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       Abstract  
 

       Some  ionic liquids were investigated for abilities to capture CO2 

alone or with added some catalysts at room temperature under 

atmospheric pressure to increase the capacity of ionic liquids  to capture 

carbon dioxide gas  some catalysts were found effective such as :- 

 

        Hydrated aluminum nitrate/urea ionic liquid  with added CaO  and 

NaOH , monoethanolamine and  ammonium chloride were added to 

hydrated ammonium aluminum sulphate/urea ionic liquid did not show in 

FTIR sign of either physical or chemical absorption of CO2 . 

 

        The addition of  NaOHaq to hydrated  ammonium  aluminum  

sulphate/urea ionic liquid  showed a new vibration absorption  at 1666 

cm-1 and changing  the  frequencies in the amine group vibrational  bands 

 above 3000 cm-1 . While the distilled water when added to the ionic 

liquid hydrated ammonium aluminum sulphate/urea  showed a broaden 

effect on  the high  vibrational bands above 2500 cm-1 and the carbonyl  

group vibrational  band at 1662 cm-1 was not effected .                                 

          Calcium oxide was added to hydrated ammonium aluminum 

sulphate/urea showed a new  splitting  vibration  absorption bands at 1666 

cm-1 ,1618 cm-1 .                                                                                             

          Aluminum chloride-urea ionic liquid very effective to capture 

carbon dioxide gas without add any catalysts showed a chemical 

absorption of CO2 1655 cm-1 while aluminum chloride-acetamide showed 

weaker or no  ability to capture CO2 .                                                            
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Chapter One  

Introduction  

 

Historical background  1.1  

         Since  the beginning of  the industrial age in  eighteenth century,  the  

CO2  concentration   in  the  atmosphere  had increased  from  (280  to 390 

ppm) in  2010[1] . The increase of  the CO2 concentration in atmosphere 

influences the balance   of  incoming and outgoing energy in the atmosphere 

system, leading to the raise of average surface  temperature of earth. Thus, 

CO2 has often  been cited as the primary anthropogenic greenhouse gas 

(GHG) as well as the leading culprit in climate change. Although there are 

many  uncertainties , it is  beyond    all doubts that strategies to reduce CO2 

emissions are urgently required to minimize climate change [1,2] .CO2 capture 

from flue gas since 1978 , longer than any  other such plant in the world. 

CO2 is separated from flue  gas of a coal-fired boiler , which is used to 

produce electricity [3,4].                                                                                         

     The prospect  of  a  worsening  climatic situation due to global warming 

is a subject of widespread public concern with annual global   emissions  of  

 CO2 having  escalated  by  approximately  80 %   between  1970   and  

2004. This  drastic  rise  has   been attributed to  an increasing  dependence 

on the combustion of fossil fuels ( coal, petroleum, and natural gas which 

account for 86% of anthropogenic greenhouse gas emissions, the remainder 

arising  from  land  use change primarily  deforestation) and chemical 

processing [5-7].                                                                                                     
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          Carbon dioxide, CO2 ,  is one of the greenhouse gases and its 

atmospheric  concentration  had increased  at an annual rate of about  ( 2 

ppm )  , and  thus , the development  of  efficient CO2 capture technologies is 

essential for the future of carbon-based  energy [8-10].Therefore , there is  a 

growing  interest in developing technologies  for efficient  capture  and  

sequestration  of  large quantities of CO2. By far, a number of  CO2 capture 

technologies which   have  already  being   practiced  on  laboratory  scale  or 

industrially   are    processes     based   on   physisorption - chemisorption  ,  

membrane  separation  or  molecular  sieves, carbamation , amin physical 

absorption , amine dry scrubbing and mineral carbonation [11]. Amine-

functionalized ILs displayed high  absorption  capacities  toward CO2. The  

CO2  absorption capacities of the ILs increased with increasing pressure and 

decrease with increasing temperature [12].                                                            

 

Carbon dioxide capture by monoethanolamine1.2  

       The traditional technology for CO2 capture in industry is chemical 

adsorption by an aqueous solution of amine, which has some advantages 

such  as its  maturity , stable operation , good reactivity ,  and  high  capacity 
[12,13] . However , using aqueous amines  like monoethanolamine (MEA) CO2  

capture consumes almost  30% of the energy that is needed to run a power 

plant [14] ,  in addition  to  other   drawbacks   like  insufficient  CO2   capture  

capacity, high solvent losses caused by evaporation, degradation and poor 

thermal stability, as well as the equipment corrosion [15]. Therefore, 

developing the economical and energy efficient CO2 capture technologies is 

urgently need . An aqueous amine solution which reacts with the CO2 in the  
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gas by an acid-base neutralization reaction to form a soluble carbonate salt 

showed in scheme (1.1) [16]. 

 

RNH2 + CO2 + H2O→HCO3
- . RNH3

+  ………………..(1.2) 

  

 

       The amine used in this process is most commonly one of several 

alkanolamines including monoethanolamine (MEA), diethanolamine (DEA), 

methyldiethanolamine (MDEA), or diisopropanolamine (DIPA) [17]. 

 

 

Scheme (1.1): Mechanisms of an aqueous solution of amine for CO2 capture. 

 

         The concentration of MEA has to be limited to (15-30 ) wt % and  

this makes the CO2 capture and the solvent regeneration processes 

complicated and costly [18,19].   
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       One of the most commercially utilised technologies for CO2 recovery is 

the chemical absorption of CO2  by  aqueous  amine solutions which has 

been shown to have many disadvantages, for example ,the uptake of water 

into the gas stream requires an additional drying process . The evaporation of 

water increases the energy demand and cost of the procedure and the loss of 

volatile amines can cause  environmental pollution [19]. 

 
1.3 Room temperature ionic liquids RTILs   

       Room  temperature ionic  liquids  exhibit  many  interesting  properties:- 

extremely low vapor pressure, a broad range of liquid temperature, high 

thermal and chemical stability, tune able physicochemical characteristics. 

High intrinsic CO2 solubility , selectivity and huge chemical diversity [20]. 

 
         RTILs are liquid organic salts, which generally consist of an organic 

cation and either an inorganic or organic anion considered as designer 

solvents. The nature of the cation and the anion determine the physical and 

chemical properties of the ionic liquid. As a result of the existing dependence 

of properties on the nature of the constituent ions, it is possible to achieve 

specific properties by choosing the right combination of anion and cation. 

Using this tailoring process, functional  groups  can  be  added to the 

structure to provide a better performance of the RTIL when chemical 

reaction or specific affinity and selectivity are required [21]. 

      The discovery date of the "first" ionic liquid is disputed, along with the 

identity of its discoverer. Ethanol ammonium nitrate (m.p. 52-55 °C) was 

reported in 1888 by S. Gabriel and J. Weiner [22]. 
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       The first room-temperature ionic liquid in scheme (1.2) ethyl 

ammonium nitrate [C2H5NH3
 NO3

 ](m.p. 12 °C) was synthesized in 1914 [23] 

by Paul Walden, this organic salt already was a room temperature ionic 

liquid, but didn't prompt any significant interest at that time. This was 

surprising as this discovery brought out a new class of solvents. It took about 

two decades (1934) [24] before the next ionic liquid was presented to the 

public in a patent. In this patent it was claimed that certain organic salts have 

the ability to dissolve cellulose and alter its reactivity [24], later on, in 1948 

this ionic liquid was followed by chloroaluminate base ionic liquids [25], but 

interest did not develop until the discovery of binary ionic liquids were made 

from mixtures of aluminum(III) chloride and N-alkylpyridinium chloride [26] 

or 1,3-dialkylimidazolium chloride [27]. In general, ionic liquids consist of a 

salt where one or both the ions are large, and the cation has a low degree of 

symmetry. These factors tend to reduce the lattice energy of the crystalline 

form of the salt, and hence lower the melting point [28].  

 

 

Scheme (1.2):The first publication and first patent of ionic liquids [23,24]. 
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        Alkylpyridinium (RPy+) chloroaluminate based ionic liquids were first 

reported in the early 1950s [29] . However, the report by Wilkes and co-

workers [27] of 1,3-dialkylimidazolium-based chloroaluminate ionic liquids in 

scheme (1.3) , that possess favorable physical and electrochemical 

properties, provided the impetus for a dramatic increase in activity in this 

area [30] by Chauvin and co-workers [31] . 

       Ionic liquids come in two main categories, namely simple salts (made of 

a single anion and cation) and binary ionic liquids (salts where an 

equilibrium is involved). For example, [EtNH3][NO3] is a simple salt 

whereas mixtures of aluminum(III) chloride and 1,3-dialkylimidazolium 

chlorides (a binary ionic liquid system) contain several different ionic 

species, and their melting point and properties depend upon the mole 

fractions of the aluminum(III) chloride and 1,3-dialkylimidazolium chloride 

present .  

 

 

Scheme (1.3): Examples of simple room-temperature ionic liquid[21]. 
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      Ionic liquid was published by Parshall in 1972 [32] , but other scientists 

had chosen to focus more on their electrochemical properties like  Swain and  

co-workers [33]. they used tetraalkylammonium ionic liquid to describe 

kinetic and electrochemical effects. In 1975 the Osteryoung [26] group and 

Gilbert co-workers [34]  studied the physical properties of pyridinium-based 

chloroaluminate ionic liquid , an ionic liquid that raised hope to be 

applicable in batteries, especially by the United States air force. This hope 

had to be abandoned due to the easy reducibility of the pyridinium moiety, a 

real constraint for application in batteries. The chemical behavior of Franklin 

acidic chloroaluminate(III) ionic liquids (where X(AlCl3) > 0.50) is that of a 

powerful Lewis acid. As might be expected, it promotes reactions that are 

conventionally promoted by aluminum(III) chloride, without suffering the 

disadvantage of the low solubility of aluminum(III) chloride in many 

solvents. Indeed, chloroaluminate(III) ionic liquids are exceptionally 

powerful solvents, being able to dissolve kerogen [35] , C60 and many 

polymers [36] . The preparation of these ionic liquids is straightforward . 

Simply by mixing the appropriate organic halide salt with aluminum(III) 

chloride results in the two solids melting together to form the ionic liquid. 

However, this synthesis must be performed in an inert atmosphere [37] . 

      The stable room temperature ionic liquids (RTILs) 1-n-butyl-3-

methylimidazolium tetrafluoroborate (BMI.BF4), hexafluorophosphate 

(BMI.PF6) and their analogues has begun in the middle of the 1990s a 

renaissance of the rich chemistry of molten salts and continued to flourish. 

1,3-Dialkylimidazolium cations associated with relatively weak coordinating 

anions such as tetrafluoroborate, hexafluorophosphate, trifluoromethane 

sulphonate which  are compounds with unique physical-chemical properties: 

they are liquids over a large range of temperatures (down to -80 °C), possess  
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 high thermal and chemical stability, large electrochemical window (up 7V), 

high density, relatively low viscosity and negligible vapor pressure [38]. 

      Another important property that changes with structure is the miscibility 

of water in these ionic liquids. For example, 1-alkyl-3-methylimidazolium 

tetrafluoroborate salts are miscible with water at 25 °C where the alkyl chain 

length is less than 6, but when C ≥ 6 carbon atoms in the alkyl, they form a 

separate phase when mixed with water [37]. 

         In 1992 the first of the new ionic liquids, [emim]- [BF4], was prepared 

via metathesis of [emim]I with Ag[BF4] in methanol [42]  . This salt  has a 

melting point of 12 °C and may be prepared considerably more cheaply 

using [NH4][BF4] in acetone [39] . This ease of preparation, together with its 

relative moisture stability and its immiscibility with a number of organic 

solvents is leads to  increasing use in biphasic catalysis . The preparation of 

[emim][PF6] shortly followed; this time it was prepared by reaction of 

[emim]Cl with HPF6 
[40] , its  melting point is  60 °C, which makes it slightly 

less attractive than the [BF4] - salt, if room temperature working is desired . 

            Since then , thiocyanate, nonafluorobutanesulphonate , 

bis((trifluoromethyl)sulphonyl) imide , 

tris((trifluoromethyl)sulphonyl)methide , trifluoroacetate , and 

heptafluorobutanoate  salts have all been prepared by metathesis reactions  

[41-43] .  These metathesis reactions are good candidates for those preparing 

new ionic liquids for the first time. However, they can leave the ionic liquids 

contaminated with a small amount of halide ions that may react with solute 

materials [44] .  
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         Other ionic liquids are made by the quarternerization of the appropriate 

amine. This has been used to prepare a number of 1-alkyl-3-

methylimidazolium trifluoromethanesulphonate salts. Methyl triflate is 

reacted with a stoichiometric amount of the 1-alkylimidazole in 1,1,1-

trichloromethane. Since the methyl triflate is sensitive to moisture, the 

reaction must be carried out under anhydrous conditions.  

         Ionic liquids with acidic counterions like in 1-hexyl-3-methyl-

imidazolium hydrogen sulphate ([hmim][HSO4]) , 1-butyl-3-methyl- 

imidazolium dihydogen phosphate ([bmim][H2PO4]) , 1-[2-(2-hydroxy-

ethoxy)ethyl]-3-methyl-imidazolium hydrogen sulphate ([heemim][HSO4])  

and 1-butyl-3- methyl-imidazolium chloroaluminate ([bmim]Cl . 2AlCl3)  

can be used as good acid catalysts[30]. 

        Abbott and co-workers [45] prepared a new class of air and moisture 

stable ionic liquids based on choline chloride, a green chemistry of such 

ionic liquids were demonstrated particularly in the metal process such as 

metal winding coating, this process offered much safer conditions and good 

quality for the manufacture . 

       Different types of choline chloride based ionic liquids with metal 

chlorides ( hydrated or anhydrous) were synthesized and each could be used 

in particularly for their constituent, metal coating such as chrome, nickel, 

copper, zinc ….etc [46,47]  .  

        Development of chloroaluminate was not halted at replacing the 

imidazolium or pyridinium by the less sensitive boron tetrafluoride or 

phosphate hexafluoride ions.  

        



Introduction                                                              Chapter one 

 

10 
  

 

       New ionic liquids based on aluminum chloride when it combined with 

either urea or acetamide or trimethyl urea were prepared by Abood and co-

workers[48]. These ionic liquids are much stable than chloroaluminate ionic 

liquids, offering relatively cheaper, easily prepared ionic liquids with 

promising similar properties in at least its catalytic properties for organic 

reactions and aluminum metal coating on copper substrate . 

         Another  type of ionic liquids were prepared from alum sulfate instead 

of alum chloride for its ease of handling, cheaper, greener and availability of 

these compounds in variable industrial applications such as water 

purification. Alum of the type Al2(SO4)3.XH2O, AlNH4(SO4)2.XH2O and 

AlK(SO4)2.XH2O with urea or acetamide offered  room temperature ionic 

liquids  with highly moisture and air stable characterization.  This is a green 

ionic liquid as it was expected to be used in variable process such as metal 

coating since it offers  good media for some insoluble compounds in aqueous 

media to  dissolve easily this ionic liquid such as silver sulphate [49] .  

      There are many ways to prepare different types of ionic liquids such as: 

1- Metathesis reactions: which are good candidates for the preparing of new 

ionic liquids for the first time. However, they can leave the ionic liquids 

contaminated with a small amount of halide ions that may react with solute 

materials [50] . 

        [EMIM]I + Ag[BF4]  →   [EMIM][BF4] + AgI    at (12°C ) 
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2- Acid-base neutralization reaction: tetraalkylammonium sulphonates have 

been prepared by mixing equimolar amounts of the sulphonic acid and the 

tetraalkylammonium hydroxide, the excess water was removed in vacuum  

[50] . 

         RSO3H + [R4N] [OH] → [R4N] [RSO3] + H2O 

 

3- The final method  is  the direct combination of a halide salt with a metal 

halide [50], such as: 

        AlCl3 + [EMIM]Cl → [EMIM]+  +  AlCl4
- (basic part) 

        Using a large  amount of  AlCl3  gives  [Al2Cl7 ]
-, this considered as 

(acidic part) , and add excess from AlCl3 gives [Al3Cl10]
-, this reaction must 

occur  in dry and high purity conditions . 

-Another example for this type of reaction is: 

      Cholin chloride + urea → [cholin chloride] [urea] 

1.4 Room temperature ionic liquids used for carbon dioxide capture 

       Many room temperature ionic liquids were investigated as potential 

absorbents for CO2 capture . 

      Ferguson and Scovazzo [51]  showed  that imidazolium and phosphonium-

based ILs have similar solubilities for several gases, while Anthony and co-

workers [52] suggested that the nature of the anion has the most significant 

influence on the gas solubility. Hutchings and co-workers  [53] have reported 

that, at subcritical temperatures, several phosphonium ionic liquids would 

completely dissolve as soon as all the CO2 condensed and that the isopleths 

for these systems follow the vapor pressure curve of the pure CO2.  



Introduction                                                              Chapter one 

 

12 
  

 

        Rhone-Poulenc  used a tetrabutylphosphonium chloride to stabilize 

zero-valent palladium catalysts for carbonylation [54] . Eastman Chemical 

Company used a Lewis basic phosphonium iodide ionic liquid along with a 

Lewis acid catalyst for the isomeration of 3,4-epoxybut-1-ene to 2,5-

dihydrofuran [55].  

         Trihexyltetradecylphosphonium chloride , [THTDP][Cl] , and 

trihexyltetradecylphosphonium bis(trifluoromethylsulphonyl)imide 

[THTDP][NTf2], ionic liquids were chosen for CO2 capture . The structure of 

the phosphonium cation minimizes any specific interactions between the IL 

cation and the carbon dioxide. Furthermore, the chloride anion of the 

[THTDP][Cl]  allows  also  to minimize any  anion  interaction  with the CO2
 

[56] .  

           1-ethyl-3-methylimidazoliumbis(trifluoromethylsulphonyl)imide 

([C2mim][Tf2N])  and 1-methyl-3-pentyl-imidazolium bis(trifluoromethyl -   

-sulphonyl)imide ([C5mim][Tf2N]) were studied to investigate the CO2 

solubility in ionic liquids.  

The ionic liquids ; 1-n-butyl-3-methylimidazolium tetrafluoroborate, 

[bmim] [BF4]2 and 1-n-butyl-3-methylimidazolium dicyanamide, 

[bmim] [DCA]2 were used for CO2 solubility [57] .  

       The Tf2N anion-based ILs 1-ethyl-3-methylimidazolium 

bis(trifluoromethylsulphonyl)imide ([C2mim][Tf2N]) , 1-methyl-3-pentyl-

imidazolium bis(trifluoromethylsulphonyl)imide ([C5mim][Tf2N]) were the 

ones presenting the highest CO2 solubility .[58]  
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          The CO2 solubility into  different room temperature ionic liquids 

(RTILs) was measured at temperatures between (298 - 343 K) and pressures 

up to about (1 MPa) . A chemical enhancement of the CO2 absorption was 

observed when functionalized RTILs were used as absorption solvents. It 

was possible to increase the ionic liquid volumetric gas load almost threefold 

by attaching functional groups to the ionic liquid, whereas for the traditional 

amine solutions the maximum gas load is stoichiometrically limited [57]. 

1.5 Mechanisms of ILs for CO2 capture 

 
        Ionic liquids for CO2 capture requires an appropriate knowledge of the 

mechanisms involved in the gas absorption, both in the case of physical 

absorption or chemical reaction, and of the relations between the molecular 

structure and the properties of the ionic liquids the absorption of CO2 in the 

amine-functionalized ILs could be described as a chemical process . In this 

context, systematic studies of different families of ionic liquids have only a 

limited utility. The careful choice of the ionic liquids and the properties to 

study, with the aim of building up a profound knowledge of the molecular 

features responsible  for the behaviors found , seem to be the way to proceed  

in order to find ionic liquids appropriate for carbon dioxide selective 

absorption [59]. 

      A series of amine-functionalized imidazolium cation-based ionic liquids 

(ILs) with different anions were synthesized  to be potential absorbents for 

CO2 capture .The absorption capacities of the ILs for CO2 were investigated 

at (30  and 50 °C)  at ambient pressures (0-1.6 bar).  
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Fig. (1.1) : FTIR spectra of each IL, (a) before CO2 absorption, (b) after CO2 

absorption[60]. 

 

       Spectrum of the CO2 as shown in Fig.(1.1) treated material manifests  a  

new  absorption  at  1666  cm-1  ,   consistent   with a carbamate C=O stretch , 

it has characteristic peaks of dissolved CO2 at 2380 and 2400 cm-1  . 

Centered at 3238 cm-1 a broad amide N-H band with considerable fine 

structure is  present. Another broad , but similarly notable new band is 

centered around 3623 cm-1 is assigned as an ammonium N-H stretch. 

Perhaps equally noteworthy is the virtual absence of bands associated with 

dissolved CO2 
[61-63] . 
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     The CO2 absorption results and detailed study indicated the 

predominance of a 1:2 mechanism, whereby the CO2 reacted with two IL 

molecules to form a carbamate group for example as shown in scheme (1.4). 

The CO2 absorption capacity of the ILs toward each anion followed the 

trend: . BF4
- < DCA- < PF6

- < TfO- < Tf2 N
- .The as-synthesized ILs were 

selective, thermally stable, provided long-lived operational stability, could be 

recycled at 70 °C or under vacuum conditions, and could be used repeatedly 
[60].  

 

 
 

Scheme (1.4) : The reacted CO2 with two IL molecules to form a carbamate group 

[60]. 
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1.5.1 Designer solvents 

 
     Ionic liquids can be modified, for example, by changing the size of their 

side chains or by adding different functional groups, allowing the synthesis 

of a huge number of ionic liquids. By controlling these modifications on the  

ions , it  is possible  to  control  certain  physico - chemical  properties of 

ionic Liquids . For example, properties like melting point, viscosity, density  

or hydrophobicity can be controlled by adjusting the structure of the ions that 

constitute an ionic liquid . For this reason , ionic liquids  have been regarded  

as “designer solvents”, because they can be precisely designed for a specific  

application . Because of the mentioned advantages associated with certain 

properties of  ionic  liquids , this  class  of  solvents  has  been the subject  

of different areas of investigation in the recent years. For instance, ionic 

liquids have been studied for applications like chemical synthesis, catalysis, 

analytical chemistry, electrochemistry, liquid-liquid extraction or 

biotechnology [64-66]. 

 
1.5.2 Task-specific ionic liquids (TSILs) 

 
     Ionic liquids (low-temperature molten salts) have been proposed as 

solvent reagents for gas separations [67,68]. Due to the Coulombic attraction 

between the ions of these liquids, they exhibit no measurable vapor pressure 

up to their thermal decomposition point, generally >300 °C. This lack of 

vapor  pressure  makes  these  materials  highly attractive for gas processing.  

Indeed, for these purposes they may be thought of as “liquid solids”, 

incorporating some of the most useful physical properties of both phases. 

Despite the general promise of ionic liquids (IL) in gas treatment, the molten 

salts used so far for CO2 separation are generally “off the shelf” materials  
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such as (CH3)4NF.4H2O that are not optimized for this purpose, frequently 

depending  upon  another  volatile  reagent - water- to function [69,70] . For  

instance the very weakly basic bi-fluoride ion to drive the net generation of 

bicarbonate from CO2 and water. In this light, the development of new ionic  

liquids designed for CO2 capture is clearly desirable . Recent work suggests 

that the chances for preparing a broad array of ionic liquids with ions 

incorporating  functional  groups  are  rather  good [71].  Moreover , certain of  

these new “task-specific” ionic liquids have proven useful in both synthetic 

and separations applications [72 ,73].  

 
      The cation of a new task-specific ionic liquid consists of an imidazolium 

ion to which a primary amine moiety is covalently tethered. This novel salt 

readily and reversibly sequesters CO2 .  

 
      Task-specific ionic liquids (TSILs) containing amine functional groups 

have been synthesized and demonstrated to have much higher capacities for 

CO2 due to their reactivity with CO2, as well unusually high viscosities in 

both the neat and complexed states. 

 
         Semiquantitative estimates of the cation and anion self-diffusion 

coefficients and rotational time constants, as well as detailed hydrogen bond 

analysis, are consistent with the experimentally observed formation of glassy 

or gel-like materials upon contact with CO2. This has significant implications 

for the design of new approaches or materials involving ILs that take 

advantage of these preconceived limitations in the synthesis or manipulation 

of new TSIL frameworks for CO2 capture, and in novel experimental studies 

of chemistries and dynamics in persistent heterogeneous environments [74]. 
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1.6 Measurments of gas solubility   

     There are many experimental techniques to measure gas some 

which are :- 

 
1.6.1 The stoichiometric technique:- 

 
     It is the simplest method to measure gas solubility  can be done either at 

constant pressure or with a constant volume of gas. For the constant pressure 

technique a given mass of ionic liquid is contacted with the gas at fixed 

pressure. The liquid is stirred vigorously to enhance mass transfer and allow 

approach to equilibrium. The total volume of gas delivered to the system is 

used to determine the solubility. For the constant volume technique a known 

volume of gas is contacted with the stirred ionic liquid sample. Once 

equilibrium is reached , the pressure is noted and the solubility is determined 

as before. 

    
       The advantage of this technique is that ;  it is extremely simple. Care 

has to be taken to remove all gases dissolved in the ionic liquid sample 

initially, but this is easily accomplished because one does not have to worry 

about volatilization of the ionic liquid sample. 

 
      The disadvantage of this technique is that it requires relatively large 

amounts of ionic liquid to get accurate measurements for gases that are only 

sparingly soluble [75]. 
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1.6.2  The gravimetric technique   

 
      The gravimetric technique involves the measurement of the weight gain 

of an ionic liquid sample when gases are introduced into a sample chamber 

at a given pressure . The main advantage of this  technique , it requires a 

much smaller sample than the stoichiometric technique. There are two main 

disadvantages for  this technique . First , the sample is placed in a static 

sample container there is no possibility of stirring. Thus , equilibrium is 

reached solely by diffusion of the gas into the ionic liquid sample. For the 

more viscous samples this can require equilibration times of as much as 

several hours . Second, the weight gain must be corrected for the buoyancy 

of the sample in order to determine the  actual gas   solubility [76]. 

 

1.6.3  spectroscopic technique  

 
     Various spectroscopic techniques can also be used to measure gas 

solubilities in ionic liquids. For instance, Welton and co-workers have used 

proton NMR spectroscopy [77] to determine the solubility of hydrogen in a 

series of ionic liquids. Since hydrogen exhibits low solubility in ionic liquids 

and has such a low molecular weight, it is difficult to measure 

gravimetrically or by any of the stoichiometric techniques. As a result, it is 

particularly well suited to determination by spectroscopy. In addition, 

Kasarian and co-workers have measured CO2  solubility by infrared 

spectroscopy . In  general ,  spectroscopic techniques are  quite attractive , as  

long as extinction coefficients do not vary significantly with temperature and 

pressure, since they can be performed [78]. 
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1.6.4  Gas chromatography 

    
       This technique has been used to measure the infinite dilution activity 

coefficients of a wide variety of liquid solutes in ionic liquids and could 

conceivably be used to get the infinite dilution activity coefficients of 

condensable gases, as well. This technique would work for condensable 

gases that are retained by the ionic liquid more strongly than the carrier gas 

(usually helium), which may well be the case for many of the alkanes and 

alkenes of interest [79-83] . 

 
1.7 CO2  solubility in ionic liquids 

 
       CO2 solubility is of a particular importance due to its use in industrial 

mixtures and its significance for green engineering. CO2 has one of the 

highest solubilities in ionic liquids and most solubility measurement 

techniques can quantify CO2 sorption. The ionic liquids  appearing most 

often include [BMIM][PF6] and [BMIM][BF4]
 [84]. Unfortunately 

,[BMIM][PF6] is particular concern as it degrades to HF in the presence of 

water . Products which result from this degradation can also affect the 

solubility  measurement . The published  solubility  results include  both  

high  and  low pressure measurements that utilize numerous apparatus based 

on gravimetric, stoichiometric, and spectroscopic techniques [85-86]. 

 
1.7.1 Low –pressure CO2 solubility  

 
         The ability to ʺtuneʺ ionic liquid properties has led to an increase in 

the number of ionic liquids synthesized in recent years. There are several 

trends that appear in the CO2 solubility [87]. The first is that the influence of 

changing the anion is much larger than making changes in the cation.  
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Secondly, the substitution of a methyl group on the C2 carbon of the 

imidazolium ring does not largely affect the solubility at low pressure [88,89].  

 
1.7.2 High –pressure CO2 solubility  

 
       High pressure CO2 gas solubility in ionic liquids is of a particular 

interest for supercritical CO2 extraction and biphasic reactions. Many groups 

have published phase behavior which was needed to design extraction and 

reaction processes necessary for these applications [90-93] . The imidazolium 

ionic liquids helped to study  the majority of ionic liquids  with very few 

exceptions. Results from the imidazolium ionic liquids suggest that the 

solubility of CO2 is strongly dependent on the choice of anion ,with the 

solubility  increasing  with  increasing  fluorination on the anion . The cation  

also affects solubility with increasing alkyl chain length marginally 

increasing its CO2 solubility [94]. 

 
1.8 carbon dioxide capture storage (CCS) 

 
          Fossil fuels will continue to play an important role in the foreseeable 

future, mainly in power generation and industrial manufacturing. The 

burning of these fossil fuels releases large amounts of CO2 into the 

atmosphere; this disturbs the carbon balance of our planet which has been 

steady over hundreds  millions of years. Although anthropogenic CO2 

emissions are relatively small compared to the natural carbon fluxes, such as 

photosynthetic fluxes, the increased release has had obvious influences on 

the global climate in a very short period of time  . Since the beginning of the 

industrial age in ca. 1750, the CO2 concentration in atmosphere has increased  

(Fig. 1.2) [95] . The increase of the CO2 concentration in atmosphere 

influences the balance of incoming and outgoing energy in the  
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atmosphere system, leading to the raise of average surface temperature of 

earth[96].  

      The ultimate goal of a green society will only be achieved when the  

dependence on fossil fuels is relinquish in favor of clean energy sources such 

as hydrogen fuel or solar energy. In the interim period to a low-carbon 

society, however, it is imperative to reduce anthropogenic CO2 emission . 

The estimation from the Intergovernmental Panel on Climate Change (IPCC) 

has shown that CO2 emissions could be reduced by 80-90% for a modern 

power plant that is equipped with suitable carbon dioxide capture and storage  

(CCS)  technologies  [97]  .  The  use  of  CCS will also  complement  other  

crucial strategies, such as switching to less carbon fuels, improving energy 

efficiency, and phasing in the use of renewable energy resources [95]. 

 

  

Fig. (1.2) : Atmospheric CO2 concentration during 1958-2010 (at Mauna Loa 

Observatory), showing the continuing and accelerating increase of CO2 in 

atmosphere [95] . 
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(CCS) arbon dioxide capture storagecThe process  1.9  

      CCS is a three-step process including CO2 capture, a process consisting 

of separating CO2 from other emissions before it enters the atmosphere; CO2 

transportation to a storage site; and its permanent storage. The transportation 

and storage of CO2 are relatively mature technologies and a growing number 

of fully integrated CCS projects have reached the pilot-stage prior to 

commercialization [98]. However, the considerable cost of capture, 

approximately two thirds of the total cost for CCS (primarily separating CO2  

from other gases), is slowing down the deployment of commercial CCS 

projects. In the majority of the proposed technologies, one significant 

contributor to lower cost is the maximum separation efficiency that can be 

achieved by a given capture material. Thus, the discovery of new materials 

with high separation ability becomes one of the biggest challenges. Several 

monographs have been published on this topic, where basic knowledge, 

progress , and  perspective  for  CCS  were presented by experts in this  field 
[96-98]. 

capture 2methods and materials in COTechnologies ,  1.10 

         Exploring cost-effective , scalable technologies and methods for CO2 

capture from power generation and industrial operation where CO2 is 

produced on the combustion of fossil fuels are regarded as the most effective 

strategies  in  controlling  anthropogenic  CO2  emissions .  Depending  on   

the generation of CO2 , several capture options and tendentious technologies 

have been suggested and implemented [99].  

     Generally, based on the fundamental chemical process  involved  in  the 

combustion of fossil fuels, three basic CO2 separation and capture options 

were adopted [99-101]:- 
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(1) Pre-combustion capture; 

 (2) Oxy-fuel combustion 

 (3) Post-combustion capture . 

     As an example, the three options for CO2 capture from power generation 

plants are illustrated  in scheme (1.5).                                                           

  

Scheme (1.5) : Three options for CO2 capture from power generation plants [101] .      

                                                                                                      

         Pre-combustion capture involves the reaction of a primary fuel with 

oxygen or air to produce H2. In some cases the produced gas mixture is 

mainly composed of CO and H2, which is known as synthesis gas (syngas). 

The CO formed is further reacted with steam in a catalytic reactor, called a 

shift converter, to give CO2 and more H2.The separation of CO2 and H2 then 
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can be achieved by a number of technologies. Pre-combustion has the 

advantage of lower energy requirements, but the temperature  and  efficiency  

associated with H2-rich gas turbine fuel is a big problem. More challenging 

issues are the enormous capital cost and the public resistance for new 

construction [99]. 

 
         Oxy-fuel combustion has the stringent requirement of nearly pure 

oxygen, rather than air, for the combustion of fuels; the advantage here being 

that the gaseous product is nearly pure CO2, which can be directly stored. 

The drawback of this option is the requirement of pure oxygen, which can 

usually be obtained by the separation of air or by other novel techniques that 

are available. However, the conventional cryogenic air separation to produce 

O2 contributes to the high capital cost for this option[100]. 

 
        Post-combustion capture requires removing CO2 from flue gas, 

comprised mainly of N2 and CO2, before emission into the atmosphere. Post-

combustion capture is the most feasible on a short time scale because many 

of   the  proposed   technologies  can  be   retrofitted   to  existing  fossil  fuel  

consuming power plants. One such new approach involves also using cooled 

and CO2-rich flue gases to feed bioreactors to produce micro algal biomass 

that would be used as a biofuel. An additional advantage of post-combustion 

capture is that even if when the CO2 capture unit is shut down for an 

emergency, one can still generate electricity, which is not possible with the  

other more integrated capture methods. Post combustion methods have been 

deployed  commercially , primarily  for  the removal  of minor  contaminants  

such as Hg and SOx/NOx gas, but the materials for the CO2 separation 

require modification, especially those with high preparation and regeneration 

costs [101]. 
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      A further advantage of developing CO2 separation techniques is their 

application in the purification of natural gas (mainly CH4), which is typically 

soured with over 40% CO2 and N2 and is only useable at low concentrations 

of CO2. One of the challenges in this separation is the special technologies 

and materials that are required to withstand the high pressures that are 

present during the mining of natural gas . Scheme (1.5) [102]   illustrates  the  

technologies  and  method  usually used in CO2 separation  in each case, 

except focryogenic separation, different materials are required as the carriers. 

Absorption (i.e. solvent scrubbing) is a well-established CO2 separation 

approach used in the chemical and petroleum industries today [103].                  

        Absorption falls into two categories: (1) physical, which is temperature 

and pressure dependent (absorption occurs at high pressures and low 

temperatures) and (2) chemical where absorption of CO2 depends on the 

acid–base neutralization reaction(in this case caustic solvents are required). 

         Some of the preferred solvents are amines (such as 

monoethanolamine), ammonia solutions, Selexol, Rectisol, and fluorinated 

solvents. The most recent addition is ionic liquids which have exhibited great 

potential in absorption of CO2 and are also environmentally benign [104].         
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Scheme (1.6) : Different technologies and associated materials for CO2 separation 

and capture [102] .                                       

        Cryogenic distillation uses a principle of separation based on cooling 

and condensation, and has been used in liquid separations for a long time. 

This technique is theoretically sound for CO2 separation, however, the 

considerable energy demand deems it unreasonable for practical application. 

This method is more effective when the gas stream contains high CO2 

concentration and it can be adopted in oxygen production for oxyfuel 

combustion. It is presently the most widely used system for the large-scale 

production of O2 from the separation of air. 
 

       Membrane-based separation is based on the differences in physical 

and/or chemical interactions between gases and the membrane material, 

which can be modified to allow some components to pass preferentially 

through the membrane based on size (kinetic) and/or affinity  
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(thermodynamics). Membranes have great potential in CO2/H2 separation in 

pre-combustion  capture  and  post-combustion CO2/N2  separation . A wide  

variety of different membrane materials and processes are available, some of 

which already on an industrial scale, and potentially applicable in CO2 

separation. The performance and associated cost of these membrane-based 

technologies in large scale CO2 capture mainly relies on the membrane 

materials themselves. Inorganic ceramic membranes and organic polymeric 

membranes have been used in CO2 separation from flue gas in post-

combustion. However, reaching a high degree of CO2 separation by using 

single-stage ceramic or polymeric membrane is difficult as of yet (although it 

is feasible in terms of cost). New materials are still required to achieve the 

desired effectiveness in CO2 separation by membranes [105]. 

 
     Gas separation based on adsorption has been well developed, in which 

the selection of a sound adsorbent is the key for specific separation. 

Although materials for gas adsorptive separation have been established and a 

diverse range of useful sorbents are available for CO2 separation, there is still 

plenty of room to optimize the performance of these materials and 

investigate a wider range of new sorbents. These adsorbents can then be 

combined with a broad range of process options yielding a fertile field for 

the optimization of separation performance. Conventional solid adsorbents 

include activated carbons, silica gel, ion-exchange resins, zeolites, and meso-

porous silicates, activated alumina, metal oxides, and other surface-modified  

porous media. In recent years, a few  new adsorbents such as carbon fibres 

and their composites as well as  metal-organic frameworks have been 

developed for gas separation [106]. 
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         A recent review has comprehensively described the adsorbent 

materials for CO2 capture from large anthropogenic point sources . 

Depending on the regeneration methods, several adsorption processes can 

been adopted to achieve CO2 separation, including [107]:-                                  

(1) Vacuum and pressure swing adsorption (VSA and PSA)                          

(2) Temperature swing adsorption (TSA)                                                       

(3) Electric swing adsorption (ESA)                                                              

(4) Simulated moving bed (SMB)   

(5) Purge displacement [107]  .  

      A part from physical and chemical methods mentioned before, 

biological methods have also been proposed for CO2 separation [105 -107]. 

Algal bio-fixation of CO2 in photo-bioreactors has, for example, recently 

gained great interest in CO2 capture. In addition, attempts using 

chemoautotrophic microorganisms which use inorganic chemicals instead of 

light energy for CO2 removal have also been investigated [105 -108]. It is 

evident that the progress and achievement of almost all of these technologies 

relies heavily on the development of materials. The challenges that arise in 

the development of these materials and techniques lies in being able to 

transfer the technology from the lab to the harsh conditions that it will be 

subjected to while maximizing efficiency and minimizing costs[108].               

 capture 2Advances and challenges in CO  1.11 

          CCS is a fast growing field of research and a broad range of 

technologies are being explored and developed on a daily basis.  Few 

technologies have already reached the deployment stage, but most require  
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further improvements to the technical capabilities and reduction in the 

associated costs. 

        
        The most mature technology, post-combustion amine absorption, has 

been employed in industry for a long time. Simultaneously, a number of 

materials are available for different technologies and some new materials are 

emerging. However, the commercialization of any one these technologies 

still faces substantial challenges not only in the final technological and 

processes aspects but also in the capabilities of the capture materials 

themselves [109]. 

 
           Up to date, three options have developed to a stage commercially 

viable, namely post-combustion CO2 capture using amine solvents based on 

chemical absorption, oxyfuel combustion, and calcium looping. The 

membrane-based separation and adsorption of CO2 into advanced sorbents, 

such as zeolites and metal-organic frameworks (MOFs), have become 

intense research subjects in the last ten years. Tuning the properties of 

traditional adsorbents can be quite challenging which is why these new, 

advanced sorbents have become such a hot topic. Since separation is a 

combination of a kinetic (diffusion selectivity) and a thermodynamic 

(adsorption) properties, the materials of tomorrow will have to account for 

both the size and electronic properties of the gas molecules. 

 
       The relatively small difference in kinetic diameters between CO2 

(3.30A˚ ), CH4 (3.76A˚ ), and N2 (3.64A˚ ) makes exclusion based purely on 

size very challenging, but the differences in electronic properties such as 

quadru polar moment and polarization can be used to accomplish the tasks at 

hand [110]. 
 



Introduction                                                              Chapter one 

 

31 
  

   
        Challenges and shortcomings in terms of the three basic capture 

options for CO2 are outlined briefly below. For pre-combustion capture [111] :- 

 
(1) Poor availability and operability is the primary deficiency; 

(2) No single process is responsible for the overall operational performance; 

(3) High cost remains 

(4) Systems are not mature for large-scale application. 

  
For oxy-fuel combustion capture:  

 
(1) The technology is only at a developmental stage without commercial 

experience. 

(2) The air-separation that supplies pure oxygen consumes a lot of energy. 

 

For post-combustion capture: 

 
(1) Low pressure and dilute CO2 concentration of the flue gas requires a 

high volume of gas to be treated. 

(2) Compression of the captured CO2 requires additional energy. 

(3) The regeneration of the sorbent (the amine solution) requires a high 

energy input. Most of these problems can be solve with the implementation 

of advanced  Materials.                                                                                        

         
          The three basic technologies for CO2 separation: (absorption, 

adsorption, and membrane processes), have been extensively studied, using 

the amine-based absorption process as the current bench mark . Despite the 

intensive investigation, however, no single technology has been 

demonstrated to be capable of meeting the requirements set by the 

DOE/NETL: 90% CO2 capture at less than  35% increase in the cost of  
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electricity  [111]. In almost all absorption and chemical adsorption processes, 

the capture and separation steps consist of the formation of CO2-based 

molecular complexes via chemical interactions and subsequent regeneration 

of CO2 through significant increases in temperature. 

 
       This regeneration accounts for the majority of the parasitic power 

requirement [112]. There is therefore a critical need to develop transformative 

CO2 capture materials and processes that can drastically lower the operation 

cost by addressing the regeneration cost. In this regard ,CO2 capture by 

physical sorbents and membranes can provide promising energy-efficient 

alternatives to the current amine-based absorption systems if the following 

challenges can be addressed. 

 
         Membrane-based CO2 separation is one of the most energy efficient 

ways to capture CO2 
[112]. However, the traditional polymer membranes 

suffer from low CO2/N2 selectivity (less than 100). For the membrane-based 

separation to be commercially a viable, the CO2/N2 selectivity must be in the 

range of 200 [113]. Despite the potential of molecular sieve membranes, 

conventional molecular sieves (i.e. zeolites) are limited for their use for 

CO2/N2 separation due to the similarity of the kinetic diameters of CO2 

(3.3A˚ ) and N2 (3.64A˚ ). Therefore, it is highly desirable to develop 

advanced molecular sieve membranes with high CO2/N2 selectivity. 

 
Thermogravimetric Analysis (TGA) 1.12  

      Thermal Analysis (TA) is a group of techniques that study the change in 

mass  properties  of materials  with temperature change [114] .                      

 

  



Introduction                                                              Chapter one 

 

33 
  

 

General description .11.12 

          Thermogravimetric analysis (TGA) is an analytical technique used to 

determine the  thermal stability of any solid material and its fraction of 

volatile  components  by monitoring the weight  change that occurs  as  a 

specimen  is heated. The measurement is normally carried  out  in  air or in 

an inert atmosphere, such as Helium or Argon , and  the weight  is recorded  

as a function of increasing temperature . Sometimes , the measurement is      

performed in a lean oxygen atmosphere (1 to 5% O2 in N2 or He) to slow 

down oxidation . In  addition  to  weight changes ,  some  instruments also 

record the temperature difference between the specimen and  one or more 

reference  pans (differential thermal analysis, or DTA)  [114].                            

      The latter can be used  to monitor the energy  released  or absorbed via 

chemical reactions during the heating process .  In  practice  thermal  

analysis  gives  properties  like ; enthalpy, thermal capacity, mass changes 

and the coefficient of heat expansion. Solid state chemistry uses  thermal  

analysis for studying reactions in the solid state, thermal degradation 

reactions , phase transitions and phase diagrams [114].                                     

 e exampl TGA .21.12  

    - Ex. Decomposition of calcium oxalate monohydrate   

        Calcium oxalat monohydrat, a standard material often used to 

demonstrate TGA  performance .  Exhibits three weight losses with 

temperature in an inert atmosphere (e.g. N2)
 [115].                                         

          -CO2                                     -CO                 -H2O             

CaC2O4 • H2O →  CaC2O4 → CaCO3 → CaO .......... (1.12.2)  
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Fig. (1.3) :  Decomposition of calcium oxalat monohydrate [115] .  

                              

or exothermic) -(endoDTA changes in heat / temperature  2.31.1  

         DTA can measure some physical changes in heat / temperature due to 

adsorption (exothermic), desorption (endothermic), a change in  crystal   

structure  ,  (endo - or exothermic)  ,  melting (endothermic)  , vaporization 

(endothermic) or sublimation (endothermic)  and it can measure some 

chemical changes due to oxidation (exothermic), reduction (endothermic) , 

break down reactions ,(endo - or exothermic), chemisorption (exothermic), 

solid state reactions,(endo - or exothermic)[114].                                                  

 

 



Introduction                                                              Chapter one 

 

35 
  

Thermal stability of ionic liquids 1.13  

       The heat of combustion of ionic liquids is one of the chemical properties 

that is influenced by structure  of ionic liquids . Ionic liquids was developed 

by increase the branched alkanes that have a slightly lower heat of 

combustion and therefore they are more stable than their linear analogues 
[116]. The thermogravimetric analysis (TGA), depicted in (Fig.1. 4) revealed 

that the degree of branching has a small, but not significant influence on the 

decomposition  temperature of  the chloride - containing ionic  liquids of  the 

imidazoliume types . The branched ionic liquids were found to be on average 

10 C  more stable than their linear analogues.  

 

          Anion thermal stability  of ionic liquids  decreases in the order BF4
- > 

H3CSO3
-> PF6

- [117].The improvements in thermal stabilities of ionic liquids 

by polymeric chains were used  to  investigate  CO2 capture at elevated 

temperatures of flue  gas . All   polyetheramine    samples   synthesized   

showed    excellent thermal stabilities with no weight drop until the onset of  

their thermal decomposition, indicating negligible vapor pressure over a 

wide range of operating temperatures. Therefor the thermal stability of ionic 

liquids can be further optimized by selecting different polymers and 

linkers[118] . 
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Fig. (1.4) Decomposition temperatures of the different branched and linear 

imidazolium-based ionic liquids, bearing chloride and tetrafluoroborate as counter-

ions[117] .  
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Aim of The Present Work 151.  

       Since  ionic liquids offering a new class of green solvent media , it is 

worthy to investigate their ability and capability to capture carbon dioxide . 

The aims of the  present work  are :-  

1- Prepare some known ionic liquids hydrated  ammonium  aluminum   

sulfate  NH4Al (SO4)2.12H2O  and  urea NH2CONH2, hydrated  aluminum  

nitrate Al (NO3)3.9H2O  and urea NH2CONH2 , aluminum  chloride  with 

either urea or acetamide  (CH3CONH2) , choline chloride OH(CH2)2N(CH3)3 

and urea NH2CONH2.                                                                                          

2- Study the capturing of CO2 at room temperature and atmospheric pressure 

using FT-IR to demonstrate the interaction between carbon dioxide and some 

selected ionic liquids.                                                                                           

3-Study the enhancement of these ionic liquids in the presence of some 

catalysts like sodium hydroxide, Calcium, oxide,monoethanolamine and  

ammonium chloride  as a solid or aqueous.                                                         
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Chapter two 

Experimental part 

 
2.1 Chemicals: 

All chemicals in this work were used with highest purity available  without 

further purification table (2-1) . 

Table (2.1):- The chemicals used with their purities and suppliers. 

Company  Purity %  Chemical formula Chemical 

compounds 

BDH 99 NH4Al(SO4)2.12H2OHydrated ammonium 

aluminum sulfate  

BDH 97 Al (NO3)3.9H2O Hydrated ammonium 

aluminum nitrate 

Fluka  98 AlCl3 Aluminum chloride  

THOMAS 

BAKER  

99.5 NH2CONH2 Urea  

BDH 99 NaOH Sodium hydroxide 

BDH 99 CaO  Calcium oxide 

BDH 98 OH(CH2)2N(CH3)3 Choline chloride  

BDH 97 NH4Cl  ammonium chloride  

   

THOMAS 

BAKER  

99  OH(CH2)2NH2 Monoethanolamine 

 99 H2O Distilled water 

Fluka 98 CH3CONH2  Acetamide  
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2.2 Instrument 

 
      The main instrument used throughout this study was FTIR  . 

 
 FTIR:- (Fourier Transform Infrared Spectrophotometer , 2006 , Shimadzu , IR-

Prestige 21, Shimadzu 8000) . 

 
 

 

2.3 Preparation of solutions  

 
2.3.1 Preparation of ionic liquids :- 

 
a- Aluminum chloride- urea and aluminum chloride- acetamide ILs[119]. 

Aluminum chloride AlCl3 with either urea CO(NH2)2 or acetamide 

NH2COCH3 were used to prepare the ionic liquid in  a mole ratio of (1.4:1) 

by direct mixing of solid components giving a clear faint liquids. 

 
b- Choline chloride -urea IL[120]. 

 Solid choline chloride (CH3)3N
+CH2CH2OH Cl- and urea NH2CONH2 in a 

mole ratio of (1:2) were mixed and heated gradually to 85°C  in a closed 

container with continuous gentle stirring until both solid components  

melted together producing colorless liquid . 

 
c- Hydrated ammonium aluminum sulfate- urea ionic liquid[121]   

Hydrated ammonium aluminum sulfate [NH4Al (SO4)2.12H2O] and urea 

[NH2CONH2] in a mole ratio of (1:5)  were milled, well mixed and heated 

gradually to 85°C in a closed glass tube with continuous gentle stirring until 

the solid salts changed to colorless liquid. 
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d- Hydrated aluminum nitrate- urea IL[122] 

Solid mixture of hydrated aluminum nitrate [Al (NO3)3.9H2O]  and urea 

[NH2CONH2] in a mole ratio of (1:1.3) was milled, well mixed and heated 

gradually to 85°C in a closed container with continuous gentle stirring until 

both solid components  melted together producing colorless liquid. 

 
2.4 Addition of some chemical compounds to ionic liquids.  

  
      Some chemical compounds were added to ionic liquids as powders or 

aqueous solutions as stated bellow :- 

 
a- Sodium hydroxide pellet (0.04 g) was crashed and added to 10 ml of 

[NH4Al (SO4)2.12H2O] -CO(NH2)2 ionic liquid in its powder form to make 

a solution of (0.001 M) .  

 
b- Three drops of  sodium hydroxide aqueous solution (0.002 M) were added 

to 10 ml of [NH4Al (SO4)2.12H2O] - CO(NH2)2 ionic liquid . 

 
c- Calcium  oxide  (0.01g) was added to both [NH4Al (SO4)2.12H2O] - 

CO(NH2)2 and [Al (NO3)3.9H2O]- CO(NH2)2  ionic liquids in its powder 

form to make a solution of (0.0178 M) . 

 
d- 1 ml of monoethanolamine was added to (10 ml) of [NH4Al (SO4)2.12H2O] 

and urea [NH2CONH2] ionic liquid , heated gradually to (60°C) with 

continuous gentle stirring until it completely dissolved after half an hour . 

 
e-  Ammonium chloride (0.001g)  was added to  (10ml) hydrated ammonium 

aluminum sulfate -urea ionic liquid (0.00187 M)  . 
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f- Addition of few drops of distilled water to [NH4Al (SO4)2.12H2O] and urea 

[NH2CONH2] ionic liquid. 

 
2.5 Carbon dioxide gas flow 

 
        Carbon dioxide was bubbled into ionic liquids at flow rate of 500 ml/min. 

for half an hour through mesh orifice ended glass tube immersed down the 

bottom of the reaction tube (scheme 2.1) . At the end of  the experiment the liquid 

was examined by FT-IR. 

 

 

 

Scheme ( 2.1):- The system of CO2 capture by ionic liquids.   
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Results & Discussion                                                             Chapter three   

  42   
 

Chapter Three 

Results and Discussion  

3.1 The preparation of a number of room temperature ionic liquids  

         The ionic liquids of aluminum  chloride AlCl3 with either urea NH2CONH2 or 

acetamide  CH3CONH2
[119], choline chloride (CH3)3N

+CH2CH2OHCl- and urea 

NH2CONH2
[120], hydrated  ammonium  aluminum   sulphate  NH4Al (SO4)2.12H2O  

and  urea NH2CONH2
[121] and hydrated  aluminum  nitrate Al (NO3)3.9H2O  and 

urea NH2CONH2
[122] ,were prepared .These ionic liquids were used to investigate 

their ability  to absorb carbon dioxide gas with or without  catalysts   in an attempt 

to enhance their capacity for CO2 gas absorption.                                                           

3.2 CO2 capture by ionic liquids 

        Prepared  ionic liquids  bubbling with carbon dioxide were analyzed using 

FTIR to verify the reaction between the functional amine group and carbonyl group 

of ionic liquids with carbon dioxide.                                                                              

3.2.1 Aluminum chloride – urea IL  

          Aluminum chloride - urea  ionic liquid previously was (119) bubbled with  

carbon dioxide , there were  some changes in the vibrational mode of the amide and 

carbonyl groups  in addition to the appearance of a new band at 1655  cm-1 (Fig. 

3.1). The  latter frequency could be arise from a splitting in the carbonyl group 

vibrational mode . Amide bending vibration band at 1508 cm-1 (Table 3.1) showed 

an increase in its intensity with similar increase in the intensity of C=O . These 

changes may  indicate qualitatively  an interaction of carbon dioxide with urea of 

the ionic liquid. 
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Table-(3.1):- Major FTIR vibrational bands of AlCl3 - CO(NH2)2 IL and with capturing CO2 

in cm-1. 

Ionic 

liquid 

ʋ(N-H)   δ(N-H)   ʋ(C=O)  ʋs(N-C-N)  ʋas(N-C-N)  Fig 

AlCl3-urea 3333 

3270 

1585 

1504 

1643 

 

1161 

 

1320 3.1(black and 

red) 

AlCl3-urea 

+ CO2 

3498 

3387 

3059 

1566 

1508 

1655 

1639 

1157 1350 3.1 (green) 

  

  

 

Fig.(3.1):- FTIR spectra of AlCl3- CO(NH2)2   IL, ( black) IL alone ,(red) before bubbling  

CO2 and ( green ) after bubbling CO2  . 

 

The black IL 

The green IL +  CO2 

The red IL 



Results & Discussion                                                             Chapter three   

  44   
 

 

3.2.2 Aluminum chloride – acetamide IL  

         Aluminum chloride – acetamide IL  ionic  liquid (119 ) was  bubbled  with  

carbon dioxide  showed   FTIR , ( Fig. 3.2)  without  an effect on   the vibration  

modes  of AlCl3- CH3CONH2  ionic  liquid  indicating  no obvious interaction  of  

carbon dioxide with amide nor a dissolved carbon dioxide in the ionic liquid which 

would show a band  around  2300 cm-1 particularly when bubbling CO2 for half an 

hour . Yet , for one hour bubbling CO2 ,the ionic liquid indicated a slight vibrational 

bands differences , but not at the main functional group of amide or carbonyl where 

the interacted CO2 was expected .                                                                                   

  

Fig. (3.2) :- FTIR vibrational bands of AlCl3- CH3CONH2 IL,( black) IL alone ,(green)after 

bubbling CO2 for half an hour and ( red ) bubbling  CO2 for an hour . 

 

The green 
IL+CO2 1/2 hr 

The black IL 

The red  IL+ 
CO2 hr 
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3.2.3 Choline chloride – urea IL  

       Choline chloride-urea IL bubbled with carbon dioxide showed FTIR bands, 

(Fig. 3.3) . There was   no  obvious  effect  on   the  vibration  modes despite  

changing the reaction conditions ( time and temperature) both at atmospheric 

pressure. This refers to bad capturing of carbon dioxide by choline chloride- urea  

ionic  liquid . This  might  indicate  the weak capturing ability of this ionic liquid 

such conditions probably due to the weak lewis acid – base interaction .                

                

  

Fig. (3.3):- FTIR vibrational bands of choline chloride-urea IL, ( red) IL alone, ( black)  

after bubbling CO2 . 
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3.3 Enhancement chemical compound to ionic liquids to capture CO2   

          Some chemical compounds were added to ionic liquids in the form of powder 

or aqueous solutions  as   catalysts  to  increase the capability of ionic liquids to 

capture carbon dioxide  in comparison with  ionic liquid alone when no  differences 

were observed at the functional group of the ionic liquids of hydrated  ammonium  

aluminum   sulphate-urea and hydrated  aluminum  nitrate-urea ionic liquids.            

                                                                                                                

3.3.1 Addition of sodium hydroxide to hydrated ammonium  aluminum   

sulphate-urea ionic liquid   

        The addition of sodium hydroxide pellets   to 10 ml of [NH4Al (SO4)2.12H2O] –

CO(NH2)2 IL formed a clear liquid mixture at room temperature .This mixture was 

examined by FTIR  which showed  vibration bands , (the black Fig. 3.4). It appeared 

to have no difference  from the vibration bands of the ionic liquid alone ,(the red 

Fig. 3.4 )  indicated no CO2 absorption  in ionic liquid alone or with  NaOH 

addition. NaOH  was also added  but  as  aqueous  solution  to  enhance   the 

absorption of  CO2 by ionic liquid (chapter 2.4.b) .This was  to decrease the 

viscosity of the mixture due to the presence of distilled water  expecting an increase 

in the dissolution of CO2 .The FTIR of this mixture , (  Fig. 3.5) after bubbling CO2 

as stated in (chapter 2.5)   indicates a change  in the  higher frequencies,  particularly 

of  the N-H stretching vibrational bands of the urea amine group  (above 3000 cm-1) 

and in the  lower frequencies in the carbonyl  vibrational  bands  at 1647 cm-1 and 

1666-1627 cm-1 ,  (Table - 3.2) . This  might  be related to an interaction  of  carbon 

dioxide  with the amine  groups  affecting  their vibration mode and  there by 

influencing  the vibrational mode of the carbonyl group  of  urea. It also indicated 

the importance of reducing viscosity of ionic liquid to improve the interaction of 

CO2 with amine group where gas diffusion factor  is more effective. 



Results & Discussion                                                             Chapter three   

  47   
 

 

Fig. (3.4):- FTIR vibrational bands of NH4Al (SO4)2.12H2O - CO(NH2)2 IL , ( red) IL alone, ( 

black) with added solid NaOH after bubbling CO2 .  

 

Fig. (3.5):- FTIR spectra of NH4Al (SO4)2.12H2O – CO(NH2)2 IL and with  NaOHaq before 

and after bubbling CO2 .  

The  black IL 
+ NaOHaq 

The red IL + NaOHaq+ 
CO2 

The red IL   

The black IL 

with solid 

NaOH + CO2 
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Table (3.2) :- Vibrational bands of the ionic liquid NH4.Al(SO4)2. 12H2O - CO(NH2)2  alone, 

with added NaOH aq and with capturing CO2 in cm-1
 .         

 

Ionic liquid ʋ(N-H)   δ(N-H)  ʋ(C=O)  ʋs(N-C-N)  ʋas(N-C-N)   Fig 

NH4Al(SO4)2.12H2O.Urea. 

NaOHaq  

3305 1595 

1508 

1647 1161 1404 3.5(black) 

NH4Al(SO4)2.12H2O.Urea. 

NaOHaq + CO2 

3452 

3348 

3201 

1450 1666 

1627 

1134 

1111 

1404 3.5 ( red) 

  

      This enhancement of CO2 absorption in this work is in the same trend as number 

of  catalysts   systems   have  also  been  developed  by  other  workers  to  increase  

the efficiency  of  carbon  dioxide  absorption  by the amine group including the 

addition of  alkali metal  salts ,  ammonium  salts ,  metal  oxides ,  transition metal  

and  main   group complexes (123).                                                                                   

 

3.3.2 Addition of calcium oxide to hydrated  ammonium  aluminum   sulphate-

urea,  hydrated  aluminum  nitrate-urea ILs 

a- Addition of calcium oxide to hydrated  ammonium  aluminum   sulphate-

urea IL   

       
          A powdered calcium oxide made a clear solution when added to 

NH4Al(SO4)2.12H2O-CO(NH2)2 ionic liquid  showed no visible changes until the 

complete dissolution of calcium oxide  . After bubbling carbon dioxide gas, the 

solution showed clear changes in the FTIR vibration bands as shown in (Fig. 3.7). 
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       The N-H stretching frequencies showed an increase in their frequencies when 

compared with those before bubbling carbon dioxide in ionic liquid .Additionally 

the carbonyl group also showed new and sharp splitting vibration bands at1666 cm-1 

to 1618.3 cm-1, (Table-3.3) , both might be considered as an indication of an 

interaction of carbon dioxide with amine group forming carbamate (N-carbxy 

urea)(97). 

 

 

 

Fig.(3.6):FTIR vibration bands of NH4Al(SO4)2.12H2O –CO(NH2)2 IL containing CaO 

before bubbling CO2 . 
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Fig. (3.7) :- FTIR vibration bands of NH4Al(SO4)2.12H2O – CO(NH2)2  IL containing CaO 

after bubbling CO2 . 

 

 

Table (3.3):- FTIR vibration bands of NH4Al(SO4)2. 12H2O- CO(NH2)2  IL containing CaO 

before and after bubbling CO2 in cm-1. 

 

Ionic liquid ʋ(N-H)  δ(N-H) ʋ(C=O)  ʋs(N-C-N)   ʋas(N-C-N)  Fig 

NH4Al(SO4)2. 12H2O.urea. 

CaO 

3230 1471 1645 1132 1396 3.6 

NH4Al(SO4)2.12H2O.urea. 

CaO + CO2 

3436.9 1450.3 1666 

1618.1 

1107 1408 3.7 
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b- Addition of calcium oxide to hydrated  aluminum  nitrate-urea IL 

           A powdered  calcium  oxide formed clear solution when added to Al 

(NO3)3.9H2O- CO(NH2)2  ionic liquid and after bubbling carbon dioxide , the FTIR 

showed  vibrational bands as in ( Fig. 3.8). In contrast to the observed frequencies of 

N-H stretching in ionic liquids alone , this ionic liquid mixture showed no changes 

in both N-H or C=O frequencies which may be taken as an indicator  for carbon 

dioxide absorption in agreement with other reported value (124) (Table 3.4) which 

also claimed the weakens of  ionic liquid containing nitrate to capture carbon 

dioxide gas ,while the changes in the stretching bands above 3000 cm-1 could be 

related to intensities which broaden the bands and make it to appear at lower 

frequencies when carbon dioxide gas was bubbled.   

 

Table (3.4) :- FTIR main vibration bands of Al (NO3)3.9H2O - CO(NH2)2  containing CaO 

before and after bubbling CO2 in cm-1. 

 

Ionic liquid ʋ(N-H)   δ(N-H) ʋ(C=O)  ʋs(N-C-N)  ʋas(N-C-N)  Fig 

Al (NO3)3.9H2O.urea. 

CaO 

3441 

3263 

1589 1643 1161 1384 3.8(green) 

Al (NO3)3.9H2O.urea. 

CaO + CO2 

3371 

3080 

1585 1647 1157 1484 3.8 (red) 
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Fig. (3.8) :- FTIR spectra overlay to compare between vibrational bands of Al (NO3)3.9H2O- 

CO(NH2)2 IL, the black IL alone ,  the green with CaO and the red with capturing CO2. 

 

3.3.3 Addition of distilled H2O and compared  with the addition of NaOHaq  

ionic liquid  

    

           To   differentiate   between   the  effect  of   distilled water  in    NaOHaq added 

 to NH4Al(SO4)2.12H2O – CO(NH2)2    IL and the addition  drops of water alone  , 

an equivalent  amount  of distilled water  (3 drops )  were   added   to the    IL alone. 

Examination  of    FTIR , ( Fig. 3.9 ) vibrational  modes  before  and after bubbling 

CO2 indicated a broaden effect on  the high  vibrational bands above 2500 cm-1. This 

broad band returned its shape (as in IL alone)  after bubbling  CO2  gas  in the same 

trend as with   added NaOHaq to IL . However , the carbonyl group vibrational  band 

1662 cm-1 seems to have  no clear effect by the addition of  distilled water nor the 

vibrational band of sulphate group  at 1103 cm-1 , ( Table 3.5).                                      

  

The black  IL  

The  green IL+ 
CaO   

The red IL 

+CaO+CO2 
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       These two bands showed a clear effect in the case of the mixture of NaOHaq 

with  IL , (Fig. 3.10) after bubbling CO2 gas which  indicate that both distilled water 

and  NaOHaq  have affected the  vibrational band  of  IL ,  while   the  IL  returned   

its    initial  vibrations   after  bubbling   CO2 this  Indicate an interaction  of  water  

to  IL. This interaction could result in forming carbonic acid when passing carbon 

dioxide gas as follows :-                                                                                                  

          

H2O  +  CO2  →  H2CO3   ………………(3.3.3.a)            

 

OH-  +  CO2  →  HCO3
-    ………………(3.3.3.b)  

 

 

Table (3.5) :- FTIR vibration bands of NH4Al(SO4)2.12H2O- CO(NH2)2 .H2O  before and 

after CO2 bubbling in cm-1.   

Ionic liquid ʋ(N-H) 

   

δ(N-H)  ʋ(C=O)   ʋs(N-C-N) 

   

ʋas(N-C-N) 

  

Fig

NH4Al(SO4)2.12H2O.urea.

  H2O

3491

3235

1504 1662

1624

1122 1319 3.9( red)

NH4Al(SO4)2. 12H2O.urea. 

H2O + CO2 

3456

3352

1504 1662

1627

1103 1319 3.9(green)
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Fig. (3.9) :- FTIR vibrational bands of  NH4Al(SO4)2.12H2O – CO(NH2)2 IL, ( black) IL 

alone , ( red) with  H2O addition and ( green ) after CO2 bubbling . 

 

Fig. (3.10) :- FTIR vibrational bands of  NH4Al(SO4)2.12H2O – CO(NH2)2  IL, ( green) IL alone , 

 (red ) with NaOHaq , ( blue ) CO(NH2)2  alone and ( black ) IL+ NaOHaq after CO2  bubbling .  

  

The black IL  

The red IL +H2O 

The green IL+H2O+ 
 CO2 

The green  IL  The blue urea 
The red  IL+ NaOHaq  

The black 
IL+NaOHaq+ CO2 
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3.3.4 Addition of monoethanolamine to ionic liquid    

 
              The addition of  monoethanolamine to hydrated  ammonium  aluminum   

sulphate  NH4Al (SO4)2.12H2O-urea IL (chapter 2.4.d) ,  bubbled with carbon 

dioxide showed a similar vibrations to the vibrational  modes  before   bubbling CO2 

which indicate that MEA does not effect to increase the activity of the amine 

functional group to capture carbon dioxide FTIR  Fig. 3.11(black),3.11(red) ,this is 

surprising that monoethanolamine alone has been used for many times as a good 

carbon dioxide capturing  liquid .This behavior may be related to the small 

concentration of monoethanolamine present in the ionic liquid or to an veiled side 

reaction with ionic liquid preventing it to react with CO2 .  

    

 
Fig. (3.11) :-  FTIR vibrational bands of  hydrated  ammonium  aluminum   sulphate  NH4Al 

(SO4)2.12H2O- CO(NH2)2 IL, ( black) IL  with MEA ,(red) after bubbling CO2 . 

 

  

The black IL + 
MEA  

The red IL + 
MEA +CO2 
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3.3.5 Addition of ammonium chloride to hydrated ammonium aluminum 

sulphate NH4Al (SO4)2.12H2O – ureaCO(NH2)2  IL  

 
           The spectra of  hydrated ammonium aluminum sulphate NH4Al 

(SO4)2.12H2O - CO(NH2)2  ionic liquid (chapter 2-4-e) with   ammonium  chloride 

NH4Cl after bubbling   CO2 are shown , Fig. (3.12 ) .There was  small  changes in 

the vibration  modes as it showed an increase in the intensity of the vibrational 

bands especially    the N-H bending  of the urea amine group (1500 cm-1) , Table  

(3.6) . This may be related to captured CO2 . 

 

 
Table (3.6) :- FTIR vibrational bands of NH4Al(SO4)2.12H2O- NH4Cl IL before and after 

bubbling CO2 in cm-1. 

Ionic liquid ʋ(N-H)  δ(N-H)  ʋ(C=O)  ʋs(N-C-N)  ʋas(N-C-N)   Fig. 

NH4Al(SO4)2.12H2O-urea. 

NH4Cl 

3444 

3340 

3221 

1504 

 

1658 

 

1138 

1122 

 

1458 3.13(black) 

NH4Al(SO4)2.12H2O-urea. 

NH4Cl + CO2 

3460 

3363 

3205 

1500 1647 

 

1118 1458 3.13(red) 
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Fig. (3.12) :- FTIR vibrational bands of NH4Al(SO4)2.12H2O-NH4Cl IL, ( black) IL, (red) 

after bubbling CO2. 

 

  

 

  

The black 
IL 

The red IL + CO2 
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sConclusion 

        Four ionic liquids were investigated with or without some 

catalysts.Hydrated aluminum nitrate/urea ionic liquid did not show an 

ability to dissolve carbon dioxide with it neither alone nor with  calcium 

oxide addition.                                                                                                

        The negative observation was concluded from the FTIR absorptions 

of hydrated  ammonium  aluminum  sulphate/urea ionic liquid either 

alone or with  solid sodium hydroxide addition , monoethanolamine or 

ammonium chloride . However  aqueous sodium hydroxide addition 

showed a clear interaction of carbon dioxide with the latter ionic 

liquidhydrated  ammonium  aluminum  sulphate/urea  as indicated by a 

band at 1666 cm-1 which  was not observed when only distilled water was 

added to the same ionic liquid .                                                                      

         Similarly in the same trend , calcium oxide showed the same band 

1666 cm-1 when used with this ionic liquid after bubbling carbon dioxide 

indicating the capture of carbon dioxide .                                                     

      A more clear and strong effect of capturing carbon dioxide was 

observed by aluminum chloride-urea ionic liquid as a new frequency at 

1655 cm-1 was related to the captured carbon dioxide while aluminum 

chloride-acetamide ionic liquid did not show such evidence .                       

     The weak capturing of the latter ionic liquid was related to its weaker 

basicity compared with aluminum chloride-urea ionic liquid.                       
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Future work  

1- The qualitative results obtained in this work requires an additional 

research work to establish the quantitative capability of the investigated 

ionic liquids with or without some catalysts  addition . This investigation 

depends on thermogravimetric studied .                                                         

2- It is important  to compare the obtained results in this work with the 

suggested  thermogravimetric studies to make use of many techniques in 

this field.                                                                                                         

3-The physical absorption of carbon dioxide gas by using gas 

chromatographytechnique and applying further methods to study the 

absorption carbon dioxide, such as NMR, UV, Mass spectroscopy, 

Atomic Absorption, etc.  
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  الخلاصة 

 لغرض دراسة قابليتھا على امتصاص غاز المحضرة مجموعة من السوائل الايونية تم دراسة

عند درجة حرارة الغرفة محفزات وذلك ال بعض ثاني اوكسيد الكربون لوحدھا او بوجود

   .يوالضغط الجو

 بعض ثاني اوكسيد الكربون تم اضافةغاز  ائل الايونية في قابليتھا لقنصولزيادة سعة السو

 –وقد وجد بأن كل من السائل الايوني نترات الالمنيوم المائية . محفزات بعضھا كانت فعالة 

م اضافة كل من ھيدروكسيد الصوديوم وكلوريد الامونيو و  ،مع اضافة اوكسيد الكالسيوم يوريا 

لم يظھر تغير  يوريا  –السائل الايوني كبريتات الامونيوم الالمنيوم  واحادي ايثانول الامين الى

الى وجود امتصاص لغاز ثاني اوكسيد الكربون  شعة تحت الحمراء قد يشير في تحليل طيف الا

  . بالطريقة الكيميائية او الفيزيائية 

 –السائل الايوني كبريتات الامونيوم الالمنيوم ولكن مع اضافة ھيدروكسيد الصوديوم المائي الى 

يشير الى وجود امتصاص  cm-1 1666يوريا اظھر تغير في طيف الاشعة تحت الحمراء عند 

الى السائل الايوني كبريتات  المقطر وكذلك تم اضافة الماء .الكربون  كيميائي لغاز ثاني اوكسيد

وقد ظھر في طيف الاشعة تحت الحمراء توسع في الحزمة فوق  يوريا  –الامونيوم الالمنيوم 

2500cm-1  ولم يظھر اي تغير واضح عند مجموعة الكاربونيل.  

يوريا فقد  - سيوم الذي اضيف الى السائل الايوني كبريتات الامونيوم الالمنيوماما اوكسيد الكال

حيث كانت  cm-1 1618 و cm-1 1666اظھر تغير في طيف الاشعة تحت الحمراء عند 

   . از ثاني اوكسيد الكاربونلغمنفصلة وحادة والذي يشير الى وجود امتصاص 

ثاني اوكسيد  غاز يوريا ذو قابلية على امتصاص –وجد ان السائل الايوني كلوريد الالمنيوم  كما

لطيف الاشعة  cm-1 1655اظھر طيف جديد عند ن بدون اضافة اي من المحفزات حيث الكربو

كانت قابلية وفعالية ھذا السائل الايوني اكبر من السائل الايوني كلوريد الالمنيوم و.راء تحت الحم

الذي لم يظھر تغير واضح في طيف الاشعة تحت استامايد في قنص غاز ثاني اوكسيد الكربون  –

  .الحمراء

  



 }الاهداء{

وكانا  لي نبراساً يضيء  ، تعهداني بالتربية في الصغر  الى من  
  .فكري بالنصح والتوجيه في الكبر امي وابي  

وامدوني بالعون وحفزوني للتقدم    الى من شملوني بالعطف
  . اختي واخي

  " . رحمه االله" الى روح استاذي الفـاضل الدكتور شهباز احمد  

ل العلم  سبيل تحصي  الى كل من علمني حرفـاً واخذ بيدي في
  رحيم  وبالاخص الدكتورة نسرين  قـاتي وزميلاتيوالمعرفة صدي

 .جبر
 

 

 

 

  

  

  ون أكرمڤاي

      
2014  



   شكر  وتقدير

  

علي بأتمام هذا العمل المتواضع مع    نّ اشكر االله مولاي وخالقي الذي م
يتقبله مني ويجعله خالصا لوجهه الكريم انطلاقـا من قوله تعالى  رجائي ان  

لا يشكر   ) " ص  (ومن قول رسول االله  " ومن يشكر فـأنما يشكر لنفسه  " 
وايمانا بفضل الاعتراف بالجميل وتقديم الشكر  " االله من لا يشكر الناس  

لأصحاب المعروف فـأني اتقدم بالشكر الجزيل والثناء العظيم  والامتنان  
لى استاذي ومشرفي الدكتور هادي محمد علي عبود على قبوله  ا

الاشراف على هذا البحث ومتابعته له منذ الخطوات الاولى وعلى ما  
ا العمل بهذه  منحني من صدر واسع ونصح وارشاد ساعد على اخراج هذ

  . ن يجزيه عني خير الجزاءأالصورة واسأل االله  

 وكذلك العمل في لائيلزميلاتي وزم  الجزيل شكري من أنسى ولا
 هذا إنجاح على أعان من وكل الماجستير دراسة في وزملائي زميلاتي
 في لي بدعاء أو كانت مهما خدمة بتقديم أو معروف بإسداء البحث
  .الجزاء خير عني الجميع االله فجزى الغيب، ظهر

  

  ون أكرمڤاي

  2014  



  بسم االله الرحمن الرحيم
اةٍ فيِهاَ {

 نوُرهِِ كَمشِكَْ
اواَتِ واَلأرَضِْ مَثلَُ

اللَّهُ نوُرُ السَّمَ
 فِي زجُاَجةٍَ 

كبٌَ الزُّجَاجةَُ كَأَنَّهَا كَوْ  مصِبْاَحٌ الْمصِبْاَحُ
بِيَّةٍ 
ةٍ ولاَ غَرْ

رقِْيَّ
ونةٍَ لاّ شَ

ةٍ مُّباَركَةٍَ زيَتُْ
 مِن شجََرَ

ٌّ يوُقَدُ دُرِّي
ى نوُرٍ يَهْديِ 

يكَاَدُ زيَْتُهَا يضُيِءُ ولََوْ لمَْ تَمسْسَهُْ نَارٌ نُّورٌ عَلَ
 بِ 
اسِ وَاللَّهُ

 لِلنَّ
رِبُ اللَّهُ الأمَْثَالَ

ورهِِ مَن يشَاَء ويَضَْ
 لِنُ
كُلِّ اللَّهُ

يءٍْ عَليِمٌ 
  } شَ

 

  العظيم االله صدق
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