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Abstract12

The main objective of this work comprises the investigation of biodiesel production from13

rapeseed oil using potassium impregnated Fe3O4-CeO2 nanocatalyst. The various14

concentration of potassium impregnated Fe3O4-CeO2 was screened for catalytic15

conversion of rapeseed oil to triglyceride methyl ester. The 25 wt % potassium16

impregnated Fe3O4-CeO2 nanocatalyst showed best biodiesel production.  Nanocatalyst17

was characterized by FTIR, XRD, SEM, TEM, BET and Hammett indicator for basicity18

test. The characterization of biodiesel was performed with GC-MS, 1H and 13C NMR.19

Moreover,  the  optimum  reaction  parameters  such  as  catalyst  amount  (wt  %),  oil  to20

methanol ratio, reaction time and reaction temperature for transesterification reaction was21

analyzed and yield was determined by 1H NMR. The maximum yield of 96.13 % was22

obtained at 4.5 wt % catalyst amount, 1:7 oil to methanol ratio at 65 °C for 120 minutes.23

The properties of biodiesel such as acid value and kinematic viscosity were observed as24

0.308 mg KOH/g and 4.37 mm2/s respectively. The other fuel parameters such as flash25

point and density were also determined. The reusability of catalyst was observed and it26

showed stability up to five cycles without considerable loss of activity. The recovery of27

excess methanol after transesterification reaction was achieved using distillation process28

setup.29

.30
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1. Introduction34

35

Now a days, the inadequacy of conventional fuels along with global warming and36

direct environmental pollution due to massive utilization of fossil fuels leads to the37

consideration of an alternative fuel for fossil fuels [1,2]. Biodiesel is  fatty acid methyl38

esters obtained after transesterification of oils with methanol [3].39

40

Biodiesel is one of the alternative fuel, which possess all the properties such as41

renewability, accessibility, sustainable nature, and clean fuel that can meet all the42

challenges caused by fossil fuels [4,5]. Furthermore, domestically available numerous43

sources such as vegetable oils, algal oils and animal fat / oils are used as feedstock for the44

biodiesel production [6] .  Various techniques involved in conversion of  oils to biodiesel45

which includes pyrolysis, transesterification, supercritical fluid, and dilution [3,7]. Out of46

these methodologies most commonly and commercially used is transesterification47

techniques with homogeneous catalyst. Moreover, there are various catalyst involved in48

biodiesel production such as homogeneous, heterogeneous and enzyme catalyst [3, 7, 8].49

However, the environmental concern related to usage of homogenous catalyst such as50

huge amount of chemical waste water, whereas solid heterogeneous and enzyme catalyst51

have various challenges such as mass transfer resistant, reusability of catalyst. [7, 9, 10].52

53

In recent times nanocatalyst attained special attention in various process such as water54

treatment, drug delivery, optoelectronics and biodiesel production [4, 8, 11-13].55

Futhermore nanocatlayst plays a major role in biodiesel production due to its various56

features such as high stability, efficient catalytic activity, easy operational procedure,57

reusability, and high surface area [8, 10, 13]. The selection of feedstock for biodiesel58

production is reliant on the region. For example, in Europe and tropical countries major59
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sources for the production of biodiesel are rapeseed oil and palm oil respectively where60

as in soybean oil serves as one of the major sources of biodiesel in the United States [3,61

13].62

63

The focus of this work is to synthesize potassium impregnated nano-magnetic ceria64

and use this catalyst for the production of biodiesel from rapeseed oil. The magnetic65

nanoparticles helps in easy separation of catalyst and increases its reusability [14, 15].66

Nanomagnetic particles has been explored as a catalyst in various fields such as water67

treatment, bio catalysis, photocatalysis but rarely used in field of biodiesel production68

[16- 19]. Furthermore, as far as our knowledge the transesterification using the potassium69

impregnated nano-magnetic ceria has not been reported in the literature. The selection of70

rapeseed oil as a feedstock for biodiesel production is because of its easy availability and71

comparatively low cost oil in Europe. The CeO2 magnetic nanoparticles were72

impregnated with various concentration of potassium ions to determine the doping effect73

of potassium ions on catalytic activity. The cerium oxide was used in combination with74

various metal oxides for transesterification reaction [37, 38]. Moreover, ceria was used75

as catalyst for various catalytic reactions [15, 39]. The characterization of synthesized76

nanocatalyst  was  done  using  FTIR,  XRD,  SEM,  TEM, BET.  Further,  the  nanocatalyst77

has been used for transesterification reaction, where the production conditions such as78

temperature molar ratio of oil and methanol, catalyst amount and time were optimized.79

The biodiesel was analyzed by GC-MS, 1H and 13C NMR.80

81

2. Materials and methods82

83

2.1 Materials84

85

Rapeseed oil (FFA % = 0.442, average molecular weight=892.27), Cerium (III) nitrate86

hexahydrate (Ce (NO3)3.6H2O.),  Ferrous  chloride  tetrahydrate  (FeCl2. 4H2O) Ferric87

chloride hexahydrate (FeCl3.6H2O), Ammonia solution, potassium hydroxide (KOH),88

methanol of analytical grade were purchased from Sigma-aldrich.89
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90

2.2 Synthesis and screening of catalyst91

92

  The magnetic nanoparticles loaded with 25 wt % of ceria was synthesized by co-93

precipitation of FeCl2.4H2O, FeCl3.6H2O,  and  Ce  (NO3)3.6H2O using 25 % ammonia94

solution. The resulted solution was centrifuged and washed several times with water. The95

obtained precipitate was dried at 60 °C for 24 h and calcinated at 400 °C in muffle furnace96

(Naberthermb180) for 4 hours. The prepared magnetic nanoparticles loaded with 25 wt97

% ceria was impregnated with different concentration of KOH solution (15, 25, 50 wt %)98

and stirred continuously for 8h and later dried at 50 °C for overnight. The dried samples99

were calcined at 500 °C in muffle furnace for 4 hours. A series of potassium impregnated100

magnetic cerium dioxide nanocatalysts were screened for fatty acid methyl ester (FAME)101

production from rapeseed oil.102

103

2.3 Characterization of catalyst104

105

FTIR peaks and XRD patterns of synthesized catalyst were examined with Vertex 70106

Bruker and PANalytical – Empyrean X-ray diffractometer respectively.  SEM images of107

catalysts were obtained by spreading sample on colloidal graphite with 5 kV accelerating108

voltage (SEM, Hitachi SU3500). TEM images of the samples were captured using109

HT7700 (Hitachi).For attaining TEM images the nanocatalyst was dispersed in ethanol110

and sonicated for 25 minutes and a drop of suspension was added to carbon coated copper111

grid. Surface area of synthesized catalysts were determined using BET surface area112

analyzer (BET, Micromeritics Tristar II plus). Prior to perform BET analysis the catalyst113

samples were degassed at 35 °C for overnight to remove the moisture from the samples.114

The basicity of catalyst was determined with help of Hammett indicator.  For basicity115

test analysis , 350 mg of  each catalyst was  mixed with 1mL of  Hammett indicators such116

as bromothymol blue (H_7.2), phenolphthalein (H_9.8), 2, 4 - dinitroaniline (H_15) and117

4-nitroaniline were diluted separately in 10mL of methanol. Later all the samples were118

kept for 3hours to settle. The catalyst colour was observed after equilibration time. The119

catalyst experience colour change indicates that the basicity of catalyst was greater than120
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the weakest indicator whereas no colour change shows that the basic strength of catalyst121

lower than the strongest indicator.  [20, 21].122

123

2.4 Biodiesel production using potassium impregnated Fe3O4-CeO2124

125

126

Rapeseed oil was used as feedstock for biodiesel production. The fatty acid methyl127

ester production from rapeseed oil using different catalyst was done by mixing methanol128

to oil in 7:1 molar ratio and with 3wt % of each catalyst. The best catalyst for biodiesel129

production was selected by conducting all the reactions in a 250mL three neck round130

bottom flask with mechanical stirrer and reflux condenser at 60 °C for 120 minutes. The131

separation of fatty acid methyl ester as well as recovery of excess methanol and catalyst132

by centrifugation of samples after each reaction. The biodiesel was analyzed by GC-MS133

(Agilent-GC6890N, MS 5975) with agilent DB-wax FAME analysis GC column134

dimensions 30 m, 0.25 mm, 0.25 µm. The inlet temperature was 250 °C and oven135

temperature was programmed at 50 °C for 1 minute and it raises at the rate of 25136

°C/minute to 200 °C and 3 °C /minute to 230 °C and then it was held for 23 minute.137

Besides, esters of rapeseed oil after transesterification reaction was analyzed by 1H and138
13C  NMR  (Bruker).  For  NMR  analysis,  fatty  acid  methyl  esters  were  analyzed  by 1H139

NMR and 13C NMR at 400 MHz with CDCl3 as solvent .The percentage of conversion of140

rapeseed oil to fatty acid methyl esters (C %) and percentage of biodiesel yield are141

determined by the equation (1) and equation (2)  respectively [9, 13, 20, 22].142

143

(%) =
2 ×

3 × × 100 ( . 1)144

145

(%) =  × 100      ( . 2)146

147

148
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     Moreover, the transesterification reaction was sustained with the best catalyst attained149

after screening process.  However, the biodiesel production was also effected by reaction150

parameters such as amount of catalyst oil to methanol ratio, temperature and reaction151

time.152

153

3. Results and discussion154

155

3.1. Screening and selection of nanocatalyst for biodiesel production from rapeseed oil156

157

The  catalytic  performance  of  different  catalyst  such  as  15,  25,  50  wt  %  potassium158

impregnated Fe3O4-CeO2 were analyzed for the selection of nanocatalyst for the biodiesel159

production from rapeseed oil at 60 °C by using 3 wt % catalyst and 1:5 oil to methanol160

molar ratio within120minutes of reaction time. The catalytic activity of each catalyst was161

indicated in Fig1. This is due to the optimum loading of potassium ions to Fe3O4-CeO2,162

which offers sufficient active sites for the fatty acids to bind with the catalyst as well as163

the basic nature of the catalyst. Moreover the increased amount of KOH above the164

optimum value, basicity probably decrease the surface basic sites which led to a fall in165

the catalytic activity of the catalyst with subsequent reduction in yield [21, 23, 24]. The166

25 wt % potassium impregnated Fe3O4-CeO2 [named as Fe3O4-CeO2-25K] showed best167

result on preliminary examination on conversion rapeseed oil to biodiesel and hence168

selected for the optimization studies. Furthermore, reaction parameters for the chosen169

catalyst was optimized to obtain high yield of fatty acid methyl esters (FAME).170
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171

172

173

174

Fig. 1.  The efficiency of various catalyst for transesterification of rapeseed oil175

176

3.2. Characterization of catalyst177

178

The FTIR peaks of Fe3O4-CeO2, Fe3O4-CeO2-25K and regenerated Fe3O4-CeO2-25K179

were shown in Fig.2. The FTIR spectrum observed in region of 3286 cm-1 and 1624 cm-180
1  is  due  to  stretching  of  the  –OH  group  and  bending  vibration  of  water  molecule181

respectively[15]. FTIR bands at around 1370 cm-1 and 1009 cm-1 are due to vibration of182

CeO2. The FTIR peaks detected in the range of 500 cm-1 to 700 cm cm-1 represents Fe–O183

metal-oxygen bond which indicates the existence of Fe3O4 [15].  New peaks at around184

833 cm-1 and 1390 cm-1indicates impregnation of potassium to the catalyst.185

186
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187

188

Fig. 2. FTIR spectra of Fe3O4-CeO2, Fe3O4-CeO2-25K and regenerated Fe3O4-CeO2-25K189

190

 The  Fig.  3  shows the  XRD pattern  of  Fe3O4-CeO2, Fe3O4-CeO2-25K and regenerated191

Fe3O4-CeO2-25. The regenerated catalyst was obtained by separating catalyst after192

transesterification. The catalyst was with methanol and heptane to remove impurities and193

dried at 60 °C and calcined at 500 °C for 4 hours to reactivate the catalyst. X-ray194

diffraction patterns of Fe3O4-CeO2 depicts peaks at 35.36 º, 41.51 º, 50.8 º, 63.6 º, 67.7 º,195

74.7 º. XRD pattern of Fe3O4-CeO2-25K and regenerated Fe3O4-CeO2-25K showed new196

peaks at 38.72 º, which is due to the impregnation of potassium ions to Fe3O4-CeO2197
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nanocatalyst [15, 25]. Table 1 shows the crystallographic parameters of Fe3O4-CeO2-25K198

and regenerated Fe3O4-CeO2-25K after five cycles of transesterification.199

200

201

202

Fig. 3. XRD pattern of Fe3O4-CeO2, Fe3O4-CeO2-25K and regenerated Fe3O4-CeO2-25K203

Table 1.204

Catalyst Crystal

structure

a b c

(nm) (nm) (nm)
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The crystallographic parameters of Fe3O4-CeO2-25K and regenerated Fe3O4-CeO2-25K205

The TEM image of Fe3O4-CeO2 and Fe3O4-CeO2-25K were depicted in Fig. 5a and 5b206

respectively. The Fe3O4-CeO2 and Fe3O4-CeO2-25K catalyst have a particle size of 20-207

33.9 nm which was confirmed with help of TEM images. Further after impregnation of208

potassium ions the flat covered surface was observed. The flat covered surface imply to209

potassium impregnation. The extension of potassium covering depends on the weight210

percentage of potassium used for impregnation.211

212

213

Fe3O4-CeO2 Hexagonal 0.48 0.48 0.4 90 90 120

Fe3O4-CeO2-25K. Hexagonal 0.84 0.84 1.2 90 90 120

(a)
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Fig. 4. TEM image of (a) Fe3O4-CeO2 and (b) Fe3O4-CeO2-25K214

215

The composition and surface structure of nanocatalyst were analyzed by SEM. SEM216

image and EDS graph of Fe3O4-CeO2 and Fe3O4-CeO2-25K provides information about217

its morphology and elemental composition respectively. By comparing two images, it218

was observed that there was a coating on the catalyst due to doping of potassium. It also219

confirms the existence of Fe (34.9 wt %), Ce (13.5 wt %), O (28.8 wt %) and K (16.4 wt220

%) in the nanocatalyst. The elemental distribution in regenerated catalyst obtained after221

5 cycles was found to be Fe (33.5 wt %), Ce (12.9 wt %), O (27.7 wt %) and K (15.4 wt222

%) in the nanocatalyst.223

(b)
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224

Fig 5. (a) SEM image and EDS of Fe3O4-CeO2 (b) SEM image and EDS of Fe3O4-CeO2-225

25K226

227

The surface area, pore volume and pore size of Fe3O4-CeO2 and Fe3O4-CeO2-25K were228

determined  by  BET  analysis.  The  results  of  BET  analysis  of  Fe3O4-CeO2 and Fe3O4-229

CeO2-25K as summarized in Table 2. The BET surface area and pore volume reduced230

due to loading of potassium and this behavior was quite common with potassium [21, 24,231

26].The N2 adsorption-desorption isotherm for Fe3O4-CeO2 and Fe3O4-CeO2-25K from232

BET analysis were shown in Fig.6. The hysteretic loop isotherm indicates the presence233

of mesoporous materials. The pore width and pore volume distribution of Fe3O4-CeO2234

and Fe3O4-CeO2-25K depicted in Figure S1.235

236

237

Table 2 .238

The results of Brunauer-Emmett-Teller surface area analysis239
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240

Parameters Fe3O4-CeO2  Fe3O4-CeO2-25K

Surface area BET surface area (m2/g) 80.37  72.84

Pore volume Single point adsorption total pore volume of

pores (cm3/g)

0.177  0.18

Pore size Adsorption average pore width (nm) 8.81  9.99

241

242

243

244

Fig. 6. N2 adsorption-desorption isotherm plot of Fe3O4-CeO2 and Fe3O4-CeO2-25K245

246

The magnetic properties were measured using SQUID magnetometer (Cryogenic247

S700X-R, UK). The magnetization versus magnetic field dependencies at 300 Kelvin was248

obtained for Fe3O4-CeO2-25K shown in Fig.7. The remanent magnetization for Fe3O4-249
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CeO2-25K sample is 0.75 emu/g. Fig 7 also demonstrates the recovery of catalyst from250

the reaction mixture.251

252

253

254

255

256

257

Fig. 7. The magnetization versus magnetic field of Fe3O4-CeO2-25K at 300 K258

259

260

3.3.Characterization of biodiesel261

262

The quality of synthesized biodiesel should satisfy the criteria determined by263

ASTM/EN 14214 limits. The fatty acid methyl esters made from the rapeseed oil was264

characterized by GC-MS, 1H NMR and 13C NMR.265

266

The  chemical  composition  of  biodiesel  was  demonstrated  with  the  help  of  GCMS267

chromatogram and National Institute of Standards and Technology (NIST) 2014 MS268

library. The fatty acid methyl esters obtained after transesterification of rapeseed oil with269
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Fe3O4-CeO2-25K illustrated in Fig S2. Each FAME peak in the sample was identified270

with the help of library match and represented in Table S1.271

272

273

274

275

276

3.3.2 1H and 13C NMR spectroscopy277
1H and 13C NMR spectroscopy was used for the analysis of fatty acid methyl esters278

derived from rapeseed oil. The conversion was calculated using the equation 2, which279

was already mentioned above.  With the help of 1H NMR, FAME percentage of sample280

obtained after transesterification of rapeseed oil with Fe3O4-CeO2-25K was found to be281

96.13 %.  Fig. S3a and S3b demonstrates the 1H NMR and 13 C spectrum of fatty acid282

methyl esters sample obtained with help of Fe3O4-CeO2-25K catalyst respectively. It283

helps to characterize FAME and can be used to conform the existence of methyl esters in284

the biodiesel.285

In 1H NMR the signal at 3.64 ppm indicates methoxy group (A ME) of FAME and signal286

at 2.27 ppm corresponding to methylene group (ACH2). The presence of these signal in287

the biodiesel sample verifies the presence of methyl ester. Apart from the signal used for288

the quantification, there are other identifiable peaks such as signal at 0.87 to 0.97 ppm for289

CH2-CH3 or for latter methyl group.  The peaks in the range of 1.24 to 2.3 represents CH2290

(methylene group).  The signals at 5.3 range indicates presence of CH=CH (double bond)291

groups or olefinic groups[27]. In 13C NMR the signal at the range of 174 ppm and 51 ppm292

indicates existence of ester carbonyl –COO- and C-O respectively. The unsaturation in293

biodiesel sample was confirmed with help of signals at 132.11 ppm and 126.89 ppm. The294

presence of -CH2 group was showed with help of signals in the region of 21-35 ppm [27].295

296

297

298

299

300

301
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3.4.  Influence of various parameters on biodiesel production302

303

The higher yield of biodiesel was achieved by optimizing the reaction conditions such304

as oil to methanol ratio, temperature, time, catalyst amount. Based on the preliminary305

screening of catalysts, the Fe3O4-CeO2-25K catalyst was found to be more capable306

catalyst for the conversion of rapeseed oil to biodiesel. Series of transesterification307

reactions were performed using Fe3O4-CeO2-25K in order to achieve the reaction308

parameters for optimization.309

310

3.4.1 Effect of catalyst amount (weight %) in biodiesel production311

312

The effect of catalyst concentration on biodiesel production was investigated by313

performing reactions at various catalyst concentration from 1.5 wt % to 6 wt % of oil.314

The 96.13 % of biodiesel yield was obtained within 120 minutes of reaction time at 65315

°C by using 4.5 wt % catalyst and 1:7 oil to methanol molar ratio (Fig. 8a). The conversion316

of oil to biodiesel raises with increase in amount of catalyst up to 4.5 wt % and extra rise317

in catalyst concentration beyond the optimum value showed reduction in biodiesel yield318

due to decrease in the availability of active sites.  The additional amount of catalyst aids319

to saponification of oil which will finally inhibits the reaction[20, 21].320

321

3.4.2 Effect of temperature in biodiesel production322

323

The influence of temperature for high yield reaction which was investigated by324

conducting reaction at various temperatures using 4.5 wt % catalyst, 1:7 oil to methanol325

molar ratio for 120 minutes reaction time (Fig. 8b). The yield of biodiesel increased326

gradually up to 65 °C and resulted in maximum yield of fatty acid methyl esters. After327

65 °C biodiesel yield reduced with rise in temperature, which is due to the fact that328

elevated temperature favors methanol vaporization as well as saponification reaction [20,329

28, 29]. Alkaline catalyst favor the saponification of the triglycerides at elevated prior to330

the completion of the transesterification process [40, 41].331

332

3.4.3 Effect of oil to methanol ratio in biodiesel production333
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334

The biodiesel conversion significantly increases as oil to methanol molar ratios were335

raised from 1:5 to 1:11 illustrated in Fig. 8c. The reaction was carried out at 4.5 wt %336

catalyst  at  65  °C  for  120  minutes  of  reaction  time.  The  biodiesel  yield  was  adversely337

affected on rising methanol concentration above the optimum amount (1:7) which was338

due to the higher solubility of glycerol to ester phase resulting in difficulty in separation339

of biodiesel. The excess amount of methanol than optimum limit leads to increasing the340

solubility of glycerol into the ester phase thereby encouraging the reverse reaction341

between glycerol and ester which reduces the yield of biodiesel[30, 31].342

343

344

3.4.4 Effect of reaction time in biodiesel production345

346

The effect of reaction time on transesterification reaction was observed by executing347

reactions for various time intervals using 4.5 wt % catalyst, 1:7 oil to methanol molar348

ratio at 65 °C depicted in Fig. 8d. The fatty acid methyl ester content rose with increase349

in reaction time up to 120 minutes and reached at its maximum. After 120 minutes FAME350

percentage remains almost constant, without much reduction in ester content.351

352
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353

354

Fig. 8. (a). Effect of catalyst amount (weight %) on FAME  yield (b). Effect of reaction355

temperature on FAME yield (c). Effect of oil to methanol molar ratio on FAME  yield356

(d). Effect of reaction time on FAME  yield.357

358

3.5.  Properties of synthesized biodiesel from rapeseed  oil359

360

The properties of rapeseed oil methyl esters were determined using EN 14214 method361

as presented in Table 3. All these features play a key role in biodiesel quality.  The acid362

value of rapeseed oil methyl ester was found to be 0.32 mg KOH/g and it was within the363

limits of European International standard organization (EN ISO) method. The increase in364

acid value can results in difficulties like corrosion of rubber parts of engine and filter365

clogging[32].  The density and kinematic viscosity are other two main fuel features which366



19

influence the fuel injection operation.  Higher values of this factors can negatively affect367

fuel injection process and leads in the formation of engine deposits[33, 34]. The density368

and kinematic viscosity of rapeseed oil methyl esters were 880.30 kg/m3 and 4.37 mm2/s369

respectively. The other factor is flash point which specifies the minimum temperature at370

which fuel starts to ignite. It is vital to know flash point value for fuel handling and storage371

[35].372

373

Table 3.374

Properties of rapeseed oil methyl esters (Fe3O4-CeO2-25K catalyst at concentration of 4.5375

wt %, 1:7 oil to methanol ratio, reaction temperature 65 °C, reaction time 120 minutes)376

Property EN 14214 test

method

Limits Methyl ester from

rapeseed oil

Acid value (mg

KOH/g)

Pr EN14104 0.5 max 0.308

Density at 15°C

(kg/m3)

EN ISO 12185 860-900 880.30

Kinematic viscosity at

40°C mm2/s

EN ISO 3104 3-5 4.37

Flash point (°C) EN ISO 2719 - 171°C

377

3.6.  Reusability of catalyst378

379

For an environmental friendly biodiesel production process, the concept of reusability380

of catalyst is a vital element. The deposition of impurities or oil on catalyst surface and381

thermal deactivation are typical reasons for catalyst deactivation. The cleaning of catalyst382

with suitable solvent and calcination helps in its regeneration [36]. To analyze the383

reusability of Fe3O4-CeO2-25K nanocatalyst,  firstly  it  was  separated  from rapeseed  oil384

methyl esters and glycerol. After transesterification, the separated catalyst was washed385

with methanol and heptane to remove impurities. The washed catalyst was dried at 60 °C386

and calcined at 500 °C for 4hours to reactivate the catalyst. It was detected that activity387

of catalyst decreased continuously up to the five runs (Fig.9a).  It indicates that catalyst388

activity decreased from 96.13 % to 80.94 % in five cycles. In comparison with earlier389
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reported magnetic nanocatalyst, the synthesized catalyst showed greater yield in biodiesel390

production [16, 42].391

The leaching test was performed to determine the cause of the decrease in activity of392

synthesized nanocatalyst and its stability. Figure 9b represents the concentration of393

leached metal ion determined using inductively coupled plasma (ICP, Agilent 5110) after394

different cycles. The concentration of potassium and cerium in the solution after each395

cycle were less than 0.56 mg/L and 0.038 mg/L respectively.396

397

398

399

400
Fig. 9. (a)Reusability analysis and (b) leaching test of Fe3O4-CeO2-25K catalyst up to401

five transesterification reactions402

403

4. Conclusion404

405

The transesterification of rapeseed oil to biodiesel was successfully done with help of406

Fe3O4-CeO2-25K. The catalytic activity of different weight percentage of potassium407

impregnated Fe3O4-CeO2 was investigated and best activity was attained at optimum408

loading of KOH (25wt %) to Fe3O4-CeO2. The characterization of synthesized catalyst409

and integration of potassium ions to Fe3O4-CeO2 nanostructure confirmed by FTIR, XRD,410

SEM, TEM. The nanocatalyst showed 96.13 % fatty acid methyl ester content using 4.5411
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wt % catalyst amount, 1:7 oil to methanol ratio at 65 °C with in a reaction time of 120412

minutes. The properties of biodiesel such as acid value, density, kinematic viscosity and413

flash point were within the EN 14214 limits. All these results, indicates Fe3O4-CeO2-25K414

is an efficient catalyst for the production of superior quality biodiesel from rapeseed oil415

as a feedstock. The reusability of catalyst also exhibited favorable result, which makes it416

cost effective and more eco-friendly. Moreover, the synthesized catalyst was nontoxic417

and resulted in higher conversion rate of rapeseed oil to biodiesel compared to other418

magnetic nanocatalyst.419

420

References421

422

[1] A. Demirbas, Biodiesel production from vegetable oils by supercritical methanol,423

J. Sci. Ind. Res. 64 (2005) 858–865.424

[2] J.X. Wang, K.T. Chen, S.T. Huang, K.T. Chen, C.C. Chen, Biodiesel Production425

from Soybean Oil Catalyzed by Li 2 CO 3, (2012) 1619–1625.426

doi:10.1007/s11746-012-2074-2.427

[3] S.P. Singh, D. Singh, Biodiesel production through the use of different sources428

and characterization of oils and their esters as the substitute of diesel: A review,429

Renew. Sustain. Energy Rev. 14 (2010) 200–216. doi:10.1016/j.rser.2009.07.017.430

[4] E. Bet-Moushoul, K. Farhadi, Y. Mansourpanah, A.M. Nikbakht, R. Molaei, M.431

Forough, Application of CaO-based/Au nanoparticles as heterogeneous432

nanocatalysts in biodiesel production, Fuel. 164 (2016) 119–127.433

doi:10.1016/j.fuel.2015.09.067.434

[5] G. Huang, F. Chen, D. Wei, X. Zhang, G. Chen, Biodiesel production by435

microalgal biotechnology, Appl. Energy. 87 (2010) 38–46.436

doi:10.1016/j.apenergy.2009.06.016.437

[6] M.E. Hums, R.A. Cairncross, S. Spatari, Life-Cycle Assessment of Biodiesel438

Produced from Grease Trap Waste, Environ. Sci. Technol. 50 (2016) 2718–2726.439

doi:10.1021/acs.est.5b02667.440



22

[7] A. Abbaszaadeh, B. Ghobadian, M.R. Omidkhah, G. Najafi, Current biodiesel441

production technologies : A comparative review, Energy Convers. Manag. 63442

(2012) 138–148. doi:10.1016/j.enconman.2012.02.027.443

[8] G. Baskar, R. Aiswarya, Trends in catalytic production of biodiesel from various444

feedstocks, Renew. Sustain. Energy Rev. 57 (2016) 496–504.445

doi:10.1016/j.rser.2015.12.101.446

[9] L. Wen, Y. Wang, D. Lu, S. Hu, H. Han, Preparation of KF / CaO nanocatalyst447

and its application in biodiesel production from Chinese tallow seed oil, Fuel. 89448

(2010) 2267–2271. doi:10.1016/j.fuel.2010.01.028.449

[10] R. Madhuvilakku, S. Piraman, Biodiesel synthesis by TiO2-ZnO mixed oxide450

nanocatalyst catalyzed palm oil transesterification process, Bioresour. Technol.451

150 (2013) 55–59. doi:10.1016/j.biortech.2013.09.087.452

[11] S. Ben, F. Zhao, Z. Safaei, I. Babu, D. Lakshmi, M. Sillanpää, Applied Catalysis453

: Environmental Reactivity of novel Ceria – Perovskite composites CeO 2 -454

LaMO 3 ( MCu , Fe ) in the catalytic wet peroxidative oxidation of the new455

emergent pollutant “ Bisphenol F ”: Characterization , kinetic and mechanism456

studies, "Applied Catal. B, Environ. 218 (2017) 119–136.457

doi:10.1016/j.apcatb.2017.06.047.458

[12] B. Gao, Z. Safaei, I. Babu, S. Iftekhar, E. Iakovleva, V. Srivastava, B. Doshi, S.459

Ben, S. Kalliola, Journal of Photochemistry and Photobiology A : Chemistry460

Modi fi cation of ZnIn 2 S 4 by anthraquinone-2-sulfonate doped polypyrrole as461

acceptor-donor system for enhanced photocatalytic degradation of tetracycline,462

"Journal Photochem. Photobiol. A Chem. 348 (2017) 150–160.463

doi:10.1016/j.jphotochem.2017.08.037.464

[13] I. Ambat, V. Srivastava, M. Sillanpää, Recent advancement in biodiesel465

production methodologies using various feedstock : A review, 90 (2018) 356–466

369.467

[14] A. Lu, E.L. Salabas, F. Schüth, Magnetic Nanoparticles : Synthesis , Protection ,468

Functionalization , and Application Angewandte, (2007) 1222–1244.469

doi:10.1002/anie.200602866.470



23

[15] A. Gogoi, M. Navgire, K. Chandra, P. Gogoi, Fe 3 O 4 -CeO 2 metal oxide471

nanocomposite as a Fenton-like heterogeneous catalyst for degradation of472

catechol, Chem. Eng. J. 311 (2017) 153–162. doi:10.1016/j.cej.2016.11.086.473

[16] S. Hu, Y. Guan, Y. Wang, H. Han, Nano-magnetic catalyst KF/CaO-Fe3O4 for474

biodiesel production, Appl. Energy. 88 (2011) 2685–2690.475

doi:10.1016/j.apenergy.2011.02.012.476

[17] V. Srivastava, T. Kohout, M. Sillanpää, Journal of Environmental Chemical477

Engineering Potential of cobalt ferrite nanoparticles ( CoFe 2 O 4 ) for478

remediation of hexavalent chromium from synthetic and printing press479

wastewater, Biochem. Pharmacol. 4 (2016) 2922–2932.480

doi:10.1016/j.jece.2016.06.002.481

[18] L.H.A. and H.E.T. M.F.C. Andrade, A.L.A. Parussulo, C.G.C.M. Netto, Lipase482

immobilized on polydopamine-coated magnetite nanoparticles for biodiesel483

production from soybean oil, Biofuel Res. J. 10 (2016) 403–409.484

doi:10.18331/BRJ2016.3.2.5.485

[19] M. Akia, F. Yazdani, E. Motaee, D. Han, H. Arandiyan, A review on conversion486

of biomass to biofuel by nanocatalysts, Nanocatalysts. Biofuel Res. J. Biofuel487

Res. J. 1 (2014) 16–25.488

[20] V. Singh, F. Bux, Y.C. Sharma, A low cost one pot synthesis of biodiesel from489

waste frying oil (WFO) using a novel material, -potassium dizirconate ( -490

K2Zr2O5), Appl. Energy. (2016). doi:10.1016/j.apenergy.2016.02.135.491

[21] M. Takase, Y. Chen, H. Liu, T. Zhao, L. Yang, X. Wu, Biodiesel production492

from non-edible Silybum marianum oil using heterogeneous solid base catalyst493

under ultrasonication, Ultrason. Sonochem. 21 (2014) 1752–1762.494

doi:10.1016/j.ultsonch.2014.04.003.495

[22] N. Pereira, F. Sávio, G. Pereira, C.C. Galvão, A. Maria, R. Bastos, V. Lins, M.496

Aparecida, N. Medeiros, D.L. Filho, Biodiesel from Residual Oils : Less497

Environmental Impact with Sustainability and Simplicity, 17 (2016) 1–14.498

doi:10.9734/CSIJ/2016/29455.499



24

[23] F. Qiu, Y. Li, D. Yang, X. Li, P. Sun, Heterogeneous solid base nanocatalyst:500

Preparation, characterization and application in biodiesel production, Bioresour.501

Technol. 102 (2011) 4150–4156. doi:10.1016/j.biortech.2010.12.071.502

[24] Y. Li, F. Qiu, D. Yang, X. Li, P. Sun, Preparation, characterization and503

application of heterogeneous solid base catalyst for biodiesel production from504

soybean oil, Biomass and Bioenergy. 35 (2011) 2787–2795.505

doi:10.1016/j.biombioe.2011.03.009.506

[25] D. Salinas, G. Pecchi, V. Rodríguez, J. Luis, G. Fierro, Effect of Potassium on507

Sol-Gel Cerium and Lanthanum Oxide Catalysis for Soot Combustion, (2015)508

68–77.509

[26] F. Qiu, Y. Li, D. Yang, X. Li, P. Sun, Bioresource Technology Heterogeneous510

solid base nanocatalyst : Preparation , characterization and application in511

biodiesel production, 102 (2011) 4150–4156. doi:10.1016/j.biortech.2010.12.071.512

[27] M. Tariq, S. Ali, N. Khalid, Activity of homogeneous and heterogeneous513

catalysts, spectroscopic and chromatographic characterization of biodiesel: A514

review, Renew. Sustain. Energy Rev. 16 (2012) 6303–6316.515

doi:10.1016/j.rser.2012.07.005.516

[28] E.C. Abbah, G.I. Nwandikom, C.C. Egwuonwu, N.R. Nwakuba, Effect of517

Reaction Temperature on the Yield of Biodiesel From Neem Seed Oil, Am. J.518

Energy Sci. 3 (2016) 16–20.519

[29] T. Eevera, K. Rajendran, S. Saradha, Biodiesel production process optimization520

and characterization to assess the suitability of the product for varied521

environmental conditions, Renew. Energy. 34 (2009) 762–765.522

doi:10.1016/j.renene.2008.04.006.523

[30] G. Kafui, A. Sunnu, J. Parbey, Effect of biodiesel production parameters on524

viscosity and yield of methyl esters : Jatropha curcas , Elaeis guineensis and525

Cocos nucifera, Alexandria Eng. J. 54 (2015) 1285–1290.526

doi:10.1016/j.aej.2015.09.011.527

[31] F.F. Banihani, Transesterification and Production of Biodiesel from Waste528



25

Cooking Oil : Effect of Operation Variables on Fuel Properties, 4 (2017) 154–529

160. doi:10.11648/j.ajche.20160406.13.530

[32] A.B. Chhetri, M.S. Tango, S.M. Budge, K.C. Watts, M.R. Islam, Non-edible531

plant oils as new sources for biodiesel production, Int. J. Mol. Sci. 9 (2008) 169–532

180. doi:10.3390/ijms9020169.533

[33] G. Knothe, K.R. Steidley, Kinematic viscosity of biodiesel fuel components and534

related compounds. Influence of compound structure and comparison to535

petrodiesel fuel components, Fuel. 84 (2005) 1059–1065.536

doi:10.1016/j.fuel.2005.01.016.537

[34] A. Demirbas, Biodiesel: A realistic fuel alternative for diesel engines, Biodiesel538

A Realis. Fuel Altern. Diesel Engines. (2008) 1–208. doi:10.1007/978-1-84628-539

995-8.540

[35] H.G. Aleme, P.J.S. Barbeira, Determination of flash point and cetane index in541

diesel using distillation curves and multivariate calibration, Fuel. 102 (2012)542

129–134. doi:10.1016/j.fuel.2012.06.015.543

[36] W. V. Prescott, A.I. Schwartz, Nanorods and Nanomaterials Research Progress,544

(2008) 279.545

http://books.google.es/books/about/Nanorods_Nanotubes_and_Nanomaterials_R546

es.html?id=a2De3CXrM8wC&pgis=1.547

[37] Zhang N, Xue H, Hu R., The activity and stability of CeO 2 @ CaO catalysts for548

the production of biodiesel, RSC Advances. 8 (2018) 32922–32929.549

doi:10.1039/c8ra06884d.550

[38] Mangkin M, Berpenyokong D., Optimization of process parameters for the551

production of biodiesel from waste cooking oil in presence of bifunctional  -Al 2552

O 3 -CeO 2 supported catalysts ,The Malaysian Journal of Analytical Sciences,553

19( 2015) , 8–19.554

[39] Orozco LM, Renz M, Corma A., Cerium oxide as a catalyst for the ketonization555

of aldehydes: mechanistic insights and a convenient way to alkanes without the556

consumption of external hydrogen, 19 (2017):1555–1569.557



26

doi:10.1039/c6gc03511f.558

[40] Eloka-eboka AC, Igbum OG, Inambao FL.,  Optimization and effects of process559

variables on the production and properties of methyl ester biodiesel, Journal of560

Energy in Southern Africa , 25 (2014), 39–47.561

[41] Saha R, Goud V V.,  Ultrasound assisted transesterification of high free fatty562

acids karanja oil using heterogeneous base catalysts, Biomass Conv. Bioref., 5563

(2015), 195-207. doi:10.1007/s13399-014-0133-7.564

[42] Feyzi M, Nourozi L, Zakarianezhad M. Preparation and characterization of565

magnetic CsH2PW12O40/Fe–SiO2 nanocatalysts for biodiesel production.,566

Materials Research Bulletin 60 (2014) 412–420,567

doi:10.1016/j.materresbull.2014.09.005.568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587



27

Nano-magnetic potassium impregnated ceria as catalyst for the biodiesel production.588

Indu Ambat a*, Varsha Srivastava a, Esa Haapaniemi c, Mika Sillanpää a, b589
a Department of Green Chemistry, School of Engineering Science, Lappeenranta590

University of Technology, Sammonkatu 12, FI-50130 Mikkeli, Finland591

b Department of Civil and Environmental Engineering, Florida International University,592

Miami, FL-33174, USA593

c Department of Organic Chemistry, University of Jyväskylä, Finland594

*Corresponding Author (email: indu.ambat@lut.fi )595

596

597

Supplementary materials598

599

Tables600

601

602

Table S1.603

 The composition of biodiesel obtained after transesterification with Fe3O4-CeO2-25K604

605

Peak Retention

time(min

utes)

Library match

(%)

Mass spectrum with compound

1 8.35 91.77
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6 12.02       88.15
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Fig. S1. Pore volume and pore width distribution of Fe3O4-CeO2 and Fe3O4-CeO2-25K645
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648

649

Fig. S2. Illustrates GC-MS spectrum of biodiesel obtained after transesterification with650

4.5 wt % Fe3O4-CeO2-25K, 1:7 oil to methanol molar ratio at 65 °C for 120 minutes.651

652

653

Fig. S3 a. The 1H NMR for the biodiesel sample obtained with Fe3O4-CeO2-25K654
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655

656

657

Fig. S3 b. The 13C NMR for the biodiesel sample obtained with Fe3O4-CeO2-25K658

659

660
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