3812 60 °C, 30A17F 52t 220
pm®E WA FAAIA anteiet. wnle] Evt & 3-8
74 (rotary evaporator; EYELA, N-1000)5 AR&-3 7Hd
EleA] &l AASAE fvllE F-28] A S3-g-AS Rl
A ethyl acetate™ 23] WHE AJ25l0 w| HWH--EES AASIS]
ok A2 3 5 HalE 28NS separation funnel® HF TSNS
AF 3t GOl ethyl acetates AlA3F | 3l FdA21E
L3Itk HFH O F glass filter 911 celite 545(Samchun. Co.)E
°F 10 cm A= T3k FY-E-olE oA et BolE A3l
ok Al o] Aol ol = -2 A7s] Q8 232
E(vacuum oven)°lA] 70~75 °C F-AIAZ1HA] ST RS
o] ¢} 7ol [C,0Cmim][MeS0;]2] 392 Fig. 2014 K= nfe} 720]

O

CHy CHy
o} | { o}
HaC !;lo ch, t N e Nﬁ He—b—o
C—S— 5
I NN &N) 30hr &I\{, : I
o
“CH,
Fig. 2. Synthetic route for the synthesis of the sulfonate IL(JC,OCmim]
[MeSO;)).
CH
f
P H.C—S—0"
La !
~— /O\\
- CH,
- 4';” SR, e " _Jﬁ‘,AJLJ\__)\_.J_/\)'\. L
o o 8 7 6 5 a 3 2 1 0
Fig. 3. "H NMR spectrum of compound [C,0Cmim][MeSO;](400 MHz,

CDCL,).

A1 o]u|tE: 9ol 23} methanesulfonate £0]22 -85 1
el ok o] 24 HAE AT 4 Uit

Fig. 3& 3J3F [C,0Cmim][MeS04]19] 3184 -2 400 Mhz
'H NMR pecks Hehfar 9lek. 23 ollA e d4d9 o] 24 o
iﬂ?/] peaki= reference peak®} H|w sk W] AX]g-S Holar §l o

1, TAIAR] peckgt> ot 9} 2t

[C20Cm1m][MeSO3] "H NMR-(400 MHz, CDCI3, 298 K, TMS)
§ 2.67(s, 3H), 3.27(s, 3H), 3.66(t, 2H), 3.95(s, 3H), 4.41(t, 2H), 7.45
(s, TH), 7.42(s, 1H), 9.64(s, 1H).

3-2. &Y o2y dHI2| 24 &Y

T2z U 255 25°CE FAI8kL AEE 573 435 Table
1o YERASITE Table 1olA & <7 Ql5=0], B2 SOl
22 A1) 49 [bmim] > [C,0Cmim] > =
o] AR @*301 S7¥eRtt. o] ofolo] & UVE 7 AL 9l
=575 Aol Fksk=, ofolke] T AEE AldTE w4%10]
AHFEA] 8 R o] e} EAlEe] Hig|= Wk Q1 o] Frtaty]
wlFolth12]. Zeu} o] 24 Al 25U BaEl 93-S Wo)
, 371 T s Fel] vl o= s 1“301 ek
S g};}[13] AuFA O 7 AT 7} =0 o] &A] Ao A =4
| St FA7E CO, T8 EAF 1 olEshE A% 3740
Zg317] o ek S 7 1 QEH19]. 48 SR = o83tk 9l
+ Y=o A€ 2] monoethanolamine(MEA)?} methyldiethanolamine
(MDEA)~ 20 °co| ] 247+ 24.1 cP[14], 101 cP[14}E YFeR Az 9}
o1}, CO, FTAIE AREE A 2 Edteto] ARl Wil A
TE WE S ok o)l Wl IL [C,0Cmim][MeS051¢] H i
25°CellA] 96 P FERE HEE W7 f18te] A7) £33t &
T

Table 1. Viscosities of Sulfonate-series ILs

=13

r

o

Cation Anion Viscosity(25°C/mPa-s)
[mmim]* [MeSO,] 329
[C,OCmim]* [MeSO;]~ 96
mim e B
bmim]* MeSO, 111
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Fig. 4. TGA trace of sulfonate ILs [C,0Cmim|[MeSOj;].

Table 2. Physicochemical properties of sulfonate ILs
T/CC)  TJ°O)  T,/0)
36.8 - 93,21
-58.1 65.2 70.1
-38.7 - 77.100

T,/CC)
425
400
380

Anion
[MeSO;]™
[MeSO;]™
[MeSO;]™

Cation

[mmim]*
[C,OCmim]*
[bmim]"

9 sulfonate”l] ©124d A [C,0Cmim][MeSO;]2] V% 5432
TGAE &3l SRIsHirt. A E$171e14 30~800 °C7HA] 10 °C/
mim®.E =33 54 T Fig. 40 YERITH TGA #4] A3}
350 °C F-E] Eall7} Fm] 400 °C o]A4}e] LEolx= FARE} A
94 %j\‘:_ 7}19_& HO]' Oﬂ?ﬂgi o}xislg ;&]-o]%l— 2= Oloh;]. Oﬂ;Q o].
X%A-Lﬁ ionic llqu1dS«1 :TLJ—Q]' oi‘,,]_}ao] o] Ou:] om].x%_i ;(1/&31_
22 FHZ AR} ghiatol 2] Q1F] = SHE Arfele] 4 A
g A1l g3l A7geckar A QITH13]. Table 2014 Fol-&
H3pA7] 0] &4 A= [mmim] > [C,0Cmim] > [bmim] 0%

e 9 PIES PIE RS B F Ak

oA A F CO, F50] HOT [emim][TEN} [hmim][BF,}°]
25(T)e= 22} 280 °C[15], 290 °C[15]1 ¥H [C,O0Cmim]
[MeS0,4]2] -8l 25 (T, )= 400 °CEA B2 o2 1 obgehe o =
AUtk

Fig. 5018} 7o) &3k [C,0Cmim][MeS0,]2] 224, 315H4]
4AE <47] 918l DSCE 5743 Ao, §-8-25(T,)7F 70.1 °ColA
LreRRaL ol e (T,) B A SR (T = 2 oF —58°C, oF
65 °CoA S = AT, o] 24 AA9] side chain®] A4F H+=70]
wholxithar 2eiA] QITH13]. o= S0l&S TPAXL AdElelA <%

3l 2

Heat Flow (W/g)

-4 T T T T T
-150 -100 -50 0 50
Exo Up Temperature (°C)

Fig. 5. DSC thermogram of [C,0Cmim][MeSO;].

150

ol-8 wlol b S A7 A} Table 2004 S

3-3. ORERIE ES
g498k [C,0Cmim][MeS0,]2] CO, &3l E 7haR-sFA Ao
A2kE 719t A A o] Lale] L1 30, 50, 70 °ColA 9
194 bar7k4] Z7d3I0ict. A9 H]O]Hb Table 301 YERASITE.
1904 [C,0Cmim][MeSO;] F7A19] o] Ashe 2 ﬁﬁg
AFglEka o] Hotol wet A A o7 Z718kS Kot Fig 6 oHE
7} 2% Wzl mhE CO, T4 =& (mole fraction) FEZ L

BRdl Zlojt}, dnba o2 Z1419] Gl e Eo] STV =5

o]

\__

Table 3. Experimental data of solubility of carbon dioxide in [C,0Cmim][MeSOs]

303K 323K 343K
P/bar meop(mol-kg ™) Xeon P/bar meop(mol-kg ™) Xeon P/bar meop(mol-kg ™) Xeon
13.8 0.62707 0.12896 19.4 0.62707 0.12896 26.6 0.62707 0.12896
26.7 1.14348 0.21258 369 1.14348 0.21258 49.9 1.14348 0.21258
452 2.01503 0.32238 68.8 2.01503 0.32238 94.3 2.01503 0.32238
67.6 2.99603 0.41430 119.5 2.99603 0.41430 194 2.99603 0.41430
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Fig. 6. Solubility of carbon dioxide in [C,0Cmim][MeSO;]: @, 30 °C;
O, 50°C; ¥, 70 °C.
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Fig. 7. P,T isopleths of the CO,+|C,OCmim]|[MeSO;] mixtures at
different CO, mole fractions(x1): @, 0.12896; O, 0.21258;
v, 0.32238; V, 0.41430.

7HdiE7ba S7HIeh21]. Fig. 794 B52e] skl F7kskd Co,
o] Sk Ate ER1E 4 Q. ol ol AT} &g
EFARA COo, o STl vlEEte] co, Tl ST |
& BolA vk, ey 2571 It Wt o, Fre AA
S = & L. €O, SRS &= VERW, [C,0Cmim]
[MeSO;]2] 7 o]kl erAo] F52 30°C, 45 bar 7|F 0=
0.32238 CO, mole fraction 7= KTt 44 CO, 55 &M=
FA1L] FAI )7 E 58k 2 o] A2 wke] EAY Co,
ST HA 9 FAl el QlofA REEA] areafjof sk
ot} Bk, THFA CO, F50] A2 oA HAlel COo, &
50| T2 FFANOE RS A TEL S EE Fojof
37] Wl CO, F76°] 2 oAl o] FEuE Fa3st
CH19]. whebA] o2 A 2] W] A CO, Srd (A= ¥
g5k A9 st o] 24 A [C,0Cmim][MeSO,]0] &2
30°C, 13 bard W 27.6 CO,/IL(g/ke) a4 Atk 71&el Haug
ol A F CO, F5-5°] ¥ [bmim][BF,]¢} [bmim][PF,]2]
F4e 25°C, 13 bard w 212} 44 CO,/IL(g/kg)[20], 31 CO,/
IL(g/kg)[20]0]T}. ©]2} 2] sulfonate”]] ©]-&A HAl= 71&o] B
¥ CO, F50] et o] AAHL} v E e o), 7]
o] 2A] A= TAIA] 2wtkA] Zgo] QAW sulfonates]] O]

oL FPN

g

g AT 39

J

A 190 PO YA Qonw Az Aol 4
A0 B A H83S ekl gk

4.8 E

Sulfonatel] ©]2/d M 1-(2-methoxyethyl)-3-methylimidazolium
methanesulfonate(|C,0Cmim][MeSO,; )& CO, 5412 &83}7]
flste] 79, A% 4 W Co, Fres Stk 19 o s
Fdstar A S AX AZE o] AAE THNMR 24 Av)
2 A & AT FAE oA AAel dist s
14 8 A3}, 25°CoM 96 cPEM AE E5=A4 MDEAS] 101 cP
B} uk3-5 Holal glo] CO, FTAIEMR AME- 7FsdS Kolal 9l
oh 55k 94, 31817 QPAS Thelsl| flete] DSC ¥ TGAE
2%k Ay} 400 °Coll] Aoz K-S & 4= 9l9lor, HH
(T,)°] 70.1°ColH, ol & (T) % At =(T)E 22t
—58°C, 65 °CZH CO, TFAZN 58 242 Kol t},

HFA o5 TpARIEA o] Ak 119t Y A E o]8s
o] &9} ¢S WstA7AA COo, 552 SsIlom, o
S7FEE CO, Frs0] 571 Holal glo] A3l &
FTAYE & 5 AU E3F [C,0Cmim][MeSO;] sulfonate”]] ©]
273 dA€] CO, F55- 30°C, 13 barolA 27.6 g kg, SEM
7)Eel B /el 3 [bmim][PF](25 °C, 13 barol|A]

d

o

31 gro/kg )BT B F9s HERISITE 18Y [C,0Cmim]
[MeSO5] sulfonateZl] ©]2/d A= 1h0 2 It = oo 2 3t
/3= [bmim][PFJEtF Al o] 1hesle] 3k Az o7 o]
£ Aol BAHOE CO, FFAE AXT F vk FHE 7t

A7 I

=
al

32

Al
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