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Abstract: Kapok seed oil is an environmentally friendly biodiesel feedstock. The problem of the best catalyst for transesterification of Kapok seed oil still continues today. The research developed a base-heterogeneous catalyst with the effect of ultrasonic waves during transesterification. So, the study aims: (1) to determine the type of natural zeolite used, (2) to determine the characteristics of the synthesized CaO:BaO/ANZ catalyst, and (3) to determine the effectiveness of the CaO:BaO/ANZ catalyst in the biodiesel production process through sono-transesterification of kapok seed oil. The research stages consisted of: (1) activation of natural zeolite and its characterization, (2) preparation of CaO:BaO/ANZ catalyst, (3) characterization of CaO:BaO/ANZ catalyst, (4) esterification and utilization of catalyst in the transesterification, (5) analysis of transesterified products. The results showed that the natural zeolite type from the southern area of Malang is mordenite (MOR) type. Then, after the natural zeolite was impregnated, the obtained catalyst compositions were CaO:BaO-9:9/ANZ, CaO:BaO-14:9/ANZ, and CaO:BaO-4:11/ANZ with a surface area of 129.7; 124.6; 128.5 m2/g, and acidity of 1.037; 0.254; and 0.685 mmol/g, respectively. The best catalyst for transesterification of kapok seed oil was CaO:BaO-9:9/ANZ, which resulted in a biodiesel yield of 73.6% with a density of 889.6 kg/m3 and kinematic viscosity of 2.987 cSt. The characteristics of the produced biodiesel meet requirement of SNI 7182:2015.
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Nomenclature



	NZ
	Natural Zeolite



	ANZ
	Activated Natural Zeolite




1  Introduction

Petroleum fuel has a very high use, while the source of petroleum fuel was running low currently [1]. To prevent environmental destruction shortly, one potential solution is the development of environmentally friendly biodiesel fuel. Many countries mandate the utilization of biodiesel synthesized from various raw materials that are abundant and renewable. It has less emission, is biodegradable, and has small toxicity. Furthermore, its production helps rural economies [2]. So, biodiesel is a good alternative diesel fuel [3].

Kapok seed oil is a renewable resource. The basic potential of the kapok seed oil is its abundant availability which is widely growing in tropical countries. Kapok seed oil does not compete with daily food needs [4]. The old tree can produce several hundred pods that contain seeds as an oil source. The oil has a saturated fatty acid content of 71.95% which is higher than coconut oil [5]. Therefore, Kapok seed oil has great potential to be used as a raw material in the synthesis of biodiesel.

The most common method for biodiesel synthesis is the transesterification reaction [6]. Transesterification enables the use of various raw materials of triglycerides to produce biodiesel with standard quality. The process of biodiesel synthesis via transesterification of kapok seed oil can be supported using a catalyst [7]. The presence of the catalyst in the reaction will cause more efficiency in synthesis. Natural zeolite is often used as a catalyst because of its large pore size [8]. Natural zeolite is an aluminosilicate rock that is abundant in nature and also in Malang [9,10]. The property of zeolite can be increased by modification such as impregnation to improve the performance of zeolite as a catalyst. The presence of catalyst influences the yield of biodiesel and the composition and properties of biodiesel [11].

Impregnation using transition metals will produce acidic heterogeneous catalysts while impregnation with alkali and alkaline earth metal oxides will produce alkaline heterogeneous catalysts [12]. Base-heterogeneous catalysts are generally metal oxides and buffered metal oxides. The metals used in this impregnation method are metals from Group 2 (alkaline earth) [13,14]. Alkaline oxides, especially alkaline earth, are bases that have good catalytic properties [15]. In the previous study, CaO was impregnated with natural zeolite successfully [16]. The optimum conditions of transesterification of waste cooking oil using CaO/Natural Zeolite were mole ratio of oil:methanol about 1:15, 5 h reaction, 5% wt catalyst, and 60°C temperature that it yielded about 88.34% biodiesel [17]. On the other hand, BaO/Zeolite Y has been used for transesterification of castor oil in conditions of 65°C temperature, a mole ratio of oil:methanol 1:9, 2% wt catalyst for 2 h which it yielded 94% biodiesel [13]. So, BaO can be used to improve the catalytic activity. In this study, metal oxides of CaO and BaO were used for impregnation into natural zeolite to obtain a base-heterogeneous catalyst. The catalyst will be utilized in the transesterification in the synthesis of biodiesel from Kapok seed oil. The active sites of a catalyst will increase the selectivity of the catalyst [18].

Base-heterogeneous catalyst CaO–SrO has been investigated in palm oil transesterification reaction [19]. The results of the study indicated that the conversion of vegetable oil into the obtained methyl ester is 93.215% with a reaction rate constant, k = 1.00 · 10−2 min−1 obtained at the reactant ratio 1:6, the ratio of the catalyst 50:50 and the total catalyst 12% wt of reactants. Then, the CaO-ZnO catalyst has been investigated in the synthesis of methyl esters from Off Grade Crude Palm Oil (CPO) with the highest yield of 84.74% [20]. Then, research on CaO–MgO catalyst in the transesterification of kapok seed oil resulted in the largest yield percentage of 59.58% [21]. From a previous study, alkaline earth oxide catalysts need to be developed as transesterification catalysts. Research by Santoso reported that ultrasonic-assisted transesterification (as known as sono-transesterification) of Off Grade CPO obtained 88.06% yield of biodiesel with K2O/Al2O3 35% wt catalyst [22]. The types of oxides showed different catalyst activities and the ultrasonic gave an increase to the yield. The ultrasound effect can assist the miscibility of oil and methanol and decrease the amount of catalyst for the reaction [23].

In this study, therefore, the use of CaO:BaO catalyst impregnated on natural zeolite was a unique combination of base-heterogeneous catalyst. The study was carried out to determine the activity of the alkaline earth oxide catalyst in the sono-transesterification process. This study will describe the catalytic activity of CaO:BaO/ANZ that has been synthesized. Instrumentation analysis was carried out to confirm the synthesized material & biodiesel.

2  Materials and Methods

The tools used in this study were mortar and pestle, 100 mesh sieve, analytical balance, oven, furnace, porcelain dish, measuring flask, dropper, Erlenmeyer, beaker, measuring cup, desiccator, spatula, stirring rod, spray bottle, and pole. stative, ring, funnel, aluminum foil, stopwatch, thermometer, universal indicator, reflux kit, ultrasonic cleaner (Branson 42 kHz), water bath shaker, Oswald viscosimeter, hot plate. X-Ray Diffraction (XRD) (Brand: PanAnalytical, Type: Expert Pro), X-Ray Fluorescence (XRF) (Brand: PANanalytical, Type: Manipal 4), gas chromatography-mass spectrometry (GC-MS) (Brand: Shimadzu, Type: GCMS QP2010 Plus). The materials used in this study were natural zeolite from the southern region of Malang, Kapok Seed Oil, Ba(OH)2 pa, Ca(OH)2 pa, HF 40%, HCl 32%, 1 M NH4Cl, ammonia, H2SO4 97%, anhydrous MgSO4, methanol, distilled water, 1% methylene blue, and demineralized water.

2.1 Activation of Natural Zeolite

Natural zeolite was crushed and sieved through a 100 mesh sieve, washed with distilled water and dried in an oven at 150°C, and calcined. Next, the zeolite was immersed in 1% HF solution (1:2) for 30 min (300 rpm), neutralized with distilled water, dried at 150°C for 2 h, and then calcined. Furthermore, the zeolite was soaked with 6 M HCl (1:2), refluxed at 60°C for 5 h, neutralized with distilled water, dried at 150°C for 2 h, and then calcined. Furthermore, the zeolite was stirred in 1 M NH4Cl solution (1:2) for 2 h (300 rpm), neutralized with distilled water, and dried at 150°C. The zeolite was then calcined in a furnace at 500°C for 4 h.

2.2 Impregnation of Natural Zeolite

A total of 15 grams of active zeolite was added to a 5% Ba(OH)2 solution, the mixture was shaken for 24 h, washed until neutral, dried at 150°C, then calcined at 500°C for 4 h. As a result, BaO/ANZ was obtained. Next, the material was put into a 5% Ca(OH)2 solution, stirred for 24 h, washed until neutral, dried at 150°C, and calcined at 500°C for 4 h. At this stage, CaO:BaO/ANZ is obtained. The other impregnation was conducted with 5% Ba(OH)2 and 7% Ca(OH)2, and the last impregnation was 7% Ba(OH)2 and 5% Ca(OH)2. Catalysts were characterized by analysis of XRD, XRF, surface area test [24], and catalyst acidity test [25].

2.3 Sono-Transesterification

Kapok seed oil was weighed as much as 20 grams, then heated at 40°C using a hotplate. It is then put in an Erlenmeyer containing a mixture of methanol and catalyst which has been heated at a temperature of 40°C in an ultrasonic chamber. The ultrasonic process was carried out by keeping the water temperature at 65°C for 15 min. It is then transferred into a separatory funnel for washing using warm water. Then anhydrous MgSO4 was added to absorb the remaining water. Then the biodiesel product was evaporated in an oven at 70°C for 2 h to reduce the water content in the biodiesel. Furthermore, the biodiesel products were characterized the yield, density, and viscosity. The compound composed of triglycerides was analyzed by GC-MS.

3  Results and Discussion

3.1 Characterization of Natural Zeolite

Natural Zeolite (NZ) with a size of 100 mesh was washed and then dried in the oven at 150°C for 2 h. The NZ was activated using HF for desilication purposes. The second activation used 6 M HCl, and a dealumination reaction occurs. On the activation using 6 M HCl, some of the impurity oxides, especially free alumina and the other metal oxides, dissolved. It was indicated by a change in the color of the natural zeolite material from brown to white, and the washing water as a filtrate is yellow. Furthermore, the last activation using 1 M NH4Cl which is intended to remove interfering metal cations through ion exchange, and NH4+ cations are bound in the zeolite framework. Heating treatment after the ion exchange process, the NH4+ ions will turn into NH3 gas and form H-Natural Zeolite. The final result, Natural H-Zeolite (ANZ), is opaque white which indicates that the impurities in the zeolite framework have been reduced, as shown in Fig. 1b.
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Figure 1: Photoshoot of (a) Net Natural Zeolite (NZ) and (b) Activated Natural Zeolite (ANZ)

The next step was the characterization of NZ and ANZ using XRD and XRF. Based on the XRD diffractograms obtained indicated that the zeolite used in this study was a mordenite type of zeolite as shown in Fig. 2. Data of XRF-He characterization were to determine the percentage of oxide composition in Natural Zeolite and obtained the data written in Table 1.
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Figure 2: XRD of Mordenite (MOR) standard, Natural Zeolite (NZ), and Activated Natural Zeolite (ANZ)
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Determination of NZ zeolite type was done through identification of 2θ peaks produced which was then compared with JCPDS No-6239 data as shown in Fig. 2 and Table 1. The XRD results showed sharp peaks on the ANZ diffractogram as shown in Fig. 2. It appears that there is a resemblance between NZ/ANZ and MOR diffractogram. It also shows that ANZ has a lower crystallinity than MOR crystallinity, but ANZ has higher crystallinity than NZ. The higher the sharp peak of the pattern, the higher the crystallinity [26]. The XRF results in Table 1 show that the number of impurities in NZ has been reduced after activation. There are two kinds of CaO in zeolite:free CaO and CaO bonded in the framework of Zeolite. So, activation of NZ becomes ANZ was a success to eliminate free CaO, but CaO bonded in the framework of Zeolite remain.

3.2 Characterization of CaO:BaO(x:y)/Active Natural Zeolite

Impregnation of CaO and BaO oxides in ANZ was carried out by a wet process has been carried out. In this study, 5% wt Ba(OH)2 was impregnated into ANZ-produced catalysts of BaO-9/ANZ (two samples) and 7% wt Ba(OH)2 was impregnated into ANZ resulting in BaO-11/ANZ. Each BaO-9/ANZ which was impregnated with 5% and 7% Ca(OH)2 obtained catalysts of CaO:BaO-9:9/ANZ and CaO:BaO–14:9/ANZ. While BaO-11/ANZ was impregnated with 5% Ca (OH)2 yielded CaO:BaO-4:11/ANZ. The results of the XRF analysis of the catalyst can be seen in Table 3. While the XRD diffractogram results of the catalysts can be seen in Fig. 3 and Table 2.
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Figure 3: XRD of (a) ANZ, (b) CaO:BaO-14:9/ANZ, (c) CaO: BaO-4:11/ANZ, (d) CaO:BaO-9:9/ANZ
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The impregnation of ANZ with CaO and BaO showed the same XRD diffractogram pattern with ANZ beginning, even though calcination was done. This indicates that the impregnation of CaO and BaO did not change the crystal structure of ANZ [16]. The previous researcher, Wu [27] explained that the oxides of Ca and Ba can be evenly distributed on the surface of the zeolite so that the diffractogram pattern of CaO and BaO cannot be seen clearly. There is a slight change in peaks of diffractogram in the range of 2theta of 20–24 degree that is a decrease in intensity.

Table 3 showed that CaO and BaO levels increase with the increasing percentage of Ca(OH)2 and Ba(OH)2 impregnated. It is following the results of previous studies on natural zeolite impregnation using metal-oxide [28]. During calcination, the calcium and barium hydroxide on the surface of the zeolite will be converted to CaO and BaO [16]. The formation of Oxides on the surface of natural zeolite because of calcination brings a change in the composition of Al and Si in the zeolite framework. The composition of Si/Al in the zeolite decreased because of the addition of both metal oxides in the total constituent compounds. The decreased level of Si and Al will be followed by the change in the hygroscopic properties of the zeolite [29]. This phenomenon is caused by a decrease in the active site [AlO4]– in the zeolite, which will eventually lead to a decrease in the amount of water in the zeolite. The CaO level in the CaO:BaO-4:11/ANZ is 4.47 which is lower than that in the ANZ. This anomaly can be explained based on the procedure that Ba(OH)2 solution was added first before the Ca(OH)2 solution. In the addition Ba (OH)2 more concentrated can replace calcium ions in the zeolite framework because of ion exchange happened. On the other hand, the barium oxide bound first with the greater concentration will inhibit the binding of calcium oxide added in the next step.

3.3 Catalyst Acidity Analysis

The acidity test of NZ, ANZ, and ANZ catalyst impregnated with oxides of CaO and BaO is shown in Fig. 4. It was found that there is an increase in the acidity level of NZ after activation treatment. The starting material of NZ has a lot of impurities (Table 1) which causes a lot of blocked acid sites. The activation process becomes ANZ making the acidity value increase drastically but it goes down because of the addition of Calcium and Barium oxides. It is due to the increasing number of CaO and BaO that occupies the pores of ANZ that causes the level of basicity increases or the acidity level decreases.
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Figure 4: Acidity test of NZ, ANZ, CaO:BaO-14:9/ANZ, CaO:BaO-4:11/ANZ, and CaO:BaO-9:9/ANZ

3.4 Surface Area Analysis

The surface area test showed a decrease in ANZ surface area after impregnation with CaO and BaO as shown in Table 4. In general, the impregnation of calcium and barium oxides into natural zeolites makes their surface area decrease along with the number of metal oxides. It is due to the filling of the pores by metal oxide particles [27]. Another study explains the partial closure of the natural zeolite network by oxide particles which eventually form aggregates [30].
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3.5 Sono-Transesterification

The transesterification process was carried out with the assistance of ultrasonic. It is considered that trans-esterification using ultrasonic waves can produce greater conversion [31]. The frequency of ultrasonic waves used was 42 kHz with a temperature of 65°C for 15 min. The biodiesel obtained sono-transesterification process was washed with warm water to dissolve the remaining glycerol and methanol. The anhydrous MgSO4 was added to the biodiesel to bind the remaining washing water. The product was also heated for 3 h at 70°C to eliminate the water content in the biodiesel. At the next stage, each biodiesel obtained was measured for the density and the viscosity and compared with the biodiesel quality standard (SNI 7182: 2015) namely the density (40°C) of 850–890 kg/m3 and viscosity of 2.3–6.0 cSt. Based on the SNI quality standards, biodiesel products that meet the required quality standards are biodiesel produced through a transesterification process using CaO:BaO-9:9/ANZ and CaO:BaO-14:9/ANZ catalysts as shown in Table 5. The biodiesel yield was tested using GC-MS to identify the content of the biodiesel constituent compounds the chromatogram obtained is shown in Fig. 5 and the yield of each constituent compound is shown in Table 6.
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Figure 5: GC-MS Chromatogram of the biodiesel produced from kapok seed oil that was reacted at 65°C for 15 min with ultrasonic wave assistance
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Fig. 5 shows that there are six chromatogram peaks as the result of GC-MS analysis of the biodiesel yielded from the transesterification of kapok seed oil. The retention time, area, and yield of each component composed of the biodiesel are written in Table 6. From these data, it can be stated that methyl esters have been obtained which means that biodiesel has been formed from the trans-esterification process of kapok seed oil using ANZ catalyst impregnated with CaO and BaO. The highest yield obtained from this study is 73.6% lower than that of the previous study (88.34%) [17]. Therefore, CaO-BaO-(x:y)/ANZ catalysts need to be developed into an intensification process technique [32].

4  Conclusions and Outlook

The natural zeolite used in this study is a type of mordenite zeolite. Natural Zeolite (NZ) was successfully activated to produce Active Natural Zeolite (ANZ) with better crystallinity than NZ. CaO:BaO-9:9/ANZ, CaO:BaO-14:9/ANZ, and CaO:BaO-4:11/ANZ catalysts were successfully synthesized using ANZ with CaO and BaO supported by a decrease in surface area and acidity value of ANZ. The synthesis of biodiesel was successfully carried out using a catalyst CaO:BaO-9:9/ANZ resulting in % a yield of 73.63% and CaO:BaO-14:9/ANZ produced % a yield of 62.49% at reaction conditions of 65°C in 15 min ultrasonic wave effect. The presence of alkaline earth metal oxide in the zeolite will affect the basicity, the more the oxide loading, the higher the basicity. The practical implications are: (1) zeolite matrix is slightly acid, so it needs to add the certain oxide into zeolite for increasing the basicity, (2) more basicity of catalyst, higher catalytic activity to produce biodiesel. The limitation study is: (1) the study only for a combination of CaO and BaO impregnated into the natural zeolite. The future study suggests the combination of alkaline metal and alkaline earth metal oxides. The potential technology for the improvement of research and development was machine learning [33].
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Table 1: Data of 2theta (XRD) for MOR-NZ and XRF of Natural Zeolite before-after activation

2theta [°] Oxide XRF content (%)
Mordenite Natural zeolite Before activation After activation
13.50 13.50 SiO, 74.00 80.70
13.86 13.86 Al,O5 9.20 8.00
14.71 14.66 K,O 2.05 0.34
15.32 15.32 CaO 8.52 5.50
19.66 19.66 TiO, 1.40 0.65
22.29 22.29 V,05 0.20 0.14
23.30 23.23 Cr,03 0.48 -
23.71 23.71 MnO 2.60 -
25.67 25.67 Br 0.40 0.60
26.33 26.33 BaO 1.20 0.73
27.69 27.69 Nd,O3 - 3.40
30.92 30.93
35.69 35.69
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Table 3: XRF-He of Active Natural Zeolite, CaO:BaO-14:9/ANZ, CaO:BaO-4:11/ANZ, and CaO:Ba0O-9:9/ANZ

Oxide Content (%)

ANZ Ca0O:BaO-14:9/ANZ Ca0:BaO-4:11/ANZ Ca0:Ba0O-9:9/ANZ
AlL,O; 8.00 6.68 7.69 6.50
S10, 80.70 63.90 75.32 68.90
K,O 034 043 0.57 0.61
CaO 550 148 4.47 9.81
Ti0O, 0.65 0.63 0.56 0.64
V,0s 0.14 - - -
Cr,O3 - - - -
MnO - - - 2.10
Br 0.60 - - 0.70
BaO 0.73  9.71 11.00 9.90

Nd,O; 3.40 3.90 - -
CeO, - - 0.40 0.90
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Table 6: Data of GC-MS analysis: retention time, area, and yield of synthesized biodiesel compounds from

kapok seed oil

Biodiesel compound Retention time (min) Area (%)  Yield (%)
Methyl Hexadecanoate 12.498 10.24 28.37

9, 12-Methyl Octadecanoate 13.610 13.79 38.21
9-Methyl Octadecanoate 13.638 3.84 24.50
Methyl Stearate 13.774 1.48 4.10
Cis-7-Hexadecanoite-Chloropropaneoctanoate-2-Octyl  14.296 0.73 2.02
Methyl Arachidate 14.947 1.01 2.80
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Table 4: Result of Surface Area Test of ANZ, CaO:BaO-14:9/ANZ, CaO:BaO-4:11/ANZ, and CaO:BaO-

9:9/ANZ
Absorbent Absorbance Surface area (S = m?/g)
ANZ 0.114 129.6582
Ca0:Ba0-9:9/ANZ 0.114 129.6582
Ca0:Ba0O-14:9/ANZ 0.157 124.5741

Ca0:Ba0O-4:11/ANZ 0.124 128.4767
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Table 2: 2theta (XRD) of CaO:BaO-(x:y)/ANZ Catalyst after impregnation in comparison with BaO and
CaO standards

2theta [°]

Ca0O:Ba0O-14:.9/ANZ Ca0O:Ba0-9:9/ANZ Ca0O:BaO-4:11/ANZ BaO CaO
13.62 13.62 13.62 13.90

14.66 14.00 14.78

15.50 15.40 15.42

19.82 19.78 19.78 18.88
21.67 21.65 21.63

22.49 22.45 22.41 22.83
23.47 23.39 23.33

25.89 25.83 25.83 25.58
27.89 27.85 27.83 26.82
29.57 29.47 29.53

31.13 31.09 31.13 30.83 32.28
35.93 33.85 35.89 3458 37.45
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Table 5: Quality test data of biodiesel produced from kapok seed oil by sono-transesterification using
Ca0:Ba0-14:9/ANZ, Ca0:BaO-4:11/ANZ, and Ca0O:Ba0-9:9/ANZ catalysts

Catalyst Mass Density Viscosity Yield Potential to
(2) (kg/m>) mm?/s (cSt) (%) be biodiesel
Ca0:Ba0-9:9/ANZ 1 904.8 4.532 43.6 No potential
3 889.6 2.987 73.6 Potential
Ca0:Ba0-14:9/ANZ 1 887.5 2.832 44.1 Potential
3 885.4 3.004 62.5 Potential
Ca0:Ba0O-4:11/ANZ 1 918.1 6.180 34.2 No potential
3 891.6 3.857 53.5 No Potential
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