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			Abstract | The kinetic properties of epoxidized pumpkin seed oil were examined under different parameters. The iodine number of pumpkin seed oil was found to be 108 g I2/100g oil. This oil was epoxidized by 30% H2O2 which acts as oxygen donor and glacial acetic acid which acts as oxygen carrier using inert solvent (benzene) in the presence of acidic ion exchange resin (Amberlite IR-120) as catalyst. The effect of different parameters such as catalyst loading, temperature, stirring speed, molar ratios of H2O2 and acetic acid to ethylenic unsaturated double bond were studied. It was found that maximum Relative epoxy yield (REY) was 68% at temperature 60oC (333 K) with molar ratio of Double bond: Acetic Acid: Hydrogen peroxide (D: A: H) 1.0:0.5:1.5 at stirring speed of 1000 rpm. The kinetics of epoxide formation was studied under different ranges of temperatures i.e. 50oC, 60oC and 70oC.The Activation Energy of reaction was found to be 23.64kj/mol with the help of Arrhenius Equation (ln k = ln ko – Ea/RT). The purpose of this study is to produce highly epoxidized pumpkin oil which can be further utilized as raw material in polymer industry and to discuss its kinetic and thermodynamic properties. The characterization of epoxidized pumpkin seed oil was accomplished by FTIR analysis which shows peak of epoxy group at 845cm-1.
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			1. Introduction

			As the demand of energy is increasing day by day and natural resources are limited so there is an increased interest in utilization of renewable resources as an alternate of naturally occurring petroleum based polymers (Biermann et al., 2011). Therefore, much attention has been diverted to the development of polymeric products obtained from vegetable oils. Oils extracted from plants and vegetables are essential raw material sources for many chemical reactions in industry. These vegetable oils are desirable in chemical industries because they are readily available from renewable resources (Belgacem and Gandini, 2011). These vegetable oils are used as raw material for thermosetting polymers (Galià et al., 2010). The oils extracted from plants and vegetables contain unsaturated triglycerides of fatty acid which can undergo many chemical changes and be modified into various forms. That’s why; these oils have wide applications in chemical industry (Gunstone, 2011). The unsaturated double bond in oils majorly consists of triglycerides of three fatty acids i-e linoleic acid, oleic acid and linolenic acid (Petrović, 2008). These unsaturated double bond in oil are highly reactive and easily be converted to epoxide ring by simple oxidation mechanism. Theses oils can be modified into polyamides (Stemmelen et al., 2011) glycols, hydroxyesters, mercaptoalcohols, alkanolamines, N-hydroxyalkylamines, alcohols, polymers such as polyesters, epoxy resin, and polyols due to reactive epoxy group. In addition, they can also be used as polymer stabilizers and plasticizers, coating and paint components (Erhan, 2005). Many epoxy resins are also used to modify epoxidized vegetable oil i.e soybean oil (Gupta et al., 2011). They not only increase the elasticity of material but are also used in packing material such as wrapping foils. Moreover, the long unsaturated fatty acid chains impart flexibility to some hard resins such as polyester, polyurethane and epoxy resin (Milchert and Smagowicz, 2009).

			The most common method used in chemical industry to epoxidize these unsaturated fatty acids is by in situ epoxidation using acidic cation exchange resin as catalyst (Goud et al., 2007). In this method percarboxylic acid (oxygen carrier) and hydrogen peroxide are used as raw materials (Jiang et al., 2012). This method has got commercial importance because of resumablity of catalyst. The reaction mechanism generally consists of two steps (Milchert et al., 2010) i.e., first step involves formation of peroxyacid and second step involves reaction of peroxyacid with carbon-carbon double bond in oil to produce epoxy group. During the course of reaction, peroxyacid formed by reaction of carboxylic acid with hydrogen peroxide migrates into oily layer and then reacts with unsaturated double bond of oil to produce epoxide. The carboxylic acid produced in second step again reacts with hydrogen peroxide and again produces per acetic acid. 

			Although numerous methods exist in literature which are concerned with the epoxidation of vegetable oils such as rapeseed oil, jatropha oil, soybean oil, mahua oil, almond oil, castor oil, cotton seed oil, karanja oil and canola oil, but only a few of them deal with the kinetic and thermodynamic study of these oils (Abdullah and Jumat, 2010). Epoxidized soyabean oil and linseed oil are also used to synthesise glycidyl esters (Wang and Schuman, 2013). During the formation of epoxy ring, many side reactions also occurred due to the high reactivity of epoxide ring (Petrović et al., 2002). The reaction is highly exothermic and large amount of energy is released; so a limited amount of hydrogen peroxide must be added with the help of dropping funnel. It should be added drop wise with carboxylic acid in the reaction mixture which contains vegetable oil and catalyst. The reaction requires 10 to 15 hours for complete epoxidation within the maintained temperature range from 50oC to 70oC. Initially the rate of reaction was very fast and temperature rises suddenly but with the controlled addition of hydrogen peroxide the rate of reaction became slow and temperature decreases.

			Previous literature (Cai et al., 2008; Mungroo et al., 2008) shows some work on different oils in the same manner as ours so it gives us a strong logical approach to further identify epoxidation of pumpkin seed oil in our local settings. Pumpkin seed oil contains high amount of natural unsaturated fatty acids (Younis et al., 2000) which can be epoxidized with the help of acetic ion exchange resin as catalyst in the presence of inert solvent benzene. 

			The research aimed at studying the influence of some reaction variables on the epoxidation process. Another objective was to propose a mathematical model for the reaction system and the estimation of the kinetic parameters of the model. Therefore, this oil is a good choice for the production of epoxide. 

			2. Materials and Methods

			Pumpkin oil was purchased from local market (Lahore, Pakistan). Glacial acetic acid (>99.5% AR Grade), Aqueous Hydrogen peroxide (30% wt), Benzene, diethyl ether, Potassium Iodide, Sodium thiosulphate, Chloroform, Iodine Monochloride (Hanus Solution), and Acidic Ion Exchange Resin (Amberlite IR-120) were obtained from Abkari Road (Lahore, Pakistan). HBr in acetic was obtained from University of Engineering and Technology (Lahore, Pakistan) and then diluted with acetic acid (>99.5% AR Grade) to prepare standard HBr-acetic acid 0.1N solution.

			2.1 Procedure

			The epoxidation of pumpkin oil was carried out with peracetic acid formed in situ as described in the previous literature. The calculated quantity of pumpkin oil was kept in 500 mL round bottom flask immersed in water bath, the oil was mixed with equal mass of benzene. Then, calculated amount of glacial acetic acid (0.5-1.0 mol) was added followed by acidic ion exchange resin (Amberlite IR-120) as a catalyst. The whole mixture was stirred for about 30 minutes. Subsequently, the required quantity of H2O2 solution (30% wt) was mixed drop wise at a constant rate so that the procedure was accomplished in one hour. During H2O2 addition, the temperature of mixture was maintained at 30°C and after the addition of hydrogen peroxide the temperature was raised to the desired value. During the operation, the reaction mixture was kept safe and at constant stirring with utmost care. The reaction mixture was stirred at 500-1500 rpm to get a fine dispersion of oil. Samples were taken out at definite time intervals at the rate of 10 mL per sample considering that the addition of H2O2 as initial time. After complete stirring and quenching, oil and aqueous phase were separated. Extraction of samples was obtained with diethyl ether before analysis; the oil samples were filtered and extracted with diethyl ether by separating funnel, flushed with water to remove free acid and then dried by adding anhydrous sodium sulphate so that the final product had pH value 7. All the collected samples were analyzed for Iodine Number and oxirane oxygen value (OOexpt). The Iodine value of fats or oils is used to determine the number of carbon-carbon double bond present in them. The iodine value is determined by number of grams of iodine that reacts with 100g of fats or oils. The percentage of oxygen content (OOexpt) was determined by standard HBr-acetic acid method under which oxygen is directly titrated with HBr solution (Swern et al., 1947). From (OOexpt) theoretical oxirane oxygen value can be calculated as discussed below.

			3. Results and Discussion

			The following terms were used in:
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			3.1 Effect of hydrogen peroxide loading on oxirane value and iodine number

			The effect of hydrogen peroxide to double bond mole ratio was carried out at different mole ratios ranging from 0.6, 1.1 and 1.5 moles of hydrogen peroxide to unsaturated double bond. So the mole ratios were 0.6:1.0, 1.1:1.0 and 1.5:1.0. It was noticed that with increasing concentration of hydrogen peroxide the iodine value is decreased and corresponding oxirane value is incresed. during the addition of hydrogen peroxide organic acid is converted into peroxyacid and then it is regenerated again. Approximately 50% hydrogen peroxide is consumed in the epoxidation process. It was found that the maximum conversion to oxirane oxygen value was found when 1.5 moles of hydrogen peroxide were used against 1.0 mole of unsaturated double bonds. It was also found that the oxirane oxygen content was increased progressively as hydrogen peroxide ratio was raised from 0.6 to 1.5 moles. Details are given in Table 1.

			Reaction conditions: CH3COOH per mole unsaturation= 0.5; Amberlite IR-120 Loading= 15%; Temperature= 60oC; Ethylenic double bond= 1.0; Stirring speed= 1000 rpm.

			Table 1: Effect of different molar ratios of hydrogen peroxide.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Particulars

						
							
							Hydrogen peroxide molar ratios

						
					

					
							
							0.6

						
							
							1.1

						
							
							1.5

						
					

					
							
							Time (Hrs)

						
							
							5

						
							
							10

						
							
							5

						
							
							10

						
							
							5

						
							
							10

						
					

					
							
							IN (a)

						
							
							53

						
							
							32

						
							
							48

						
							
							27

						
							
							43

						
							
							21

						
					

					
							
							X (b) (%)

						
							
							51

						
							
							70.42

						
							
							55.63

						
							
							75.04

						
							
							60.02

						
							
							80.59

						
					

					
							
							OOexpt(c) (%)

						
							
							2.73

						
							
							3.92

						
							
							2.98

						
							
							4.05

						
							
							3.32

						
							
							4.25

						
					

					
							
							REY (d) (%)

						
							
							43.05

						
							
							61.82

						
							
							47

						
							
							63.88

						
							
							52.36

						
							
							67.03

						
					

					
							
							SE (e)

						
							
							0.82

						
							
							0.86

						
							
							0.84

						
							
							0.85

						
							
							0.86

						
							
							0.84

						
					

				
			

			3.2 Effect of catalyst loading on oxirane value and iodine number

			The effect of cationic ion exchange resin was carried out at three different catalyst concentrations including 5%, 10% and 15%wt of Amberlite IR-120. The molar ratio of double bond: acetic acid: hydrogen peroxide (D: A: H) was 1.0:0.5: 1.5. the temperature of reaction mixture was maintained at 600C. It was found that by increasing the amount of catalyst the rate of reaction is increased and corresponding increase in the oxirane oxygen value. As catalyst loading is increased the time interval of reaching maximum REY was shortened. The use of this catalyst reduces the side reactions e.g., epoxide ring opening and also increases the rate of reaction. It was also found that by increasing catalyst concentration iodine value decreased and double bond conversion is increased which also increases the epoxy yield. The maximum oxirane oxygen content was observed when 15% wt. catalyst was added to reaction mixture and also minimum iodine value was observed. The reaction of epoxidation was completed in maximum 7 hours when 15% Amberlite was used because the active moieties present in catalyst which provide large surface area for reagents to absorb in this. Details are given in Table 2.

			Reaction conditions: CH3COOH per mole unsaturation= 0.5; H2O2 per mole unsaturation= 1.5; Temperature= 60oC; Ethylenic double bond= 1.0; Stirring speed = 1000 rpm

			Table 2: Effect of different percentages of catalyst.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Particulars

						
							
							Percentage of catalyst (Amberlite IR-120) used

						
					

					
							
							5%

						
							
							10%

						
							
							15%

						
					

					
							
							Time (Hrs)

						
							
							5

						
							
							10

						
							
							5

						
							
							10

						
							
							3

						
							
							7

						
					

					
							
							IN (a)

						
							
							48

						
							
							26

						
							
							43

						
							
							21

						
							
							36

						
							
							14

						
					

					
							
							X (b) (%)

						
							
							55.63

						
							
							75.97

						
							
							60.25

						
							
							80

						
							
							66.72

						
							
							87.06

						
					

					
							
							OOexpt(c)(%)

						
							
							2.98

						
							
							4.13

						
							
							3.32

						
							
							4.25

						
							
							3.74

						
							
							4.32

						
					

					
							
							REY (d)(%)

						
							
							47

						
							
							65

						
							
							52

						
							
							67

						
							
							58

						
							
							68

						
					

					
							
							SE(e)

						
							
							0.84

						
							
							0.85

						
							
							0.86

						
							
							0.83

						
							
							0.88

						
							
							0.78

						
					

				
			

			3.3 Effect of temperature on oxirane value and iodine number

			The effect of temperature on pumpkin oil was carried out at three different temperatures as shown below in table. After the addition of hydrogen peroxide the reaction temperature was raised to 70oC while the addition of hydrogen peroxide was carried out at low temperature so that rate of epoxidation increases slowly. The effect of inert solvent (benzene) was studied at these temperature ranges. The presence of inert solvent decreases the side reactions and increases the stability of oxirane oxygen. This is because of that the inert solvent remains in the oil phase during the course of epoxidation and has no influence on peroxyacid formation. As the solvent remains in oil phase the rate of reaction is very fast but when the organic phase is diluted then the rate of reaction decrease due to cleavage of oxirane ring and many side reactions occur instead of epoxidation i.e., formation of glycol, ester etc. the main reaction and side change reactions increases by increasing the temperature. During the course of reaction, it was found that the maximum conversion to oxirane was found at temperature 700C after 8 hours. Also, the highest iodine value was found at 50oC after 5 hours. Details are given in Table 3.

			Reaction conditions: CH3COOH per mole unsaturation= 0.5; H2O2 per mole unsaturation= 1.5; Catalyst loading = 15%; Ethylenic double bond= 1.0; Stirring speed = 1000 rpm.

			Table 3: Effect of different temperatures.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Particulars

						
							
							Temperatures

						
					

					
							
							50oC

						
							
							60oC

						
							
							70oC

						
					

					
							
							Time (Hrs)

						
							
							5

						
							
							10

						
							
							5

						
							
							10

						
							
							4

						
							
							8

						
					

					
							
							IN (a)

						
							
							52

						
							
							32

						
							
							46

						
							
							27

						
							
							43

						
							
							21

						
					

					
							
							X (b) (%)

						
							
							51.94

						
							
							70.42

						
							
							57.48

						
							
							75.04

						
							
							60.25

						
							
							80.6

						
					

					
							
							OOexpt(c) (%)

						
							
							2.71

						
							
							3.92

						
							
							3.12

						
							
							4.05

						
							
							3.32

						
							
							4.19

						
					

					
							
							REY (d) (%)

						
							
							42.74

						
							
							61.82

						
							
							49.21

						
							
							63.88

						
							
							52.36

						
							
							66.08

						
					

					
							
							SE (e)

						
							
							0.82

						
							
							0.87

						
							
							0.85

						
							
							0.85

						
							
							0.86

						
							
							0.82

						
					

				
			

			3.4. Effect of stirring speed on oxiane value and iodine number 

			The process of epoxidation of pumpkin oil was carried out at three different stirritng speeds ranging from 500 to 1500 rpm as shown in table below. The reaction was studied out under triphase conditions including solid catalyst + pumpkin oil + aqueous hydrogen peroxide. It was observed the oxirane oxygen content, double bond conversion and relative epoxy yield was incresd with increasing stirring speed from 500 to 1500 rpm. There was no appreciable epoxidation observed above 1500 rpm. The molar ratio of double bond: acetic acid: hydrogen peroxide (D: A: H) was 1.0:0.5: 1.5. Details are given in Table 4.

			Table 4: Effect of different stirring speeds.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Particulars

						
							
							Stirring speeds

						
					

					
							
							500 rpm

						
							
							1000 rpm

						
							
							1500 rpm

						
					

					
							
							Time (Hrs)

						
							
							5

						
							
							10

						
							
							5

						
							
							10

						
							
							5

						
							
							10

						
					

					
							
							IN (a)

						
							
							52

						
							
							33

						
							
							43

						
							
							21

						
							
							39

						
							
							15

						
					

					
							
							X (b) (%)

						
							
							51.94

						
							
							69.50

						
							
							60.25

						
							
							80.6

						
							
							63.95

						
							
							86.13

						
					

					
							
							OOexpt(c) (%)

						
							
							2.71

						
							
							3.79

						
							
							3.32

						
							
							4.25

						
							
							3.69

						
							
							4.30

						
					

					
							
							REY (d) (%)

						
							
							42.74

						
							
							59.77

						
							
							52.36

						
							
							67.03

						
							
							58.20

						
							
							67.82

						
					

					
							
							SE (e)

						
							
							0.82

						
							
							0.86

						
							
							0.86

						
							
							0.83

						
							
							0.91

						
							
							0.78

						
					

				
			

			Reaction conditions: Double Bond per mole per mole unsaturation = 1.0; CH3COOH per mole unsaturation= 0.5; Hydrogen peroxide per mole unsaturation = 1.5; Amberlite IR-120 loading = 15%; Temperature = 60oC.

			3.5 Effect of acetic acid on oxirane value and iodine number 

			Hydrogen peroxide and oil do not react of their own significantly. For this purpose acetic acid is used which is further converted into peracetic acid and act as oxygen carrier for epoxidation of unsaturated double bond. The epoxidation of pumpkin oil was carried out in different molar ratios ranging from 0.3 to 1.0 moles of acetic acid per mole of ethylenic double bond. The effect of glacial acetic acid concentration to relative conversion to oxirane oxygen was carried out at 60oC with or without the inert solvent (benzene). Acetic acid acts as catalyst in epoxidation reaction and increase the rate of reaction. This effect becomes more prominent when the temperature is increased to 60oC and the inert solvent stabilizes the oxirane oxygen from decomposition. So the temperature and acetic acid concentration should be balanced to stabilize the epoxidation reaction. At temperature 60oC the conversion to oxirane was maximum with mole ratio 1.0-1.0 was used. At this molar ratio oxirane oxygen had maximum value and iodine value had minimum value. Details are given in Table 5.

			Reaction conditions: Temperature = 60oC; Double Bond per mole per mole unsaturation = 1.0; Hydrogen peroxide per mole unsaturation = 1.5; Amberlite IR-120 loading = 15%; Stirring speed = 1000 rpm.

			Table 5: Effect of different molar ratios of acetic acid.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Particulars

						
							
							Acetic acid molar ratios

						
					

					
							
							0.3

						
							
							0.5

						
							
							1.0

						
					

					
							
							Time (Hrs)

						
							
							5

						
							
							10

						
							
							5

						
							
							10

						
							
							5

						
							
							10

						
					

					
							
							IN (a)

						
							
							50

						
							
							31

						
							
							43

						
							
							21

						
							
							40

						
							
							15

						
					

					
							
							X (b) (%)

						
							
							53.78

						
							
							71.34

						
							
							60.18

						
							
							80.6

						
							
							63.03

						
							
							86.13

						
					

					
							
							OOexpt(c) (%)

						
							
							2.82

						
							
							4.01

						
							
							3.32

						
							
							4.25

						
							
							3.58

						
							
							4.30

						
					

					
							
							REY (d) (%)

						
							
							44.47

						
							
							63.24

						
							
							52.36

						
							
							67.03

						
							
							56.46

						
							
							67.82

						
					

					
							
							SE (e)

						
							
							0.82

						
							
							0.88

						
							
							0.86

						
							
							0.83

						
							
							0.89

						
							
							0.78

						
					

				
			

			4. Characterization of pumpkin seed oil and epoxidized pumpkin seed oil

			4.1 Fourier transforms infrared spectroscopy of pumpkin seed oil and epoxidized pumpkin seed oil

			To support the formation of epoxy group in pumpkin seed oil the samples were analyzed by FTIR spectroscopy. The FTIR used was 4100typeA having scanning speed of 2mm/sec. The wave number range of FTIR was 4000 cm-1 to 400 cm-1 and transmittance was 60% to 100%. Two FTIR spectra were observed for this purpose (a) Raw pumpkin seed oil (b) Epoxidized pumpkin seed oil as shown in Figure 1 below. In sample (a) three peaks were observed at 3458 cm-1, 1640 cm-1 and 1384 cm-1. The peak at 3458 cm-1 shows the stretching vibrations of O-H present in –COOH, the peak at 1640 cm-1represents stretching vibration of -C= C- present in oil and the peak at 1384 cm-1 represents the symmetric deformation of –CH3 group. These peaks are shown in Figure 2. After the epoxidation of pumpkin seed oil peaks appear at 3475cm-1 which represents stretching vibration of –OH group derived from ring opening of epoxy group, other appears at 1741cm-1 due to stretching vibration of –C=O present in ester and the main and most representative peak appears at 845cm-1 due to stretching vibration of C-O-C represents the formation of epoxy ring.The disappearance of peak at 1640 cm-1 and appearance of peak at 845cm-1 shows the contribution of -C=C- double bond and its conversion to C-O-C group. Beside these some peaks also appears at 2926 cm-1and 2859 cm-1. These peaks represent anti symmetric and symmetric stretching vibrations of –CH3 as discussed in Figures 1 and 2.

			[image: G:\FTIR\Edited FTIR.png]

			Figure 1: FTIR spectra of raw pumpkin seed oil.

			5. Reaction kinetics of epoxidized pumpkin seed oil

			The kinetic study of epoxidation of pumpkin seed oil revealed that the rate of reaction was found to be pseudo first order with respect to ethylenic unsaturated double bond (Sinadinović-Fišer et al., 2012). Both steps of epoxidation mechanism can be written in terms of molar concentration.

			[image: ]

			Where;

			AA= Molar concentration of Acetic acid; EO= Molar concentration of epoxidized pumpkin oil; DB= Molar concentration of ethylenic unsaturated double bond; PAA= Molar concentration of per acetic acid; K= rate constant; n1= reaction order with respect to double bond concentration; n2= reaction order with respect to per acetic acid concentration.

			[image: G:\FTIR\Untitled.png]

			Figure 2: FTIR spectra of epoxidized pumpkin seed oil.

			The following rate equation can be applied by assuming per acetic acid concentration constant.

			[image: ]

			r = rate of disappearance of carbon-carbon double bond.

			As the reaction is pseudo first order with respect to double bond concentration so the above equation can be simplified as:

			[image: ]

			Here; k= k3 [PAA]

			The rate equation data for epoxidation of pumpkin oil can be fitted in the above equation. By using the approach of double bond conversion X(b), the concentration of ethylenic unsaturated double [DB] can be defined as following:

			[image: ]

			Where; 

			[DB]o = Initial double bond concentration; X(b) = Double bond conversion.

			As the double bond concentration changes with time continuously so the above equation can be simplified and written as change in concentration of double bond with respect to time.

			[image: ]

			By rearranging the above equation:

			[image: ]

			So, by using the above equation the rate constant (k) for each temperature can be calculated by plotting graph between 1/(1-X) vs reaction time (t).

			5.1 Determination of reaction kinetics at 50oC

			The reaction kinetics was studied at 50oC with respect to time. It was found that conversion of double bond increased as time increased. Conversion of double bond X(b) with respect to time given in Table 6.

			Table 6: Conversion of double bond X(b) with time at 50oC.

			
				
					
					
					
					
				
				
					
							
							T(Hr)

						
							
							X(b)

						
							
							1/(1-X)

						
							
							ln[1/(1-X)]

						
					

					
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							1

						
							
							0.14

						
							
							1.15

						
							
							0.15

						
					

					
							
							2

						
							
							0.22

						
							
							1.30

						
							
							0.25

						
					

					
							
							3

						
							
							0.35

						
							
							1.55

						
							
							0.44

						
					

					
							
							4

						
							
							0.47

						
							
							1.90

						
							
							0.64

						
					

					
							
							5

						
							
							0.52

						
							
							2.08

						
							
							0.73

						
					

					
							
							6

						
							
							0.56

						
							
							2.31

						
							
							0.84

						
					

					
							
							7

						
							
							0.59

						
							
							2.46

						
							
							0.90

						
					

					
							
							8

						
							
							0.64

						
							
							2.74

						
							
							1.01

						
					

					
							
							9

						
							
							0.68

						
							
							3.18

						
							
							1.16

						
					

					
							
							10

						
							
							0.70

						
							
							3.38

						
							
							1.22

						
					

				
			

			From the above data a graph can be drawn, from which value of reaction constant k can be calculated at 50oC as described in Figure 3.
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			Figure 3: Graph between time (Hrs) and ln[1/(1-X)] at 50oC showing value of k.

			5.2 Determination of reaction kinetics at 60oC

			The reaction kinetics was studied at 60oC with respect to time. It was found that conversion of double bond increased as time increased. Conversion of double bond X (b) with respect to time given in Table 7.

			Table 7: Conversion of double bond X(b) with time at 60oC.

			
				
					
					
					
					
				
				
					
							
							T(Hr)

						
							
							X(b)

						
							
							1/(1-X)

						
							
							ln[1/(1-X)]

						
					

					
							
							0

						
							
							0

						
							
							0

						
							
							0

						
					

					
							
							1

						
							
							0.16

						
							
							1.19

						
							
							0.18

						
					

					
							
							2

						
							
							0.26

						
							
							1.35

						
							
							0.30

						
					

					
							
							3

						
							
							0.39

						
							
							1.63

						
							
							0.49

						
					

					
							
							4

						
							
							0.49

						
							
							1.97

						
							
							0.68

						
					

					
							
							5

						
							
							0.57

						
							
							2.35

						
							
							0.85

						
					

					
							
							6

						
							
							0.59

						
							
							2.46

						
							
							0.90

						
					

					
							
							7

						
							
							0.61

						
							
							2.59

						
							
							0.95

						
					

					
							
							8

						
							
							0.69

						
							
							3.21

						
							
							1.17

						
					

					
							
							9

						
							
							0.72

						
							
							3.63

						
							
							1.29

						
					

					
							
							10

						
							
							0.75

						
							
							4.01

						
							
							1.39

						
					

				
			

			From the above data a graph can be drawn, from which value of reaction constant k can be calculated at 60oC as described in Figure 4. 

			5.3 Determination of reaction kinetics at 70oC

			The reaction kinetics was studied at 70oC with respect to time. It was found that conversion of double bond increased as time increased. Conversion of double bond X(b) with respect to time given in Table 8.

			[image: ]

			Figure 4: Graph between time (Hrs) and ln[1/(1-X)] at 60oC showing value of k.

			Table 8: Conversion of double bond X(b) with time at 70oC.

			
				
					
					
					
					
				
				
					
							
							T(Hr)

						
							
							X(b)

						
							
							1/(1-X)

						
							
							ln[1/(1-X)]

						
					

					
							
							0

						
							
							0

						
							
							0

						
							
							0
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							0.19

						
							
							1.23

						
							
							0.20

						
					

					
							
							2

						
							
							0.29

						
							
							1.40

						
							
							0.34

						
					

					
							
							3

						
							
							0.43

						
							
							1.76

						
							
							0.56

						
					

					
							
							4

						
							
							0.60

						
							
							2.51

						
							
							0.92
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							0.64

						
							
							2.78

						
							
							1.02
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							0.69

						
							
							3.24

						
							
							1.17
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							0.76

						
							
							4.18

						
							
							1.43
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							0.80

						
							
							5.15

						
							
							1.64

						
					

				
			

			From the above data a graph can be drawn, from which value of reaction constant k can be calculated at 70oC as described in Figure 5.
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			Figure 5: Graph between time (Hrs) and ln[1/(1-X)] at 70oC showing value of k.

			6. Determination of activation energy 

			The activation energy of the epoxidation reaction can be calculated from rate constant k by using Arhenius equation (Himmelblau and Riggs, 2004) at different temperatures by plotting graph between lnk and 1/T.

			[image: ]

			By drawing graph between 1/T and ln k we can find the value of slope and activation energy. Further details are discussed in graph given below.

			From the graph slope is calculated below:

			[image: ]

			Hence, the activation energy of the reaction is 23.64 kj/mol.

			Table 9: Rate constant(k) at different temperatures.
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							ln k

						
					

					
							
							323

						
							
							0.00309

						
							
							0.13
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							0.00291

						
							
							0.21

						
							
							-1.58
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			Figure 6: Graph between 1/T and ln (k) showing slope and activation energy.

			Conclusions and Recommendations

			The kinetics of epoxidized pumpkin seed oil was studied in the presence of acidic ion exchange resin (Amberlit IR-120) under different ranges of temperature i.e., 323, 333, 343 K. The result of present research shows that pumpkin seed oil can be successfully utilized for epoxidation using Amberlite IR-120 as catalyst. The use of acidic ion exchange resin (Amberlite IR-120) minimized the side reactions during the epoxidation process. The presence of inert solvent (Benzene) and moderate temperature (333 K) increased the rate of epoxidation. Optimum conditions for epoxide formation included the mole ratios of ethylenic double: Acetic acid: H2O2 (D: A: H) were 1.0: 0.5: 1.5 with catalyst loading of 15% and stirring speed of 1500 rpm.

			A mathematical model that described the kinetics of the reaction system forin situ epoxidation of unsaturated fatty acids or triglycerides with organic peroxyacids, catalysed by acidic ion exchange resin, was proposed.Smallvalues of kinetic rate constants for both the side reactions indicated that the ring opening reactions were relatively much slower. The activation energy for the epoxidation reaction was determined to be 23.64 kJ/mol.

			Novelty Statement

			The epoxidation of pumpkin seed oil is the area which has not been discussed yet. This paper includes the synthesis of epoxidized pumpkin seed oil in the presence of acidic ion exchange resin (Amberlite IR-120) as catalyst. Epoxidized pumpkin seed oil can be used as stabilizer and plasticizer in PVC and its copolymers. This polymer has widespread use in gramophone recorders, floor covering, pipes etc.
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Abstract | The kinetic properties of epoxidized pumpkin seed oil were examined under different parameters.
The iodine number of pumpkin seed oil was found to be 108 g I./100g oil. This oil was epoxidized by 30%
H,O, which acts as oxygen donor and glacial acetic acid which acts as oxygen carrier using inert solvent
(benzene) in the presence of acidic ion exchange resin (Amberlite IR-120) as catalyst. The effect of different
parameters such as catalyst loading, temperature, stirring speed, molar ratios of H O, and acetic acid to
ethylenic unsaturated double bond were studied. It was found that maximum Relative epoxy yield (REY)
was 68% at temperature 60°C (333 K) with molar ratio of Double bond: Acetic Acid: Hydrogen peroxide
(D: A: H) 1.0:0.5:1.5 at stirring speed of 1000 rpm. The kinetics of epoxide formation was studied under
different ranges of temperatures i.e. 50°C, 60°C and 70°C.The Activation Energy of reaction was found to
be 23.64kj/mol with the help of Arrhenius Equation (In 2 = In 40 — Ea/RT). The purpose of this study is to
produce highly epoxidized pumpkin oil which can be further utilized as raw material in polymer industry and
to discuss its kinetic and thermodynamic properties. The characterization of epoxidized pumpkin seed oil was
accomplished by FTIR analysis which shows peak of epoxy group at 845cm™.
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1. Introduction the development of polymeric products obtained
from vegetable oils. Oils extracted from plants and

s the demand of energy is increasing day by vegetables are essential raw material sources for many

day and natural resources are limited so there chemical reactions in industry. These vegetable oils

is an increased interest in utilization of renewable are desirable in chemical industries because they are
resources as an alternate of naturally occurring readily available from renewable resources (Belgacem
petroleum based polymers (Biermann ez 4/, 2011). and Gandini, 2011). These vegetable oils are used as
Therefore, much attention has been diverted to raw material for thermosetting polymers (Galia e al.,
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