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Abstract. One of the most significant environmental challenges in the modern world is the 
proper management of wastes and by-products. In the present work, we report the results from 
our research on the possibility of obtaining alkyd resins based on two waste products - 
poly(ethylene terephthalate) (PET) beverage bottles (among the highest-volume wastes in 
landfills) and the organic substances of the glycerol phase, obtained as a by-product in the canola 
oil biodiesel production. After treatment with potassium hydroxide and subsequent neutra-
lization, from the organic substances in the glycerol phase, canola oil fatty acids and crude 
glycerol (80.6% purity) have been obtained. Two PET glycolysis were carried out by the crude 
glycerol at two different glycerol/PET ratios. A total of three medium oil alkyds were obtained 
- two based on PET glycosates, canola oil fatty acids and phthalic anhydride, and one reference 
alkyd based on canola oil, glycerol, phthalic anhydride, and ethylene glycol. The syntheses were 
carried out using microwave irradiation. Films from all alkyd resins were prepared, and their 
physical properties, thermal stability, and chemical resistance were investigated. Results showed 
that the drying time, hardness, abrasion resistance, thermal stability, and chemical resistance of 
the PET modified alkyd resins are better than those properties of the reference alkyd resin. 
  

Key words: poly(ethylene terephthalate), glycolysis, canola oil, microwave-assisted depolymerization. 

 
Introduction 
One of the most significant environmental 

challenges in the contemporary world is the pro-
per management of wastes (Dakova et al., 2025; 
Tsekova et al., 2019). Improper management leads 
to pollution of air, soil, and water, which causes 
various health problems for humans and animals, 
damages ecosystems, contributes to climate change, 
and results in economic costs (Nikolov & Petrova, 
2023; Nikolov et al., 2023; Georgieva et al., 2021). 
The utilization of wastes by converting them into 
value-added products is of fundamental impor-
tance for the circular economy.  

Products used by the coatings industry are of 
polymer origin, and this industry is attempting to 
reduce its dependence on petrochemicals. The use 
of oil-modified polyesters or alkyds is dominant 
for the surface-coatings industries (Dizman & Ka-

çakgil, 2023). Alkyd resins are commonly used as 
binders, adhesives, and plasticizers in surface coa-
tings. They have acquired great importance due to 
their economy, availability of raw materials, bio-
degradability, durability, flexibility, good adhe-
sion, and ease of application. Alkyd resins are a spe-
cial family of polyesters synthesized by polycon-
densation reaction of oils or fatty acids, dibasic 
acids or acid anhydrides, and polyols with hydro-
xyl functionality greater than 2. The type of fatty 
acid used determines the properties of the resin, 
such as drying time and flexibility. Traditionally, 
linseed oil, sunflower oil, soybean oil, castor oil, 
and coconut oil are used in the synthesis of alkyd 
resin (Kalu et al., 2024).  

For environmental reasons, oils used for food 
should not be used to obtain alkyd resins. Instead, 
waste oils and non-edible vegetable oils are the 
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preferred, more sustainable alternatives, as they 
divert waste from landfills and do not affect food 
supplies. The literature reports alkyd resins based 
on mango seed oil (Oragwu et al., 2023), neem 
seed oil (Das et al., 2021), okra seed oil (Abba et al., 
2023), jatropha and sesame seed oils (Mustapha et 
al., 2022), sesame and sweet almond oil (Musta-
pha et al., 2023), tomato oil (Ibrahim et al., 2014), 
etc., but we are not aware of data on obtaining 
alkyd resins based on canola oil fatty acids. On the 
European continent, canola oil is a main feedstock 
for biodiesel production and globally it is among 
the most used raw materials (Ge et al., 2017). Ca-
nola oil contains approximately 40–45% oil (the 
same as sunflower oil), which is higher than other 
oil crops, including soybean (about 18–20%). In 
the second decade of the 21st century, canola con-
stituted ca. 80% of the biodiesel source in Europe 
(Szczepaniak, 2025). 

With the increase in biodiesel production, the 
quantities of accumulated glycerol phase also in-
crease. Its oversupply has led to an unusual drop 
in its price (Wang et al., 2024). The utilization of 
crude glycerol would not only improve the eco-
nomics and carbon footprint of biodiesel but 
would also contribute to the transition to a circular 
economy (Leong et al., 2021; Tomatis et al., 2024; 
Wang et al., 2024). From the glycerol phase accu-
mulated during the production of biodiesel from 
canola oil, canola oil fatty acids (COFA) and crude 
glycerol (CGly) can be obtained, which could be 
utilized as secondary raw materials for obtaining 
alkyd resins. The main problem is that the iodine 
value of canola oil is 100–120 gI₂/100 g, which 
classifies them as semi-drying or non-drying. In 
our preliminary studies, it was found that alkyd 
resins based on CGly with COFA and phthalic 
anhydride are unable to form air-drying films. 

The present work is a continuation of these 
studies and aims to improve the drying, physical 
and chemical properties of these resins. A number 
of studies indicate that this can be achieved by in-
troducing waste PET into the composition of al-
kyd resins (Al-Sabagh et al., 2016; Haggag et al., 
2014; Ouyang et al., 2021; Todorov et al., 2015).  

PET bottles for soft drinks are among the most 
voluminous wastes in landfills. Their utilization 
not only reduces landfill waste and pollution but 
also supports the circular economy because the 
plastic is reused. When included in the composi-
tion of alkyd resins, PET replaces part of the phtha-

lic anhydride and ethylene glycol, which are non-
renewable resources from fossil fuels and reduces 
greenhouse gas emissions. It cannot be introduced 
directly into the composition of alkyd resins; it 
must first be depolymerized. Most reported PET 
depolymerizates are obtained at a weight ratio 
glycol/PET = 2 and above. 

In this work, we present the results of our 
research on obtaining PET depolymerizates with 
crude glycerol at a weight ratio of glycerol/PET = 
1.01 and 2.02 and using them for preparation of 
alkyd resins based on the obtained glycosates, 
canola oil fatty acids, and phthalic anhydride. 

 
Materials and methods 
Materials 
PET was obtained from waste beverage bot-

tles. They were immersed for 1 h in 1% solution of so-
dium hydroxide to remove surface contamination, 
washed with water, and dried at 80°C. Consequent-
ly, they were ground to flakes of 1.0–1.2 mm size. 

The glycerol phase, obtained in the produc-
tion of biodiesel from canola oil (GPh-A), was pro-
vided to us by “Astra Bioplant” LTD, Bulgaria. 

Phthalic anhydride (PhA), alkyd resin BALKYD 
480 С – 60 МТК (BALKYD), and calcium octoate 
(10%) were provided by “Orgachim JSC”, Ruse.  

Xylene, KOH, phenolphthalein, H₃PO₄, and 
CH₃OH were produced in Bulgaria and were used 
without further purification. 

Glycerol 95% (Gly), ethylene glycol, cobalt 
naphthenate (CoNp), zirconium octoate, and me-
thyl ethyl ketoxime were purchased from Aldrich 
and were used without further purification. 

 
Treatment of the glycerol phase GPh-A 
It was carried out in accordance with the me-

thodology described by Hájek & Skopal (2010). 
Saponification was performed with a methanolic 
solution of potassium hydroxide, whereby the 
fatty acid methyl esters (FAMEs - biodiesel), fatty 
acids, mono-, di-, and triglycerides in GPh-A were 
converted into potassium salts (soaps). Upon sub-
sequent acidification with phosphoric acid to pH=3, 
a heterogeneous system was obtained. The resul-
ting solid phase of potassium phosphate settles 
easily and is separated by filtration. In the liquid 
phase, the main contaminant is methanol. After its 
evaporation, the liquid phase separates into 2 lay-
ers. The upper layer contains mainly higher fatty 
acids of canola oil and was designated COFA-A. 
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The lower layer contains mainly glycerol. Neutra-
lization of the glycerol layer with 50% KOH was 
performed. The obtained product was designated 
crude glycerol (CGly-A).  

 
Preparation of Alk-1 and Alk-2 
A modified 700W microwave oven DAEWOO 

KOR 6485 (17 L) was used for the preparation of 
alkyds Alk-1 and Alk-2. First, a microwave-assis-
ted glycolysis of PET by CGly-A has been conduc-
ted. Pre-calculated amounts of PET and CGly-A 
were charged into a reaction flask equipped with 
a reflux condenser. Glycolysis reactions were car-
ried out at atmospheric pressure at a temperature 
of 230ºC, which was maintained at a microwave 
power level of 300 W. The mixture temperature 
was monitored with an infrared pyrometer Trotec 
TP7. The glycolysis time was determined experi-
mentally - the time at which a sample of the gly-
colysis product remains clear, without traces of 
unreacted PET flakes after cooling to room tempe-
rature. Two glycolysis products, GP-1 and GP-2, 
were obtained, differing in the Gly/PET ratio 
(mass ratios 2.02 and 1.01, respectively). For GP-1, 
the glycolysis time was determined to be 15 minu-
tes and for GP-2 - 20 minutes.  

From glycolysis products GP-1 and GP-2, 
alkyds Alk-1 and Alk-2 were prepared by the fol-
lowing method - after cooling glycolysis products 
to 150ºC, calculated amounts of COFA-A and 
phthalic anhydride were added, then the reaction 
mixture is heated again to temperature 170ºC 
(microwave power 252 W) for 15 minutes, after 
that the temperature was raised to 230ºC (micro-
wave power 300 W). The process was followed by 
the acid value. Reactions were continued until an 
acid value below 12 mg KOH/g.  

 
Preparation of the reference alkyd Alk-R 
In a reaction flask, 52.2 g canola oil, 14.8 g 

glycerol and 0.6 g KOH were charged. The flask 
was placed in the microwave oven. Alcoholysis 
proceeded at microwave power 300 W (tempera-
ture 230°C). The end of the reaction was monito-
red by the methanol test. The obtained monogly-
cerides were cooled to 150°C. Then 6.4 g ethylene 
glycol and 35 g phthalic anhydride were added. 
During the first 15 minutes, esterification was car-
ried out at microwave power 252 W (temperature 
170ºC) and thereafter at microwave power 300 W 
(230ºC). The process was monitored by the acid 

value. The reaction was continued until an acid 
value below 12 mg KOH/g.  

 
Preparation and study of alkyd resins AR-1, 

AR-2, and AR-R 
Alkyds Alk-1, Alk-2 and Alk-R were cooled 

to 70–80°C and the calculated amount of xylene 
was added, so as to obtain 60% solutions. In the 
alkyd resins AR-1 and AR-2, small amounts of 
potassium phosphate were still present as a solid 
phase. It is insoluble in xylene, settles as a solid 
phase, and is removed by filtration. The following 
main characteristics of alkyd resins were deter-
mined: conditional viscosity (DIN 53211) with an 
Elcometer 2350 DIN flow cup with a 4 mm hole 
diameter, density at 20ºC, g/cm3 (ISO 2811-1) and 
color according to the Gardner scale (ISO 4630). 

 
Preparation of films from alkyd resins and 

testing 
To accelerate drying of the alkyd resins, cata-

lysts were added: 0.03 g 6% cobalt naphthenate, 
0.3 g 6% zirconium octoate and 0.7 g 10% calcium 
octoate; 0.2% of methyl ethyl ketoxime was added 
as an anti-skinning agent. The mixtures were ho-
mogenized for about 10 minutes and applied 
onto: plates of mild steel (low-carbon) for the 
determination of drying time and hardness; sheet 
metal - for flexibility and adhesion; glass test tubes 
- for water resistance and chemical resistance.  

The following possibilities were examined: 
air-drying of the alkyd resins at room temperature 
in the laboratory at 25°C; drying at temperatures 
of 80°C and 110°C in a thermostatically controlled 
ventilated oven; air-drying at 25°C for 1 hour, fol-
lowed by drying at 110°C for 2 hours. The physical 
properties were investigated according to stan-
dardized methods. Hardness was determined by 
the Pencil hardness tester (ASTM D3363-05). Ad-
hesion strength was measured by the Cross Hatch 
Cutter tester (ASTM D3359–17). The flexibility 
was evaluated using a cylindrical mandrel bend 
tester (ASTM D522). Abrasion resistance was de-
termined by Ericsen Send Abrasion (ASTM D968 
– 17). The alkaline and water resistance were de-
termined according to ASTM D 1647.  

 
Instrumental methods of analysis 
Gas chromatography: The composition of the 

fatty acids was determined by a gas chromatogra-
phic system Agilent Technologies 7890A equip-
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ped with FID, injector with/without split, and 
Agilent 7693A autosampler. Capillary column: 
HP-INNOWAX with polyethylene glycol statio-
nary phase. Injector and detector temperatures: 
250ºC and 300ºC, respectively; carrier gas helium. 
Column temperature program: 200ºC, 2 min; 
3ºC/min to 210ºC; 10 min. The glycerol content in 
CGly-A was determined according to standard 
EN 14106.  

FT-IR spectroscopy: Spectra were recorded 
on a Nicolet iS 50 FT-IR spectrophotometer in the 
range 3996–399 cm⁻¹ at a resolution of 2. Samples 
were prepared as KBr pellets.  

Thermogravimetry (TG): The analyses were 
carried out using an STA-TG-DSC/DTA F3 JUPI-
TER instrument (NETZSCH, Germany) over the 
temperature interval 20–500ºC, under nitrogen 
atmosphere at a rate of 10 ºC/min. 

 

Results and Discussion 
Characterization of GPh-A, CGly-A, and 

COFA-A 
By standardized methods, several main cha-

racteristics of the glycerol phase GPh-A were de-
termined (Table 1). Table 1 shows the typical com-
plex composition of the glycerol phase - glycerol, 

water, MONG (matter organic non-glycerol), and 
ash. To obtain quality alkyds, strict stoichiometric 
ratios are observed; therefore, in this form, the gly-
cerol phase cannot be used. Simplification of the 
composition was achieved by suitable treatment – 
saponification of GPh-A with KOH, followed by 
acidification with phosphoric acid to pH = 3. The 
following were obtained: a solid phase of potas-
sium phosphate; a light fraction - canola oil fatty 
acids (COFA-A); and a heavy fraction containing 
glycerol, water, non-separated fatty acids, traces 
of phosphoric acid, and potassium phosphate. Af-
ter neutralization of the heavy fraction with KOH, 
crude glycerol (CGly-A) was obtained. The compo-
sition and some main characteristics of CGly-A and 
COFA-A were determined by standardized me-
thods (Table 2). 

COFA contains 98.3% higher fatty acids. Im-
purities may result from the incomplete separa-
tion of glycerol. It is important to note that the 
iodine value determined by a standardized me-
thod is 110.3 g I₂/100 g, which classifies the fatty 
acids as semi-drying. By gas chromatography, the 
composition of fatty acids in COFA-A was deter-
mined (Table 3). 

 

Table 1. Main characteristics of the glycerol phase GPh-A. 
 

 

Table 2. Main characteristics of CGly-A and COFA-A. 
 

Characteristic Value 

Glycerol content, wt% 50.5 

Water content, wt% 12.4 

Methanol content, wt% 8.5 

MONG content (FAMEs, soaps, fatty acids, mono-, di- and triglycerides), wt% 28.6 

Ash content, wt% 2.0 

pH of a 20% aqueous solution 9 

Density at 20°C, g/cm³ 1.06 

Gardner color 8 

Product Characteristic Value 

CGL-A 

Glycerol content, wt% 80.6 

Water content, wt% 12.3 

MONG content, wt% 2.1 

Ash content, wt% 4.6 

Density, g/cm³ 1.21 

Color by Gardner 8 

COFA-A 

Fatty acids, wt% 98.3 

Other organic compounds, wt% 1.7 

Acid value, mg KOH/g 195 

Iodine number, g I₂/100 g 110.3 

Gardner Color 9 

Density, g/cm³ 0.899 
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Table 3. Composition of fatty acids in COFA-A (wt%). 
 

Fatty acid Count of C atoms and double bonds Fatty acids content, wt.% 

Myristic С14:0 0.03 

Palmitic C16:0 5.11 

Palmitoleic C16:1 0.21 

Stearic C18:0 5.12 

Oleic C18:1 59.3 

Linoleic C18:2 22.5 

Linolenic C18:3 9.50 

Arachidic С20:0 0.61 

Gadoleic С20:1 1.23 

Behenic С22:0 0.57 

Erucic С22:1 0.95 

Lignoceric С24:0 0.16 
 

 
Knowledge of the fatty-acid composition enab-

les calculation of the following three important 
characteristics for COFA-A: (i) the average mole-
cular mass of the free fatty acids - 283.6 g/mol; (ii) 
the iodine value of the free fatty acids, determined 
by the method of Kyriakidis & Katsi-loulis (2000) 
-111.6 g I₂/100 g, which classifies the fatty acids as 
semi-drying; and (iii) the drying index - 41.5, 
which defines the fatty acids as non-drying. 

 
Theoretical calculation of the alkyd compo-

sitions 
The theoretical determination of the alkyd 

compositions is carried out to obtain quality al-
kyds and to avoid gelation processes. “K alkyd 
constant system” was used for the formulation 

calculations of the alkydes. Three medium-oil al-
kyds were determined. Alk-1 and Alk-2 were ob-
tained from CGly-A, COFA-A, PhA, and different 
amounts (10 and 20 g, respectively) of waste PET. 
Alk-R is a reference alkyd, obtained from canola 
oil, glycerol (95%), and phthalic anhydride (Table 
4). To achieve identity in the structure of the al-
kyds, ethylene glycol was introduced in an amount 
corresponding to the ethylene units in PET. 

Important characteristics for alkyds were cal-
culated: the Patton’s constant (K = 1.1) and the 
excess of hydroxyl groups R = 25%. When deter-
mining the required quantities of the starting raw 
materials (COFA-A and CGly-A), it is taken into 
account that COFA-A contains 1.7% glycerol and 
CGly-A contains 2.1% MONG (Table 2).

 

Table 4. Composition of alkyds Alk-1, Alk-2 and Alk-R. 
 

 

 
Preparation of alkyds Alk-1 and Alk-2 
To obtain Alk-1 and Alk-2, the following two 

consecutive steps were carried out: 
First step - PET glycolysis with CGly-A. This 

process is necessary because PET cannot be direc-

tly introduced into the alkyd composition due to 
the lack of a common solvent and incompatibility 
with the other starting products. For modification 
with PET, it is necessary to degrade the polyester 
waste to such an extent that it dissolves in the 

Composition Alk-1 Alk-2 Alk-R 

Gly, g   14.8 

Canola oil, g   52.2 

CGl, where 24 24  

Gly, g 19.3 19.3  

MONG, g 0.5 0.5  

СOFA, where 51 51  

FFA, g 50.1 50.1  

Gly, g 0.9 0.9  

PET, g 10 20  

EG, g 3.2 0 6.4 

PhA, g 27.5 20 35 
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depolymerizing reagent and a homogeneous so-
lution is obtained. In the present work, a glycol-
lysis of flakes from PET soft-drink bottles with 
CGly-A was carried out. The process is schema-
tically presented in Fig. 1. 

As a result of PET glycolysis, two products - 
GP-1 and GP-2 were obtained, differing in the 
Gly/PET mass ratio (2.02 and 1.01, respectively). 

Samples taken from GP-1 and GP-2 were purified 
by washing with distilled water to remove unreac-
ted glycerol and potassium phosphate. Hydroxyl 
values were determined, and FTIR spectra of the 
purified glycolysis products were acquired. The 
hydroxyl value was 285 mg KOH g⁻¹ for GP-1 and 
239 mg KOH g⁻¹ for GP-2.

 

 
 

Fig. 1. PET glycolysis by glycerol. 

 
FTIR spectra were recorded to confirm the che-

mical bonds in the glycosides (Fig. 2). The broad 
band, observed between 3600 cm−1 and 3100 cm−1, 
was attributed to the OH group stretching vibra-
tion. For GP-1, the intensity is higher, which is an 
indication of a higher degree of depolymerization. 
The following bands were also observed at: 

♦ 2956 cm-1 and 2885 cm-1 for the asymmetric 
and symmetric stretching vibrations of CH2, res-
pectively;  

♦ 1717 cm-1 correspond to C=O stretching vi-
brations; 

♦ 1600 cm-1, 1501 cm-1, and 1454 cm-1 corres-
pond to the C=C-C Aromatic ring stretch;  

♦ 1409 cm-1 for bending vibrations of CH2 in 
CH2-OH;  

♦ 1276 cm-1 and 1111 cm-1 for the stretching 
vibrations of the C–O in СНх-О-СНх (х=1-3);  

♦ 1043 cm-1 which is characteristic for the C–
O in the CH2-OH of the glycerol moiety; 

♦ 730 cm-1 corresponds to −CH out of plane 
bending for p-substituted aromatic rings. 

Hydroxyl values and FTIR spectra confirm 
that the glycose products GP1 and GP-2 are poly-
ester polyols. 

 

 
 

Fig. 2. FTIR spectra of the purified glycolysis products GP-1 (blue) and GP-2 (green). 

 
In glycosates GP-1 and GP-2, in addition to 

polyester polyols, there is free (unreacted) glyce-
rol and potassium phosphate. The latter was not 

removed because it was found to affect the reac-
tion rate. GP-1 and GP-2 were obtained in 15 and 
20 minutes, respectively. For comparison, micro-
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wave PET depolymerization was carried out using 
pure glycerol under the same conditions (weight 
ratio Gly/PET=2.02 and microwave power 300W), 
and it was found that the glycolysis time was over 
60 minutes. Although we are not aware of any lite-
rature data that potassium phosphate is a catalyst, 
similar potassium compounds, such as potassium 
carbonate and potassium sulfate, have been used 
as catalysts for PET glycolysis. In addition, it is 
possible that potassium phosphate can create hot 
spots under microwave irradiation conditions. In 
this case, it is important to note that potassium 
phosphate has no adverse effects and no purifica-

tion of the crude glycerol CGly-A is necessary for 
carrying out PET glycolysis. 

Second step - esterification. From the glycoly-
sis products GP-1 and GP-2, alkyds Alk-1 and 
Alk-2 were obtained. After cooling to 150°C, cal-
culated amounts of COFA-A and phthalic anhyd-
ride were added to each of the glycolysis pro-
ducts. The beginning of esterification was recor-
ded when reaching a temperature of 170ºС. The 
process is carried out with both polyester polyols 
and free glycerol. Fig. 3 shows a generalized struc-
ture of the synthesized alkyds.

 

 
 

Fig. 3. Generalized structure of the synthesized alkyds 
 

 
The process was followed by the acid value. 

The reaction is continued until an acid value be-
low 12 mg KOH/g. Results showed that for alkyd 
Alk-R, the process proceeded for 50 min. For the 
PET-modified alkyds, the esterification time de-
creased; the more PET was introduced, the shorter 
the esterification time. The process for Alk-2 was 
completed in 40 min.  

 
Preparation and study of the alkyd resins 

AR-1, AR-2, and AR-R 
Some main physicochemical properties of the 

obtained alkyd resins were determined (Table 5). 
From the results in Table 5, it can be seen that the 
acid value of all three alkyd resins is within the 
range that will ensure corrosion resistance when 
applied as surface coatings. The density and visco-

sity of the PET-modified alkyd resins AR-1 and 
AR-2 are higher than those of the reference AR-R. 
These differences can be explained by the struc-
ture created by the introduced p-substituted ben-
zene rings by the PET modification. In AR-R, there 
are only o-substituted benzene rings, which, due 
to steric hindrance, create a looser structure than 
that formed by the p-substituted benzene rings of 
PET in AR-1 and AR-2. When comparing the basic 
physicochemical properties of the alkyd resins 
with those of the commercial resin BALKYD 480 
C–60 MTK, it can be seen that the main difference 
is in the color. AR-1, AR-2, and AR-R have a brown 
color, because canola oil and COFA are brown, 
whereas the commercial resin based on sunflower 
oil is pale yellow. 

 
Table 5. Main physicochemical properties of the alkyd resins AR-1, AR-2, AR-R, and of the 

commercial resin BALKYD 480 C – 60 MTK. 
 

Characteristic А-R1 АR-2 АR -R BALKYD 

Acid value, mg KOH/g 4.3 3.8 5.5 ˂12 

Viscosity, Ford Cup, 4 mm at 25℃, s 110 115 105 105 

Density at 25°С, g/cm3 0.988 0.991 0.982 0.985 

Gardner color 10 10 10 5 
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Drying and testing of films from the alkyd 
resins AR-1, AR-2, and AR-R 

For the acceleration of drying, catalysts (dri-
ers) are added. The type is determined on the basis 
of literature data, and the quantity and drying 
conditions were determined experimentally. It is 
known (Gorkum & Bouwman, 2005) that the com-
bination of cobalt and lead driers has the best cata-
lytic properties for alkyd resins. From an ecolo-
gical point of view, in the present work, the lead 
dryer was replaced with zirconium. Its action was 
supplemented by a calcium drier, which helps im-
prove various characteristics, such as hardness and 
gloss. The quantities of the driers were varied in 
order to obtain optimal results. When a larger 
amount is used, more densely crosslinked system 
is formed and curing is facilitated; however, for 

ecological reasons, the studies were carried out with 
the smallest possible amounts of driers, namely: 
Co – 0.04%; Ca – 0.2%; Zr – 0.3%. 0.2% of methyl 
ethyl ketoxime was added as an anti-skinning 
agent. The obtained mixtures were homogenized 
and applied onto pre-cleaned surfaces. Each test 
cycle is performed with three specimens. Possibili-
ties were examined for drying at room tempera-
ture and drying at elevated temperatures. The 
films were evaluated as: tacky (t); dry to touch (d); 
hard (h). It was established that the air-drying 
ability of all types of resins at room temperature is 
unsatisfactory - no hard film is obtained after 7 
days. Upon heating at 110°C for 1 hour, hard films 
were obtained from AR-1 and AR-2 (Table 6). 
From AR-R, hard films were obtained after drying 
at 110°C for 3 hours.

 

Table 6. Drying of films from the alkyd resins AR-1, AR-2, and AR-R. 
 

 

 
The results (Table 6) show that the drying 

ability of the PET-modified alkyd resins is better 
than the reference resin.  

For evaluation of the physical properties 
(hard-ness, adhesion, flexibility, abrasion, thermal 
stability) and of the chemical resistance, the films 
were dried under the following regime: air-drying 
for 1 hour followed by drying at 110°C for 5 hours. 
As shown in Table 7, the films obtained from the 
PET-modified resins AR-1 and AR-2 have higher 
hardness than the films obtained from the refe-

rence AR-R resin. This is probably due to the pre-
sence of p-substituted benzene rings, which faci-
litate interactions, and a denser structure is ob-
tained than that formed with the sterically hinde-
red o-substituted benzene rings. The reference 
resin has lower hardness and lower wear resis-
tance. Regarding adhesion and flexibility on ben-
ding, no differences are observed between AR-
1/AR-2 and the reference resin. The physical pro-
perties of AR-1 and AR-2 do not differ substan-
tially from those of the commercial resin.

 

Table 7. Hardness, adhesion, and flexibility of films from the alkyd resins. 
 

Alkyd resin Hardness Adhesion 
Bending test, cylindrical 

mandrel ¼ inches 
Abrasion resistance (mL sand) 

AR-1 НB 3 В passed 1000 

AR-2 1Н 3 В passed 1100 

AR-R 2В 3 В passed 800 

BALKYD 2Н 3 В passed 1200 
 

 
Resistance upon immersion in water and che-

mical resistance of films from the alkyd resins 
were evaluated in three categories: no change (a); 

film becomes opaque (b); partially dissolved film 
(c). From the results in Table 8, it is seen that all 
films are resistant to immersion in distilled water 

Alkyd resin 

Drying at: 

80°С 
1 hour 

110°С 
1 hour 

110°С 
3 hours 

AR-1 d h  

AR-2 d h  

AR-R t d h 
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and in 5% NaCl solution. Upon immersion in 0.1 
M H2SO4, after 24 h, the films of AR-1 and AR-R 
become opaque. All resins are weakly resistant to 
alkalis. 

The thermal stability of the three types of re-
sins was investigated by the DTA method. Ther-
mal degradation was carried out at a heating rate 
of 10°C/min in a nitrogen atmosphere. From the 
comparison of thermal stability (5% mass loss), it 

was established that the highest thermostability is 
for AR-2 (270°C) and the lowest for AR-R (220°C).  

Results showed that: the films from alkyd re-
sins AR-1 and AR-2 outperform the reference re-
sin AR-R with respect to drying ability, hardness, 
abrasion resistance, chemical resistance, and ther-
mal stability; they do not differ substantially from 
those of the commercial resin. 

 
Table 8. Resistance upon immersion in water and the chemical resistance of films. 

 

Alkyd resin 
Resistance upon immersion in 

Distilled water NaCl (5%) H2SO4 (0.1M) KOH (0.1M) 

AR-1 a a b с 

AR-2 a a а b 

AR-R a a b c 

BALKYD а а а b 
 

Legend: no change (a); film becomes opaque (b); partially dissolved film (c). 
 

 
Conclusions 
Alkyd resins were obtained and studied on 

the basis of two waste products - poly(ethylene 
terephthalate) from beverage bottles and the orga-
nic substances in the glycerol phase separated as a 
by-product in the canola oil biodiesel production. 
This study shows that these waste products can be 
used as secondary raw materials in the production 
of alkyd resins. The films from the PET-modified 
alkyd resins have improved drying ability and in-
creased hardness and abrasion resistance, as well 
as increased thermostability and chemical resis-
tance compared to the reference resin. The work 
has environmental and economic significance. An 
opportunity is created to utilize waste PET and the 
glycerol phase obtained in the canola oil biodiesel 
production, which can contribute to better waste 
management. The cost of alkyd resins is reduced 
due to the use of two waste products. Glycerol is 
replaced with crude glycerol, and waste PET re-
places part of phthalic anhydride - a raw material 
obtained from non-renewable sources. In the case 
of microwave heating, the formation of alkyd 
resin results after about 1 hour (with conventional 
heating, the reaction duration ranges from 8–10 
hours), which leads to savings of energy and time. 
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