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Abstract. This research aims to study the reaction of glycerol 

degradation in subcritical and supercritical water media. The 

degradation of glycerol into other products was performed both 

with sulphate salt catalysts and without catalyst. The reactant 

was made from glycerol and water with the mass ratio of 1:10. 

The experiments were carried out using a batch reactor at a 

constant pressure of 250 kgf/cm2, with the temperature range of 

200-400oC, reaction time of 10-60 minutes, and catalyst mol 

ratio in glycerol of 1:10 and 1:8. The products of the non-

catalytic glycerol degradation were acetaldehyde, methanol, and 

ethanol. The use of sulphate salt as catalyst has high selectivity 

to acetaldehyde and still allows the formation alcohol product in 

small quantities. The mechanism of ionic reaction and free 

radical reaction can occur at lower temperature in 

hydrothermal area or subcritical water.  

 

Keywords : glycerol, degradation, catalyst, subcritical, 

supercritical 

 
1.Introduction 

 

Today biodiesel has been considered as one of the 

preferred alternative fuels in the world. Biodiesel can be 

produced by trans-esterification reaction of triglycerides and 

alcohol with base catalyst. Glycerol as a by-product in this 

process can contribute to about  

10% weight of diesel oil. Based on this fact, 

glycerol obviously has the opportunity to be transformed into 

other chemical products which have higher selling prices. 

Glycerol has a complex molecular structure and thus, making 

it possible to crack the carbon bond into other chemical 

products. Various studies have been carried out in regards 

with the transformation of glycerol. Consequently, a large 

amount of energy would be required for this reaction to 

proceed. In order to be able to supply the energy requirement, 

glycerol degradation process needs to be performed in 

various conditions, such as at high temperature and low 

pressure (Valliyappan et al, 2007), high temperature and high 

pressure in water media at near critical point without catalyst 

(Buhler et al, 2002), as well as with acid catalyst ( Watanabe 

et al, 2007).  

One of the fluids that has the potential to degrade 

glycerol is water. Water can serve as a medium as well as 

reactant. Water in subcritical and supercritical conditions can 

increase the kinetics of reaction by varying pressure and 

temperature. By using water at subcritical and supercritical 

conditions as a reaction medium, the  

 

 

temperature and pressure limits can be sufficiently large to 

change the polarity and solubility so that it is possible to 

obtain a high yield or conversion. (Bicker et al, 2005; Lehr et 

al, 2007; Khajavi et al, 2004; Krammer, P. and H.Vogel, 

1999). 

Buhler et al (2002) reported that the degradation of 

glycerol using supercritical water medium to produce various 

chemical compounds which have high selling prices, such as 

acrolein, acetaldehyde, allyl alcohol, methanol and gas 

products like CO, CO2 and H2. 

Kim et al (2009) studied various ZSM-5 catalysts in 

the reaction of gas phase dehydration of glycerol in the 

temperature range 265-340
o
 C. According to the research, the 

highest selectivity was found to be that of acrolein. This is 

different from that carried out by Corma et al (2008), stating 

that the process of gas-phase dehydration of glycerol at 

temperature range 500-720
o
 C gives the highest selectivity in 

acetaldehyde. 

Many previous researchers have been using the 

medium of water at conditions near the critical point to 

degrade glycerol (Buhler et al, 2002; Watanabe et al, 2007). 

In response, it is necessary that further research is conducted 

by using water as a media in glycerol degradation at a lower 

condition than it is in the subcritical region (hydrothermal) as 

this is very important to greatly reduce energy demand in the 

degradation reaction. This research aims to study the 

degradation reactions of glycerol either without or with 

catalyst in subcritical region (hydrothermal) and supercritical.  

 

 

2. Experimental 

 

2.1.Materials 

Glycerol p.a was obtained from PT. Brataco Chemical with 

purity 87% (in weight). High Pure Liquid Chromatograph 

used to solvent in glycerol was obtained from CV.Mitra 

Gemilang. The solution of MgSO4.10.H2O used as catalyst. 

Nitrogen used to pressurization gas was obtained from PT. 

Tri Gases with purity 99,99%.  

 

2.2.Apparatus 
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The experiment of glycerol degradation without and with 

catalyst were carried out using batch reactor made of 

stainless steel with tubing type of super duplex obtained from 

Swagelok. The reactor was 12.5 cm in long; 1.27 cm in 

outside diameter; and 1.02 cm in internal diameter. The 

termoucouple for temperature indicator was K-type from As 

One Kore and temperature controller was SR 64-type from 

Shimaden to regulate the temperature inside the reactor in 

accordance with the setting point. Pressure indicator use a 

pressure gauge with a maximum pressure reading of 500 

kgf/cm
2
 obtained from Nagano. Nitrogen gas was kept in 

tanks and used to raise the pressure in the reactor. 

Fig.1.shows the schematic diagram of apparatus. 

 

 

 
 

Fig.1. Schematic diagram of the apparatus of glycerol 

degradation. 1) Reactor, 2).Heater, 3). Isolator, 4). 

Termocouple, 5). Temperature controller, 6). Regulator, 7). 

Power electric, 8). Pressure gauge, 9). Nitrogen, 10). Valve to 

booster, 11). Booster hydraulic, 12). Valve to air, 13). Valve 

to reactor, 14). Safety valve. 

 

2.3.Procedure 

 

The reactant was made from glycerol and water in mass ratio 

1:10. To remove the gases in this solution was carried out by 

degassing ( heating solution to boiling ) for a few moment. 

Futhermore, as many as 10 ml of solution was filled in a 

batch reactor. After the equipment was ready to run, nitrogen 

gas was flow using hydraulic booster to achieve the desired 

initial pressure for reaction pressure in 250 kgf/cm
2
. In 

glycerol degradation with catalyst used sulfate salt solution 

MgSO4.10.H2O in mol ratio catalyst-glycerol were 1:8 and 

1:10. The reaction temperature was varied between 200
o
C to 

400
o
C at intervals 50 degree and batch time was 30 minute. 

When the reaction was complete, the reactor was quenched 

by quickly immersing it in a cool water. After the cooling 

process was complete, the solution was removed from the 

reactor and analyzed. Quantitative analysis of the reaction 

products was carried out by Gas Chromatograph method.  

 

3. Results and Discussion 

 

3.1.Non catalytic glycerol degradation  

As shown in the chromatogram of Fig. 2, several liquid 

products have been identified as the products of glycerol 

degradation reaction without catalyst, such as acetaldehyde, 

methanol, and ethanol, whereas some other products remain 

unidentified. 

 
 

Fig.2. Chromatograph liquid product in glycerol degradation 

without catalyst 

 

 

The effect of temperature on the product distribution of 

glycerol degradation reaction was studied at 30 min batch 

time and a temperature range of 200-400
o-

C.  The results are 

presented in Figure 3, where the amount of products yielded 

is expressed as molar yield, i.e. moles of each product 

divided by moles of initial glycerol.  
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Fig.3. Molar yield of liquid product versus 

temperature 

 

Figure 3 shows that the formation of acetaldehyde 

product starts at the temperature of 200
o
C, while the 

methanol product formed at a temperature of 250
o
C and 

methanol at 300
o
C.  

Acetaldehyde, as can be seen, was abundantly 

produced at 350
o
C and this is consistent with the experiment 

of Buhler et al (2002), in which the reaction started at 357
o
C 

until 477
o
C,  which is a region near the critical point of water. 

The most abundant acetaldehyde product was obtained at 

357
o
C and decreased at a reaction temperature of 477

o
C. 

In this work, the glycerol degradation reaction was 

carried out at lower temperature, i.e. from 200
o
C 

(hydrothermal/ subcritical water) until 400
o
C (supercritical 

water). The acetaldehyde started to form at temperature 

200
o
C and kept increasing until the reaction temperature 

reached 350
o
C, and remained constant at 400

o
C. Thus, it can 

be concluded that acetaldehyde is the major product from 

glycerol degradation in the subcritical and supercritical water. 

The use of massive water quantity in this research, 

i.e. 10 times that of glycerol, has been found to have effect on 

ionic activities. This was indicated by the high acetaldehyde 

production from 200 to 400
o
C. This is consistent with the 

research of Kruse and Dinjus (2007), i.e. ionic and free 

radical reactions took place in the hydrothermal (sub-critical) 

area. In addition, Buhler et al (2002) suggests that in their 

research ionic and free radical activities started at the 

temperature near critical point of water, which was signified 

by the high acetaldehyde production in that area. 

Methanol started to form at the temperature of 

250
o
C and kept increasing until 400

o
C. Significant difference 

has been identified between this research and that of Buhler 

et al (2002), with their research stating that the methanol was 

formed by a free radical reaction which normally occurs 

within the critical point of water, i.e. about 374
o
C.  

Furthermore, this research also shows a fairly good 

agreement with that of Kruse and Dinjus (2007), where free 

radical reaction has already occurred at a temperature lower 

than that of critical of water. However, in this research 

ethanol started to form at 300oC, a contrast to what Buhler et 

al (2002) have found, in which no ethanol was identified in 

the products of glycerol degradation. 

From the above discussion, it can be concluded that 

acetaldehyde, methanol, and ethanol have been produced in 

the degradation reaction of glycerol without catalyst in 

subcritical to supercritical region. This indicates that the 

reaction mechanism of ionic and free radical can indeed take 

place at lower temperature region, i.e. hydrothermal 

(subcritical) region. 

 

3.2. Catalytic glycerol degradation  

 

Glycerol degradation reaction with MgSO4 catalyst give 

some liquid product like acetaldehyde and methanol, while 

ethanol can not find as a product as shown by the 

chromatogram in Fig.4. 

 

 
 

Fig.4. Chromatogram of glycerol degradation with catalyst 

in subcritical water  

 

In  Fig.4, there are some degradation products  that 

can not be identified. Effect of temperature on liquid product 

glycerol degradation with catalyst studied in the temperature 

interval between 200 to 400
o
C. The mol ratio MgSO4 catalyst 

and glycerol was 1:10 and 1:8, while the batch time was 30 

min.   

Fig.5 shows the molar yield of acetaldehyde product 

as function of temperature at constant time.  
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Fig.5. Molar yield of acetaldehyde versus temperature 
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In Fig.5, the yield of acetaldehyde increase with 

reaction temperature and this result is higher when compared 

with the non catalytic degradation reaction. Similarly with 

the non catalytic reaction, the main product of glycerol 

degradation was acetaldehyde. The high of acetaldehid yield 

is caused by dehydration reaction one molecule of water 

(H2O) from the group of glycerol (C3H8O3). The results of 

this study have similarities with several studies that have 

been reported, although there are different types of catalyst 

used, where the studies were using acid catalysts such as 

ZSM-5 (Corma dkk, 2008; Suprun dkk, 2009; Watanabe dkk, 

2007 ). 

 Fig.6 shows the molar yield of methanol product as 

function of temperature at constant time.  
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Fig.6. Molar yield of methanol versus temperature 

 

In Fig.6, indicates that the higher the reaction temperature did 

not cause an increase in the methanol product. The use of 

sulfate salt catalyst causes of methanol product lower than 

the reaction without catalyst. On the use of acid catalysts 

such as research that has been reported previously (Watanabe 

et al, 2007; Lehr et al, 2007; Corma et al, 2008) support the 

occurrence of dehydration reaction that causes bond rupture 

of alcohol molecule (OH).  In that study found no alcohol in 

the reaction products of glycerol degradation. If anything, 

alcohol compound produced in very small concentrations 

(tracer) with a molar selectivity value of less than 0.2% (Kim 

et al, 2009). When compared with this study, the formation of 

alcohol products due to the persistence of effects of free 

radicals are mutually competitive with the influence of the 

catalyst. 

From the eplanation in above we can conclude that 

the use of sulfate salt catalyst (MgSO4) give the highest 

selectivity in the acetaldehyde product and the formation of 

methanol still possible although in small yield.  

 

4. Conclusion 

1. Non catalytic glycerol degradation in water media at 

subcritical and supercritical condition can produce 

other product as acetaldehyde, methanol, and 

ethanol. Mechanism of ionic and free radical can 

occur at a lower temperature which is in 

hydrothermal (subcritical) area. 

2. The use of MgSO4 catalyst can result the highest 

selectivity in acetaldedyde and there is methanol 

products in small yield. 

3. Similarly with the reaction without catalyst, the 

main product of glycerol degradation with catalyst 

was acetaldehyde with a higher yield. The MgSO4 

catalyst can not increase the yield of methanol.  
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