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INTRODUCTION

Paints may possibly be described as a colloidalbdeation of chemical ingredients, when diffusedao
surface in a thin layer they form a dense, consist@d adherent layer. They are used regularlyunlie for
ornamental purposes, and for preventing surfacebewig affected by different environmental influenas
UV-radiation, chemical invasion and mechanicalsstes. A binder, pigment, solvent, and additivescaramon
ingredients of paint. The polymer-binding materfalkyd resin) is responsible in addition to widenga of
variations for finding a continuous layer that agiseto the lower layers and binds other ingrediesgether™
Coating material through using Polyester or alkgdcommonly employed for surface covering as bind
adhesives and plasticizers. What is interestingualdtkyd is that it is the lowest materials in castompared
with other coating materials and it is subject teega covering that shows less layer faults dudpglications.
Also, stability of alkyd layers, particularly forutdoors use, tends to be poorer than films, i.erylias and
polyurethane& ®. However, one of the factors affecting coatinmffiroperties is the type of fatty acid or oil us
in the alkyd productiof®” . Various types of oil can result in differencesfilm properties. The preparation o
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alkyd resins can be achieved by condensation palyat®n of a polyhydric alcohol (e.g. glycerol)dapolyfunctional
acid or polybasic acids (e.g. phthalic anhydridd esophthalic acid) changed by oily acid or theiglyceride. The alkyd
resins manufactured this way are known as oil-nedifailkyd resins and form 70% of the common bindesed in
external coating’. They define the performance quality of surfacatiogs such as the degree of drying, gloss, staloifi
the dry layer and resistance of the dry layer tatsb and chemicals. However, categorizing of allegins is centered on
the oil length and oil typ& The vegetable oils, which used in oil-modified alkygsins are typically extracted either by a
mechanical press or solvent extracfibriThe natural oil in the oil-modified alkyds reaatsth atmospheric oxygen,
which leads to the formation of a network of polymeross-linked through the (C=C) bond. The oildaxive drying
brings about the formation of a layer that displaganced characteristics with drying time, hardreswater resistance
©  Alkyd resins have gained high significance duetheir economy, availability of raw materials, bémpladability,
durability, flexibility, good adhesion and ease afplication. In this work, two alkyd resin (ARAR,) have been
synthesized in high yield by polycondensation betwdicarboxlic acid and polyols with oils usingdeaxide as catalyst.
Qualitative structure analysis of the polymers hheen carried out by the using of FT-IR, dtNMR spectroscopy,

thermal stability were systematically investigated.

EXPERIMENTAL

Materials

Sunflower oil, linoleic oil, phthalican hydrideedd oxide, xylene, all from (MERCKPoly ethylene glycol,
Tir ethanol amine, Ethanol, (Scharlab S,Ojetrahydrofurane (THF), Dimethyl sulphoxide (DMS@) from (MERCK);
Methanol, Acetone, Toluene, Carbon tetrachloridefaam (BDH-chemicals); Sulfuric acid form (Sd fine-CHEM)
Hydrochlo-ric acid, Sodium chloride, all form (Hiedia); potassium hydroxide, potassium lodide, Sodiumsthifate all
from (HIMEDIA).

Instruments

FTIR 8400S, Fourier Transform infrared spectrophwter, SHIMADZU, Japan), (Oven, Trivp International
Crop. Italy),(Hot plate stir, BibbyStrlintd.UK) (Meurement of 1 HNMR Spectra : recorded NMR spagtiiag a type of
Bruker, Ultra shield 300 Mhz, Switzerl and usingBO-d6) as a solvent at the university’'s Educatideacher-Tehran
Iran),(Thermogravimetry analysis (TGA) were perfednon a polymer laboratories co England, Model (@t Iran
polymer & petrochemical institute, using a heatiatg of 10°C/min in Argon atmosphere within the penature range of
25-800°C)(differential thermal analysis (DSC) meament using apparatus (DSC) type (DSC 131 Evo,AFEAM) is
the origin (France) in the Department of Chemistty Faculty of Education / University of Qadisiya),
(viscosity device The use of viscosity measurendenice for measuring the viscosity of the alkydrrenodels record in
the Department of Chemistry / Faculty of Educatidimiversity of Qadisiyah / by a device from a camp (Brookfield)
type (RVDV- Il + P 8500), (230 V~) and frequency0(60 Hz) and strongly (30 VA). The machine is mactiired in
(U.S.A).

Synthesis of Alkyd Resin

Oil modified alkyd resin was prepared from Sunflowal with Poly ethylene glycol or linoleic acid thi
triethanol amine and phthalic anhydride using Pk@atalyst. The preparation was done in a 4-negkddottom flask

fitted with a motorized stirrer, a nitrogen inlatthermometer pocked and a hold for sampling. énpiteparation of alkyd

Impact Factor (JCC): 3.7284 NAAS Rating: 3.56



Synthesis and Characterization of New Alkyd Resins (8hbledium and Long)
Based on Sunflower Oil and Linoleic Acid as Binder f@aints

resin, two stages were involved. The first stage alaoholysis stage and the second stage wasfiest#wn stage.

Table 1: Shows the Proportions of the Chemicals udén the Reaction

Raw Material Short Medium Long
Sunflower oil 25.40% | 4560% | 60-70 %
Or linoleic acid
Phthalic anhydride (PA) 35>gm 30-35gm | 20-30 gm
Glycerol (G) 14.6 gm 14.6 gm 14.6 gm
Lead oixd 0.4 gm 0.4 gm 0.4 gm
Xylene 60 ml 60 ml 60 ml

Stage 1 (alcoholysis): In this stage, monoglycerdss first prepared by reacting (the sunflowerwath poly

ethylene glycol or linoleic acid with triethanol are), then added PbO as a catalyst. In alcoholgsistion, the oil was
heated with an agitation speed of (700 rpm) andsNarging rate of about (0.06ft3/sec) to 230-240A&ohol and
selected catalyst were added and alcoholysis oeaetas carried out at 230-240°C.The reaction ofntirdure continued
tillthe sample of the reaction mix became solvablewo to four volumes of anhydrous methanol. Afmpleting

alcoholysis reaction, the reaction mixture was eddab 140°C.

Stage?2 (esterification): In this stage, phthalibyattide was added to the monoglyceride mixture. fEngperature
was maintained at the range of 230-240°C and miagdaat this temperature. The leakage amount ofvBiR increased to

(0.1ft3/sec). The reaction was observed by inteemitdetermination of the acid value of the mixttiteacid value fell to

nearly (9).
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Figure 1: Structure of Polymer (AR1)
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Figure 2: Structure of Polymer (AR2)

Physico — Chemical Tests
Acid Value Test

Acid value was determined according AOAC method tanstandard 969.17 1997
Drying Test

Aluminum plates were cleaned by ethanol to make that there are no contaminants present to dfieatesult.
A hand coater with different fixed thickness waesdito evenly coat the resin on the surface ofdlgrig plates.
Saponification Number Test

Weight (1 gm) of sample into an Erlenmyer flaskpipette 25 ml of 0.5N KOH put in the flask, theddad ml of
the solvent (ethanol-ether) to the flask, thenusefbr (30) minutes, rinse the inside of the corsea with about (25) ml
DI water allow the solvent to drain into the erlgranflask, and allow the solution to cool to rocemperature, then add
three to five drops of phenolphthalein indicatothe solution with moderate agitation, then ad&)®ClI (titrant) to the
burette, and not level, then add titrant from thieekte to the solution until the faint pink cologrmanently (for at least

thirty seconds) disappears, and not level of titnathe burette.
lodin Number Test

Deliver (0.1) g sample to (300) ml conical flaskiwground in stopper. Add 20 ml carbon tetrachleriehd seal.
Dissolve Sample in an ultrasonic washing machihentadd 25 ml Hanus solution, and seal. Shake rfier minute,
then keep it sealed and leave in a drak room (a®@@C) for 30 minutes, then add (10) ml of 15%apstum iodide and
100 ml water, and seal. Shake for (30) seconds,titrate with (0.1)mol / L sodium thiosulfate tbtain iodine value then

also perform blank test to obtain blank level.
Density Test

The density was determined according to NF EN 1®9%ing analytical scale and pycnometer S9611826
(100 ccs).
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Viscosity Test

Brookfield rotary Viscometer Ku-2 model RVDV-II+ B80 was used to measure the viscosity at 25 °C, and

using different spindle and speed.
Volatile Matter Test

Three specimens were placed in the oven within (3i@) after preparation of alkyd resin in previouslgighed
watch glass and heated for (2 h) at (135-140) ¥@. Nlonvolatile matter was calculated from the défece in initial and

final weights of the watch glass. The mean valuthefthree results was reported as the percentag®latile matter.

RESULTS AND DISCUSSIONS
Synthesis and Characterization of Polymers Prepared

Synthesis and Characterization of (AR1)

This polymer was synthesized by the condensatiosunfflower oil with Polyethylene glycol and phtlali
anhydride in the presence of lead oxide as catalydttemperature is (120-240 c °) for (6 hourspating to the equation

in the reaction scheme (1).

1y Alcoholysis Stage -

CH,-0-COFR. CH,-0H
| - . Pl b |
FACOOCH : +T —H - 3 RCOOCH
| onom e PR |
CH-O-COR CH,OH
Sunflower Ol Boly ethylene ghool Monoelycerida
2y Ester ific ation stage
CH-OH o
| - S 1400
F-CO0CH + +|~'—'}H+ + ‘o
| oH oH g
CH,-0H e
Monoslvosrids Doly athylane glycol phithalicashydride
- c CH--CH-0HL c. CHECHCH H = H
o{o,_,\ B PRtz ;—o}

.
Afloed rezin

Sraafierwer (H

Scheme 1: Synthesis of (AR1)
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Characterization of (AR1)
FT-IR Spectrum
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The FTIR spectra of (AR1) as show in (Figure 3)cahhindicates absorption band of (OH) Carboxyli¢34118
cm-1),(C-H) aromatic at (3008 cm-1), (C-H) aliplkatit (2854, 2923 cm-1), (C=0) in the ester groul&u3 cm-1),

(C=C) aromatic at (1465 cm-1), and (C-O) at (114019).
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Figure 3: FTIR Spectra of (AR1)

(1H-NMR) Spectrum of (AR1), is shown in Figure @Bsigns the following chemical shift§ 1= 1.15-1.22 ppm)
for methyl group, (= 2.20-2.25 ppm) for (CH2)/ (= 2.49-2.60 ppm) for (OCH2)[(= 2.5 ppm) for (DMSQO),( = 3.34

ppm)for (H20), (1= 7.04-7.12 ppm) for Ar-H group
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Figure 4: 1THNMR Spectra of (AR1)
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Synthesis and Characterization of (AR2)
This polymer was synthesized by Condensation ofidic acid with tri-ethanol amine and phthalic adiige in

the presence of lead oxide as catalyst and temperét (120-240 c ©) for (6 hours) according to #ugiation in the

reaction scheme (2).
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Scheme 2: Synthesis of (AR

Characterization of (ARy)

FT-IR spectrum : The FTIR spectra of (Ras show in (Figure 5) which indicates absorptiamd of (OH)
carboxylic at (3020 cm-1), (C-H) aromatic at (306-1), (C-H) aliphatic at (2854, 2923 cm-1),(C-N)(4257 cm-1),
(C=0) in the ester group at (1735 cm-1), (C=C) atierat (1458 cm-1), and (C-O) at (1257 cm-1).

LODCHrOiR-Oirthr B0 R EOOEri O Serd 1
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Figure 5: FTIR Spectra (ARy)

(*H-NMR) Spectrum of (AR), is shown in Figure (4) assigns the following witeal shifts; (0= 0.81-1.23 ppm)

for methyl group, §= 1.96-2.22 ppm) for (CH,(d = 2.270-22.271 ppm) for (OGH (&= 2.5 ppm) for (DMSO),

www.tjprc.org editor@tjprc.org



8 Mohammed Ail Mutar & Noor Mohammed Abdul Hassan

( 0 =5.26-5.33 ppm) for (OH)Q( = 6.90-7.08 ppm) for Ar-H groupd€ 7.53-7.80 ppm) for NEgroup.

W55 i 50 o

Figure 6: 'THNMR of (AR )

Physico — Chemical Tests
Acid Value Test

The acid value (AV)is the mass of potassium hydtexiKOH) in milligrams that is required to neutealione
gram of chemical substance. The acid number is asume of the amount of carboxylic acid groups ichemical
compound, such as a fatty acid. It has been obdeireen the results shown in the (table 2), (ARrepared from
sunflower oil showed an acid value higher than(&R,) prepared from linoleic acid due to the lengthttad fatty acid

chain component there of resin sunflower oil, comitgy (Cs7) carbon atom and linoleic acid containingd)C

Table 2: Shows the Acidic Alkyd Resins Prepared Vaks

Alkyd Resin Short Meduim Long
AR, 9.25 9.53 9.81
AR, 7.85 8.13 8.72

IODIN Number Test

The value of lodine in chemistry is calculated thgb the mass of lodine in grams, which is used@/drams of
a chemical substance. The numbers of lodine anglarg employed to define the extent of unsaturatio oily acids.
This unsaturation takes the form of double bondd thacted with lodine compounds. The higher thdink number,
the more C=C bonds are present in the fat (notetlleanumber of iodine saturated fatty acids eqoais). As well as the
number of lodine used in the to detect adulterategktable oils with oils constants. Whenever a Hagline number,
i.e. it contains high proportion of unsaturatedyfatcid and iodine number and if lodin number islow. fatty acids is
saturated. The results of the prepared resins wig$é¢nrough the (table 3), The lodine value is bigh (AR, than (AR)
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because of chain unsaturated oil fatty length oflewer (Gy-) in (AR;) while linoleic acid (Gg) short chain fatty acid in
(ARy).

Table 3: Shows the Values of lodine Number Alkyd R&ns Prepared

Alkyd Resin Short | Medium | Long
AR 171 164 156
AR, 150 144 136

Saponification Value Test

Saponification value represents the number of gndlins of potassium hydroxideequired to saponify (1)
of fat under the conditions specified. This is teasure the average molecular weight (or chain fgnoft all the fatty
acids presented in this process. Most of a fat mégsi-ester are in the 3 fatty acids, it permite comparison of the
average fatty acid chain length. The long chaifatif/ acids, which are found in fats have low safication value due to
their relative fewer number of carboxylic functibrmgoups for each mass unit of the fat when congbaoeshort chain
fatty acids. The results were observed from theldtad) showed (AR prepared from sunflower oilgg) less
saponification value than (AlRprepared from vegetable oil short-chain linolaad (Gg) because of the saponification

number proportional inversely to the length of chiaitty acid.

Table 4: Shows the Value Saponification Alkyd RessPrepared

Alkyd Resin | Short | Medium | Long
AR, 193 190 187
AR, 196 191 188

Density Test

A substance density and the volumetric mass deissity mass per unit volume. Mostly used symboldensity
isp. and depends on temperature and pressure. Thisregre observed for the resins prepared in thi(t®),
The density is less of alkyd resin increasing fattid chain length and vice versa, also due tgptksence of a relatively
less number of active carboxyl groups. Is obse(#&t}) prepared from sunflower oil £ showed the density is less than

(AR ) prepared from linoleic acid (g;.

Table 5: Shows the Intensity Values Alkyd Resins pared

Alkyd Resin | Short | Medium | Long
AR, 0.796 | 0.791 0.786
AR, 0.858 | 0.853 0.848

Drying Test

Drying rate of alkyd resin based on sunflower aillinoleic acid of diverse applied thickness amipiyed
certain amount of cobalt. These oils categorizetdasdrying oil that contain fatty acid higher poofion in saturated
chains than other types of oil. Non-drying oil allsydo not produce layer without alteratiBh However, alteration and
addition of driers provide resins the form of fikhregular atmospheric circumstance. Denser 1a{1&2@ um) are in need
for much more time to dry in comparison with thinteyers (30 um).The thicker films drying mechanisetessitate a
great deal of cobalt to cross-link between chaiiben the catalyst concentration decreased, a kssedcross-linked
network was formed. The thicker films alkyd dryitime can radically increase the oxygen uptake eithehe double

bond or methylene group as the increasing presehdeiers™. It was noted that the resin ability to air drybiscause
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phthalic anhydride modification in specific amowmtd drier that leads to resin to cross link. Thghbr the presence of
phthalic anhydride and the driers, the longer changth and a higher cross linked dense resin girazondensation
polymerization. The resin turns to be denser, wiscand more compact conferring self curing featlifee results were
observed from the (table 6) showed Higher oil conie long oil and medium oil alkyds gave sloweitial drying, due to

more thermosetting of long oil alkyd as comparedttort oil alkyd. Subsequently, better thoroughryycan be assigned
to same thermosetting nature of oil present in loihglkyd. Short oil alkyd thus has slower thoraudyying due to less oil

present.

Table 6: Shows the Values of the Drought Resins Ryared Time

Alkyd Resin | Short | Medium Long
AR, 30min 45min 56min
AR, 17min 23min 35min

Viscosity Test

The viscosity of a fluid is a measure of its remise to gradual deformation by shear stress oil¢essess.
For liquids, it corresponds to the informal concept'thickness". The viscosity of the solution is enportant tool for
characterization polymers are a measure of molegwd#ght of polymer as the viscosity of the solatie a measure of the

size. The factors affecting viscosity:
» Pressure:Pressure viscosity little importance but viscositfect appears when the pressure increases (68 bar)

e Temperature: When temperatures decrease viscosity becausalattéinperature of liquid increase distances
between molecules less friction and therefore léssous. It is noted that the viscosity resins dllgycreases
during reaction for all types of oils used in mautfiring, and also notes that the viscosity inaesda@wly during
the hours (2-3) interaction. Then, it increasexosty significantly in esterification reaction beten mono
glyceride and phthalic anhydride however after B tiours ends interact very viscous alkyd resirsss of any

strings are A gelatinous substance polymer (gglatin

» The viscosity is highly dependent on amount of s#osking in polymer. It was noted by the resultown in
(table7), showed (AR prepared from sunflower oil £ less viscosity than (AR prepared from vegetable oil

short-chain linoleic acid (fg) because of the viscosity proportional inverselyhie length of chain fatty acid.

Table 7: Shows the Viscosity Resins Prepared Values

Alkyd Resin Short Medium Long Speed | No. Spendle| Temper.
AR 110 100 90 100 6 o5
AR, 180 160 140 50

Volatility Matter Test

It was noted by the results shown in (table 8), nehie difference in the value of the volatilitytlveen each
resin prepared (AR showed less value volatility due to the shorticHatty acid (linoleic acid) while (AR showed a
high value volatility due to length chain fatty dcunflower oil container in structure on the deubbnds of the ability to

interact with oxygen therefore volatility quickly.
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Table 8: Shows the Values of the Volatility of th&kesins Prepared

Alkyd Resin | volatile
AR 4 %98
AR, %65

Chemical Resistance Test

The resistance of the alkyd was determined in twedim distilled water and NaOH solution (Table ®scribed
that there was no effect on alkyd film after immensin distilled water for 18 hours, was sufficidithe to examine the
water resistance. When the alkyd film was immerisedtrong alkali solution, 3N NaOH, the film got itdning after
immersion time for 8 hours, blistering after immersfor 16 hours and removal after immersion tifi@4 hours. So the

result shows that sunflower oil and linoleic aciddified alkyd resin have high chemical resistance.

Table 9: Shows the Chemical Resistance of the Restnepared Values

Alkyd Resin NaOH Distilled Water
ARy _
AR, +

(-)Refers to Alkyd resins insoluble resistance
(+) Refers to Alkyd resins insoluble resistance
Solubility Test

Alkyd resins showed high solubility in differentpiy of solvents.(table 10) described solubility amples,
was measured by taking the solubility (0.01 g) loé sample prepared resin and melted in (2 ml) ef ghlvent,
The solvents used include (DMF, Acetone, ToluengdeiXe,) (Polar aprotic) non-polar solvents suclBenzene, CHG)
and other solvents such as methanol, ethanol. dlvers molecules increase with the distance betwbenmolecular
chains of the resin. The spaces between long clhathgpendant side group of resin are invaded Byestt molecules as
they fill the space made available by chain movameaWhen movements bring two chains close to prityjrehort range
attractive forces are therefore established regypiti restricted chain movement and thus the faomaif a viscous system

(12.13) golvent are added to deal with the problem ofi igcous resin which is an obstacle in substratgsability.

Table 10: Shows the Solubility of Alkyd Resins

Alkyd Solvent

Resin Xylene | DMF | Toluene | Acetone| DMSO | Benzene| Methanol Ethanol
ARy + + + + + + +- +-
AR, + + + + + + + +

(+) soluble at room temperature
(+ -) partially soluble
Thermo Gravimetric Analysis (TGA) Study

Thermo gravimetric Anaylysis (TGA) involves detenimg changes in mass as a function of temperature.
It is commonly used to search degradation temperstiabsorbed content of materials, levels of iaoigyand organic
parts contained in a material and anaylsis solkesitlues. It employs a sensitive electronic baldraa which the sample
is suspended in a furnace controlled by a tempergttogrammer. The thermal properties of two sampfethese alkyd

resins were investigated by means of thermo gravieanalysis (TGA) in Argon atmosphere at heatiatg of 10 °C/

www.tjprc.org editor@tjprc.org



12

Mohammed Ail Mutar & Noor Mohammed Abdul Hassan

min. The results such as Top Tr, Tsows % Residue at 300 °C, and char yields at 200 éCGsammarized in (Table 11).
The temperatures of 50% weight loss of (AR,) as a standard indication for thermal stabilitypofymers were all from
300 °C, The char yields of (Ajare 74% and (ARare 81%at 200 °C in Argon atmosphere, which iriditlaey could meet

temperature resistant requirements, which can &e ssurface coating application. Weight residigA®R ;) are 51% and

(AR,) are 52% at 300 °C.

Table 11: Some Thermal Stability Characteristics Cwes
Thermal Gravimetric Analysis (TGA) of Alkyd Resins

DT/°C . Char %
. Residue
Alkyd Resin Ts0% at
5 Ti | Topt | Topz| Te | | at°C300 | L
ARy 201 | 150| 252 >300 >300 51% 74%
AR, 190 | 150| 250, =300 >30pD 52% 81%

DT: Decomposition temperature.

Ti: Initial decomposition temperature.

Top: Optimum decomposition temperature.

Tf: Final decomposition temperature. The final degfe#issociation temperature

T50%: Temperature of 50% weight loss, obtained from TGA.

Char% at 200 ° C: Residual weight percentage at 200 ° C in Argoif GA

Terrgsratins (“C)

Figure 7: TGA Cure of AR;

Serperature [*C]

Impact Factor (JCC): 3.7284

Figure 8: TGA Cure of AR,
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Differential Scanning Calorimeter Analysis (DSC) Stdy

Differential Scanning Calorimetry, is a technique tbermal analysis that investigates how materidiéat
capacity (Cp) is transformed by temperature. A kmawass sample is heated or cooled and the vargatioits heat
capacity are observed as alterations in the hewat fThis allows to reveal transitions such as mglass transitions (Tg),
and the melting point (Tm) the degree of crystatian (Tc)™. this test was applied to the prepared samplesySihe
(curve 9) for the sample came from reaction surdiowil with Polyethylene glycol The results showbd value of the
glass transition (Tg) of the mixture (36.41c °fereang to obtain the flow temperature and thenéases endothermic the
sample to reach the melting point (Tm) at (300 cdthpletely dissolve and then less the sample dlesdrption rate and
by a curved appointed degree of crystallization) @c¢he mixture was (167.4 ¢ ©) It also showsur\(e 10) for the sample
came from reaction linoleic acid with triethanolamiand the results showed the value of the glassition (Tg) of the
combination (36.3c®) referring to an increase mftbw temperature and then increase endotherraisample to reach the
melting point (Tm) at (295 c ©) completely dissotuad then less the sample heat absorption rateyaadturved appointed
degree of crystallization (Tc) of the mixture wa3 (L c°).

Table 12: Shows the Degree of Glass Transition, Mé&lg Point and the
Degree of Crystallization in the Differential Thermal Analysis

Samples| Tg (c® | Tm (c® | Tc (c°)
AR, 36.41 | 300 167.4
AR, 36.3 295 77.1

Tg: Degree glass transition
Tm: Melting Ponit

Tc: Degree of crystallization

15 00
Temperature (C)

Figure 9: DSC Cure of AR,
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Temperature (C)

Figure 10: DSC Cure of AR

CONCLUSIONS

In this work, new alkyd resin used in many indiestiike paints and surface coatings because of pheperties

such as friction resistance, humidity, scalabilitigh adhesion, high dry without addition a dryingeat, and high

flexibility. And It shows that through the study dieir properties such as drying times, the valgtilsaponification

number, iodine number, acid value, and densithe$e resins all of the tests depends on the feittiychain length or type

of vegetable oil used in the manufacture of thesis. Alkyd resins show high solubility in varicamlvents because their

structures contain chemical groups such as (hydep»and links ethers) alkyd resins showed curvesnttal gravimetric

analysis (TGA) high increase in thermal stabilitychuse of the different types of vegetable oilsdusealkyd resins

industry and structural diversity of the structuoéshe new alkyd resins.
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