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Abstract: Trimethylolpropane (TMP) esters can be 

synthesized via catalytic transesterification of TMP with 

fatty acid methyl esters (FAME) in the base catalyst. This 

work investigated the catalytic performance of hetero- 

geneous base catalysts, such as Ca(OH)2 and CaO in the 

transesterification of TMP with mixed C8-C10 FAME. 

The effects of the main operating variables, including 

temperature, molar ratio of FAME:TMP, and catalyst 

amount, on the FAME conversion and the product of 

TMP esters were investigated. The reaction products 

were analyzed to determine the distribution of TMP 

esters by gas chromatography (GC). The results showed 

that the heterogeneous catalysts produced no soap and 

were separated easily from the reaction products. An 

increase in the temperature and the molar ratio of 

FAME:TMP promoted the transesterification, while the 

catalyst amount had much smaller effect. The highest 

conversion of FAME (> 70 %) and the distribution of 

TMP triesters 97 % were achieved from the transesteri- 

fication over Ca(OH)2 at the molar ratio of FAME:TMP 

of 9:1, catalyst amount of 1 wt.%, temperature of 170 ๐C 

and reaction time of 8 h. 

 

1. Introduction 

 

Lubricants based on vegetable oils are rapidly and 

completely biodegradable, and they have low 

ecotoxicity compared to mineral oil based lubricants
 

[1]. However, there are some performance limitations 

associated with them, e.g., thermal, oxidative, and 

hydrolytic stability, and inadequate low temperature 

fluidity due to high pour points. These limitations can 

be minimized by means of chemical modification 

through transesterification of vegetable oils with 

polyols such as neopentylglycol (NPG), trimethylol- 

propane (TMP) [2-4]. The structure of polyols causes 

the elimination of a hydrogen atom from the β-carbon 

of the triglyceride structure and provides esters with a 

high degree of oxidative and thermal stability [5].  

 The transesterification reaction is a reversible 

reaction which involves three consecutive mechanisms 

with the presence of catalyst. TMP monoesters 

(TMPME) and TMP diesters (TMPDE) are formed as 

the intermediate products toward the completion of the 

reaction producing TMP triesters (TMPTE). The 

overall reaction stoichiometry requires 1 mol of TMP 

and 3 mol of fatty acid methyl esters (FAME) [5]. The 

equations are shown below: 

 

 
 

The reversible reaction can be modified to obtain the 

highest TMPTE yield by adjusting operating 

conditions, e.g., temperature, molar ratio of TMP: 

FAME, and catalyst amount. Generally, the homo- 

geneous base catalysts are used but they contribute to 

soap formation via saponification in the presence of 

moisture. The fatty soaps formed are in colloidal form 

partially soluble in the reaction products, and hence 

are required to be separated from the final product [5]. 

The heterogeneous base catalysts are interesting 

because they produce no soap in the reaction. 

Moreover, they are gaining attention for green 

production of bio-based products due to less toxic 

nature, ease of separation and reusability [4]. 

Searching for a solid base with suitable physic- 

chemical and catalytic properties for the transesteri- 

fication of highly branched polyols with large esters is 

a big challenge.  

This work studied the catalytic performance of 

Ca(OH)2 and CaO as heterogeneous base catalysts in 

the transesterification of TMP with mixed C8-C10 

FAME. The effects of reaction conditions were, i.e., 

temperature, molar ratio of FAME:TMP, and catalyst 

amount, on the FAME conversion and the distribution 

of TMP esters produced were studied.  

 

2. Materials and Methods 
 

2.1 Materials  

 

Mixed methyl esters of C8-C10 fatty acids were 

obtained from the Thai Oleochemicals (TOL) Co., Ltd. 

The composition of C8-C10 FAME analyzed by gas 

chromatography (GC) is showed in Table 1. Trime- 

thylolpropane (TMP) (assay > 98%) purum grade was 
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purchased from Fluka. Calcium hydroxide (AR grade, 

98 %) was purchased from Fisher Scientific. Calcium 

oxide (AR grade, 98 %) was purchased from Qrec. For 

GC analysis, 1,4-dioxane (GC grade, 99.8%) as a 

solvent was purchased from Fisher Scientific. N-

methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA) 

as a derivatizing agent was purchased from Sigma 

Aldrich. Methyl undecanoate (GC grade, 99.5%) as 

internal standard was purchased from Fluka. All 

reagents were used without prior purification. 

 

Table 1: Composition of C8-C10 FAME analyzed by 

GC 

Component        Wt.% 

Methyl hexanoate 

(C7H14O2) 
       3.17 

Methyl octanoate 

(C9H18O2) 
      60.63 

Methyl decanoate 

(C11H22O2) 
      36.20 

 

2.2 Synthesis of trimethylolpropane triesters (TMPTE) 

 

A batch transesterification of TMP with C8-C10 

FAME was carried out in a 50-mL three-necked round 

bottom flask equipped with a water-cooled reflux 

condenser, a thermometer, a N2 line and a magnetic 

stirrer. The reaction temperature was controlled by an 

oil bath. Typically, a predetermined amount of TMP 

was added to the flask and then melted by heating to 

110 °C with continuous stirring at 1000 rpm under N2 

flow. The temperature was maintained at 110 °C for 

15 min to remove moisture from the TMP due to its 

hygroscopic nature. Subsequently, a calculated amount 

of FAME according to the respective molar ratio of 

TMP: FAME was introduced into the flask, and the 

resulting mixture was heated to the desired tem- 

perature. A required amount of catalyst was then 

mixed with the reaction mixture for which 8 h of the 

catalytic transesterification was performed. After the 

reaction course, the product mixture was cooled down 

to room temperature by an ice bath. Then, the solid 

catalyst was separated from the product mixture by 

filtration.  

 

2.3 Analysis of transesterification product 

 

The FAME conversion and the distribution of esters  

produced were determined by gas chromatography 

(GC) [6]. Approximately, 0.1±0.05 g of the liquid 

sample was taken into a 3-mL vial and diluted with 1.5 

times of 1,4-dioxane. Then, 0.1±0.05 mL of the diluted 

sample was taken in a 2-mL vial. For this solution, 0.1 

mL of MSTFA was added in order to convert 

hydroxyl-containing molecules into more volatile 

species. The vial was well shaked and the deriva- 

tization was allowed for 30 min. Methyl undecanoate 

as the internal standard was added to the vial to which 

1,4-dioxane was used to adjust the sample volume to 2 

mL. The GC analysis was performed on an Agilent 

Technologies equipped with a capillary column (DB5-

HT) and a flame ionization detector (FID) using He as 

a carrier gas. The oven temperature was heated 

initially at 45 °C for 2 min, and then elevated to 270 

°C at a ramp rate of 10 °C min 
−1

. The temperatures of  

injector and detector were set at 270 and 300 °C, 

respectively.   

 

3. Results and Discussion 

 

3.1 Effects of catalyst type 
 

 
Figure 1. FmAME conversion and product distribution 

of TMP esters amount obtained from the transesterifi- 

cation of TMP with FAME. Reaction conditions: 

catalyst amount, 1 wt.%; molar ratio of FAME:TMP, 

3.5:1; temp., 170
 o
C; time, 8 h. 

 

 
Figure 2. Comparison of the ester products obtained 

from (a) homogeneous and (b) heterogeneous catalyst. 

 

Figure 1 compares the results attained from the 

transesterification of TMP with FAME over hetero- 

geneous base catalysts. When compared with product 

attained from the homogeneously catalyzed reaction 

(Figure 2a), both CaO and Ca(OH)2 did not produce 

fatty acid as soap (Figure 2b) and they were separated 

easily from the product mixture. Transesterification 

occurred on the surface of heterogeneous catalysts. 

Heterogeneous catalysts have less solubility in water 

so they did not give cation (i.e., Ca
2+

) to catch with 

anion of carboxylate groups, resulting in rather less 

conversion into soap due to saponification. They gave 

the FAME conversion about 70%. The highest 

distribution of triesters (59%) was attained over 

Ca(OH)2 at which the amounts of diesters and 

monoesters were small. From this result, Ca(OH)2 gave 

a good result so we selected to study other effects. 

 

3.2 Effects of temperature 
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Figure 3. FAME conversion and product distribution 

of  TMP esters amount obtained from the transesterifi- 

cation of TMP with FAME. Reaction conditions: 

catalyst amount, 1 wt.% of Ca(OH)2; molar ratio of 

FAME:TMP, 3.5:1; time, 8 h. 

 

To determine the effect of temperature as demon- 

strated in Figure 3, experiments were performed at 

fixed conditions of molar ratio of FAME:TMP of 

3.5:1, reaction time of 8 h and 1 wt.% of Ca(OH)2. The 

reactions were conducted at 130, 150 and 170 °C. It is 

evident that the FAME conversion was increased with 

increasing the temperature. The highest of FAME 

conversion was at 75 % since an increase in the 

temperature can stimulate reaction by increasing 

kinetic energy of the reactants. The distribution of 

triesters were low at 130 ๐C and kept on increasing 

with an increase in temperature. The highest 

distribution of triesters was at 170 °C giving 59 %. 

The distributions of monoesters were gradually 

decreased with an increase in the temperature which 

the equilibrium was shifted toward the esters product. 

The results showed that an increase in the temperature 

can stimulate reaction which monoesters reacted easily 

with FAME. In the case of diesters, they were 

intermediate agents [7] which can change to mono- 

esters or triesters. However, diesters did not easy to 

react with FAME due to steric effect while monoester 

were changed easily to diesters. So they still appeared 

in the final product mixture. From this result, the 

suitable temperature was at 170 °C. 

 

3.3 Effects of molar ratio 

 

Figure 4. FAME conversion and product distribution 

of  TMP esters amount obtained from the transesterifi- 

cation of TMP with FAME over Ca(OH)2. Reaction 

conditions: catalyst amount, 1 wt; temp., 170
 o

C; time, 

8 h. 

 

Since the transesterification is a reversible reaction, 

it can be driven to achieve the hightest amount of 

triesters by an excess amount of FAME. The molar 

ratio of FAME:TMP was varied at 3.5:1, 6:1 and 9:1. 

Under fixed conditions at temperature of 170๐C, reac- 

tion time of 8 h and 1 wt.% of Ca(OH)2. As demon- 

strated in Figure 4, the result showed that when molar 

ratio of FAME:TMP was increased, the FAME con-

version increased. Generally, a better product yield is 

obtained by keeping the molar ratio of reactants higher 

than the stoichiometric values since the reaction was 

driven more toward completion. However, the FAME 

conversion was decreased at 9:1 due to too much 

excess of FAME. From this result, the highest FAME 

conversion achieved at 76 % from molar ratio of 

FAME:TMP of 6:1. The highest distribution of tries- 

ters achieved at 97 % from molar ratio of FAME:TMP 

of 9:1 which did not appear monoesters. In addition, 

the FAME remaining in the final product affects 

physical properties of lube so it should be eliminated 

from the product mixture [2]. For the suitable molar 

ratio, 9:1 can be considered to produce the highest 

triestes.  

 

3.4 Effects of catalysts loading 

 

Figure 5. FAME conversion and product distribution 

of  TMP esters amount obtained from the transesterifi- 

cation of TMP with FAME. Reaction conditions: 

molar ratio of FAME:TMP, 3.5:1; temp., 170
 o

C; time, 

8 h. 

 

In this study, the amount of Ca(OH)2 was varied in 

the range of 1-2 wt.%. Other parameters were the 

molar ratio of FAME:TMP of 3.5:1, temperature of 

170 ๐C, reaction time of 8 h and 1 wt.% of Ca(OH)2. 

The result showed that an increase in the amount of 

Ca(OH)2 affected a slight increase in the FAME 

conversion while the distribution of triesters was not 

sinificantly affected (Figure 5). An increase in amount 

of catalyst increased active sites for transesterification 

of FAME but mechanism of  reaction was remained. 

The effects of catalyst amount were less noticeable 

than thoes of other parameters. So,the amount of 

suitable catalyst was at 1 wt.%.  

 

4. Conclusions 
 

This study demonstrated that heterogeneous 

catalysts produced no soap in transesterification of 
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TMP with FAME and were separated easily from the 

product mixture. Ca(OH)2 served as an effective 

catalyst for transesterification of TMP with FAME to 

attain the highest conversion of FAME (>70 %).  The 

highest distribution of TMP triesters was at 97 % 

which did not present monoesters. Moreover, the 

transesterification of TMP with FAME was adjusted to 

give the highest conversion of FAME and the highest 

TMP triesters by increasing temperature and molar 

ration of FAME:TMP. An increase in the temperature 

and the molar ratio of FAME:TMP can stimulate 

equilibrium to produce triesters. However, catalysts 

loading did not show any significant affect. 
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