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lonic liquids are mainly composed of organic cations, such as alkylammonium, alkylphosphonium, alkylsulfonium, 1,3-dialkylimidazolium, alkyltriazolium, alkylpyridinium, etc. and mononuclear anions, such as BF,, PF, CF,SO,, (CF,SO,),N, CF,CO, [5]. Some ionic liquids contain non-fluoroanions, such as nitrate, perchlorate, alkyl sulfate and alkyl oligoether sulfate anions, or dinitramide anion (N(NO,),). The chemical structure of the typical cations and anions comprised by ionic liquids are provided in Figure 1.

NEW SOLVENT SYSTEM FOR CARBON DIOXIDE CAPTURE

Kris Rangan, Humcha Hariprakasha, Tirumali Sudarshan
Materials Modification, Inc. 2809-K Merrilee Drive, Fairfax. VA 22031

Materials Modification Inc.

The Home of Futuristic Materials

- o
~ o o o
- ABSTRACT : o e
- : : SELECTION OF FUNCTIONAL GROUPS IONIC LIQUID SYNTHESIS . o
e < DOFE’s Carbon Sequestration Program, managed by . Q . 4 - e
the National Energy Technology Laboratory (NETL),| . _ _ _ o
ol . - gy gy L&’ ry ( . )s . The capacity of an aqueous amine solution to| cH; N CHa e T Prot NMR o ey >
. is pursuing technological avenues aimed at reducing A h . N A O Npo oy o NN roton 0 o
. . o chemically absorb CO, is a function of the route by —> —N r = il o ,
° Greenhouse Gas (GHG) emissions [a]. About 83% of | ° - _ - Q‘WW\ —Jprecursor A N™“ch, Precursor B o —— °
e these emissions in the U.S. are broduced from | ° which CO, reacts with the amine. There are two : | o L — e
o . T pre . chemical routes generally considered for chemical T . — o
o combustion and nonfuel uses of fossil fuels. One| , absorption of CO, by amines o J s e il : .
. approach that holds great promise for reducing GHG | °* 2 ) SN —_— = Y o :
. emissions is carbon capture and sequestration| o Route 1 (carbamate formation — Amine : CO, = 2:1): = i N o g L . :
- - o - m 2 ™ m m Compound C
- (CCS). Flue gas streams can be a large emission| , CO, + 2R,NH > R,NCOO (carbamate) + R,NH.,* It T - . : -
= = ) -Nz HaC-N__N* '
- || sourceifrom which ithe 'CO; can be capturediusing| , Route 2 (proton accepting base - Amine : CO, = 1:1): il P I S ﬂ xLl 1“1 | - °
.| chemical absorption of CO, in aqueous amine| ° CO. + H.O + R.N— HCO.- + R.NH* : +r °“ : e — T N ° .
°| solutions. This technology is not cost effective and| . 2 2 3 3 3 ‘ . Schematic of carbon dioxide absorption setup 1- CO, gas, 2- °
new solvent systems are desirable to meet the| . .. = Control valve 1, 3-DPG 409 Pressure gauge, 4-Control valve
. ; y _ : In route 2, one mole of amine is consumed per mole of o - o 2 5 Control I, 3. 6-Sti 7.V gauge, 8- hori .
.| DOE’s goals for post-combustion CO, capture. c |l co.. so in terms of absorntion capacitv it is more | . | H il ) e . » 9-Gontrol valve 3, 6-stirrer, /-Vvacuum pump, 8- iIsochoric
° (< lonic liquids (' L’s) are potential solvents for!| o 27 P _ P y - R N s T L NN : cell °
° replacina aaueous amine solutions because thev| ° efficient. Pauxty ef al. have studied the CO, absorption Compound E Compound F . e
. haI\)re velg( Ioc\lov vapor pressure, high thermal stabilitz : el G 1A Gl el hEs [fp o) Lless neN e . PROCESS PARAMETERS *
o ) PY - - g /N\/\/N\/\ )
5 and low heat capacity. They also present the| ° :rr:nes I sharing _ath_co;n mon3 stl:ll’ctural £ f;‘ature,_ a ol > > i Ect“"e"td'“':;;“\',ef’ Tarlgzto"yj'e“ed :
an =ns . - e o ydroxyl group within or 3 carbons o e amine ) o | 1 = stimate alue alue
.| possibility of innumerable chemical compositions . functionality exhibited CO, absorption capacity ~1:1. T e T - 0 Pure Solvent :
. that can be tailored for the optimization of coz ° L //“1\/-\/-N\_/\Fii; I G o RERE g™ - 1 J A1 : Molecular Weight mol-1 478-492 No desired value o
s capture. 2 ““  Compound G CompoundW | |______ S S — SNAE e  Normal Boiling Point C >280 N/A :
° Normal Freezing Point °C <9 <0
° ° e
o P H o °
: TECHNICAL APPROACH L J‘ 5 —_— : \Vapor Pressure @ 15°C bar Negligible Negligible :
= - = ° | | » | : = : T
: Novel fun-ctlonallzed ||.’$: capable of capturll‘lg coz -bOth : H?"'“r" W “-‘.LH Viscosity (cp) c02 Absorption : Manufacturing Cost for Solvent $/kg 400 (50kg quantity) 25-40 (1000kg) :
; LY - N N - o - -
. by cher_nlc_al ?nd_ ph)!su:al routes were synthesu?d. . inear structure bonded structure Capacity (at 0.15 * Working Solution e
. |These ionic liquids incorporate chemically reactive  ° - - bar, 40°C) e  [Concentration kg/kg 0 0910 | .
. [ moieties along with alkyl imidazole moleties within the | . |40, atical hydrogen-bonded structure of amino RERSLAR RS Bt i e 314 05T .
- - - - eClIfiC Gravi 2 % = i T o =1,
- 'same molecule. A CO, absorption/desorption apparatus | . - - o R Tk NA T973 o
o - - - . alcohols responsible for the increased CO, o ppociichedtiapaciy@ : o o
. was designed and built for testing these new CO, @ b Py it 1.0 (F Ref d Pristine After CO, o  |Viscosity @ STP cP 400-4400 <100 o
: |solvents. These IL’s demonstrated 20X increase in CO, + | “@VSOTPHON capacily near (From Ref d) o Sample absorption ¢ e GTT e R et - .
» |absorption compared to unfunctionalized IL’s at low . CompoundE |~ .« = .l 1608 2510 0.20 . Absorption ' ' -
= = b OH ¥ 0 O 1 R —
e CO, pressures. Preliminary cost and energy . Saa o o . l;;er:s:::ture bgr 1(0-134%02 PP) 410 ‘
. performance calculations demonstrated that the MMI’s | ° D, .~ I : o Equiﬁbrium 555 Loading — = S .
-g= - - - - — = - OMpo! HC-N NN RO A : : Sl
° I’s could be competitive with an amine process if the - % CO, Energy  Power COE  Capture Equipment bt ERER. . Heat of Absorption kJ/mol CO2 NA <60-80 °
® - o Capture for Plant (¢/kWh) Purchased Costs - Eolution \iscost P Z00-4800 =100 o
¢ target parameters such as CO, capture capacity, . Capture Capital (% COE Equipment ($MM) 4435 4565 0.40 * y o e .
i i i — Process Costs increase) Costs Co nnd G 3 H AL o .
. wsc_osﬂy, heat capacity, and cost of the IL are ., feipe | e Compound G wa e §oCFs S Desorption °
. | achieved. : . COy) kWh) e  Pressure bar 1 21 X
o o Case 11 0% 0 1650 5.9 0 0 — o O 407 952 0.40 *  [femperature °C 120 120-200 o
o ~ (without CO, PR T HONCN Ry, FCH & F Equilibrium CO2 Loading mol/mol 0 0.0-0.5 °
3N IONIC LIQUIDS FOR CO, CAPUTRE MR " - jiases T A e
: ° Case 12 (Fluor's 90% 0.35 2910 10.7 207 28 | ° :
-|lonic liquids are mainly composed of organic cations,| . e Bt S i 02 A D08 . m .
.|such as alkylammonium, alkylphosphonium, alkyl| ° MMIPhase | IL 90%  0.26 My IS 31 L e . S -  of dod suite of ar -
° = = H. = = = ° D - [
: suli_’o!'nflmﬂ,3-d|alkyl|m|dazolmm,alkxltrlazollum, alkyl| - MMPs Target 90% 0.25 2812 10.8 207 31 — —_— = 5D o * Further refinement o an,e)_(pan ed suite of amino e
*| pyridinium, etc. and mononuclear anions, such as BF,,| . (83%) Campound H : * alcohol functionalized IL’s in terms of viscosity, .
.| PFg, CF;80,, (CF,S0,),N, CF,CO, [b]. Some ionic liquids| E CO; capture capacity and rate, heat capacity, o
.| contain non-fluoroanions, such as nitrate, perchlorate,| ° o stability under flue gas impurities such as SO, and |
°|alkyl sulfate and alkyl oligoether sulfate anions, or| - . methane, absorption/desorption cyclic stability, 2
o| dinitramide anion (N(NO,),). : o solvent loss and corrosion issues. o
: e THERMAL STABILITY coz ABSORPTION - <+ Demonstration of CO, absorption/desorption in a :
e o o ° . bench scale apparatus to identify issues related to | °
o Rw\/_\/mbﬂ N I o . : the use of IL’s such as viscosity, mass transport .
= R RT R, Ry R 4 Rg = =
: Imidazelium ion Pyridinium ion  Pyrrolidinium ion  Phosphonium ian imn‘oiium ian : l““ 0 4 =3 ® and corrOSIon IssueSI :
o S m—— o - - - -
: S R T e e 0.4 o < Preparation of a detailed economic analysis of the | °
PN 3 Fc” ~CF4 — 2% Oxygen ' - - - - mg m
. Cwoa Lo T T ) o 80 - | —Nirogen S o3 —=— Compound G = : ionic liquids CO, capture process if it were o
. lodide Bromide Chloride Tetraflucrcborate Hexafluorophosphate Trifluoremethylsulfonate Bis(trifluoremethanesullonul)imide __,.:" ! — - - - - - .
.| There are over 10" ionic liquids available for exploration : < = S / 503 Fosdarios . implemented with a typical Greenfield coal-fired o
. . . qu . P ° = 60 l 162 i g = o power plant with a capacity of 550 MW_ net power. | .
.|[c]- It is not practical to synthesize every one of these * = ol | CémimNTf2 2 o .
o/compounds and select the best ionic liquid for CO,| . = s w02 . .
= 40 < o
.| absorption. Therefore, in the Phase | effort amino-alcohol : = = 0.15 —— s v o ACKNOWLEDGEMENTS .
° functionalized IL's have been judiciously selected for CO,| -« ~ 0.1 | . 0.1 . - °
* | capture ] y 2| ¢ 2 O s * [+ Funding: DOE SBIR Phase | Contract # DE-SC0008278 (2012) |-
° - o Rl B A i __ = ° - ¢
: : : : : : o oz " Y SR ~ @ M :
o a) .grbe.e :;,goz;’:z’astc::;ﬁ[ 32. :.Iza:y;rzsaké,a)ﬁ. Mclivried, R.D. Srivastava, International Journal of : 0 0 1 7 3 4 5 6 7 8 0 0.2 0.4 0.6 0.8 1 PS o
®|p) 5 M Matuszewski, J. ’Ci;erno,’.l..l. Marano, S. Chen, Research and Development Goals for CO2| e 100 Zﬂﬂ ] 3{"," . 4[[,}“1 S00 Pressure (Bar) Pressure (Bar) : Andrew P. Jones (N ETL) O
o Capture Technology, DOE/NETL-2009/1366 (2011) o TEMPERATURE ("C) . José D. Figueroa (NETL) o
® | c) M. Hasib-ur-Rahman, M. Siaj, F. Larachi, Chemical Engineering and Processing, 49, 313-322 PS o _ - o
o (2010) . . David Luebke (NETL) o
e | d) G. Puxty, A. Allport, M. Bown, M. Maeder, R. Rowland,Q. Yang, R. Burns, M. Attalaa, Environ. Sci. ® - - o
o Technol., 43, 6427-6433, (2009) t : Andrew Sexton (Trimeric Corp) o
;0..0......O.Q....00.0.....0000.00..0.0...0.0.0.00....O.Q..QO0.0...0.0.QOO...00OOQ..OQQQ0.00.QQ.O.Q..OO. ..0.0.0..00.0.Q........0.0.....0....000.0..0.000.0:



