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Abstract: Petrochemical substitution with oleochemical feedstocks in various domestic and industrial 

uses has caused a high demand for bio-based products. Coconut oil is a significant source of industrial, 

and pharmaceutical raw materials, etc. The evolution of sustainable development has necessitated the 

exploration and exploitation of raw materials from various renewable sources for industries. Seed oil is 

useful in replacing petroleum feedstock in producing paints, inks, cosmetics, and pharmaceuticals. 

When synthesized from seed oil, metal carboxylate is employed as a cleaning agent, but the thermal 

stability must be understood. This paper investigates the thermal stability of barium carboxylate of 

coconut seed oil to ascertain its quality. Metal carboxylate of the coconut oil (Ba-CSO) was made by 

precipitation through ethanol metathesis. The use of FTIR spectrophotometer confirmed the formation 

of carboxylate. The kinetics study of carboxylate decomposition indicated that the process is 

endothermic and a first-order kinetics reaction. The activation energy for the decomposition process of 

Ba-CSO was 47.42kJ/mol, which aligned with figures earlier reported for some metal carboxylates, 

thus indicating possible applications in the industry. It is, therefore, likely to generate polyvinyl chloride 

(PVC) thermal stabilizers from this oil. 
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1. Introduction 

Seed oil is a type of vegetable oil obtained from the seeds or endosperm of some plants 

instead of the pericarp (or fruit). Most vegetable oils are seed oils; examples include but are 

not limited to sunflower oil, canola oil, and sesame oil. Some important vegetable oils that are 

not seed oils include olive and peanut oil. Seed oil is the mainstay of research as they have been 

the source of several industrial materials and valuable products such as metal carboxylates, also 

known as metal soaps. Regarding performance and cost, some of these materials obtained from 

seed oils possess competitive values relative to petroleum-based products [1]. 

They are employed in producing inks, paints, pharmaceuticals, and chemical 

intermediates, including metal carboxylates and cosmetics. Seed oil comprises triglycerides 

with appropriate functional groups, for example, alcohol, ester, double and triple bonds, either 
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non-conjugated or conjugated, and any suitable functional group capable of undergoing various 

chemical alterations [2]. This property ensured their capability to supplant petroleum 

feedstocks in numerous uses. Varieties of commonly grown herbs, flora, and plants in Nigeria 

have been shown to be one of the most widespread floras in Africa; their seeds contain large 

quantities of oils that are acceptable in preference to petroleum resources for several use [3]. 

For thousands of years, soaps with potassium or sodium salts of fatty were produced by heating 

animal oil or fat with wood ashes, which have sodium and potassium carbonate, making it an 

alkaline solution.  

The current profitable process of producing soap includes boiling oils or fats in an 

aqueous potassium or sodium hydroxide and adding sodium or potassium chloride for 

precipitation. The product, which is soap, is then desiccated and pressed into different shapes. 

Perfumes are sometimes included for scents, dyes for color, sand for scouring, and air to make 

it float. They have a polar carboxylate ion and a non-polar hydrocarbon responsible for their 

micelle formation, a spherical cluster that cannot be dissolved in an aqueous solution. The non-

polar ends are attached to dirt and oils that dissolve it and are removed. Furthermore, soaps can 

lower water surface tension, making them slippery and allowing the soap to infiltrate fabric 

fibers, hence its cleaning ability [4]. Interest in the chemistry of metal carboxylates has 

continued to grow.  

Many workers have continued investigating their fundamental properties, such as 

crystal structures, thermal properties, and carboxylate bonding modes. Most studies were done 

using metallic soaps produced from pure fatty acids with minute attention to triglycerides used 

as the starting materials for soap preparation [5,6]. Also, some studies observed that some 

metallic soap obtained from some vegetable oils are fairly stable thermally and could be an 

appropriate polyvinyl chloride (PVC) stabilizer [7]. Thermal decomposition of lipids and long-

chain fatty acids is known to involve radical production to activate the processes. The 

preliminary step may be hydroperoxide decomposition through catalytic reactions or heat [8].  

Adequate radicals can initiate chain reactions by removing hydrogen from complex 

molecules. Thermal decomposition of the acetates of sodium, calcium, copper (II), and silver 

(I) using thermogravimetry (TG) and differential thermal analysis (DTA), together with 

analysis of the gaseous products formed during the decomposition process was investigated, 

thus suggesting that the major organic product formed is either acetone or acetic acid depending 

on whether the final solid product is the metal oxide or pure metal [9]. Researchers evaluated 

the thermal stability of metal carboxylates of Ximenia americana (XSO) and Balanites 

aegyptiaca seed oil (BSO) and discovered that BSO metal soaps are more thermally stable than 

the equivalent XSO soaps [10].  

The thermal stability of some metal soaps from Hura crepitan Seed Oil (HSO) was also 

studied; the study shows that metal soaps of the seed oil are fairly stable, with Ba-HSO being 

the most stable, followed by Ca-HSO and Cu-HSO while Zn-HSO is the least stable [10]. Many 

other researchers have carried out similar studies using other seed oils, but works on Cocos 

nucifera seed oil are metal soap and are very scanty. In this study, the authors particularly focus 

on investigating the thermal stability of a metal soap of coconut oil to ascertain its quality. 
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2. Materials and Methods 

2.1. Collection of samples. 

Coconut fruits were obtained from the Okitipupa market, Ondo State, Nigeria. The 

fruits were dried for five days, deshelled, pulverized, and n-hexane extraction was done with 

the soxhlet extraction method according to the method described by AOCS [11]. 

2.2. Extraction of coconut seed oil. 

Oil extraction was done using a soxhlet extractor and n-hexane as the solvent while 

heating was between (70-80°C). The cru(1 + 𝑥)𝑛 = 1 +
𝑛𝑥

1!
+

𝑛(𝑛−1)𝑥2

2!
+ ⋯shed sample was 

loaded in thimble and placed in the extractor, and about 400mL of n-hexane was poured into 

the round bottom flask, and anti-bumping granules were added. The setup was clamped with 

the condenser and heated with a Stuart 500mL heating mantle [12, 13]. Each extraction batch 

was performed for approximately 3 hours to ensure total oil removal. After extraction, 

distillation was carried out to recover the solvent and to concentrate the oil with the help of a 

condenser. The weight of the oil left was determined after allowing it to cool off [11]. 

 

% oil content =  
𝐿𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒
   𝑥    100        (1) 

2.3. Metal carboxylate preparation. 

The seed oil of C. nucifera metal soaps was prepared via metathesis in an aqueous 

alcohol solution. Approximately 50mL of hot ethanol was used to dissolve 9.2g of the oil and 

then treated with 20% (w/v) NaOH solution (20mL). Dilute HNO3 (a few drops) was added to 

remove excess NaOH, and a 30 percent (w/v) solution of suitable metal salt (100mL) was added 

gently with constant mixing. The precipitated metal carboxylate was removed with warm 

water, air-dried, and afterward oven-dried at 60°C to constant weight [3]. The salt used to 

produce Barium Carboxylate of Cocos nucifera Seed Oil (Ba-CSO) soap was analytical grade 

of BaCl.2H2O [12, 13]. 

After the preparation of metal carboxylate of the oil (Ba-CSO), it was characterized 

using FTIR spectrophotometer to confirm the synthesized product. Subsequently, a kinetics 

study of the decomposition of the carboxylate was also explored. 

2.4. Thermal stability study. 

The thermal stability study was performed in the temperature range 160°C, 180°C, and 

200°C as a function of time as described by [14]. Metal soap (Ba-CSO) of 3g was weighed 

accurately into a container and heated in an oven at the temperature of 160°C, 180°C, and 

200°C, respectively, for a certain period of time (30, 60, 90, and 120 min). After heating, the 

samples were removed from the oven; weight loss was recorded and evaluated with the 

expression- 

Weight loss (%)=
𝑊0− 𝑊1

𝑊0
 

Where- 

wo = initial weight of the metal soap  

w1 = residual weight of the metal soap after heating. 
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2.5. Statistical analysis. 

For statistical analysis, statistical significance was evaluated using one-way analysis of 

variance (ANOVA), followed by Dunnett’s Data points corresponding to the mean of 

independent experiments and error bars (S.E.M); the level of significance was set at p < 0.05  

3. Results and Discussion 

The thermal decomposition rate of metal carboxylates is usually attributed to first-order 

kinetics [5,7]. The kinetics is expressed mathematically thus: 
𝑑𝑤

𝑑𝑡
  = K(W0 -W1)                            (1) 

Where, wo = Initial weight of metal soaps, 

 w1 = residual weight of metal soaps after heating,  

k = rate constant. 

 By re-arranging and integrating equation (1), it gives (2) 

 

Log (W0 -W1) = Log W0 - 
𝑘𝑡

2.303
   (2)  

 

The bands of FTIR for C. nucifera seed oil and its metal carboxylate are shown in 

Figure 1. The metal carboxylate was characterized by two bands, 1468, 1384, and 1635, 1511 

cm-1 as shown in Table 1.  

The former and latter are ascribed to the carboxylate group's symmetric and asymmetric 

stretching vibration, respectively. The seed oils spectrum is characterized by a solid band 

(1735cm–1) that can be ascribed to the v(C=O) of a free acid or ester existing in the oil. Band 

range of 1300-1100cm–1 is ascribed to v(C-O) of the triglyceride oil. The CH2 symmetric and 

asymmetric stretching vibrations happen with strong intensity at 2850 and 2918cm–1, 

respectively. The weak band (3443cm–1) is allocated to v(O-H) of the -free acid oil (figure 1). 

All other bands faded in the equivalent metal carboxylate spectra except for the oil spectrum 

at 2918 and 2848cm–1 band. The total disappearance of the carbonyl band close to 1700cm–1 in 

the carboxylate spectra revealed a thorough resonance between the two C=O bonds of the 

carboxylate [12, 15]. 

Salts of carboxylate do not indicate a carbonyl band; however, a strong band owing to 

the symmetric and asymmetric stretching vibrations of the carboxylic acid group are detected 

at 1420-1300 and 1650-1550cm–1. Metal carboxylate spectra revealed two typical symmetric 

and two asymmetric carboxylate vibrations, demonstrating a bridging bidentate binding mode. 

For BaCSO, two symmetric vibrations were detected at 1468 and 1384cm–1, whereas two 

asymmetric vibrations were detected at 1635 and 1511cm–1. This correlates with the reports on 

some carboxylates [3,13, 16], thus establishing metal carboxylate formation. The change in 

symmetric and asymmetric carboxylic acid stretching vibrations (Δv = vasym-vsym) is their co-

ordination mode empirical marker. The change (Δv) of>200 cm–1 shows a mono-dendate 

coordination mode. For Ba-CSO, Δv value was 114cm–1. The carboxylate is characterized by 

the broadband at 3448.29cm–1 and can be ascribed to the hydrogen-bonded hydroxyl (OH) 

groups, probably from water [17, 18]. 
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Figure 1. Fourier-Transform infrared spectrum of metal carboxylate of cocos nucifera seed oil (Ba-Cso). 

Table 1. Frequencies (cm-1) of absorption of cocos nucifera seed oil and its metal carboxylate (Ba-CSO). 

Assignment Ba-CSO 

OH stretch 3448 vs 

CH2, CH asymmetric elasticity 2918 vs 

CH2, C-H asymmetric elasticity 2848 vs 

C=O stretch 1556w, 1512vs - 

COO- asymmetric stretch 1635s, 1511vs 

COO- symmetric stretch 1468s, 1384vs 

C-O elasticity + O-H in plane deform - 

C-O stretch - 

O-H out of plane deform 932 w 

CH2 rocking 719 w 

vs-very strong; s- Strong; w- Weak. 

The thermal stability of the carboxylate was examined gravimetrically via heating at 

160°C, 180°C, and 200°C in a muffle furnace within a steady time (30-120 min) interval, as 

shown in Table 2. The rate constant (k) is assigned to the energy barrier that a reaction needs 

to overcome [19], and there is the occurrence of an inverse relationship between the two 

parameters [20, 21]. The larger the rate constant, the smaller the barrier. The calculated rate 

constants are temperature dependent of 10–3 min–1 order with an increase of 50 and 20% 

detected within the BaCSO temperature range [22, 23]. 

With the rate constant temperature dependence, the value of the activation energy (EA) 

for metal carboxylate decomposition was calculated with the relationship as in Equation. 3: 

Log 
𝐾2

𝐾1
 =   

𝐸𝑎

2.303𝑅
  (

𝑇2 −𝑇1

𝑇2𝑇1
)                                (3) 

 

Table 2. Percentage weight loss and logarithmic weight loss at 160oC, 180°C and 200°C. 

Temperature 
Heating time 

(mins) 

Ba-CSO 

(%wl) 

Ba-CSO (log 

%wl) 

160°C 

30 0.923 0.260 

60 2.727 0.436 

90 3.636 0.561 

120 5.455 0.737 

180°C 

30 0.952 0.021 

60 4.762 0.678 

90 8.824 0.946 

120 10.231 1.646 

200°C 

30 1.905 0.280 

60 6.796 0.832 

90 10.377 1.016 

120 12.621 1.101 

Tc_1

Name

SampleTcBy Administrator Date Friday, November 29 2019

Description

4000 3503500 3000 2500 2000 1500 1000 500

22
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cm-1

%
T

1384.10cm-1
367.04cm-1

3448.29cm-1

355.17cm-1

1511.90cm-1

1635.29cm-12918.54cm-1

1468.80cm-1

2848.54cm-1

719.94cm-1

628.75cm-1

815.87cm-1

1113.95cm-1

1775.06cm-1

2400.29cm-1

383.21cm-1

432.69cm-1

2085.44cm-1

932.47cm-1

830.66cm-1

378.23cm-1

411.90cm-1

401.24cm-1

372.89cm-1

2464.6

2742.3

2952.6

2155.2
548.371048.3

1084

1199

2429

2115.53762
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Through the plots of the log of percentage weight loss against time, k values for Ba-

CSO decomposition obtained are presented in Table 3. 

 
Table 3. The rate constant for the decomposition of metal carboxylate of Cocos nucifera seed oil (CSO) 

Temperature 

(°C) 

Rate Constant 

(k x 10-3 mins-1) 

Average Rate Constant 

(k x 10-3 mins-1) 

160 5.0 

2.67 180 2.0 

200 1.0 

BaCSO decomposition process activation energy was 47.42kJ/mol, as shown in table 

4. The value was in accordance with figures reported earlier for some metal carboxylates [24, 

25,26]. The decomposition process enthalpy activation, ΔH‡ was calculated using ΔH‡ = EA-

RT, and the results are shown in Table 4. From the ΔH‡ values, the reaction was shown to be 

endothermic [15]. 

 

Table 4. Thermodynamic parameters for metal carboxylate decomposition of CSO. 

Metal soap EA ( k J m o l - 1 ) ∆ H ≠ ( k J m o l - 1 ) 

Barium soap 47.42 43.19 

4. Conclusions 

Taking the suitability of Cocos nucifera seed oil, a polysaturated oil, together, it was 

examined for producing metal carboxylate. The oil metal carboxylate (Ba-CSO) was produced 

by precipitation through ethanol metathesis. The FTIR spectrophotometer was used to establish 

carboxylate formation. Kinetics study of the carboxylate decomposition done within the 160-

200°C160-200°C range indicates that the decomposition followed first-order kinetics and was 

endothermic. The activation energy for metal carboxylate decomposition shows possible 

applications in the industry. Due to the fairly thermal stability, it is likely to form a PVC thermal 

stabilizer from this oil. 
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