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Synthesis of Waste Frying Oil and Trimethylolpropane Based 
Lubricant Basestocks

Research on waste frying oil based lubricant base stocks pro-
duction and trimethylolpropane (TMP) was investigated. Quality 
parameters were tested for the waste frying oil. The hydrolysis 
process was conducted to extract the free fatty acid from waste 
frying oil. TMP ester was produced via reaction between free 
fatty acids of waste frying oil and TMP at 130-140°C, for 5 hours 
with acid-catalyzed condition. Modification of TMP ester by ep-
oxidation reaction followed by ring-opening reaction using a me-
dium branch chain alcohol; 2-ethylhexanol. The TMP ester was 
reacted with hydrogen peroxide and formic acid at 45-55°C for 
2½ hours during epoxidation process. Epoxidized TMP ester was 
reacted with 2-ethylhexanol in mol ratio of 1:2 to produce ether 
ester TMP. Concentrated sulphuric acid was used as a catalyst 
during ring opening and esterification processes. Ether ester 
TMP functional groups and chemical structure were identified 
using FTIR and NMR, respectively. Confirmation with FTIR has 
indicated sharp peak at 1742 cm-¹, proved the existence of ester 
group which confirmed the TMP ester formation during esterifica-
tion and broad peak of 3456 cm-1 during ring opening indicated 
the formation of ether ester TMP. In ¹H NMR analysis, the signal 
of methylene proton in which the carbon attached to ether esters 
TMP existed at 4.0-4.1 ppm and for 13C NMR, the carbonyl ester 
signals existed in the range of 174.1 ppm. Several analyses were 
conducted on the ether ester TMP base stock such as hydroxyl 
value, viscosity value, pour point and flash point. It showed good 
low temperature behaviour with pour point at -40ºC and high 
thermal stability, flash point value exceeding 250ºC and viscosi-
ty value of 75 cP. The ether ester TMP produced is comparable 
with a commercial biolubricant in the market respectively.
Keywords: Waste Frying Oil, Trimethylolpropane, Epoxidation, 
Esterification, Biolubricant.
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1.0 INTRODUCTION 

Biolubricant based on waste frying oil are not 

only preferable as renewable materials but also 

due to they are biodegradable and non-toxic. 

Renewable raw materials are going to play a 

very noteworthy role in the development of 

sustainable green chemistry. There are wide 

ranges of lubricant base oils in current use which 

includes mineral oils, synthetic oils, re-refined 

oils, and vegetable oils. Among these, mineral 

oils are the most commonly used. They consist 

predominantly of hydrocarbons but also contain 

some sulphur and nitrogen compounds with 

traces of a number of metals. The use of 

renewable resources in industrial applications 

has become of interest in the federal, 

commercial, and, most importantly, consumer 

conscience. As petroleum prices continue to 

remain high, use of biobased products also 

makes economic sense as well (Nadia and 

Jumat, 2009).  

Vegetable products as well as modified 

vegetable oil esters can be used as a base stock 

for preparation of environmentally friendly, 

rapidly biodegradable lubricants. Special 

attention will be paid to new syntheses for the 

manufacture of oleochemicals with the 

appropriate characteristics for the lubricants 

sector (Ghazali et al. 2006). If we compared both 

lubricants based on palm oil and mineral oil, 

palm oil based lubricant is much more effective 

in decreasing the hydrocarbon contents and the 

rate of carbon dioxide gas emissions (Aluyor et 

al. 2009). In the field of lubricants, environmental 

and economic reasons force one to utilize 

vegetable oils and animal fats, or used oils and 

fats after their appropriate chemical 

modification. Vegetable oils in comparison with 

mineral oils have different properties due to 

different chemical structures (Ghazali et al. 

2006). This research paper discusses on 

production of biolubricant based on used frying 

oil from palm olein oil fraction. However, 

vegetable oils have lower oxidative and thermal 

stability due to the existence of double bond 

chains and also the presence of β-hydrogen that 

attached to the glycerol backbone structure of 

oil.  

Thus, the free fatty acid that obtained from the 

hydrolysis of used frying oil after some pre-

treatment process is being reacted with 

trimethylolpropane (TMP) to produce free fatty 

ester compound; TMP ester. TMP ester, a polyol 

ester with a superior thermal stability due to the 

absence of hydrogen atom at the β-carbon 

position on the glycerol backbone. Then, TMP 

ester modified via epoxidation process and 

followed by ring-opening reaction. Modification 

through epoxidation process successfully 

overcomes the oxidative stability problems while 

the extended process of ring-opening with 

alcohol improves the characteristics of 

biolubricant by lowering the pour point 

temperature. The structure of final product of 

biolubricant being analyzed by using FTIR, 1H- 

and 13C-NMR analysis. 

2.0 MATERIALS AND METHODS 

2.1 Materials   

Waste frying oil (SAJI) obtained from the 

household waste frying oil at Bandar Seri Putra 

Bangi, Selangor and Taman Hot Spring Jaya 

Tawau, Sabah. Trimethylolpropane (TMP) was 

supplied from Fluka. 2-ethylhexanol was 

supplied by MERCK company. Formic acid 

(88%) and hydrogen peroxide (30% solution) 

were obtained from ChemaR (Poland). Filter 

papers were contributed by Whatman (Clifton, 

NJ). All other chemicals and reagents were 

obtained from Aldrich Chemical (Milwaukee, WI, 

USA). All materials were used without further 

purification. All organic extracts were dried using 

anhydrous magnesium/sodium sulphate.  

2.2 Methods 

2.2.1  Hydrolysis of Waste Frying Oil to 

Produce Free Fatty Acids 

Waste frying oil undergoes a pre-treatment 

analysis at first. Then, followed by four other 

chemical modification steps; hydrolysis of waste 

frying oil to produce free fatty acid, esterification 

process between free fatty acids and 

trimethylolpropane (TMP), epoxidation of TMP 
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ester and ring-opening reaction of epoxidized 

TMP ester. In the hydrolysis process, 50 g of 

sample (used frying oil after pre-treatment) 

being mixed up with 300 mL KOH-ethanol (90% 

v/v) inside the 500 mL round bottom flask. The 

mixture heated for 2 hours, 60°C in water bath. 

After went through several washing steps with 

200 mL of water and 100 mL of HCl 6N, hexane, 

and followed by 3 times of 50 mL distilled water 

washing, the upper layer of compound then 

being dried by using anhydrous sodium sulphate 

(1 hour) and filtrated with Whatman No.1 

filtration paper. The compound obtained 

undergoes rotary evaporation to separate the 

solvent and our free fatty acids compound (Siew 

et al. 1995; Jese, 2000 and Mamot, 2004).  

2.2.2 Esterification between Free Fatty Acids 

and Trimethylolpropane (TMP) 

100 g of free fatty acids reacted with 12.18g TMP 

based on the ratio of 3.9:1 and 400 mL toluene 

being added. Sulphuric acid (~99% 

concentrated) as a catalyst is used in the ratio of 

2% (w/w) (Robiah et al. 2003). Esterification 

reaction proceeds until 5 hours with temperature 

within 130-140°C maintained along the process. 

Once the temperature reach up 110°C, sulphuric 

acid being added slowly and in small amount. 

Let the product cool down and placed inside the 

separating funnel. Concentrated sodium 

hydrogen bicarbonate added into the product 

and shaked to release gas. Then, wash them 

with sodium chloride (NaCl) solution to release 

the excess gas, and followed by distilled water 

and hexane. Separation of 2 layers can be 

observed, the upper layer is the ester product. 

The ester product being tested with litmus paper 

until it shows pH 7. After obtained pH 7, column 

chromatography should be done and in order to 

obtain the final product, it should undergo rotary 

evaporation (60-70°C). 

2.2.3 Epoxidation of TMP Ester 

The epoxidation process of TMP ester was 

carried out according to Mamot (2004) and 

Mungroo et al. (2008). Hydrogen peroxide (30% 

in H2O, 43.35g) was added slowly to a stirred 

solution of TMP ester (100 g) in formic acid 

(99%, 23.46 g) in the ratio of 1:3:2.5. The 

reaction proceeded at temperature between 45-

55°C with vigorous stirring (900 rpm) until the 

formation of a white, semi liquid was noticed in 

the reaction vessel (within 30 - 180 min). After 

reaction termination, the heating was stopped 

and the mixture was neutralized before being 

tested with %OOC value. The mixture was 

washed with the distilled water, NaCl solution 

(5%) and sodium bicarbonate solution (1%) until 

pH 6-7. The epoxidized TMP ester was dried 

over anhydrous sodium sulphate. 

2.2.4 Ring Opening of Epoxidized TMP Ester 

The ring-opening process between epoxidized 

TMP ester, 2-ethylhexanol and sulphuric acid as 

a catalyst are reacted. Ratio 1:2 of epoxidized 

TMP ester and 2-ethylhexanol were used.  

Sulphuric acid (conc. H2SO4, 40 drops) was 

added into a stirred mixture of epoxidized TMP 

ester and 2-ethylhexanol (70-80°C, for 15 min). 

The mixture was heated with stirring at 120-

130°C for 5 hrs. Silicon oil used for the heating 

system. After 5 hrs being heated, cooled down 

the final product into the separating funnel. The 

mixture was washed with NaHCO3 (5%, 1 × 150 

mL), distilled water, NaCl (5%, 1 × 100 mL), and 

finally with 100 mL ethyl acetate solvent. Two 

layers formed and the upper layer separated as 

the final product. Then, the solution dried with 

anhydrous magnesium sulphate (MgSO4), 

filtered, and undergoes rotavap evaporation 

under 80°C to obtain the final product of 

biolubricant. 

2.3 Intrumentation 

Fourier transform infrared (FTIR) spectra were 

recorded on a Perkin Elmer GX FTIR 

Spectrophotometer (USA). The 1H- and 13C-

NMR spectra were recorded on a JEOL JNM-

ECP 600 spectrometer (600MHz 1H/ 100.61MHz 
13C) using DMSO-d6 as a solvent in all 

experiment. All the physical properties analyses 

were performed in duplicate according to the 

standard methods (AOCS official method) for 

flash point and pour point. Viscosity measurment 

were made using calibrated Brookfield 

Viscometer. The spindle size 4 was used with 
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the speed of 100 rpm. Viscosity reading is in 

centipoise (cp) and the unit is in mPaْ s 

(multipascal second). 

3.0 RESULTS AND DISCUSSION 

3.1 Overall mechanism 

As shown in Figure 1 below, final product of 

ether ester TMP was synthesized after 

hydrolysis, esterification and epoxidation 

reactions. 

 

 

Figure 1: Mechanism formation of biolubricant 

 

3.2 Synthesis of Biolubricant 

Synthesis of biolubricant based waste frying oil, 

involves four different steps modification. After 

several pre-treatment, the hydrolysis process 

was done in order to obtain the free fatty acids. 

The waste frying oil used in this analysis had 

been used for more than three times of frying. 

Table 1 below shows the fatty acid compositions 

in the waste frying oil. 

In addition, Table 2 below show the 

physiochemical characteristics of the waste 

frying oil compared it with other studies. 
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The waste frying oil mentioned above is used 

along this study. After the oil being hydrolyzed, 

the free fatty acids obtained were undergoing 

GC analysis, and the results as shown in Table 

3 below. 

 

Table 1: Fatty acids composition in waste frying oil 

Fatty Acid 

Compositions (%) 

Waste Frying Oil Superolein Oil 

(Control) 

Tang et al. (1995) 

C 12:0 Lauric                                              0.15 0.18 0.3 

C 14:0 Myristic                                           0.88 0.79 1.0 

C 16:0 Palmitic                                          36.37 36.93 35.4 

C18:0  Stearic                                              4.17 4.19 3.8 

C 18:1 Oleic                                               46.05 46.85 45.1 

C18: 2 Linoleic                                           11.33 10.67 0.3 

 

Table 2: Physiochemical characteristics of waste frying oil 

Quality Parameter Palm Oil Olein MPOB (2007) Waste Frying Oil 

IV (I2/100 g) 60 – 61 56 57 – 58 

AV (%) 0.06 0.2 1.53 

PV(meq kg-1) 2.7                 0.8 17.9 

Moisture content (%)  

   (a) Oven method  

   (b) Karl Fischer                        

 

0.0493 

0.16 

 

- 

- 

 

0.6957 

0.41-0.48 

 

Table 3: GC analysis of free fatty acids for waste frying oil 

Free fatty acids (%) Source 1  

MPOB (2007) 

Source 2  

MPOB (2007) 

FFA (Waste Frying 

Oil) 

Lauric (C12:0) 0.4 0.3 0.2 

Myristic (C14:0) 1.1 1.0 0.9 

Palmitic (C16:0) 34.2 40.9 36.4 

palmito-oleic (C16:1) 1.2 0.8 - 

Stearic (C18:0) 4.0 4.5 4.1 

Oleic (C18:1) 40.9 42.7 46.1 

Linoleic (C18:2) 10.8 8.1 11.3 

Linolenic (C18:3) 0.3 0.2 0.5 

Aracidic (C20:0) 0.3 0.3 - 

Others 6.8 1.2 0.5 
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3.3 Analysis Fourier Transform Infrared 

(FTIR) 

Esterification of free fatty acids from waste frying 

oil with trimethylolpropane (TMP) produced TMP 

ester product. The FTIR that compared both fatty 

acids and TMP ester spectrum shows in Figure 

2 below. In the fatty acids spectrum, there is a 

chemical shift at 1709 cm-1 shows the existence 

of carbonyl groups, COOH. Therefore, after 

esterification, the TMP ester spectrum shows 

slightly differ chemical shift around 1742 cm-1 

which indicated the existence of ester groups, 

COOR. Futhermore, in the TMP ester spectrum, 

there is chemical shift at 1035 cm-1 shows that 

the C-O bonding exist from the TMP ester 

formation.  

 

 

Figure 2: Spectrum comparison between free fatty acids of waste frying oil and TMP ester 

 

It was then followed by the epoxidation of TMP 

ester products to produce the epoxidized TMP 

ester based on the optimized ratio 1:3:2.5, 2 

hours 30 mins (150 mins) and temperature 

within 45-55ºC. The %OOC value obtained was 

2.65% while the theoritical value of %OOC 

calculated was 2.77%. Thus, this study 

considered successful as it reaches the % of 

OOC conversion around 95.67%. Table 4 below 

shows the content of oxirane oxygen  (OOC) and 

the rate conversion percentage of OOC (% 

RCO) for the epoxidized TMP ester: formic acid: 

hydrogen peroxide.  

 

 

Figure 3(a):  Effect of formic acid (HCOOH) 

towards epoxidation (% OOC) 

 

 

Figure 3(b): Iodine value with effect of formic 

acid (HCOOH) towards epoxidation
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The % OOC value of epoxidation at first is 2.65% 

and after ring opening reaction with 2-

ethylhexanol, it examined that the % OOC 

reduced slightly to 0.04%. The final product 

ether ester TMP were finally produced after ring-

opening process and analysis of physiochemical 

characterization of the ether ester TMP being 

done. Table 4 below shows analysis results for 

every steps modification products. 

 

Table 4: Rate of OOC conversion, OOC and iodin value (IV) 

       No. Ratio Test Time of epoxidation (minutes) 

    30              60                 90       120              150              

180 

 

1 

 

1: 1.0 : 2.5 

OOC 

RCO 

IV 

0.89 

32.13 

25.32 

0.99 

35.74 

24.24 

1.01 

36.46 

20.50 

1.57 

56.68 

20.04 

1.42 

51.26 

19.74 

1.31 

47.29 

17.34 

 

2 

 

1: 2.0 : 2.5 

OOC 

RCO 

IV 

0.89 

32.13 

12.32 

1.19 

42.96 

14.61 

1.91 

68.95 

17.37 

1.57 

56.68 

15.14 

1.42 

51.26 

14.80 

1.33 

48.01 

13.33 

 

3 

 

1: 3.0 : 2.5 

OOC 

RCO 

IV 

2.03 

73.23 

9.77 

2.15 

77.62 

10.44 

2.28 

82.31 

8.67 

2.53 

95.67 

8.77 

2.65 

95.67 

7.21 

2.04 

73.65 

8.98 

Rate conversion percentage OOC (% RCO); Iodine value = IV 

 

Table 5: Analysis of every modification products 

Analysis Superolein       

      oil 

(control) 

Waste 

Frying 

Oil 

FFA 

Waste 

Frying Oil 

    TMP    

    Ester 

Epoxidized 

TMP Ester 

Ether Ester 

TMP 

Viscosity (cP) 32      40       -      42        -               75 

Hydroxyl value 62.62   100.32       -       

127.45 

        -     211.33 

Pour point (°C) - 10     - 17       -          - 20         -             - 40 

Flash point (°C) 210      220      -       240         -            >300 

Acid value (AV) % 0.06     0.50      106.8      -         -              - 

Iodine value (IV) 61      58       42        44        7              5 

Yield by mass (%) -     -        81.0        56.0         78.0          71.59 

3.4 Analysis ¹H NMR and ¹³C NMR 

Analysis of the final product ether ester TMP are 

shown in Table 6(a) and Table 6(b). Figure 7(a) 

and Figure 7(b) shows comparison for 1H and 
13C NMR of real compound spectrum and 

expected spectrum from ChemDraw simulation 

of polyol ester. 
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Table 6(a): Analysis of data interpretation ¹H NMR for ether ester TMP 

 

Positions  

Chemical shift (ppm)   

Explanation 

Sample Moser et al. 

(2007) 

 

CH3-CH2 0.858-0.894 ~ 0.90 Methyl group at the end of ether ester    

TMP chain 

-CH2- 1.225-1.350 ~ 1.30 Methylene proton 

-CH2-CH-OH    1.450-1.570 ~ 1.50 - 

CH2-CH2-COOR       1.570-1.650 ~ 1.60 Methylene proton that bonded to the     

ester group 

CH-OH         2.029 & 2.031 ~ 2.00 - 

CH2-COOR                2.273-2.298 ~ 2.30 - 

-CH(O2CCH2-)   

-OCH2-CH  

~2.400 ~ 2.40 - 

         CH2-        

-OH-CH 

         CH2- 

3.523-3.552 ~ 3.50 - 

-CH2-OC=O- 3.949-4.147 3.50-4.80 Methylene group that connect both the fatty 

acid with the TMP 

 

Table 6(b): Analysis of data interpretation ¹³C NMR for ether ester TMP 

Position Chemical shift (ppm) Explanation 

(Moser et al. 2007) Sample Pavia et al. (2009) 

-CH3 7.25-7.32; 10.95-11.09 8–30 Carbon methyl group at the 

end of TMP 

-CH3 14.00-14.20 ~14.0 Carbon methyl group at the 

end of fatty acid 

-CH2-COO 30.11-34.80 ~35.0 - 

-CH2 15-55 15-55 Carbon methylene signal 

C-O 40-80 40-80 - 

CH2-O ~70-81  72-76 C9-O & C10-O 

C=O, ester 174.05-174.12 173 & 174 - 
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012345
PPM

 

 

 

Figure 7(a): Comparison 1H NMR of real compound spectrum and expected spectrum from 

ChemDraw simulation of polyol ester 

 

 

 

CH2CH3
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O
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OH OR

OH OR

10-(2-Ethyl-hexyloxy)-9-hydroxy-octadecanoic acid 1-[10-(2-ethyl-hexyloxy)-

9-hydroxy-octadecanoyloxymethyl]-1-hexadecanoyloxymethyl-propyl ester 

 

R = Alkyl group from 2-ethylhexanol 

A 

B 

C 
D 

E 

F 

A = CH3-CH2 (0.858 – 0.894 ppm) 

 
B = CH2-CH2-CH2 

          CH2-CH2-OH (alcohol) 

       CH2-CH2-CHOR (ether) 

       CH2-CH-COOR (ester) 

 

C = R-OH 

 

D = CH2-CH2-COOR (ester) 

 

E = CH2-CH-OH (alcohol) 

       CH2-CH2-CHOR (ether) 

 
F = Chloroform, CDCl3 
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Figure 7(b): Comparison 13C NMR of real compound spectrum and expected spectrum from 

ChemDraw simulation of polyol ester 

 

4.0 CONCLUSION 

From this study, it can be concluded that several 

chemical modifications really helpful in 

improving the quality of biolubricant produced. 

The hydrolysis process means to obtain the 

specific fatty acid from the waste frying oil (oleic 

acid). The esterification process with 

trimethylolpropane, the branched alcohol, made 
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C
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OH OR
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10-(2-Ethyl-hexyloxy)-9-hydroxy-octadecanoic acid 1-[10-(2-ethyl-hexyloxy)-

9-hydroxy-octadecanoyloxymethyl]-1-hexadecanoyloxymethyl-propyl ester 

 

R = Alkyl group from 2-ethylhexanol 

 

A = -CH3 

 

B = -CH2 

 

C = C-OR, C-O, -CH (ether,   

       alcohol) 

 

D = -C9-O X 2, -C10-O X 2  
       (CDCl3 pada ~77 ppm)- 

       chloroform 

 

E = -CO2R, -CO2R’ (ester) 

 

 

A B 

C 

D 

E 
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the TMP ester produce in bulky compound which 

is improving the viscosity & pour point of 

lubricant. Continuous modification of 

epoxidation helps to improve the thermal and 

oxidative stability of lubricant, due to the double 

bond problems. The last step modification, ring 

opening with medium branched alcohol, 2-

ethylhexanol helps to reduce the pour point 

temperature of lubricant. The final product ether 

ester TMP produced a superior characteristic 

with ample viscosity value (75 cP), lower pour 

point temperature (- 40°C), high flash point value 

(320°C) and good oxidative stability. For further 

studies of biolubricant, it is suggested to 

optimize every chemical modification process in 

terms of catalyst used, time, and temperature, 

pressure and mole ratio. FTIR and NMR are 

useful tools for the characterization of the 

prepared compounds.  
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