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Abstract: The present work shows the syntheses, characterizations and 
investigations of the thermal-oxidative properties by TG-DTG of two phosphorus 
compounds derived from Cashew Nut Shell Liquid (CNSL). The phosphorus 
compounds obtained show significant thermal stability resistance: Ti (compound 1, main 

degradation step) = 202 °C and Ti (compound 2) = 231 °C. The degradation of lubricant 
commences at 91 °C, and after synthesized compounds incorporation, the 
degradation commences at 152 and 156 °C, respectively.  
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Introduction:  
 Cashew Nut Shell Liquid (CNSL) is a raw material very utilized in green 
chemistry works [1,2]. This oil extracted from the shells contains alkyl-substituted 
phenolic compounds, molecules show antioxidants properties due their structures [3]. 
The CNSL can be obtained by extraction in hot oil process - technical CNSL; liquid 
extraction (solvents); mechanical expulsion from the shells or by vacuum distillation. 
The variability of composition depends of extraction method but in general, the 
composition of natural CNSL is a mixture of anacardic acid, cardanol, cardol and 
2-methyl-cardol in smaller quantities [1,2]. 
 The technical CNSL has been considered as one of the most promising nature 
source of phenols, which used as an excellent raw material for organic and inorganic 
synthesis. So, considering the great importance of this biomass and the potentiality 
for development of new eco-friendly compounds, this work presents the syntheses, 
characterizations and investigations of the thermal-oxidative properties of two 
phosphorus compounds derived from unsaturated and saturated cardanol [4]. 
 For investigations of the thermal-oxidative properties, the authors used thermal 
analysis (TG-DTG) in different atmospheres. 
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Experimental procedure:  
 The phosphorus compounds were synthesized by nucleophilic substitution (Sn2). 
The stoichiometry ratio of the reaction system was of 1.0 mol of unsaturated or 
saturated cardanol/1.0 mol of sodium hydroxide/1.0 mol of diethyl or diphenyl 
chlorophosphate, respectively. The reagents were dissolved in chloroform (20 mL), 
and the mixture was heated under reflux system with constant agitation at 60 °C (± 1 
°C) during 2h, until the reaction was completed (monitored by thin-layer 
chromatography) [2]. After the reactions time, two viscous yellow oils were obtained. 
The lubricant (CAS 64742-53-6) was supplied by Petrobras (Brazilian Oil Company, 
Brazil) with no further distilled procedure. GC-MS analysis was carried out using a 
Hewlett-Packard 5890 and a Hewlett-Packard 5971A mass selective detector, on a 
dimethylpolysiloxane (DB-5) column. Sample of 1 μL was injected into the column. 
Thermogravimetric (TG-DTG) measurements were performed at scanning rate of 10 
ºC/min, samples of approximately 10 mg were heated from 25 to 900 ºC. The 
samples were carried out at nitrogen and synthetic air atmosphere (50 mL/min). 
 
 
Results and discussion:  
 GC-MS profiles show the appearance of characteristic peaks confirming the 
formation of the phosphorus compounds – 534 g/mol (1) and 536 g/mol (2), 
respectively. The synthesized compounds exhibit the good thermal stability, Figures 1 
and 2. These behaviors can be explained for the presence of a high aromatic content 
and the highly stable P-O-C bond. Table 1 shows the TG-DTG data of the compounds.  
 
 
 
 
 
 
 
 
 
 
 
Figure 1: TG-DTG curves of phosphorus compound 1 (Nitrogen atmosphere). 
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Figure 2: TG-DTG curves of phosphorus compound 2 (Air, nitrogen atmospheres). 
 
 
Table 1. TG-DTG data of compounds 1 and 2 in air atmosphere. 

Sample Degradation step 
(n°) 

Degradation temperature 
(°C) 

Mass loss  
(%) 

Residue 
(%) 

  Ti Tf   
I Compound 1 
II 

28 
202 

199 
735 

7 
90,5 2,5 

I 231 422 83,5 Compound 2 
II 427 764 13 

3,5 

Ti, initial degradation temperature; 
Tf, final degradation temperature; 
 

 The thermogram and derivative thermogram of lubricant oil show that, the 
degradation commences at 91 °C and ending 309 °C probably due to elimination of 
low molecular weight products, followed by hydrocarbons degradation. After 
synthesized compounds incorporation, the degradation of lubricant commences at 
152 and 156 °C, respectively. These results prove the antioxidant activity of the 
synthesized compounds.  
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