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ABSTRACT

Pittosporum resiniferum oil was extracted from the seed and the oil together with methanol was use for the production of biodiesel
through transesterification process using novel solid base catalyst (K,CO; supported on MgO). 0.6:5 (K,CO; loaded on MgO),
a 5 h calcination time, 600°C calcination temperatures were the optimum conditions under which the catalyst was prepared.
FTIR, SEM, CO,-TPD, XRD, N2 adsorption-desorption, Hammett indicators and other techniques were used to characterize the
catalyst. The molar ratio of methanol-to-oil, the catalyst amount, time of the reaction as well as the temperature of the reaction
were examined. The study found that 16:1 methanol-to-oil molar ratio, 5% catalyst loading amount, a reaction time of 2.0 h,
and a reaction temperature of 60°C were sufficient for a maximum yield of 97.4%. With relative high activity, the catalyst can
perhaps be used again possibly for five times. The characteristics of the biodiesel produced were consistent with international

standards.

1 | Introduction

The ongoing increase in the worldwide prices of fuel obtained
from fossil sources, in addition to the declining storage of
traditional energy supplies and its accompanying environmental
related issues, has raised awareness of various sustainable and
renewable fuel alternatives for the fuel sector [1, 2]. Biodiesel is
produced mostly from vegetable oil sources such as mono-alkyl
esters, and is one of the most viable alternatives to conventional
diesel.

Biodiesel is quickly becoming a preferred biofuel globally
[3, 4]. Biodiesel has several benefits over conventional fuel, which
include being renewable, low emissions, biodegradable, great
lubricity and a high flash point [5]. Biodiesel also lowers pollution
levels [6] and can be blended with diesel or utilized in its original
form [7, 8].

Alkaline, acid, and enzymes are usually used as catalysts to trans
esterify vegetable oils [9, 10]. Alkaline catalysts are classified as
either homogeneous or heterogeneous. Biodiesel is produced on a
commercial scale using a homogenous base (NaOH or KOH). The
advantages of heterogenous catalysts include; its catalytic activity
that makes it reuseable after reaction, faster rate of reactions and
selectivity’s, easy separation of products and catalysts and the low
cost. As aresult of these factors catalysts for transesterification are
increasingly receiving attention globally [9, 11, 12]. Unfortunately,
use of homogenous base catalyst has disadvantages which include
corrosion of the equipment and trash generation through acid
neutralization. The acid catalyst alternatively, uses a lot of
energy and takes a long time to react. Alternatively heterogenous
catalysts in nature are environmentally friendly [11]. Kulkarni
et al. [13] and Laosiripojana et al. [14] evaluated heteropoly
acid impregnated on various supports (zirconia, silica, activated
carbon and alumina), SO,-ZrO, and WO,;-ZrO, for biodiesel
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obtained from canola oil by employing acid catalyst in solid form.
Heterogeneous solid acid has challenges that arises due to higher
temperatures required and longer reaction time.

Using incipient impregnation method to load SrO [14], CaO [13],
and KNO; on flash [14], ZnO—La, O, [15] and zinc aluminate [16]
respectively, have demonstrated that heterogeneous solid base
catalysts for the production of the biodiesel are promising. Most
of the heterogeneous solid base catalysts have been used in
the transesterification of edible oils [17] which compounds the
present rise in global food consumption [18]. Some alternative
heterogeneous catalysts are too costly due to process of their
preparation.

Pittosporum resiniferum, often referred as “petroleum nut” or
“abakel” in Tagalog, was used in this work. P. resiniferum is
a member of the Pittosporaceae family of plants. The plant is
indigenous species which is native to Philippines and has spread
to south and west Africa, particularly South Africa and Ghana.
Its blossoms as aromatic and delicious plant. P. resiniferum is
a parasitic fungus that develops on trees. It is often cultivated
at altitudes ranging from 900 to 2400 meters in mossy woods.
P. resiniferum is distinguished by a high concentration of resin
compounds its fruit. P. resiniferum has fruit with the length of
about 30 mm and thickness of 23 mm. The seed oil obtained from
fruit is intriguing since it contained a considerable level of typical
heptane. According to available studies, the plant generates a lot
of oil. However, little is known on the possibility of using the oil
for producing green energy (biodiesel) [19]. The study therefore,
seeks to investigate production of biodiesel from P. resiniferum
oil that can be sustainable and less competitive substitute to
conventional diesel fuel using heterogeneous solid base catalyst
which is easily separated from the reaction mixture, therefore,
reducing the need for additional purification steps and hence
reducing negative environmental impact.

2 | Materials and Methods

2.1 | Materials

Ryte Aid Pharmaceutical Co., Ltd, situated in Ho, Ghana, sup-
plied the P. resiniferum seeds (Plate 1) as well as methanol, MgO,
K,CO;, AL O;, TiO,, Ca0, Sn0,, ZrO,, and SiO,. All the solvents
used were graded by AR and there was no need to purify further.

2.2 | Oil Extraction

Drying of P. resiniferum seeds was carried in an oven at temper-
ature of 110°C for 8 h before to extraction to eliminate excess
moisture. The dried seeds were then weighed and crushed into
0.5-10 mm particles. Petroleum ether (60-90°C) was used to
extract the oil from the seeds, using a soxhlet extractor (Plate 2).
Each extraction batch took 9 h to complete. A kilogram of seed
was subjected to the extraction using 5 L of the solvent. The
oil was extracted and was then recovered by means of a rotary
evaporator. The quantity of oil in the seeds was assessed following
the procedure provided by Takase et al. [20]. The subsequent
determination and identification of fatty acids composition was
carried out using GC-MS (Plate 3).

2.3 | Catalysts Preparation

The solid-state approach was used to provide a simple way for
producing catalysts (K,CO;) supported on carriers. All the carri-
ers were off-the-shelf items that were utilized without treatment.
K,CO; and carriers were therefore, combined using a ratio of
K,CO;/MgO is x/1 (x = 0, 0.1,0.2, 0.4, 0.6, and 0.8) in a mortar
and skived for 30 min. The mixture was then dried using hot air
in oven at a temperature of 80°C for a period of 4 h. Catalyst was
produced after calcination at temperature of 600°C for 4 hin a
heat ratio of 1°C min™ in air.

2.4 | Catalysts’ Characterization

Using a Fourier Transform Infrared Spectroscopy (FTIR)
(AVATAR 360, Nicolet, Madison, USA), the samples’ FTIR
spectra were acquired on KBr powder between 4000 and
500 cm™!, 32 scans in total were carried out, 2 cm™! resolution
was in the range of 4000-500 cm’.

Images were taken utilizing a 20-kV accelerating voltage field
emission scanning electron microscope (S-4800, HITACHI Corp.,
Tokyo, Japan). The nitrogen absorbance technique with the
NDVA2000e analytical instrument (Quntachrome Corporation
USA) was used to characterize the Brunauer-Emmett-Teller
(BET) values of the surface area of the particles of the cat-
alyst particles and was followed by computing of the spe-
cific surface area. Barrett-Joyner-Halenda (BJH) technique,
was used to estimate the size, distribution, and volume of
the pore. The samples were left over the night in an oven
at 120°C under vacuum before being measured for surface
area [22].

Gravimetric determination of carbon dioxide uptake at 300,
350, 375, and 400°C at atmospheric pressure was carried out
through use of a thermogravimetric analyser (Mettler Toledo
TGA-SDTAS51). Calcined adsorbents were initially activated at
450°C with a temperature ramp rate of 10°C min™' and kept
at 450°C for 60 min under nitrogen flow before temperature
reduction to the corresponding adsorption temperatures at a rate
of —5°C min and kept at the adsorption temperature for another
15 min with nitrogen flow. The gas was thereafter switched to CO,
for the adsorption phase. The time of adsorption that was set was
120 min in which a near equilibrium adsorption state could be
obtained [23-26].

Experiments using Hammett indicators were carried out to
establish the strength of alkalinity of each catalyst [23, 24].
Phenolphthalein (H = 9.8), Bromothymol blue (H = 7.2),
4-nitroaniline (H = 18.4) and 2,4-dinitroaniline (H = 15) were
utilized as markers. Catalyst weighing 300 mg was combined with
a solution of 1 mL of Hammett indicator which had undergone
dilution in 10 mL methanol and was then left to settle for 2.5 h.
Catalyst’s color was observed at the end of the reaction. The color
change represents the neutralization point, which is where the
basic sites on the catalyst react with the acid. Specifically, the
color appearing is determined by the value of indicator’s pKa, that
correlates to the strength of the catalyst’s basic sites. The color of
the indicator suggests the existence and amount of basic sites on
the K,CO;/MgO catalyst, and this gives vital information on its
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PLATE 1 | Pittosporum resiniferum (petroleum nut) (A- fresh sample, B- nuts with seed, C- nuts without seeds and D- dried nuts) [21].

PLATE 2 | Extraction of Pittosporum resiniferum oil using a soxhlet
extractor. Source: Authors, 2023.

catalytic characteristics and efficiency in reactions. According to
the results, the basic strength of the catalyst was higher as com-
pared to the weakest indicator that changed the color and lower
as compared to the strongest indicator which did not change
the color. The determination of the basicity of the solid catalyst
was carried through the use of Hammett indicator benzene car-
boxylic acid (0.02 mol L™ anhydrous ethanol solution) titration
procedure [24-26].

PLATE 3 | GC-MS machine. Source: Authors, 2023.

2.5 | Transesterification of Pittosporum
resiniferum Oil to Biodiesel

The triglycerides were trans esterified to fatty acid methyl esters
(FAMES) through the use of 30 g of extracted oil, varying molar
ratio of methanol to oil (9:1-17:1), and various concentrations of
the catalyst (3%, 5%, 7%, 9%, 11%) relative to the oil’s weight at
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PLATE 4 | Biodiesel production setup. Source: Authors, 2023.

varying temperatures (40, 50, 60, 65, and 70°C), and time (1-3 h),
and refluxing were carried out on these together in a 250 mL
three-neck flask for the reaction fitted with a condenser and
magnetic stirrer (600 rpm) (Plate 4). Hexane was used to rinsed
the mixture after each reaction to eliminate any incorporated
FAMEs from the solid catalyst. The mixture was then centrifuged,
thereafter, for 10 min at 5000 rpm to separate the catalyst in solid
form from the layer of the liquid that included the biodiesel and
n-hexane. Decanting and transportation of the biodiesel to a
rotary vacuum evaporator was done in order to remove the
n-hexane and any other by-products. Each biodiesel sample was
then placed in a separating funnel and left for 24 h before being
washed three times with water. Biodiesel was then dried and
analyzed (Plate 5).

2.6 | Analyses of Biodiesel Yields

A 7890A gas chromatograph (Agilent Technology Inc., USA) with
a flame-ionization detector (FID) and an HP-5 capillary column
(30 m x 0.32 mm 0.25 pm) was used to analyze the biodiesel
samples. Carrier gas, helium was utilized. The temperature of the
oven ramp program was run by initially keeping the temperature
at 160°C for 1 min, then increasing to a temperature of 210°C at
20°C min™! for 2 min, again increasing it from 210°C to 213°C
at 0.3°C min™! within 3 min, and lastly increasing it to 250°C
at 30°C min~' for a period of 1 min. The hydrogen gas and air
flow rate were 40 mL min~! and 400 mL min~ respectively.
The temperature of injector and detector were both at 250°C.
The injection was split at a ratio of 100:1. The analysis of every
sample was carried out by dissolving 1 mL of biodiesel in 5 mL
of petroleum ether (30-60°C) in the presence of tetradecane as

PLATE 5 | Biodiesel samples obtained from Pittosporum resiniferum
oil.

an internal standard, then injecting 0.5 L of the solution into GC.
Using the equation below, the yield of each biodiesel sample was
calculated based on the concentration of esters:

Wtetradecane X AB X ftetradecane
Atetrudecane X Ws

Biodiesel yield = x100% (1)

where W,rqdecance 1S the weight of tetradecane, f. qadecane 1S the
response factor, Ay is the peak area of methyl esters, A, qdecane 1S
the peak area of tetradecane, and W is the weight of the sample.

The reported data are the mean (values) of three replicate
experiments and GC assessments.

Properties of biodiesel were analyzed using the ASTM 6751
Standard and European Standard (14214). Properties that were
analyzed included; cetane number (ASTM D6890-07), kinematic
viscosity (ASTM D445-06), Oxidative stability 110°C (h) (EN
14112), pour point (GB/T3535), flash point (ASTM D93-07), sul-
phur content (ASTM D4294), ash content (GB/T508), acid value
(ASTM D664-01), water/moisture content (ASTM D6304), density
at (20°C) (SH/T0248), and total glycerine (SH/T0796), were
determined.

2.7 | Identification of the Fatty Acid Methyl Esters
An Agilent HP-6890 gas chromatograph (Agilent Technologies,
Palo Alto, CA, USA) equipped with an HP-5MS 5% phenylmethyl-
siloxane capillary column (30 m 0.25 mm i.d., film thickness
0.25 m; Restek, Bellefonte, PA) was used to detect the FAMEs.
Helium at a flow rate of 1.0 mL min~"! was used as the carrier gas.
Every sample of the biodiesel (1 uL) was fed into the column at
a split ratio of 100:1. The GC (Procedure 2.6) approach was used
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TABLE 1 | The composition of fatty acid of the Pittosporum resiniferum seed oil.
Palmitic Stearic Oleic Linoleic Linoleic
Acidity index (C16:0) (C18:0) (C18:1) (C18:3) (C18:2)
Composition (Wt%) 10 3 25 10 52
TABLE 2 | Physicochemical properties of Pittosporum resiniferum seed oil.
Property Testing procedure ASTM Std. Determined value
Density at 20°C (kg/m?) ASTMD4052-96 860—890 916.2
Saponification value (mgKOH/g) ASTMD4052-96 191-202 191.65
Kinematic viscosity at 40°C (mm?/s) ASTMD 445-06 1.9-6.0 35.70
Water content (%, W/w) AOAC 984.20-90 0.05 max 0.64
Free fatty acid content (%, w/w) AOAC 940.28 — 0.082

to execute the oven temperature ramp program. Using AMDIS-
Chromatogram (GC-MS system) software, the fatty acids methyl
esters were identified through the comparison of the acquired
mass spectra with NIST05.LIB and NIST05s.LIB (National Insti-
tute of Standards and Technology) libraries data.

3 | Results and Discussion

3.1 | Extraction of Oil

The quantity of oil extracted from the seeds was estimated
to be 41%. The value, however, was equivalent to Da Costa
Evangelista et al. [27] data, which shows a possibility of being
a viable feedstock source for producing biodiesel synthesis [19].
P. resiniferum oil was analyzed for fatty acid composition
(Table 1) and physicochemical properties which include den-
sity, kinematic viscosity, moisture content, and free fatty acid
(Table 2).

The free fatty acid and the moisture content of the oil were 0.64
and 0.082 while oil density, saponification value, and kinematic
viscosity were, 916.2, 191.65, and 35.70 respectively (Table 2). The
significant quantity of free fatty acid and water content that
were present in the oils might result in huge quantities of soap,
which can reduce ester yields [20]. MgO catalyst was loaded
oxide that was selected for this study because K,CO; produced
0% methyl esters from the oil, with free fatty acid and moisture
content of 0.64% w/w and 0.085% w/w, respectively (numbers
below 1.0%) [28]. The oil’s FFA and the moisture content were
comparable to earlier studies [23]. The FFA composition of the
oil additionally was an important consideration for biodiesel
application in diesel engines [29].

Saturated fatty acid esters have a greater cetane number and
oxidation stability than unsaturated fatty acid esters, but they
have poor cold flow characteristics [30]. The unrefined P.
resiniferum seed oil has a greater concentration of unsaturated
fatty acids, particularly linoleic acid (62%), and a lower proportion
of saturated fatty acid (Table 1).

3.2 | Catalyst Characterization

3.21 | FTIR and SEM Analysis of K,CO;/MgO

FTIR analysis (Figure 1) was performed to explore the active sites
of K,C0O;/MgO, and the findings revealed a breakdown of K,CO,
onto MgO. The connection between K,CO; and MgO was visible
in the decomposition temperature of K,CO; in K,CO5;/MgO at
600°C. The decomposition temperature of K,CO; when com-
bined with magnesium oxide (MgO) at 600°C is around 891°C
under standard atmospheric conditions. However, MgO presence
can affect this process, potentially lowering the temperature due
to intermediate compounds [16].

Catalytic activity of K,CO;/MgO was substantially greater com-
pared to that of K,CO;, even on lowering catalyst quantity,
the stronger alkaline site, for example K,O, could have had a
significant influence on the reaction. The K,CO;/MgO catalyst
band stretching from 3800 to 2200 cm™ regions are endothermic
peak possibly as a result of very weak bonding vibration of water
molecules.

SEM image of K,CO,/MgO catalyst and of MgO alone (the
carrier) catalyst is shown in Figure 2. The SEM pictures of
K,CO;/MgO samples show crystallites with sizes ranging from
0.5 to 1 um. K,CO; was well dispersed on the surface of MgO.
After K,CO; was loaded onto MgO, the catalyst’s structure was
preserved, and potassium species were detected scattered on the
support’s surface. The catalyst particle sizes ranged from 10 to
100 pm, according to the K,CO;/MgO picture.

The higher particle sizes of the catalyst provided more active
sites, hence promoting greater chance of collisions between
the reactants and the catalyst, thus increasing the rate of
transesterification reaction [31, 32].

The load relationship of K,CO;/MgO as shown by Scanning
Electron Microscopy (SEM) in Figure 2A indicates how K,CO
is distributed and interacts on the surface of MgO. The SEM
image (Figure 2A) gives the typical highlights of the following
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FIGURE 1 | The FTIR curve of K,CO;/MgO catalyst.

FIGURE 2 |

features: surface morphology, distribution of K,CO;, interaction
and coverage, and particle size and shape.

Surface morphology; Figure 2A illustrates the surface texture of
the MgO particles. MgO presents a porous, rough surface which
provides numerous sites for K,CO; deposition. Figure 2A shows
K,CO; as distinct particles or layers covering the MgO surface.
These particles appeared as bright spots indicating regions where
K,CO; is concentrated. Interaction and coverage; Figure 2A also
highlights the extent of coverage, showing how uniformly K,CO,
is distributed over the MgO. Particle size and shape; Figure 2A
provides insights into the size and shape of both the MgO carrier
and the K,CO;. MgO particles appeared as irregularly shaped
agglomerates, while K,CO; particles may appear as smaller, more
defined structures.

For comparison, Figure 2B of MgO alone (the carrier) dis-
played the inherent surface characteristics of the MgO without
the K,CO; loading. This image typically shows: porosity and
roughness and particle distribution.

Porosity and roughness; Figure 2B shows a porous nature of
MgO, with rough surfaces providing high surface area. Particle

(A) SEM image of K,CO3/MgO catalyst. (B) SEM image of MgO alone (the carrier) catalyst.

distribution; Figure 2B shows the spatial distribution and mor-
phology of MgO particles without any modification by K,CO;. By
comparing Figure 2A,B of SEM images of the K,CO;/MgO and
MgO as the lone carrier it can been seen that K,CO; modifies
the surface, potentially enhancing the functional properties of the
MgO carrier.

3.2.2 | CO,-TPD and XRD Analysis of K,CO;/MgO

3.2.2.1 | Influence of K,CO;/MgO Ratio of the Starting
Materials. The influence of the ratio of K,CO; to MgO of
the starting materials on CO, adsorption capacities of the
prepared samples was examined by performing CO, (99.995%)
adsorption experiments on a thermogravimetric analyser (TGA)
at 375°C (Figure 3). It is clear from Figure 3 that adsorbents
with different starting material ratios have different adsorption
capacities. At a ratio of 1:2 (DS1), the adsorption amount was
about 5.28 wt% increasing to 8.55 wt% when the ratios were
increased to 1:3 (DS2). Further increase to 1:4 (DS3), and 1:5
(DS4) did not lead to additional CO, adsorption capacity. The
ratio of 1:3 was preferred as this minimizes usage of starting
materials [33].
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FIGURE 3 | Effect of K:Mg ratio on CO, adsorption capacity [31].

3.2.2.2 | XRD Analysis

3.2.2.2.1 | Elemental Analysis. The effect of K:Mg ratio on
CO, adsorption capacities could be explained from XRD analysis
and elemental analysis. XRD patterns show that the adsorption of
CO, on these samples resulted from the reaction between MgO,
K,CO;, and CO,, at the same time, the elemental analysis shows
that molar ratios of MgO to K,CO; in DS1, DS2, and DS3 are
1:0.45, 1:0.95, 1:1.06, and 1:0.92, respectively (Figure 4). In DS2,
DS3, and DS4 the ratios were close to the stoichiometric ratio
of MgO/K,CO; in the reaction, therefore there was no excess of
either component which could take up some dead weight of the
sample as was the case for DS1 (Figure 4) [33].

3.2.2.2.2 | Structural and Textual Properties. Wide-angle
XRD patterns of the prepared samples were collected to analyze
phase changes in the samples before and after CO, adsorption.
All the freshly calcined samples before CO, adsorption show two
phases: one is MgO and the other is K,CO;. However, the relative
strength of MgO peaks to K,CO; peaks are different, indicating
the ratios of MgO to K,CO; are different in each sample which
could be further demonstrated by elemental analysis [34]. The
MgO in the samples resulted from the decomposition of MgCO,
in the precipitate at the calcination temperature of 450°C and
K,CO; was the stoichiometric excess K,CO; in the precipitate
as it did not decompose at 450°C [35]. XRD patterns of the
samples after CO, adsorption (Figure 4B) illustrate three phases,

which are MgO, K,CO;, and a new phase which can be indexed
as K,Mg (COs;),. The newly formed species, K,Mg (COs),, also
reported by Lee et al. [35, 36] for low temperature CO, adsorption
in the presence of water vapor using MgO based adsorbents,
was the reaction product of MgO, K,CO; with CO,. There were
no KHCO; or MgCO; phases found after CO, adsorption, in
contrast to the results of CO, adsorption at 60°C reported by
Lee et al. [35, 36], as their respective decomposition temperatures
are 100°C to 120°C and 330°C, much lower than the adsorption
temperature.

3.2.2.3 | Adsorption at Different Temperatures. Initially,
the research suggested a ratio of 1:3 (sample DS2) was sufficient
to exhibit good adsorption capacity without excessive use of
K,CO; and hence this sample was selected for further analysis.
The adsorption of CO, at different temperatures was performed
on sample DS2. The specific temperatures were chosen because
of the appropriate temperature range for CO,. Figure 5 shows
that the weight change of the adsorbent at 300°C is a gradual
process increasing slowly with a final CO, uptake of 1.2 wt% of
the adsorbent. At 350°C and 375°C however, the weight of the
adsorbent experienced a rapid increase with final CO, uptakes of
8.39 wt% and 8.69 wt% for 350 and 375°C, respectively. Adsorption
of CO, at 400°C was negligible.

3.23 | N2 Adsorption-desorption and Hammett
Indicators Analysis of K,CO;/MgO

N2 adsorption/desorption isotherms show that the as-prepared
adsorbents have a hysteresis loop at p/p0 of 0.8-1.0, indicating
large void spaces between crystals (Figure 6). The data calculated
by the BET method shows that surface areas of the prepared
samples are around 2 m?/g, which is much lower than most of
the adsorbents for physisorption and essentially corresponds to
the external surface area of the crystals.

Differential thermogravimetric curves of the four samples were
recorded over the temperature range of 25-800°C in nitrogen
flow (Figure 7). These curves show that the highest weight
loss rate occurred at different temperatures, increasing with
the content of K,CO; in the starting material (Figure 7). For
DS1, the highest decomposition rate appeared at 331°C, which
is the same decomposition temperature as pure MgCO; [33].
This is expected as MgCO; is the main phase in this sam-
ple since the molar ratio of MgCO; to K,CO; is 1:0.45. For

4 A
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Powder XRD patterns of the samples: (A) before CO, adsorption; (B) after CO, adsorption: (1) MgO; K,CO5 [33].
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FIGURE 6 | N2 adsorption-desorption isotherms at 77 K for the

adsorbent samples [33].

samples with higher potassium content, the corresponding high-
est rate of decomposition occurred at 388°C for DS2, 423°C
for DS3, and 489°C for DS4. The shift of highest weight loss
peaks from normal decomposition temperature of MgCO; to
higher temperature is in keeping with the relative increase in
K,CO; and its corresponding higher decomposition temperature
(K,CO,).

3.24 | The Strength of Alkalinity of Catalysts

The change of color by the acid-base indicator is in accordance
to the surface site strength and Ky, values of indicators. The
strength of the surface basic site is stated in terms of acidity
function (H_) proposed by Paul and Long [36]. The definition of
the H_ function is through this equation:

H_ = Kgy, log(B7)/(BH) (2)

where (B™) and (BH) are the concentration of the indicator and
its conjugated base, respectively and ,Kyy is the logarithm of the
dissociation constant of (BH). The reaction of the indicator BH

. __DsI1
5 = DS2
el—
7] o0
3 % DS3
) Q
= ¥ DS4
——ﬁ—\ﬁ\[

(@)}

o0

<t

0 100 200 300 400 500 600 700 800
Temperature (°C)

FIGURE 7 |
samples [33].

Differential thermogravimetric profiles of adsorbent

with the basic site B is:
BH+B =B +BH* ©)

The basic site amounts of various strengths are measured using
titration with benzoic acid and basic strength corresponds to the
»Kpy value of the indicator used.

The base strength distribution of the K,CO;-MgO catalysts were
summarized in Table 4. The number of basic sites per unit surface
area was determined for certain ranges of base strength (H_). The
base strength distribution was obtained from the color changes
of Hammett indicators [37]. The amount of strong basic sites
in the range 17.2 (H_)—26.5(H_) increases whereas the medium
basic sites show the tendency like the surface basicity [38, 39].
It was suggested that moderately basic sites are active for the
reaction [40-43]. The results indicate the high concentration of
strong basic site can give negative effect on the biodiesel yield by
producing by-products (see Table 3).

3.3 | The Effects of Reaction Parameters on
Biodiesel Yield

3.3.1 | The Effect of the Loading Ratio of K,CO;/MgO on
the Reaction

The influence of K,CO;/MgO loading ratio for sample DS1, DS2,
DS3, DS4, and DS5 of loading ratio; 0.1:2, 0.2:3, 0.4:4, 0.6:5,
and 0.8:6 on the transesterification of P. resiniferum seed oil
using methanol was studied (Figure 8). The reaction progressed
efficiently with a yield of 55.4%, 85.8%, 92.6%, and 97.4% at
adjustment of loading ratio of K,CO5;/MgO to 0.6:5 being the
maximum yield. Increasing the loading ratio of K,CO;/MgO
further to 0.8:6, resulted in decrease in the yield to 97.2%.

The findings revealed that the concentration of K,CO; used
resulted into a significant impact on the response. With a yield of
15%, a single MgO had weak activity for the reaction, indicating
that the reactions’ active sites were not exclusively MgO-derived.
Active sites on the catalyst were insufficient, thus the reaction
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TABLE 3 | Base strength distribution of K,CO5-MgO catalysts.
Base strength distribution (H_) (%)*
Catalysts 8.2-10.5 10.5-15.0 15.0-17.2 17.2-18.4 18.4-26.5
1 18.9 22.8 31.2 18.0 9.1
2 14.0 17.2 311 279 9.8
3 12.1 13.2 26.8 35.6 12.2
4 3.5 5.8 30.8 43.5 16.4
#Measured from the color changes of Hammett indicators benzene carboxylic acid.
120 TABLE 4 | The effect of molar ratio of methanol-to-oil on the
reaction.
L0 97.4 =8 97.2
926§ B0 B Amount of Yield
. Entry methanol (g) (%)
X
E a m e 0ading ratio 1 0.72 89.6
40 Yield (%) 2 0.93 93.5
3 1.09 97.4
4 1.53 97.2
5 2.30 96.1
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FIGURE 8 | Loading ratio effects on reaction process.
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could not be carried out successfully with a little quantity of
K,CO;.

3.3.2 | The Effect of the Different Carriers of the Catalyst
on the Reaction

Catalytic activity of K,CO; supported by various carriers were
explored (Figure 9). The carriers had a positive influence on the
reaction with high yields as demonstrated by the result. Basic
carriers had greater activity than acidic carriers like SnO, and
SiO,, because of the strong contact between K,CO; and the
carriers. The solitary CaO also showed a strong activity for the
process, with a yield of 83% [31], but the catalytic activity was
enhanced significantly when it was supplemented by K,CO;. The
increased activity of K,CO;/Al,0O; for the reaction was due to
the carrier’s high BET surface of 209 m?/g and the interaction

among K,CO; and Al,O;, resulting in stronger and more evenly
distributed active sites. K,CO;/MgO produced the highest yield
(97.4%). Although K,CO;/CaO has comparable activity, it is
susceptible to water and readily converts to hydroxide. As a result,
K,CO;/MgO was identified to be the most effective catalyst for the
reaction process.

3.3.3 | The Effect of the Molar Ratio of the Reactants
The molar ratio of P. resiniferum seed oil and methanol was
studied (Table 4). The findings revealed an increased in the
yield when the amount of methanol was added, with the highest
value being attained as the methanol amount was 1.09 g and the
molar ratio of methanol to oil was 16:1. It is critical for this type
of reaction to increase the quantity of methanol. An excess of
methanol could have a dilution effect, causing the reaction to
occur at a low temperature.

3.3.4 | The Effect of the Reaction Temperature

Reaction temperatures was varied from 50°C, 55°C, 60°C, and
65°C, while other parameters were kept constant. The parameters
kept constant were; time at 2.0 h, molar ratio of methanol to oil
at 16:1, and 5% catalyst loading amount.

From Figure 10; the amount of biodiesel produced rose from
87.6% to 92.5% as the temperature was raised from 50°C to 55°C,
respectively. The optimum temperature was reached at 60°C with
biodiesel yield of 97.4%. Increasing temperature leads to the rise
in the rate of reaction during transesterification process and
therefore, makes it more efficient. At 65°C, and 70°C the yield
sharply decreases to 87.1% and 83.2% respectively. The methanol
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turns into vapor from 65°C and above forming bubbles which
inhibit the reaction surface. Gui et al. [40], in their study found
similar trends and found out that the reaction temperature should
be less than the boiling point of the alcohol to stop leaking
through vaporization and depending on the oil used, the optimal
temperatures should be between 50°C and 60°C.

3.3.5 | The Effect of the Reaction Time

The function of time on yield was studied (Figure 11). Result
shows efficiency of the catalyst for the transesterification process,
with a yield of 97.4% within 2.0 h. The reaction was immediate
and it steadily increased in intensity until it reached an optimum
yield at around 2.0 h, thereafter it decreased. The best reaction
time was considered to be 2.0 h and there were three stages
of the reaction. Triglycerides were converted into diglycerides,
monoglycerides, and glycerol. Catalysts are assumed to have a
particular selectivity to diglycerides and monoglycerides.

3.3.6 | The Effect of the Catalyst Amount

The amount of catalyst was considered critical for this reaction.
According to Table 5, too low catalyst quantity resulted into
insufficient active sites available for the reaction. The reaction is
however reversed on application of excess catalyst. An optimum
amount of catalyst was 45 mg.

TABLE 5 | The effect of catalyst amount.
Catalyst amount Yield
Entry (mg) %)
1 5.0 86.5
2 25 92.6
3 45 97.4
4 65 97.1
5 85 97.2
TABLE 6 | Comparison of different catalysts.
Catalyst Yield
Entry Catalyst amount (mg) (%)
1 K,CO;/MgO 45 97.4
2 K,CO, 55 90.3
TABLE 7 | Reusability of the catalyst.
No. of runs Yield (%)
1st 97.4
2nd 94.2
3rd 89.5
4th 86.1
5th 833

3.3.7 | Catalytic Activities of the Catalyst

A comparison of the catalytic activity of K,CO;/MgO and of
K,CO; was performed (Table 6). According to the findings, the
catalyst outperformed typical heterogenous catalysts in terms of
activity (K,CO;). The K,CO;/MgO catalytic activity was greater
compared to that of K,CO;. K,CO; and MgO, interactions as well
as the high dispersion degree of K,CO; active sites on the surface
of MgO, is the primary reason. Furthermore, saponification of the
homogeneous catalysts lowered yield. Catalyst should be viewed
as one of the top options for a cost-effective, and user-friendly as
it is demonstrated clearly. The moisture content of P. resiniferum
oil was critical in this study. Saponification might occur because
of the oil that was used has a water content of 0.64%.

3.3.8 | The Reusability of the Catalyst

Filtering of the catalyst was carried out and calcination at a
temperature of 400°C for 4 h after the reactions. The retrieved
catalyst was thoroughly probed (Table 7). Even after recycling the
catalyst five times, the catalytic activity led to little decrease in the
yield from 97.4% to 83.3%. After the reactions, the active sites were
filled by the organic species, and the base strength was assessed
using the Hammet-index which revealed that the PKa was less
than 12, reducing the catalyst’s catalytic activity.
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TABLE 8 | Comparison of properties of Pittosporum resiniferum biodiesel to American and European Union standards.

Pittosporum

resiniferum ASTM
Fuel properties Method Biodiesel D6751 EN 14214
Cetane number ASTM D6890 52 >47 >51
Kinematic viscosity (mm?/s; 40°C) ASTM D445 4.3 1.9-6.0 3.5-5.0
Oxidative stability 110°C (h) EN 14112 2.1 >3 >6
Pour point (°C) GB/T3535 -1 Report? Country specific?
Flash point (°C) ASTM D93 152 >93 >120
Sulfur content (%, w/w) ASTM D4294 0.002 <0.05 0.020
Ash content (%, w/w) GB/T508 0.018 <0.02 <0.02
Acid value (KOH mg/kg) ASTM D664-01 0.454 <0.5 <0.5
Water (mg/kg) ASTM D6304 0.04 <0.05 <0.05
Density (20°C) SH/T0248 865 — 860-900
Total glycerine (%, w/w) SH/T0796 0.14 0.24 <0.25

2Low temperature properties are not strictly specified, but should be agreed upon by the fuel supplier or purchaser.

3.4 | Comparison of Pittosporum resiniferum
Biodiesel Properties to International Standards

Table 8 compares the attributes of biodiesel to the United States
(ASTM D6751) and Europe (EN 14214) standards. In general,
the characteristics of biodiesel revealed several similarities with
regular diesel. As a result, biodiesel derived from P. resiniferum
seed oil is regarded as a viable feedstock for producing biodiesel
which can be used alternatively in diesel engine.

4 | Conclusions

P. resiniferum oil has not been widely used as a substitute
feedstock for producing biodiesel. The study’s main aim was to
investigate biodiesel production through transesterification of P.
resiniferum oil using heterogeneous solid base catalyst.

K,CO;/MgO, was used as catalyst to produce biodiesel from
P. resiniferum seed oil. The catalyst was exceptionally efficient for
the process resulting into a highest yield 0 97.4%. The catalyst and
technique of preparation were distinguished by their simplicity in
its operation, lack of solvent requirement, low cost, greater yield,
rapid reaction time, and its ability to be reused.
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