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Hemp (Cannabis sativa L.) is a versatile crop used across multiple industries, and 
its seed oil has potential application as a renewable raw material for biodiesel 
production. This study investigates the kinetics of biodiesel production via quick-
lime-catalyzed methanolysis of hemp seed oil (HSO). Owing to the moderately 
high concentration of free fatty acids, HSO was first subjected to esterification. 
The methanolysis of the esterified HSO was performed at methanol-to-HSO molar 
ratios of 6:1, 9:1, and 12:1, with quicklime amounts of 3%, 5%, and 7% of HSO 
mass, at 60 oC under atmospheric pressure. The kinetics of the methanolysis reac-
tion was evaluated using two different kinetic models: a pseudo-first order model 
and a model involving a changing reaction mechanism coupled with triacylglycerol 
(TAG) mass transfer limitations. The pseudo-first order model effectively described 
the reaction kinetics within two distinct regimes, initially controlled by TAG mass 
transfer, followed by a chemical reaction-controlled regime. The second model 
provided a continuous description of the reaction kinetics over the whole reaction 
course. The volumetric TAG mass transfer coefficient and the parameter defining 
the affinity of TAG to the active sites of the catalyst were found to be independ-
ent of methanol concentration but increased with catalyst amount. Both models 
yielded the same apparent reaction rate constant (0.155 min-1) and demonstrated 
very good agreement with experimental TAG conversion degree data (MRPD = 
±10.8%, 81 data points). Despite comparable accuracy, the model involving the 
changing reaction mechanism and TAG mass transfer limitations is recommended 
due to its computational simplicity and consistent applicability.
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Introduction

Climate change and the increasing cost of conven-
tional energy sources have intensified research efforts 
aimed at discovering and developing sustainable alter-
natives, among which biodiesel has gained considerable 
attention. Chemically, biodiesel consists of alkyl esters 
(most commonly methyl esters) of fatty acids and repre-
sents a renewable substitute for fossil diesel. Due to re-
duced levels of aromatic compounds, sulfur, and heavy 
metals, biodiesel contributes to the reduction of green-
house gas emissions and environmental pollution [1]. 

Biodiesel is typically produced via the transesterifica-
tion of triacylglycerols (TAG) derived from vegetable, ani-
mal, algal, or waste-based oils and fats using alcohols 
with short carbon chains, usually methanol and ethanol 
[2]. To enhance the efficiency of this process and reduce 
reaction time, various catalytic systems are employed, 
including acidic [3], basic [4], and enzymatic catalysts 
[5]. Additionally, process intensification techniques 
such as ultrasound [6], microwave irradiation [7], and 
the use of co-solvents [8] have been explored. Early 

biodiesel production processes primarily relied on edible 
oils, which presented a significant economic and ethical 
concern in developing countries due to competition with 
the food supply. Therefore, extensive research has been 
directed towards identifying and utilizing low-cost, non-
edible, or waste oil feedstocks that are both readily avail-
able and environmentally sustainable [1]. In this context, 
hemp seed oil (HSO) has emerged as a valuable can-
didate among non-edible and sustainable feedstocks 
for biodiesel production, owing to its favorable chemical 
composition and availability [9,10].

Hemp (Cannabis sativa L), a dicotyledonous plant be-
longing to the genus Cannabis in the family Cannabace-
ae, is native to Asia [11]. All parts of the plant are utilized 
across a wide range of industries, including food, cos-
metics, paper, textile, composite materials, and chemical 
manufacturing, as well as renewable energy production 
[12,13]. Its global cultivation in over 47 countries [14] 
and the incorporation of its derivatives in approximately 
25,000 products [15] reflect its economic and ecological 
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significance. Notably, hemp seeds contain a consider-
able amount of oil (25%-35%), making them a promising 
raw material for biodiesel production [16].

Table 1. A review of the utilization of HSO as a feedstock for biodiesel production

a CuO loading 1%-30%; b nano catalyst; c addition of 11.2 mL patent solvent; d determined by response surface methodology; e determined by artificial 
neural network model combined with a genetic algorithm; f Taguchi approach.

Biodiesel derived from HSO has demonstrated fa-
vorable physicochemical and combustion properties, fur-
ther supporting its potential as an alternative fuel. For 
example, Asokan et al. [17] evaluated diesel engine per-
formance using blends of HSO biodiesel with conven-
tional diesel, reporting optimal performance with a 20% 
HSO biodiesel blend. All tested blends (20%, 30%, and 

40% of HSO biodiesel) resulted in reduced CO, HC, and 
NOx emissions compared to pure fossil diesel. Similarly, 
Nagwan et al. [18] showed that a blend of fossil diesel 
with 20% HSO biodiesel and 10% ethanol improved ther-
mal efficiency and reduced fuel consumption relative to 
conventional diesel. These results reinforce the potential 
of HSO biodiesel as a viable and environmentally friend-

14(2) (2025) 59-70



  61

Advanced technologies

ly alternative fuel. Most studies on biodiesel production 
from HSO have focused on homogeneous catalysis, 
while investigations involving heterogeneous catalysts 
remain relatively scarce (Table 1). Among homogeneous 
catalysts, KOH has been the most frequently employed [9-
11,19-23], followed by NaOH [19, 24, 25]. In contrast, only 
a few studies have investigated heterogeneous catalysts 
for HSO methanolysis [24, 26-28], which highlights the 
need for further research in this area. As summarized in 
Table 1, while some studies have explored the catalytic 
performance of solid catalysts, none have addressed 
the kinetic modeling of heterogeneously catalyzed HSO 
methanolysis. To support further development in this 
area, the present study evaluates two kinetic models 
for describing the quicklime-catalyzed methanolysis of 
HSO. The first is a pseudo-first order kinetic model that 
assumes the reaction progresses through two distinct 
stages: an initial phase limited by TAG mass transfer, 
followed by a chemically controlled phase. Accordingly, 
the model employs two separate rate equations to reflect 
the change in the rate-determining step over time [29]. 
This model has been successfully applied to various bio-
diesel production processes [8, 29-32]. The second ap-
proach is a comprehensive kinetic model established by 
Miladinović and co-authors [33] for quicklime-catalyzed 
methanolysis of sunflower oil. It integrates the changing 
reaction mechanism and TAG mass transfer limitations 
and describes the reaction kinetics through the entire re-
action period using a single equation. The reliability and 
practical utility of this model have been demonstrated in 
several studies [8, 30, 32, 34, 35].

In this study, a two-step process was employed to 
produce fatty acid methyl esters (FAMEs) from HSO. 
The first step involved the esterification of free fatty ac-
ids (FFAs) in the HSO catalyzed by H2SO4, followed 
by methanolysis of the esterified oil in the presence of 
quicklime. The main objective of this study was to eval-
uate the applicability and accuracy of the two kinetic 
models for describing the kinetics of HSO methanolysis. 
Model validity was assessed by comparing calculated 
and experimental TAG conversion degree values. Our 
previous study demonstrated that quicklime is an effec-
tive catalyst for HSO methanolysis, and optimal reaction 
conditions for maximum oil conversion were established 
[28]. To the best of our knowledge, this is the first kinetic 
study of heterogeneously catalyzed HSO methanolysis.

Materials and methods

Materials
HSO was obtained by screw pressing of hemp seeds 

(Versele-Laga, Belgium) purchased from a local pet 
shop. The pressing procedure and the physicochemi-
cal properties of the obtained HSO are described in our 
previous study [28]. Quicklime was acquired from a lo-
cal supplier (Leskovac, Serbia), while methanol (99.5%) 
and Na2SO4 were obtained from Zorka Pharma-Hemija 
(Serbia). Concentrated H2SO4 was supplied by Lach-Ner 

(Czech Republic). Methanol and n-hexane (both HPLC 
grade) were procured from Promochem LGC (Germany), 
whereas 2-propanol (HPLC grade) was obtained from 
Carlo Erba (Italy).

FAME synthesis 
FAME synthesis was carried out via a sequential two-

stage method, comprising the esterification of FFA under 
acidic conditions, followed by the alkali-catalyzed metha-
nolysis of the resulting esterified HSO. This approach was 
necessary due to the high acid value (2.98 mg KOH/g) of 
the obtained HSO [28], which exceeds the threshold of 
1 mg KOH/g, commonly considered as the upper limit for 
direct alkali-catalyzed transesterification.

FFA esterification
FFA esterification was conducted using methanol and 

H2SO4 as a catalyst under the following reaction condi-
tions: a catalyst amount of 2% of HSO mass, a methanol-
to-HSO molar ratio of 8.5:1, and a reaction temperature 
of 45 °C. These conditions were selected based on the 
optimization study reported by Kostić et al. [37]. The acid 
value of HSO was reduced to 0.58 mg KOH/g oil [28] 
through the esterification process, enabling its subse-
quent application in biodiesel production via quicklime-
catalyzed methanolysis. 

Methanolysis of the esterified HSO
Quicklime-catalyzed methanolysis was conducted 

under varying reaction conditions, including catalyst 
amounts of 3%, 5%, and 7% of the esterified HSO mass, 
methanol-to-HSO molar ratios of 6:1, 9:1, and 12:1, and 
a temperature of 60 °C. Prior to use, the quicklime was 
ground, and the fraction with a particle size of 0.5 mm 
was further calcined at 550 °C for 4 h. The characteris-
tics of the calcined quicklime have been described else-
where [33]. The methanolysis reaction was performed 
following the procedure described by Kostić et al. [37]. 
The qualitative and quantitative composition of the ester-
oil phase was determined using high-performance liquid 
chromatography (HPLC) [38]. 

Кinetics of the esterified HSO methanolysis
The kinetics of the methanolysis reaction was evaluated 

using two different kinetic models: pseudo-first order kinetic 
model and the model involving a changing reaction mech-
anism coupled with TAG mass transfer limitations (Table 
2). The heterogeneously catalyzed methanolysis reaction 
proceeds through two distinct regimes: an initial heteroge-
neous regime, where the reaction rate is controlled by TAG 
mass transfer resistance, followed by a pseudo-homoge-
neous regime, where the chemical reaction limits the reac-
tion rate [29,30]. The reaction kinetics in both regimes were 
analyzed using a pseudo-first order model (Eqs. 1 and 3, 
Table 2). The second model (Eq. 5, Table 2), which involves 
changes in the reaction mechanism and TAG mass transfer 
limitation, describes the kinetics of the methanolysis across 
the entire reaction period [30, 33].
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Table 2. Kinetic models for the HSO methanolysis

a xA – the TAG conversion degree (1); kca – the volumetric TAG mass transfer coefficient (min-1); kapp – the apparent pseudo-
first order reaction rate constant (min-1); km – the apparent reaction rate constant for the model involving the changing reaction 
mechanism and TAG mass transfer limitation; K – the parameter defining the affinity of TAG to the active sites of the catalyst;   
cA0 – the initial TAG concentration (mol/dm3); cR0 – the hypothetical initial FAME concentration corresponding to the initial avail-
able active catalyst (mol/dm3); t – time (min); C1 – the integration constant.

The accuracy of the models was assessed using the 
mean relative percent deviation (MRPD) calculated ac-
cording to Eq. 7:

 							     
		    .........................................................(7)

where yp and ya are predicted and experimental val-
ues of the TAG conversion degree (%), respectively, and 
n is the number of experimental runs.

Results and discussion

Methanolysis reaction analysis
Changes in the composition of the reaction system 

over time during the methanolysis of the esterified HSO 
catalyzed by quicklime are shown in Fig. 1. The increase 
in FAME content exhibited a sigmoidal trend, indicating 
that the methanolysis of HSO progressed through three 
periods. In the initial reaction period, FAME formation 
was slow, followed by a period of fast reaction, after 
which the reaction rate gradually declined as the reaction 
approached completion. As the FAME content increased, 
the TAG content decreased accordingly. The content of 
intermediate products, monoacylglycerols (MAGs) and 
diacylglycerols (DAGs), initially increased, reaching a 
maximum at intermediate time points, then declined and 
finally remained nearly constant. Notably, the content of 
MAGs and DAGs did not exceed 4% and 1%, respec-
tively, for the entire reaction time. The observed kinetic 
behavior is typical of heterogeneously catalyzed metha-
nolysis reactions [29, 31, 33]. The low reaction rate in the 
initial reaction period is attributed to TAG mass transfer 
limitations arising from the immiscibility of methanol and 
oil, as the catalyst is initially saturated with methanol. 
As the reaction progressed, the formation of FAME im-
proved the miscibility of the reactants by acting as a co-
solvent, thereby facilitating the adsorption of TAG onto 
the active sites of the catalyst, where the methanolysis 

reaction occurs [29]. 

Figure 1. Variation in reaction mixture composition over time 
during quicklime-catalyzed methanolysis of esterified HSO 
(reaction conditions: 60 oC; methanol-to-HSO molar ratio 6:1, 
catalyst amount 3%; TAG - •; FAME - ○; MAG - Δ; DAG – □)

Kinetics of esterified HSO methanolysis 
The kinetic parameters of the pseudo-first order model, 

kca and kapp, were determined using Eqs. 1 and 3 (Table 
2), respectively. These equations describe the kinetics of 
the reaction in two distinct regimes of the reaction: the 
initial regime, controlled by TAG mass transfer resistance, 
and the later regime, limited by the chemical reaction. The 
experimental data for xA were first fitted using the sigmoi-
dal Boltzmann function, after which the values of –ln(1–xA) 
were calculated. The dependences of –ln(1–xA) on reac-
tion time are shown in Fig. 2, while the kinetic parameters 
kca and kapp, obtained as the slopes of the correspond-
ing linear dependences, are presented in Table 3. The 
model’s performance, indicated by high R2 values, dem-
onstrated its validity in describing the experimental data. 
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Figure 2. Dependence –ln(1–xA) vs. t during quicklime-catalyzed methanolysis of esterified HSO 
at methanol-to-HSO molar ratio 6:1 (a), 9:1 (b), and 12:1 (c) (reaction temperature: 60 °C; catalyst 
amount: 3% – ●, 5% – ▲, 7% – ■; experimental data – solid symbols; sigmoidally fitted values – 
open symbols)

a kca – the volumetric TAG mass transfer coefficient; kapp – the apparent pseudo-first order reaction rate constant; km – the apparent reaction 
rate constant for the model involving the changing reaction mechanism and TAG mass transfer limitation; K – the constant defining the af-
finity of TAG to the active sites of the catalyst; R2 – coefficient of determination.

Table 3. Parameter values of the applied kinetic modelsa
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The parameters of the kinetic model involving a chang-
ing reaction mechanism coupled with TAG mass transfer 
limitation (km, K, and cR0; Eq. 5, Table 2) were calculated 
through nonlinear regression fitting using the Levenberg-
Marquardt algorithm in Polymath. Under the applied re-
action conditions, the values of 3cA0, which ranged from 
2.01 to 2.42 mol/dm3, were significantly higher than the 
determined cR0 values (up to 0.006 mol/dm3). Therefore, 
the simplified form of the proposed kinetic model (Eq. 
6, Table 2) was used to model the kinetics of quicklime-
catalyzed HSO methanolysis [30]. The determined val-
ues of the apparent reaction rate constant (km) and the 
constant defining the affinity of TAG to the active sites of 
the catalyst (K) of this kinetic model (Eq. 6, Table 2) are 
presented in Table 3. The high R2 values validated the 
model’s capability to describe the kinetics of esterified 
HSO methanolysis catalyzed by quicklime. The values of 
parameter K were only slightly higher than the initial TAG 
concentrations (cA0 in the range 0.67 - 0.81 mol/dm3) and 
thus, the kinetic model was not further simplified [34].

Effect of the reaction conditions on kinetic parameters
The influence of catalyst concentration and methanol-

to-HSO ratio on the kinetic parameters of both kinetic 
models is presented in Fig. 3. The volumetric TAG mass 
transfer coefficient kca of the pseudo-first order kinetic 
model and the parameter K, which defines the affinity of 
TAG to the catalyst’s active sites in the model involving 
a changing reaction mechanism coupled with TAG mass 
transfer limitations, were independent of the methanol 
concentration but increased proportionally with the cata-
lyst concentration (Fig. 3a and c). 

The influence of reaction conditions on the kinetic pa-
rameters kca and K was statistically evaluated through 
analysis of variance (ANOVA) using a linear regression 
model (Table 4). According to the ANOVA results, the 
model was statistically significant (p=0.0031), which was 
further confirmed based on the values of the coefficient 

of determination (R2), adjusted (R2
adj), and predicted 

(R2
pred) coefficients of determination (Table 4) as well as 

on internal model selection criteria in Design Expert soft-
ware. F- and p- values indicated that catalyst concentra-
tion had a statistically significant effect on both kinetic 
parameters, whereas the effect of initial methanol con-
centration was not statistically significant. Consequently, 
kca and K were correlated with the catalyst concentration, 
as described by Eqs. 8 and 9 (R2 = 0.981 and R2 = 0.982, 
respectively):

kca=0.014∙ccat ..............................................................(8)

K=2.334∙ccat.................................................................(9)

where ccat is catalyst concentration (mol/dm3). 
A similar effect of catalyst concentration on volumetric 

TAG mass transfer coefficient, kca, has been observed 
for methanolysis of sunflower oil catalyzed by CaO [29]. 
However, in the methanolysis of sour cherry kernel oil 
over CaO, neither catalyst concentration nor methanol 
amount influenced kca [31]. A linear increase in kca with 
the initial methanol and catalyst concentrations was ob-
served in the case of Sinapis alba seed oil methanolysis 
catalyzed by quicklime [30]. 

On the other hand, previous studies have reported 
that parameter K increases with increasing catalyst con-
centration and methanol amount in quicklime-catalyzed 
methanolysis of sunflower oil [33] and S. alba seed oil 
[30]. Since K represents the affinity of TAG for the cata-
lyst active sites, its increase with increasing the catalyst 
concentration can be attributed to the greater availability 
of catalytically active sites [33]. The influence of metha-
nol concentration on parameter K depends on the range 
of initial methanol-to-oil molar ratio [33] and the fatty acid 
composition of the used oil [30].

Table 4. ANOVA results of the effect of reaction conditions on kca and K

a R2=0.854; R2
adj=0.806; R2

pred=0.688; Adeq. Precision=9.15; b R2=0.917; R2
adj=0.889; R2

pred=0.830; Adeq. Precision=12.82; 
c Statistically significant at the 95% confidence level. 
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Figure 3. Dependence of kinetic model parameters kca (a), kapp (b), K (c), and km (d) on the catalyst 
concentration at different methanol-to-HSO molar ratios: 6:1 – •; 9:1 – ▲; 12:1 – ■

The apparent reaction rate constants for both kinetic 
models, kapp and km, remained nearly constant under all 
investigated reaction conditions, indicating their inde-
pendence from both the catalyst concentration and initial 
methanol concentration (Fig. 3b and d). Therefore, their 
mean values were calculated. It should be noted that the 
mean values of kapp and km were identical for both kinetic 
models (kapp = 0.155±0.004 min-1 and km = 0.155±0.003 
min-1).

The independence of kapp from the catalyst concentra-
tion and methanol amount has also been reported for 
CaO-catalyzed methanolysis of sour cherry kernel oil 
[31], S. alba seed oil [30], and sunflower oil [29]. The 
kapp value obtained for HSO methanolysis in this study 
(0.155±0.004 min-1) is higher than that reported for the 
methanolysis of sunflower oil (0.07 min-1) [29], S. alba 
oil (0.114 min-1) [30], and sour cherry kernel oil (0.084 min-1) 
[31], but lower compared to palm oil methanolysis (0.2898 

min-1) [39], all catalyzed by CaO and conducted at the 
same reaction temperature (60 oC). Observed differences 
in reaction rate constants, despite the use of the same 
catalytic system, are predominantly attributed to the type 
of oily feedstock. In particular, the degree of unsaturation 
and the fatty acid chain length have been reported as 
key factors influencing the kinetics of the methanolysis 
reaction [40, 41]. Additionally, the reaction rate constant 
of the pseudo-first order kinetic model was linearly cor-
related with the unsaturation degree of the oily feedstock 
[22]. Previous studies that applied a kinetic model in-
volving a changing reaction mechanism and TAG mass 
transfer limitation to describe the kinetics of sunflower 
oil [33] and S. alba oil [30] methanolysis reported that 
the apparent reaction rate constant km depends on the 
catalyst and initial methanol concentrations. However, 
no in-depth analysis of this dependency was conducted.
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Simulation of methanolysis of the esterified HSO 
The accuracy of the applied kinetic models in simulat-

ing the methanolysis of esterified HSO was evaluated 
by comparing experimental and model-predicted values 
of TAG conversion degree. For the pseudo-first order 
kinetic model, xA was calculated using Eqs. 2 and 8 in 
the heterogeneous reaction regime, and Eq. 4 and the 
mean value of kapp in the pseudo-homogeneous regime. 
For the kinetic model that incorporates a changing reac-

tion mechanism and mass transfer limitations of TAG, xA 
was calculated using Eqs. 6 and 9, and the mean value 
of km, using Polymath software.

As shown in Fig.4 a-c, a good agreement was ob-
served between the experimental xA values and val-
ues calculated based on the pseudo-first order kinetic 
model. This is further confirmed by the low mean relative 
percentage deviation (MRPD) of ±10.8% (based on 81 
data points). Therefore, the proposed kinetic model is 

Figure 4. Comparison of experimental (symbols) and calculated (lines) TAG conversion degree values based on the 
pseudo-first order kinetic model (a-c) and the model involving changing reaction mechanism and TAG mass transfer 
limitations (d-f) for quicklime-catalyzed HSO methanolysis at methanol-to-HSO molar ratios of 6:1 (a, d), 9:1 (b, e) and 
12:1 (c, f) (reaction temperature: 60 oC; catalyst amount: 3% – ●, 5% – ▲, and 7% – ■)
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suitable for describing the kinetics of HSO methanolysis 
catalyzed by quicklime. The same model has been suc-
cessfully applied to describe the kinetics of methanolysis 
of sunflower oil [29, 32, 35, 42], S. alba oil [30], used 
vegetable oil [42], and sour cherry kernel oil [31], all cat-
alyzed by CaO-based catalysts.

The applicability of the model involving a changing re-
action mechanism coupled with TAG mass transfer limi-
tations was also proven by comparing the experimental 
and calculated TAG conversion degree values. As can 
be visually concluded from Fig. 4d-f, the experimental 
xA values closely match those predicted by the kinetic 
model, which is also supported by the low MRPD value 
(±10.1%, based on 81 data points). The obtained results 
indicated the reliability of the model involving changing 
reaction mechanism and TAG mass transfer limitation in 
describing the kinetics of the esterified HSO methanoly-
sis reaction over quicklime. The validity of this model has 
also been established for the methanolysis of white mus-
tard seed oil [30]. The simplified form of the model in-
volving a changing reaction mechanism and TAG mass 
transfer limitation was successfully applied in describing 
the kinetics of CaO-based catalyzed methanolysis of 
various oily feedstocks: black mustard seed oil [8], sour 
cherry kernel oil [31], rapeseed oil [34], and sunflower 
oil [32, 35, 43]. Considering its demonstrated suitabil-
ity for CaO-catalytic systems, the applied kinetic model 
shows strong potential for broader application to other 
feedstocks and solid catalysts, and its further validation 
is recommended through extended studies.

Conclusion

This study demonstrated that the kinetics of quicklime-
catalyzed methanolysis of esterified HSO can be accu-
rately described using two kinetic models: a pseudo-first 
order model and a model involving a changing reaction 
mechanism coupled with TAG mass transfer limitations. 
The pseudo-first order model successfully described the 
reaction kinetics across two regimes: an initial mass 
transfer-limited regime and a subsequent chemically 
controlled regime. In contrast, the second model pro-
vided a unified approach, effectively representing the 
reaction kinetics throughout the entire reaction period. 
ANOVA analysis revealed that the kinetic parameters kca 
and K were independent of methanol concentration but 
increased with the catalyst concentration. The apparent 
reaction rate constant was unaffected by the applied re-
action conditions and had the same value (0.155 min-1) 
for both models. The reliability of the models was demon-
strated by good agreement between experimental and 
predicted TAG conversion degree values, as indicated 
by low MRPD values (±10.8% and ±10.1% across 81 
data points). Although both models proved reliable, the 
model involving the changing reaction mechanism and 
TAG mass transfer limitation is recommended due to its 
computational simplicity and ability to describe the entire 
reaction course without regime segmentation. Overall, 

these findings offer valuable insights into the kinetics 
of heterogeneously catalyzed biodiesel production and 
support further development of solid catalyst systems for 
sustainable biodiesel production.
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Industrijska konoplja (Cannabis sativa L.) je višestruko korisna biljka sa širokom pri-
menom u različitim granama industrije, a ulje iz semena predstavlja perspektivnu 
sirovinu za proizvodnju biodizela. U ovom radu ispitivana je kinetika metanolize ulja iz 
semena konoplje (USK) katalizovane negašenim krečom. Zbog umereno povišenog 
sadržaja slobodnih masnih kiselina u ulju, USK je prethodno esterifikovano. Metanoli-
za esterifikovanog USK izvedena je pri molskim odnosima metanol:USK od 6:1, 9:1 
i 12:1, količini katalizatora 3%, 5% i 7% (u odnosu na masu USK), na temperaturi 
60 oC i pod atmosferskim pritiskom. Za opisivanje kinetike reakcije metanolize pri-
menjena su dva kinetička modela: pseudo-prvi red reakcije, i model koji uključuje 
promenljivi mehanizam reakcije i ograničenja prenosa mase triacilglicerola (TAG). 
Kinetičkim modelom reakcije pseudo-prvog reda je opisana kinetika reakcije u dva 
jasno odvojena perioda reakcije – početni period u kome je brzina procesa kon-
trolisana prenosom mase TAG, koji je praćen periodom u kome hemijska reakcija 
određuje brzinu procesa. Nasuprot tome, drugim kinetičkim modelom kontinualno je 
opisana kinetika reakcije tokom celokupnog vremena njenog trajanja. Zapreminski 
koeficijent prenosa mase TAG (kca) i parametar koji definiše afinitet TAG ka aktivnim 
mestima na katalizatoru (K) povećavali su se sa povećanjem koncentracije katali-
zatora, ali nisu zavisili od koncentracije metanola. Prividna konstanta brzine reakcije 
za oba kinetička modela imala je istu vrednost (0,155 min-1). Primenjeni kinetički 
modeli vrlo dobro opisuju kinetiku reakcije metanolize USK, što je potvrđeno dobrim 
slaganjem sa eksperimentalnim vrednostima stepena konverzije TAG (srednje rela-
tivno procentno odstupanje između izračunatih i eksperimentalnih vrednosti MRPD = 
±10,8%, na osnovu 81 podataka). Uprkos uporedivoj tačnosti, za opisivanje kinetike 
reakcije metanolize USK katalizovane negašenim krečom preporučuje se model 
koji uključuje promenljivi mehanizam reakcije i ograničenja prenosa mase TAG zbog 
jednostavnijeg proračuna i primenljivosti u celom toku reakcije.
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