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ABSTRACT 

The methyl esters of fatty acids (biodiesel) obtained via transesterification of vegetable 

oils or animal fats are an alternative to current fossil fuels. A large amount of glycerol 

as a by-product is generated in this process and new applications for this surplus need to 

be found. Thus, the transformation of glycerol into branched oxygen-containing 

compounds could be an interesting solution to provide an outlet for increasing glycerol 

stocks. In this work, several oxygenated compounds, obtained by transformation of 

glycerol via etherification, esterification and acetalisation, have been assessed as 

components for biodiesel formulation. Different quality parameters have been evaluated 

following the procedures listed in the EN 14214 European Standard for biodiesel 

specifications. These parameters have been correlated with the amount of oxygenated 

derivate present in the biodiesel. The best performance as component for biodiesel 

formulation has been achieved by the mixture of ethers produced via etherification of 

glycerol with isobutylene. The addition of these compounds has not only improved the 

low temperature properties of biodiesel (i.e. pour point and cold filter plugging point) 

and viscosity, but also did not impair other important biodiesel quality parameters 

analyzed. Although most of the studied oxygenated derivates do not significantly 

improve any biodiesel property, they do not exert a significant negative effect either. 

Furthermore, all of them allow an enhancement of overall yield in the biodiesel 

production. Nevertheless, further improvement could be addressed with a better 

purification to reduce the presence of non-desired impurities such as diisobutylenes and 

unreacted acetic acid, which have a negative influence especially in acid number and 

oxidation stability. 
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1. INTRODUCTION 

Biodiesel constitutes a renewable alternative to current fossil fuels, reducing 

greenhouse gas emissions and the present non-sustainable level of dependence on petrol 

oil for transport, among other advantages. The production of biodiesel is performed by 

transesterification of triglycerides from vegetable oils or animal fats to obtain fatty acid 

methyl esters (FAME). In this process glycerol is the main by-product, its production 

being equivalent to approximately 10 wt. % of the total biodiesel obtained. Production 

of biodiesel in the European Union has grown exponentially in the last few years. To 

promote the use of biofuels for transport purposes, the new energy legislation 

implemented in Europe [1] states that by the end of 2010 traffic fuels should contain 

5.83% of components produced from renewable sources. In addition, the EU 

2009/28/EC Directive establishes a 10 % share of energy from renewable sources for 

transport in EU energy consumption by 2020. Therefore, if this figure is to be reached, a 

large surplus of glycerol will be produced causing important effects in the glycerol 

market since its traditional uses (pharmaceutical and cosmetic industries) would not be 

able to absorb the production [2]. The price of this compound is thus expected to suffer 

an important drop, also likely affecting the economic viability of biodiesel production 

due to a reduction of the global income from this industry. For all these reasons, new 

applications for glycerol need to be found, and a great deal of research is focused on the 

conversion of glycerol into value-added products [2-6]. 

In this context, new components for biodiesel formulation are currently being 

developed. For example, glycerol derivates have been reported in literature as 

components with suitable properties for use in engine fuels [7-11]. Glycerol is highly 

insoluble in diesel fuel but through chemical modification it can be rendered soluble. 

Likewise, the introduction of oxygenated moieties can be helpful to meet the required 

properties for biodiesel fuel. This situation makes the transformation of glycerol into 

branched oxygen-containing compounds a very promising way to take advantage of the 

increasing glycerol stocks. Benefits achieved with this strategy encompass the 

valorisation of a by-product as well as the increase of the fuel yield in the overall 

biodiesel process (which would help to achieve the bio-component target fixed by the 

EU directive [1]), improving its performance as biofuel.  



4 

Noureddini et al [7-8]
 
reported that a fuel consisting of a mixture of transesterified 

triglycerides and a certain amount of isobutylene-etherified glycerol, has lower viscosity 

and better cold properties than pure biodiesel. Similar results were obtained by Delgado 

et al [9], when glycerol acetals (acetalisation of glycerol with aldehydes), glycerol ketals 

(acetalisation of glycerol with ketones), and/or glycerol acetates (esterification of 

glycerol with acetic acid or transesterification of glycerol with methyl acetate) were 

mixed with methyl or ethyl esters of fatty acids. García et al [10] studied a modification 

of the acetal obtained in the acetalisation of glycerol with acetone and confirmed that 

the addition of this compound to biodiesel improved the viscosity and also met the 

established requirements for flash point and oxidation stability. Jaecker-Voirol et al [11] 

evaluated acetals, ethers and carbonates derived from glycerol in terms of pollutant 

emissions with different new engine technologies. The main conclusion of their work 

was that glycerol ethers were the most suitable additives from environmental point of 

view.  

All the above-mentioned chemical transformations of glycerol proceed in the 

presence of an acid catalyst. The most used solid acids for the production of esters, 

ethers, acetals and ketals of glycerol have traditionally been ion-exchange organic 

resins, such as Amberlyst-15 (Rohm & Haas) [12-18] and acid zeolites [18-20]. 

Nevertheless, both catalysts have shown certain limitations due to low surface areas and 

lack of thermal stability, in the case of ion-exchange resins, or mass transfer resistance 

for diffusion within a microporous network, for zeolites [21]. In this context, sulfonic 

acid-functionalized mesostructured materials have demonstrated an excellent catalytic 

behaviour in the transformation of glycerol into oxygenated compounds [22-23]. These 

sulfonated mesostructured silicas consist of materials with a high surface area, narrow 

pore size distributions with high accessibilities to acid sites, and relatively high acid 

strength [24]. 

However, there is a lack of studies in literature regarding the impact of these 

oxygenated compounds on the EN 14214 biodiesel quality parameters [25]. Therefore, 

within the scope of this work, synthesized (mixture of glycerol ethers and esters) or 

commercially-available (triacetin and solketal) glycerol-derived compounds have been 

blended with biodiesel in different percentages. Influence of the presence and 
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concentration of these glycerol derivates on the biodiesel quality parameters has been 

thoroughly studied. 

 

2. EXPERIMENTAL SECTION 

2.1 Materials and synthetic procedures 

Glycerol used in the present work was gently provided by Acciona Biocombustibles, 

from the biodiesel production plant in Caparroso (Navarra, Spain). Biodiesel from 

soybean oil was supplied by the production plant of Ecoproma in Montalbo (Cuenca, 

Spain). Triacetin (99%) and solketal (98%) were purchased to Sigma-Aldrich; 

technical-grade diacetin (about 50%) and monoacetin (about 40%) were acquired from 

Acros. 

The mixture of glycerol tert-butyl ethers (from the etherification of glycerol with an 

excess of isobutylene) was prepared following a procedure described by Melero et al 

[23] over an arenesulfonic acid-modified mesostructured material. After reaction, 

unreacted isobutylene was completely removed by means of rotary evaporation (40ºC 

for 30 minutes). Reaction samples were then analyzed by GC (Varian 3900 

chromatograph), equipped with a flame ionization detector (FID). Reaction products 

detected by GC included glycerol ethers (tert-butyl glycerols; TBGs) and small 

quantities of remaining di-isobutylenes (DIB) coming from the acid-catalyzed 

dimerization of isobutylene (Figure 1). A complete DIB removal would require the use 

of a step-distillation method. Importantly, no tert-butanol was detected. Table 1 shows 

the catalytic results, including reaction conditions, glycerol conversion and final 

products distribution. Calculus was performed based on the chromatographic 

quantification of the products coming from glycerol (tert-butylglycerols, TBGs) using 

commercial MTBG and 2,4,4-trimethyl-1-pentene (representative of the di-isobutylenes 

family) to obtain the corresponding response factors. In the case of DTBG and TTBG, 

non-commercially available, response factors were extrapolated from that of MTBG. 

This extrapolation was confirmed to be valid by a separate analysis of a mixture 

essentially consisting of DTBG and TTBG. 
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Glycerol esters were likewise synthesized adapting the procedure published by 

Melero et al [22] from the esterification of glycerol with an excess of acetic acid over 

the same mesoporous catalyst. Unreacted acetic acid was significantly removed by 

means of exhaustive rotary evaporation (160ºC for 6 hours under high vacuum). 

However, as it can be seen in Figure 2, some impurities of acetic acid still remain in the 

mixture of glycerol esters (acetylglycerols; AGs). A complete purification would need 

the use of more stringent conditions or a different procedure. Nevertheless, the effect of 

these remaining impurities will be discussed below. Identification and quantification of 

AG compounds was performed by GC using a high purity standard in the case of 

triacetin and technical-grade standards in the case of diacetin and monoacetin to obtain 

the corresponding response factors. These commercially-available technical-grade 

mixtures have been quantitatively analyzed by Nebel et al using 
1
H NMR [26], 

determining the exact purity for commercial monoacetin (52.5%) and diacetin (40.0%). 

Table 1 summarizes the composition of the mixtures obtained in the esterification of 

glycerol with acetic acid, also including the reaction conditions and the glycerol 

conversion achieved.  

 

2.2 Preparation of blended samples 

The glycerol-derived oxygenated compounds under study are listed in Table 2.  

The analysis of the performance of the different oxygenated compounds was carried 

out blending them with soybean biodiesel. Each compound, or mixture of compounds, 

was added in two different concentrations. Likewise, a sample of pure biodiesel (B100), 

with no components added, was assessed as reference. Table 3 summarizes the blends 

prepared for the assessment of glycerol derivates in biodiesel quality parameters. It is 

remarkable that all the components added, except for the mixture of esters, are soluble 

in FAME up to the value corresponding with the complete conversion of glycerol 

produced in the manufacture of biodiesel (10 g of glycerol per 100 g of biodiesel). In 

contrast, the mixture of esters was insoluble in FAME when the amount added was 

higher than 10 g per 100 g of biodiesel.  
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2.3 Analytical methods: EN 14214 Standard 

All the blends were analyzed according to procedures enclosed in EN 14214 

Standard [25] and EN 590 Standard [27]. The test methods used for each property are 

listed in Table 4, as well as the minimum and maximum limits the samples must fulfill. 

In addition to the properties included in EN-14214, other parameters have been taken 

into account. This is the case of heat content and pour point, important properties for 

diesel fuel. An additional filtration test method, the filter blocking tendency (FBT) 

determined by means of the well-established IP 387 test method, was also used to 

provide relevant information about the fluidity of the samples. 

 

3. RESULTS AND DISCUSSION 

The main objective of the present work is to study the influence on biodiesel quality 

parameters that oxygenated compounds derived from glycerol produce when they are 

used as components for biodiesel formulation. It involves checking if such compounds 

improve biodiesel properties or, at least, if they are suitable for being incorporated into 

biodiesel according to the requirements established in the standard EN 14214, even if 

they do not improve the parameters. In this way, we analyzed the different blends 

shown in Table 3 using a selection of parameters in order to establish the best biodiesel 

formulation. Selected parameters for this comparison were: density, viscosity, cold filter 

plugging point (CFPP), oxidation stability and flash point (EN 14214 specifications), 

and pour point and heat content as interesting properties in terms of cold properties and 

behaviour in combustion. 

3.1 Glycerol-derived oxygenated compounds 

Table 5 shows the most important properties of the compounds studied in the 

present work. These parameters will be used to discuss the results obtained for the 

analysis of biodiesel blends. The maximum acid value for biodiesel established by 

European Standard EN 14214 is 0.5 mg KOH/g. All the samples, except for the mixture 

of esters, show a lower value. Thus, an addition of these oxygenated compounds will 
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not negatively affect this parameter. The mixture of esters shows a high acid value as a 

consequence of remaining unreacted acetic acid from the synthesis (approximately 2 

wt.%, see Table 1), despite the stringent purification method employed. As commented 

before, if these compounds are to be used for biodiesel formulation better product 

purification should be tackled, though keeping the overall process as cost-effective as 

possible [28]. 

3.2 Influence of the amount of glycerol-derived oxygenated compounds on 

biodiesel quality parameters 

The influence on the quality parameters has been studied when different quantities 

of oxygenated compound are incorporated. Experimental results corresponding to the 

different blends (and comparison with EN 14214 specification when applicable) are 

depicted in Figure 3a-g. The value corresponding to pure biodiesel (sample B100), as 

well as the lower and upper limits of the EN 14214 specifications, have also been 

incorporated to the figure as references. 

Density in biodiesel typically correlates with the content of unreacted triglycerides 

in the process of transesterification. All the oxygenated derivates (Table 5), except for 

the ethers, showed higher densities than the pure biodiesel. Since density depends 

directly on the amount of each substance comprising the blend, almost all the 

compounds led to an increase in density, this increment being higher when higher 

amounts were used (Figure 3a). Only the TBGs provided lower densities, as expected, 

since the mix of ethers itself has a density of 854 kg/m
3
. Considering the specification 

for biodiesel fuel, density must fall in the range from 860 to 900 kg/m
3
. Blends T2 and 

Es2 are in the upper limit or over it, so glycerol esters are restricted to a certain amount 

to fulfill the density specification. Thus, it can be concluded that these esters may be 

used in concentrations equal or lower than 10 g of additive per 100 g of biodiesel. At 

higher concentrations the best performance corresponds to the mix of ethers obtained in 

the etherification of glycerol with isobutylene (E2). 

In the same way as density, viscosity in biodiesel is related to the content of 

unreacted triglycerides in the biodiesel production. High viscosity can cause operational 

problems such as the formation of engine deposits. Like density, the viscosity of 

blended biodiesel can be predicted from the viscosity values of the individual 
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components. The addition of solketal, as well as the mix of ethers (TBGs), produced a 

decrease in the value of this property, since the viscosity of these additives is lower 

(Figure 3b). These results are important since these oxygenated compounds could 

improve biodiesel fluidity, this being a major concern when using this kind of fuel. The 

other fuel components studied slightly increased the viscosity of the final fuel, but 

keeping the value well within the range of specification (3.50 – 5.00 mm
2
/s). 

While most of the properties of biodiesel are comparable to diesel fuel derived from 

petroleum, improvement of its low temperature performance still remains one of the 

main challenges when using biodiesel as an alternative fuel for diesel engines. Biodiesel 

fuels derived from animal fats or vegetable oils with significant amounts of saturated 

fatty compounds will display poor cold properties, i.e. high CFPP and high pour point. 

The pour point is the handling temperature at which the fuel will no longer flow. In 

addition, the operability of fuels at low temperatures is an important quality criterion, 

especially in cold weather regions. Low temperature-induced solidification of biodiesel 

can block fuel lines and filters, causing problems during the starting. The EN-14214 

standard includes a low-temperature filterability test, the so-called test for cold filter 

plugging point. This parameter corresponds with the lowest temperature at which wax 

plugs a filter through which chilled fuel is pumped. In this work, in order to evaluate the 

cold flow properties of biodiesel blends, two parameters have been considered: pour 

point (PP) and cold filter plugging point (CFPP) (Figure 3c-d). Looking at the values of 

PP, the best performances were achieved when solketal and the mix of TBGs were 

added to B100 (from -4ºC to -7ºC in the case of the ethers). CFPP could be only slightly 

reduced by blending with any of the compounds tested, with the more pronounced 

reduction obtained by glycerol ethers at the higher concentration (a reduction of 3ºC 

relative to B100). These results contradict previously reported values for triacetin, 

claimed as a very effective cold flow improver in diesel fuel [9]. As a conclusion, low-

temperature properties of B100 can be especially improved using a mix of tert-butyl 

ethers of glycerol in the formulation of biodiesel. This effect would be expected to be 

even more pronounced when using B100 biodiesel with worse cold properties than the 

present soybean oil biodiesel, such as palm oil biodiesel. Nevertheless, additives 

consisting of polymers of malan-styrene esters, methacrylate and ethylenevinyl acetate 

are usually used as CFPP or pour point improvers in very low concentrations, being 

much more effective at this task than the glycerol derivates. 
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Oxidation stability is another major issue affecting the use of biodiesel because of 

its content of polyunsaturated methyl esters [29]. A minimum Rancimat induction 

period of six hours is set for B100 samples within EN 14214 (Table 4). This limit 

corresponds to the period of time before fatty acid methyl esters, aged at 110 ºC under a 

constant air stream, are degraded to such an extent that the formation of volatile acids 

can be recorded through an increase in electric conductivity. In this work, where low 

molecular weight oxygenated compounds are under examination, the oxidation stability 

can be related not only to the degradation of FAME but also to the volatility of the 

glycerol derivates and impurities in the blends. It must be noted that the starting 

biodiesel (sample B100) already showed an oxidation stability below specification, 

although this fact was not considered relevant due to the comparative nature of the 

present study. In any case, a possible explanation for this low value is the origin of the 

biodiesel sample itself, a soybean oil-derived biodiesel, which is rich in unsaturated 

fatty acids amenable to oxidation. In general, the oxygenated compounds led to a 

decrease in the oxidation stability (Figure 3e). The glycerol derivates that less reduced 

the oxidation stability of the fuel were the mix of ethers and triacetin. In contrast, low-

boiling-point oxygenated compound –solketal– or acetic acid-contaminated sample –

mix of esters– resulted in worse oxidation stability. Nevertheless, this would not be a 

real problem since it is very difficult to meet the limit of six hours for oxidation stability 

for biodiesel fuels derived from many common raw materials, and usually antioxidant 

additives such as BHT or TBHQ, need to be added to the biodiesel [30]. 

Another parameter tested was the heat content (Figure 3f), a property related with 

the oxygen content of the added compounds. All the blends showed a linear decrease in 

the heat content with increasing amounts of glycerol derivates. Since these are 

oxygenated compounds that have lower heat content than biodiesel, this situation was 

expected and not surprising. For this reason the mixture of TBGs, and especially in the 

E1 blend, was the most suitable from the heat content point of view. 

The last parameter analyzed in this comparative study was the flash point (Figure 

3g), that in a pure biodiesel strictly corresponds to the content of residual methanol. The 

addition of triacetin as well as the mixture of esters (AGs) hardly modified the 

performance of the pure biodiesel. In contrast, solketal and the mixture of TBGs caused 

a significant decrease in the flash point. This property is related with the volatility and 
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flammability of the compounds added (see boiling points in Table 5). Biodiesel 

requirements establish a flash point higher than 101ºC and the incorporation of any of 

the analyzed compounds derived from glycerol does not produce a decrease below this 

limit, except for the blend E2. Nevertheless, the accentuated decrease in the case of the 

mixture of ethers was likely due to the presence of remaining impurities of 

diisobutylenes (DIB). 

From all the above, the best performance as component for biodiesel formulation is 

ascribed to the mix of ethers at a concentration of 10g per 100g of B100 (blend E1), 

which showed a combination of very low or no detrimental effect on density, viscosity, 

oxidation stability and heat content; with an improvement of cold properties while 

keeping the flash point under specification. 

 

3.3 Detailed analysis of blend E1 

Table 6 includes a complete analysis of the reference biodiesel along with blend E1 

(10g of tert-butyl ethers and 100g of B100) as the optimal formulation among the 

different glycerol-derived oxygenated compounds analyzed in this work. This complete 

analysis consists of all the parameters considered within the EN 14214 standard (except 

for cetane number), as well as other interesting fuel properties such as filter blocking 

tendency (FBT), pour point and heat content. Analyzing the results, blend E1 fulfills the 

majority of the EN 14214 specifications: density, viscosity, flash point, sulfur content, 

carbon residue, sulfated ash content, water content, total contamination, copper strip 

corrosion, acid value, iodine value, linolenic acid methyl ester, polyunsaturated methyl 

esters, methanol content, monoglyceride content, diglyceride content, triglyceride 

content, metals (group I and II), and phosphorous content. In most of the cases, the 

addition of a specific amount of ethers does not affect the property and just leads to a 

dilution of the B100. On the other hand, some of these properties –water content and 

flash point– get worse with the addition of the mix of ethers. But at the concentration of 

blend E1 they are still within the limits of the EN 14214. 

However, there are some parameters that fall out of specification when the mix of 

ethers is added to B100 at the given concentration. First of all, the ester content changes 



12 

from 99.0 to 87.3 wt%, being 96.5 wt% the minimum value considered in the standard. 

The reduction in almost 12 percent points is in agreement with the addition of 10g of 

ethers per 100g of biodiesel, which will not appear as esters in the analysis. It must be 

noted that the formulation of biodiesel with any non-ester fuel component will result in 

a decrease of the ester content. A similar situation arises for glycerol parameters: free 

glycerol and total glycerol. In this case, the chromatographic method contemplated in 

the standard for the analysis undergoes interferences with the glycerol-derived 

oxygenated compounds herein studied. All the compounds based on glycerol have 

similar retention times and are considered together, regardless of their origin. Thus, if 

the oxygenated compounds of the present work are to be formulated with biodiesel, the 

standard should specifically consider the addition of such compounds or establish 

alternative analytical methods. 

It is also important to highlight the good result obtained for the FBT assay. This 

parameter is related with the fluidity of the fuel through a filter and is an important 

specification for diesel fuels (upper limit 1.50). As shown in Table 6, blend E1 has a 

much lower FBT value than B100 and falls within the specification as measured by IP 

387. 

 

4. CONCLUSIONS 

The main purpose of this work was the study of the influence of oxygenated 

compounds derived from glycerol for biodiesel formulation on EN 14214 quality 

parameters. The best performance as a biodiesel component was achieved by the 

mixture of ethers obtained from the etherification of glycerol with isobutylene. The 

addition of these compounds improved the low temperature properties as well as the 

viscosity, without deteriorating any of the other important biodiesel quality parameters, 

except for the flash point. Nevertheless, this problem could be solved with a suitable 

purification of the additive, completely removing the impurities of remaining 

diisobutylenes from the synthesis of the additive. Likewise, other properties 

contemplated in the standard, such as ester content, free glycerol and total glycerol, fall 

out of specification. This situation is due to the nature of the added components, which 

produce analytical interferences with the standard methods. Thus, if these compounds 
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are to be used for biodiesel formulation, the standard should specifically consider their 

addition or establish alternative analytical methods to avoid interferences. Nevertheless, 

it needs to be mentioned that isobutylene availability in refineries is very limited as is 

currently focused to the production of ETBE to be included in the gasoline formulation. 

In general, as a way of taking advantage of an increasing glycerol stock, none of 

the glycerol-derived compounds analyzed should be completely discarded. Even if they 

do not clearly improve any parameter, they still fulfil the specifications (in most cases) 

for biodiesel fuel. In addition, efforts can be addressed in the purification of oxygenated 

compounds after reaction. Therefore, the use of oxygenated compounds derived from 

glycerol for biodiesel formulation is a promising research area to be further explored in 

the future. 
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TABLES 

 

Table 1. Experimental results for the etherification and esterification of glycerol with 

isobutylene and acetic acid, respectively. 

Etherification of glycerol with isobutylene 

Catalyst 
Reaction conditions 

a
 XG 

c 
Weight composition (wt.%) 

IB/G Cat/G (wt.%) T (ºC) t (h) (%) MTBG DTBG TTBG DIB 

Ar-SO3H-SBA-15 4/1 5 75 4 100 5 55 38 2 

Esterification of glycerol with acetic acid 

Catalyst 
Reaction conditions 

b
 XG 

c 
Weight composition (wt.%) 

AA/G Cat/G (wt.%) T (ºC) t (h) (%) MAG DAG TAG AA 

Ar-SO3H-SBA-15 9/1 4 125 4 100 6 45 47 2 

a 
IB/G = isobutylene/glycerol molar ratio; Cat/G = wt.% of catalyst referred to glycerol; T = temperature; 

t = reaction time. 
b 
AA/G = acetic acid/glycerol molar ratio; Cat/G = wt.% of catalyst referred to glycerol; T = temperature; 

t = reaction time. 
c
 Glycerol conversion. 
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Table 2. Glycerol-derived oxygenated compounds tested for biodiesel formulation. 

Additive Name Structure Formula 
Molecular 

Weight (g/mol) 

SOLKETAL 

2,2-Dimethyl-4-

hydroxymethyl 

-1,3-dioxolane 

98 wt.% 

 

C6H12O3 132.16 

TRIACETIN 

Tri-acetyl glycerol 

(TAG) 

99 wt.% 

 

C9H14O6 218.20 

MIXTURE OF  

TERT-BUTYLATED 

GLYCEROL  

(TBGs) 

Mono-tert-butyl glycerol 

(MTBG) 

5 wt.%
 

 

C7H16O3 148.20 

Di-tert-butyl glycerol  

(DTBG) 

55 wt.% 

 

C11H24O3 204.20 

Tri-tert-butyl glycerol  

(TTBG) 

38 wt.% 

 

C15H32O3 260.20 

MIXTURE OF 

GLYCEROL ESTERS  

(AGs) 

Mono-acetyl glycerol 

(MAG) 

6 wt.% 

 

C5H10O4 134.10 

Di-acetyl glycerol 

(DAG) 

45 wt.% 

 

C7H12O5 176.10 

Tri-acetyl glycerol 

(TAG) 

47 wt.% 

 

C9H14O6 218.20 

O 

O 
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Table 3. Blends analyzed for quality parameters of biodiesel. 

Blends 
Oxygenated 

compound 

Weight composition (g) 

Biodiesel Glycerol derivative 

B100 - 100 0 

S1 
Solketal 100 

10 

S2 14.4 
a
 

T1 
Triacetin 100 

10 

T2 23.7 
a
 

E1 
Mix of Ethers (TBGs) 100 

10 

E2 25.8 
a
 

Es1 
Mix of Esters (AGs) 100 

5 
b 

Es2 10 

a
 These blends were prepared considering that all the glycerol generated in the production 

of biodiesel was transformed into the corresponding glycerol derivate.  
b 

For the mixture of esters, the maximum value could not be reached due to solubility 

problems and a 5 wt.% mixture was alternatively prepared and assessed. 
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Table 4. Properties and test methods. 

Property Unit 
Limits 

Test method Standard 
Lower Upper 

Ester content % (m/m) 96.5 - EN 14103 EN 14214 

Density at 15ºC kg/m
3
 860 900 EN ISO 3675 EN 14214 

Viscosity at 40ºC mm
2
/s 3.50 5.00 EN ISO 3104 EN 14214 

Flash Point ºC 101 - EN ISO 3679 EN 14214 

Sulfur content mg/kg - 10.0 EN ISO 20846 EN 14214 

Carbon residue                               

(on 10% distillation residue) 
% (m/m) - 0.30 EN ISO 10370 EN 14214 

Sulfated ash content % (m/m) - 0.02 ISO 3987 EN 14214 

Water content mg/kg - 500 EN ISO 12937 EN 14214 

Total contamination mg/kg - 24 EN 12662 EN 14214 

Copper strip corrosion (3h at 50ºC) rating Class 1 EN ISO 2160 EN 14214 

Oxidation stability, 110ºC hours 6.0 - EN 14112 EN 14214 

Acid value mg KOH/g - 0.50 EN 14104 EN 14214 

Iodine value g iodine/100 g - 120 (140)
a 

EN 14111 EN 14214 

Linolenic acid methyl ester % (m/m) - 12.0 EN 14103 EN 14214 

Polyunsaturated methyl esters % (m/m) - 1 - EN 14214 

Methanol content % (m/m) - 0.20 EN 14110 EN 14214 

Monoglyceride content % (m/m) - 0.80 EN 14105 EN 14214 

Diglyceride content % (m/m) - 0.20 EN 14105 EN 14214 

Triglyceride content % (m/m) - 0.20 EN 14105 EN 14214 

Free glycerol % (m/m) - 0.02 EN 14105 EN 14214 

Total glycerol % (m/m) - 0.25 EN 14105 EN 14214 

Groups I metals (Na+K) mg/kg - 5.0 EN 14538 EN 14214 

Groups II metals (Ca+Mg) mg/kg - 5.0 EN 14538 EN 14214 

Phosphorus content mg/kg - 4.0 EN 14107 EN 14214 

Cold filter plugging point (CFPP) ºC - - EN 116 
b 

EN 14214 

Filter blocking tendency (FBT) ºC  1.50 IP 387 - 

Pour Point ºC - - ISO 3016 EN 590 

Heat content kcal/g - - UNE 51123 - 

a
 In Spain the limit is 140 g iodine/100 g due to the nature of the vegetable oils readily available in this 

region. 
b
 For climate-dependent requirements, options are given to allow for seasonal grades to be set nationally. 
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Table 5. Properties of the oxygenated compounds derived from glycerol. 

Samples 
Oxygen  

(wt.%)
a
 

Density 

(kg/m
3
) 

Viscosity 

(mm
2
/s) Boiling point 

(ºC) 

Flash point 

(ºC) 

Acid value           

(mg KOH/g) 

EN ISO 12185 EN ISO 3104 EN 14104 

Solketal 36.32 1063 3.95 188 90 0.36 

Triacetin 44.00 1158 7.20 258 138 0.02 

Mixture of 

glycerol 

ethers of 

isobutylene 

MTBG 

22.18 854 3.59 

216 114 

0.10 DTBG - - 

TTBG - - 

Mixture of 

glycerol 

esters of 

acetic acid 

MAG 

45.03 1151 10.45 

- - 

17.37 DAG - - 

TAG 258 138 

a 
Calculated from molecular formulas considering the actual composition. 
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Table 6. Complete analysis of the reference biodiesel and blend E1. (10g of tert-butyl 

ethers and 100g of B100). 

Property Unit 
Blend 

B100 E1 

Ester content % (m/m) 99.0 87.3 

Density at 15ºC kg/m
3
 881 881 

Viscosity at 40ºC mm
2
/s 4.12 4.05 

Flash Point ºC 167 116 

Sulfur content mg/kg 5.6 2.0 

Carbon residue (on 10% distillation residue) % (m/m) 0.11 0.08 

Sulfated ash content % (m/m) < 0.005 < 0.001 

Water content mg/kg 141 398 

Total contamination mg/kg 4.0 4.0 

Copper strip corrosion (3h at 50ºC) rating 1A 1A 

Oxidation stability, 110ºC hours 4.97 5 

Acid value mg KOH/g 0.15 0.14 

Iodine value g iodine/100 g 127.95 117.04 

Linolenic acid methyl ester % (m/m) 6.4 6.3 

Polyunsaturated methyl esters % (m/m) < 1.0 < 1.0 

Methanol content % (m/m) < 0.01 < 0.01 

Monoglyceride content % (m/m) 0.35 0.30 

Diglyceride content % (m/m) 0.04 0.04 

Triglyceride content % (m/m) 0.01 0.01 

Free glycerol % (m/m) 0.016 6.77 

Total glycerol % (m/m) 0.114 6.86 

Groups I metals (Na+K) mg/kg < 3.0 < 3.0 

Groups II metals (Ca+Mg) mg/kg < 2.0 < 2.0 

Phosphorus content mg/kg < 1.0 < 1.0 

Cold filter plugging point (CFPP) ºC 1 0 

Filter blocking tendency (FBT) ºC 2.55 1.07 

Pour Point ºC -4 -6 

Heat content kcal/g 9518 9404 
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FIGURE CAPTIONS 

 

Figure 1. Identification of the products obtained in the etherification of glycerol with 

isobutylene. DIB = diisobutylene; Analysis solvent = ethanol; TTBG = tri-tert-butyl 

glycerol; DTBG = di-tert-butyl glycerol; MTBG = mono-tert-butyl glycerol. 

 

Figure 2. Identification of the products obtained in the esterification of glycerol with 

acetic acid. Analysis solvent = acetone; AA = Acetic acid; TAG = tri-acetyl glycerol; 

DAG = di-acetyl glycerol; MAG = mono-acetyl glycerol. 

 

Figure 3. Influence of the glycerol-derived oxygenated compound concentration on 

quality parameters: a) density at 15ºC; b) viscosity at 40ºC; c) pour point; d) cold filter 

plugging point (CFPP); e) oxidation stability and f) flash point. Legend:  Solketal; 

 Triacetin;  Mixture of ethers;  Mixture of esters. 
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