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ABSTRACT 

A fundamental and systematic investigation on the potential application of hybrid 

mixtures {comprising of ionic liquid (IL) + MDEA} for CO2 removal has been 

presented. The binary mixtures of three imidazolium based ILs namely; 1-hexyl-3-

methylimidazolium tetrafluoroborate ([hmim][BF4]), 1-hexyl-3-methylimidazolium 

bis(trifluoromethylsulfonyl)imide ([hmim][Tf2N]), 1-hexyl-3-methylimidazolium 

tris(pentafluoroethyl)trifluorophosphate ([hmim][FAP]) with N-methyldiethanolamine 

(MDEA) were prepared and the CO2 solubility was measured in the pure solvents as 

well as in the binary mixtures at three temperatures (298.15, 313.15, 323.15) K and at 

eight different pressures (≤ 3000 kPa). Prior to CO2 solubility the basic 

thermophysical properties (ρ, η, nD, TGA) were established. The excess properties 

namely; excess molar volumes, viscosity and refractive index deviation were deduced 

from the measured physical properties. The effects of pressures, temperatures, 

concentrations, and anions on CO2 solubility were studied in detail. The temperature 

depended parameters of solubility namely; Henry’s constants, enthalpy, entropy were 

also deduced. The experimental CO2 solubility results were modelled with the help of 

Peng-Robinson (PR) and Soave-Redlich-Kwong (SRK) equations of states (EOS) 

with van der Waals (vdW) and Mathias-Klotz-Prausnitz (MK) mixing rules. The pure 

liquids and the selected binary mixtures which were once used for CO2 solubility 

were regenerated and used again to investigate their potential applicability for 

recycling. The PR EOS with MK mixing rule yielded good results in comparison to 

the PR-vdW, SRK-MK and SRK-vdW. The solvent regeneration studies validated the 

potential of these solvents for recycling purposes, as fresh and recycled solvents 

showed almost identical solubility values. The binary mixtures of ILs ([hmim][FAP], 

[hmim][Tf2N]) with MDEA exhibited lower values of CO2 solubility in comparison to 

pure ILs at all concentrations. The binary mixtures of IL ([hmim][BF4]) with MDEA 

at concentrations {1:4, 1:1 (molar ratio of IL to MDEA)} showed slightly higher 

values of absorption in comparison to the pure IL. The display of lower values of CO2 

solubility in the binary mixtures ([hmim][FAP]+MDEA, [hmim][Tf2N]+MDEA) and 

inappreciable enhancement in ([hmim][BF4] + MDEA) binary mixtures led to 
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investigate more binary {MDEA + ILs (other than [hmim][BF4], [hmim][FAP], 

[hmim][Tf2N])} and even ternary (IL + amine + water) mixtures for CO2 solubility. It 

was done to investigate that whether these mixtures display the same trend (decreased 

or substantially increased solubility) or show appreciably high CO2 solubility. The 

binary mixtures of ILs namely: bis(2-hydroxyethyl)ammonium acetate ([bheaa]), 1-

butyl-3-methylimidazolium tetrafluoroborate ([bmim][BF4]), 1-butyl-3-

methylimidazolium tris(pentafluoroethyl)trifluorophosphate ([bmim][FAP]), 1-butyl-

3-methylimidazolium bis(trifluoromethylsulfonyl)imide ([bmim][Tf2N]) with MDEA 

were used for CO2 solubility. The aqueous IL solutions used for CO2 solubility were 

comprised of the ILs: 1-ethyl-3-methylimidazolium 

tris(pentafluoroethyl)trifluorophosphate ([emim][FAP]), 1-ethyl-3-

methylimidazolium bis(trifluoromethylsulfonyl)imide ([emim][Tf2N]) with 

monoethanolamine (MEA) or diethanolamine (DEA). The same trends were observed 

for the case of binary mixtures that CO2 solubility decreased and in some cases 

increased substantially. The binary mixtures of ILs ([bmim][FAP], [bmim][Tf2N]) 

with MDEA showed lower values of solubility than pure ILs. The binary mixtures of 

ILs ([bmim][BF4], [bheaa]) with MDEA showed slightly higher values of solubility. 

The aqueous mixtures of ILs showed lower values of solubility than aqueous amine 

solutions. The addition of IL (at all concentrations) did not prove fruitful to aqueous 

amine solutions in terms of CO2 solubility. 

.
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ABSTRAK 

Sebuah kajian asas dan sistematik tentang potensi applikasi campuran hibrid (terdiri 

daripada cecair berion + MDEA) untuk penyingkiran CO2 telah ditunjukkan. 

Campuran binary tiga imidazolium berasaskan  ILs iaitu; 1-hexyl-3-

methylimidazolium tetrafluoroborate ([hmim][BF4]), 1-hexyl-3-methylimidazolium 

bis(trifluoromethylsulfonyl)imide ([hmim][Tf2N]), 1-hexyl-3-methylimidazolium 

tris(pentafluoroethyl)trifluorophosphate ([hmim][FAP]) dengan N-

methyldiethanolamine (MDEA) telah disediakan dan kelarutan  CO2 telah diukur di 

dalam pelarut tulen sebagaimana di dalam campuran binary pada tiga suhu (298.15, 

313.15, 323.15) K dan pada lapan tekanan yang berlainan (≤ 3000 kPa). Sebelum 

kepada kelarutan CO2  ciri-ciri termofizikal asas (ρ, η, nD, TGA) dibangunkan. Ciri-

ciri lebihan seperti; isipadu molar berlebihan, kelikatan dan sisihan indeks biasan 

telah disimpulkan daripada ciri-ciri fizikal yang diukur. Kesan tekanan,suhu, 

kepekatan dan anion pada kelarutan  CO2 telah dikaji secara terperinci. Parameter 

bergantungan suhu bagi kearutan iaitu; pemalar Henry, entalpi, entropi telah 

disimpulkan. Keputusan eksperimen kelarutan CO2 telah dimodelkan dengan bantuan 

persamaan keadaan Peng-Robinson (PR) dan Soave-Redlich-Kwong (SRK) dengan 

van der Waals dan Klotz-Prausnitz (MK) undang-undang campuran. Cecair asli dan 

campuran binary terpilih yang mana digunakan untuk kelarutan CO2 telah dijanakan 

dan digunakan kembali untuk mengkaji potensi aplikasi bagi kitar semula. PR EOS 

dengan undang-undang campuran MK menghasilkan keputusan yang bagus 

berbanding dengan  PR-vdW, SRK-MK dan SRK-vdW. Kajian penjanaan pelarut 

mengesahkan potensi pelarut bagi tujuan kitar semula, sebagaimana pelarut baru dan 

kitar semula menunjukkan nilai kelarutan yang hampir sama. Campuran binary ILs 

([hmim][FAP], [hmim][Tf2N]) dengan  MDEA menunjukkan nilai kelarutan CO2 

lebih rendah berbanding ILs asli pada kesemua kepekatan. Campuran binari IL 

([hmim][BF4]) dengan MDEA pada kepekatan  {1:4, 1:1 (ratio molar IL kepada 

MDEA)} menunjukkan nilai penyerapan yang sedikit tinggi berbanding IL asli. 

Paparan nilai kelarutan CO2 yang rendah dalam campuran binari 

([hmim][FAP]+MDEA, [hmim][Tf2N]+MDEA) dan peningkatan yang tidak ketara
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dalam campuran binari ([hmim][BF4] + MDEA) telah mendorong kepada kajian 

binari lain {MDEA + ILs (other than [hmim][BF4], [hmim][FAP], [hmim][Tf2N])} 

dan  campuran ternari sekata (IL + amine + air) bagi kelarutan CO2. Ia telah dilakukan 

bagi mengkaji samada campuran-campuran ini menunjukkan trend yang sama 

(penurunan atau peningkatan kelarutan yang ketara) atau menunjukkan kelarutan CO2 

yang tinggi yang ketara. Campuran binari bagi ILs iaitu: bis(2-

hydroxyethyl)ammonium acetate ([bheaa]), 1-butyl-3-methylimidazolium 

tetrafluoroborate ([bmim][BF4]), 1-butyl-3-methylimidazolium 

tris(pentafluoroethyl)trifluorophosphate ([bmim][FAP]), 1-butyl-3-

methylimidazolium bis(trifluoromethylsulfonyl)imide ([bmim][Tf2N]) with MDEA 

telah digunakan  bagi kelarutan CO2. Larutan akues IL yang digunakan untuk 

kelarutan CO2 terdiri daripada ILs: 1-ethyl-3-methylimidazolium 

tris(pentafluoroethyl)trifluorophosphate ([emim][FAP]), 1-ethyl-3-

methylimidazolium bis(trifluoromethylsulfonyl)imide ([emim][Tf2N]) dengan 

monoethanolamine (MEA) atau diethanolamine (DEA). Trend yang sama turut 

diperhatikan bagi kes campuran binari yang kelarutan CO2 menurun dan kes yang lain 

meningkat dengan ketaranya. Campuran binari ILs ([bmim][FAP], [bmim][Tf2N] 

dengan MDEA menunjukkan nilai kelarutan yang rendah berbanding ILs asli. 

Campuran binari ILs ([bmim][BF4], [bheaa]) dengan MDEA menunjukkan nilai 

kelarutan yang sedikit tinggi. Campuran akues ILs menunjukkan nilai yang rendah 

bagi kelarutan berbanding larutan akues amine. Penambahan IL (pada kesemua 

kepekatan) tidak membuktikan keberhasilan untuk larutan akues amine dalam terma 

kelarutan CO2. 
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