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In this paper, NiMoO4 powder was synthesized by the complexation method combining 
EDTA-Citrate. The behavior of the NiMoO4 material in the ethyl transesterification reaction was 
evaluated by analyzing the acidity index under specified reaction conditions. The results showed 
that NiMoO4 crystallized at 800 °C with a total mass loss of 85%, presenting a monoclinic structure, 
free of secondary phases, high degree of crystallinity and average crystallite size of 140 nm. The 
particles had heterogeneous sizes and shapes, but with well-defined contours. The increase in the 
mass of NiMoO4 in the reaction medium reduced the acidity index (0.8 mgKOH.g-1 with 15 wt.%). 
Despite the use of the minimum molar ratio (1:3), the ethyl route being less reactive and the use of 
the operating temperature close to the alcohol evaporation temperature, NiMoO4 showed promising 
catalytic potential in the transesterification process.
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1. Introduction
Transesterification, esterification, enzymatic, and 

ultrasound processes have been used for producing biodiesel. 
Among all these methods, the transesterification uses a 
triacylglyceride to react with an alcohol in the presence of 
an acid or a strong base, producing a mixture of fatty acid 
esters and glycerol1. The general process consists of three 
consecutive steps: triglycerides are converted in diglycerides 
and then in monoglycerides, which are later transformed into 
glycerol2. Due to the reversible nature of the reaction, alcohol 
is usually added in excess, thus favoring an increase in the 
yield of the ester, as well as allowing its separation from the 
formed glycerol3. In the transesterification and esterification 
processes, homogeneous, heterogeneous and, more recently, 
natural catalysts are usually adopted. The efficiency of 
heterogeneous catalysts is directly related to the nature of 
the sites (acidic or basic) presented according to the type 
of material4, which must have a high number of basic sites 
on the surface5 or high surface acidity6, for basic and acidic 
transesterification, respectively. The catalytic activity shown 
by solid materials that have basic Brönsted sites is linked to 
the interaction phenomena between the surface of the catalytic 
solid and the alcohol used as a transesterification agent.

For economic and mainly environmental reasons, the 
focus on research and development has been focused on 
solid catalysts in different catalytic processes, where they can 
be recovered and reused until their complete deactivation. 
Although the homogeneous process results in higher yields, 

mainly free fatty acid (FFAs) content less than 1% compared 
to heterogeneous catalytic transesterification7, it has relevant 
dis-advantages in its application, such as generation of large 
amounts of water residuals during product separation and 
purification, formation of unwanted by-product by reaction 
of alcohol with the FFAs present in the reaction medium8 and 
expensive separation of the homogeneous catalyst from 
the reaction mixture. Homogeneous catalysts end up being 
diluted in biodiesel, which hinders its recovery and reuse9. 
Regarding the percentage of FFAs being less than 1%, they 
react with water in the presence of the alkaline catalyst, 
forming salts of fatty acids that make it difficult to separate, 
wash and purify biodiesel. The development of efficient 
heterogeneous catalysts for biodiesel production includes not 
only calcium10-12, magnesium, nickel, copper, strontium, and 
lanthanum metal oxides13-17, but also some mixed oxides9,18-20.

The structure of metal oxides is composed of positive 
metal ions (cations) that behave like Lewis acid (electron 
acceptor) and negative oxygen ions (anions) that behave 
as Lewis base (electron donor)21. Metal molybdates of the 
general formula AMoO4, where A = Mg, Ca, Zn, Pb, among 
others, however, to maintain the valence balance, the cation 
A to the molybdenum having a +6 valence and the oxygen -2. 
The molybdenum (VI)-complex has a high Lewis acidity 
and most certainly act on alcohol O–H bond leading to a 
transient species which has high nucleophilic character22. 
Thus, it can be concluded that it is a very versatile material, 
with interesting chemical and physical properties23. Such 
materials are of great technological interest due to their 
attractive physicochemical properties.*e-mail: larissaengquimica@hotmail.com
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Nickel molybdate has been used in several applications 
due to its excellent properties, such as in photocatalytic 
reactions for degradation of organic pollutants because of 
its excellent performance under uv-vis light24, as catalyst in 
oxidative dehydrogenation reactions, which occur under specific 
conditions of high temperature and/or high pressure25-27, also in 
reactions of hydrodesulfurization and hydrodenitrogenation28-30, 
and more recently as a supercapacitor, as it exhibits redox 
pairs that act in the charging and discharging process in 
these devices and high specific capacitance with 94% 
efficiency even after 1000 cycles according to the work of 
Seevakan et al.31. Saravanakumar and collaborators32 reported 
that it is possible to obtain nickel molybdate with different 
morphological configurations depending on the synthesis 
facings and that these influenced its performance as a capacitor. 
Concerning the synthesis of metal molybdates, sol-gel33,34, 
solvothermal35 and precipitation methods have been widely 
used36-42. The complexation method combining EDTA-Citrate 
has stood out in recent years for synthesizingdifferent 
materials such as perovskites (ABO3)

29,43,44, fluorites (A2X3, 
A2B2X7)

45,46, ferrites (ABC2X5)
47, and tungstates/molybdates 

(AWO4/AMoO4)
48-50. In general, it is a simple synthetic method 

that presents easy reproducibility and short synthesis time 
as advantages over other methods43,45-48. The possibility of 
manipulating synthesis parameters, such as pH, time and 
calcination temperatureallows to change/modify the material 
properties19,47,49-51.

To be economically viable and industrially commercialized, 
a catalyst must provide high conversion and long-term stability. 
In addition, it is extremely important to the quality of the 
obtained product, as physical-chemical transformations can 
occur due to contaminants from the raw material, production 
process and/or storage. Thus, the physical-chemical properties 
and quality analyses are of high relevance. Biodiesel 
production typically uses controlled amounts of phosphorus, 
sulfur, and carbon residue. Iodine and acidity indexes should 
also be monitored in the biodiesed production52. Besides, 
the determination of acidity is essential for obtaining high-

quality biodiesel. The high acidity index hinders the reaction 
of biodiesel production, giving rise an acidic biodiesel that 
can corrode the engine and deteriorate the biofuel.

In this context, since there is no report in the literature 
on the preparation of NiMoO4 using the complexation 
method combining EDTA-Citrate, nor its use as a catalyst 
in the synthesis of biodiesel, it was decided to synthesize 
it by this method. Directing research to environmental and 
economic issues, the ethanol route was chosen in this work, 
as it has consolidated production in Brazil, being considerably 
less toxic than methanol52. Being the most used biodiesel 
production method in the Brazilian industry, transesterification 
uses renewable raw materials (vegetable oils and animal 
fats). The co-product of the process is glycerin, that can 
be reused in various industries (chemical, petrochemical, 
pharmaceutical and food). This work also reports the effect 
of the amount of NiMoO4 (1 wt.%, 5 wot.% and 15wt.%) 
on the biodiesel acidity index.

2. Materials and Methods

2.1. Synthesis and characterization of nickel 
molybdate (NiMoO4) by the complexation 
method combining EDTA-Citrate

NiMoO4 powders were obtained using the complexation 
method combining EDTA-Citrate44,45. The steps of the 
synthesis procedure are summarized in the flowchart shown 
in Figure 1. The chemicals used are shown in Table 1.

Initially, the acid EDTA was diluted in ammonium 
hydroxide in a ratio 1 g:10 mL at 40 ºC under controlled 
stirring (solution 1), as shown in Figure 1. Subsequently, 
the metal cations (solutions 2 and 3) were added. After 
homogeneity of the medium, citric acid (solution 4) was added 
to the solution and the temperature was increased to 80 °C 
(solution 5), under constant stirring. The relationship between 
acid EDTA, citric acid and metal ions was 1:1.5:1. The pH 
was adjusted to 7 with addition of ammonium hydroxide. 

Figure 1. Flowchart of the Synthesis Methodology adopted to obtain NiMoO4.

Table 1. Chemicals used for the synthesis of NiMoO4 via the complexation method combining EDTA-Citrate.

Reagents Chemical formula Purity (%) Manufacturer

Citric acid C6H8O7.H2O 99 Sigma-Aldrich

Ammonium hydroxide NH4OH 25 Vetec

Acid EDTA C10H16N2O8 99 Sigma-Aldrich

Ammonium molybdate (NH4)6Mo7O24.4H2O 99 Sigma-Aldrich

Nickel nitrate hexahydrate Ni(NO3)2.6H2O 97 Vetec
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The heating and stirring of solution 5 was continued until 
the gel was formed. To eliminate residual water and form the 
organometallic compound, the resulting gel was pre-calcined 
at 230 °C for 180 min using a heating rate of 5 °C.min-1. 
Finally, it was calcined at 800 °C for 300 min.

The pre-calcined powder was investigated by 
thermogravimetry using the Thermal Analyzer equipment 
(TG/DTA Shimadzu DTG-60). The thermal analysis was 
carried out at the temperature range 20 – 900 °C (with a 
heating rate of 5 °C.min-1) using a powder mass of 4.5 mg. 
The morphological assessment was performed using a 
Scanning Electron Microscope (SEM) with a high-sensitivity 
semiconductor backscattered electron detector, model 
Hitachi Tabletop Microscope TM-3000 (Hitachi, United 
States) operated with 15 kV incident electron beam was 
used. The powder chemical composition was performed 
by X-Ray Fluorescence (XRF) in a spectrometer with 
EDX detector-720/800HS in a vacuum atmosphere and 
method of measurement by dispersive energy. Structural 
analysis was carried out by X-Ray Diffraction (XRD) in 
a Bruker D2 Phaser diffractometer, using Cu-Kα radiation 
(λ = 1.5406 Å) with Ni filter and Lynxeye detector in a 
range of 2θ from 20º to 80º with current 10 mA, voltage of 
30 kv and scanning rate of 0.01º/s. The XRD patterns were 
analyzed using X’pert High Score Plus 3.0e software and 
MAUD (Material Analysis using diffraction), version 2.84, 
for the Rietveld refinement analysis.

2.2. Ethyl transesterification reaction and acidity 
index analysis

The transesterification reaction was carried out using 
commercial soybean oil and ethyl alcohol P.A. (99.6%) varying 
the catalyst mass by 1%, 5% and 15%. NiMoO4 powder 
synthesized via the complexation method combining EDTA-
Citrate obtained in neutral medium (pH 7) and calcined at 
800 °C for 300 min was used as a catalyst in the reaction. 
The other reaction conditions for ethyl transesterification 
are shown in Table 2, as well as the average molar mass of 
soybean oil for the equation and stoichiometric relationships 
established according to Patzek53.

The reaction methodology of transesterification is based 
on Storti et al.18 and Santiago et al.9, as briefly described: 
initially, the oil was heated to 78 °C, then added if alcohol 
and after homogenization NiMoO4 was added keeping the 
reaction under constant stirring for 8 h. After the reaction, 
NiMoO4 was separated by centrifugation (2500 rpm/15 min) 
and the liquid-liquid extraction was performed using 10% 
sodium chloride solution. Evaporation occurred at 95 °C during 
15 minutes to eliminate alcohol still present. To eliminate 
possible residues, successive washes were carried out with 
distilled water at 25 °C by measuring the pH of the biofuel 
washing water to neutral pH.

The acidity index was determined following the official 
AOCS Cd 3d-63 method, as suggested by the American Oil 
Chemists Society (A.O.C.S.)54. The acidity index corresponds 
to the number of milligrams of potassium hydroxide needed 
to neutralize the free acidity of one gram of sample55,56. 
For titration, standardized NaOH solutions were used on the 
day of analysis, using dry sodium biftalate as the primary 
standard57 and the previously neutralized 95% ethyl alcohol 

solution, according to the official method54. To minimize 
errors, absolute ethyl alcohol was always used, adding 
5% water to obtain 95% ethyl alcohol. 25 mL of 95% 
ethyl alcohol, 0.05M sodium NaOH solution58 was used. 
Equation 1 was used to calculate the acidity index, where 
56.1 is the molecular weight of KOH, this value is used to 
convert the acidity index into milligrams of KOH.

.V F N 56 1IA
M

× × ×
=  (1)

Where:
IA: Acidity index (mgKOH.g-1);
V: Spent volume of NaOH solution in the titration (mL);
F: Correction factor of NaOH solution;
N: Normality of NaOH solution (mol/L);
M: mass of oil sample (g).

3. Results and Discussion

3.1. Synthesis and characterization of nickel 
molybdate obtained by the complexation 
method combining EDTA-Citrate

Figures 2 and 3 show the curves of Thermogravimetric 
Thermal Analysis (TG) and Derivative Thermogravimetry 
(DTG), and the refined XRD pattern of the NiMoO4 powder 

Figure 2. Thermogravimetry and Derivative Thermogravimetry 
(TG/DTG) of NiMoO4 synthesized via the complexation method 
combining EDTA-Citrate.

Figure 3. Refined XRD pattern of the NiMoO4 powder calcined 
at 800 ºC.
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synthesized by the complexation method combining EDTA-
Citrate at pH 7 and further calcined at 800 °C.

In Figure 2, the solid black lines correspond to the 
sample mass loss (TG) and the red one is the first derivative 
of the mass loss curve (DTG). The first stage of mass loss 
of the organometallic complex occurs up to around 150 °C 
(9.9%), a stage corresponding to the evaporation of water 
still present in the amorphous powder. Between 150 °C and 
350 °C it is estimated the elimination of residual ammonia 
in the organic matrix, with a mass loss of 9.9%. Then, there 
is the decomposition of the metal chelates and pyrolysis of 
metals, nitrates, citrate, and EDTA corresponding to a total 
mass loss of 65.2%, evidenced by the peak of the DTG curve, 
which is the organic matrix that houses the still amorphous 
metal elements and separated51. The NiMoO4 crystallization 
begins at 800 °C. The nickel molybdate precursor obtained 
by the EDTA-Citrate methodology decomposes with 
temperature variation resulting in a total mass loss of 85%. 
This loss of mass is explained by the synthetic route herein 
used, which uses starting reagents that undergo complete 
combustion during the calcination process, eliminating all 
organic components. The synthetic approach used in this 

study allows to obtain high-crystallinity ceramic materials 
with good chemical homogeneity and free of secondary 
phases using a low processing time that saves energy48-51.

The XRD pattern shown in Figure 3 is characteristic of 
monophasic NiMoO4 with a monoclinic structure. All diffraction 
peaks are indexed according to the standard JCPDS card nº 
00-033-0948 (Scheelite family). In the diffractogram, the 
presence of intense, narrow and well-defined diffraction 
peaks is characteristic of structurally ordered solids at long 
range37. It is also verified that there was a good fit between the 
experimental and calculated diffraction patterns. The Rietveld 
refinement was done using the MAUD software considering 
the positions of the Bragg peaks. The black dots represent the 
experimental points, the red line displays the data calculated 
from the Rietveld refinement method and the blue line 
(Deviation) represents the difference between the experimental 
data (observed) and the calculated/computed data called the 
residual parameter (Sig). The more linear this line is the less 
intense peaks the better the residual is the fit of the calculated 
data compared to the experimental data. The adjustment 
obtained by the Rietveld refinement can be confirmed by 
the value found for the residual parameter (Sig), which was 
close to the unit (Table 3). Therefore, the values obtained by 
Rietveld refinement are considered reliable.

The XRD data are also used to calculate structural 
parameters using the Rietveld refinement method59, the results 
are shown in Table 3. The values of lattice parameters for 
the NiMoO4 powder agree well with those presented in the 
JCPDS card n° 00-033-0948 (a = 9.5920 Å, b = 8.7550 Å, 
c = 7.6550 Å and β(°) = 114.240). The average crystallite size 
obtained by the Rietveld refinement was 140 nm, as shown 
in Table 3. The literature reports that crystals with lengths of 
140-150 nm and widths from 60 to 70 nm can be obtained 
for NiMoO4 synthesized by the microemulsion method37.

Table 4 shows the chemical composition analysis of the 
NiMoO4 powder by Energy dispersive X-ray (EDX). It can be seen 
that the experimental percentage of nickel and molybdenum are 
close to the theoretical values. These values are tolerable, since it is 
an experimental study and a semi-quantitative technical analysis.

Figure 4 shows SEM images of the NiMoO4 powder.
It is possible to observe particles of heterogeneous sizes 

with defined contours, but with imperfect rectangular shape. 
Similar particles were also observed for NiMoO4 powders 
synthesized by the coprecipitation method37, while spherical 
shape are presented after calcination at 500 °C for 6 h55. This 
phenomenon is associated with the structural stability of the 
compound, which depends on the calcination temperature37. 
However, different morphologies are observed in the literature 
according to the type of synthesis method, as well as the adopted 
thermal treatment. Silva et al.60,61 synthesized NiMoO4 by 
coprecipitation (1000 °C) and protein sol-gel (300 °C) methods. 
They observed the formation of blocks with smooth surfaces 
of different sizes and shapes (powder at 1000 °C), and the 
formation of small aggregates of particles (powder at 300 °C).

Table 4. Analysis of the chemical composition of NiMoO4 by EDX (%) calcined at 800 °C.

Chemical elements Experimental (%) Theoretical (%) Percentage error (%)
Nickel 44.32 37.96 14

Molybdenum 55.68 62.04 10

Table 2. Reaction conditions adopted in the ethyl transesterification 
reaction of soybean oil varying the mass of NiMoO4 (1, 5 and 15%).

Reaction type Transesterification
Route Ethyl

Molar mass oil 920 g.mol-1

Molar mass Ethanol 46.07 g.mol-1

Molar ratio (oil:alcohol) 1:3
Ethanol Volume 7 mL

Oil Volume 50 mL
Stirring speed 300 rpm

Reaction temperature 78 °C
Reaction time 8 h

Table 3. Structural parameters and crystallite size of NiMoO4 
obtained through the Rietveld refinement.

Crystalline 
structure

Monoclinic

Space Group C2/m:c1

Network 
parameters

a (Å) b (Å) c (Å)

9.588 8.756 7.663

α(°) β(°) γ(°)

90 114.224 90

Cell Volume 
(Å3) 580.9

Average 
crystallite size 
(nm)

140.0

Reliability 
factors

Rwp (%) Rexp (%) S

13.20 12.76 1.035
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3.2. Catalytic test in the transesterification 
reaction

Figure 5 shows the behavior of the biodiesel acidity 
index in relation to the percentage of catalyst in the 
transesterification reaction.

A decrease in the acidity index can be observed with 
the increase of the mass of NiMoO4 in the reaction medium 
keeping the molar ratio (soybean oil:ethyl alcohol) 1:3, 
the temperature (78 °C) and the reaction time (8 h), as 
shown in Figure 5. When the transesterification reaction of 
soybean oil is catalyzed with 1% NiMoO4 the acidity index 
is 1.3 mgKOH.g-1 and, with the increase in the amount of 

NiMoO4 to 5% and 15%, the acidity index reduces to 1.2 and 
0.8 mgKOH.g-1, respectively. According to Wright et al.62, the 
greater the acidity, the greater the amount of catalyst needed 
to neutralize it. The high level of acidity still present proves 
the presence of high levels of fatty acids63.

Figure 5 also shows the biodiesel acidity index 
obtained from the ethyl and also methyl transesterification 
reaction when catalyzed with other distinct solid catalysts. 
Table 5 summarizes the studied reaction conditions of the 
ethyl and methyl transesterification of soybean oil to obtain 
biodiesel. Table 5 also includes results of the acidity index 
that use homogeneous catalysts, due to the limitation of the 
number of studies that evaluate the biodiesel acidity index.

From Table 5, the degree of complexity of the reaction 
process can be verified, even fixing the type of reaction 
(transesterification) and the source of triglycerides 
(vegetable oil, soybean). In addition to the different reaction 
parameters (temperature, time, molar ratio), the studies 
address different types of heterogeneous catalysts. In this 
universe, the emphasis in discussion is on the evaluation of 
the acidity index, a parameter focused on the quality of the 
synthesized biodiesel. According to Table 5, Pereira et al.63 and 
Silva et al.64, also presented high acidity indexes (1.4 and 
1.6 mgKOHg-1), in similar reaction conditions, but catalyzed 
with MCM-41 impregnated with zirconia and zinc doped 
nickel ferrite (Ni0.5Zn0.5Fe2O4), respectively. Perassi et al.65 also 
have high indexes acidity (1.88-5.35 mgKOHg-1), even when 
catalyzed with sulfuric acid. However, Oliveira et al.66 tested 
commercial resins (Amberlyst 15Wet and Amberlyst-26OH), 
where the acid number was 0.14 mgKOHg-1, using the 
same reaction time (8 h) and temperature (78 °C) that when 
catalyzed with NiMoO4 (this paper), but the authors used a 
1:150 molar ratio (oil:ethyl alcohol), that is, 62.5 times more 
ethyl alcohol in the reaction medium. On the other hand, it 
can also see an acid index of 0.48 with a small molar ratio 
(1:6) used by Morais et al.67, but KOH as a catalyst, as can 
be seen in Table 5.

If the molar ratio adopted in the present study (1:3) is 
compared with the other citations, it is much smaller than 
the majority of the reported cases63,64,66,67, with the exception 
of Perassi et al.65 that catalyzed ethyl transesterification 
with sulfuric acid, molar ratio (1:1) (Table 5). According to 

Figure 4. SEM images of the NiMoO4 powder:(A) 15 Kx and 
(B) 45 Kx.

Figure 5. Behavior of the acidity index (IA) in relation to the amount 
of catalyst (% by mass) in the transesterification of soybean oil.

Table 5. Acidity index and reaction conditions of ethyl and methyl transesterification of soybean oil.

Catalyst
Catalyst 
quantity 
(mass %)

Molar ratio 
(oil:alcohol) Time (h) Temperature 

(°C)

Acidity 
index 

(mgKOHg-1)
References

Ethyl transesterification

NiMoO4

1

1:3 8 78

1.3

This work5 1.2

15 0.8

Ni0,5Zn0,5Fe2O4 3 1:15 1 180 1.60 64

Amberlyst 15Wet e Amberlyst-26OH 12.5 1:150 8 78 0.14 66

Methyl transesterification

MCM-41 impregnated with sulfated zirconia 3 1:10 4 - 1.4 63

KOH 1 1:6 1 Ambient 0.48 67

H2SO4 1:1 1 - 2.1 65
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Oliveira et al.66, the continuous generation of ethyl alcohol 
vapor during the transesterification reaction makes it necessary 
to use high oil:alcohol molar ratio much higher than the 
theoretical value 1:3, as shown in Equation 2. In the case 
of methyl transesterification, a molar ratio of 1:1568, 1:4569, 
1:670 can be found. The increase in the oil:alcohol molar 
ratio and mainly the replacement of ethanol by methanol 
as a transesterification agent reduces the acidity index and 
consequently favors the conversion, since it is a reversible 
reaction. In addition, methanol is a short-chain alcohol, 
which contributes to the increase in the reaction rate due to 
its greater ease in being dissolved in the reaction medium, 
thus becoming more reactive when compared to ethanol68. 
According to the literature, methyl transesterification, the 
molar ratio commonly used is 6:1, while for ethyl alcohol, 
the ratio is 9:1 to 12:171.

( )’Triglycerides 3R OH 3 fatty monoesters methyl  or ethyl Glycerol+ ↔ + (2)

Where: Cat. – catalyst e R’OH – alcohol, usually ethanol 
or methanol52,72.

When the acidity index is related to the maximum acidity 
limit established according to Ordinance No. 255 by ANP73, 
European (EN 14214) and American (ASTM D6751)53, biodiesel 
cannot have an acidity index greater than 0.5 mgKOHg-1 for 
commercialization. Thus, only the transesterification reactions 
catalyzed by KOH67 and by commercial resins66, 0.48 and 
0.14 mgKOHg-1, respectively, analyzed here, are within the 
established standards. One way to try to probably reduce the 
acidity index in the product formed in this case, maintaining 
the ethyl route and the temperature conditions and the catalyst 
mass would be to increase the oil:alcohol molar ratio. Another 
way to reduce, when you have acidic oils and/or biodiesel, 
would be to perform an acid pretreatment with alcohol and 
sulfuric acid followed by a transesterification reaction74,75, 
neutralization or esterification reaction72.

Based on the data shown in Figure 5 and Table 5, we can 
see the relevance of the analysis of the acidity index of the 
synthesized biodiesel. Regardless of the type of catalyst, the 
molar ratio oil:alcohol, the route (methyl or ethyl), as well 
as the reaction parameters (mass of the catalyst, time and 
reaction temperature) an acidic biodiesel can be obtained or 
outside the consumption norms established by the competent 
bodies, even with high conversion of oil into biodiesel, as in 
the papers presented by Pereira et al.63, Oliveira et al.66 and 
Morais et al.67. Thus, it is the most coherent even before 
studying the conditions of catalytic conversion, which requires 
an apparatus composed of the reaction system connected 
to an analysis system, usually chromatographic methods 
for the analysis of the biodiesel51. Once they are high cost 
techniques that require consumption of gas, energy and 
operational time, it would be essential to carry out analytical 
methods to evaluate the quality of biodiesel, as well as the 
raw material to be tested in the reaction. In this scenario, 
the NiMoO4 powder obtained in this work is a promising 
catalyst for the ethyl transesterification reaction.

4. Conclusions
The complexation method combining EDTA-Citrate 

proved to be efficient in obtaining a single-phase material 

with crystalline structure, with a mass loss of 85% and onset 
of crystallization at 800 °C. The calcined NiMoO4 powder 
showed average crystallite size of 140 nm and irregular 
particle morphology. As for its chemical composition, nickel 
molybdate presents a tolerable percentage error, with good 
agreement with the theoretical values. As for its behavior in 
the transesterification reaction via the ethyl route, there was a 
significant reduction in the acidity index, even under limited 
reaction conditions. It is also possible to verify biodiesel with 
high indexes acidity, even with high degrees of conversion 
of soybean oil under similar reaction conditions.
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