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Abstract 
The purpose of this research was to study pyrolysis of glycerol to produce hydrogen using microwave. The use 
of microwave aimed to produce high temperatures, because pyrolysis require high temperature.The effect of kind 
of catalyst and microwave power were studied. The catalyst was activated carbon and Ni/HZSM-5.The catalyst 
of activated carbon was ready to use, whereas Ni/HZSM-5 catalyst was obtained by ion exchange from 
Na-ZSM-5 with NH4Cl and then HZSM-5 was impregnated with metal solution of Ni (NO3)2.6 H2O. 
Experiments were conducted by mixing catalyst in the reactor together with glycerol solution of 10% (weight 
percent) as much as 100 ml. Reactor was made from pyrex and mounted on microwave equipped with a 
thermocouple. And then, reactor was heated on power of 400-700 Watt during thirty minutes. The reaction 
produced gases and liquid to be analyzed by chromatography gas.The conclusion stated that microwave could 
pyrolysis glycerol into hydrogen. By product of this reaction were methanol, allyl alcohol, acrolein and 
unidentified products. The difference of catalyst produced different product as well. The pyrolysis of glycerol 
using activated carbon produced conversion of 60 %, while using catalysts Ni/HZSM-5 obtained conversion of 
87 %. The reaction produced hydrogen gases was relatively small for both of catalysts that is minimum of 0,59% 
and maximum of 0,88%. 
Keywords: pyrolysis, glycerol, hydrogen, microwave  

1. Introduction 
At this time, the energy crisis is a hot issue that is common throughout the world and also in Indonesia. Fossil 
fuels are the main source of the world's energy needs at the moment is getting scarce availability. This is due to 
the depletion of world oil reserves. In Indonesia, the number of petroleum reserves declined from 5.1 billion 
barrels in 2000 to 3.7 billion barrels in 2008. In addition, the the need for fossil fuels increases as population 
growth and development in all fields that cause the source diminishing fossil energy.  

Besides, the problem of energy crisis occurred, the use of fossil fuels currently has negative effects to the 
environment that result in greenhouse gas emissions are a main cause of global warming. Fossil energy source 
that is often used is diesel oil for industrial and transportation sectors. In an effort to meet the demand for diesel, 
biodiesel in Indonesia has been developed which is an alternative to diesel fuel.Biodiesel is a mixture of diesel 
fuel and methyl ester in which the methyl ester obtained by transesterification of vegetable oils with methanol 
using NaOH as catalyst and produce byproducts such as glycerol.Glycerol is a by-product resulting from the 
production of biodiesel is about 10% by weight of biodiesel. With the increasing production of biodiesel, the 
production of glycerol has increased as well, while the needs of glycerol is very limited. It will decrease the 
economic side and can be a waste of biodiesel plant and also increase production costs (Daskalaki, 2008).  

While, biodiesel is widely used in the food industry, cosmetics or pharmaceuticals, but the industry needs to 
glycerol is still in limited quantities. Beside that, glycerol can be degraded into other compounds that have 
economic value as a fuel that is hydrogen (Byrd et al., 2008) or methanol (Tsukuda et al., 2007) and other 
chemical products that have added value such as acrolein (Wang et al., 2009), propane (Murata et al., 2008), and 
lactic acid (Yuksel et al., 2009) to degrade glycerol. The degradation of glycerol can be done in various processes 
such as pyrolysis (Vallyapan et al., 2008), steam reforming (Adhikari et al., 2007), and catalytic hydrogenation 
(Murata et al., 2008).  
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One of a potential alternative energy source in future is hydrogen. Hydrogen is a fuel that is environmentally 
friendly because it does not produce pollutants or greenhouse gases such as NOx, CO and CO2 when burned 
(Iriondo, 2009; Daskalaski, 2009). Hydrogen needs in various industries increases, particularly with the 
development of the industry of fuel cell. It requires H2 as fuel (Adhikari, 2008). Some efforts to produce 
hydrogen has been conducted, but so far about 95% of H2 is produced from fossil fuels via pyrolysis or steam 
reforming (Adhikari, 2008; Iriondo, 2009) and only about 5% is produced through renewable sources. One 
technology that is used is through the process of electrolysis of water (Park et al., 2008). Both types of these 
processes are still an intermediate technology, because it requires energy to produce hydrogen (Nianjun Luo, 
2009). 

Hydrogen can be produced from glycerol in various ways, namely steam reforming, pyrolysis, supercritical 
water reforming that are usually carried out with conventional heating and requires high temperatures. Based on 
this, it is necessary to develop innovative methods to produce high temperature by using microwaves. 
Microwave heating is volumetric, selective, and superheating in the liquid and produces a hot spot on the solids. 
This nature is what distinguishes microwave heating with conventional heating. Microwave heating produces 
benefits, such as faster reaction and higher product yields than conventional heating. Fidalgo et al. (2008) has 
made reforming of methane to produce syngas with a microwave and conventional heating at a temperature of 
600-800oC using activated carbon catalyst. This study suggests that microwave heating produces a faster reaction 
than conventional heating. 

The only research related to the degradation of glycerol using microwave heating is done by Fernandez et al. 
(2009) that the pyrolysis of glycerol to produce hydrogen using activated carbon. Activated carbon is used in 
microwave heating to absorb a micro wave and also as a catalyst. The reaction is conducted at a temperature of 
400 to 900oC at atmospheric pressure. Besides the use of microwave as a heating source, the reaction is also 
using conventional heating as the study of microwave heating. With microwave heating, syngas production 
increases even at low temperatures. Based on the description above, this study focuses on using microwave 
pyrolysis of glycerol to produce hydrogen using a catalyst. Pyrolysis of glycerol into hydrogen gas also requires 
a catalyst that is used in this study is also a wide variety of catalysts, namely activated carbon and Ni / HZSM-5 
for this reaction. Various influential variables such as power and type of catalyst studied in this research. 

2. Method 
The materials used in this study was 87% glycerol (C3H8O), water (H2O), Ammonium chloride (NH4Cl), Ni 
(NO3)2.6H2O, sulfuric acid (H2SO4), hydrochloric acid (HCl), Phenol Red, Sodium hydroxide (NaOH), SiO4, 
and ethylene glycol from Merck. While N2 from P.T. Tri Gases, H2 Gases from P.T. Emi and catalyst in Surabaya, 
and Na-ZSM-5 from zeolist internationally in Japan. 

Experiments were carried out in two stages: the preparation of catalysts and catalytic reactions. Preparation was 
done to change the catalyst Na-ZSM-5 to Ni-HZSM-5 by ion exchange. Ion exchange was done by adding 
ZSM-5 with 2 M ammonium chloride solution three times with a ratio of ZSM-5 and ammonium chloride 
solution of 1:10. HZSM-5 formed was filtered, washed, and dried at 110oC for 6 hours followed by calcination at 
500oC for 5 hours.  

HZSM-5 formed impregnated with a solution containing an active metal, Ni (NO3)2.6H2O by slowly adding a 
solution of metal into HZSM-5 at ambient temperature. The solids were dried at a temperature of 110oC for 14 
hours and calcined with flowing N2 at 550oC for 5 hours (Romero, 1997). After impregnation, the formed 
NiO/HZSM-5 is reduced by hydrogen at a temperature of 450oC for 3 hours to obtain Ni/HZSM-5. 

After Ni/HZSM-5 catalyst was obtained, then catalyst was inserted into the reactor together with 10% glycerol 
solution of 100 ml made of pyrex, and a reactor was put in microwave equipped with a thermocouple. Then the 
reactor was heated at power of 400 to 700 watts for 30 minutes. The formed products were gas and liquid and 
analyzed by gas chromatography. Catalysts used were Ni-HZSM-5 and activated carbon. The apparatus was 
schematically shown in Figure 1, whereas number 1 show microwave, 2 is reactor, and 3 is product container. 

 

 

 

 

 

 

Figure 1. Experimental Apparatus of pyrolysis of Glycerol 
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3. Results and Discussion 
Pyrolysis of glycerol was performed using microwave at power of 400-700 Watt, reaction time of 30 minutes 
using activated carbon and Ni/HZSM-5 catalyst. Pyrolysis of glycerol produces liquid and gas. Liquid products 
are shown in Figure 2-3 and Gases Products are shown in Figure 4. Figure 2-4 is chromatogram of GC analysys 
where the abscissa shows retention time, and the ordinate shows intensity. The formed liquid products is 
methanol, allyl alcohol, and acrolein. Methanol, allyl alcohol and acrolein respectively indicated by retention 
time 2.196; 2.896, and 5.965. Besides, many other products are formed can’t be identified which are shown in 
Figure 2-3 with the number of peaks. The identification was done by comparing chromatograms of products with 
chromatograms of standard solutions. In addition, Figures 2-3 also compare the products with various catalysts. 
With activated carbon catalyst produced products are methanol, allyl alcohol and acrolein, whereas Ni/HZSM-5 
catalyst produces methanol and other products that can not be identified. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Chromatogram of Liquid Products at power 
of 400 W Using Activated Carbon Catalyst 

Figure 3. Chromatogram of Liquid Products at power 
of 400 W Using Ni/HZSM-5 

 

 

 

 

 

 

 

 

 

Figure 4. Chromatogram of Gas Products at power of 400 W Using Activated Carbon Catalyst 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Effect of Microwave Power to Conversion of Glycerol 

min0 1 2 3 4 5 6 7 8 9

pA

10

12

14

16

18

20

22

24

 FID1 A,  (MHS-ARIN\400W2GKA.D)

 2
.0

98
 2

.1
95

 - 
 M

eO
H

 2
.3

01

 2
.5

78
 2

.6
61  2
.8

96
 - 

 A
lly

l A
lc

oh
ol

 3
.4

93  3
.5

77  3
.8

92

 4
.5

13

 4
.8

33

 5
.9

55
 - 

 A
cr

ol
ei

n

 6
.4

81

min1 2 3 4 5 6 7 8 9

pA

17

17.2

17.4

17.6

17.8

18

18.2

18.4

 FID1 A,  (ARIN2\P400W30M.D)

 2
.1

13
 2

.2
27

 2
.4

61
 - 

 M
eO

H
 2

.6
90

 5
.4

73

 6
.8

51



www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 7; 2015 

77 
 

0.0E+00

1.0E-02

2.0E-02

3.0E-02

4.0E-02

5.0E-02

300 400 500 600 700 800

%
 w

ei
gh

t

Microwave Power (Watt)

methanol-AC
allyl alcohol-AC
"metanol-Ni/HZSM-5"

Figure 4 shows that the gas product is hydrogen. It is indicated by retention time 3.597. Figure 5 shows that the 
effect of power on the conversion of glycerol. Higher power gives higher reaction temperatures. Gabriel et al. 
(1998) stated that the increase of temperature causes the relaxation time of molecular decreases. Decrease of 
relaxation time of molecular indicates that the movement of inter-molecules is larger so that collisions are also 
getting bigger and causing converting greater glycerol. This is also seen in the experimental data that the greater 
power generate greater temperatures. Figure 5 also shows that the activated carbon catalysts result in greater 
conversion than Ni-HZSM-5 catalyst, since the activated carbon absorbs the micro waves so that it makes 
temperature is also higher than Ni-HZSM-5 catalyst 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Effect of Microwave Power to % Volume of Hydrogen 

 

Figure 6 shows that the activated carbon produces gas more than Ni/HZSM-5 catalyst, since the activated carbon 
absorbs the microwaves compared to Ni/HZSM-5 catalyst. It is also proven when there is a spark on activated 
carbon in experiments which shows that section has a higher temperature than the ambient temperature, and it is 
called a hot spot. 

Beside of product of hydrogen gas, there is also a liquid product that are methanol, allyl alcohol and acrolein are 
shown in Figure 7. for both of catalyst. Figure 7. shows that the activated carbon catalyst produces methanol, 
allyl alcohol, and acrolein, although in Figure 7. do not appear to any product acrolein, but the chromatogram of 
GC analysis in Figure 2, shows that there is a product of acrolein but very small. This is due to the volatility of 
acrolein, so acrolein can move into gas product. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Effect of Microwave Power to %wt of Liquid Products 
 

Beside that, Figure 7 also shows that the variation of the product with the various catalyst. Activated carbon 
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catalyst produces methanol, allyl alcohol, and acrolein, while Ni-HZSM-5 catalyst produces methanol. 

4. Conclusion 
The microwave can be used to pyrolysis of glycerol into hydrogen. In addition to products of hydrogen gas, there 
are also a liquid product such as of methanol, allyl alcohol, acrolein, and some products that can not be identified 
for both of catalyst. The use of different catalysts produces different products. Activated carbon catalyst produce 
more hydrogen than Ni/HZSM-5 catalyst. 
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