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ABSRACT 

The used of volatile organic solvent in extraction of metal ion industry gives a 

detrimental impact to our environment and human health. This is due to the loss of 

organic diluents to environment via volatilization. Ionic liquids are currently being 

studied by many researchers as alternative solvent or alternative extracting agent for 

metal ions to replace the traditional volatile organic solvent. This is due to the 

uniqueness of the physical and chemical properties of ionic liquids such as a wide 

liquidus range, nonflammable and nonvolatile compound. In this study, an attempt was 

made to investigate the potential of l-butyl-3methylimidazolium octylsulfate 

[BMIM)[OCS] as extracting agent for Ca2
+ from model oil, i.e. dodecane. Two factors 

affecting extraction of Ca2
+ from dodecane using [BMIM)[OCS] were studied: contact 

time of the mixture (between [BMIM)[OCS] and dodecane containing Ca2+) and loading 

od ionic liquids (different mass ratio of [BMIM][OCS] and dodecane containing Ca2+). 

Mass ratio of I: I 0 between [BMIM][OCS] and dodecane containing Ca2
+ showed the 

highest efficiency of extraction which is 99.35% with 5 minutes of extraction process. 

These results indicate that use of ionic liquids as alternative to traditional extraction 

agents in liquid/liquid extraction of heavy metal ions is very promising. 
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CHAPTER I 

INTRODUCTION 

1.1 Background of Study 

For over past decades, the rapid increase in the use of heavy metal has inevitably 

involved an increased flux of metallic substances into natural water bodies and soils. 

The presence of heavy metals in the environment is particularly dangerous as there are 

toxic and persistent (P ''" ''·'").Heavy metal that has been produced by industry 

through the production of wastewater is huge in amount. This wastewater contained 

heavy metal elements and need to be treated. This is because the presence of heavy 

metal in the environment is particularly dangerous since they have high level of toxicity. 

Besides, the presence of heavy metals in wastewater can destroy the effectiveness of 

normal wastewater treatment operations. 

Several technologies such as precipitation, solvent extraction and ion exchange can be 

used to remove toxic metal from liquid effluents. Solvent extraction technology is 

widely used in the recovery and separation of metals from aqueous solution. For 

example, the extraction agent [ di(2-ethylhexyl)phosphoric acid, tris(2-ethylhexyl)amine, 

liquid phosphine oxides, etc.] is dissolved m an organic solvent such as kerosene, 

toluene, etc which is used as the diluents ('' • · '' r ·· ). One of disadvantages this 

technology is the loss of organic diluents via volatilization which has bad impact on the 

environment and human health(!'· '). 

The used of ionic liquids could overcome this disadvantage. This is because ionic liquids 

are organic salts that are liquids over a wide temperature range. The most common ion 

liquid that being used are imidazolium, pyridinum and ammonium ions and anions such 

as halide, [BF 4], [Pf6l, or [NTf2l Nowadays, ionic liquid has been revealed as 

interesting clean alternatives to classical organic solvents in a wide range of chemical 

and biochemical processes ( \ ' . .,. · •· · ). Furthermore, ionic liquid also has 
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been successfully applied in extraction processes, such as isolation of metal species and 

organic compound (i.e., esters, alcohols, and organic acids) (' · , ·· .,. 

1.2 Problem Statement 

1.2.1 Problem Identification 

The presence of traces of heavy metals in the environment is particularly dangerous 

since most of them are toxic and persistent. This has increased the flux of metallic 

substances into natural water bodies and soils. Most of the industries are using solvent 

extraction process to overcome the problems. Solvents or organic diluents such as 

benzene and toluene that have been used in industry as solvent extraction process are 

having many problems. Volatilization of organic diluents to atmosphere gives a very bad 

impact to environment and human health. Thus, ionic liquids have been replaced organic 

solvents to overcome this problem or disadvantageous of organic solvents. 

1.2.2 Significant of the project 

Through this project, the potential of using [BMlM][OCS] as extracting agent for Ca2
+ 

from dodecane can be studied and evaluated. By using ionic liquid as replacement of 

organic diluents, the volatization of organic dilents can be avoided. Thus, this could 

prevent the loss of organic solvents through volatilization. 

1.3 Objectives 

To study the potential of [BMIM][OCS] to extract Cah from dodecane at room 

temperature 

To perform the kinetic study in extracting Ca2
+ with the usage of (BMIM](OCS] 

• Effect of contact time betweem [BMIM][OCS] and dodecane containing 

Ca2+ 

• Effect of loading of ionic liquid, i.e. mass ratio of [BMlM](OCS] and 

dodecane containing Ca2
+ 
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1.4 Scope of Study 

The first stage of study consists of industry case studies to understand the metal ion 

extraction process. Many references related to this study can be found. The 

understanding of the extraction process is important before moving to the second stage 

of study. 

The second stage involved experiment work. A few parameters such as mixing time and 

mass ratio of [BMIM][OCS) and dodecane containing Ca2
+ have been studied as these 

factors affect the extraction of metal ion process. 

Then, analysis was performed based on the data collected from the experiment. 

1.5 The relevancy of the project 

The used of organic diluents in extraction process causing volatilization of organic 

diluents which is dangerous to our environment and human health. The used of ionic 

liquid could overcome this problem. 

1.6 Feasibility of the project 

This study is fully experimental based. The objectives can be achieved if procedures are 

closely followed. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Introduction 

In general, compound that consists entirely of ions are called ionic liquid which are an 

organic cation and inorganic anion. Ionic liquid exist in liquid phase at room 

temperature. In other word, 'ionic liquid' refers to the salts that with a melting point 

below 1 OO"C. Molten salt refer to high temperature melts. Any salts with a high melting 

point, basically above 1 OO"C known as a molten salt (H • '). In comparison 

in these two salts, ionic liquid have relatively low viscosity whereas I molten salts are 

often highly corrosive and highly viscous. 

In 1990s, the term "ionic liquid" has been introduced to distinguish the low-temperature 

molten salts, also known as room temperature molten salts from high-temperature melts 

molten salts. This is because low temperature molten salts are operated at high 

temperatures. 

Many organic salts have low melting points, but the most investigated salts consists of 

organic 1-alkyl-3-methylimidazolium [C.mim f, where n is the number of carbon atoms 

in a linear alkyl chain and tetraalkylarnmonium cations, etc. These cations are combined 

with either organic or inorganic anions such as hexaflurophospate tetrafluoroborate, 

trifluoromethylsulfonate, nitrate halide, etc. The potential number of ionic liquids IS 

immense as a lot of possibility combination of anion-cation(' ' 1" '''). 

For decades, the research has been done on the properties of ionic liquid which 

concentrated on developing and understanding the relationship between cation, anion 

and physical properties. Besides having a low melting point, ionic liquids also 

compounds which are having negligible vapor pressure, wide liquidus range, high 

electrochemical stability, high thermal stability and low flammability. Most of the ionic 
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liquid will meet all these criteria except for some ionic liquids which are explosive, 

electrochemical and thermally unstable (r n I n&JIS, L\ ). 

Ionic liquid have a negligible vapor pressure thus, it has a potential of being 'green 

solvent'. The ionic liquid is non-volatile due to low melting point and higher boiling 

point. One of the examples is, [C4ffiim][OH] ionic liquid which has been used as green 

solvent for a Koevenagel reaction. RANU et at. is using this method in order to avoid 

using harmful organic solvent that will negatively effect on environment("' nnem et at .• 

"'100; P •nu t. a• L0116). Figure 1 shows the examples of ionic liquids that have low 

volatility compared to other solutions. 

Figure 1: Vapor pressure of molecular liquids as compared to ionic liquids 

Another property that is important to know is melting point of ionic liquid. The melting 

point of ionic liquids is influence by both cation and anion, and basically it is closed to 

or below 100 °C. Charge distribution on the ions, H-bonding ability, the symmetry of the 

ions and van der Waals interaction are the factors that influence the melting point 

( \l.l lSSCfSCDCIO Cl at , 2003, bane Cl al , L\ ). 

In ionic liquid, cation has a low degree of symmetry which reduces the lattice energy of 

the crystalline form of the salt, thus lowering the melting point. Moreover, the relatively 

large size of anion contributes in lowering the melting point too. Basically, the size of 

the ions in ionic liquid is inversely proportional to the melting point of the ionic liquid. 
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Table 1: Influence of anion size on melting point 

Imidazolium Salt Melting Point (0C) 

[Czmim][Cl] 87 

[C2mim][N02] 55 

[C2mim][N03] 38 

[ C2mim] [ AlCl4] 7 

[C2mim][BF4] 6 

[C2mim][CF3S03] -9 

[C2mim][CF3COz] -14 

The choice of anion and cation greatly influence the viscosity of ionic liquid. The longer 

alkyl chain will contribute to higher viscosity and on the other hand, modest size of alkyl 

chain will result in lower viscosity. As mention earlier, van der Waals forces between 

the cations, increases the energy required for molecular motion (I { 

is because, ionic liquid with higher molecular size and higher molar mass, it will have 

higher viscosity. Cation that is more asymmetrical will contribute to low viscosity. For 

example, Imidazolium-based ionic liquid decreases when compact and branched alkyl 

chains are used (I : ' ,, ). 

The thermal stability of the ionic liquid is affected by the anwn. By having more 

nucleophilic and coordinating anions, it will result in lower thermal stability (I k' ! ''', ', 

'<!1!1). Imidazolium-based ionic liquid has been used in most study to prove the 

statement above('"''' ,·1 ,;1. '11'111). 
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Anion will determine the hydrophobicity of ionic liquid. Ionic liquid with more 

hydrophobic character can be generated by fluorinated anions. Besides, the chain length 

on the cation also influences the hydrophobicity. For example, it was demonstrated by 

using imidazolium-based tetrafluoroborate ionic liquid (II'''' 

2.2 Application of Ionic Liquid 

Over a past decade, many applications of ionic liquid have been reported. As stated 

earlier, the uniqueness of ionic liquid properties mainly contributes to their application 

in industry. Several features of ionic liquid are as below ( !'! 

• Many have negligible vapor pressure 

• Many have tunable solubility 

• Many have good thermal stability 

• Many have electric conductivity 

• Many have wide electrochemical window 

• Many are liquid in a wide range of temperature 

• They are easy to be synthesized 

With these features, ionic liquid has been used in many applications such as: 

• Solvents 

Organic reaction and catalyst 

Biphasis reactions 

Polymerization 

Protein crystallization 

• Separation 

Gas absorption 

Extraction 

Membranes 

• Electrolytes 
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Batteries 

Fuel cells 

Sensors 

Coating 

• Engineering Fluids 

Lubricants 

Thermodynamics fluids 

• Catalysts 

2.3 Ionic Liquid as Potential Metal Extraction Agent 

Ionic liquid can be used as replacement of organic solvents in a wide range of 

application in industry due to their uniqueness of chemical and physical properties. 

Organic solvent are being used in synthesis, catalysis, electrochemisty, liquid-liquid 

extraction etc. Properties such negligible vapor pressure, good thermal stability and 

tunable miscibility of ionic liquid are important for separation processes. For separation 

applications, the ability to dissolve a variety number of solute is an important 

characteristic. Thus, ionic liquid with these kinds of properties may be very useful for 

the extraction of metal ions (l ''"). 

Ionic liquid also can be used in the extraction of metal ions from aqueous phase of 

biphasic water-ionic liquid system. This is due to the hydrophobic character of ionic 

liquid. There is a need of extractant that form stable complexes with metal ions that are 

hydrated in aqueous phase and this extractant is dissolved in the hydrophobic ionic 

liquid. According to Lee, Visser et a/. and Cocalia et a/. the problem that have been 

encountered is to find the extractant compound that remain exclusively in the ionic 

liquid under all process conditions. The right combination of ionic liquid and ligand 

need to be obtained A lot of metals have been subjected to extractions such as alkali 

metals, alkaline earths metals, heavy- and radioactive metals .. Crown ethers, calixarenes 

etc, are the metal complexing agents that contained in metals that has been extracted by 
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ionic liquid. This has been reviewed by Zhao et al. Also, there are few reports stated 

about a combination of a chelating agent and an ionic liquid are used to extract metals 

from aqueous. 

Lee reviewed the new method for metal ion extraction which is by using task -specific 

ionic liquid. This task-specific ionic liquid can acts as both solvents and extractants. This 

ionic liquid contain specific chelating group that incorporated with one of the ionic 

liquid components, commonly cation. The objective of this new approach is to prevent 

the loss of chelating agent to the aqueous media. Also, to increase the affinity of the 

target metal ion to the ionic liquid. Many report show that metal ions removal from 

aqueous solution using task-specific ionic liquid incorporating disulfide-, thioether-, 

urea-, and hydroxybenzylamine as extracting agents (Ll.~.- 'JQ06). Most of the task­

specific ionic liquids described in the literature are based on imidazolium-, 

piperidinium-, pyrrolidinium- and pyridinium cations and fluorine containing anions. 

The concept of task-specific ionic liquids to extract heavy metal ions was introduced by 

Davis and Rogers. They designed metal ion-ligating groups such as thioether (Figure 

2a), thiourea (Figure 2b) and urea (Figure 2c) were incorporated into the imidazolium 

cation to extract mercury (II) and cadmium (ll) from aqueous solution (L e :!. 2006). 

Pr 
2a t\ " .... J s, ...... CH, 

I I 

2b 
PF, ~ 

"" ~ t J ~ /" N , N C:>4, 
'--.J II H 

- 3 
Pf 1 

T \ t. -.: II 
--1 ~ H 

lh 

l 
-::-, ~ Cl 

rr • 1 
"' ,. N 

\ H H 

2c 
P...,- 0 

N·~~ rr;"l('/ 
' 

2c 
P F

1 
:> 
I ·. '· N ,.; \; H 

' 

Figure 2: Structure of the task-specific ionic liquids with thioether, thiourea and urea 
derivatised-based cations 
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2.4 Preparation of Ionic Liquid 

In general, the steps for preparation of ionic liquid are simple. A reaction scheme for the 

basis synthesis of ionic liquid is shown in Figure 2 using imidazolium cation. The 

common cations used are shown in Figure 1 (I ci .. ,~.Jl ct al.. L.00 1). 

~fQS( c.:om~ly 

u:.cd cations: 

Some JX"'>ihlc 
anion..: 

~elM (.'1\mmonly 
u~ Olll-yl chain.;· 

l-all)I-J-mctlt)l­
imkla7nlium 

water-insoluble 

(PF,.J 
f(CF.SO; )~~~ 

( EIR 1R lR ,R~j 

ethyl Ol . .'l)'l 

bu~·J da:yl 
~~>I 

:\'-alk)l­
pyndinium 

T tcra:llt} !­
ammonium 

TrtrJall.)l­
phusphonium 
(R,u• =alkyl) 

watenoluble 

(CHlCO,) 
(Cr,CO!J . ("40_,) 
Rr . CI . I 
(Al1CH . (AICI~J (decomp.l 

Figure 3: Common types of cation in ionic liquid 
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Figure 4: Synthesis path for the preparation of ionic liquid exemplified for an imidazolium­

based ionic liquid. 

The imidazolium-based liquids used are derived from a corresponding common 

precursor, the 1-alkyl-3-methylimidazolium halide, in general known as chloride or 

other alkylating agent. The precursor is prepared by alkylation of 1-methylimidazole, as 

depicted in Figure 2. The halide salts with different anions can be prepared depending on 

the alkylating reagent. The halide salts then is converted to the desired ionic liquid by 

reacting them with salts or acids containing the desired anion (Vv '"""rsch td ' • al.. 

2003). Table 1 below shown the example of ionic liquids that can be obtained using 

different alkylating agents through quatemisation reactions. 
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Table 2: Examples of ionic liquid that can be fonned through direct quarternisation 14 

Mel tin 
-9 
16 
10-71 
62 

Chlorobutane 65-69 
[a] EMIM = 1-ethyl-3-methylimidazolium; CF3SDJ = triflate anion 
[b) BMlM = 1-n-butyl-3-methylim.idazolium 
[c) Oc = octyl; Ts = H3CC~-S02 (tosyl) 

Another two methods that can be used to obtain the desired anion are: 

i) The first route which called acid-based neutralization reactions, is by reacting the 

halide salt with a Lewis acid HY containing the desired anion (Kennett. "l at., 

2000· Wasswrschctd ct ·1\ 2000). 

ii) The second route which called metathesis is by exchanging the halide ion x- for 

the desired ion. Metal salt MY is added over an ion exchanger. 

Examples of ionic liquids that can be prepared by both reactions mention above are 

shown in Table 2 and 3 (Zh :tng cl a\., 2fr?) 

Table 3: Examples of ionic liquids that can be prepared by the reaction of a halide with Lewis 
acid 

Ionic Liqoid1•1 Established anion 
[cation][Cl/AlCh] cr, AlC4- AhCh-, AhCl10-

[cation ][Cll AlEtCh] AIEtCh-, Al2EhCls-
[cation][CIIBCh] cr,Bc4-

[cation] [ CuCI] CuCh-, Cu2Cb-
[cation][Cl/SnCh] SbCh-, Sn2Cis-.. 

[a] cat1on = pyndJum, urudazolium 100 

Table 4: Examples of ionic liquids that can be prepared by anion exchange 

Ionic liquid1•1 

[cation][BF4] 
f cation]fPF6] 
[cation][SbF6] 
[cation][N03] 
f cation 1 f CH3C02l 
[cation ][HS04] 
[cation][B(Et3Hex)] 

[a]= pyridium, imidazolium, ammonium ion 

12 



CHAPTER3 

METHODOLOGY 

3.1: Methodology Process 

Experiment 2: 
Loading of lis 
1,e. mass ratio 

of {BMIM][OCS] 
and dodecane 

Figure 5: Methodology Chart 

3.2 Characterization of [BMIM][OCS) 

3.2.1 Measurement of Water Content 

1) [BMIM][OCS] is place in the oven at 70°C for 5 days for the purpose of 

drying. 
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Figure 6: Karl-Fisher Coulometer DL39 

2) Karl-Fisher is switched on (Method 1 ). 

3) OK button is pressed and pretitration will take place. Standby mode will appear 

right after pretitration is finished. Drift must be less than 20 in order to 

continue. 

4) The syringe is emptied into the waste bottle and 

is repeated 2 or 3 times. 

• 

5) The syringe is placed in the beaker on the balance pan and is tare to "0". 

6) Sample is added and the maximum of the weight is 5 g. 
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7) Sample is injected into the titration cell and OK button is pressed. 

8) Sample button is pressed and the value of weight is 

entered. 

9) After a few minutes, the value of moisture content 

will appear. 

3.2.2 Measurement of Density 

Figure 7: Densitometer DMA 5000M 

l) The DMA 5000M is switched on. 

2) The syringe is filled in with [BMIM][OCS] up to 4ml. 

15 



3) The sample is injected at the sample inlet until some of the sample flow out at 

the waste tube. 

4) The oscillating tube is observed by pressing the EYE IKON tab. Bubble must 

not present in the oscillating tube. 

5) "X" button is pressed to go back to main page. 

6) START button is pressed. The DMA will start to equilibrate to the starting 

temperature and measurement will take place. 

7) USB is connected to the equipment. MAIN SCREEN > MENU > DATA 

MEMORY> MEASURED DATA> EXPORT DATA> PDF. This steps is 

followed in order to get the data. 

3.3 Extraction Study 

1) Calcium solutions (CONOST AN) with the 1000 ppm concentration were diluted 

into 25 ml volumetric flask. 4 sets of stock solution which are 20 ppm, 30 ppm, 

40 ppm and 50 ppm were prepared. 

2) All 4 samples were tested using UV-VIS spectrophotometer for a qualitative and 

quantitative determination of calcium in model oil and ionic liquid. 

3) The experiment was started with 30 ppm dodecaoe containing Ca2
+. Seven 

samples of 30 ppm dodecaoe containing Ca2
+ with mass ratio of 1:5 were 

prepared. A 0.5 gram of [BMIM][OCS] was mixed with 2.5 gram dodecaoe 

containing Ca2
+ (30 ppm). 

Figure 8: Mass ratio I :5 of [BMIM][OCS] and dodecane containing Ca2
+ 
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4) Sample was mixed and stirred at 600 ppm at 25°C using a stem block heater for 5 

minutes. This step was repeated for different interval time: 10, 15, 20, 25 

minutes. 

Figure 9: Stem Block 

5) Sample was left for 10 minutes for settling process. 

6) Sample of dodecane containjng Ca2
+ was separated from [BMIM][OCS] and the 

sample was analysed again using UV spectrophotometer. 

7) Experiment was repeated from method 3 - 6 using different mass ratio approach. 

3.4: Gantt Chart and Key Milestone 
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Figure 10: Gantt Chart and Key Milestone table 
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3.5 Tools, Equipments and materials 

There are several tools that required using for this project. The tools are: 

I. Karl Fischer Coniometer DL39 

2. Densitometer DMA SOOOM 

3. Shimadzu UV-VIS spectrophotometer 

4. Magnetic stirrer 

5. Stem block 

6. Centrifuge tube 

The chemicals needed for this project is: 

I. Calcium solution (CONOSTAN) I 000 ppm 

2. Dodecane 

3. Bmim Octylsulfate 
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CHAPTER4 

RESULTS AND DISCCUSIONS 

4.1 Characterization of [BMIM)[OCS) 

4.1.1 Moisture content 

After the [BMTM][OCS] was placed in the oven at 70°C for 5 days, the moisture content 

was determined using Karl-Fisher. 

Table 5: Moisture Content of [BMIM][OCS] 

No Weight Sample (g) Moisture Content(%) Moisture Content (ppm) 

1 0.0505 1.82 18167.33 

2 0.0262 3.94 39379.58 

3 0.0197 2.75 27474.96 

As the moisture content was higher than I%, further drying was conducted. The 

[BMIM][OCS] was placed in the oven for another 2 days. Again, the moisture content 

was determined. 

Table 6: Moisture Content of [BMIM][OCS] 

No Weight (g) Moisture Content(%) Moisture Content (ppm) 

1 0.00600 0.81 8115.000 

2 0.00109 0.65 6538.991 
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4.1.2 Density Measurement 

By using densitometer, the density of the [BMIM][OCS] can be determined. The density 

is different at different temperature. The density of the [BMIM][OCS] was determined 

from 25 De until 50 De. Table below shows the results. 

Table 7: Density of [BMIM][OCS] at different temperature 

Temperature(OC) Density (glcm) 

20 1.0650 

25 1.0616 

30 1.0584 

35 1.0551 

40 1.0519 

45 1.0487 

50 1.0455 

Density is inversely proportional to temperature. As the temperature increases, the 

density of [BMIM][OCSJ decreases. Graph below was plotted in order to study the 

relationship between density and temperature. (See Figure 11) 

20 



I ,., 
I 1065 

e 1 .06 

~ 1.055 

ft os 
c: 
~ 1.045 

4.1.3 CHNS 

1 .04 

1.035 

Density vs Temperature 

20 25 30 35 40 4 5 50 

Temperarur., "C 

- Density 
(8/cm3) 

Figure 11: Graph of Density vs Temperature 

By using CHNS model 932, carbon, hydrogen, nitrogen and sulfur content were 

determined. 

Table 8: Composition of [BMIM][OCS] 

Sample/Composition Carbon Hydrogen Nitrogen Sulfur 

1 53.04 9.214 8.231 9.771 

2 50.36 8.434 7.041 8.256 

3 50.56 8.137 7.887 7.800 

Average 51.32 8.595 7.720 8.609 

4.2 Extraction Study 

4.2.1 Calibration Data 

Table 9: Absorbance height at 271 ~for respective concentration 

Wavelength(J.Lm) 
Absorbance, A 

20ppm 30ppm 40ppm 50ppm 

271 0.941 1.573 1.984 2.167 
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The graph below (Figure 13) was obtained from the UV-VIS spectrophotometer data for 

dodecane containing Ca2
+ (30 ppm) before being extracted by [BMIM][OCS]. From 

the graph, calcium ion can be found approximately at 271 ~m wavelength. In this study, 

the wavelength 271 ~m was used as a reference in order to determine the concentration 

ofCa2+. 

4.2.2 Calibration Curve 

2.5 

2 

1.5 

1 

0.5 

0 
20ppm 

Calibration Curve 

y = .0.1123x2+ 0.9701x + 0.0828 
R2 = 1 

30ppm 40ppm 

Figure 13: Calibration curve 
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From the calibration data gain from UV-VIS spectrophotometer, calibration curve was 

plotted. The black polynomial line represents the best fit line for the data as the value of 

R 2 is equal to 1. 

4.2.3 Prescreening of extraction study 

Pre-screening of extraction study was done to see the effects of mass ratio. Mass ratio of 

1:5, 1:10, and 1:15 of [BMIM][OCS] and dodecane in Ca2
+ respectively were tested 

until 15 min of mixing time with interval time of 5 min. 

4.2.3.1 Extraction of 30 ppm dodecane containing Ca2
+ (mass ratio of I :5) 

Extraction of 1:5 mass ratio 
3 

2.5 
- 30 ppm Before 

""' ,; 2 Extract ion .. 5 mins After c i 1.5 Extraction 

A 1 10 min After 
~ 

Extraction 

0.5 - 15 mins After 
Extract ion 

0 
2~~3~~$~~~8~~~~~~ 
NN NNNNNNNN M M MMM MM 

Wavelencth, Jl.nl 

Figure 14: Graph of30 ppm solution after extraction (mass ratio of 1:5) 

GeneraUy, as the time increases, the extraction of Ca2
+ is increased. From the graph 

(Figure 14), decreasing in the height of absorbance confirmed that the extraction is 

increased as the extraction time pass increases. Extraction process with different mass 

ratio was investigated. 
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4.2.3.2 Extraction of 30 ppm dodecane containing Ca2
+ (mass ratio of 1:10) 

3 

2.5 

0.5 

0 

Extraction of 1:10 mass ratio 

Wavelength, ~ 

- 30 ppm Before 
Extraction 

5 mins After 
Extraction 

10 mins After 
Extraction 

- 15 mins After 
Extraction 

Figure 15: Graph of 30 ppm solution after extraction (mass ratio of 1: 1 0) 

4.2.3.3 Extraction of 30 ppm dodecane containing Ca2
+ (mass ratio of 1:15) 
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Figure 16: Graph of 30 ppm solution after extraction (mass ratio of I: 15) 
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All of the extraction studies showed the same trend of results. It was found that optimum 

time for the extraction was around after 5 minutes of mixing. 

Extraction studies for mass ratio 1:25, 1:35 and 1:45 of [BMIM][OCS] and dodecane 

containing Ca2
+ respectively, with 5 min of mixing time was conducted. 

4.2.3.4 Extraction of 30 ppm dodecane containing Ca2
+ after 5 min of mixing and 

stirring (mass ratio of 1:25, 1:35 and 1:45) 

3 
Extraction after 5 mins 

2.5 

0 .5 

0 

Wavelength, 11"' 

- 30 ppm Before 
Extraction 

- Mass rat io of 1:25 

- Mass rat io of 1:35 

- Mass rat io of 1:45 

Figure 17: Extraction after 5 min for mass ratio of 1:25, 1:35, and 1:45 

4.2.4 Efficiency of Extraction 

The percentage of extraction after 5 min of mixing and stirring was calculated for 

different mass ratio between [BMIM][OCS] and dodecane containing Ca2
+. The 

efficiency is presented in Table 10. 
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Table 10: Efficiency of extraction process 

Mass Ratio (IL/Dodecane) Efficiency(%) 

1:5 96.43 

1:10 99.35 

1:15 98.10 

1:25 97.35 

1:35 96.99 

1:45 96.55 

The formula used to calculate the percentage of extraction is shown below; 

%E 
(absorbance before extraction - absorhanct> aftt>r E'xtraction) 

xlOO% 
ahsorbance heforE' extraction 

From the results obtained, it was found that the mass ratio I: I 0 which is 0.5 g and 5 g of 

[BMIM][OCS] and dodecane containing Ca2
+ respectively, showed the highest 

extraction efficiency which is 99.35%. Hence, mass ratio of 1:10 was selected to 

perform the kinetic study. The effect of mixing time was studied as well. 

Table 11: Percentage of Extraction (mass ratio of I: 10) 

Time Percentage of Extraction 
(min) (%) 

0 0 
··-

5 99.35 

10 99.12 

15 99.40 

20 99.44 

25 99.29 

30 99.05 

35 99.33 

26 



The results above were plotted in graph as shown below; 
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Figure 18: Percentage of Extraction 

~Percentage of 
Extraction 

For mass ratio of 1: I 0, [BMIM][OCS] was found to extract Ca2
+ from dodecane 

efficiently even after 5 min of mixing Ca2+ from 5 min to 35 min. The percentage of 

extraction for 5 min of interval time was about 99%. Based on the data obtained, the 

optimum time for extraction was 5 minutes as the equilibrium reached after 5 minutes of 

mixing. 

Percentage of extraction for mass ratio 1 :5 and 1: 15 can be found in appendixes. 
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CHAPTERS 

CONCLUSIONS & RECOMMENDATION 

5.1 Conclusions 

The extraction of metal ion with dodecane in a biphasic system consisting ionic liquid 

and organic solvent was demonstrated. Ionic liquids can be employed for extraction of 

metal ions. Also, ionic liquids are environmentally benign because of their unique 

properties such as nonvolatile and nonflammable. 

[BM!M][OCS] showed a good potential as extraction agent for Ca2
' from model oil, 

dodecane. Parameters such as mixing time and loading of [BMIM](OCS] affect the 

extraction process. Hence, ionic liquid have a potential to replace traditional volatile 

organic solvent in liquid/liquid extraction of metal ions. 

5.2 Recommendation 

From this study, several recommendations have been identified in order to improve the 

usage of ionic liquids in liquid/liquid extraction of metal ions; 

1) To study the effects of mixing temperature. 

2) To study more ionic liquid's characteristic to obtain the best extracting agent for 

organic solvent. 

28 



REFERENCES 

A. P. de los Rios,* F. J. Hernandez-Fernandez, L. J. Lozano, S. Sanchez, J. I. Moreno, 

and C. Godinez "Removal of Metal Ions from Aqueous Solutions by Extraction with 

Ionic Liquid" J. Chern. Eng. Data 2010. 55. 605-608 

Alonso, M.; Delgado, A. L.; Sastre, A. M.; Alguacil, F. J. Kinetic Modelling of the 

facilitated Transport of Cadium (II) Using Cyanex 923 as Ionophore. Chern. Eng. J. 

2006. 118,213-219 

Ben Thijis "Task-Specific Ionic Liquids for Solubilizing Metal Compound" 2011 

Cocalia, V. A.; Holbrey, J. D., Gutowski, K. E., N. J.; Rogers, R. D. tsinghua Sci. 

Techol. 2006, 11. 188-193. 

Earle, M.J.; Seddon, K.R Pure Appl.Chem. 2000, 72, 1391-1398 

Holbrey, J.D.; Seddon, K R. J. Chern. Soc., Dalton Trans. 1999,2133-2139. 

Kenneth R. Seddon, Annegret Stark, and Maria - Jose Torres "Influence of chloride, 

water, and organic solvents on the physical properties of ionic liquid" Pure Appl. Chern., 

2000 Vol. 72, No. 12, pp 2275-2287,2000 

Lisa Fischer, Thomas Falta, Gunda Koellensperger, Anjn Stojanovic, Daniel Kogelnig, 

Markus Glanski, Regina Krachler and Bernhard K. Keppler "Ionic Liquids for 

Extraction of Metals and Metal containing Compounds from Communal and Industrial 

Wastewater" Water Reseacrh XXX (2011) 1-14 

Naoki Hirayama, Mika Deguchi, Hitomi Kawasumi and Takaharu Honjo "Use of 1-

alkyl-3-methylimdazolium hexatluorophosphate room temperature ionic liquids as 

chelae extraction solvent with 4,4,4-tritluoro-1-(2-thieny1)-1 ,3-butanedione" Talanta 65 

(2005) 255-260 

Ngo, H. L.; LeCompte, K.; Hargens, L: McEwen, A.B. Thermochim. Acta 2000, 357-

358,97-102. 

Plechkova, N. V.; Seddon, K. R. Chemical Society Reviews 2007,37, 123-150. 

29 



Ranu, B C; Jana, R. Eur. J Org. Chern. 2006, 3767-3770. 

Ratthaya Lertlapwasin, Nakara Bhawawet, Apichat Imyim and Saowarux Fuangswasdi 

"Ionic Liquid Extraction of Heavy Metal Ions by 2-aminothiophenol in 1-butyl-3-

methylimidazolium hexafluorophosphate and their association constants" Separation 

and Purification Technology 71 (2010) 70-76. 

Ruiz, A.; de los Rios, A. P.; Hernandez, F. J.; Janssen, M. H. A.; Schoevaart, R.; van 

Rantwijk, F.; Sheldon, R. A. A Cross-Linked Enzyme Aggregate of Candida Antarctica 

Lipase B Is Active in Denaturing Ionic Liquids. Enzyme Microb. Techno/. 2007, 40, 

1095-1099 

Sang-gi Lee "Functionalized imidazolium salts for task-specific ionic liquids and their 

applications' Jan 2006 

Wasserscheid, P.; Welton, T. "Ionic Liquids in Synthesis", Wiley-VCH, Weinheim, 

2003 

Wasswrscheid, P.; Keirn, W. Angew. Chern. Int. Ed 2000, 39, 3772-3789 

Wilhelm, S. K.; Liang, L,; Kirchgessner, D. Energy & Fuels 2006, 20, 180-186 

Zhang, L.; Wong,M. H. Environment /nternationa/2007, 33, 108-121 

30 



APPENDIXES 

Appendix A: Mass ratio of 1:5 between [BMIM][OCS] and dodecane containing Ca2
+ 
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Appendix B: Mass ratio of I: 15 between [BMIM][OCS] and dodecane containing Ca2
+ 
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