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ABSTRACT

5471025063:  Petrochemical Technology Program
Thanawat Nonthanasin: Solubility of Carbon Dioxide in Five
Promising lonic Liquids
Thesis Advisor: Prof. Amr Henni and Assoc. Prof. Chintana Saiwan
204 pp.

Keywords:  lonic liquids/ CO2 capture/ CO2 solubility/ PR/ SRK/ NRTL/
Henry’s law constant/ Enthalpy and entropy of absorption

lonic liquids are presently considered the most energy-efficient and
environmentally benign solvents for CO2 capture. This research aimed at measuring
the solubility of CO2 in five room temperature ionic liquids, triethylsulfonium
bis(trifluoromethylsulfonyl)imide ([ 222][TEN]), ~ diethylmethyl(2 -methoxyethyl)-
ammonium  bis(trifluoromethylsulfonyl)imide  ([deme][Tf2N]),I-propyl-3-methyl-
imidazolium  bis(trifluoromethylsulfonyl)imide  ([pmim][TfN]), I-allyl-3-methyl-
imidazolium  bis(trifluoromethylsulfonyl)imide ([amim][TfN]), and [-butyl-4-
methylpyridinium tetrafluoroborate ([4mbp][BF4]) at (313.15, 323.15 and 333.15 K)
and at pressure up to 20 bar using a gravimetric microbalance. The experimental
solubility data of COz in these solvents were well correlated using the standard Peng-
Robinson (PR-EoS), the standard Redlich-Kwong-Soave (SRK-EoS), the SRK-EoS
with quadratic mixing rules, and the Non-Random Two-Liquid (NRTL) with
satisfactory average absolute deviations (AADs). Binary interaction parameters for
these correlations were obtained. The absorption of CO2 was prone to diminish in
this sequence: [deme][TfN] > [pmim][Tf2N] > [amim][TfN] > [Sea2][TfN] >
[+mbp][BF«], Four ionic liquids, [deme][TfN], [pmim][Tf2N], [amim][TfN], and
[Sa22] [TRaN], are deemed promising due to comparably high CO2 absorption with
physical absorption to other prevalent CCL-absorbing ionic liquids. More
interestingly, [deme][Tf2N] evidently had the highest CO2 solubility among all
ammonium-based ionic liquids reported in the literature. In addition, Henry’s law
constants and enthalpies and entropies of absorption for COz in the investigated ionic
liquid are also reported.
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ling, at 313.15 K; dotted line, at 323.15 K; and dashed line,

at 333.15 K 111



FIGURE

4.18  P-x diagram of the system [deme][TfN] and CO2 for
different temperatures. Symbols represent the experimental
data: - sat 313.15 K; ,at 32315 K; and T, at 333.15 K.
Lines represent the estimations by the standard SRK-EoS:
solid line, at 313.15 K; dotted line, at 323.15 K; and dashed
ling, at 333.15 K

4.19  P-x diagram of the system [pmim][Tf2N] and CO2 for
different temperatures. Symbols represent the experimental
data; », at 313.15 K; 0, at 323.15 K; and 1 , at 333.15 K.
Lines represent the estimations by the standard SRK-EoS:
solid line, at 313.15 K: dotted line, at 323.15 K; and dashed
ling, at 333.15 K

4,20  P-x diagram of the system [amim][Tf:N | and COz for
different temperatures. Symbols represent the experimental
data: », at 313.15 K; 0, at 323.15 K: and Y, at 333.15 K.
Lines represent the estimations by the standard SRK-EoS:
solid line, at 313.15 K; dotted line, at 323.15 K; and dashed
ling, at 333.15 K

421  P-x diagram of the system [4mbp][BF4] and CO: for
different temperatures. Symbols represent the experimental
data: ¢, at 313.15 K; 0, at 323.15 K; and Y, at 333.15 K.
Lines represent the estimations by the standard SRK-EoS:
solid line, at 313.15 K; dotted line, at 323.15 K; and dashed
ling, at 333.15 K

4,22 Comparison of isothermal solubility data of CO2 in different
jonic liquids: « 5[ ? ]J[TENj: o, [deme][TFN]; Y,
[omim][T2N]; A, [amim][Tf2N]; and 1, [4mbp][BF4]; red, at
313.15 K: blue, at 323.15 K; and green, at 333.15 K. Lines
represent the estimations by the standard SRK-EoS
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FIGURE

4,23  P-x diagram of the system [Szz2][TfN] and CO: for different
temperatures. Symhols represent the experimental data; « oat
3315 K; ,at32315 K and T, at 333.15 K. Lines
represent the estimations by the SRK with quadratic mixing
rules: solid ling, at 313.15 K; dotted ling, at 323.15 K; and
dashed line, at 333.15 K

4.24  P-x diagram of the system [deme][TfN] and CO2 for
different temperatures. Symbols represent the experimental
data: », at 313.15 K; 0, at 323.15 K; and Y, at 333.15 K.
Lines represent the estimations by the SRK with quadratic
mixing rules: solid line, at 313.15 K; dotted line, at 323.15
K; and dashed line, at 333.15 K

4.25  P-x diagram of the system [pmim][Tf2N] and CO: for
different temperatures. Symbols represent the experimental
data; « sat 313.15 K; 0, at 323.15 K: and Y, at 333.15 K.
Lines represent the estimations by the SRK with quadratic
mixing rules: solid line, at 313.15 K; dotted line, at 323.15
K; and dashed line, at 333.15 K

4.26  P-x diagram of the system [amim][TfN] and CO: for
different temperatures. Symbols represent the experimental
data: ¢, at 313.15 K; ,at323.15K; and Y, at 333.15 K.
Lines represent the estimations by the SRK with quadratic
mixing rules: solid line, at 313.15 K; dotted line, at 323.15
K; and dashed line, at 333.15 K

4.27  P-x diagram of the system [4mbp][BF4] and CO2 for
different temperatures. Symbols represent the experimental
data; + sat 313.15 K; ,at323.15 K and T, at 333.15 K.
Lines represent the estimations by the SRK with quadratic
mixing rules: solid ling, at 313.15 K; dotted line, at 323.15
K; and dashed line, at 333.15 K



FIGURE

4.28

429

4.30

431

4.32

Comparison of isothermal solubility data of CO2 in different
jonic liquids: « 5[ 222][TFN]; O, [deme][TN]; T,
[pmim][T2N]; A [amim][Tf2N]; and 1, [smbp][BF4]; red, at
313.15 K; blue, at 323.15 K; and green, at 333.15 K. Lines
represent the estimations by the SRK with quadratic mixing
rules

P-x diagram of the system [ 222][Tf2N] and COx for different
temperatures. Symbols represent the experimental data; ¢, at
31315 K; 0, at 323.15 K; and 1 sat 333.15 K. Lines
represent the estimations by the NRTL: solid line, at 313.15
K; dotted line, at 323.15 K; and dashed line, at 333.15 K
P-x diagram of the system [deme][Tf2N] and C 0 for
different temperatures. Symbols represent the experimental
data: », at 313.15 K; , at 32315 K; and Y, at 333.15 K.
Lines represent the estimations by the NRTL.: solid line, at
313.15 K; dotted line, at 323.15 K: and dashed line, at
333.15 K

P-x diagram of the system [pmim][Tf.N] and C 02 for
different temperatures. Symbols represent the experimental
data: », at 313.15 K; ,at323.15 K; and 1 sat 333.15 K.
Lines represent the estimations by the NRTL.: solid line, at
313.15 K; dotted line, at 323.15 K; and dashed line, at
333.15 K

P-x diagram of the system [amim][Tf2N] and C 02 for
different temperatures. Symbols represent the experimental
data: ¢, at 313.15 K; 0, at 323.15 K; and Y, at 333.15 K.
Lines represent the estimations by the NRTL: solid line, at
313.15 K; dotted ling, at 323.15 K; and dashed line, at
333.15K

XXII

PAGE

118

121

121

122

122



FIGURE

4.33
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4.35

El
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ES

Es

E7

P-x diagram of the system [+ mbp][BF:] and CO2 for
different temperatures. Symbols represent the experimental
data: « sat 313.15 K; 0, at 323.15 K; and Y, at 333.15 K.
Lines represent the estimations by the NRTL.: solid line, at
313.15 K; dotted line, at 323.15 K and dashed line, at
333.15 K

Comparison of isothermal solubility data of CO2 in different
jonic liquids: «, [Sa22][TRN]; O, [deme][TfN]; 1,
[pmim][TEN]; A [amim][TfN]; and 1, [4mbp][BF4]; red, at
313.15 K; blue, at 323.15 K; and green, at 333.15 K. Lines
represent the estimations by the NRTL

Henry’s law constants for COzin [ 2 J[TfN],
[deme][TfN], [omim][TfN], [amim][TfN] and
[4mbp][BF4] at 313.15, 323.15 and333.15 K

Determining the Henry’s law constant for CO2 in

[ 222][TFaN]

Determining the enthalpy of absorption for CO2 in

[ 222][TFaN]

Determining the entropy of absorption for CO2 in
[S222][THN]

Determining the Henry’s law constant for CO2 in
[deme][TFN]

Determining the enthalpy of absorption for CO2 in
[deme][TFN]

Determining the entropy of absorption for C02 in
[deme][Tf2N]
Determining the Henry’s law constant for COz in
[pmim][Tf2N]
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FIGURE

Es  Determining the enthalpy of absorption for COz in
[pmim][Tf2N]

E9  Determining the entropy of absorption for CO2 in
[pmim] [TfiN]

E1I0  Determining the Henry’s law constant for COz in
[amim][TfN]

EIl  Determining the enthalpy of absorption for COz in
[amim][TfN]

E12  Determining the entropy of absorption for CO2 in
[amim][TfN]

E13  Determining the Henry’s law constant for COz in
[4mbp][BF4]

E14  Determining the enthalpy of absorption for CO2 in
[4mbp][BF4]

E15  Determining the entropy of absorption for CO2 in

[4mbp][BF4
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