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INTRODUCTION

Alkyd resins are very important materials in coating 
industries. They have been used in varnishes, 

composite coatings, lacquers and adhesives 
industries (Dolui, 2015; Meneghetti and Meneghetti, 
2015). Triglyceride (TG) based vegetable oil can 
be used to synthesis alkyd resins. To synthesis 
alkyd resin in the laboratory, alcholysis is the first 
step, which followed by esterification (Mutar and 
Hassan, 2017). For the alcoholysis process, the 
most common polyol used is glycerol, whereas, for 
esterification phthalic anhydride is widely used 
(Ong et al., 2018). Different types of catalysts like 
lead(II) oxide (PbO), potassium hydroxide (KOH), 
zinc oxide (ZnO), lithium oxide (LiO), calcium oxide 
(CaO) and sodium hydroxide (NaOH) can be used 
for the reactions. The reported reaction temperature 
is around 240°C. The conversion in the first step, 
after the alcoholysis, the reaction products usually 
contain 40%-60% monoglyceride (MG) (Rarokar  
et al., 2017). This MG is required to homogenise the 
reaction medium which is a favourable condition 
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for the second step, polyesterification. MG and 
diglyceride (DG) reaction with polyacid can form 
the linear polymer. The chain length of the alkyd 
resin is related to MG:DG ratio, where DG acts as a 
chain stopper. 

Several numbers of researches have investigated 
the polyalkyds preparation from vegetable oils using 
the two-step process, alcoholysis and esterification 
(Beg et al., 2019). Optimisation of the reaction 
parameters and characterisation of the synthesised 
polyalkyds were the focus of these works. Some of the 
works highlighted about the drying and non-drying 
properties of the vegetable oils. In addition, further 
modification of the polyalkyds was also suggested. 
Based on the previous results, it was hypothesised 
that the esterification can be influenced by the factor 
of MG and DG ratio. Bearing this in mind, the current 
research work has been developed. Moreover, to the 
best of our knowledge, other researchers preferred 
the methanol solubility method during alcoholysis 
reaction, but this method does not quantify the MG 
concentration. Recently, our laboratory prepared MG 
from palm oil via copper(II) oxide - sodium hydroxide 
(CuO-NaOH) catalyst system and using high 
performance liquid chromatography (HPLC) method 
to quantify the MG concentration (Ong et al., 2016a). 
The effect of MG:DG ratio on alkyd preparation 
has been undermined throughout the literature. In 
this context, the goal of this work is to investigate 
the effect of MG:DG ratio on polyesterification 
reaction. Moreover, the pencil hardness and chemical 
resistivity of the alkyd films were elucidated.

METHODOLOGY

Materials

The chemicals and reagents used in this 
study were ethanol (99.9%), copper (II) chloride 
salt (CuCl2.2H2O), standard 1-oleoyl-rac-glycerol 
(≥99%), NaOH, hydrazine monohydrate (64%), 
glycerol, cobalt octoate, KOH, 1,2-dioleoyl-sn-
glycerol (≥97%), methyl ethyl ketone peroxide 
(MEKP), styrene, and glyceryl trioleate (≥99%) 
which were purchased from Sigma-Aldrich, 
Malaysia. Acetone and acetonitrile were procured 
from Merck (Malaysia) Sdn. Bhd. Refined palm 
oil was kindly supplied by Malaysian Palm Oil 
Board (MPOB), Malaysia. All chemicals were 
used in this research as they were received. 
Figure 1 depicts the flow diagram of methodology 
for this study.

Preparation of CuO Nanoparticles

The CuO nanoparticles were synthesised at 
ambient temperature by sol–gel method (Ong et 
al., 2015a; 2015b). First of all, a fixed amount of 
CuCl2.2H2O was dissolved in 44 ml of glycerol. 
After that, 6 ml of hydrazine solution was added 
into the mixture dropwise. The concentration of 
copper was maintained from 100-300 mg litre–1. 
Hydrazine solution (7.062 mM) was prepared 
earlier by diluting 64% of hydrazine monohydrate 
in ethanol. 

Figure 1. Flow diagram of methodology.
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Preparation of Monoglyceride 

Alcoholysis process was adopted to prepare 
the MG from palm oil and glycerine. In the process, 
nearly 100 g of palm oil was poured in a beaker 
with CuO nano particles (22.2 g). The mixture was 
stirred continuously and heated at 240°C. After 
that, additionally, a little amount of NaOH (0.3 
g) was added. The reaction was conducted in a 
continuous flow of nitrogen gas into the reaction 
chamber. 

Preparation of Alkyd Resin

After the completion of alcoholysis reaction, 
the temperature of the reactor was reduced to 
140°C. After that, 38.7 g of phthalic anhydride was 
added into the reactor. Then, the temperature of 
the reactor was increased to 240°C. The acid value 
(AV) of the products was determined by ASTM 
D1639-90, at different times during the propagation 
of the reaction. When the AV reached to nearly 
10 mg KOH g–1, then the reactor was cooled 
down. To investigate the effect of MG:DG ratio on 
polyesterification reaction, the alcoholysis reaction 
was stopped at different times (30, 40 and 60 min) 
and the polyesterification reaction was conducted 
as mentioned above. The synthesis pathway of 
alkyd resin is presented in Figure 2.

High Performance Liquid Chromatography (HPLC)

The HPLC (Agilent 1200 Series) was used to 
quantify the reaction products. The machine was 
equipped with refractive index detector (RID) 

and diode-array detectors (DAD). A Zorbax C18 
column with the specification of 4.6 m x 250 mm 
(5 μm) was used for the analysis. The flow rate was 
maintained at 1.0 ml min–1. The detector and the 
column temperature were fixed to 40°C and 35°C, 
respectively. A mixture of acetone and acetonitrile 
(65:35, v/v) was used as a carrier of the sample 
through the column. Another composition of acetone 
and acetonitrile (1:1, v/v) was used to dissolve the 
sample. The volume of the injection was 10 μl. The 
standards of MG, DG and TG were used to quantify 
the reaction products. Different concentrations at 
300, 800, 1000, 2000, 5000, 8000 and 10 000 ppm were 
used to prepare the calibration curves. At least three 
different runs were carried out for each analysis. 
A slow agitation and slightly warmed samples 
were used for the analysis to avoid the separation 
of the phases. The experimental deviations were 
considered less than 5% for the content of MG, DG 
and TG. 

Degree of Polymerisation Determination

During the esterification reaction, the reaction 
products were collected for the AV testing. The 
titrimetric value was used for the determination 
of AV. The AV was used to calculate the extent 
of the reaction, P. The average degree of 
polymerisation (DP) was calculated using the 
value of P. The following equations were used for 
the calculation:

 
P = (C0 - Ct)/C0 - - (1)

DP = (1 - P)-1 - - (2)

Figure 2. Synthesis pathway of palm oil-based alkyd resin (alcoholysis-polyesterification process).

Source: Ong et al. (2015d).
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where, C0 = acid value at the beginning and Ct = 
acid value at the time t, t = reaction time.

Molecular Weight (Mw) Determination

A waters gel permeation chromatography 
(GPC) was used to determine the molecular 
weight (Mw) of the formulated alkyd resins. The 
testing was performed at room temperature using 
tetrahydrofuran as an eluent. Linear polystyrene 
was used for the calibration. Waters empower 
software was used for the data analysis. 

FTIR Spectroscopy

The functional groups of palm oil and the 
resin (A-60) were observed by a Fourier transform 
infrared (FTIR) spectroscopy, model- Spectrum 100, 
Perkin Elmer. The scanning range was 600 to 4000 
cm–1 with a resolution of 4 cm–1.

Curing Process

MEKP was used for the curing process of the 
prepared alkyd resins. Exactly, 10 g of alkyd resin 
was poured in a beaker. After that, 4 phr of MEKP, 
30 phr of styrene and 2 phr of cobalt oxalate was 
mixed with the resin and stirred for 10 min at 60°C. 
After that, the resin mixture was poured to a petri 
dish for the curing process. The samples were 
observed and fingertip was used to check whether 
the films had solidified or not. The spot less samples 
were accounted as the cured film eventually.

 Pencil Hardness Testing

The hardness of the formulated alkyd films was 
determined by a set of pencils (6B to 6H) and pencil 
hardness tester, model- B-3084. To test the samples, 
different pencils were placed inside the tester at 45° 
angle and dragged onto the surface of the films. If 
the pencils were able to make a scratch onto the 
surface of the films, they are considered as ‘fail’. The 
negative result of this are considered as ‘pass’. The 
methods are stated in ASTM D3363.

Chemical Resistivity Test of Alkyd Film

For chemical resistivity testing, four different 
types of solution were prepared. The different types 
chemical solution were distilled water, aqueous 
Hydrogen chloride (HCL) (5%), brine solution 
(5%) and NaOH (5%). The prepared alkyd films 
which weighted nearly 0.5 g, were immersed into 
the solutions at ambient temperature for one day 
only. After that, the weights of the samples were 
measured. A qualitative performance according to 
their appearance after the immersion period was 
noted as the observations from the testing.

RESULTS AND DISCUSSION

Preparation of Alkyd Resin

The MG, DG and TG concentration at different 
time intervals were determined by HPLC and the 
data are presented in Figure 3. It can be seen that, 
TG concentration dropped sharply as the reaction 
progressed and reached after 30 min of reaction. 
The MG and DG concentrations had increased and 
reached plateau after 40  and 30 min, respectively. 
In order to investigate the effect of MG:DG ratio 
on polyesterification reaction, alcoholysis reaction 
was stopped at 30, 40 and 60 min and proceeded 
to polyesterification reaction. The samples at 30, 40 
and 60 min were labeled as A-30, A-40 and A-60, 
respectively. 

The AV of the reaction products was checked 
frequently to trace the progress of polyesterification. 
The unreacted carboxylic acid functional groups 
were estimated for this purpose. Figure 4 presents 
the AV of the reaction products at different time 
intervals to show the effects of MG:DG ration on 
polyesterification. The primary and secondary 
hydroxyl group show different reactivity (Ong et al., 
2016b). Therefore, the AV of the reaction products 
changed as the reaction progressed. It was found 
that the AVs decreased as the reaction proceeded. 
The rate of decrease of AV was faster in the early 
period of the polyesterification compare to the later 
period. This is because of the superior reactivity 
of the primary hydroxyl group. The similar trends 
were also reported elsewhere. The viscosity of the 
reaction products increased due to the possible 
formation of a 3D crosslinked network structure at 
the advanced stages of the polyesterification. 

The effects of the ratio of MG:DG are seen in the 
early period of the reaction in Figure 4. The three-
point method was adopted to evaluate the initial 
rate of the reactions. The results are presented in  
Table 3. The MG:DG ratio for A-30, A-40 and A-60  
was 1.91, 2.66 and 2.65, respectively. The initial 
reaction rates of A-30, A-40 and A-60 was 6.8169, 
12.7860 and 14.3379 mg KOH g–1 s–1, respectively. It 
can be seen that, the initial reaction rates for high 
MG:DG ratio (A-40 and A-60) were significantly 
higher than the lower MG:DG ratio (A-30). In 
addition, the initial reaction rate of A-40 was 
double than A-30. Comparing all ratios, A-40 and 
A-60 achieved the equilibrium after 1 hr. The DP 
of the reactions was determined using Equations 1 
and 2. 

The influences of MG:DG ratio on the DP are 
also illustrated in Figure 4. As expected, the DP 
had increased with the reaction propagation. Two 
separate stages were identified in the DP analysis. 
The first straight nature of the curve indicates 
the formation of bonds between PA and primary 
hydroxyl groups. The rate of the reaction was 
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substantially influenced by the MG:DG ratio. It can 
be inferred that high MG:DG ratio is responsible 
for high rate of reaction. On the other hand, the 
second stage indicates the reaction between the PA 
and secondary group of MG. In this stage, a high 
DP value was observed up to 2 hr of reaction time 
for the case of A-60. Therefore, A-60 was chosen as 
the optimal ratio.

Molecular Weight (Mw) Characterisation

Table 1 presents the weight molecular weight 
(Mw) of the alkyd resin at various reaction times. 
It can be seen that as the reaction preceded the 
increased Mw of the synthesised alkyd resin (A-30 
and A-60). Initially, at the start of the polymerisation 
reaction, the rate of the polymerisation was low. 

Therefore, the Mw of the formulated resin was 
also low and as the rate increased, the Mw of the 
polymer also increased. Previous researchers 
whom studied with vegetable oil-based alkyds 
recorded similar observations. It is noticed that, 
the Mw of A-60 was higher than A-30 at all time 
intervals. This phenomenon might be due to that 
the MG/DG ratio of A-60 (2.65) was higher than 
A-30 (1.91). It is well known that, MG and DG 
in the mixture could readily react with phthalic 
anhydride during polyesterification reaction and 
DG acted as a chain stopper. The chain length of 
the alkyd was significantly influenced by the ratio 
of MG to DG in the mixture, which directly affected 
the  Mw of alkyd. Therefore, the A-60 sample with 
higher MG:DG ratio possessed higher Mw than 
A-30 sample. 

Figure 3. Plot of concentration of monoglyceride (MG), diglyceride (DG) and triglyceride (TG) vs. time over CuO-NaOH catalyst system.

Figure 4. Plot of acid value and degree of polymerisation (DP) against reaction time for different monoglyceride/ diglyceride ratio influenced 
polyesterification process (■A-30, ●A-40, and ▲A-60). Table of initial reaction rates is shown inside the figure.
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TABLE 1. MOLECULAR WEIGHT (Mw) OF ALKYD RESIN, 
A-30 AND A-60 AT VARIOUS INTERVALS TIME

Time (min)
Mw (g mol–1)

A-30 A-60

0 740 740

30 1 202 1 406

60 1 373 1 655

120 1 988 2 108

180 2 374 2 505

FTIR Analysis

Figure 5 shows the FTIR spectra of A-60 and 
palm oil. The absorbance peak at 3650-3350 cm–1 
(Ong et al., 2015c; Khan et al., 2016; Ong et al., 2016c) 
confirmed the presence of hydroxyl group. The 
strong absorbance peak in the range of 3050-2780 
cm–1 detected the C-H stretching. The stretching 
vibration of C-O-C and C=O functional group in 
ester of TG was confirmed by the peak at 1280-1100 
cm–1 and 1750-1700 cm–1, respectively (Assanvo et 
al., 2015). The absorption of C-H bending was at 
1465-1445 cm–1. The peak at 735 cm–1, detected the 
unsaturated condition of the fatty acids. A new 
characteristic peak for the ester functional group 
appeared and confirmed by the peak at 1255-
1225 cm–1. The peak at 750 cm–1, confirmed the 
C-H bending in the aromatic group. The peak can 
confirm the incorporation of phthalate group and 
the polyesterification.

Pencil Hardness Test

The pencil hardness testing was performed for 
the measurement of the hardness of the films. The 
results are presented in Table 2. The analysis showed 

A-60 film has better hardness than A-30 film, as 
A-60 film passed pencil category B. This might be 
due to higher crosslinking in A-60 film compared 
to A-30 film. 

TABLE 2. PENCIL HARDNESS OF A-30 
AND A-60 CURED FILM

Pencil type A-30 film A-60 film

2B Pass Pass

B Fail Pass

HB Fail Fail

Chemical Resistivity

Table 3 presents the performance of chemical 
resistivity of A-30 and A-60. Results showed that 
both films were highly resistant to the chemicals 
(hydrochloric acid and aqueous sodium chloride) 
and distilled water, but the results were different 
for the case of NaOH. The resistivity was different 
for different samples. A-30 film showed poor 
resistivity to alkali solution, while A-60 film showed 
comparatively fair resistivity to the same solution. 
This is because of the hydrolysis process of the ester 
functional groups present in the alkyds (Essien  
et al., 2015). 

TABLE 3. CHEMICAL RESISTIVITY OF A-30 
AND A-60 FILMS

Solution A-30 film A-60 film

Distilled water Excellent Excellent

5% of HCl (aq.) Excellent Excellent

5% NaOH (aq.) Poor Fair

5% NaCl (aq.) Excellent Excellent

Figure 5. Infrared spectra of (a) palm oil, and (b) A-60 alkyd.
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CONCLUSION

The scope of this work is to find the effects of the 
variation of MG/DG ratio on the properties of 
palm oil-based polyalkyds. The synthesis process 
includes alcoholysis followed by polyesterfication. 
Different properties of polyalkyds like Mw, DP, 
structural, hardness and chemical resistivity 
were evaluated. The FTIR analysis confirmed the 
presence of ester functional groups in the prepared 
alkyd resins. It was found that, the reaction time 
had shortened due to the higher initial rate at 
higher MG:DG ratio. The initial rate for A-60 
(MG:DG=2.65) was two times higher than the A-30 
(MG:DG=1.91). In addition, higher MG/DG ratio 
in the polyesterification reactions produced the 
alkyd resin with higher Mw. Moreover, A-60 film 
possessed better pencil hardness and chemical 
resistivity than A-30 film. It can be concluded 
that a higher ratio of MG:DG resulted in a higher 
Mw polyalkyds, which can be suitable for coating 
application.
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