
Highlights 

Extruded catalysts show efficient conversion of sunflower oil into biodiesel. 

The reaction achieved practically total conversion using 35%K2CO3/65% -Al2O3 at 

2h. 

After transesterification high-quality biodiesel was attained according ASTM/EN 

specifications. 

Highlights (for review)
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Abstract 

The biodiesel production from sunflower oil by ethanolic route using K2CO3/ -Al2O3 

with several shapes were studied. To prepare the catalysts, boehmite was extruded with 

the aid of a binder and different percentages of K2CO3 active phase (15 to 45%) 

impregnated on the supports for comparative purposes. The transesterification reactions 

were carried out during 4h using 5 wt% of the catalyst and the effects of oil: alcohol 

molar ratio and temperature were investigated to improve biodiesel formation. The best 

result (99.3% conversion) was obtained when 35%K2CO3/65% -Al2O3 hollow cylinder 

catalyst was used at 80  and 1:12 oil: ethanol molar ratio, showing their potential as 

promising alternative to conventional homogeneous catalytic systems used for biodiesel 

production at industrial scale. 

Keywords: Biodiesel, extruded catalysts, sunflower oil, ethanolic route 

1. Introduction 

The search for alternatives to mitigate global warming is nowadays one of most major 

global challenge. In this context, bioethanol, biobuthanol, biodiesel, biogas 

(biomethane) and biofuels based on hydrogen and biomass are among the alternatives 

with great potential. Particularly, biodiesel, which is the focus of this work, is very 

attractive because it can be used in diesel engines without any modification and, 

moreover, can be produced by chemically and biochemically route. The world 

production of biodiesel in 2017 was 30.7 billion liters whose global ranking is led by 

9 9 L), Germany (3.5 

9 9 L), among others [1]. In Brasil, the commercial diesel/ 

biodiesel blends containing 10% of biodiesel are mandatories as established by the 

National Energy Policy Council (CNPE) from the Brazilian Ministry of Mines and 

Energy. Basically, Its production at industrial scale is still carry out by chemical 



transesterification using homogeneous alkaline catalyst such as KOH or NaOH or their 

corresponding alkoxide (CH3ONa+ or CH3OK+) and methanol as reactant alcohol [2]. 

This conventional process for biodiesel production, including its advantages and 

drawbacks has been extensively discussed [3-5]. However, the main challenges are still 

focused on the main following aspects: a) use of the non-edible oils as feedstocks; b) 

new applications for glycerol and c) technological improviment to reduce its production 

cost, including development of the new processes and unexpensive heterogeneus 

catalysts, among others. 

In this context, an extensive research activity about the use heterogeneous catalysts as 

alternative to the conventional homogeneous catalysts has been observed [6-12]. In 

these cases, are required reaction temperature and molar ratios of oil: alcohol 

comparatively higher, however, soap production is avoided and catalysts can be easely 

recovered and reused in several reaction cycles, resulting, consequently, in processes 

with lower environmental impact. 

Several solid catalysts, such as basic derivatives [13-15], acids [16, 17] and bifunctional 

systems [18, 19] have been evaluated, as well as, enzymatic derivatives, which have 

shown excellent performance despite the high commercial cost of the purified 

enzymes[20, 21]. There is still no consensus, however, as to whether alkaline catalysts 

are a better choice than acid in terms of reaction rate and biodiesel productivity. One 

disadvantage of the use of a solid catalyst is the formation multiphasic system, which 

leads to diffusion limitations that decrease the reaction rate [2, 22]. 

Also, instead of the powder catalysts, the extruded heterogeneous catalysts [23-29] 

present a great potential and are very attractive due to their conformed structure with 

different geometrical shapes which can create a macroporous material with mesopores 

connecting clusters of catalyst supports. Also, the extruded larger catalysts present good 



mechanical properties and allow for easier recovery from reacional medium for 

regeneration resulting in excellent catalysts for several applications. 

On the other hand, after a careful analysis of studies on a wide variety of heterogeneous 

catalytic derivatives reported in the literature [10, 11, 30-37] found a family of catalysts 

based on potassium precursors [30-37]. Among them, K2CO3/ -Al2O3 in powder form 

was attractive because of its easy preparation and low cost [30, 33]. This powder 

catalyst has already been explored in the production of biodiesel, even if, by methylic 

route and using several feedstocks, with relatively good performance. However, 

depending on the reaction conditions, powder catalysts commonly present 

agglomeration problems that affect its catalytic activity. Thus, the aim of this work was 

to evaluate extruded catalysts based on K2CO3/ -Al2O3, constituted by a channel with 

cylindrical geometry (hollow cilynder), in order to verify their potential in the ethanolic 

biodiesel production by chemical transesterification.  

2. Materials and Methods 

2.1 Materials 

The used feedstock for biodiesel production was commercial sunflower oil. A mixture 

C4-C24 of fatty acid ethyl esters (FAEEs) was used as standard for biodiesel 

characterization (SUPELCO). Boehmite (PURAL SB SASOL containing 85% of 

Al2O3) was used as -alumina precursor and urea as temporary binder was used for the 

extrusion. Potassium carbonate (SCHARLAU) was used as active phase component and 

ethanol P.A. (SCHARLAU) was used as reagent alcohol.  

2.2 Experimental methods 

2.2.1 Procedure for support preparation  

For comparative purpose three support with different shapes were evaluated: 1) 

boehmite powder; 2) boehmite hollow cylinder and 3) boehmite solid cylinder. In the 



first case was used just boehmite as presented in its commercial form and calcinated at 

500  

For the second and third cases, the materials used to prepare the support were boehmite 

(1625.70 g), temporary binder (151.25 g) and water (250 g). In order to extrude the 

boehmite, 4 process steps were necessary, being: a) mass formation; b) extrusion; c) 

drying (essential to avoid cracking in the extruded catalysts) and d) calcination. Firstly, 

the materials were mixed in a mechanical kneading machine (model R-02E orbital 

kneader model, from EIRICH, Germany) until homogeneity was reached. Then, water 

was added until achieving a good plasticity. The mixture was then mechanically mixed 

for 5 min and kept isolated at room temperature overnight. Then, after overnight the 

mechanical extrusion was performed in a Bonnot extruder (2209 model, form Bonnot 

Company, USA) at 6 rpm to obtain hollow cylindrical shapes of 5 mm of external and 2 

mm internal diameter and solid cylinders of 1.83 mm of diameter, using a Cone Drive 

Transverse (Model SHU-7500C-BJ). The extrudates were dried for two days at room 

 resulting in -

Al2O3 structures. 

2.2.2 Procedure for catalysts preparation  

The catalysts were prepared by K2CO3 equilibrium impregnation on the hollow and 

solid cylinder supports using 15, 25, 35 and 45 % of K2CO3 respect to the support mass, 

during 1 h at 10 rpm. However, previously pore volume of the calcined supports were 

determined as 0.774 cm3.g-1 to estimate the active phase requested for impregnation 

procedure. For powder catalysts K2CO3 was incorporated on the supports by insipient 

impregnation. Finally, in all cases, the catalysts were calcined in the muffle furnace at 

. 

2.2.3 Procedure for biodiesel production  



The biodiesel production was carried out by chemical transesterification through 

ethanolic route using sunflower oil as substrate and using essentially K2CO3 supported 

on -Al2O3 with hollow cylindrical shapes as catalyst. In each experiment 5% mass of 

catalyst in relation to oil mass was used, whereas oil: alcohol molar ratio was varied: 1: 

6, 1: 9 and 1: 12. The reactions were conducted in a glass jacketed reactor coupled to 

thermostatic bath to adjust the reactor temperature at 80 

agitation (200 rpm) during 4h reactional time. Then, the reaction was stopped and the 

biodiesel was purified as described previously by Silveira-Junior et al. [38] for further 

characterization. Experiments were carried out in triplicate. Powder and solid cylinder 

catalysts were just used for comparative purpose during diffusional limitation studies.  

2.3 Analytical methods 

2.3.1 Thermogravimetric analysis (TG/DTG) 

Simultaneous thermogravimetric and differential thermal analyses (TGA-DTA) of 

catalysts were carried out in a flowing air atmosphere using an analyzer equipped with a 

gas cell (STA 6000 model from PerkinElmer, USA). Around 30 mg of sample were 

placed in a 10 / min. 

2.3.2 Mechanical strength 

The mechanical strength of the catalysts was measured in terms of burst pressure using 

a dynamometer (LTMC model from CHATILLON, USA) according ASTM D 

4179/2011. The tests consisted on determining the pressure needed to be applied on the 

external surface of the catalyst to cause its rupture.  

2.3.3 Scanning Electron Microscopy (SEM) 

SEM micrographs of the catalyst was obtained on a scanning electron microscope 

HITACHI (TM1000 Tabletop Microscope model from HITACHI, Japan). The 

procedure for preparing the materials for analysis consisted of depositing a portion of 



the solid onto a carbon adhesive tape affixed to the sample holder. The micrographs 

were obtained with magnifications ranging from 100 to 3000 . 

2.3.4 X-Ray diffraction 

Analysis of the powder (support and/or catalysts) obtained by previous milling was 

performed by X-ray diffractometry (XRD, X'Pert PRO Theta/2theta from PANalytical, 

The Netherlands). The patterns were recorded over the angular range of 5 ) with 

 radiation 

( 0.154056 nm) with a working voltage and current of 40 kV and 100 mA, 

respectively. 

2.3.5 Textural characterization 

Specific surface area data were calculated from nitrogen adsorption/desorption 

C in an ASAP apparatus (2420 model from Micromeritics 

Instrument Corp., USA), after application of the BET equation [39, 40].  

2.3.6 Chemisorption analysis (CO2 - TPD)  

Chemisorption analysis was carried out through the temperature-programmed 

desorption profiles of CO2 (CO2 - TPD) using apparatus equipped with a mass detector 

(AutoChem II 2920 V4.01 model from Micromeritics Instrument Corp., USA). Before 

the CO2-TPD experiment, samples (0.2000 g) were treated in situ in a helium flow, 

 The samples were then 

exposed to CO2  

 under a Helium flow while it was 

monitoring the desorption of CO2. 

2.3.7 Gas chromatography (GC) 

The formed biodiesel was monitored by gas chromatography (430-GC model from 

Bruker, Germany). The injector and detector temperatures were set at .  Helium 



was used as the carrier gas with a flow of 312.3 mL/min of entrainment gas at a linear 

velocity of 62.0 cm/min. for 1 min, heated to 

180 /min, then to 300  /min and maintained constant for 10 min. 

polysiloxane composition. Identification and quantification of formed biodiesel was 

carried out according to the calibration curve prepared using FAEEs (referent to the 

fatty acids contained in the sunflower oil) at four concentrations and ethyl decanoate as 

internal standard (Sigma-Aldrich). 

2.3.8 Physicochemical analysis of biodiesel using standard methods 

Physicochemical analyses were carried out to evaluate the biodiesel quality according to 

standard specifications (US Standard - ASTM D6751 and European Standard - EN 

14213), considering particularly the following properties: specific gravity (ASTM 

D1298), kinematic viscosity (ASTM D445), acid number (ASTM D664) and iodine 

index (EN 14111). 

3. Results and discussion  

3.1 Catalyst characterization 

3.1.1 Thermogravimetric analysis of extruded support/ catalysts 

Figure 1 shows the results of thermogravimetric analysis (TGA-DTG) of boehmite (Fig. 

1a) and the active phase K2CO3 (Fig. 1b) between the temperature ranges of 30 and 950 

A thermogravimetric analysis (TGA-DTG) of boehmite is interesting to evaluate the 

most adequate calcination temperature for the extruded support preparation, in order to 

obtain the gamma phase of alumina and the complete elimination of the binder. As can 

b

there is a loss of mass that is attributed to the surface water of its structure. While in the 



consequently there is a phase change from boehmite to -

temperature sufficient for the preparation of the carrier without the presence of the 

additive binder.  

On the other hand, Figure 1b shows the TGA-DTG curve of the active phase (K2CO3) 

temperature values above this material can result in K2O. This fact is in agreement with 

the literature, which reports the decomposition of potassium carbonate around 850 to 

[35, 41]. 

Figure 1 here 

3.1.2 Morphological and mechanical strength of extruded support/ catalysts   

Table 1 shows the mechanical strength values for hollow cylindrical shapes. This test is 

important to predict the resistance to breaking of these catalysts during the 

transesterification reactions. Normally the rupture of these systems can occur due to 

collisions between the catalysts or even the impact of these materials with the blade 

stirrers or the reactor walls. The tests were performed by dynamometry, which consists 

of measuring the mechanical resistance against a radial compression exerted on the 

material until its rupture (ASTM D 4179/2011). 

Table 1 here 

As can be observed in Table 1, the mechanical strength values were different, being 

higher in the catalysts with a composition of 35% of K2CO3, which presented 

practically double (2.75 kgf/cm) in comparison with the other catalysts. This behavior 

can be attributed to a better distribution of the active phase component on the surface of 

the support, thus contributing to the formation of a more resistant structure. 



3.1.3 XRD analysis of the extruded support/ catalysts 

Figure 2 shows the results referent to the XRD curves for both, support and catalyst. 

7 can be attributed to -Al2O3 (Wang et al., 2016). 

The presence of the active phase in the support can be validated by the formation of a 

diffraction peak formed at 2  

increase of the K2CO3 composition in the support. 

According Wang et al. [41], when the loading amount of K2CO3 closely matches the 

amount of surface hydroxy groups, an optimum interaction between active phase and 

support results in the KAl(OH)2CO3 phase is reached, especially when the mixture 

between active phase and support is wet, as is the case here in question. Higher loading 

amounts will hinder the dispersion of potassium and lead to agglomeration of bulk 

carbonate. 

Figure 2 here 

3.1.4 Textural properties of extruded support/ catalyst 

The textural properties for both, extruded support and catalysts are shown in Table 2. 

The extruded support and catalysts presented a Type IV isotherm, with a well-defined 

plateau at high relative pressure and narrow hysteresis loop on desorption after 

 (calcination temperature).  The Type IV character of these materials 

allowed an accurate assessment of the mesoporosity by converting the volume adsorbed 

at relative pressures p/po = 0.98 on the desorption curve to a liquid volume, assuming 

the liquid density of nitrogen to be 0.808 g/cm3  

mesopore volumes were 0.55 cm3/g with a specific area of the 209 m2/g and pore size of 

the 9.8 nm.  

Regarding the catalysts, it is observed that the specific area and the volume of pores 

decrease as the concentration of K2CO3 increases, and this is because the pores of the 



support are filled with the active phase compound, consequently reducing the area and 

pore volume. 

Table 2 here 

3.1.5 CO2-TPD analysis of extruded catalysts  

In order to evaluate the strength and proportion of the different basic sites of the 

catalysts under study, programmed thermal desorption experiments of CO2 (TPD-CO2) 

were carried out. Table 3 shows the values concerning the total amount of CO2 desorbed 

(mmol/g) and also the basic sites density (mmol/m2) as a function of the CO2 desorption 

temperature. This type of analysis assumes that at the highest desorption temperatures 

greater catalyst basicity is attained because the temperature at which the CO2 is 

desorbed from the catalysts reflects the strength of the surface bond, but resulting in 

peaks that can be correlated to three different types of active sites, e.g., weak, medium 

and strong sites which can be identified as follow: Strength of the basic sites: weak sites 

(CO2 2 desorption between 160 and 400 

2 desor  Then, according to the attained 

desorption temperature, in all cases, were observed medium strength of the basic sites.  

Table 3 also shows the basicity of K2CO3/ -Al2O3 samples as a function of the active 

phase loading (from 15 to 45 wt% K2CO3). When the amount of loaded active phase 

increased from 15 to 35 wt%, the total density of basic sites was increased from 0.028 

up to 0.070 mmol/m2 reaching the maximum value for 35 wt% K2CO3. However, 

increase for 45 wt% K2CO3 resulted in decreased of the basicity. In fact, as can be 

observed in Table 3, for all catalysts two peak desorption were observed except for 

catalyst containing 45wt% active phase that presented just one desorption peak. When 

are correlate these behaviors with the catalytic performance of the different catalysts is 

clearly verified a drop in the biodiesel conversion (Fig. 5). Probably, this behavior can 



be due to the undesirable coverage of basic sites on the catalyst surface by the excessive 

amount of K2CO3. 

This fact can also be explained based on the work of Wang et al. [41] who reported that 

the dispersion of the potassium salt in alumina depends on the potassium content in the 

composite. The authors consider that many defects observed in the alumina structure 

result in the dehydration of the OH groups of the surface, after the calcination. In this 

way, the dispersion of the active phase occurs by the incorporation of cations in these 

places through a strong interaction between support and active phase. Thus, if the 

amount of potassium salt coincides with the amount of OH on the support surface, an 

optimum interaction will occur, resulting in KAl(OH)2CO3 stoichiometric formation. 

When the potassium salt load is higher than the number of available sites, its dispersion 

will not be efficient and the result will be the agglomeration of carbonate crystals. 

Table 3 here 

3.1.6 Surface analysis of the extruded catalyst by SEM 

Figure 3 shows the micrograph referent to 35%K2CO3/ -Al2O3 catalyst from SEM 

analysis. It is noted the formation of well-distributed K2CO3 agglomerates on the 

support surface, corresponding to 49.8% according to EDS results. 

Figure 3 here 

3.2 Biodiesel production by extruded catalysts 

3.2.1 Effect of the molar ratio oil: alcohol on the biodiesel production  

The results of the effect of the oil: ethanol molar ratio on the biodiesel production are 

shown in Fig. 4. The experiments were carried out using a catalyst containing 

35%K2CO3/65% -Al2O3. According to the attained results, an increase in oil: ethanol 

molar ratio lead to an increase in the biodiesel yield. At 1:12 molar ratio, the biodiesel 



yield was around 99 % at the reaction end (4 h). In addition, highest productivity (0.50 

g/g h of biodiesel) was attained at 2h reaction time when 1:12 was also used (Table 4). 

Figure 4 here  

Table 4 here  

The influence of the oil: alcohol molar ratio on heterogeneous catalysis is one of the 

factors that most affect: the conversion, the reaction yield, the production cost and the 

biodiesel purity [42, 43]. The stoichiometric oil: alcohol molar ratio for biodiesel 

production is 1:3. However, larger molar ratios are conveniently used to change the 

reaction equilibrium toward biodiesel production. In addition, the three-phase formation 

(oil, alcohol and catalyst) at the reaction beginning may restrict the contact between the 

reactive mixtures, in which case the excess alcohol in the reaction minimizes this 

problem. Also, co-solvents such as tetrahydrofuran [44], diethyl ether [45], acetone 

[46], n-hexane [47, 48], propane [49] have been used to enhance the miscibility of oil 

and alcohol and reaction rate of the transesterification.  

3.2.2 Effect of the active phase loading on the biodiesel production  

Figure 5 shows the reaction kinetics of sunflower biodiesel formation with the catalysts 

prepared by different K2CO3 load (15, 25, 35 and 45 %) relative to the -Al2O3 extruded 

support mass. According to the obtained results was verified that catalytic activity 

depends of its basic strength. In fact, catalysts with 15 and 25 % of K2CO3 were not 

efficient since attained just 78 and 76 % respectively. The catalyst with 35 % of K2CO3 

showed the best performance, reaching 97 % and 0.51 g/g.h of yield and productivity 

(Table 5), respectively, at 2 h of reaction and practically reaching full yield at the 

transesterification end. While, increase of the catalyst loading to 45 % K2CO3 resulted 

in a poor catalytic performance (around 88 %) comparatively with last case. Probably, 



this behavior can be explained by undesirable K2CO3 agglomeration on the support 

surface during the impregnation procedure. 

Figure 5 here 

Table 5 here 

Similar results were attained by Xie et al. [50] which evaluated the effect of KI loading 

in ranging from 15 to 40 wt.% on the preparation of different KI/ Al2O3 catalysts 

samples in the soybean and methanol transesterification reactions. When loading 

amount of KI was raised from 15 to 35 wt.%, conversion increases, reaching 87.4 % 

conversions. However, when the amount of loaded KI was above 35 wt.%, the 

conversion was decreased. They related the lower activity with the covering of basic 

sites with the KI excess.  

3.2.3 Effect of the catalyst shapes on the biodiesel yield 

Since the 35% K2CO3 / -Al2O3 catalyst showed the best catalytic performance, the 

effect of the shape of the catalyst was conveniently over the biodiesel yield during the 

transesterification at the same reactional condition (Fig. 6), i.e., 80 : ethanol 

molar ratio and 200 rpm. Thus, three different catalytic shapes were considered for 

comparative purpose: 1) solid cylinder length and 2) 

length a . According to the attained results 

(Fig. 6), diffusional limitations were detected depending on the shape of the catalyst. 

The best performance was observed with the catalyst with a hollow cylindrical shape 

since there was a reduction of the catalytic activity when, both, powder and solid 

cylinder shape was evaluated.  

Regarding to the powder catalyst, the biodiesel conversion at the beginning was higher, 

but after 60 min it was lower than the hollow cylinder shape. The decrease of the 



activity can be related to the agglomeration of the small fine particles [2]. While, for the 

solid cylinder, porosimetry characterization indicated a lower macroporosity in this 

catalyst when compared with the hollow cylinder. Then, upon decreasing the catalyst 

porosity, the diffusion of the chemicals (oil, ethanol and biodiesel) on the surface or 

inside the pores can be reduced result in an undesirable diffusional limitation. 

Figure 6 here 

The Table 6 show some studies reported in the literature with catalysts prepared in 

different forms, i.e., including, both, powder and extruded for biodiesel production. 

Comparatively, the prepared catalyst in our study presented a satisfactory performance, 

catalyzing the biodiesel formation with high conversion rate under moderate reaction 

conditions respect to the powder catalysts showed in Table 6. Powder catalysts present 

great difficult to be separated from a viscous reaction media. Furthermore, an important 

aspect that should be considered is about particles sizes of the powder catalysts that are 

normally very fine and consequently, can form undesirable agglomeration in the 

reactional medium, thus affecting their catalytic performance [2]. Besides the factors 

described above, the satisfactory performance of the catalyst prepared in our work can 

be attributed to its conformation with hollow cylinder geometry which favors a low 

pressure drop and a high geometric surface, thus attenuating the diffusional limitations 

observed in relation to the others catalysts presented in this study.  

Table 6 here 

3.2.4 Biodiesel production study under different reaction temperatures 

Figure 7 shows the biodiesel yield in reactions conducted at temperatures of 60, 70 and 

80 As can be observed when the reaction was conducted at temperature near the 

boiling point of ethanol, the yield of the reaction was better, achieving 97% conversion 



requiring 4 hours to obtain the total conversion. Reaction temperatures below to the 

alcohol boiling point are attractive to avoid evaporation and alcohol loses [51]. Similar 

results were attained by Korkut and Bayramoglu [13] which evaluated the catalytic 

performance of CaO and dolomite in the transesterification of canola oil by ultrasound. 

The authors also reported that reaction temperature near the boiling point ensures a high 

biodiesel yield. 

Figure 7 here  

3.2.5 Physico-chemical properties of produced biodiesel 

Table 7 shows the attained results referent to physico-chemical characterization of the 

sunflower biodiesel under study. Thus, its quality was confirmed by density, kinematic 

viscosity, acid number and iodine value properties whose values were in accordance 

with Brazilian standard specifications corroborating the potential of the catalysts under 

study. 

Table 7 here 

4. Conclusions 

Several extruded catalysts based on K2CO3 on -Al2O3 were prepared by the active 

phase impregnation on the support to catalyze the biodiesel formation by 

transesterification with high conversion rate under moderate reaction conditions. The 

best results were obtained when 35% of K2CO3 was impregnated in the support and 

used as a catalyst in the transesterification reaction, reaching a yield and productivity in 

ethanolic biodiesel around 99 % and 0.5 g/g. respectively, at the reaction end. 

According to the attained results this developed extruded catalyst can be considered as 

an attractive alternative respect to the homogeneous catalysts for biodiesel production. 

This technology could be economically viable at industrial scale; however, future works 

must be carried out to explore this question. 
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Table 1. Values obtained from tests of mechanical strength of the extruded catalysts 

with hollow cylindrical shape. 

Catalysts 

Mechanical strength 

Length (mm) Pressure (kgf/cm) 

15% K2CO3/85% -Al2O3 6. .20 1. .00 

25% K2CO3/75% -Al2O3 6. .70 1. .29 

35% K2CO3/65% -Al2O3 6. .99 2. .61 

45% K2CO3/55% -Al2O3 6. .21 1. .49 

 

 



Table 2. Specific area, volume and pore size of extruded catalysts with hollow 

cylindrical shape determined by N2 adsorption. 

Support and catalysts 
Textural properties 

1Specific area 
(m2/g) 

2Pore volume 
(cm3/g) 

2Pore size 
(nm) 

-alumina 209 0.55 9.8 

15% K2CO3/ 85% -Al2O3 114 0.47 14.8 

25% K2CO3/ 75% -Al2O3 95 0.42 15.6 

35% K2CO3/ 65% -Al2O3 65 0.28 16.1 

45% K2CO3/ 55% -Al2O3 64 0.31 17.3 

 

1BET surface area. 
2Average pore volume and size were estimated from BJH model. 
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Table 4. Effect of the molar ratio oil: ethanol on the ethanolic biodiesel production from 

sunflower oil using 35% K2CO3/65% -Al2O3 extruded catalyst with hollow cylindrical 
shape. Reaction conditions: 5 wt% catalyst, 200 rpm stirring, 80 4 h reaction 
time.  

 

Molar ratio 

(oil: alcohol) 

Biodiesel Yield*  

(%) 

Productivity** 

(g/g h) 

2h 4h 2h 4h 

 (1:6) 46.66 55.56 0.24 0.14 

 (1:9) 67.55 72.52 0.35 0.19 

 (1:12) 97.06 99.28 0.51 0.26 

 

* Yield was defined as the amount of biodiesel formed in relation to the total mass of biodiesel from 

sunflower oil at specific reaction time. 

** Productivity was defined as the mass of biodiesel formed by mass of oil for reaction time (g/g h). 

 



Table 5. Ethanolic biodiesel production with the following reaction parameters: molar 

ratio of oil: alcohol (1:12), reaction temperature of 80 , stirring at 200 rpm and 4 

hours of reaction. 

Extruded catalysts Biodiesel yield* 
 (%) 

Productivity** 
(g/g h) 

2h 4h 2h 4h 

15% K2CO3/85% -Al2O3 2 78.75  0.305 0.21 

25% K2CO3/75% -Al2O3  74.29  0.345 0.19 

35% K2CO3/65% -Al2O3  99.28  0.515 0.27 

45% K2CO3/55% -Al2O3 2 96.59  0.46 0.26 

 

* Yield was defined as the amount of biodiesel formed in relation to the total mass of biodiesel from 

sunflower oil at specific reaction time. 

** Productivity was defined as the mass of biodiesel formed by mass of oil for reaction time (g/g h). 
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Table 7. Physicochemical properties of produced ethanolic biodiesel from sunflower oil 

by transesterification using extruded catalyst with hollow cylindrical shape.

 Properties 
Standard* 

Biodiesel produced 
Methods *Limits 

Density 3) ASTM D1298 850 - 900 864 .0 

Kinematic viscosity  
2/s) 

ASTM D445 3.0 - 6.0 4.9  

Acid number  
(mg NaOH/g) 

ASTM D664 0.50 (max.) 0.36 1 

Iodine value (g I2/100g) EN 14111 130 (max.) 123.1  

*Brazilian biodiesel standards ANP (National Agency of Petroleum, Natural Gas and 

Biofuels).

 

 

 



Figure captions 

Fig 1. Thermogravimetric analysis (TGA - DTG) for: a) boehmite and b) K2CO3.  

Fig 2. X-ray diffraction patterns of the catalysts with different mass ratio of K2CO3 (15, 

25, 35 and 45%) impregnated into - Al2O3 extruded support. 

Fig 3. Micrographs (SEM) of the catalysts with composition of 35% K2CO3/65% -

Al2O3. 

Fig 4. Ethanolic sunflower biodiesel production as a function of molar ratio oil: alcohol. 

Symbols: Reaction conditions: 5 wt% mass of extruded catalyst 

(35%K2CO3/65% -Al2O3) at 80 , 200 rpm and 4 h reaction time. 

Fig 5.  Ethanolic sunflower biodiesel production using K2CO3 catalyst  , 

, impregnated on the -Al2O3 support. Reaction conditions: oil: ethanol 

molar ratio 1:12, catalyst amount, 5 wt% at 80  

Fig 6. Ethanolic sunflower biodiesel production using 35%K2CO3/65% -Al2O3 catalyst 

prepared in different forms impregnated on the cylinder hollow extruded 

support; on the solid cylinder extruded support 

phase impregnated on powder. Reaction conditions were: oil: alcohol molar ratio 1:12, 

catalyst amount 5 wt%, 200 rpm, 4 h reaction and temperature of the 80 .  

Fig 7. Ethanolic sunflower biodiesel production using 35%K2CO3/65% -Al2O3 extruded 

catalyst with molar ration conditions of oil: alcohol of the (1:12), catalyst amount 5 

wt%, 2 h reaction and temperature conditions:  80 ; 70 ; and 60  
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Figure 3
Click here to download high resolution image



F
ig

u
re

 4
C

lic
k

 h
e

re
 t

o
 d

o
w

n
lo

a
d

 h
ig

h
 r

e
so

lu
ti

o
n

 im
a

g
e



F
ig

u
re

 5
C

lic
k

 h
e

re
 t

o
 d

o
w

n
lo

a
d

 h
ig

h
 r

e
so

lu
ti

o
n

 im
a

g
e



F
ig

u
re

 6
C

lic
k

 h
e

re
 t

o
 d

o
w

n
lo

a
d

 h
ig

h
 r

e
so

lu
ti

o
n

 im
a

g
e



F
ig

u
re

 7
 n

ew
C

lic
k

 h
e

re
 t

o
 d

o
w

n
lo

a
d

 h
ig

h
 r

e
so

lu
ti

o
n

 im
a

g
e


