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Abstract 

The recent increases in crude oil prices, depletion of fossil fuel and the global concern for the 

environment have created unprecedented opportunities to displace petroleum-derived materials with 

renewable energy sources. Bio-energy is as new and eco-friendly source of energy and bio-diesel is 

one of them. The production of biodiesel from vegetable oils provides numerous local, regional and 

national economic benefits. To develop biodiesel into an economically viable and significant option 

across the world, it is required to utilize suitably the byproducts and ensure good prices for it. 

Glycerol is a by-product from biodiesel industry, which is generated in large amounts during the 

production of biodiesel from different vegetable oils. The tremendous growth of the biodiesel 

industry created a glycerol surplus. Despite of the wide applications of pure glycerol in food, 

pharmaceutical, cosmetics and many other industries, it is too costly to refine the crude glycerol to a 

high purity state. This report presents the currently available studies and possible ways on the 
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utilizations of crude glycerol generated from biodiesel industry. Conversion of glycerol from 

biodiesel plants to different value added chemicals like propanediols, acrolein, polyglycerol, tartonic 

acid etc. has the capability to turn biodiesel production units into economically attractive entities. In 

the present report, various routes of conversions have been discussed. A few application of different 

value added chemicals have also been discussed.  

Keywords: Vegetable oil, transesterification, Bio diesel and Glycerol, Value added 

byproducts 
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1. Introduction 

Our economy and lifestyle rely on the use of fossil resources for the transportation fuels 

and materials; however there has been rising concern over their cost, sustained 

availability, and impact on global warming and pollution
 
[1]. This has led to a search for 

technologies that generate fuels and materials from renewable carbon sources, such as 

plant biomass. Depending on the component of the biomass used as feedstock and the 

technology employed to transform component into desired product, at least three general 

platforms have been envisioned: the sugar
 
[2], syngas (synthesis gas)

 
[3], and oil

 
[4] 

platforms. The sugar and oil platforms are the best established today, with bioethanol and 

biodiesel being the examples of their commercial products respectively. Bioethanol is 

produced through microbial fermentation of sugar derived from corn, sugarcane or sugar 

beet [5]. Biodiesel is produced by the transesterification of vegetable oils with alcohols to 

produce esters. [4]
 

Given the increasing demand for bio-fuels [6], there is an urgent need to investigate new 

and more efficient alternative ways for their production. For example, the conversion of 

lignocellulosic biomass to ethanol and the use of oil accumulating algae in the production 

of biodiesel are being investigated
 
[7, 8]. These approaches are very promising and will 

provide abundant non food feedstocks for the production of bio-fuels with environmental 

benefits and large net energy gains. However, an outstanding issue in both current and 

future bio-fuel production platforms is economic viability. The implementation of bio-

refineries has been proposed as a means to increase the economic viability of the bio-fuel 

industry
 
[9]. In its ‘conventional’ form, a bio-refinery would make use of a fraction of the 

feedstock to co-produce different chemicals along with the bio-fuel. The higher revenue 
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from the co-product, would improve the economics of bio-fuel production. A more 

economically viable model for a bio-refinery, however should consider the use of 

byproducts or waste streams generated during the production of bio-fuel. Glycerol-rich 

streams generated by the bio-fuels industry have the potential to be used in this context. 

Bio-diesel is a domestically produced, renewable fuel that can be manufactured from 

vegetable oils, animal fats, or recycled restaurant greases and it can replace fossil fuel 

[10]. Bio-diesel has become more attractive recently because of its environmental 

benefits and the fact that it is made from renewable resources [11]. Although short term 

tests using neat vegetable oil showed promising results, longer tests led to injector 

coking, more engine deposits, ring sticking and thickening of the engine lubricant. These 

experiences led to the use of modified vegetable oil as a fuel. Although there are many 

ways and procedures to convert vegetable oil into a diesel like fuel, the trans-

esterification process was found to be the most viable oil modification process [12]. 

Biodiesel has demonstrated a number of promising characteristics, including reduction of 

exhaust emissions [13].  

There are more than 350 oil bearing crops identified, among which only sunflower, 

safflower, soybean, cottonseed, rapeseed and peanut oils are considered as potential 

alternative fuels for diesel engines [14].. Although vegetable oils can be used in diesel 

engines but due to high viscosity, low volatility and poor cold flow properties it causes 

many problems [15, 16]. Trans-esterification was well known as early as 1864, when 

Rochleder described glycerol preparation through ethanolysis of castor oil [17-18]. 

Trans-esterification is the process of using an alcohol (e.g. methanol, ethanol or butanol), 

in the presence of a catalyst, such as sodium hydroxide or potassium hydroxide, to break 
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the molecule of the raw renewable oil chemically into methyl or ethyl esters of the 

renewable oil, with glycerol as a by product. Glycerol is the major value-added byproduct 

produced from oil and fat from transesterification reactions performed during biodiesel 

manufacturing processes. Glycerol is liberated at levels of around 10% of the oil or fat 

and approximately one ton of glycerin is produced for every ten tons of biodiesel. The 

global amount of glycerin generated from biodiesel is increasing rapidly.  

Absorbing excess glycerin into these markets by replacing petrochemically derived 

polyols such as ethylene glycol, propylene glycol, and pentaerythritol used in automobile 

antifreeze, aircraft deicers and alkyd resins may partially alleviate glycerin surpluses. The 

development of innovative applications for glycerin appears to be the most constructive 

approach to utilize excess glycerin. Practically, developing glycerol as a primary 

chemical building block that may be converted into other value added chemicals becomes 

more attractive as crude glycerin prices drop. Currently, industry and nation is increasing 

their efforts to develop new and improve existing glycerol chemistry. Present study 

focused on  importance of SVO ,production of biodiesel from oils and the different routes 

to synthesis of value added chemicals like propylene glycol, propandiols, acrolein, 

MTBEs fuel oxygenates, epichlorohydrin from glycerol and to analyse the economics of 

the existing methods of synthesis. 

2. Straight vegetable  oil (SVO) and  Biodiesel  

The concept of using vegetable oil as a fuel dates back to 1895 when Dr. Rudolf Diesel 

developed the first diesel engine to run on vegetable oil. Rudolf Diesel stated: "the use of 

vegetable oils for engine fuels may seem insignificant today. But such oils may become 

in course of time as important as petroleum and the coal tar products of the present 
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time"[19]. Different sources of vegetable oil are like soybeans, sunflower seeds, rape 

seeds, palm, Jatropha, Karanja,  Rapeseed in different ways like preheating the oil, 

blending it with diesel and proved that vegetable oils are feasible substitutes for diesel 

fuel  [20-35]. According to Guibet et al. [36], evaluating a SVO as a diesel fuel reduces 

to focusing on the viscosity, density, and cloud point. The cloud point of SVOs is 

strongly related to the fatty acids saturation. It has been shown that short-term engine 

performance is not greatly affected when vegetable oils are used as fuel [37-39]. 

However, long-term use of straight vegetable oils or in blends with small quantities of 

diesel fuel has shown some adverse effects on the engine power output, emissions and 

durability [40-42]. Some of the properties of vegetable oils which influence engine 

performance have been investigated thoroughly [43-45]. It would be the best way to use 

vegetable oil in diesel engines in the long term as there is no processing required. If 

vegetable oil is to be significant as one of the future fuels for compression ignition 

engines it would be necessary to modify fuel injection equipment and combustion 

chamber design. These changes would be needed to take into account the effects of 

properties of vegetable oils on the spray characteristics and the subsequent process. Few 

researchers have worked with feedstock having higher FFA levels using alternative 

processes [46]. But there are certain exceptional cases wherein direct trans-esterification 

cannot be performed. Such cases appear in raw vegetables oils (Non edible oil) like 

karanja oil, mahua oil, Nim,Jatropha and sal oil, etc because these raw vegetable oils 

posses higher free fatty acid (FFA). If the acid value is less than 3, then the raw 

vegetable oil can be directly trans-esterified. If the acid value is greater than 3, then there 

is slight change in the production process. At first the oil undergoes esterification 
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followed by trans-esterification. In the esterification process the excess of the free acid 

gets reacted and the remaining acid content in the oil undergoes trans-esterification. So 

this method is effective for oils that contain higher free fatty acid (FFA) content .Trans 

esterification is a chemical reaction that aims at substituting the glycerol of the 

glycerides with three molecules of mono alcohols such as methanol thus leading to three 

molecules of methyl ester of vegetable oil [10]. Suitable alcohols include: methanol, 

ethanol, propanol, butanol, and amyl alcohol. Methanol and ethanol are widely used in 

the trans-esterification process because of low cost [47]. This process is widely used to 

reduce the viscosity of triglycerides, there by enhancing the physical properties of fuel 

and improve engine performance. However, higher ratio of alcohol to oil is generally 

employed to obtain biodiesel of low viscosity and high conversion [48]. Alkali-catalyzed 

transesterification is very fast compared to acid catalyzed trans-esterification [18, 49].  

3.0. Glycerol as by-product of Biodiesel 

Glycerol is generated as a by-product during the processes of transesterification (equation 

1) of vegetable oil [50-51].  

Typical reaction to produce biodiesel is given by the following Equation 1; 

 

 

 

Equation 1 Reactions in biodiesel manufacture 

During the transesterification reaction about 10 wt% (of fatty acid) glycerol is produced. 

Production of glycerol is expected to increase with the increase in production of biodiesel 

[52]. Glycerol is a commodity chemical with multifaceted utilities [53]. The soap and 

Biodiesel 

CH3OH

CH3OH

CH3OH

R1COOCH3

R2COOCH3

R3COOCH3

Triglycerides + Diglycerides +

Diglycerides + Monoglycerides +

Monoglycerides + Glycerol +

1125

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 8, August - 2013

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV2IS80604



cosmetics industry constitutes 28% of glycerol utilization whereas polyglycerols, esters, 

food and beverages constituted up to 47%. Glycerol is a topic of research recently and the 

researchers are keen to find out its alternate applications for fuels and chemicals [54-56]. 

4. Conversion of Glycerol into Higher Value Products (Derivatives of Glycerol) 

Glycerol can be converted to value-added products by different methods like pyrolysis, 

steam gasification and catalytic treatment. At lower projected costs, there is a tremendous 

potential to develop a variety of new processes and product lines from glycerol, taking 

advantage of its unique structure and properties. Lower cost glycerol could open 

significant markets in polymers, ethers, and other compounds. The different routes of 

glycerol utilization to value added derivatives are discussed below. 

4.1. Production of oxidation derivatives of glycerol 

Selective oxidation of glycerol leads to a very broad family of derivatives such as 

dihydroxyacetone (DIHA) glyceraldehydes (GLYHYDE), glyceric acid (GLYA), 

glycolic acid (GLYCA), hydroxypyruvic acid (HPYA), mesoxalic acid (MOXALA), 

oxalic acid (OXALA) and tartronic acid (TARAC), that would serve as new chemical 

intermediates, or as components of new branched polyesters or nylons. These products 

would address very large chemical markets. Technical barriers for production of these 

materials include the need of development of selective catalytic oxidation technology 

which can operate on a polyfunctional molecule such as glycerol. In addition, the 

processes would also need to use simple oxidants, such as oxygen or air, to carry out the 

required transformations. 

In order to control the product selectivity to the desired product, glycerol oxidation has 

been studied extensively by applying different reaction conditions using different metals 
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(Au, Pd, Pt, Pt/Bi) supported mainly on carbon. The reaction conditions particularly the 

pH and the right choice of the metal is reported to tune the selectivity of the desired 

product and affect significantly the direction of the reaction pathway. Thus, by using 

acidic conditions, secondary alcoholic groups, dihydroxyacetone
 

[57] and 

hydroxypyruvic acid
 
[58] are formed, whereas at basic conditions, the primary alcoholic 

groups are preferentially oxidized and glyceric acid is obtained
 
[54]. Depending on the 

metals employed, Au
 
[59-60] and Pd

 
[54] metals at basic conditions are more selective 

towards glyceric acid than Pt
 
[61] metal. Doping Pt/C catalyst with Bi is reported to give 

the highest selectivity to dihydroxyacetone, indicating the change on the direction of the 

reaction pathway towards to the secondary alcoholic group [62]. Supported gold catalysts 

can give high selectivity to glyceric acid (>90%) at 100% conversion under alkaline 

conditions which depend on the methods of preparation [63-64]. 

The presence of similar reactive hydroxy groups renders its selective oxidation 

particularly difficult
 
[64].

 
The oxidation of primary hydroxy groups yields glyceric acid 

and subsequently tartronic acid, both of which are commercially useful compounds. The 

aerobic oxidation of glycerol in water over conventional precious-metal-based catalysts 

such as Au/C and Pt/C yields glyceric acid. Carbon-supported Au catalyzes the oxidation 

of glycerol to sodium glycerate with 92% selectivity at full conversion, [65] where as 

Pt/C at 50
o
C yields glyceric acid with a maximum 70% yield at pH 11 [54,66]. Pt 

supported over CeO2 catalyzes the oxidation of both primary hydroxyl groups to give 

tartronic acid in 40% yield [67].  
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The organic nitroxyl radical TEMPO (2,2,6,6-tetramethylpiperidin-1-oxyl) is a selective 

catalyst for both the oxidation of all the hydroxy groups of glycerol and thus affords high 

yields of ketomalonic acid by using  NaOCl as a stoichiometric oxidant [68]. 

 

 

 

Reaction 2 One step oxidation of glycerol to 1,3 – dihydroxyacetone is achieved simply 

applying electric potential in presence of catalytic TEMPO 

Oxidation of the secondary hydroxy group yields the important fine chemical 

dihydroxyacetone (DHA), whereas the oxidation of all three hydroxy groups yields the 

highly functionalized molecule ketomalonic (or mesoxalic) acid. A clean and direct 

conversion of glycerol into DHA by anodic oxidation in the presence of catalytic 

TEMPO is recently introduced. One step oxidation of glycerol to 1,3 – dihydroxyacetone 

is achieved simply applying electric potential in presence of catalytic TEMPO is given in 

above Equation 2 [69]. The process yield (25%) is comparable to that of the 

biotechnological process used in industry. However, no stoichiometric chemical oxidant 

is used throughout the whole process and the radical TEMPO can be entirely recovered at 

the end of the reaction by simple extraction [70].  

Direct conversion  of glycerol into poly (ketomalonate) (PKM) in an oxidative 

polymerization process using a single multifunctional supported CeBiPt/C catalyst in 

either under basic [71] or acidic [72] conditions is reported which can be converted to a 

high-molecular-weight polycarboxylate that is an excellent building block for household 

detergents.  

HO OH

OH

E = 1.1 V (vs Ag/AgCl)

TEMPO   pH 9.1

HO OH

O

1,3 - dihydroxyacetone
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4.2 Production of fuel oxygenates from glycerol (Esterification) 

Although glycerol has comparatively high calorific value, it cannot be added directly to 

fuel as at high temperatures it polymerizes and thereby chokes the engine and also, it is 

partly oxidized to toxic acrolein. However, the glycerol derived oxygenates can be used 

as fuel additive. For example, glycerol tertiary butyl ether (GTBE) is an excellent 

additive with a large potential for diesel and biodiesel reformulation like oxygenated 

molecules such as methyl tertiary butyl ether (MTBE) used as valuable additives as a 

result of their antidetonant and octane-improving properties. In particular, a mixture of 

1,3-di-, 1,2-di-, and 1,2,3-tri-tertbutyl glycerol, when incorporated in standard 30–40% 

aromatic-containing diesel fuel, leads to significantly reduced emissions of particulate 

matter, hydrocarbons, carbon monoxide, and unregulated aldehydes [73]. Such ethers are 

easily synthesized from glycerol by treatment with isobutylene in the presence of an acid 

catalyst, and the yield is enhanced by carrying out the reaction in a two-phase reaction 

system, with one phase being a glycerol-rich polar phase (containing the acidic catalyst) 

and the other phase being an olefin-rich hydrocarbon phase from which the product 

ethers can be readily separated [74].
 
 On the other hand, if the reaction is carried out over 

an amberlyst resin, methanol in the crude glycerol must be removed to avoid catalyst 

poisoning.
 

In an aim to replace toxic MTBE, the optimization of glycerol ether 

formulations based on the results of engine tests is being carried out [75]. 

5.3 Production of hydrogen and syn-gas from glycerol 

The available literature on production of hydrogen and syn-gas from glycerol by pyrolyis 

and steam gasification is discussed in this section. The production of hydrogen from 

sorbitol, glycerol and ethylene glycol at temperatures of 225
o
C and 227

o
C and under high 
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pressure in a single-reactor aqueous-phase reforming process [56]. Platinum supported on 

- alumina was used as catalyst. Hydrogen yield was reported to be higher using sorbitol, 

glycerol and ethylene glycol than that of glucose. The hydrogen yields from glycerol 

reforming were 64.8 mol% and 57 mol% at 225
 o

C and 265
o
C respectively. Liquid 

products consisted of ethanol, 1,2-propanediol, acetic acid, ethylene glycol, acetaldehyde, 

2-propanol, propionic acid, acetone, propionaldehyde and lactic acid. The production of 

hydrogen and syn-gas from pyrolysis of glycerol in a fixed bed reactor. Pyrolysis was 

performed with and without a carrier gas (nitrogen). One set of experiments was 

performed at 400
0
C and 500

0
C and glycerol flow rate of 2.0 g/h without using any carrier 

gas [76]. It was reported that the operation was quite difficult without using carrier gas 

because of char formation in the feed inlet. Another set of pyrolysis experiments was 

performed in a fixed bed reactor with the nitrogen flow rate of 50 mL/min over a 

temperature range from 350
 o

C to 700
o
C and glycerol flow rate from 2.2 to 4.0 g/h. It was 

reported that complete conversion of glycerol occurred at 700
o
C. Furthermore, gas yield 

obtained was 50 wt% but no liquid product was observed. The residue was 6.3 wt% 

whereas the remaining mass percent was char. Steam gasification of glycerol was 

performed [76-77]. Results showed that steam gasification of glycerol does not produce 

liquid product at 600
 o

C and 700
o
C in a fixed bed reactor [76]. It is reported that steam 

gasification of glycerol produced liquid product consisting of acrolein and acetaldehyde 

at 600
o
C to 675

o
C in a laminar flow reactor [77].  

Carbon catalyzed gasification of the organic feed stocks such as glycerol, glucose, whole 

biomass feed stocks (bagasse liquid extract and sewage sludge) and cellobiose using 

supercritical water. Catalysts used were spruce wood charcoal, macademia shell charcoal, 
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coal activated carbon and coconut shell activated carbon. The range of parameters 

investigated for gasification was temperature from 500
 o

C to 600
o
C, WHSV 14.6-22.2 h

-1
 

and pressure 251-340 MPa. It was reported that glycerol was easily and completely 

gasified to 54.3 mol% hydrogen rich gas with low (2 mol%) yield of CO. The presence of 

catalyst had little effect on the gas composition [78]. The production of H2 from glycerol, 

sorbitol and ethylene glycol by aqueous phase reforming at temperature near 227
0
C and 

pressures of 2.58-5.14 MPa in presence of Sn promoted Raney-Ni catalyst. The feed 

concentration was 1 to 5 wt% in water. It was reported that addition of tin decreased the 

rate of methane formation. Gas composition was 66 mol% of H2 and 32 mol% CO2, when 

glycerol was used as feed [79]. It is reported that catalytic steam reforming of bio-oil 

derived fraction and crude glycerol (a by-product from trans-esterification of vegetable 

oil with methanol) in a fluidized bed reactor to produce hydrogen [80]. Commercial Ni 

catalyst was used. Superheated steam was used to fluidize the catalyst. The temperature 

of crude glycerol was maintained at 60-80 
0
C and it was reported that at lower viscosity 

in this temperature range it was easy to pump and atomize glycerol. Glycerol was fed at 

78 g/h with a steam rate of 145 g/h and WHSV of 1600 h
-1

. Concentration of major gas 

products was found to be constant but methane production increased from 500 parts per 

million (ppm) to 2200 ppm when the run time was increased from 0 to 250 min. 

Hydrogen yield was around 77 wt% and it was suggested that hydrogen yield can be 

increased if higher amount of steam is used. The conversion of carbon monoxide in the 

gas through water-gas shift to CO2 and H2 would increase the hydrogen yield to 95 wt%. 

4.4 Production of liquid chemicals from glycerol 
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In this section the available literature on production of liquid chemicals from glycerol is 

presented. The production of value added chemical such as methanol, acetalydehyde, 

acrolein, allyl alcohol, acetone, and ethanol from glycerol under supercritical conditions 

[55]. The temperature range investigated was 349 to 475 
o
C and pressure was maintained 

at 25, 35 and 45 MPa. The reaction was carried out in tubular reactor with reaction time 

in the range from 32 to 165 s. It was reported that the decomposition of glycerol 

primarily followed ionic mechanism at low temperature and high pressure and free 

radical mechanism at high temperature and low pressure. The amount of acetaldehyde 

and formaldehyde decreased with increase in temperature whereas amount of allyl 

alcohol and methanol increased with increase in temperature. 

Oxidation of glycerol was carried out using hydrogen peroxide in liquid phase reaction at 

temperature of 20 and 70 
o
C [65]. Products from this process included, formic acid esters 

of glycerol and mixture of acetals. In addition to that trace amounts of hydroxyacetone, 

glyceraldehyde and glyceric acid were also identified. The oxidation of aqueous solution 

of glycerol at 60
o
C under atmospheric pressure and p

H
 of 2, 7 and 11 [54]. The catalysts 

used in the study were Pd and Pt promoted with Bi on active charcoal. The glyceric acid 

yield of 30, 55 and 77 wt% was obtained at p
H
 of 7, 9 and 11, respectively using Pd 

catalyst. 70 wt% yield of glyceric acid was obtained at 90-100 wt% conversion of 

glycerol under basic conditions. It was reported that the selectivity towards oxidation of 

secondary alcohol group was improved by promoting Pt with metals such as Bi and 

resulted in dihydroxyacetone yield of 30 wt% at 60 wt% conversion. The oxidation of 

glyceric acid to hydroxypyruvic and tartronic acids at 50 oC and atmospheric pressure. Pt 

promoted with Bi, supported on activated carbon, was used as catalyst. It was reported 
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that oxidation of primary and secondary alcohol group resulted in formation of tartonic 

and hydroxypyruvic acid, respectively [63]. The maximum yield of 83 wt% at 90 wt% 

conversion of glyceric acid was obtained for tartonic acid at pH of  9-11. 

4.5 Production of Glycerol carbonates from glycerol 

Glycerol carbonate (4-hydroxymethyl-1,3-dioxolan-2-one) is a relatively new material in 

the chemical industry with a large potential as a novel component of gas-separation 

membranes, a solvent for several types of materials, and biolubricant owing to its 

adhesion to metallic surfaces and resistance to oxidation, hydrolysis, and pressure. It can 

be prepared directly and in high yield from renewable glycerol and dimethyl carbonate in 

a reaction catalyzed by lipases (Reaction 3). 

R

O

O

O

R + HO OH

OH

R

O

O

O

HO

OH

O
O

O

OH

glycerol carbonate

 

Reaction 3 Glycerol Carbonate from the reaction of a dialkyl carbonate with glycerol, 

with an intermediate that undergoes a second esterification 

Glycerol carbonate could be synthesized from glycerol in supercritical carbon dioxide 

medium. It is found that an organic carbonate such as ethylene carbonate is required as 
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starting material under the conditions employed here. It is possible that the carbonatation 

of glycerol in the presence of ethylene carbonate is enhanced with carbon dioxide as co-

source of carbonate for synthesis of glycerol carbonate. The zeolite Purosiv or 13X as 

well as a strongly basic resin catalyst such as Amberlyst A26 in the hydroxyl form 

effectively enhanced the reactivity of glycerol adsorbed onto the solid catalyst and the 

ethylene carbonate dissolved in SC-CO2. The reaction is explained as per the Reaction 4 

[81 ]. 

 

Reaction 4 Glycerol adsorbed onto the solid catalyst and the ethylene carbonate  

Glycerol carbonate is prepared by carbonation of glycerol in the presence of ethylene 

carbonate catalyzed by the resin Ambersep A26 HCO3 
–
 at moderate temperature. The 

Reaction 5 shows the root of synthesis of glycerol carbonate [82]. 

 

Reaction 5 Synthesis of glycerol carbonate from ethylene carbonate using Ambersep A26 

HCO3 
–
 as catalyst. 

Glycerol is converted into glycerol carbonate by reaction with CO2 (5MPa) in presence of 

Sn-catalysts (n-Bu2Sn(OMe)2 at 450K using either glycerol or tetraethylene glycol 
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dimethyl ether as reaction medium. In the former conditions, glycerol carbonate (crude 

product) was formed in a 1.14:1 molar ratio with respect to Sn within 15 h (isolated yield 

95% with respect to Sn) and the reaction preceded, but with a much lower rate, for 

several hours afterwards. The reaction is proposed to follow as per the Reaction 6 [83].  

 

Reaction 6 proposed reaction for Glycerol converted into glycerol carbonate 

Inexpensive glycerol carbonate could serve as a source of new polymeric materials such 

as glycidol, a high-value component in the production of a number of polymers. Glycidol 

is easily obtained in high yield (86%and 99% purity at 35 mbar and 180
o
C) from glycerol 

carbonate by catalytic reaction, involving rapid contraction of the five-membered cyclic 

carbonate unit into the three-membered cyclic epoxy unit, within the pores of zeolite. 

Besides it being a high-value component in the production of epoxy resins and 

polyurethanes, glycidol can be polymerized into a polyether polyol called polyglycerol 

[84]. Its high functionality, together with the versatile and well-investigated reactivity of 

its hydroxy functions, is the basis for a variety of derivatives. Indeed, a variety of 

polyglycerols were eventually commercialized for applications that range from cosmetics 

to controlled drug release.  

4.6 Production of Epichlorohydrin from glycerol 

Epichlorohydrin, a chemical employed in the production of epoxy resins, is now 

commercially synthesized from glycerol by a catalytic reaction with HCl followed by 
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dehydrochlorination with NaOH. The glycerol-based process (named Epicerol) involves 

the direct synthesis of dichloropropanol, an intermediate product, from glycerine and 

hydrochloric acid. Thus, natural glycerol is used as a substitute for the propylene 

feedstock employed in the traditional epichlorohyrin production process, involving 

formation of allyl chloride by reaction of propylene with Cl2. Overall, the Epicerol 

process uses a combination of undisclosed metal catalysts and requires a lower specific 

consumption of chlorine and water, thereby reducing chlorinated effluents.
 

4.7 Production of propanediols from Glycerol (Hydrogenolysis) 

New bond breaking (hydrogenolysis) technology will lead to the formation of a number 

of valuable intermediates. Propylene glycol and 1,3-propanediol are promising potential 

derivatives that could be produced from glycerol by development of appropriate catalytic 

systems. 1,3-propanediol can be produced through aerobic fermentation, however, a 

direct route from glucose to 1,3-propanediol (Dupont) is likely to be more cost effective. 

The conversion to propylene glycol would be via chemical catalysis. 

1,2 – propanediol and 1,3 – propandiols are generally obtained from petroleum 

derivatives. They can also be obtained conveniently by hydrogenolysis of glycerol. 

Several routes to propanediol can be traced from renewable feedstocks; the most common 

route is conversion of sugar or sugar alcohols at high temperatures and pressures in the 

presence of metal catalyst to produce propanediols and other lower polyols.  

4.7.1 Production of 1,2 – propanediols from glycerol  

1,2-propanediol is a is a three-carbon diol with a steriogenic center at the central carbon 

atom, a  nontoxic and high-demand chemical, which is extensively used for polyester 

resins, food products,  antifreeze, liquid detergents, pharmaceuticals, etc. Currently, the 
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commercial production of 1,2-propanediol is mainly through the route of propylene oxide 

hydration. Glycerol hydrogenolysis to 1,2-propanediol represents a sustainable process 

with valuable potential applications. 1,2-propanediol can be produced with high yields 

via the vapor phase hydrogenolysis of glycerol over Cu/ZnO/Al2O3. Furthermore, the 

mechanism of 1,2-propanediol formation is suggested to proceed mainly through an 

acetol route over Cu/ZnO/Al2O3 [85]. The production of 1,2-propanediol was favored at 

higher hydrogen pressure. At 190
 o

C and 0.64 MPa, near complete conversion of glycerol 

was achieved with 1,2-propanediol selectivity up to 92%. 

Perosa and Tundo [86] converted glycerol selectively to 1,2 propanediol. When glycerol 

and Raney Ni were heated at 150°C for 20 h in a steel autoclave with 10 atm of 

hydrogen, conversion reached 12%, with 93% selectivity toward 1,2 propanediol, plus 

small amounts of ethanol and CO2. At 190°C, the reaction proceeded faster, with 

selectivity toward 1,2 propanediol in the range of 70- 80% and ethanol and CO2 as the 

sole by-products. At 210°C, the reaction was still faster, but selectivity toward 1,2 

propanediol dropped to 48%. The selectivity and rate towards 1,2 propanediol was found 

to be improved with addition of a phosphonium salt.  

Dasari et al. [87] carried out hydrogenolysis of glycerol to 1,2 propanediol reaction in a 

specially designed stainless steel multi-clave reactor capable of performing eight 

reactions simultaneously. Each reactor with a capacity of 150 mL was equipped with 

stirrer, heater and a sample port for liquid sampling. The reactors were flushed several 

times with nitrogen followed by hydrogen. Then the system was pressurized with 

hydrogen to the necessary pressure and heated to the desired reaction temperature. The 

speed of the stirrer was set constant at 100 rpm throughout the reaction. All the catalysts 
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used in this study were reduced prior to the reaction in the same reactor by passing a 

stream of hydrogen over the catalyst bed at 300°C for 4 h. Copper-chromite catalyst was 

the most effective catalyst for the hydrogenolysis of glycerol to 1,2 propanediol. The 

yield of 73% was achieved.  

Hydrogenolysis of biomass-derived glycerol is also a route for the production of 

propylene glycol. Cu–ZnO catalysts were prepared and examined in glycerol 

hydrogenolysis to propylene glycol at 453–513 K and 4.2 MPa H2. Glycerol 

hydrogenolysis conversions and selectivities depend on Cu and ZnO particle sizes. 

Smaller ZnO and Cu domains led to higher conversions and propylene glycol 

selectivities, respectively. Reaction temperature effects showed that optimal temperatures 

(e.g. 493 K) are required for high propylene glycol selectivity’s, Probably as a result of 

optimized adsorption and transformation of the reaction intermediates on the catalyst 

surfaces. These preliminary results provide guidance for the synthesis of more efficient 

Cu–ZnO catalysts and for the optimization of reaction parameters for selective glycerol 

hydrogenolysis to produce propylene glycol [88]. 

The combination of Ru/C + Amberlyst was effective to the hydrogenolysis of glycerol to 

1,2-propanediol, It was demonstrated that the Ru/C with the heat resistant Amberlyst70, 

whose highest operating temperature is 463K, exhibited high conversion, selectivity to 

1,2-propanediol, and stability in the hydrogenolysis of glycerol [89].  

Copper-chromite catalyst was identified as the most effective catalyst for the 

hydrogenolysis of glycerol to propylene glycol [90]. This studies give the process based 

on copper-chromite catalyst distinctive competitive advantages over traditional process 

using severe conditions of temperature and pressure. A novel mechanism to produce 
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propylene glycol from glycerol via an acetol intermediate was proposed and validated. In 

a two-step reaction process, the first step of forming acetol can be performed at 

atmospheric pressure while the second requires a hydrogen partial pressure. Propylene 

glycol yields >73% were achieved at moderate reaction conditions. The proposed 

reaction mechanism is is given in Reaction 7. 

 

 

Reaction 7 Mechanism to produce propylene glycol from glycerol via an acetol 

intermediate 

4.7.2 Production of 1,3 – propanediols from glycerol 

4.7.2.1 Chemical Route 

1,3-propanediol is a simple organic chemical and has numerous uses. It can be 

formulated into composites, adhesives, laminates, powder and UV-cured coatings, 

mouldings, novel aliphatic polyesters, co-polyesters, solvents, anti-freeze and other end 

uses (Shell Chemicals, 2006). One of the most successful applications has been in the 

formulation of corterra polymers. However, high cost and limited availability has 

restricted its commercial use. Thus, glycerol has become an attractive feedstock for 
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production of for 1,3-propanediol. 1,3-Propanediol-based polymers exhibit better 

properties than those produced from 1,2-propanediol, butanediol or ethylene glycol.  

The most common route of conversion of glycerol to 1,2-propanediol and 1,3-

propanediol is from petroleum derivatives [91]. Propanediol can also be prepared from 

renewable feedstocks; the most common route is conversion of sugar or sugar alcohols at 

high temperatures and pressures in the presence of a metal catalyst to produce 

propanediol and other lower polyols [87]. This route suggest that propanediol can be a 

target compound produced from renewable feedstocks; it has been reported that 

propanediol can be produced through the catalytic conversion of polyols [92] and 

glycerol. The effect of various catalysts and other suitable conditions for production of 

propanediole from glycerol given by different researchers are summarized below. 

Using copper and zinc catalysts along with a sulfided Ru catalyst, the reaction of glycerol 

has been carried out at 15 MPa and 513–543 K [93] and [94]. Investigations on Raney Cu 

[95] and [96], Cu/C [97], and Cu–Pt and Cu–Ru bimetallic catalysts [98] at 1.0–4.0 MPa 

and 493–513 K have also been reported. Using catalysts containing Co, Cu, Mn, Mo, and 

an inorganic polyacid, the reaction conditions were 25 MPa and 523 K [99]; using 

homogeneous catalysts containing W and group VIII transition metals, the reaction 

conditions were 32 MPa and 473 K [100]. In addition, dehydroxylation in an aqueous 

solution of polyols catalyzed by Ru homogeneous complexes has been reported [101], 

and Schlaf et al. reported dehydroxylation of glycerol in sulfolane catalyzed by 

homogeneous complexes of ruthenium under rather mild conditions ( 5 MPa, 383 K); 

however, that activity was low [102]. Hydrogen pressures of around 6–10 MPa and 

reaction temperatures of 453–513 K have been applied to supported metal catalysts [103], 
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[104], [105 ] and [106]. Recently, the reaction of glycerol was conducted at 1.4 MPa and 

473 K[91]. 

The conversion of glycerol to propandiols proceeds by the combination of dehydration 

with subsequent hydrogenation over metal catalysts. This dehydration followed by 

hydrogenation reaction is called hydrogenolysis. Among various solid acid catalysts, 

including zeolites, sulfated zirconia, tungstic acid, and an ion exchange resin, the 

combination of Ru/C with Amberlyst (ion exchange resin) exhibited the highest activity. 

In particular, this reaction take place at much milder reaction conditions (393 K, 4 MPa 

H2) than those for the catalysts reported above.  

Among the various supported noble metal catalysts, Rh/SiO2 (G-6) catalyst is effective in 

the reaction of glycerol under H2[107]. It is characteristic that Rh/SiO2 exhibited higher 

activity and selectivity to hydrogenolysis products (1,2-PD+1,3-PD+1-PO+2-PD) in the 

reaction of glycerol than Ru/C, which can be regarded as a conventional catalyst. In 

particular, under the higher H2 pressure and higher concentration of glycerol, Rh/SiO2 

was more effective catalyst than Ru/C. By the addition of Amberlyst, glycerol conversion 

on the Rh/SiO2 increased as well as on Ru/C. In addition, the reaction route of glycerol 

on Rh/SiO2 can be different from that on Ru/C. The consecutive hydrogenolysis of 

propanediols to propanols in the glycerol reaction can proceed mainly via 1,3-

propanediol on Ru/C, while the consecutive reactions can proceed mainly via 1,2-

propanediol on Rh/SiO2.  

A new approach to the production of 1,3-propanediol from glycerol is proposed by Wang 

et al. The idea is to selectively transform the middle hydroxyl group of glycerol into a 

tosyloxyl group and then remove the transformed group by catalytic hydrogenolysis. 
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With this new approach, the conversion of glycerol to 1,3-propanediol is completed in 

three steps, namely, acetalization, tosylation, and detosyloxylation. The acetalization of 

glycerol with benzaldehyde was conducted in benzene. The setup included a round 

bottomed reaction flask, a condenser, and a Dean-Stark trap. By using a Dean-Stark trap, 

the water formed in the reaction could be boiled off from the reaction flask as an 

azeotrope with benzene, and the reaction could be driven to completion. In this 

experiment, 100g of glycerol, 120 g of benzaldehyde (6% excess), and 300 mL of 

benzene, together with 1g of p-toluene sulfonic acid catalyst, were placed in the reaction 

flask. The reaction was initiated by bringing the reaction solution to a boiling state, and 

the volume of the water formed in the reaction monitored the progress of the reaction. 

Tosylation was carried out in pyridine. The reaction flask was placed in a refrigerator at 

5°C to allow the reaction to continue for about 12 h. The progress of this reaction was 

monitored by the formation of needle-shaped (pyridinehydrochloride complex) crystals. 

The final step of the conversion was detosyloxylation reaction followed by a hydrolysis 

reaction. The detosyloxylation reaction removes the tosylated middle hydroxyl group, 

while the hydrolysis reaction removes the protection on the first and third hydroxyl 

groups. This last step yields the conversion target, 1,3-Propanediol. It also regenerates the 

group protection reagent benzaldehyde, which can be recycled back to the acetalization 

reactor for reuse in the first-step conversion. All of these steps are experimentally 

examined in the current work to verify the feasibility of the new conversion approach. 

The mechanism of this reaction is also established and presented in Reaction 8 [108]. 
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Reaction 8 Proposed mechanism for the production of 1,3-propanediol from glycerol . 

4.7.2.2 Biochemical route 

Microbial fermentation is an important technology for the conversion of renewable 

resources to chemicals.  1,3-propanediol can be obtained by microbial fermentation of 
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glycerol using a great amount of species such as Klebsiella pneumoniae [109-115] 

Enterobacter agglomerans[116-117], Citrobacter freundii [118] and Clostridium 

butyricum [117-120], among others [121], tested 1123 microorganisms that represent 

126 types of bacterial species and was reduced their study at 8 of these species]. 

Furthermore some that can be obtained by genetic modifications as for example 

Clostridium acetobutylicum [120]. From all these bacteria, Klebsiella pneumoniae in its 

wild form is the most interesting because of their yield, productivity and resistance to 

both reagents and products. Also operative and economic aspects of all the alternatives 

were analyzed, such as operation conditions, separation equipment, yields of reactions, 

and demand of products, finding that the most appropriate of all possibilities is the 

glycerol bioconversion toward 1,3-propanediol,  

For Batch and Continuous cultures, Zeng [122] obtained conversion around 0.55 g of 1,3-

propanediol formed per 1 g of glycerol consumed. Zeng [123] calculated theoretical 

maximum yield of 0.72 mol/mol glycerol without any hydrogen and butyric acid 

formation. The product concentration and productivity of 1,3-propanediol by Clostridium 

Butyricum was far below the optimum performance on comparing the experimental 

results with theoretical calculations using Klebsiella Pneumoniae due to the relatively 

high formation of butyric acid.  

Another microorganism that ferments glycerol to 1,3-propanediol is Klebsiella 

Pneumoniae. Xiu et al. [124] optimized the conditions of batch and continuous 

fermentations on the basis of volumetric productivity of 1,3-propanediol. Their 

mathematical model was based on growth kinetics of multiple inhibitions and the 

metabolic overflow of substrate consumption and product formation. They found the 
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optimal initial glycerol concentration to be 960 mmol/L with a given inoculation of 0.1 g 

biomass/L, for the batch culture leading to the highest volumetric productivity (52.6 

mmol/L h) of 1,3- propanediol. For continuous fermentations, the optimal dilution rate 

and initial glycerol concentration in feed were 0.29/h and 731 mmol/L, respectively. The 

productivity was 114 mmol/ L h that was more than twice the productivity of an optimal 

batch culture. They proposed two-stage continuous process in which the first stage was 

operated at the optimal conditions and the second one was used to consume the residual 

glycerol in the first one. The dilution rate was higher in the second stage than in the first 

one. A two-step bioprocess of two bioreactors in series appeared to be more favorable 

than a single bioreactor system with the same volume in terms of the concentration, yield 

and productivity of 1,3-propanediol.  

Cheng et al. [125] proposed a kinetic model based on the logistic and Luedeking-Piret 

equations of cell growth, product formation and substrate consumption with glycerol as 

substrate in batch system. Based on this model they determined a feeding strategy for 

glycerol to maximize the final 1,3-propanediol concentrations. The experimental results 

showed that the feeding mode with nonlinear optimization could improve the 1,3-

propanediol productivity and concentration compared with other feeding strategies, such 

as pulse feeding and constant glycerol concentration feeding. This study showed that the 

increment of key enzyme activities is essential to 1,3- Propanediol formation. 

Fermentation conditions of key enzymes of 1,3-Propanediol production by Klebsiella 

Pneumoniae were studied under microaerobic condition. Before inoculation, the strain 

was incubated for 24 h at 37°C in 250 mL shake flasks containing 50 mL of preculture 

medium with shaker speed 120 rpm under aerobic conditions. Uniform design and 
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genetic algorithms and coupling artificial neural networks were developed for the 

medium optimization. When the strain grew in the optimized medium under optimal 

fermentation condition in a 5 L stirred tank bioreactor for batch production, glycerol 

dehydrogenase (GDH), 1,3-propanediol oxidoreductase (PDOR) and glycerol 

dehydratase (GDHt) activities were 3700, 3840 and 8.70 U referred to 1 L of 

fermentation broth after 20 h cultivation and the productivities of GDH, PDOR and 

GDHt (U/L h) were 185, 192, 0.435 and the maximum concentration of 1,3-Propanediol 

was 10.5 g/L.  

Chen et al. [126] examined different carbon sources, organic nutrients, nitrogen sources 

and salts for their effects on key enzymes formation for fermentation. According to them 

the optimal medium ingredients were glycerol 30 g/L, KCl 1.6 g/L, NH4Cl 6.7 g/L, CaCl2 

0.28 g/L and yeast extract 2.8 g/L. The optimum operating conditions were 37°C, initial 

p
H
 of 7.0, shaker speed of 200 rpm as well as 5% inoculum. The results suggested that 

appearance of maximum activities of key enzymes is earlier than that of maximum 

concentration of 1,3-propanediol.  

Chen et al. [127] studied the glycerol metabolism by analyzing according to energy 

(ATP), reducing equivalent and product balances. Their theoretical analysis showed that 

a microaerobic condition was more perfect for the production of 1,3-propanediol from 

glycerol than anaerobic and aerobic conditions. The yields of 1,3-propanediol, biomass 

and ATP to glycerol under microaerobic conditions depend on the molar fraction of 

reducing equivalent oxidized completely by molecular oxygen in tricarboxylic acid 

(TCA) cycle and on the molar fraction of TCA cycle in acetyl-CoA metabolism. Their 

experimental results of batch cultures demonstrated that microaerobic cultivations were 
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favorable for cell growth, reduction of culture time and ethanol formation, and 

enhancement of volumetric productivity of 1,3-propanediol. In addition, no aeration 

could improve the yield of 1,3-propanediol to glycerol in comparison with that of an 

anaerobic or aerobic culture.  

Menzel et al. [128] obtained a final propanediol concentration of 35.2-48.5 g/L in a 

continuous fermentation of glycerol. A working volume of 2 L was used. The reactor was 

agitated at 300 rpm and sparged with N2, at a flow rate of 0.4 vvm. The pH was 

controlled at 7.0 by addition of 30% KOH. The culture temperature was 37°C. A glycerol 

solution of 870 g/L was separately fed to the medium reservoir instead of to the 

bioreactor according to the glycerol concentration required in the feeding medium. At 

each dilution rate, steady states were obtained at different medium glycerol 

concentrations. A relatively low glycerol concentration was used at the beginning of each 

dilution rate, which resulted in substrate limitation. The glycerol concentration was then 

carefully increased by small steps, which ultimately resulted in glycerol excess in the 

culture. A final and a volumetric productivity of 4.9-8.8 g/L h were obtained at dilution 

rates between 0.1 and 0.25/h. These results corresponded to about 80-96% of the 

theoretical maxima with no ethanol and hydrogen formation. The highest propanediol 

concentration achieved was 50-60 g/L in batch and fed-batch cultures. The productivity 

of the continuous culture was about 2-3.5-fold higher.  

Wang et al. [129] studied the conversion of glycerin to 1,3-propanediol with batch and 

continuous fermentation processes under anaerobic and microaerobic conditions. The 

1,3- propanediol conversion rates of both processes were similar, but the productivity of 

1,3-propanediol under microaerobic condition was higher than that under anaerobic 
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condition. In the continuous culture at a dilution rate of 0.1/h and glycerin limitation, 

both yield and productivity of 1,3-propanediol under microaerobic condition were higher 

than that under anaerobic condition.  

Zeng et al. [130] analyzed the fermentation of glycerol to 1,3- propanediol by Klebsiella 

Pneumoniae DSM 2026, with emphasis on the regulation of hydrogen formation and 

balance of reducing equivalents (NADH2). Under conditions of glycerol limitation, H2 

formation w as found to be higher than the maximum amount that could be generated 

from the splitting of pyruvate to acetyl-CoA. Under conditions of glycerol excess, 

formation of H2 was drastically reduced and a surplus of NADH2 was generated for the 

formation of 1,3-propanediol. Their findings indicated the existence of enzymes in 

Klebsiella Pneumoniae that transfer reducing equivalents from NADH2 to H2 and 1,3- 

propanediol flexibly.  

Lin et al. [131] enhanced the 1,3-propanediol production by Klebsiella Pneumoniae with 

fumarate addition. Flask fermentations were carried out for 4 h with an initial 

concentration of 20 g  glycerol/L, and fumarate was added in a range from 0 to 25 mM. 

The cell grew faster with fumarate addition. They proposed two reasons for this increase. 

Firs tly, fumarate addition may speed up the metabolic flux of 1,3-Propanediol 

production by increasing the activities of the key enzymes: glycerol dehydrogenase, 

glycerol dehydrogenase and 1,3-propanediol oxidoreductase. Secondly, the 

NAD+/NADH ratio was decreased by fumarate addition, so that more reduced power was 

now available for converting 3-hydroxypropionaldehyde into 1,3-Propanediol.  

4.8 Production of succinic acid from glycerol 
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Succinic acid is a dicarboxylic acid produced as an intermediate of the tricarboxylic acid 

cycle and also as one of the fermentation products of anaerobic metabolism [132]. It can 

be used for the manufacture of synthetic resins and biodegradable polymers and as an 

intermediate for chemical synthesis [133]. Lee et al. [134 ] has reported the method of 

production of succinic acid by fermentation of glycerol by using Anaerobiospirillum 

succiniciproducens. Cells were grown in sealed anaerobic bottles containing 100 mL 

minimal salts medium containing 5 g/L glucose, 2.5 g/L yeast extract and 5 g/L 

polypeptone with CO2 as the gas phase. The medium was heat sterilized (15 min at 

121°C) in anaerobic bottle with nitrogen headspace. To the sterile medium, concentrated 

H2SO4 was added to adjust the pH to 6.5. They cultured cells in a medium containing 6.5 

g/L glycerol to give a high yield (133%) of succinic acid thus avoiding the formation of 

acetic acid as by-product. The gram ratio of succinic acid to acetic acid obtained was 

25.8:1, which was 6.5 times higher than that obtained using glucose as a carbon source. 

When glucose and glycerol were co-fermented with the increasing ratio of glucose to 

glycerol, the succinic acid yield decreased, suggesting that glucose enhanced acetic acid 

formation irrespective of the presence of glycerol. The consumption of glycerol was 

strongly dependent on the amount of yeast extract added to culture medium. 

5. Industrial applications of some value added chemicals obtained from glycerol 

5.1 Uses of  1,2 – propandiol  

The new engine components especially exhaust gas recirculation (EGR) devices; generate 

much greater thermal stresses on the engine coolant. The oxidation of ethylene glycol and 

propylene glycol may accelerate dramatically, resulting in coolant unsuitable for 

continued use in as little as few months. EGR devices, as the name implies, pass part of 
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the exhaust gas back to the combustion chamber to lower target emissions. Therefore, 

exhaust gases, especially those produced by a diesel engine, are much hotter than regular 

intake air. The EGR gases, therefore, must be cooled by existing engine coolant system 

before they reach the combustion chamber. Ethylene glycol and propylene glycol have 

offered the lowest – cost chemical bases for engine antifreezes/coolant for many decades 

[135].  

5.2 Uses of  1,3 – Propanediol  

Carboxyl functional polyesters have been prepared from 1,3 – propanediol (PDO), 

neopentyl glycol (NPG), and an 80/20 terephthalic/isothalic acid (TPA/IPA) 

combination. These polyesters were formulated with epoxy resins for evaluaton as 

powder coatings. Increasing the concentration of PDO, i.e. 0, 15, 30 and 50%, slightly 

reduced the glass transition temperature of he polyesters with all Tg’s greater than 50
o
C. 

Powder coating formulation based on these polyesters and epoxy crosslinking agent has 

been shown to be easily processed in an extruder. The viscosity of the polyester 

decreased as the level of PDO increased, hence improved flowability resulted.Polyesters 

containing up to 50 percent PDO in polyol mixture has good storage stability due to their 

high Tg. Coatings properties indicates that replacing NPG with PDO significantly 

improved both impact resistance and flexibility. Other properties including hardness, 

adhesion, solvent resistant and chemical resistance are retained over a broad range of 

PDO concentrations.  

CORTERRA[136] Polymer is an aromatic polyester known generically as PTT, 

(polytrimethylene terephthalate). PTT is produced by the polycondensation reaction of 

PTA (purified terephthalic acid) and PDO (1,3-propanediol) and has unique properties as 
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compared to the other aromatic polyesters, PET (polyethylene terephthalate) and PBT 

(polybutylene terephthalate).CORTERRA Polymers are now commercially available for 

use in carpet and textile fibers monofilament, film, nonwoven fabric, and engineering 

thermoplastic applications. CORTERRA 200 can be used by itself, as the base polymer 

for compounds, or as a polymer modifier for many engineering thermoplastic 

applications. Compounded engineering resins based on CORTERRA PTT polymer 

provide physical properties that are equivalent to or better than those of similar PBT 

compounds. Extrusion and injection molding conditions, and processing characteristics 

are very similar to those established for PBT. PTT compounds generally exhibit higher 

tensile strength, flexural modulus and heat deflection temperatures but with slightly lower 

impact strength than the PBT counterparts. 

Hot melt adhesives (HMAs) are used for a number of applications in automotive, 

industrial and consumer markets where prolonged bonding quality and durability are 

essential requirements. As hot melt adhesives form a bond very quickly and dry rapidly 

after application, they speed up production and improve efficiency. In many cases, hot 

melt adhesives have successfully replaced solvent-based adhesives to produce better 

products at lower cost in a continuous process. Hot melt adhesives have no solvent or 

water to lose and form bonds by hydrogen bonding and crystallization. A small amount 

of molten adhesive applied to a relatively large area will cool rapidly and solidify to form 

a bond almost instantaneously. As a result, the production efficiency is drastically 

improved. As HMAs have no VOCs, the fact that HMAs do not use solvents results in 

both environmental and economic benefits.Hot Melt Adhesives based on 1,3-PDO 

prepared from either PAPDO (1,3 – PDO/adipate polyester polyol) or 
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PTMG(Poly(oxytetramethylene)glycol) exhibited higher tensile strength, modulus and 

lap shear strength but lower elongation and 180ºpeel strength as compared to HMAs 

based on 1,4-BD at the same concentrations of hard segments [137]. 

5.3 Uses of polyglycerols 

If water or moist air is trapped in a closed system, condensation droplets (fog) form on 

the inner surfaces when the temperature cools down below the dew point. This 

phenomenon is a big issue in fresh food packaging and in greenhouses. For this reason, 

the development of plastic films with improved antifogging properties is of growing 

importance. This can be achieved either by spraying an antifogging agent on the surface 

of the film, or by incorporating an antifogging additive in the polymer matrix. Compared 

to surface treatment, the use of additive technology is usually preferred as it provides a 

longer lasting antifogging performance, and reduces significantly the amount of 

antifogging agent that is in contact with the packaged food or cultivated plants. In food 

packaging, films with good antifogging properties offer a more attractive display of the 

packaged products and enhance their shelf life. Antifogging films are also used in 

greenhouses where they allow better light penetration, enhancing photosynthesis that 

improves yields. Antifogging additives are typically surface-active products made of two 

main parts: a hydrophilic head and a lipophilic tail. Examples include sorbitan esters, 

polyoxyethylene esters, glycerol esters, and more recently, polyglycerol esters. When 

incorporated in a polymer film, the antifogging additive migrates from the matrix to its 

surface, decreasing the interfacial tension between the polymer and the water droplets. As 

a result, the droplets spread across the surface of the film. Therefore, the role of the 
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additive is not preventing water deposition on the film, but condensing it in an invisible 

continuous thin layer [138]. 

Compared to glycerol esters, polyglycerol esters are less volatile, which reduces the 

evaporation of the additive during extrusion. Polyglycerol esters also exhibit a higher 

thermal stability than glycerol esters, sorbitan esters or polysorbates, which lowers the 

possibility of discoloration during film processing.  

As with many other antifogging agents, polyglycerol esters also have antistatic properties 

because the water film that forms on the polymer surface reduces its resistivity. 

Polyglycerols as such (not esterified) are used as plasticizers in starch based 

biodegradable thermoplastic compositions. Their lower volatility and higher thermal 

stability, compared to glycerol or sorbitol, allows easier processing (less evaporation and 

higher processing temperatures). Polyglycerols or blends of glycerol and polyglycerols 

are claimed to have better plasticizer properties than glycerol alone in polyvinyl alcohol 

films (PVA). Diglycerol esters, such as diglycerol tetraacetate, have been described as 

good plasticizers for cellulose acetate and, more recently, for polyester resin 

compositions based on polylactic acid. Due to their amphiphilic character and their high 

thermal stability, polyglycerol esters can also be used as lubricants. This is particularly 

suitable for food handling equipment since many polyglycerol esters are allowed for food 

use in many countries. 

6. Conclusion 

Biodiesel is a renewable biofuel that has environmental and lubricity advantages and 

provides a degree of energy independence and the associated economic advantages. 

Although the cost of biodiesel can be lowered a small amount by process improvements 
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and the economies of scale obtained by producing it in larger, more automated plants, 

the cost of biodiesel is primarily limited by the cost of the feedstock. The increasing 

over-supply of glycerol in the market has forced the biodiesel industry to look for new 

avenues of glycerol utilization. The idea to use glycerol as a primary building block is 

gaining momentum and continued innovation to develop new reactions of glycerol is 

critical to the economic well being of the global oleo chemical industry. 
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