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Abstract

This research presents the development of a series of low-cost Protic lonic Liquids (PILs) for
CO- gas absorption from a post-combustion system. The PILs were synthesized by proton
transfer from Bronsted acid to Bronsted base. The structures of the synthesized protic ionic
liquids were elucidated using FT-IR, *H NMR, ¥C NMR, and mass spectroscopy.
Experimentally physico-chemical properties of pure Triethylenetetrammonium lactate

([TETA] [Lactate]) were evaluated at different temperatures ranging from 298K to 363K.

Studies of CO; -absorption capacity were carried at ambient conditions in 0.5 M aqueous
solution of [TETA] [Lactate]. The experiment proved a very good efficiency of 1.92 mol mol
1 of CO, when the CO, was bubbled discontinuously, whereas in continuous bubbling it

showed only 1.57 mol of CO> absorbed per mol of [TETA] [Lactate].

The kinetics of CO»-absorption in aqueous solutions of [TETA] [Lactate] was studied in a
stirred-tank contactor with a plane interface. The operating variables considered in this study
were the initial concentration of [TETA] [Lactate] and the temperature of the absorbing
solution. Specific absorption rates were determined under different experimental conditions.
Results indicate that the absorption process takes place in a fast reaction regime and the
reaction exhibited pseudo first-order kinetics. The reaction rate constant was determined by
performing the measurement of the kinetics at different temperatures and by making the
Arrhenius plot for the COz-absorption in [TETA] [Lactate] solutions. The consequence of
variance in lean-CO. gas flow-rate and [TETA] [Lactate] concentration in the liquid phase

were also analyzed in detail for the CO2-absorption.

The present work also examined the CO»-absorption in aqueous solutions of [TETA]

[Lactate] in a foam-bed reactor (FBR). Experimental results show that in foam-
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bed reactor the synthesized PIL, i.e. [TETA] [Lactate], shows higher CO2-absorption rate.
The effect of surfactant used on the overall mass-transfer coefficient in absorption process
was also determined experimentally. In addition, the effect of different operating variables
like types of surfactant, surfactant concentration, lean gas flow-rate, CO, flow-rate, height of
foam-bed, and initial concentration of [TETA] [Lactate] upon the volumetric mass-transfer
coefficient and subsequently, on carbon-dioxide absorption rate were studied.

The carbon-dioxide absorption rate obtained in a bubble-column reactor has been compared
with that of a foam-bed reactor. Up to 18% higher absorption rate are obtained in a foam-bed
reactor.

Further, regeneration of CO»-saturated [TETA] [Lactate] solutions was done thermally with
continuous bubbling of N2 gas in a semi-batch process. The regeneration rate was measured
as a function of temperature and flow rate of N2 gas through the solution in a semi-batch
process. The studies reveal that regeneration rate increased with increase in temperature from
343 K to 383K and then it is leveled off. The increased flow-rate of N2 gas further enhanced
the regeneration rate at the given temperature. In the recycling studies, it was proved that
[TETA] [Lactate] could be reused with simultaneous absorption and desorption for
continuous three cycles with the same capacity and then the CO»-absorption capacity slightly
decreased from 0.65 to 0.59 mol mol? in next five cycles. Later, in the ninth cycles,
its capacity was coming to 0.46 mol mol™ which is comparable to first cycle COz-absorption
of 30% MEA (0.55 mol mol ™).

The corrosion studies were done on different metals using two standard methods, viz.
Electrochemical and Weight-loss method. The results were interpreted using polarization
curves, SEM, and EDX techniques. Linear polarization plots showed that an increasing the
concentration of [TETA] [Lactate] from 0.1 to 0.5 kmol m= in 4. kmol m= MEA solutions

the corrosion rate decreased from 3.98 mmpy to 0.086 mmpy which further supported by the



polarization resistance calculations. There was an increment in polarization resistance with an
increase [TETA] [Lactate] concentration in CO.-loaded solution. The anodic Tafel slope (5,)
and cathodic Tafel slope ((8,) of CO2 loaded 4.0 kmol m= MEA decreased with increasing
[TETA] [Lactate] concentration, indicating that the [TETA] [Lactate] inhibited the corrosion.
At last, the experimental results were compared with the predictions of the theoretical model
of a foam - bed reactor. The comparison of the experimental data with theory showed that the
conversions obtained experimentally were higher than those predicted by the model. Due to
the increase in viscosity of the solution of ionic liquid with reaction, the model failed to
predict the experimental data beyond 5 minutes of the reactor operation, because the single

stage model is valid only for absorbing liquids having constant low viscosities.

Lastly, the precursors cost of synthesized [TETA] [Lactate] was compared with the
conventional ionic liquids precursors cost from Sigma Aldrich. [TETA] [Lactate] is

comparably of low-cost and less toxic in terms of negligible vapor pressure and solvent lose.
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L3108

Tg WY ST & d1G & [AECH & CO, A & HIMWUT & T A AT arelr Tt
Ao el Ferd (PIL) i Teh e o [aehrd i el il &1 STeifged Irierehr i
siees ufls ¥ §iees 99 H Weld AW GaRT Heaid fhar arar ar| deafda wiér
3mafas aver gerdf & I T THET-3MS3TR, 1 T -UATHAIR, 13 dI- TATHAINR,
IR A TIFCERIN HT 3TN FXeh Ie@T fham 71 o1 g AfAd a W g
SISUfATACSATAIH olFee (2T [elFec]) & Hifdeh-Tarafaish Uil T HeAlehad 7erT-
3137 JAT9ATST 9 foham arm &l

CO, & NATOT &7HAT & IETIAT b IRaeiT aREafa=T & [TETA] [eleee] & 0.5 M
STeNar gitel 3 foHaT 17| CO, Y 1.92 mol mol™* Y Sl 3=y Z8TdlT A1 g5 Sfd COz Y
d¢ & e o, Safes oA gegarge # I§ Fad 1.57 mol CO, &I 3raeifiid &iar §
S o eeT [leree] & 9T Al oY 39N a8

T [olaee] o STl Gl & COo-3a2NVUT oh helcIdd i Teh Sllelal dlell SeXhd & 1Y
Ush goldl-coh TUehahdl H EIT ThIT 31T AT| 39 31eqd & AR fhw 71w 3R fear
T T [oldee] A IRAS TohErar 3R 3a™T AT &1 agas 3| fafkse
JAETcHS &I & dgd [aferse 37aeivor &3 AuiRa & 715 ot aRome saa & &
31aeNyoT 9fshar Teh dof gfdafhar emas & gy § 3R ufafhar o o gud-wA
Folcidd & Uedd Tl Affied agAl R FASFT H AU aeh AR <er
[oleFee] AT & COL-31a2NyuT & fov Wefadd Tdic g fafhar &3 &R
fauifia & 715 a1 CO, 3\ yarg-ax 3R <ar [oeee] # fGmRor # Rl WoT A
igdr &1 T CO,-3/a2MvoT & fov faear & fageivor frar o)

IIHT P o BIA-95 RUF (FBR) H T [olFec] & STl bYell & CO, & TaRiVoT &t
Stra Y| g aRone gara § % wie-a3 Rueex Geala safea arfaer, awe eer
[eleFec], 3T COL-37aATYUT &X T G2ITAT & | TTUNVOT UThaT 3 THI GedHTeT-TATATR U]
0TI 9T G ihere e T FTa 11 JANTIcHS §9 & freTRe fanar I ar| g&eh 3refrar,
3TTeT-37eTeT ATIRTET T I Thace, Tthaee THErdT, ol 39 gdg-ax, CO, JamE-
X, PH-ER i Fas, IR e [daee] A URMAE dgdr W 93 YA |-
ATATAOT 0Tk 3R a1g &, HISA-STSHIFAGS IHGAMVOT eI 1 3eqA foham |
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Secl-hioH RUFT H YTl hIelol-STSIFAISS HAMTUT & T Jolell BIA-95 Ruee q
IS & | BIA-83 RUeFeX 7 18% doh 3T Ha2MNYOT &3 UTed T STl g |

S8 3Teldl, CO-Htd ¢l [oleFec] & IcUTel &l Y- Ufshar & N2 39 & foler
JCYeree & WY YA & @ fohar 917 UT| YeToletel & 1 F-ar Tfshar & FHATT &
ATETH T UoT 2 T & I9AT 31K Ua18 e & Uah Harled o 9 & AT 31T AT| 37ETIAT O
gl Tl § & qesiele X 343 K @ 383K dsh dvAT & gig & @1 §é 3R
R 38 dg @ fear I Aggret 3 A 9Er g5 yal X A QU AT AAE W
Yefotetel &X 1 AR a1 foram| qeadshor HeT=Al &, FE Afed g3 foh eeT [eloree]
I Teh g1 &THAT & AU oNNAR disl Tl & olT Teh T 3AN0T 3R el &
AT Gef: 3UAT FRAT ST FehT § 3R fHT COL-3ravor Y &7AdT 319Tel #H 0.65
¥ 0.59 mol mol’ & AEY & & IS 4T Th| &6 H, 9 Tsh H, SR &THAT
0.46 mol mol” &r & f& ugel T CO, 31GAMYT 30% TH § T (0.55 mol mol™)
F TR g

HeTRUT 3TEAT a1 HleTeh TATera, 31Tl &1 3u2eT sieh fafdiest g3t ox fovam aram |
fegd 3R gotet T i fafer| aRom gderior gedr, ti § T, 3R § Y vay dehelleh
T 3TN T ITET T 31| W YAHIOT S[@ST & T Tell & foh Tt §U T [eleree]
$r FEAAT 0.1 T 0.5 kmol m™> & 4. kmol m™ UH § T °lel H HEIROT &7 3.98 mmpy &
geeh 0.086 mmpy 8T TS & - ST ¢[diehiuT FToRIeT SaRT HATI &1 T3HT 20 FaATeneT &
@M[M]W%Wawmﬁqﬁg‘ééﬁlvﬁ%mfel slope (Ba)
3R CO, &1 Faifsw Tafel Tl (Bo) 4.0 kmol m? MEA IS 8l & ITY T [oleec]
TSHTIIAT 7 T & AT A g1 1T, Ig g2ATelr § & e [leree] o HaTRoT &t Ak fear gl

3d #, gAETcHE IROMAT H ot v BrHE-a3 Ruaey & dgifas Asa
HIASIATOTGr & A1 Hr IS AT| FGIT & AT TAMcHAS ST I Tolell & fe@mar
f& JANTcHS &7 @ UIod FUCROT AlSeT GaRT Hiasgaoft & 75 Jorelr & 3t
&) gfafhar & Ay IAfed el & FATUE & Ruftuge # g & wRoT, Alsd
RuereT ITRAT & 5 Aae T W TARNcHS 3T T Jigsaanlt s # [Fwa @,
Fifeh Teho! TOUT ASH dhdd R »H RUfRUge arel aier Jerdt & faamfsa
A & v AT g
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3o A, TN el [dFee] T qaadi oErd $H Jelel fHaAT TosRa & gRaR®
3afeieh aXel 3MIEdl & oRErd ¥ @ IS Ar| er [efeee] 90T arsq gard 3R
faomaes @ & Hed H JolelicAs T & HH A AR HA v
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