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ABSTRACT
This research demonstrates the development of a novel low-cost protic ionic liquid (PIL) for carbon-dioxide (CO2)
absorption from a post-combustion system at high temperature. The IL was synthesized by proton transfer from Bronsted
acid to Bronsted base. The structures of the synthesized protic ionic liquids were elucidated using FT-IR, 1H NMR, 13C
NMR, and mass spectroscopy. Experimentally physico-chemical properties of pure triethylenetetrammonium lactate
(TETAL) were measured at different temperatures ranging from 298K to 363K.
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1. INTRODUCTION
Continuous boost in carbon dioxide concentration in the air has shown severe repercussions for the
environment and mankind. A large number of government policies were made to reduce the carbon-dioxide
emission. Maximum carbon-dioxide emission is from the power-generating plants followed by construction
firms. The carbon - dioxide scrubbing technologies for capturing carbon-dioxide from flue gases are:
absorption, adsorption, membrane separation, cryogenic distillation and microbial treatment. Most commonly
used technology at large scale is absorption. Commercially, amines and alkanol-amines are used as absorbents
for carbon-dioxide absorption. In the last two decades, ionic liquids boom out as the finest green-solvents due
to its unique properties. Ionic liquids are organic salts with a low melting - point less than room-temperature.
They show evidence of high solubility and selectivity for carbon - dioxide. Ionic liquids have shown a great
potential in the area of non-volatile solvents and gas absorption field. Ionic liquids (IL) are the poorly
coordinated organic salts having very low melting point below 100 °C (Rogers and Seddon, 2002). In broad-
spectrum, ionic liquids are known for slight vapor pressures, high thermal stability, tunable properties, broad
electrolytic properties and easy recycling (Cadena et al., 2004). These exceptional properties put together
make it an attractive sorbents for large number of applications. Unlike all other solvent regeneration of the
ionic liquids requires significantly lower thermal energy (Trilla et al., 2008). Solubility of CO2 gas in ionic
liquids was first reported by Blanchard et al. (1999) and Anthony et al., (2002). Addition to that, ionic liquids
requires a very higher viscosity than the conventionally used MEA which promote, on CO2 absorption up to 5
folds (Meidersma et al., 2007) which increases the pumping cost of solvent. A large number of ionic liquids
were explored for the solubility of various gases in ionic liquids (Wu et al., 2004; Anderson et al., 2007). In
recent times, it has been investigated that the CO2 absorption and desorption rates in polymerized ionic liquids
are more rapidly than those in ionic liquids and the absorption/desorption is completely reversible (Anderson
et al., 2007; Tang et al., 2005a, b). The gas absorption capacity of ionic liquids depends on the chemical and
molecular structure of the anion part of ionic liquids (Tang et al., 2005a).

The present study explored the carbon-dioxide absorption capacity of newly synthesized low-cost protic ionic
liquid (PIL). In the synthesis process of PILs proton transfer takes place from a Bronsted acid to a Bronsted
base. The protic ionic liquid (PIL) investigated in this study is a novel ionic liquid. The PIL TETAL was
synthesized according to the literature procedure given by Wasserscheid and Welton in 2003. The structure of
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synthesized IL has been elucidated on the basis of FT-IR, 1H NMR, 13C NMR and mass spectroscopy. The
carbon-dioxide uptake capacity of both neat and 30% diluted TETAL were investigated.

2. EXPERIMENTAL SECTION
All analytical reagents Triethylenetetramine and Lactic acid were purchased from CDH. Pure CO2 and N2 gas
cylinders were obtained from Sigma Aldrich. All solutions were made in distilled water purchased from
Ultrapure. All chemicals were used as received without further purification.

2.1 Synthesis and characterization of TETAL
An equal moles of reactants were taken in reaction. Due to the exothermic nature of this reaction, the reactor
containing the reaction mixture was kept in an ice bath. The mixture was then stirred for several hours. To
ensure complete reaction, a slight excess of amine was used and then removed along with the water by heating
at 80 °C in vacuum using a rotary evaporator. The residue was washed repeatedly with dichloromethane
(DCM) for several times to remove the un-reacted acid. After the removal of the solvent by evaporation, the
product was dried in a vacuum for at least 24 hours to remove water.

Figure 1. Experimental set-up for synthesis

2.2 Physico-chemical properties measurement
The viscosity and density were measured by a cone-plate Rheometer (Anton Paar MCR302 SN81193479, an
uncertainty of ±1% in relation to the full scale) and a densitometer (DE45 Mettler Toledo Density meter, an
uncertainty of ±0. 005 kg·m−3). The surface tension at different temperatures were measured with a DCAT
Plate method with an uncertainty of ± 0.030 mm / m after calibrating the instrument with water. The Mettler
Toledo conductivity meter and Eutech pH meter were used to measure conductivity and pH of the synthesized
ionic liquid. The thermal stability of synthesized ionic liquid was determined at the scan rate of 10 °C/min
under N2 at the temperature range from 25 to 300 °C by thermal gravimetric analyzer (TGA) instrument
(Netzsch STA 449C).

2.3 Carbon - dioxide absorption experiments
The equilibrium absorption studies of carbon - dioxide were done in two phases, one with continuous
bubbling and other without continuous bubbling of pure carbon - dioxide in the 300 cm3 of 0.7M aqueous
solution of TETAL in the shown experimental set-up in fig. 2.

Figure 2. Experimental set-up for equilibrium absorption studies
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3 RESULTS AND DISCUSSION
The picture of the synthesized ionic liquid is shown below in fig. 3.

Figure 3. Synthesized TETAL ionic liquid
3.1 Characterization

The structure of the product was elucidated by FT-IR, 1H NMR, 13C NMR, and mass spectroscopy.

3.1.1 FT-IR data
IR spectra of triethylenetetrammonium lactate before in Fig.4 (a) and after the carbon - dioxide absorption in
4 (b) was compared for identification of changes due to carbon - dioxide absorption is given in Table 1.

Figure 4. FT-IR of neat TETAL (a) before CO2 absorption (b) after absorbing carbon - dioxide
3.1.2 NMR  and Mass spectrographs
1H and 13C NMR analysis were done on a Bruker 300 MHz spectrometer. The protons present in
Triethylenetetrammonium Lactate in different environments are shown in fig. 5.

Figure 5. 1H NMR of pure TETAL
13C NMR: δC (300 MHz; DMSO-d6) 39.5 ppm: For Lactate ion: 179.38(-COOH), 67.68(-CHOH), 22.1(CH3);
TETA ion: 40, 45, 50 (CH2N, NH2, NH)
1HNMR: δH (300 MHz; DMSO-d6): 1.119 (s, 3H, CH3), 2.347, 2.724, 2.593(CH2N), 4.4, (br s, NH, NH2);
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Figure 6. 13C NMR of pure TETAL (a) before CO2 absorption (b) after CO2 absorption

Figure 7. Mass Spectrum of pure TETAL

3.2 Physico-Chemical properties
3.2.1 Thermal stability
Thermo-gravimetric analysis (TGA) was performed using Netzsch Instrument in N2 atmosphere. The
instrument was ran between 298K to 573K at a ramping rate of 10 °C·min−1. TGA analysis for the pure
TETAL shows that the sample is stable and does not lose weight until 150 0C.

Figure 8. TGA of pure TETAL



233 Amita Chaudhary, Ashok N Bhaskarwar

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 6

June 2017

3.2.2 Viscosity
The viscosity was measured as a function of temperature from 273 to 388 K using Anton Paar MCR302
SN81193479. Tsuzuki et al. in 2009 reported that the factors responsible for the viscosity of ionic liquids are
size, shape, and the interaction between the anion and the cation.It increases the cost of pumping the solvent.
(Chaudhary, A. and Bhaskarwar, A.N. (2015))

η (Pa.s) = 1×106 e-0.047 T(K)

Figure 9. Variation in viscosity of TETAL with temperature
3.2.3 Density
The density of TETAL was measured for the temperature range from 293 to 363 K using DE45 Mettler
Toledo density meter.

ρ (kg m-3) = 1310.1 - 0.6571× T (K)

Figure 10. Behavior of Density of TETAL with temperature
3.2.4 Conductivity
The Mettler Toledo conductivity meter was used for measuring the conductivity of TETAL. The measured
value of ionic conductivity of TETAL under the given conditions was found to be 0.065mS/cm.

3.3 Equilibrium Studies of CO2 absorption

Figure 11. Equilibrium studies of CO2 absorption in 0.7M aqueous solution of TETAL
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The equilibrium studies of carbon - dioxide absorption were done at ambient conditions in 0.7M aqueous
solution of TETAL. The experimental studies showed a very good efficiency of 1.92 mol/mol of CO2 when
the CO2 was bubbled discontinuously whereas in continuous bubbling it showed only 1.57 mol of CO2

absorbed per mol of TETAL. The above investigation revealed that the reaction involved in the de-protonation
by the water molecule is slow.

4.CONCLUSION
The synthesized ionic liquid Triethylenetetrammonium Lactate is found to be very good absorbent for
capturing carbon – dioxide, i.e. 1.57 moles of CO2 per mole of ionic liquid. The thermal stability of TETAl is
also investigated and found to be stable up to 150 0C. This means that this ionic liquid for carbon – dioxide
capture can be used at high temperature also. From the different physical-chemical properties of TETAL, this
ionic liquid can be used in various applications.
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