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A B S T R A C T   

Hydrogen from glycerol is one of the most potent green energy sources to replace fossil fuels. Thus, converting a 
glycerol solution to hydrogen through microwave-assisted catalysis is continuously gaining interest from re-
searchers worldwide. The research aim was to combine NiO/zeolite and CaO for efficient hydrogen production 
from glycerol-water solution via microwave-assisted. The BET, XRD, and TEM were applied to characterize the 
properties of the NiO/zeolite-CaO catalyst. The influence of CaO content on NiO/zeolite (NiO/zeolite-CaO) 
catalyst, and microwave power on glycerol-water decomposition into hydrogen were investigated systematically. 
The catalytic performance for hydrogen production from glycerol-water solution was conducted in a fixed bed 
quartz-tube flow reactor via microwave irradiation a fed flow-rate (FFR) of 0.5 ml/min.  Several characteristics, 
such as heating rate of 300–600 W, have been studied, CaO content of 10 wt.%, 30 wt.%, 40 wt.%, 50 wt.%, 60 
wt.%, and 100 wt.%, respectively. The combined utilization of NiO/zeolite and CaO was efficient in obtaining 
more hydrogen production. Furthermore, the maximum conversion was found to be around 98.8%, while the 
highest hydrogen purity was found to be up to 96.6% when 20 wt.% NiO was used as an active site on natural 
zeolite and 50 wt.% CaO was used.   

1. Introduction 

Environmentally friendly energy has become a very important 
concern for industry and society globally (Macedo et al., 2019; Zhao 
et al., 2018). Energy sourced from fossil fuels is still the mainstay for the 
industry today (Aparamarta et al., 2020; Can and Yildirim, 20190). The 
problem of increasing environmental pollution and decreasing energy 
reserves has become a concern for scientists to look for alternative en-
ergy sources (Kasirajan, 2021; Sy et al., 2019). The search for alternative 
energy aims to replace depleting fossil fuels (Abdel-Basset et al., 2021; 
Hani et al., 2018). One of the efforts that can be done to deal with energy 
shortages is to utilize alternative energy from renewable energy sources 
that are friendly to the environment (Al Bacha et al., 2021; Husin et al., 
2018). 

Clean and renewable energy sources such as hydrogen using energy 

alternative to replace fossil fuels (Mardian et al., 2018; Koc and Avci, 
2017). Hydrogen energy is secondary energy that can be converted into 
heating energy, especially for electricity through the combustion pro-
cess (Husin et al., 2014; Baloyi et al., 2016). Thus, the interest in 
sourcing hydrogen raw materials from renewable and sustainable 
sources is increasing (Khodabandehloo et al., 2020; Zou et al., 2018). 
The utilization of renewable sources of methanol (Aparamarta et al., 
2020; Husin et al., 2011a) and ethanol (Sharma et al., 2017) have been 
investigated by several researchers. However, the production of H2 has 
still been constrained by the chemical reaction’s thermodynamic equi-
librium (Wang et al., 2011) and the highest H2 generated is generally 
50% (Widyawati et al., 2011). Glycerol is a by-product of biodiesel 
production, with its high source of 10 wt.% can be used as a renewable 
source (Ribao et al., 2019; H. Husin et al., 2017). It has emerged as a 
possible raw material for hydrogen synthesis (Moran et al., 2020). 
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Various processes to degrade glycerol and biomass to hydrogen have 
been reported, especially the steam reforming process (Qingli et al., 
2021), microwave heating (Czylkowski et al., 2016), syngas (Lin, 2013), 
photocatalytic (Sui et al., 2020), and glycerol steam reforming (GSR) 
(Tamošiūnas et al., 2017). The steam reforming produces 7 mol of 
hydrogen and 3 mol CO2 per mole of glycerol involved in the reaction 
according to the degradation reactions of glycerol as follows: 

Gas products: 

C3H8O3 + 3H2O→7H2 + 3CO2 (1) 

One of the difficulties in using glycerol through the steam reforming 
process is to produce a high CO2 content (Wang et al., 2011). Therefore, 
it is necessary to find a better way to produce high purity hydrogen from 
renewable sources. The acceleration of the reaction in a very promising 
catalytic area can be done by applying the microwave irradiation 
method by combining it with the NiO catalyst and CaO as CO2 sorption. 
Irradiation with microwaves can reduce response from hours to minutes. 
The electric field and catalyst generate a quick rise in temperature due to 
the dipole’s rapid rotation during the heating process is the key to a 
rapid increase in chemical reaction rates when employing microwaves 
(Chehade et al., 2020; Parvez et al., 2019, 2020). The combination of 
CaO with a NiO catalyst allows in-situ CO2 removal (Florin et al., 2010; 
Lee et al., 2006) via the CO2 adsorption reaction by CaO (eq. (2)). 

CO2 adsorption: 

CO2 + CaO→CaCO3ΔH∘
298 = − 178.8 × 103KJ

/
kmol (2) 

This route can be carried out at atmospheric pressure while pro-
ducing high H2 yields. Synthetic CaO-based sorbents, capable of 
absorbing CO2, offer the potential to improve cost efficiency and future 
viability. CaO can increase the yield of H2 from methane and biomass 
gasification through several pathways (Florin and Harris, 2008; Bunma 
and Kuchonthara, 2018). First, the CaO reacts directly with CO2 to form 
CaCO3, thereby isolating CO2 and promoting a glycerol reaction to form 
a high selectivity of H2 (Broda et al., 2012). To speed the conversion of 
biomass into hydrogen energy, a microwave-assisted blend is used NiO 
and catalyst (Shi et al., 2017). At 600 ◦C to 800 ◦C, the output of gaseous 
products ranged from 73% to 76% weight, with a hydrogen product 
reaching 55.7%. Microwave-assisted catalysis (MAC) is an efficient way 
to produce hydrogen from ethanol breakdown over sewage sludge 
catalyst residue. The power of the microwave has been increased from 
300 to 560 W. Microwave heating has been proven to be significantly 
more effective than traditional heating. This ethanol conversions rate 
rose when microwave power was raised. At the ideal temperature, 
ethanol conversions can reach 98.4% (Deng et al., 2018). 

Noble metal-based catalysts, which have high activity, are 
commonly employed to speed up the reaction rate of hydrogen synthesis 
(Sad et al., 2015; Husin et al., 2013). However, it has several drawbacks, 
such as promoting coke production at high temperatures (Medeiros 
et al., 2021). When compared to noble metals, nickel-based catalysts are 
the most promising, with a high level of activity and a modest price 
(Abdullah et al., 2017). Previously, we used NiO/zeolite catalyst for 
hydrogen generation via the water-glycerol system with microwave 
assistance, which reaches a conversion of 96.67% and H2 selectivity of 
73.5% (Husin et al., 2021). The active site in this study was 
NiO-supported zeolite (NiO/zeolite) catalysts. The presence of a catalyst 
along with CO2 sorbent can reduce the reaction temperature and prod-
uct purity during hydrogen production, thus supporting the reaction in 
Eq. (1). Therefore, the combination of nickel and CaO as CO2 adsorbents 
provides a promising way to increase microwave efficiency in producing 
hydrogen production. In the presence of glycerol as a sacrificial electron 
donor, nickel acts as an active site, and CaO acts as CO2 sorption 
resulting in considerably faster hydrogen generation from 
glycerol-water solution. Though microwave technologies have been 
examined for biofuel generation. The effect of the NiO/zeolite catalyst 
and CaO sorbent over microwave heating to produce hydrogen from 

water-glycerol mixtures has only been studied in a few research. 
This work applied the inception wetness and wet mixing approach to 

combine NiO/zeolite and CaO to create nanocatalyst NiO/zeolite-CaO. 
Further, the effects of using a NiO/zeolite-CaO catalyst by microwave- 
assisted on the degradation hydrogen from a water-glycerol solution 
were investigated. The various methods, such as BET, XRD, and TEM, 
were used to characterize NiO/zeolite-CaO catalysts. The effect of mi-
crowave power and CaO loading on hydrogen production were studied 
systematically. The NiO/zeolite-CaO catalyst that was applied in this 
study has never been tested in microwave-assisted in the degradation 
hydrogen from a water-glycerol solution. Therefore, this work provides 
fundamental and important information in terms of the microwave 
setup in conjunction with NiO/zeolite-CaO catalysts and the effect of 
certain parameters on conversion and efficient selectivity of the glycerol 
reforming reaction in depth. 

2. Experiments 

2.1. Materials 

Natural zeolite was taken from Aceh Besar Aceh Indonesia. Oxygen 
(O2) and nitrogen (N2) gases with a purity of 99.0% are obtained from 
one regional energy company. Distilled water was provided by the 
Chemical Engineering Laboratory staff. Glycerol (C3H8O3) and Calcium 
oxide (CaO) was purchased from PT. Rudang Jaya Medan Company. 
Nickel nitrate (Ni (NO3)2.6H2O), chloride acid (HCl), and silver nitrate 
(AgNO3) were procured from Sigma-Aldrich and Merck and used as 
received. 

2.2. Preparation of Nio/zeolite preparation 

Natural zeolite was first cleaned of impurities attached to its surface. 
Furthermore, the zeolite is dried in a lower the amount of water in the 
oven. Natural zeolite was crushed, then passed through 53 µm. The 
powder was washed with distilled water, then dried at 120 ◦C. Zeolite 
activation was carried out by soaking it in a 3 M HCl solution. The 
combination was then filtered and rinsed with distilled water until it was 
neutral, and an AgNO3 solution was used to conduct a negative test for 
the presence of Cl− ions. Residue remained dry at a temperature for 120 
◦C to remove the water content. The dried zeolite was equalized in size 
by sifting to obtain a homogeneous size. The samples were labeled are 
acid-activated for zeolite natural. 

NiO/zeolite catalysts containing 20 wt% Ni were prepared by 
inception wetness procedure using Ni(NO3)2.6H2O and natural zeolite 
(denoted: NiZ). The preparation procedure used is analogous to the 
previously reported (Husin et al., 2021). In brief, Ni(NO3)2.6H2O was 
first mixed in distilled water and then 2 g of zeolite was added while 
stirring vigorously. The catalyst was then dried in an oven for 12 h at 
110 ◦C. To make nickel oxide, the nickel-loaded zeolite was calcined in 
the air at 600 ◦C for 2 h. 

2.3. NiO/zeolite-CaO preparation 

A wet mixing route mixed the NiO/zeolite and CaO sorbents. The 
CaO content of the NiO/zeolite was 10 wt.%, 30 wt.%, 40 wt.%, 50 wt. 
%, 60 wt.%, and 100 wt.%. Commercial CaO were first calcined at 800 
◦C for 3 h. The necessary molar ratios of CaO and NiO/zeolite were 
combined in deionized water for the wet mixed catalyst-sorbents, then 
encouraged with vigorous stirring by magnetic stirrer for 6 h. The 
resulting mixtures were dried in an oven at 110 ◦C for 12 h, then fully 
ground and calcined at the temperature of 700 ◦C in nitrogen for three h. 
Finally, the powder was dried and stored in a glass bottle using a 
desiccator. The catalyst with CaO content of 10 wt.%, 30 wt.%, 40 wt.%, 
50 wt.%, 60 wt.%, and 100 wt.% are denoted as NiZ-Ca10, NiZ-Ca30, 
NiZ-Ca50, NiZ-Ca60, and Ca-100. 
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2.4. Catalyst characterization 

Micromeritics ASAP automatic absorptiometer was applied for 
measurements of the surface area and porosity of the catalyst using 
liquid nitrogen as adsorbent at 196 ◦C. The specific BET surface area has 
been calculated from the nitrogen adsorption isotherm. Using a Philips 
X’pert diffraction-meter and Cu K (= 0.154 nm) produced at 40 kV and 
20 mA, the composition of the NiO/zeolite-CaO catalyst-sorbents was 
investigated. The microstructures of materials were discovered using a 
transmission electron microscope (TEM, JEOL 2010 TEM equipment) at 
Universitas Gadjah Mada in Indonesia. 

2.5. Experimental apparatus and procedure 

A microwave was used to catalyze the conversion of aqueous glycerol 
to hydrogen in a fixed bed reactor. Fig. 1 shows a schematic diagram of 
the equipment. In the microwave oven, a quartz glass reactor (40 cm 
long, 1.0 cm in diameter) packed with 1 g of catalyst was placed.. The 
microwave reactor continuous output can be set manually at with power 
of 300–600 W. To investigate the influence of CaO/NiO ratio and mi-
crowave heating on conversion and hydrogen selectivity, feed flow rates 
were fixed at 0.5 ml/min. In the reactor, 1:10 liquid glycerol water was 
introduced. A micro-syringe was used to precisely control the flow rate 
of glycerol. The air inside the reactor was evacuated before the micro-
wave commenced by using gas as a gas mixture. 

The output gas was collected using a gasbag on a regular basis and 
analyzed using a Shimadzu GC-8A gas chromatograph with a thermal 
conductivity detector (TCD) and a mole sieve 5 A column. 

3. Results and discussion 

3.1. Characterizations of catalyst 

3.1.1. BET catalyst surface area analysis 
Characterization of the catalyst was analyzed by surface area 

analyzer (SAA) instrumentation while using the BET method. This 
analysis is intended to determine the surface area of the catalyst. SAA 
characterization results are shown in Table 1. 

As depicted in Table 1, the surface area of the NiO/zeolite catalyst 
obtained was 53.39 m2/g. By adding CaO on the NiO/zeolite, the surface 
increased to 102.49 m2/g. The pore volume and the average pore 
diameter did not significantly differ between NiO/zeolite and NiO/ 
zeolite. CaO. The addition of CaO resulted in a significant increase in the 

specific surface area of the catalyst as well as a decrease in pore volume 
and pore size. A high surface area provided a large contact area between 
the molecules of the reactants with the catalyst. The magnitude of the 
contact directly affected the process of catalysis, and reactant molecules 
moved freely on the surface of the activated catalyst and reacted to the 
products. The surface area of the catalyst affected the activity of the 
catalyst. Increasing the surface area of the catalyst spreads more active 
phase so hydrogen gas production increases. 

3.1.2. Diffractometer analysis for X-ray (XRD) 
The XRD patterns of natural zeolite, NiO/zeolite, and NiO/zeolite- 

CaO are shown in Fig. 2. As can be seen in Fig. 2a.1, the characteristic 
peaks of natural zeolite (Z) indicate the type of clinoptilolite. Mean-
while, the pattern demonstrates the production of a crystalline phase 
indexed by a single cubic phase (NiO) and a natural zeolite phase after 
impregnating nickel compounds on the surface of natural zeolite; crys-
tallized metal impurities were identified the diffractogram (Fig. 2a.2). 
Compared with the XRD of single zeolite (Fig. 2a.1) and NiO/zeolite 
catalyst (Fig. 2a.2), the structure of natural zeolite did not change 
significantly, indicating that zeolite is more thermally stable. The peaks 
at 37.21◦, 43.24◦, and 62.81◦ correspond to the NiO crystal faces (111) 
and (200), respectively, and reflect the creation of a nickel phase 
characteristic. The presence of NiO upon this surface of zeolite could be 
due to the catalyst’s greater activity in hydrogen generation (H. Husin 
et al., 2011). 

Fig. 2.b confirms that the phase of CaO can be indexed through all 
the peaks with an Fm-3 m space group. From XRD analysis indicated the 
diffraction peaks at 29.3◦, 34.1◦, 38.7◦, and 54.2◦ corresponding to 
(110), (111), (200), and (211) plane, which were in agreement with the 
JCPDS data (JCPDS: 82–1691) for CaO particles (Balázsi et al., 2007). 
The narrow and high intense peaks define the crystalline structure of the 
CaO catalyst. Debye Scherrer’s formula was used to calculate the mean 
crystallite size. (Patterson, 1939). 

Size of crystallite = (0.94λ / (FWHM⋅Cosθ)) (3) 

Fig. 1. Experimental setup of catalytic reactor microwave-assisted of hydrogen from glycerol-water solution 1. SEM of NiO/zeolite-CaO catalyst; 2. Microwave oven; 
3. N2 gas; 4. Quartz glass reactor; 5. NiO/zeolite-CaO catalyst; 6. Condenser; 7. Absorption solution; 8. Gas product; 9. Gas chromatography. 

Table 1 
BET catalyst surface area analysis.  

catalyst Surface area 
(m2/g) 

Pore volume 
(cm3/g) 

Average pore diameter 
(nm) 

NiO/zeolite 53.39 0.37 9.72 
NiO/zeolite. 

CaO 
102. 49 0.31 14.78  
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Where X-ray wavelength is 1.54, FWHM is the broadening of the 
diffracted peak at half maximum, and is the corresponding Bragg angle, 
which the means crystalline size is 15 nm corresponding to plane (110) 
is shown in Fig. 2b. The presence of CaO in the catalyst is expected to 
increase the surface area of the catalyst as shown in BET data. Increasing 
the surface area of the catalyst is expected to increase the conversion of 
the glycerol and hydrogen generation by the absorption of CO2 from the 
reaction products (Eq. (2)). 

3.1.3. Analysis using a transmission electron microscope (TEM) 
The morphology of the NiO/zeolite and NiO/zeolite-CaO catalysts 

are recorded by Transmission electron microscopy (TEM), as shown in 
Fig. 3. Both the NiO/zeolite and NiO/zeolite-CaO possessed a nano-
structured morphology. 

The picture in Fig. 3.a the dispersion of NiO species across the full 
surface of the zeolite support is plainly visible. with the particles size is 
in the range of 30–150 nm. It also depicted that NiO particle sizes are 
around 4–6 nm, due to the wide surface area, there is a great dispersion, 
as confirmed by the BET data. Meanwhile, from Fig. 3.b, it can be seen 
that the particle size of the NiO/zeolite-CaO looks smaller and more 
regular in shape. The uniform dispersion of NiO/zeolite, providing a 
stable nano-sized framework for the CaO grains contributes to the 

improvement of the thermal stability of the catalyst (Arif et al., 2019). 
Crystallite also call grains, as far as material science is concerned, refer 
to that volume of material within which the crystal structure and the 
orientation of the crystals are the same. Particle size, on the other hand, 
is a macro phenomenon. It is the size of the particles, which may have 
one or several grains within them. It is impossible to have a grain with 
multiple particles because the smallest thing we could have would al-
ways represent one. 

The particle sizes of NiO/zeolite-CaO are around 15–80 nm, which 
indicates that CaO could reduce agglomeration during the heating 
process. Accordingly, the specific surface area, pore-volume, and pore 
diameter of the NiO/zeolite catalyst with and without CaO content are 
presented in Table 1. It can be seen that the addition of CaO resulted in 
an increase in particle size, specific surface area, and catalyst pore vol-
ume. NiO/zeolite.CaO samples showed smaller particle sizes (from XRD 
and TEM analysis), namely 15–80 nm, and larger specific surface areas 
(102.49 m2/g). This can mainly be attributed to the blocking of the 
mesoporous moiety of the catalyst and the structural change of NiO and 
zeolite through their interaction with CaO. Furthermore, the pore 
diameter and particle size of the catalyst change. Smaller particle sizes 
and higher surface area will contribute to increased glycerol conversion 
and hydrogen selectivity. Furthermore, the NiO species must be widely 

Fig. 2. XRD patterns of (2a.1) Natural zeolite (Z) (2a.2) NiO/zeolite (NiZ). (2b) NiO/zeolite-CaO (NiZ-Ca).  

Fig. 3. TEM images of (a) NiO/zeolite catalyst (insert picture: (a1 view of zeolite, a2 view of NiO; and (b) NiO/zeolite-CaO catalyst (insert picture: b1 view of zeolite, 
b2 view of NiO, b3 view of CaO, b4 view NiO/zeolite-CaO). 
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spread across the support’s surface. 

3.2. Glycerol degradation catalytic tests 

3.2.1. At various microwave powers, the effect of CaO loading on glycerol- 
water conversion 

The NiO/zeolite-CaO catalyst performance was investigated in a 
fixed bed reactor at 300–600 W. The effect of CaO content and micro-
wave power on glycerol conversion is presented in Fig. 4. It can be seen 
that the conversion of glycerol on NiZ at a power of 600 W reached 
96.67%. The conversion increased slightly by adding 10%, 30%, and 
50% CaO on NiO/zeolite, respectively. 

The highest glycerol conversion was achieved 98,6% by applying 
NiZ-Ca50 catalyst. Further increase in the amount of CaO loading did 
not show an increase in the glycerol conversion value. Excessive loading 
of CaO can also result in the agglomeration of NiO/zeolite and CaO 
nanoparticles and weaken the function of the catalyst (Nahil et al., 
2013). Even when using 100% CaO, the glycerol conversion goes to 
lower conversion, as shown in Fig. 4. This fact is possible because CaO 
mainly acted as a sorbent and did not function as an active phase for the 
reaction of breaking glycerol into hydrogen (H. Husin et al., 2017). It is 
well known that NiO is a suitable active site to catalyze glycerol-water 
reaction at moderate-higher temperatures (Dou et al., 2021). More-
over, NiO support by zeolite has demonstrated a higher level of 
commitment to the glycerol reaction at 600 W than other oxides such as 
Rh/Al2O3, CeO2, MgO oxides (Charisiou et al., 2020). While the in-
crease in microwave power was followed by an increase in glycerol 
conversion. This phenomenon can be caused by a rise in heating rate as 
it could increase the temperature inside of the reactor. Higher temper-
atures could cause an increase in conversions. This might be due to a 

higher temperature; it produces more energy and could accelerate the 
reaction rate (Adhikari et al., 2009). 

3.2.2. The effect of CaO loading on hydrogen produced at various 
microwave powers 

The hydrogen production from the degradation reactions of glycerol 
over NiO/zeolite-CaO at different CaO sorbent was investigated at an 
MW power of 300–600 W and 20 wt.% NiO loading on zeolite surface. As 
demonstrated in Fig. 5, hydrogen generation increases with increasing 
microwave power at different CaO loading. Ni/Z had the lowest H2 
generation. In addition, the hydrogen generation on NiO/zeolite-CaO, at 
600 W, reaches of 93%, 96%, 96.6%, and 96.3%, at CaO loading 10%, 
30%, 50%, and 60%, respectively. In contrast, the CO2 decreased from 
17% into 3%, 2%, and finally was almost undetectable. It’s probably 
because of the role of CaO act as absorbing CO2 (Broda et al., 2012). 

It is also suggested the NiO/zeolite-CaO catalyst revealed better 
catalytic performance. The MW power has played a crucial role in the 
microwave catalysis process. Moreover, combining CaO with NiO/ 
zeolite catalyst led to an increase in surface-active reaction site of the 
nanomaterials, also larger it’s surface of CO2 sorption. This finding is in 
agreement with those reported by other research groups (Serra et al., 
2020). 

3.2.3. Effect of CaO and nickel loading on hydrogen generation at 
microwave power 600 W 

Fig. 6 reported that the best conditions were achieved at a micro-
wave power of 600 W, a feed flow rate of 0.5 ml/min, 50% CaO, and 
20% NiO content to increase the glycerol conversion and the highest H2 
purity. In this condition, the best performance is NiZ-Ca50 catalyst with 
glycerol conversion reached 98.8% and H2 generation 96.6%. 

Fig. 4. Glycerol conversion at different CaO loading and microwave power.  
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Surprisingly, combining the NiO catalyst on zeolite support and CaO 
sorbent results in a significant improvement in the microwave catalytic 
hydrogen production activity of NiO/zeolite-CaO. As evident in BET and 
TEM data, adding CaO to the catalyst cause its surface area to increase 
and more regular in shape. The uniform dispersion of nickel particles 
will contribute to increased glycerol conversion and hydrogen selec-
tivity. The larger surface area gives the reactants better access to the 
nickel/zeolite and CaO sites, those increasing the reaction rate, which 
can facilitate CO2 molecules to be further adsorbed (Nimmas et al., 
2020). Our result is in good agreement with the result observed by Luo 
et al. (2015) that the adsorption capacity of CO2 is correlated with the 
amount of CaO and NiO catalyst in the sorbent mixture. The NiO/Ni-
NiAl2O4.CaO catalyst was applied for glycerol steam reforming with and 
without in-situ CO2 removal at 500 ◦C and 600 ◦C. The purity of 
hydrogen from steam reforming glycerol was reached 96.1% (Dou et al., 
2013), whereas the conversion and hydrogen selectivity by reforming of 
glycerol over Re/Ni-CaO catalyst of 62% and 56%, respectively(Arif 
et al., 2019). 

The NiO/zeolite-CaO catalyst appears to be a superior contender for 
hydrogen production by microwave-assisted catalytic irradiation of 
glycerol-water solution than the previous studies mentioned. In addi-
tion, the synergic effect of NiO/zeolite active site, CaO sorbent act as 
CO2 sorption, and microwave irradiation which provides activation 
energy for the reaction, resulting in an effective hydrogen catalysis 
process. The interaction between microwave irradiation, nickel catalyst 
particles, CaO sorbent could result in electrostatic discharge, leading to 
the formation of active sites in the reaction medium (Cai et al., 2018; 
Raso et al., 2021). 

4. Conclusion 

Synthesis of NiO/zeolite-CaO catalyst prepared by inception wetness 
and wet mixing has succeeded and application on the microwave- 
assisted irradiation in the rapid synthesis of glycerol-to-hydrogen pro-
duction. The properties and performance of NiO/zeolite-CaO were bet-
ter influenced by the content of NiO, CaO, and microwave power to 
accelerate glycerol conversion and hydrogen selectivity. The synergic 
effect between microwave power of 600 W, under the action of NiZ- 
Ca50 catalyst, achieved glycerol conversion of 98.8% and hydrogen 
selectivity of 96.7%. The NiO/zeolite and CaO-modification under 600 
W can be used as a candidate material for conversion glycerol-water 
solution on microwave heating to produce hydrogen. Thus, the syner-
getic effect between NiO/zeolite active site, CaO sorbent act as CO2 
sorption, via microwave-assisted irradiation resulted in a significant 
enhancement of the catalytic glycerol conversion and the hydrogen 
generation. 
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