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Abstract - Glycerol is generated as a byproduct in various industries such as soap manufacture industry and from biodiesel 
production. It results in a continuous price drop of glycerol, and the storage of the surplus glycerol is an issue. Hence there are 
new prospects to use glycerol as a raw material or convert them into the value-added chemical. Glycerol monostearate (GMS) 
is synthesized from glycerolysis. In the present work, GMS is synthesized with a derivative of glycerol (1,2-O-isopropylidene 
glycerol) with transesterification and deprotection reaction. The effects of the reaction molar ratio, temperature, time with 
different heterogeneous catalysts were studied. 
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I. INTRODUCTION 
 
Biodiesel is one of the main biofuels used worldwide. 
It is produced through the transesterification of 
vegetable oils or animal fat with methanol. In this 
process, glycerol or glycerin is formed as a byproduct 
of approximately 10 wt %. The overall world 
production of glycerin from biodiesel processing is 
estimated to reach 1.2 million tons in 2012 [1]. 
Traditionally, glycerol is obtained as a by-product in 
four different processes: soap manufacture industry, 
fatty acid production, fatty ester production and 
microbial fermentation. It can also be synthesized 
from propylene oxide. Glycerol can be obtained from 
biomass (including rapeseed and sunflower oil) via 
hydrolysis or methanolysis of triglycerides [2]. 
(GMS) is an organic molecule and it is used in food 
industries as a thickener, a preservative agent, an 
emulsifying agent for food and also for oils, waxes,[3] 
and solvent in pharmaceuticals and cosmetics 
industries. Also used as a plastic lubricant[4]. 
For the synthesis of GMS, the monoglyceride (MG) is 
required. MG is obtained from glycerolysis or direct 
esterification with fatty acids or it is obtained 
biologically as they are naturally present at very low 
levels (0.1-0.2%) in some seeds oil such as olive oil, 
rapeseed oil, and cottonseed oil[5]. Glycerol is a raw 
material widely used for producing MG. Chemical 
synthesis on a large scale is based on the glycerolysis 
of fats and oils at high temperature using inorganic 
catalysts. At present, pure racemic MG are prepared 
by esterification of 1, 2-0-isopropylidene glycerol [6]. 
MG is synthesized by glycolysis or direct 
esterification method with a fatty acid. The industrial 
process generally involves homogeneous acid or base 
catalysts, leading to a mixture of mono-, di-, and 
tri-esters (respectively 40:50:10), and a molecular 
distillation[7], is necessary to obtain high purity 
products. Moreover, the use of homogeneous catalysts 
leads to the formation of a high amount of salts [8]. 
To solve this problem many researchers used the 

acetonide method to produce monoglyceride by 
protecting two hydroxyl group of glycerol[6]. In the 
present study, the acetonide method was used for the 
synthesis of MG fig.1 shows the acetonide reaction. 

 
Fig .1 Reaction scheme of acetonide 

 
II. EXPERIMENTAL METHOD 
 
ACETONIDE REACTION:A mixture of acetone (6 
moles) and glycerol (1 mole) reacts together with a 
heterogeneous acid catalyst Amberst-15 (0.02 w/v %) 
and was refluxed for 6 h at 850C with continuous 
stirring. Water formed during the reaction was 
removed continuously by Dean-stark condenser, the 
reaction mixture was vacuum distilled to obtain pure 
of 1, 2-O-isopropylidene glycerol (solketal). Catalyst 
separates simply by filtration. For the analysis of 
product 1H NMR and 13C NMR were used. 
 
TRANSESTERIFICATON REACTION: The 
reaction of methyl stearate (0.15 moles) and solketal 
(0.22 moles) was carried out in presences of calcium 
oxide (0.02 w/v %) for 6 h. at 1400C. Methanol formed 
during the reaction was removed continuously by 
Dean-stark condenser. For separation of catalyst, the 
reaction mixture was dissolved in ether (diethyl ether) 
and was washed with water to remove the catalyst. 
After that reaction mixture was vacuum distilled and 
concentrate gives us 1, 2-O-isopropylidene glycerol 
stearate. The produce was used in the next step without 
any purification. 1H NMR and 13C NMR techniques 
were used for the analysis of the product.  
 
DEPROTECTION REACTION (CLEAVAGE OF 
ACETONIDE):1, 2-O-isopropylidene glycerol 
stearate (0.02 moles) was refluxed with ethanol (0.86 
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moles) in the presence of Amberlyst 15 (0.02 w/v %) 
for the 3 h. to separate catalyst the reaction mixture 
was filtered.  1H NMR and 13C NMR were used for 
the analysis of GMS. The melting point test was 
conducted to confirm the product. The reaction set-up 
used is shown in fig. 2 schematic set up for synthesis 
of GMS 

 
Fig.2 Schematic diagram for synthesis of GMS 

 
III. RESULT AND DISCUSSION 
To obtain 1, 2-O-isopropylidene glycerol 
conventionally homogeneous acid catalyst was used 
like p-tolunesulphonic acid but the problem with this 
homogeneous acid catalyst is that they are miscible in 
a by-product water and generates an acidic waste 
water. In this work different heterogeneous acid 
catalyst such as ZrO2, Amberlyst 15, Amberlyst 46, 
ZSM, P2O5, Ti-doped ZeO were tested to obtain the 
best result. The %yield for 1, 2-O-isopropylidene 
glycerol (89.05 %) and % yield of GMS (48%) was 
high on using Amberlyst 15 as compared to other 
catalysts. The main advantage of Amberlyst 15 is that 
it does not get dissolved in water and it can be recycled 
without any advance regeneration technique. We can 
also use some more heterogeneous or homogeneous 
acid catalyst like HCL, HF, methanesulfonicacid 
(CH3SO3H), SiO2–SO3H [9], activated carbon, Si 
induced heteropoly acid, zeolites, montmorillonite 
K-10, mesoporous silicates, an ammonium salt of the 
phosphotungstic acid [10][11][12]. 
For the better yield of solketal, the different mole ratio 

of glycerol to acetone such as 1:2, 1:3, 1:4, 1:5, 1:6, 
1:7 and 1:8 for the reaction of acetonide were studied. 
According to the stoichiometry, more than one mole of 
acetone is required to increase the yield of 1, 
2,-O-isopropylidene glycerol. At 1:6 molar ratio, % 
yield solketal is higher than 1:2, 1:3, 1:4, 1:5, on the 
other hand for 1:7 and 1:8 with the yield remaining 
constant, the reason behind that may be active catalyst 
sites decrease with increase acetone content which 
leads to increase total volume. The effects different 
temperature and time were studied. The temperature 
was varied range between 60 -110 0C. It was found 
that conversion of glycerol at 850C and above remains 
the same. The reaction time was set between 4 to 8 h. 
At 6 h, maximum % yield of solketal was observed. 
Kinetically, increasing the reaction temperature 
reduces the reaction time and vice versa. Earlier 
studies narinthorn et.al [13], reported reaction time 
was up to 12 h. In protection reaction some water 
traces may lead to reaction slows down [8]. For the 
transesterification reaction, a base catalyst is used. In 
previous work, Che Chul Yu et. al, was used 
Na2CO3[8]. A different heterogeneous base catalyst 
like Na2CO3, KOH, NaOH and CaO was tested to get 
higher % yield of GMS by using an optimized 
parameter for the acetonide reaction. CaO was used 
for transesterification reaction. In transesterification 
reaction step, the base catalyst must be removed 
totally. Otherwise, next step requires a high amount of 
acidic catalyst.  
The important step in the whole process of synthesis of 
GMS is a cleavage of the acetonide or protected group 
of glycerol. For the deprotection reaction, the same 
acidic catalyst was used as that of protection reaction 
as it is easy for the separation. Some researchers found 
that the mild HCL, trifluoroacetic acid, boric acid [14] 
can be used but they require a large amount of catalyst 
for deprotection reaction, a strong acid may form lead 
to the formation of several other byproducts. 
After the reaction, GMS can be easily separated by 
filtration and further concentrated to give pure GMS, 
no additional purification was required. 
  
CONCLUSION 
 
In the present work, a novel technique to use a 
heterogeneous catalyst in all the three steps of the 
reaction was introduced. In this process, separation of 
the catalyst is very simple as well as it does not 
generate acidic waste water. Introduced a new 
heterogeneous base catalyst for the transesterification 
reaction so the yield of the intermediate product 
increased and consequently the yield of GMS. 
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