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Abstract  

 

This research aims to study the effect of the addition of the catalyst γ-Al2O3 on the degradation of glyc-

erol with using sonication method. This degradation reaction performed with the aid of a catalyst γ-

Al2O3 or without a catalyst. Reactants were prepared from glycerol-water mixture with a mass ratio of 

1:8. Experiment was carried out in a batch reactor at atmospheric pressure, temperature range be-

tween 30-70 °C for 10-90 min. The products, which were degraded from glycerol, were analyzed by gas 

chromatography (GC). The results showed that the ultrasonic wave radiation could degrade glycerol. 

The glycerol conversion was 2.92%-59.95% without employing catalyst, while the conversion of glycerol 

increased with adding γ-Al2O3.catalyst. It was found that methanol, allyl alcohol and acrolein were deg-

radation products. © 2015 BCREC UNDIP. All rights reserved. 
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Research Article 

1. Introduction  

Indonesia is developing a renewable energy 

based vegetable oils include the development of 

biodiesel. The transesterification process is the 

established method to prepare biodiesel by re-

acting vegetable oils and ethanol / methanol 

and  produce primary products such as methyl 

ester and byproducts / waste in the form of 

glycerol. 

The one kilogram of biodiesel yielded about 

125 grams of glycerol waste. Currently, the 

rate of biodiesel production in Indonesia has 

reached 4 million Kl / year [1]; it is equal to 

around 500,000 tonnes glycerol per year. If the 

production of biodiesel is intensified to replace 

diesel fuel, the glycerol will be more abun-

dant. The utilization of glycerol can be in-

creased further through the purification proc-

ess, or glycerol degradation into other valuable 

chemicals.  While, the use of pure glycerol was 

not much so that the process of degradation be-

comes very important to be developed.  Even 

though its complex molecular structure, glyc-

erol is possible to break carbon bonds into other 

chemical products. 

Glycerol substance is colorless, odorless and 

dissolved in water. In the food and beverages 

industries, glycerol acts as a humectant mate-

rial (hydroskopic compound), solvent, sweet-

ener, preservatives, thickening (viscous fluid) 



 

and sugar substitutes. Glycerol can also be 

used as anti-freeze compounds for plants. Glyc-

erol, as commercial product, has another name: 

glycerin or commonly referred to as sugar alco-

hols. That compound has three hydrophilic al-

coholic hydroxyl groups, which greatly affect 

the solubility of water (hygroscopic). 

Various studies have been conducted in con-

nection with the transformation of glycerol, 

such as steam reforming [2,3], hydrothermal 

[4,5], catalytic hydrogenation [6], the catalytic 

dehydration [7], pyrolysis [4,8], hydrogenolysis 

[9,10].  Those previous investigations produced 

both liquid compounds (methanol, formalde-

hyde, acetaldehyde and others) and gas  com-

pounds (CO2, butane, hydrogen and others). 

The sonication process has been widely used 

for the process of degradation of other chemi-

cals, such as: ultrasonics synthesis of 5-

(Pyrazol-4-yl)-4.5-Dihydropyrazoles [11], 

Methyl Violet [12], Carbon tetrachloride 

[13]. One of the advantages of the ultrasonic 

process is to speed up the reaction process 

[14,15]. In the sonication process occurs an 

acoustic cavitation that can generate free radi-

cals and molecules in a liquid medium such as 

OH and H radicals accumulated on the surface 

of the cavitation bubbles, which can lead to the 

formation of degradation products and  trigger 

radical chain reaction [16-18].  

The catalyst employed in the degradation 

process accelerates the chemical reaction.  The 

catalyst used as follows: Cu/SiO2, Cu/MgO, 

Al2O3, HZSM, γ-Al2O3, CuSO4, H3PO4 [19-

25]. However, these processes still require oper-

ating conditions at high temperature and pres-

sure thus requiring a high operating cost.  

There is an alternative process to degrade 

glycerol that is degradable by using ultrasonic 

waves, known as sonication process. The soni-

cation process can be operated at lower tem-

peratures and be performed without cata-

lysts. In this study, degradation of glycerol 

with and without catalyst was investi-

gated. This research aims to study the degrada-

tion reactions of glycerol both with and without 

catalyst in the method of sonication. 

 

2. Materials and Method 

2.1. Material 

Glycerol used in this work, was obtained 

from BRATACO Chemical Co. Ltd. with a pu-

rity of 91% (w/w) and the γ-Al2O3 catalyst was 

purchased from MERCK and the pure water 

was used as solvent. 

 

2.2. Apparatus 

The experiment of glycerol degradation with 

and without catalyst was carried out by using a 

batch reactor made of 316 stainless steel 400 

ml volume equipped with an ultrasonic wave 

generator (High Intensity Ultrasonic Processor 

VCX 500 Sonics and Materials Inc. USA 500 W, 

20 kHz). The probe sonicator tip has a diameter 
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Figure 1.  Experimental apparatus. Descriptions: (1). Ultrasonic Power; (2). Sonicator Probe; (3). 

Reactor; (4). Condensor; (5). Water bath; (6). Chiller; (7). Data Recorder; (8). Thermocouple 



 

of 1.3 cm, part number 630-0219, 5.5 microme-

ters in length. The temperature inside the reac-

tor was measured using a type K thermocouple, 

size 1/16 in (As One, Korea) and recorded using 

the Data Taker. To minimize loss of solution 

due to evaporation, the reactor was equipped 

with a reflux condenser. Figure 1 shows a sche-

matic diagram of the equipment used in this 

work. 

 

2.3. Experimental Procedure 

Before being employed, the γ-Al2O3 catalyst 

was activated through calcination at tempera-

ture of 550 °C for 5 h then analyzed by XRD. 

The analysis performed was to identify the 

crystalline phases in the material. Peak pat-

tern as shown in Figure 2 describes the relative 

intensity of the crystal contained in the inside 

catalyst. Table 1 is the data of angles appear-

ing of catalyst and compared to those of stan-

dard. The angles of peaks of catalyst (γ-Al2O3) 

after calcination were relatively similar to 

those of JCPDS standard. The catalyst, which 

has been prepared, showed the clear peaks in 

XRD pattern at 37.19o, 38.90o, 43.57o and 

45.51o. Those values were close to JCPDS stan-

dard, 37.60o, 39.49o, 45.79o and 48.93o. It was 

indicative that the γ-Al2O3 catalyst has been 

successful activated performing a calcination. 

The physical properties of the catalyst, the 

surface area and pore diameter, were also char-

acterized  using BET method. The BET analy-

sis found that activated catalyst  has a surface 

area of 123.004 m²/g with a pore diameter of 

6.072 nm. The surface area on the catalyst was 

high category (100-500 m²/g) and the pore di-

ameter was ranged from 2-10 nm, which was 

mesoporous (medium). Degradation was car-

ried out by inserting glycerol-water mixture 

into reactor with a mass ratio of 1:8. The three 

percent catalyst of glycerol (w/w) was added 

into solution, and  the sonication equipment 

was run. Figure 1 shows the equipment design 

used in this work. The degradation process was 

started when the sound wave was gener-

ated. The process  stopped when time attained 

as previously set. Operating conditions were at-

mospheric pressure and glycerol-water mass 

ratio was 1:8. Research variables were as fol-

lows: the temperatures of sonication were 30, 
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Figure 2. The results of XRD analysis of γ-Al2O3 catalyst 

Position  [2θ] γ-Al2O3 (JCPDS standard ) 

37.19 37.60 

38.90 39.49 

43.57 45.79 

45.51 48.93 

Table 1. The data of angles appearing of catalyst and compared to those of standard. 
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40, 50, 60 and 70 oC, sonication times were 10, 

30, 50, 70 and 90 min for catalyst treatment 

and those were compared to without catalyst. 

 Products obtained were analyzed using GC 

with Agilent column type 19091Z-213, with op-

erating conditions were as follows: maximum 

column temperature 325°C, the maximum oven 

temperature of 325 °C, a temperature of 300 oC 

front detector, FID detector type (front) and 

TCD (rear), feed rate of 1.6 ml/min, an air flow 

of 300 ml / min, the hydrogen rate of 30 ml/min, 

the carrier gas is helium, the run time of 7.5 

minutes. 

 

3. Results and Discussion 

3.1. The effect of sonication time against 

glycerol conversion with and without 

catalyst 

The influence of sonication time on the con-

version of glycerol with- and without using the 

catalysts is shown in Figure 3. In figure shows 

that for the process without catalyst, the con-

version of glycerol increased as sonication time 

inclined. The significant improvement of con-

version was occurred at the range 10 to 90 min. 

The increase in conversion was due to the 

effect of ultrasonic wave intensity. The longer 

period of sonication occurred, the longer proc-

ess of cavitation took place. The cavitation in-

fluence on the physical and chemical condi-

tions, was quite extreme in the mixture. The 

reactants destruction was caused by the burst-

ing of sound waves during cavitation, which re-

duced the concentration of glycerol and then in-

creased the conversion until a certain time [26]. 

It was found that sonication time is very influ-

ential on the cavitation, so that conversion sig-

nificantly increased as previously reported 

[4,20,27]. 

By adding γ-Al2O3 catalyst, the conversion of 

glycerol increased until 70 min, and then stabi-

lized until 90 min. 

 

3.2 The effect of sonication time against 

temperature 

In general, the reaction conversion increases 

as the temperature adds. In the sonication 

process, temperature rose caused by the effect 

of ultrasonic wave emission as displayed in Fig-

ures 4 and 5. Figure 4 shows the effect of soni-

cation time versus temperature initiated at 

30 °C. Temperature increase (40-46 oC) oc-

curred from 10-70 min, and then was constant 

until 90 min. While, in Figure 5 describes the 

temperature rise against sonication time condi-

tioned at 50 oC and compared with water. The 

temperature went up from 61-63 oC undergone 

at 10-30 min and was constant until 90 min.  In 

this study, external heating to raise the operat-

ing temperature (40, 50, 60 and 70 oC), was 

performed. 

 

3.3. The liquid phase reaction products 

Figure 6 shows the chromatogram of prod-

uct whose temperature and time were set  at 50 
oC and 50 min without catalyst. The chroma-

togram pattern shows the products, which were 

degraded from glycerol with and without using 

Figure 3. The effect of  sonication time against glycerol conversion with and without catalyst at 60 oC 
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Figure 4. The effect of sonication times againt reaction temperature at 30 oC 

Figure 5. The effect of sonication times againt reaction temperature at 50 oC 

catalyst. Products identified were methanol, al-

lyl alcohol and acrolein, while, other products 

appeared on the diagram but not known. 

 Based on that diagram, yield of product was 

calculated through performing an equation, 

which stated mass of product per mass of ini-

tial glycerol.   
Influence of sonication time on the yield of 

product is shown in Figure 7. The yield of each 

product either methanol, acrolein, or allyl alco-

hol increased as sonication time inclined. Yield 

of allyl alcohol obtained was relatively small 

compared to that of methanol, or acrolein. 
Figure 8 shows the effect of adding catalyst 

vs the percentage of product obtained.  It was 

discovered that yields of products, acrolein, 

methanol and allyl alcohol using catalyst was 

lower compared with those of employing cata-
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Figure 6. Chromatogram of product at temperature 50 oC, time sonication 50 minutes without cata-

lyst 

Figure 7. The effect of sonication time against products yield at temperature 60 oC without catalyst 

lysts. These were comparable and consistent 

with previous investigations [23-25]. 

 

3.4. The effect of temperature toward 

yield of products 

Figure 9 describes the effect of temperature 

toward the yield of products, methanol, acrolein 

and allyl alcohol. The yields of methanol and 

acrolein increased as temperature went up, 

meanwhile yield of allyl alcohol decreased at 

40 °C and improved at 50-70 °C. A decrease in 

the yield of allyl alcohol possibility was caused 

by decomposing  product (allyl alcohol) into CO, 

CO2 and H2 [28, 29]. It was found that the 

products have been successfully obtained from 

degrading glycerol. It was indicative that glyc-

erol was broken down into products by using 

ultrasonic waves.   

 

4. Conclusions 

Glycerol has been degraded into valuable 

products, acrolein, methanol and allyl alcohol 

enhanced by sonication (ultrasonic wave). The  

γ-Al2O3 catalyst was employed to accelerate the 
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Figure 8.  The effect of adding a catalyst to the products yield at temperature  70 oC and sonication 

time 10 minutes 

degradation rate.  In general, the glycerol con-

version increased as reaction time inclined 

with-, or without using catalyst. The yield of 

product using catalyst was bigger than that of 

without catalyst. Even though there was an ad-

dition of catalyst, the conversion was relatively 

constant in certain time. Meanwhile, the yield 

was improved when sonication time and tem-

perature were added.  

 

Acknowledgments 

This research was funded by the Directorate 

of Higher Education (DIKTI) of the Republic of 

Indonesia through Doctoral Research Grants 

References 

[1] Anonim, (2012). National Energy Board, Na-

tional Energy Policy Brief. 

[2] Adhikari, S., Fernando, S.,      Haryanto, A. 

(2007). Production of Hydrogenby Steam Re-

forming of Glycerin Over Alumina-Support 

Metal Catalysts. Catalysis Today, 129: 354-

364. 

[3] Byrd, A.J., Pant,K.K., Gubta, R.B. (2008). Hy-

drogen Production from Glycerol by Reform-

ing in Supercritical Water Over Ru/Al2O3 

Catalyst. Fuel, 87: 2956-2960. 

Figure 9. The effect of temperature to the products yield at sonication time 90 minutes with catalyst  Figure 9. The effect of temperature to the products yield at sonication time 90 minutes with catalyst  



 

Bulletin of Chemical Reaction Engineering & Catalysis,  10 (3), 2015, 311 

Copyright © 2015, BCREC, ISSN 1978-2993 

[4] Buhler, W., Dinjus, E., Ederer, H.J., Kruse, 

A., Mas, C. (2002). Ionic Reaction and Pyroly-

sis of Glycerol as Competing Reaction Path-

ways in Near and Supercritical Water. Super-

critical Fluid, 22: 37-53. 

[5] Zhao, H., Zhou, C.H., Wu, L.M., Lou, J.Y., Li, 

N., Yang, H.M., Tong, D.S., Yu, W.H. (2013). 

Catalytic Dehydration of Glycerol to Acrolein 

Over Sulfuric Acid-Activated Montmorillonite 

Catalysts. Applied Clay Science, 74: 154-162. 

[6] Lehr, V., Sarlea, M., Ott, L., Vogel, H. (2007). 

Catalytic Dehydration of Biomass-Derived 

Polyols in Sub-and Supercritical Water. Ca-

talysis Today, 132: 121-129. 

[7] Omata, K., Izumi, S., Murayama, T.,  Ueda, 

W.  (2013). Hydrothermal Synthesis of W–Nb 

Complex Metal Oxides and Their Application 

Tocatalytic Dehydration of Glycerol to Ac-

rolein. Catalysis Today, 201: 7-11. 

[8] Valliyapan, T., Bakhshi, N.N., Dalai, A.K. 

(2008). Pyrolysis of Glycerol For the Produc-

tion of Hydrogen or Syngas.  Bioresource 

Technology, 99: 4476-4483. 

[9] Gandarias, I., Arias, P.L., Requies, J., Douk-

kali, M.E., Güemez, M.B. (2011). Liquid-

Phase Glycerol Hydrogenolysis to 1,2-

Propanediol Under Nitrogen Pressure Using         

2-ppropanol as Hydrogen Source. Catalysis, 

282: 237–247. 

[10] Guo, X., Li, Y., Shi, R.,  Liu, Q.,  Zhan, E.,  

Shen, W. (2009).  Co/MgO Catalysts for Hy-

drogenolysis of Glycerol to  1,2-propanediol.  

Applied Catalysis A: General, 371: 108–113. 

[11] Trilleras, J., Polo, E.,  Quiroga, J., Cobo, J., 

Nogueras, M. (2013). Ultrasonics Promoted 

Synthesis of 5-(Pyrazol-4-yl)-4,5- Dihydro-

pyrazoles Derivatives. Applied Sciences, 3: 

457-468.  

[12] Wang, X.K., Chen, G.H., Guo, W.L. (2003). 

Sonochemical Degradation Kinetics of Methyl 

Violet in Aqueous Solutions. Molecules, 8: 40-

44. 

[13] Im, J.K., Son, H.S., Kim, S.K., Khim, J., Zoh, 

K.D. (2011). Effect of Frequency On The 

Sonolytic Degradation Carbon Tetraklorida. 

Sustainable Environmental Research, 21(2): 

167-172. 

[14] Kuldiloke, J. (2002). Effect of Ultrasound, 

Temperature and Pressure Treatments on 

Enzyme Activity and Quality Indicators of 

Fruit and Vegetable Juices.  PhD Disserta-

tion,  Technischen Berlin University.   

[15] Cameron, C., Wang, D.K., Jane, Y. (2006). Ap-

plication of Protease and High-Intensity Ul-

trasound in Corn Starch Isolation from Deger-

med Corn Flour.  Food Sience, 83(5): 505-509. 

[16] Biskup, C.R., Rokita, B., Lotfy, S., Ulanski, 

P.,  Rosiak, J.M. (2005). Degradation of Chito-

san and Starch by 360-kHz Ultrasound. Car-

bohydrate Polymers, 60(2): 175-184. 

[17] Makino, K., Mossoba, M.M.,  Riesz, P. (1983). 

Chemical Effects of Ultrasound on Aqueous 

Solutions Formation of Hydroxyl Radicals and 

Hydrogen Atoms. Physical Chemistry, 87(8): 

1369-1377. 

[18] Riesz, P., Berdahl, D.,  Christman, C. L. 

(1985). Free Radical Generation by Ultra-

sound in Aqueous and Non Aqueous Solu-

tions. Environmental Health Perspectives, 64: 

233-252. 

[19] Huang, Z.,  Cui, F.,  Xue, J., Zuo, J.,  Chen, J.,  

Xia, C. (2011). Cu/SiO2 Catalysts Prepared by 

Hom- and Heterogeneous Deposition–

Precipitation Methods: Texture, Structure, 

and Catalytic Performance in the Hydro-

genolysis of Glycerol to 1,2-Propanediol.  Ca-

talysis Today, 183: 42– 51. 

[20] Yuan, Z., Wang, J., Wang, L.,  Xie, W., Chen, 

P., Hou, Z., Zheng, X. (2010). Biodiesel De-

rived Glycerol Hydrogenolysis to 1,2-

Propanediol on Cu/MgO Catalysts. Biore-

source Technology, 101, 7088–7092. 

[21] Ciftci, A,. Peng, B., Jentys, A., Lercher, J.A., 

Hensena, E.J.M. (2012). Support Effects in 

the Aqueous Phase Reforming of Glycerol 

Over Supported Platinum Catalysts. Applied 

Catalysis, 431-432: 113– 119. 

[22] Gua, Y., Cui, N., Yu, Q., Li, C.,     Cui, Q. 

(2012). Study on the Influence of Channel 

Structure Properties in the Dehydration of 

Glycerol to Acrolein Over H-Zeolite Catalysts. 

Applied Catalysis, 429 – 430: 9 – 16. 

[23] Pathak, K.K., Reddy, M., Bakhshi, N.N., 

Dalai, A.K. (2009). Catalytic Conversion of 

Glycerol to Value Added Liquid Products. Ap-

plied Catalysis, 372: 224 – 238. 

[24] Yuniati, Y. (2012). Study of the Degradation 

React io n o f  Glycero l  in Water 

(Subcritical/Supercritical) and the Use of 

Sonochemical Reaction. PhD Dissertation, De-

partemen of Chemical Engineering, ITS Uni-

versity. 

[25] Qadariyah, L., Mahfud, M., Sumarno, S., 

Machmudah, S., Wahyudiono, W., Sasaki, M., 

Goto. M. (2011). Degradation of Glycerol Us-

ing Hydrothermal Process. Bioresource Tech-

nology, 102: 9267 – 9271. 

[26] Cravotto, G., Cintas, P. (2005). Power Ultra-

sound in Organics Synthesis: Moving Cavita-

tional Chemistry from Academia to Innova-

tive and Large-Scale Application. Chemical 

Society,  35: 180-196. 

[27] Williams, A.R. (1983). Ultrasound: Biological 

Effects and Potential Hazards. Academic 

Press. 



 

Bulletin of Chemical Reaction Engineering & Catalysis,  10 (3), 2015, 312 

Copyright © 2015, BCREC, ISSN 1978-2993 

[28] Stein, Y.S., Antal, J.M.J. (1983). A Study of 

the Gas-Phase Pyrolysis of Glycerol. Analyti-

cal and Applied Pyrolysis, 4: 283-296. 

[29] Ott, L., Bicker, M., Vogel, H. (2006). Catalytic 

Dehydration of Glycerol In Sub and Super-

critical Water: A New Chemical Process For 

Acrolein  Production. Green Chemistry, 8: 

214-220 . 


