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Abstract 

Blend of seed oil; Mesua ferrea and Momodica charantia (50:50 w/w % ) as a potential 
source of fatty oil in manufacturing air drying long oil alkyd resin was investigated. 
Monoglyceride process at a temperature of 240 °C was used in the synthesis process 
due to relatively low acid values of the oils. Alkyd resins were prepared using various 
proportions of fatty oil, pentaerythritol and phthalic anhydride. Physicochemical 
properties of oils and prepared alkyd were determined. Film properties of alkyd resins 
were examined. All films of the resins were shown reasonably low drying time. Water 
resistance, acid resistance and hardness of the films of the resins were improved with 
increase of molar percentage of OH groups from 1 2 % to 2 4 % above stoichiometric 
amount. 
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Chapter 1 

I n t r o d u c t i o n 

1.1 Introduction 

Paint has become universal after few people realized that it has a remarkable commodity. 

Paint in the can remains liquid almost indefinitely, but when spread on a surface it is 

transformed within few hours in to a hard, durable coating which protects and beautiful 

for many years. 

Although no thicker than a few sheet of paper , paint coating are more durable than some 

metal at equal thickness and paint protects billion of dollars in wood and steel structures 

and metal goods from decay and corrosion. 

Paint is defined in the ASTM designation D16-47 as a pigmented liquid composition which 

is converted to an opaque solid film after application as thin layer 1 . 

The products of the paint industry are essential for the protection and decoration of the 

majority of the manufactured goods and architectural and industrial structures which 

characterize our complex material civilization. Paint coating are much diversified, but 

despite this wide variety they may be classified in to two general groups called 

architectural coatings and industrial coating 2 . 

Architectural coatings include varnishes, paints and enamels for both interior and exterior 

of dwelling. Architectural coating is used for protective and decorative purpose. 

Industrial coatings are applied on a very wide range of materials including metal , wood, 

paper, textile, leather, glass and plastics. Industrial coatings are essential to the efficient 

functioning of our many industrial operations. Motors, radios, and other electrical 

apparatus produced each year require millions of miles of wire, paper, and cloth covered 

with insulating coatings. Steel automobile bodies without paint would rust by marine 

organisms and salt water from converting them in to unsafe, corroded surface. Beer in tin 

can was not practical until a special coating was developed to protect the beer from the 

can and the can from the beer. Bakers pan no longer need greasing after developing a 

special coating marketed as nonstick. Each of these applications illustrate that the 

importance of industrial coatings. 
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During the past one hundred years, the coating industry has employed large quantities of 

fats and oils. The information in Table 1.1 demonstrates that the coating industry used 

larger quantities of fats and oil all over the world in each decade until the 1950 's 3 . From 

1950's usage of oil in coating industry began to decline. The decline in fats and oil has 

largely been a result of the substitution of petroleum products over the vegetable oil. 

Table 1.1 usages of fats and oil in surface coating 

Year Million pounds 

1931-34 474 

1940 652 

1950 873 

1960 716 

1972 525 

1987 293 

1992 302 

1997 345 

2002 390 

2007 440 

Petroleum based products usage increased dramatically over the past decade, due to its 

consumer convenience in clean-up, short dry time and low odors. As coatings based on 

these products further penetrate the existing market, the usage of oil-based coating will 

continue to decline until 1992 . 

Since the price of petroleum-derived solvents have and continue to increase drastically 

and unpredictably, the main raw material of paint industry depends on the foreign 

petroleum creates an optimistic picture of its future. This will again switch on the 

developing of renewable raw material for paint industry. This indicates an opportunity for 

expansion the utilization of oil from plant derivatives as a one of the conservation of 

imported petroleum expected in future. Thus the oil used in the coating industry was 

again increased gradually after 1992 as indicated in Table 1 .1 . Resin derived from plant 

oil are renewable-resource materials that are grown on farmlands in all agricultural 



countries and can survive independently from the increasing foreign petroleum demands 

and price fluctuations. 

In current paint industry in Sri Lanka is also diversified with different types of coatings 

such as architectural, industrial and other special types. Statistical date obtained from Sri 

Lanka custom department about the amount of imported alkyd resins are also 

represented the gradual increase of alkyd resin usage in local paint industry as shown in 

Table 1.2. 

Table 1.2 Custom statistics of alkyd resins imported to Sri Lanka 

Year Expenditure in 
million rupees 

Quantity of alkyd 
resins in metric tone 

1999 172 .28 2442 .12 

2000 182 .26 2512 .44 

2001 179 .50 2276 .90 

2002 206 .45 2316 .25 

2003 287 .18 3092 .13 

2004 375 .45 3313 .16 

2005 374 .65 3023 .52 

2006 4 6 0 . 9 6 3 4 7 1 . 8 1 

2007 4 8 1 . 2 5 2987 .44 

Since that it is an immense important to develop an alkyd resin from suitable fatty oil 

source available locally to save millions of rupees within the country. 

1.2 Objective and just i f icat ion 

Main objective of this research is to produce long oil, air drying alkyd resin with desired 

properties from natural fatty oil source together with polyol and Phthalic anhydride in 

different proportions. Experiments are carried out to find best recipe which results 

superior air drying alkyd resin with best film properties. 
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Scarcity & rising cost of petroleum products lead the development of alternate sources of 

raw materials for domestic & industrial uses. Renewable resources are now greatly being 

favored in preference to the petroleum products due to their bio degradable 

characteristics. Vast varieties of plants & herbs which contain a large amount of oil in 

their seeds are available in Sri Lanka & as well as all over the world. This oil seems to be 

viable alternative for petroleum resource. Oil of the traditional seeds like linseed, 

Soybean, coconut and Castor have been commercially used for the synthesis of different 

kinds of polymeric resins like alkyd, epoxies and polyester amides 5 . In addition to those 

widely used fatty oils tobacco seed oil6, Karawila (Momodica charantia) seed oil4 and 

Nahar (Mesua fer rea) 5 seed oil are also viable sources to synthesize alkyd resins. 

Nahar is a plant that produces high oil content seeds (~75w/w % ) , possessing both 

unsaturated and saturated fatty acids. Relatively low iodine value (89.26) of the Nahar 

seed oil indicates that it is a non drying oil and resulting alkyd is a non-drying one 5 . 

Whereas Karawila seed oil is a good drying oil with iodine value 116 and greatly differs 

from most of the other seed oils because of the presence of high amount of Eleosteric 

acid (63.4-67.9w/w %) A. Due to the presence of high amount of Eleosteric acid in 

Karawila seed oil provides better drying properties to the resultant alkyd. During the 

present research study combination of Nahar seed oil and Karawila seed oil are used as 

natural fatty oil source together with polyol and Phthalic anhydride for the synthesize of 

long oil air drying alkyd resin since Nahar seed oil alone is resulting non-drying alkyd 

resin. Excess hydroxyl content is varied to find best recipe and reaction conditions which 

results optimum properties. 

1 .3 Outline of the Thesis 

This thesis consists of four major areas of literature review, experimental work, results 

and discussion. In first chapter introduction is given to the research project. Second 

chapter discuss the diversity of plant Mesua ferrea and Memodica charantia. Third chapter 

focus on literature review on alkyd resins, reaction mechanism and reaction kinetics of 

alkyd preparation, drying mechanism of alkyd resins and gelation. Methodology of the 

experimental work and details of the selected recipes are given in fourth chapter. Fifth 

chapter discuss the experimental results such as physicochemical properties and film 

properties obtained from the research work. Sixth chapter conclude the obtained results 

from the research project and recommendations for future work. 
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Chapte r 2 

D ivers i ty o f p lan t Mesua f e r r e a a n d M o m o d i c a c h a r a n t i a 

2.1 Plant Mesua ferrea 

The plant Mesua ferrea is belonging to family Guttiferae/Clusiaceae. Different names are 

used in different languages and in Sri Lanka it is called as Diyana. In English it is known 

as Ceylon Iron Wood, in Tamil it is known as "Irul" and in Hindu as Nagkesar 7 . Scientific 

Classification of Mesua ferrea 8 is as follows. 

Kingdom: Plantae 

Division: Magnoliophyta 

Class: Mangoliopsida 

Order: Malpighiales 

Family: Clusiaceae 

Subfamily: Kiel meyeroideae 

Tribe: Calophylleae 

Genus: Mesua 

Species: ferrea 

2.2 Bio-d ivers i ty and medicinal properties of Mesua ferrea 

The plant Mesua ferrea, the national tree of Sri Lanka is native to tropical Sri Lanka., 

India, Sourthern Nepal, and Andaman Island. The national Ironwood forest is a 96 ha 

forest in Sri Lanka where Mesua ferrea trees dominates the vegetation. I t is said that 

during King Dappula iv's period of 8 t h century AD, this forest was created and the 

remaining trees are the shoots of them. Hence it is considered the oldest manmade forest 

in Sri Lanka. This is the only ironwood forest in the dry zone with wet zone vegetation. 

Nahar is a small to medium sized evergreen tree up to 13 m tall, often at the base with a 

trunk up to 90 cm in diameter. I t has simple, narrow, oblong, dark green leaves 7-15 cm 

long with a whitish underside. The emerging young leaves are red to yellowish pink and 

drooping. The flowers are sessile, 1-3 together on a short peduncle in the axils of apical 



leaves. Flower is 4.5 cm diameter with four white petals and a centre of numerous yellow 

stamens. Flowers are from April to June of the y e a r 7 , 9 . 

Fruits are depressed globose capsules, surrounded by enlarged sepals and bracts contain 

1-4 seeds. Seeds are angular, testa crustaceous, smooth and chestnut brown in colour 9. 

The wood is very heavy and is used for railroad ties and as a structural timber. Its resin is 

slightly poisonous but many parts have medicinal properties. Though all the plant is used 

in various medicinal preparations' main part is flowers. The flowers are used for acute 

bronchitis, pneumonia and problems like digestive, constipating and stomachic. Also use 

for condition like asthma, cough, fever and vomiting. Dried flowers are used for bleeding 

hemorrhoids and dysentery with mucus. Fresh flowers are useful remedy for itching, 

nausea, erysipelas, bleeding piles; excessive thirst and sweating. Seed oil is considered to 

be very useful in condition like scabies, wounds, vata disorders, skin diseases and 

rheumatism. Leaves are used an aphrodisiac for reproductive system. The root is used as 

antidote for snake poisons 1 0 , n . 

Clinical studies of Mesua ferrea is found to be very useful in female patients suffering 

from vaginal monaliasis. The essential oil from the stamen showed that antifungal activity 

against C. tropicalis 1 2 . Essential oil from the seed exhibited antiasthmatic activity and 

antifungal activity against a number of pathogenic f u n g i 1 3 , 1 4 . The volatile oil from flowers 

shows antibacterial, antifungal and anthelmintic activities as well as significant anti­

inflammatory and styptic activities n ' 1 4 . 

Chemical constituent of stamen is mesuferrone-A, mesuferrone-B, mesuaferrol, mesuanic 

acid, p-anyrin, p-sitosterol. The seed and heartwood contain a number of xanthones and 

coumarins. 4-alkyl and 4-phenyl 5,7- dihydroxycoumarins from Mesua ferrea blossoms 

shows the weak antiprotozol and potent antibacterial activity on resistant gram-positive 

s t r a i n s . 1 1 , 1 2 . 

Nahar is a plant that produce high oil content seeds ( ~ 7 5 w / w % ) , possessing both 

unsaturated fatty acids ( 7 4 . 6 w / w % ) comprising mainly of oleic acids ( 5 2 . 3 w / w % ) and 

linoleic acid ( 2 2 . 3 w / w % ) . 25 .4w/w % saturated fatty acids comprising mainly of palmatic 

acid (15 .9w /w % ) and stearic acid (9 .5w /w % ) 5 . Hence it can be utilized for the synthesis 

of polyester resins and other types of polymers like polyurethanes, polyester amides, etc. 

From the relatively low iodine value (89 .26 ) of the Nahar seed oil indicates that resulting 

alkyd is a non-drying one 5 . 
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2.3 Plant Momodica charant ia 

The plant Momodica charantia belongs to family cucubitacea. Different names are used in 

different languages some common names are bitter melon, bitter gourd and Chinese 

melon. In Sri Lanka it is called Karawila. The plant is tropical and cultivated in Africa, 

South America, Asia and Caribbean for the use of food and medicine. Scientific 

Classification of Momodica charant ia 1 6 is as follows. 

Kingdom: Plantae 

Division: Magnoliophyta 

Class: Magnoliopsida 

Order: Violales 

Family: Cucurbitaceae 

Genus: Momodica 

Species: charantia 

2.4 Bio-diversity and medicinal properties of Momodica charant ia 

Karawila plant is a climbine vine. I t has life time over two years. A leave has five lobes 

with uneven edges. Stem and leaves are hairy. Normally colour of the leaves is green but 

gradually turns in to yellow when fruits are ripen. A flower has five petals and yellow in 

colour. The fruits are ovoid in shape, 10-30 cm long and surface is uneven. 

This plant has traditionally identified medicinal properties over several health problems in 

indigenous medicine. Karawila is very famous for the diabetes in many countries. Water 

extract of unripe fruits is used as a potent stimulator of insulin release from 13-cells rich 

pancreatic islets in obese-hyperglycaemic mice and for gastric ailments including peptic 

ulcers 4. In addition to that Karawila is used for hepatitis, diarrhea, malaria, fever, cough, 

rheumatism. 

Karawila seed oil is greatly differ from most of the other seed oil due to the presence of 

Eleosteric acid. I t is mainly consist of 1 .6-1 .9w/w % of palmatic acid, 0 . 1 2 - 0 . 1 6 w / w % 

palmitoleic acid, 2 . 6 - 4 w / w % oleic acid, 3 . 1 - 4 . 6 w / w % linoleic acid, 0 . 5 4 - . 6 3 w / w % 

linolenic acid, 2 1 . 7 - 2 6 . 5 w / w % stearic acid and 6 3 . 4 - 6 7 . 9 w / w % eleosteric acid 4 . Karawila 

seed oil has high potential to form dried films when a thin layer of oil is exposed to the air 

due to the presence of high amount of eleosteric acid. Hence it is a good drying oil and it 

provides better drying properties to the resultant alkyd. 
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2.5 Oil extract ion methods 

Oils can be extracted using a variety of methods. Currently the most popular method for 

extraction is solvent extraction but more efficient technologically advanced methods are 

being used for this purpose such as expeller pressed method, supercritical fluid technique, 

enzymatic extraction and osmotic shock method. 

Expeller pressing is the method of extracting oil with a mechanical press rather than 

utilizing a chemical extraction process. There are no solvent residues in oil that has been 

expeller pressed and resulting in cleaner more pure oil, higher in natural color and flavor. 

An expeller press is a screw type machine, which presses oil seeds through a caged 

barrel-l ike cavity. This machine uses friction and continuous presses from the screw 

drives to move and compress the seed materials. The oil sieves through small openings 

that do not allow seed fiber solids to pass through it. Afterward, the pressed seeds are 

formed in to a hardened cake, which is removed from the machine. Pressure involved in 

expeller pressing creates heat in the range of 6 0 - 9 9 ° C 1 7 . 

The supercritical fluid / C 0 2 extraction method, C 0 2 is liquefied under pressure in a semi 

batch-flow extractor and heated to the point that it has the properties of both liquid and 

gas. This liquefied fluid then act as the solvent in extracting oil. Ones the liquid 

depressurizes, the C 0 2 returns to a gaseous state and only remaining is pure oil. The 

extraction rates increased with pressure, but decreased with temperature because of the 

variation in solvent density and resultant differences in oil solubil ity 1 8 . 

Enzymatic Extraction uses enzymes to degrade the cell wall with water. Water is acting as 

a solvent and it makes fractionation of the oil much easier. The cost of this extraction 

process is estimated to be much greater than solvent extract ion 1 7 . 

Osmotic shock is a sudden reduction in osmotic pressure and ruptures the cell wall to 

extract the oil inside the cell. This|method is commonly used to extract oil from a lgae 1 7 . 

2.5.1 Solvent extract ion method 

Solvent extraction is the most popular method for oil extraction. Solvent extraction is 

achieved through the grinding of seed. The ground seed is then in the soxhlet apparatus 

and washed with a petroleum distillate. Most common chemical used is hexane, which 

release oil in the seed. The oil solvent blend is next heated to separate the distilled 
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hexane from the oil-solvent blend. The resultant mixture is placed in a rotary evaporator 

to remove the solvent completely 1 7 . 

Thermodynamics play an important role in the principal of distillation in order for a liquid 

to be vaporized. Latent heat must be applied to this liquid until its temperature attains 

the point where its vapor pressure becomes equal to the surrounding atmospheric 

pressure. At this point the temperature will rise no further. When heat continuous to be 

applied, the liquid will take up this latent heat and vaporize at the appropriate rate. This 

is the boiling point under the prevailing pressure. When a vapor is converted back to 

liquid actually happening is a reduction and release of the latent heat. 

When mutually insoluble compounds such as hexane and seed oil are present, the total 

pressure exerted by the mixed vapor then becomes the sum of the partial pressure 

exerted by each constituents present. This liquid mixture will boil when its temperature is 

raise to the point where the combined vapor pressure of its components becomes equal 

to the surrounding pressure. 

At this temperature the mixture will boil and the hexane will vaporize in to the vapour as 

fast as its requirements of latent heat can be applied by external source. When this vapor 

mixture enters to the condenser, it is exposed to cool surface which again results in a 

transfer of latent heat of vapor mixture and converts the vapor back to its liquid state 

h e x a n e 1 8 . 

This hexane-oil mixture can be further separated by rotary-evaporator. 

In the present research study Nahar seed was collected form Gampaha district and 

Karawila seed was collected from Vegetable Seed Centre-Gannoruwa. Oil was extracted 

using solvent extraction technique in soxhlet apparatus. Hexane was used as a solvent for 

the extraction. Residual hexane from the oil-hexane mixture was further removed using 

rotary evaporator and resultant oil was centrifuged to remove solid particles. Oil was oven 

dried until it achieved constant weight at 80°C to remove residual solvents. 



Chapter 3 

Alkyd resins 

3.1 Historical development a lkyd resins 

Alkyd resins are condensation polymers of dibasic acids and dihydric alcohols. Molecular 

weights of alkyd resins are of the order of 1 0 0 0 - 5 0 0 0 1 9 . Alkyd is a word coined by Kienle 

in early 1 9 2 7 2 0 and the name alkyd comes from its ingredients alcohol and ac id 1 9 . The 

word "al" comes from alcohol and the word "cid" from acid and by euphony change "cid" 

became "kyd" and the word "alcid" became to "a lkyd" 2 0 . Alkyd resins provide improving 

drying potential and film forming properties for drying oil. An oil free resin can be 

prepared from ethylene glycol and phthalic anhydride as shown in Figure 3 . 1 . I t is a 

saturated polyester resin because'the polymer chain is held together by a serious of ester 

linkages and it is not aliphatic double bonds. 

- n H20 

Figure 3 . 1 : Reaction between ethylene glycol and phthalic anhydride 

The first saturated polyester was synthesized at the beginning of this century in 1901by 

Watson S m i t h 2 0 . They were glyptal resin made from glycerol and phthalic anhydride as 

shown in figure 3.2 . This resin had poor solubility and was hard and brittle. 
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Figure 3 .2 : React ion between phthalic anhydr ide and glycerol 

Oil based a lkyd resins can be prepared by reacting of monoglycer ide prepared from oil 

with phthalic anhydr ide. The oil is converted to a monoglycer ide by heating with glycerol 

before adding phthalic anhydr ide as shown in f igure 3 .3 . Dur ing the monogleceride 

process fatty acid moiet ies in the original oil are reacted with hydroxyl groups of glycerol 

and produced a mixture of monoglycer ide, oil and glycerol . 

CH20 - C O W W CH20H C H 2 ° ~ ~ C 0 w w 

C H O - C O w w ' 220-240°C ' CHO CO W W - 2 n C H 0 H ^ 3 n C H 0 H 

1 I 1 
CH20— CO W W C H 2 0 H c h 2 o h 

Figure 3 .3 : React ion between tr iglyceride in fatty oil and glycerol 

Possible geometry of polyester from the reaction between dibasic acid and dihydric 

alcohol are l inear or ring s t ruc tu res 2 0 . But when tr ihydric alcohol such as glycerol is used , 

same liner or ring structure is possible when two of the three hydroxyl groups are 

esterified only. Branch structure is produced during the esterif ication of third hydroxyl 

group. Branch structure can also be produced by using tetra functional polyol like 

pentaerythritol or hexafunct ional polyol like sorbitol, manitol and dipentaerythri tol . 

Monobasic acid is used as a chain terminator to stop growth to ach ieve desired molecular 

weight of the resultant a lkyd resin. 
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Drying oil or non drying oil can be used to prepare a lkyd resins according to their end 

use. Non drying oils result plasticizing a lkyds frequently used in stoving pa in ts 2 0 . Drying 

oils g ive drying a lkyds which is drying faster than corresponding oil due to its high 

functionality. For examp le 5 8 % oil length l inseed oil g lycerol phthalate a lkyd contains 

about 2-10 fatty acid cha ins per ayerage molecule, leads faster dry ing than l inseed o i l 2 0 . 

3.2 Classif icat ion of a lkyd resins 

Alkyds are classif ied into three groups according to its oil length which is expressed as a 

percentage. Oil length is the number of g rams of oil used to prepare 100 g rams of a lkyd 

res i n 2 0 . 

1. Short oil a lkyds 

2. Medium oil a lkyds 

3. Long oil a lkyds 

Below 4 5 % oil is a short oil a lkyd and 4 5 - 6 0 % oil is a medium oil a lkyd . Long oil a lkyd 

contains above 6 0 % oil. Long oil a lkyds are soluble in al iphatic hydrocarbons where as 

short oil a lkyds are soluble in aromatic hydrocarbons. 

Properties of the a lkyd resin depend on the polybasic acid and the polyhydric alcohol. 

Increasing the number of carbon a toms between the carboxy l g roups in the acid or the 

hydroxyl groups in the alcohol leads to more flexible resins. Extent of the branching can 

be controlled by acid and alcohol functionality. Colour retention depends on the oil and oil 

length. Oil length of the a lkyd resin controls solubil i ty, cross l inking potential during 

drying and compatibi l i ty with other resins. 

3.3 General reaction mechanism of alkyd resins 

Alkyds are classif ied as step-growth po l ymers 2 1 . S tep-growth polymerizat ion reactions of 

alkyd are proceeded via addit ion-el iminat ion reaction at a carbonyl bond of carboxyl ic 

acid or carboxyl ic acid der ivat ives. Carbonyl carbon is electroposit ive due to the 

polarization of carbonyl ca rbon-oxygen double bond. 
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Nucleophile adds to this electroposit ive carbon atom at carbonyl group and form an 

intermediate structure. T h e intermediate structure is highly reactive s ince electron pair 

from the ca rbon-oxygen double bond has become localized on the oxygen a tom. Th is 

intermediate structure can undergo either elimination of nucleophi le to re-form the 

original reactant or el imination of consti tuent which binds to carbonyl carbon atom to 

form product or addit ion of a proton to form an ortho ester type of compounds. 

Rate of the reaction and the product of the reaction depend on the monomer structure 

and the reaction med ium. In the presence of e lectron-wi thdrawing groups at carbonyl 

group decrease the electron densi ty at the carbonyl carbon a tom. Th i s can be facilitated 

the rate of at tacking nucleophi le. Also rate of the reaction can be facil itated by increasing 

the base strength or electron densi ty of nucleophile. Cata lys t and the steric effect of the 

reactant also affect the rate of the reaction. 

In aromatic reactants, bulky, substi tute in 2 and 6 position from the reactive site retards 

the rate of the react ion. In al iphatic reactants bulky subst i tute in a lpha or beta carbon 

atom retards the reaction rate but bulky groups in 3 beta carbon a toms retards the rate 

of the reaction even more effectively than on alpha carbon a t o m 2 1 . 

General ized reaction mechan ism can be represented as shown in f igure 3.4. 

0 ^ . 0 : O 

R - C - X + H -Y 
I 

R- C - X 
t 

II 
R - C - Y + HX 

X X 

Y - H 

Figure 3 .4 : General ized reaction mechan ism of a lkyd resins 

In 1960 Bender s u g g e s t that substi tute of X can be O H , O R 1 , N H 2 , NHR ' , C O , R or C I . Y 

can be R O " , R O H , R ' - N H 2 or R C O O " and R or R' can be an alkyl or an aryl g r o u p 2 1 . 

3 .4 Speci f ic r e a c t i o n s a p p l i e d fo r t h e syn thes is of a l k y d res ins 

There are four main synthet ic routes for the preparation of a lkyd resins based on general 

reaction mechan ism specif ied in the section 3.3 2 1 . 
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1) Direct esterif ication of carbonyl group with alcoholic hydroxyl group. 

2) Transester i f icat ion such as alcoholysis, acidolysis and estero lys is . 

3) Reaction of polyfunctional hydroxyl compounds with acid anhydr ides. 

4 ) Reaction of acid chloride with glycol or bisphenols. 

3 . 4 . 1 Direct esteri f icat ion 

Direct esterif ication reaction is undergone between carboxy l and the hydroxyl groups 

contained either in s a m e molecule or in two different molecules as shown in f igure 3.5 

and 3.6 respect ively. Th is reaction is either self ca ta lyzes by the second molecule of the 

carboxyl acid or by the independent acidic catalyst . 

n H O - A - C O O H 

0 
II 

- A - C - 0 n H 2 0 

n 

Figure 3 .5 : Direct esterif ication between s a m e molecules 

n HOOC - A - COOH + n H O - . G - OH 
C - A - C 
II II 

0 o 

- O - G - O -
+ 2 n H 2 0 

Figure 3 .6 : Direct esterif ication between different molecules 

In 1967 Solomon followed by Ingold in 1953 proposed following mechan isms for the se l f -

catalyzed polyesterif ication reac t ion 2 1 . 
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Oxonium ion is i o n i s e d f r o m the autoprotolysis of the acid as follows. 

2RCOOH „ RCOO" + RCOOHj + 

Rate determine step of the reaction is as follows. 

R 1 O H + R C O O H 2 + ; " RCOOHR 1 + H 2 0 

Above reactions are taken place simultaneously with the following reaction 

RCOOH + R ^ H _ RCOO" + R 1 O H 2

+ 

Rate of the se l f - ca ta lyzed direct esterif ication reaction can be expressed as second order 

reaction with respect to carboxy l ic a c i d 2 1 , 

R CE [ R C O O H ] 2 [ R ' O H ] 

Second order kinetic has been proposed for the cata lyzed esterif ication react ion. In 1846 

Flurry observed that fall ing off of the reaction rate at higher conve rs i on 2 1 . Th is is ass igned 

the depletion of cata lyst . At higher conversion the concentrat ion of the end groups from 

carboxyl ic acid and hydroxyl becomes comparable with the cata lyst concentrat ion. S ince 

that catalyst can be function as a chain - terminating agent . 

3.4.2 Transester i f icat ion 

Transesteri f icat ion can be taken place in three different ways such as alcoholysis, 

acidolysis and estero lys is . 

Transester i f icat ion by a lcoholys is is taken place in two s tages . One is reaction of a diester 

and a polyol using e x c e s s polyol to facilitate the forward reaction s ince this is a reversible 

reaction as shown in f igure 3.7. 
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o 
II 

R O - C - A - - O R + O + 1 ) H O - R - O H — HO - R - O 

O O 
I I n , 
C - A - C - O R O - - H 

n 

Figure 3 .7 : React ion between diester and polyol 

Second s tage is polycondensat ion as shown in f igure 3.8 at h igher temperature and under 

vacuum condition by el imination of polyol. 

0 0 0 0 0 o 
II II , II II , II II , 

2 H O - R - O - C - P - C - O - R - O H T H O - R - O - C - P - C - O - R - O - C - P - C - O - R O H + H O - R - O H 

Figure 3 .8 : Polycondensat ion reaction v ia removal of polyol 

Transester i f icat ion is possible without a catalyst . Also it can be cata lyzed by salt of C a , 

Mn, Z n , C d , Pb, and C o . T h e second order reaction kinetic was proposed for both 

uncatalyzed and cata lyzed transesteri f icat ion reac t ions 2 1 . But order of the reaction can be 

varied due to var ious factors such as difficulty in suppress ing reverse react ion, rate of 

loss of volati le components according to the change in str ing speed and vesse l geometry 

and changes of reaction vo lume during the progress in react ion. 

Polyester resins can be prepared by reacting carboxyl ic acid with acetate ester as shown 

in figure 3.9 called ac ido lys is . 

O 0 O 

R - C - O H + HO - C - R - C - O G - O - R , R - C - O - G - O - R + H O O C - R - C O O H 
I I 

O 

Figure 3 .9 : React ion between carboxyl ic acid and acetate ester. 

Polyester resins can be prepared by esterolysis of glycol esters and carboxy l ic esters as 

shown in f igure 3 .10. 

0 0 O 0 
. I I II II II 

n R - O - C - A - C - O R + n R - C - O - G - O - C - R ~ 

O O 
n n 
C - A - C - O - G - O 

O 
n 

+ 2n R C - O R 

n 

Figure 3 .10 : React ion between carboxyl ic ester and glycol ester 
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3 . 4 . 3 Polyesters from anhydr ides 

This reaction is widely used for commercia l production of polyesters in paint and plastic 

industry. React ion undergoes in two steps as shown in f igure 3 .11. Esterif ication of the 

free carboxyl group is the slowest s tep, which determined the rate of the overal l reaction. 

0 H O R O 

o = c 

• / 
V 

C = 0 

+ n H O - R - O H 

0 

o 

COOH 

o 

r~ 

V 

0 

V C-o-R-o - -
u H 2 0 

(o > \ / 
Figure 3 .11 : React ion between acid anhydr ide and polyol 

3 . 4 . 4 Polyester from acid chlor ides 

This reaction is mainly used for the preparation of polycarbonates which take place in two 

steps. Th is reaction has second order kinetic and slowest second step is the rate 

determining step. Equi l ibr ium of the reaction can be shifted to forward direction by 

removing formed HCI from the sys tem. 

Th is reaction is limited for aromat ic diols such as bisphenols s ince reaction between 

aliphatic diols and acid chlor ides are very slow. 

0 0 
II II 

n C I - C - A - C - C l + n H O - G - O H — 

^ 0 0 -\ 
II II 
C - A - C J - O - G - O + 2n H C I 

Figure 3 .12 : React ion between acid chloride and polyol 
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3.5 Raw material used for a lkyd synthesis 

Synthes is of a lkyd resin basical ly needs three different types of chemical const i tuents. 

They are polyol with hydroxyl functionality greater than two, polybasic acid or acid 

anhydr ides and fatty oils or their fatty ac ids. Fatty oils can be dry ing, semi drying or non 

dry ing. 

3 .5 .1 Polyhydric Alcohol 

Glycerol and pentaerythritol are the most important widely used polyol in a lkyd synthes is . 

Glycerol is having three hydroxyl functionality with two pr imary hydroxyl groups and one 

secondary hydroxyl g roup. Where as pentaerythritol is having four hydroxyl functionality. 

In pentaerythritol all four hydroxyl groups are pr imary. Pentaerythri tol forms more 

complex resins with phthalic anhydr ide than with g lycero l . 

High functionality of pentaerythritol is especial ly used for long oil a lkyd which contains 

more than 6 0 % oil length. Th is results higher v iscosi ty , faster dry ing, greater hardness, 

better g loss , better g loss retention and improved water res is tance than alkyd having 

same oil length prepared with g l yce ro l 2 1 . 

Rate of v iscosi ty increase is very high due to the presence of polypentaerythri tol up to 

1 5 % which imparts high functionality to the r e s i n 2 1 . 

Reactivi ty of pentaerythri tol can be reduced by severa l ways such as partially replace of 

pentaerythritol by using var ious types of g lyco ls , large proportion of fatty ac ids and 

fo rmaldehyde 2 1 . 

During the reaction between pentaerythritol with formaldehyde cycl ic- formals are 

produced as shown in f igure 3 .13. 

HO — cH a \ ^ . C H a - O H ^ 0 — C H a x ^ C H j - OH 

C + HCHO —*• CHa C x 

HO —CHa X C H a - O H ^ 0 — CH2 CHa - OH 

Figure 3 .13 : React ion between pentaerythritol and formaldehyde 
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I L I B R A E 
DIVERSITY OF MORATUWA. S5JI LAfiULi 

MORATIW-'A 

Using formaldehyde to reduce reactivity of pentaerythritol has another advantage which 

reduces the phthalic anhydr ide losses due to subl imat ion. But it renders the faster drying 

due to the presence of easi ly oxidizing - C H 2 groups and the presence of easi ly break 

down hydroperoxide instead of hydroxyl group which g ives H b o n d 2 1 . 

For the preparation of medium oil and short oil a lkyds frequently used a mixture of 

pentaerythritol and ethylene g lycol . These resins impart better compatibi l i ty, g loss 

retention and durabil i ty, than a lkyd prepared from glycerol on l y 2 1 . 

Some common polyols which are used to synthes ize a lkyd resins are shown in Figure 

3.14. 

C H J - O H 

C H - O H H ° -

C U 3 - O H 

O H 

- O H 

O H 

C H j O H 

C H , 

C H j O H 

C H j O H 

C H j O H H O H j C C H j O H 

C H j O H 

Mecero l p e n t a e r y t l u i t o l tr i inet l iy lo lethane r r i i n e t t i y l o l p r o p M i f 

H O H j C 

C H j O H 

C H j O H 

C H j O H C H j O H 

C H j - 0 - C H j C — C H j - 0 - C H j C — C H j O H 

C H j O H 

rri p e n t a e r y t h r i t o l 

C H j O H 

C H j - O H 
I 

C H j - O H 

e d t v l e u e g lyco l 

H O CHj 

C HJ O H CHj O H 

C H J - 0 - C H J — c — C H J O H 

C HJ O H 
CHj O H 

dipeittaerytliritol 

CHj O — C H J 

C H J O H C H J O H 

(liethylane glycol 

CHj O H 

I 
C H 3 C — C H 3 

I 

CHj O H 

N e c p e n r y l glycol 

Figure 3 .14: Chemical structures of polyol 

Greater the distance between hydroxyl groups results softer f lexible a lkyds . Th is is due to 

the greater rotational f reedom of the molecule. The non hydroxyl group of the polyol is 
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also affected the propert ies of the resins. For example tr imethylolpropane based resins 

shows higher solubil i ty in hydrocarbon solvents, better flexibil ity and more water and 

alkali resistance compared to the glycerol based resins due to the shielding effects of the 

hydrocarbon chains protect the ester group from foreign a t t a c k s 2 1 . 

3.5.2 Polybasic Acids 

Phthalic anhydr ide is widely used polybasic acid in the synthes is of a lkyd resins. In 

addition to that isothalic ac id , terephthalic ac id, maleic anhydr ide, succin ic ac id , adipic 

ac id, tetrachlorophthalic anhydr ides are some of the polybasic ac ids used in the synthes is 

of alkyd resins. 

Some common polybasic ac ids which are used to synthes ize a lkyd resins are shown in 

Figure 3 .15. 

0 
II 

COOH 

COOH 

phthalic anhydride Isophthalic acid 

2 0 



CI 0 
II 
c 

< y 
C l 

\ 
( 0 

HOOC COOH 

C l C 
ii 
0 C l 

Terephthalic acid Tefrachlorophrhalic aidiydride 

Figure 3 .15 : Chemica l structures of polybasic ac ids 

Main difference between Isothal ic acid and terephthalic acid over phthal ic anhydr ide is 

resulting a high molecular weight , high v iscous a lkyds . Th is is due to the absence of 

intramolecular ring formation which results decrease in the functionality of the polymer 

chain. Isophthal ic a lkyds show faster dry ing, more flexible tougher f i lms 2 1 . 

Chlorinated polybasic ac ids such as tetrachlorophthalic anhydr ide are used to synthes is 

a lkyds need fire retardant propert ies. Meleic anhydr ide produces more complex a lkyd 

resins with high v iscosi ty . S ince that risk of gelat ion is very h i g h 2 1 . 

3.5.3 Fatty acids and oils 

Alkyd resins can be prepared from fatty oils or their fatty ac ids . Fatty oils belong to group 

of biological compound called l ipids. In 1954 Jamieson classi f ied fatty oils in to three 

categories as drying oi l , semi drying oil and non drying oil according to the iodine 

number. Iodine number corresponding the degree of unsaturat ion in oil. For drying oils 

iodine number is > 1 4 0 . For semi drying oils iodine number is 125-140 whereas non 

drying oils have iodine number < 1 2 5 2 1 . 

Select ions of the fatty oil or fatty acid for the synthes is of a lkyd resin depend on the final 

use of the resin. For examp le if the resins are to be used as a f i lm-forming materials 

drying or semi drying fatty oil or fatty acids are used to syn thes is the res ins. S ince that 
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alkyd can undergo auto-ox idat ion at ambient temperatures through the attack of 

atmospher ic oxygen at the unsaturated groups present in the fatty oil or fatty a c i d 2 2 . 

Fatty oils or fatty ac ids which are fully saturated or contain only one double bond are 

used for the syn thes is process if the resin is used as a plast icizer. Fi lm properties of the 

alkyd resin such as drying t ime, hardness, yellowing can be controlled choosing suitable 

oil or fatty acid for the syn thes is process. 

Physicochemical data of some commonly used fatty oils for the syn thes is of a lkyd resins 

are shown in Tab le 3 . 1 4 , 2 1 . 

3 .5 .3 .1 Fatty acid composit ion 

Even though the iodine va lue imparts the unsaturat ion of oil it does not express the 

nature and the ar rangement of fatty acids in oil. Fatty acid composi t ion of each oil is 

important for that. Unsaturated fatty acid with - C H = C H - group is called ethylenic fatty 

ac ids, those with - C > C - group is called acetylenic fatty ac ids . 

Ethylenic fatty ac ids are the most abundant fatty acid type in vegetab le oi ls. They are 

further categor ized into monoenoic fatty acids and polyenoic fatty ac ids according to 

number of double bonds present in the fatty ac ids . Most avai lable monoenoic fatty acid in 

vegetable oil is oleic ac id . Polyenolic double bonds are further c lassi f ied into two groups as 

conjugated and non conjugated ', fatty ac ids. Drying properties of the resultant a lkyd 

depend on the type of unsaturat ion as well . Tab le 3.2 and 3.3 indicate the type of fatty 

acids in fatty oil and fatty acid composit ion in some common fatty o i l s 4 , 2 1 . 
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Table 3 .1 : Physicochemical data of some fatty oils 

Fatty oil Iodine va lue Acid value Safoni f icat ion 
va lue 

Refract ive index 

Linseed oil 170-190 2-6 188 1.4795 

Perilla oil 193 -208 Below 5 187 -197 1.4780 

Sti l l ingia oil 169 3.7 206 1.4817 

Hempseed oil 150 4 192 1.4670 

Chi oil 196 0.6 192.2 1.4855 

Alfalfa seed oil 154.2 - 172 1.4783 

Tung oil 144-171 0 .9 -1 .69 197 -199 1.4761 

Lumbang oil 151 1.2 190.8 1.4749 

Perilla oil 193 1.7 191.3 1.4816 

Figseed oil 169 0.9 190 1.4775 

Cacahuananche 
seed oil 

153 0.8 187 1.5163 

Oiticica seed oil 144 -155 4.1 186 -193 1.505 

Saff lower oil 142 -120 0 .2 -0 .5 188 -194 1.4742 

Bel ladonna seed 
oil 

145 191 1.4726 

Passion seed oil 140 - 190 1.4737 

Dehydrated 
castor oil 

134 4.3 190.5 1.4835 

Wulnut oil 135 - 193 1.4730 

Poppy seed oil 134 1.5 192 1.4751 

Sunf lower oil 135 2.0 190 1.473 

Soyabean oil 135 2.5 190 1.473 

Grape seed oil 125 - 186 -

Papaw seed oil 111 6.4 194 -

Lemon seed oil 106 - 192.7 1.4664 
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Table 3 .2 : Unsaturated fatty ac ids in fatty oil & some common sources 

Structura l formula & IUPAC name Common 
name & 

unsaturat ion 

Source 

C H 3 ( C H 2 ) < , C H = C H C H 2 C H = G H ( C H 2 ) 7 C O O H 

Cis -9 ,c is -12-oc tadecad ieno ic acid 

Linoleic acid 
(Non 

con jugated) 

Sunf lower oi l , 
soybean oil, 

corn oil , Nahar 
seed oil 

C H 3 C H 2 C H = C H C H 2 C H = C H C H 2 C H = € H ( C H 2 ) 7 C O O H C O O H 

C i s - 9 , c i s -12 , c is-15-octadecatr ienoic acid 

Lenolenic acid 

(con jugated) 

soybean oil, 
l inseed oil, sea 
food oil, Nahar 

seed oil 

C H 3 ( C H 2 ) 3 C H = C H C H = C H C H = C H ( C H 2 ) 7 C O O H 

C i s - 9 , t rans-11, t rans-13-octadecat r ienoic acid 

Eleoster ic acid 

(con jugated) 

Tung oil, 
karawila seed 

oil 

C H 3 ( C H 2 ) 3 C H = C H C H = C H C H = C H ( C H 2 ) 7 C O O H 

C is -9 , t rans -11 ,c i s - 13-octadecatr ienoic acid 

Punicic acid 

(con jugated) 

Pomegranate 
family 

C H 3 ( C H 2 ) 3 C H = C H C H = C H C H = C H ( C H 2 ) 7 C O O H 

t rans-9 , t rans-11 ,c is - 13-octadecatr ienoic acid 

Cata lp ic acid 

(con jugated) 

Cata lpa ovate 
seed oil 

C H 3 ( C H 2 ) 4 C H = C H C H = C H C H = C H ( C H 2 ) 6 C O O H 

t rans-8, t rans-10,c is -12-octadecat r ieno ic acid 

Cata lp ic acid 

(con jugated) 

Marigold seed 
oil 

C H 3 ( C H 2 ) 3 C H = C H ( C H 2 ) 7 C O O H 

Cis-9- te t radecenoic acid 

Myristoleic 
acid 

(Monoenoic) 

Seed oil of 
Myrist icaceae 

Dolphin head 
oil, Whale head 

C H 3 ( C H 2 ) 5 C H = C H ( C H 2 ) 7 C O O H 

C is -9 -hexadeceno ic acid 

Palmitoleic 
acid 

(Monoenoic) 

Seed oil of 
Asc lepediaceae 

Connaraceae 
and proteaceae 

C H 3 ( C H 2 ) 1 0 C H = C H ( C H 2 ) 4 C O O H 

C is -6 -oc tadeceno ic acid 

Petrosel inic 
acid 

(Monoenoic) 

Seed oil of 
Ubelliferae 

and Aral iaceae 

C H 3 ( C H 2 ) 7 C H = C H ( C H 2 ) 7 C O O H 

Cis -9-oc tadeceno ic acid 

Oleic acid 

(Monoenoic) 

Most of 
vegetable oil 

C H 3 ( C H 2 ) 7 C H = C H ( C H 2 : ) 1 1 C O O H 

C is -13-docoseno ic acid 

Oleic acid 

(Monoenoic) 

Most of 
vegetable oil 
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Table 3 .3 : Fatty acid composit ion of some fatty oils 

Fatty oil Myristic Palmit ic Stear ic Oleic Linoleic Linolenic Other 
fatty 
acids 

Linseed oil 6 22 17 51 

Perilla oil 7 8 38 47 

Sti l l ingia oil 10.4 49 .9 25.4 8.6 

Hempseed oil 12.6 53 24.3 10.1 

Chi oil 0.8 4 8 . 6 - 3 0 . 3 39 .3 -
56.2 

8 .1 -10 .6 

Alfalfa seed oil 3.3 23 .5 73 .2 

Tung oil 4 2 4 8 Eleosreic 

82 

Lumbang oil 4.7 4.1 32 35 24 

Figseed oil 5.2 2.2 19 33.7 32.9 1.0 

Oiticica seed oil 5 5 6 10 74 

Saff lower oil 

Bel ladonna seed 
oil 

5.9 

Passion seed oil 6.8 

Wulnut oil 0.4 3.3 

Poppy seed oil 30.1 62 .2 7.7 

Sunf lower oil 34 .1 -42 52 .0 -58 .5 6-9 .6 

Soyabean oil 8 4 28 55 5 

Grape seed oil 32 .1 -
44 .3 

4 6 - 5 5 . 3 0 .1-2 .3 5 .3 -9 .2 

Fatty acid composi t ions of fatty oil express the percentage of each fatty acid to the total 

amount of fatty acid in the oi l . Iodine value expresses the relat ive distribution of fatty 
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acid in unit mass of fatty oil. It is more convenient to use both fatty acid composit ion as 

well as iodine va lue to identify the drying properties of fatty oil. 

Drying efficiency of fatty oil can be expressed using fatty acid composi t ion. Hildditch and 

Graeves formulated a quick drying ind ices 4 . Hilditch method has two indices. 

1. Polyenoic content " p " is expressed as follows. 

P 2 Lin + Len 

Where " L i n " is Linoleic acid and " L e n " is Linolenic acid content 

2. Quick drying index = P X Len X 10" 2 

Graeves index is defined as Lin + 2 Len 

To be a good drying oil P va lue should be at least 60 and Hilditch drying index should be 

25. By using above indices can express drying efficiency of fatty oil 2 3 . 

Drying rate of the fatty oil increases hyperbol ical ly with increasing of polyenoic acid 

content and max imum rate is achieved when polyenoic content is at 5 0 % 2 1 . Also drying 

rate depends on the configurat ion of the polyenoic ac id . Cis-conf igurat ion has faster 

drying than t rans-conf igurat ion. However oil having polyenoic acid with t rans­

configuration is further drying after drying the surface of the oil f i lm 2 1 . 

Hardness of the film is proportional to the polyenoic acid content but hardness does not 

depend on the Linoleic: Linolenic acid ratio, dienoic: trienoic acid ratio or con jugated : non 

conjugate ratio if the total polyenoic acid content is unchanged 2 1 . 

Highly unsaturated fatty ac ids are used to produce high v iscosi ty a l kyds . 

Initial g loss , g loss retention or s torage stabil i ty does not depend on the fatty acid 

composit ion. Yel lowing of a lkyds depends on the polyenoic acid content of the fatty acid 
21 

3.6 Synthet ic procedure for oil modified alkyd res ins 

Preparation methods of the a lkyd iresins mainly depend on the chemical properties of raw 

materials. Incompatibi l i ty of non polar fatty oil with polar polyol and polybasic acid or acid 
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anhydr ide form two phases results unwanted gel products. To overcome this problem four 

different synthet ic paths of a lkyd resins have been developed 2 1 . 

1. Fatty acid process 

2. Monoglyceride process 

3. Acidolysis process 

4. Fatty acid oil process 

3.6.1 Fatty acid process 

In the fatty acid process polyol, d ibasic acid & the monobas ic acid are reacted 

s imul taneously at temperature 220-260 ° C , until the required degree of polymerizat ion is 

achieved. Any polyhydr ic alcohol or polyhydric alcohol blend can be used in this process. 

Th is process is also called "H igh Polymer Techn ique" which is modified by Kraff in 1 9 5 7 2 1 . 

Th is involves the incremental addjition of a portion of the monobas ic acid to the polymer. 

In the presence of monobas ic acid reduce the chain terminating react ions in the early 

s tages of polymerizat ion result ing in high molecular weight backbone polymers which the 

added monobasic acid is at tached as a side chains. Result ing a lkyd resins imparts the 

faster drying & better chemica l resistance properties. Pr imary hydroxy l group present in 

the glycerol as shown in f igure 3.16 react more rapidly with carboxyl ic groups present on 

the phthalic anhydr ide and the phthalate half esters than carboxy l ic groups present on 

the fatty ac id . Secondary hydroxyl group react more rapidly with fatty ac ids carboxyl 

groups than carboxyl ic groups on phthalic anhydri te or half phthalate es te r 2 1 . 

CH2 — OH v 

Secondary hydroxyl group - * HD-CH 

CH20H 

Figure 3 .16 : Glycerol molecule 
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3.6.2 Monoglyceride process 

Oils are normally avai lable as tr iglyceride of fatty ac ids . When these oils are reacted 

together with polyol and d ibasic acids to produce a lkyd res ins, result ing a heterogeneous 

mixture due to the preferential condensat ion of d ibasic ac ids with polyol to produce 

polyester. These polyesters are insoluble in oil phase and gel at low degree of reaction. To 

overcome this incompatibi l i ty problem, Bernard and Frick obtained a patent in 1936 for 

monoglycer ide process in synthes is of oil modified a lkyd r e s i n s 2 4 . Th i s process includes 

two s tages cal led a lcoholys is followed by polyesteri f ication. In monoglycer ide process 

tr iglyceride of oils are initially reacted with polyol at 225 -250 °C in the presence of 

catalyst to form monoglycer ide before condensat ion. At the beginning of monoglycer ide 

process less polar oil and relatively more polar polyols are in two phases . As the reaction 

progress fatty oil and polyol become s ingle phase homogeneous mixture of 

monoglycer ide. After a certain extent of the reaction, a resultant s ingle phase reaction 

with sufficient amount of monoglycer ide become compat ible with dibasic ac ids and acid 

anhydr ide. F igure3.17 is shown the reaction between fatty oil and pentaerythri tol . 

i—OOCWW HO 
' M U OOC w w —OH 
-OOC W W - HO HO * HO HO 

OOC W W HO 0 0 C V V V V 

OH 

OOC vwv 

Figure 3 .17 : React ion between fatty oil and pentaerythri tol 

Among the cata lyst , PbO, C a (OH) 2 , C a O , N a 2 C 0 3 , L i C 0 3 , sod ium methoxide (MeONa) and 

calcium soaps are commonly used. Catalyt ic activity of ca lc ium octate, MeONa, 

Dibutylt inoxide ( D B T O ) , L iOH, lead oxide on alcoholysis reaction of soyabean oil, l inseed 

oil and dehydrated caster oil With glycerol , pentaerytritol and neopentyl glycol are 

summar ized in Tab le 3.4 4 . 
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Table 3.4 Order of catalyt ic activity of catalyst 

Oil Polyol Order of catalyt ic activity 

S o y a bean oil Neopentyl glycol D B T O < P b O L i O H , C a O c t < M e O N a S o y a bean oil 

Glycerol D B T O < P b O < L i O H , C a O c t < M e O N a 

S o y a bean oil 

Pentaerytritol MeONa,CaOct < D B T O < L i O H , < P b O 

Linseed oil Neopentyl glycol L iOH, C a O c t < P b O < D B T O < MeONa Linseed oil 

Glycerol C a O c t < M e O N a < D B T O < L i O H < PbO 

Linseed oil 

Pentaerytritol C a O c t < M e O N a < D B T O < L i O H < PbO 

Dehydrated castor oil Neopentyl glycol D B T O < MeONa < L i O H , C a O c t , PbO Dehydrated castor oil 

Glycerol D B T O < P b O < CaOc t , L iOH<MeONa 

Dehydrated castor oil 

Pentaerytritol C a O c t , M e O N a < D B T O < L i O H < PbO 

Extent of a lcoholys is is determined by checking the solubil ity of the reaction mixture in 

anhydrous methanol . When one vo lume of reaction mixture g ives a clear solution in 2-3 

volume of anhydrous methanol indicates that the formation of homogeneous 

monoglycer ide m ix tu re 2 1 . At this t ime dibasic acid is added and polyesterif ication reaction 

is conducted 200 -260 ° C to the desired a lkyd speci f icat ions. 

The extent of a lcoholys is can be quantitat ively checked by measur ing electrical 

conductivity of the solution m ix tu re 2 1 . Most undesirable reaction in the a lcoholys is process 

is interetherification reaction between polyol molecules as shown in f igure 3.18. Th is will 

rapidly form higher functional polyol which result unwanted gel product before achieving 

desired a lkyd propert ies l ike low acid va lue during polyesteri f ication react ion 4 , 2 1 . Rate of 

interetherification reaction is increased at high temperature in the presence of catalyst . 

Etherification rate is negl igible at 200-220° C temperature range but reaction mixture 

required considerable period of t ime to complete the a lcoholys is process. At temperature 

above 260°C, etherif ication is signif icant but alcoholysis is completed within short period 

of t ime. At temperature 240oC is resulted max imum monoglycer ide within relatively short 

period of t ime with reasonably low amount of ether products of po lyo l 4 . 
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H2C — OH 
H2C 0 — CH2 

2 OH — CH HO - CH CH— OH + H20 

CH2—OH HO - CH2 CH2 —OH 

CH20H CH20H CH20H 

2 HOH2C CH20H HOH2C -CH2- 0 -CH2 CH20H + H20 

CH20H CH20H CH20H 

Figure 3 .18 : Etherif ication of polyols 

3.6.3 Acidoiysis process 

Oils are subjected to acidoiys is in the presence of ac ids prior to condensat ion reaction. 

Reaction between isophthal ic acid and tr iglyceride in ac idoiys is can be shown as f igure 

3.19. In compatibi l i ty problem can be overcome using acidoiys is process. Th is reaction is 

occurred at high temperature without a catalyst . Use of ac idoiys is process is limited to 

polybasic ac ids such as isophthal ic acid and terephthalic ac ids . Th i s process has been first 

described by Carston in 1 9 5 9 2 1 . The resultant ester der ivat ive of tr iglyceride can be 

polymerized in a polyol at later s tage . 

CH2- 0 - CO W W 

I 
CH - 0 - CO W W 

I 
CH2-0 - CO W W 

COOH 

COOH 

COOH 

CH2- 0 -CO 

* CH-O-COWW -WW COOH 

CH2-0 - CO W W 

Figure 3 .19 : React ion between isophthalic acid and tr iglyceride 
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3.6.4 Fatty a c i d / o i l process 

This process involves the direct reaction of fatty ac id , vegetab le oil, polyol and dibasic 

acid mixture. Homogenei ty of the reaction mixture is depending on the ratio of the fatty 

acid to oil content in the mixture. Th is process can be used to produce high viscosi ty 

a l k y d s 2 1 . 

Among the above ment ioned four processes, fatty acid process is the most commonly 

used in the commerc ia l sca le of a lkyd preparat ion. Fatty acid process has some 

advantages and d isadvan tages over the monoglycer ide process. Fatty acid process has 

better formulation flexibil i ty. Problem of oxidation and colour development can be 

eliminated s ince this process does not use alcoholysis cata lyst . Molecular weight 

distribution can be controlled using high polymer technique. Main d isadvantages of this 

process are s torage problem due to the corrosiveness and discolorat ion, requirement of 

pre heating equipment due to high melting point of fatty ac ids and the relatively high cost 

of fatty ac ids. 

The above processes can be carried out either in an absence or presence of a so l ven t 2 1 . 

Alkyd preparation without solvent is called fusion process and with solvent is called 

solution process. T h e fusion process is cheap and does not require complicated 

equipments. Th is process is often use to prepare a lkyd contain oil length 6 0 % or a b o v e 2 1 . 

Solvent process is a lso cal led azeotropic process which employed for a lkyd recipes having 

high amount of volati le matters. Th is process involves condensat ion of volati le vapours , 

separat ing the water and returning the organic disti l late to the reaction mixture 

cont inuously. Hot vapours of organic distil late are cleaned inside the reaction apparatus 

and improve the mix ing by reducing the viscosi ty of reaction mixture. Th is will also help 

to remove the water from the reaction mixture and thereby equi l ibr ium of the reaction 

can be shifted to forward direction to facilitate the polyesterif ication react ion. Th is method 

helps to better control of components and temperature of reaction mixture. The solvent 

used in this process should be inert and water immiscib le. 

3.7 Modifications of a lkyd res ins 

Alkyd resins are modif ied with different types of chemical g roups to achieve desired 

properties according to their final appl icat ions. 
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3.7.1 Modification with Nitrocellulose 

Alkyds can be upgraded with respect to g loss , adhesion durabil i ty and cold resistance by 

introducing nitrocellulose. Nitrocelluloses are more compat ible with short oil a lkyds but it 

can be extended up to 5 5 % oil length. S ince short oil a lkyds contain high degree of 

polarity arising from ester l inkages and excess hydroxyl groups they are more compatible 

with nitrocellulose. Good drying and durability character ist ics of the resin render with 

introducing n i t roce l l u lose 4 , 1 6 . 

3.7.2 Amino resin modification 

Amino resin modified a lkyds are general ly used in industrial baking enamels . Shor t oil 

a lkyds contain 3 8 - 4 5 % phthalic anhydr ide and a high proportion of hydroxyl groups are 

the most suitable a lkyds to modify with amino resins. High hydroxyl va lues in resins are 

compatible with urea formaldehyde and melamine formaldehyde res ins. Th is results large 

number of reactive s i tes to the Vesin which can react with amino resin to g ive three 

dimensional network. These resins have good mechanical and solvent resistance 

propert ies 4 . 

3.7.3 Chlorinated rubber modification 

Combinat ion of chlorinated rubber with alkyd results improved toughness , adhes ion, 

solvent resistance, durabi l i ty, drying rate, excel lent a lkal i , acid and water resistance 

properties for the resultant a lkyd . Chlorinated rubber is compat ib le with a lkyd contain 

more than 5 4 % fatty acid with simi lar linearity and low polarity. Chlor ine modified a lkyd 

resins are general ly used for concrete- f loor paints and swimming pool pa in ts 4 . 

3.7.4 Modification with phenolic resins 

Phenolic resins are reacted with drying oil a lkyds and results ch roman- t ype structure. 

Phenolic modified a lkyd resins are rendered excel lent g loss retention, durabil i ty, and 

water and alkal i resistance propert ies 4 . 
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3.7.5 Modification with vinyl resins 

Alkyd resins can be modified with hydroxyl modified vinyl acetate res ins. General ly these 

types of resins are used in coating for military and marine uses . Isophthal ic acid based 

a lkyds are modified with po ly-a-methy ls tyrene and these resins are resulted improved 

drying and durabil i ty. Dried film of vinyl modified a lkyds show l ight-colour and posses 

high g loss , excel lent hardness and excel lent chemical resistance p r o p e r t i e s 2 1 , 2 S . 

3.7.6 Modification with polyisocyanate and epoxy res ins 

Free hydroxyl groups present in the a lkyd can be modif ied with polyisocynate and 

resulting a lkyd shows improved drying rate, chemical resistance and abrasion resistance. 

Alkyd contains less than 4 5 % fatty acid can be combined with low molecular weight 

epoxy resins and melamine formaldehyde resins to obtain improved g loss , excel lent 

adhesion to meta ls , improved colour retention and excel lent water and chemical 

res is tance 2 5 . S ince epoxy resins have high functionality, epoxy modified a lkyd resins are 

prepared by defunct ional izat ion techniques to avoid premature ge la t i on 2 1 . In 

defunctionalization technique, epoxy resin first partially esteri f ies with fatty acid to obtain 

functionality between 1 to 4 and this resulting product using as a polyol in the preparation 

of alkyd r e s i n s 2 7 . 

3.7.7 Si l icon modif ication 

Hydroxyl group of air dry ing long oil a lkyds react with sil icon intermediates to form sil icon 

modified a lkyd with great ly improved durabil i ty, g loss retention and better heat resistance 

properties. Si l icon modif ied paints are mainly used in marine and maintenance pa in t s 2 1 . 

3.7.8 Modification of a lkyd with polyamides 

Alkyd resins modified with polyamide results thixotropic res ins. Thixotropic paints remain 

semisol id or je l ly like state when at rest but upon shear ing action immediately become 

thinner and spread . The paint aga in recovers its gel ly- l ike state as soon as shear ing 
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action is s topped. S ince this behavior these are non Newtonian in v iscosi ty behavior. 

Thixotropic behavior is important in architectural and maintenance paints to avoid 

sagg ing . Thixotropic paints can be applied without the prior pr iming necessary for 

ordinary paints. A lkyd and polyamide are heated at elevated temperatures occur amide 

and ester interchange reaction to split polyamide chains to affix to the a lkyd molecules. 

Hydrogen bonding between the carbonyl and the amide groups throughout the a l kyd -

polyamide complex resul ts the thixotropic behavior of the r e s i n 4 , 2 1 . 

3.7.9 Other modifications 

Short oil a lkyds can be modified with polycarbonates ( 4 - 1 0 % ) to obtain superior chemical 

resistance and electrical insulation proper t ies 2 1 . 

Alkyd resins can be modified with vinyl and acryl ic resins through unsaturat ion and 

functional groups. T h e s e modif ications can be carried out in either by mechanical 

blending, by copolymerizat ion or by condensat ion reaction. In the process of mechanical 

blending compatibi l i ty is obtained either by polar interaction or by using low molecular 

weight entit ies. Copolymer izat ion of vinyl or acryl ic monomers can be carried out either 

through the double bonds or the act ive methylene groups present in the oil modified 

a lkyds. A lkyd can also be modified with vinyl or acryl ic polymers by reacting the 

functional groups in the a lkyd molecule. S ince modification is carried out through 

functional groups, this method can be used for a lkyd derived from fully saturated fatty 

oils. Result ing a lkyds are highly durable and shows better discolorat ion proper t ies 2 1 . 

3.8 Air drying alkyd resins 

Normally air drying long oil a lkyds are synthes ized from drying oi ls. Non drying oils are 

used to synthes is short oil backing a lkyds 2 1 , 1 9 . 

Phthalic anhydr ide using as a poly basic acid for the syn thes is of air drying alkyd resins 

has several advan tages such as low cost, higher reactivity and superior film properties 

like colour retention, toughness , adhes ion, g loss retention and exterior durabil i ty due to 

good resistance for degradat ion from UV light 1 9 , 3 0 . In addit ion to that in 1957 Case has 

been shown the degree of polymerizat ion necessary for gelat ion is signif icantly increased 

using asymmetr ic reactants like phthalic anhydr ide 2 1 . Th i s assumed to be due to the 
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second group of carboxy l ic in anhydr ide is not avai lable for the reaction until the other 

group of carboxyl ic is reacted. Thus phthalic anhydr ide is more sui table as a poly basic 

acid to increase the extent of polymerizat ion with minimizing risk of gelat ion. 

Syn thes is of low v iscous a lkyd resin is also important in paint industry for ease of 

brashabil i ty. Tradit ional ways of reduction in a lkyd resin v iscosi ty are by lowering 

molecular weight, use of react ive di luents and narrowing molecular weight d is t r ibut ion 3 1 , 

3 2 . Molecular weight can be reduced by increasing oil length but this can lead 

unsatisfactory propert ies like slow dry ing, sagg ing and inferior p igment s tab i l iza t ion 3 3 . In 

addition to that increasing oil length caused loose packing of molecules, less 

intermolecular interact ions, decreasing number of H bond forming groups. These are 

further reduced the fi lm compactness. Even though react ive di luents decrease the 

viscosity of coat ing it can be caused instability called can polymerizat ion during storage. 

Th is can lead to early embri t t lement of the film on a g e i n g 3 2 . Incompatibi l i ty of reactive 

diluents and a lkyd resin prevent the formation of homogeneous f i lm. Th is can badly effect 

on overall coating performance. Because of above mentioned negat ive impacts, reduction 

in alkyd resin v iscosi ty using these methods are not a practical approach. 

More recent way to ach ieve low v iscous alkyd is creation of highly branched structure in 

the polymer back bone by using multifunctional monomers . Highly branched architecture 

helps to achieve resins with lower viscosi ty than its l inear counterpart at a comparable 

molecular we igh t 3 2 , 3 3 . Recent ly hyper branched macromolecules as well as dendr imers 

are explored as monomers to make low v iscous a l k y d s 3 2 . 

3.9 Drying mechanism of air drying alkyds 

Drying oil which consis ts of poly-unsaturat ion fatty ac ids undergoes film formation by 

oxidat ive dry ing. T h e most important reaction during drying is reaction with atmospher ic 

oxygen and result isomer izat ion, polymerizat ion, degradat ion of C - C bonds and the 

formation of oxidat ion products. Oxidat ion depends on the unsaturat ion portion of the 

fatty acids such as number of carbon-carbon double bonds, whether it is conjugated or 

non conjugated and geometr ic a r rangements of substi tute g roups . 
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Air drying process initially has an induction period. During this period ant ioxidant present 

in the film, are des t royed 2 1 . S i nce that length of the induction period depends on the total 

amount of ant ioxidant present in the f i lm. 

General mechan ism of the air drying process can be sub divided into four steps such as 

initiation, propagat ion, hydroperoxide decomposit ion and terminat ion. In more specif ic 

way conjugated and non conjugated double bonds undergo different dry ing mechan isms. 

Initiation 

R-H + 0 2 ^ R° + °OOH 

In initiation s tage , allyl ic radicals are formed by hydrogen abstract ion at the methylene 

group. 

Propagation 

R° + 0 2 • R O O 0 

ROO° + R-H ^ R O O H + R° 

Hydroperoxide decomposi t ion 

ROOH • RO° + °OH 

2ROOH • RO° + R O O 0 + H 2 0 

RO° + RH • R° + ROH 

°OH + RH • R° + H 2 0 

Terminat ion 

R O O 0 + R° • R O O R 

R O O 0 + R O O 0 • R O O R + 0 2 

R° + R° • R - R 

Terminat ions of free radicals form cross l inks between polymer cha ins and fatty acids 

moieties. Cross l inked are formed between C - C bonds, C - O - C bonds, and C - O - O - C bonds. 

Direct addition of free radicals to G = C is also possible reaction to form cross l inks. 

S ide reactions can be occurred by p-scission and Russel l te rminat ion 2 1 . These side 

reactions do not form cross l inks. A ldehydes, carboxyl ic ac ids and C 0 2 are the product of 

p-scission. Sha rp smel ls during drying period of a lkyd resins are due to these volati le 
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aldehydes by (3-scission. Peroxi radicals form ketones and alcohols from Russel l side 

react ion 2 1 . 

Conjugated diens and non conjugated diens are undergoing different reaction 

mechanisms during drying as shown in figure 3.20 and 3.21 respec t i ve ly 1 9 . 

3.9.1 Air drying mechanism in conjugated double bonds 

-CH =CH-CH=CH - CH =CH - 0 2 
6 5 4 3 2 1 

2 I 
-CH=CH-CH=CH-CH-CH-

• I 
0 
I 

o 

4 1 
-CH=CH-CH-CH=CH - C H -

0 

CH=CH-CH-CH=CH-CH- - 0 2 
I 
0 
I 
o 

0 
I 
0 
I 

-CH=CH-CH-CH=CH-CH -

0 
I 
0 
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-CH=CH-C.H=CH-CH=CH- -CH-CH=CH-CH-CH=CH- POLYMER 

Figure 3 .20 : Oxygen attack to the con jugated double bonds 

Oxygen at tacks conjugated double bonds by direct addit ion to form diradicals. Double 

bonds are rearranged to form radical si tes in 1, 4 and 1, 6 posit ions. Oxygen is further 

react with radical s i tes to form peroxiradicals. Polyperoxides are except ional ly stable but 

decomposed by heat and light t o form a lkoxy radicals. Cross l inking can be occurred 

when a lkoxy radicals and diradicals react with double bonds through the formation of 

ether l inkages and c -c bonds respect ively. 
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3.9.2 Air drying mechanism in non conjugated double bonds 

CH, 

/ \ / 
-CH=CH CH=CH 

••0 

HOO 

< 

-ch=c:h CH 2 —CH=CH- 0 , -CH=CH CH — CH=CH 

o 
I 

o 

H 

RC — 0 — O — H -*> RC — O " O - H 

—CH=CH—CH 2 —CH=CH— - RO -CH=CH—CH — CH=CH-

ROH 

-CH—CH=CH — CH=CH-

\ 
—CH =CH — CH=CH -CH -

CROSS LINKED 
POLYMER 

Figure 3 .21 : Oxygen attack to the non conjugated double bonds 

Non conjugated double bonds are reacted with oxygen without loss of unsaturat ion. In 

non conjugated double bond sys tem oxygen at tack, hydroperoxide formation and double 

bond rearrangement are taken place s imu l taneous ly 1 9 . O x y g e n can be at tacked to the 

allylic hydrogen directly and resulting radical can be rearranged to form conjugated 

double bond. T h e s e free radicals further react with oxygen to form peroxy radicals. These 

peroxy radicals abstract hydrogen atom from methylene group and form hydroperoxides. 
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Hydroperoxides are decomposed by light and heat. Cross l inking can be occurred through 

c-c bond formation. 

3 . 1 0 Driers 

Oxidat ive drying can be cata lyzed by metall ic sal t with an acid portion which can soluble 

in oil. These cata lysts cal led as dryers. Driers bring the drying t ime of air drying a lkyds 

into commercia l ly feasible l imits. Driers mainly consist of hydrocarbon soluble salt of 

octates, naphthenates, l inoleates of selected metals such as C o , Mn, Pb, C a , z n , Al 

complexes. In the presence of driers amount of 0 2 required to dry the film is less. 

Primary driers and the promoter driers are the two types of driers present for the 

catalyt ic activity of air drying a lkyds . Primary driers are true cata lys t which needs smal l 

amount for their catalyt ic activi ty. Normally 0 . 0 0 5 % - 0 . 2 % based on o i l 2 8 . Co and Mn are 

example for pr imary dryers . These driers contain var iable va lency and more stable low 

valance can be oxidized to higher valence during the drying process. During the drying 

process pr imary driers cata lyze the oxygen uptake as well as the decomposit ion of 

peroxides to free radicals. Promoter driers are sal t of C a , Z n and B a . They are not capable 

to cata lyze auto-oxidat ion alone;. It is functioned as an act ivator for pr imary dr iers. 

Promoter driers can be used up to 0 . 6 % based on oil. They are increased the drier 

stabil ity, reduced blooming tendencies and g iven " th rough" drying to the a lkyd f i lm 2 8 . 

During the function of driers metal atom undergoes oxidat ion from lower valency to 

higher va lency state by fatty acid hydroperoxyde present in the sys tem as follows. 

C o 2 + + ROOH • C b 3 + + RO° + "OH 

C o 3 + + ROOH • C 0 2 + + R O O 0 + H + 

Mechanism of the oxygen uptake from the driers can be represented as fol lows. 

RH + C o 3 + • C o 2 + + R° + H + 

R° + 0 2 + RH • ROOH + R° 

Cobalt ion can be directly at tacked to the double bond present in the oil. 

Cobalt leads to more rapid drying at the surface of the film than lower layers. When the 

surface of the fi lm dried first, film can be shr ink ing. Promoter dr iers can be used to 
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overcome this problem. Pr imary driers used with balanced amount of promoter driers can 

be overcome the shr inkage problem due to its " th rough" drying proper ty 1 9 . 

A luminum alkoxide der ivat ives are recently developed promoter dr iers. Subst i tuent 

groups in the a lkoxide ion can be reacted with the hydrogen atom present on the 

carboxyl ic and the hydroxyl groups of a lkyds . By this method severa l a lkyd molecules can 

be bonded to one a lumin ium atom by eliminating volati le by-products from the drying 

fi lm. In this type of sys tem carboxy l :a lumin ium ratio should be formulated to one or less 

to ensure stabil i ty in the can during s torage. These f i lms show improved water res is tance, 

g loss retention and yel lowing res i s tance 1 9 . 

3.11 Alkyd constant 

In 1962 Patton has der ived an allkyd constant using Carothers functionality equation to 

calculate suitable resin formulat ion to minimize the risk of ge la t i on 2 1 . A lkyd constant ( K ) 

can be derived as fol lows. 

Alkyd constant (K) = Tota l number of acid & hydroxyl bearing molecules at the beginning of a condensat ion reaction 

Total number of acid equivalents 

Patton proposed that the value of a lkyd constant should be 1.005 ± 0.014 for phthalic 

anhydr ide based resins and 1.05 ± 0.008 for isophthal ic acid based r e s i n s 2 1 . 

3.12 Gel formation during polyesterif ication reaction 

Formation of highly branched cross linked structure can lead to the formation of gel 

product before achiev ing the required extent of polymer izat ion. Branching is occurred 

when one or more monomer molecules having more than two functional groups per 

mo lecu le 2 9 . C ross l inking can be occurred branch or branches from one polymer molecule 

become attached to the other polymer molecule. Control l ing of monomer concentrat ion in 

the polyesterif ication reaction is essent ia l to control the gelat ion before achieving the 

required degree of polymer izat ion. The criteria for gelat ion in a sys tem containing a 

reactant of functionality f is that at least one of the ( f -1) chain segmen ts radiating from a 

branch unit will in turn to be connected to another branch un i t 2 9 . 

According to the Carothers equation number average degree of polymerizat ion becomes 

infinite at the gel point. Gel point is exper imental ly determined at the point where the 

reaction mixture losses its fluidity as indicated by the failure of bubble to rise in i t 2 9 . 
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Chapter 4 

Experimental for the synthesis of alkyd resins based on Nahar & 

Karawila seed oils 

Experimental was carr ied out to synthes is long oil air drying a lkyd resin with 65w/w % oil 

length using Nahar seed oil, karawi la seed oil, pentaerythritol and phthalic anhydr ide. 

In the present study Nahar seed oil was used together with Karawi la seed oil as a 50 :50 

w/w % blends with phthal ic anhydr ide and pentaerythritol to syn thes is long oil air drying 

alkyd resins. Branching was incorporated through pentaerythritol as a multifunctional 

polyol. 

Four recipes were formulated with vary ing amount of pentaerythri tol content were 

synthesized and studied their physicochemical properties as well as film performance 

properties. 

4.1 Synthes is of a lkyd res ins from a blend of Nahar and karawi la seed oil 

Synthes is of a lkyd resins with 65w/w % oil length using the blend of 50 :50 w/w % Nahar 

and Karawi la seed oil and evaluat ion of film properties were the two major part of the 

experimental work in the present s tudy. Due to the reasonably low acid value of the 

Nahar and Karawi la seed oil, monoglycer ide process was selected as a synthet ic path. 

Solvent process was used to minimize phthalic anhydr ide losses from subl imat ion during 

polyesterif ication reaction. F i ve -necked f lask of 500ml equipped with mechanical stirrer, 

thermometer, N 2 g a s inlet, Dean and stark apparatus was used for whole synthes is 

process. Middle neck of the f lask was used to insert mechanical stirrer and three side 

necks were used to connect thermometer, N 2 g a s inlet and Dean and stark apparatus. 

Remaining neck was used to withdraw sample as required and to introduce phthalic 

anhydride after convers ion of all tr iglycerides of oil into monoglycer ides. Dean and stark 

apparatus was used to remove the water produced during polyesterif ication reaction 

azeotropical ly. During the condensat ion of solvent and water in dean and stark apparatus 

subl imed phthalic anhydr ide brigirig back to the reaction mixture. 

Physicochemical propert ies of the Oils were determined at the beginning of the process. 
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Synthes is process of a lkyd resin in present study was carr ied out under three s teps. They 

were oil upgrading process, monoglycer ide process and polyesterif ication process. 

In oil upgrade process, 50 :50w /w % Nahar and Karawi la seed oil and required amount of 

polyol to neutral ize free fatty ac ids in oil mixture were stirred for 15 min for better mixing 

with N 2 s t ream to repel the air above the oil mixture. React ion mixture was heated at the 

rate of 5 ° C / m i n up to 240 °C with cont inuous stirring at 1 6 5 0 ± 1 0 rpm. Acid value was 

continuously measured until it reduced to 6 m g K O H / g . 

In monoglycer ide process 0.2%; sodium methoxide ( w / w % to the oil) and required 

amount of polyol were added to the reaction mixture at 240 °C with cont inuous stirring at 

1 6 5 0 ± 1 0 rpm. In the presence of cata lyst , reaction mixture ach ieved homogeneous clear 

• solution to methanol tolerance test (1 vo lume of reaction mix ture: 2-3 vo lume of 

m e t h a n o l ) 2 1 within 90 min at 240 °C under cont inuous stirring at 1 6 5 0 ± 1 0 rpm. 

In polyesterif ication s tep, reaction mixture was cooled to 160 °C and required amount of 

phthlic anhydr ide was added to the reaction mixture under cont inuous st irr ing. 5 % of 

xy lene (w/w % ) to the initial weight of polyesterif ication mixture was used as an 

azeotropic solvent. React ion mixture was heated up to 200 °C under cont inuous stirring at 

1 6 5 0 ± 1 0 rpm. N 2 g a s was bubbled through out the polyesteri f ication reaction to remove 

produced water from the reaction mixture to facilitate the polyesterif ication reaction 

equil ibrium to forward direct ion. Temperature of the reaction mixture maintained at 200 

°C while measur ing the acid va lue at frequent intervals until it reached to gel point. 

Non volati le content of the resultant a lkyd was adjusted to 60w/w % by adding suitable 

amount of commerc ia l turpentine. Cobolt octate ( 0 . 0 4 w / w % ) , ca lc ium octate ( 0 . 1 2 w / w % ) 

and zirconium octate (0 .2w/w % ) were used as drying agen ts and required amount of 

60w/w % alkyd resin solution and drying agents were properly mixed to prepare varn ish . 

Physicochemical propert ies of the varn ish were determined. Prepared varn ishes were 

applied on g lass plate, metal plate and thin tin plate using 25 micron applicator bar to 

evaluate set- to-touch drying t ime, dry-to-touch drying t ime, pencil hardness, flexibil ity, 

and solvent res istance propert ies. An a lkyd resin sample from commerc ia l sca le paint 

manufacturer in Sr i Lanka was used as a reference and fi lm propert ies were evaluated 

against the reference samp le . 
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4.2 Determination of Physicochemica l properties of seed oil and resulted alkyd 

resins 

4.2.1 Acid value 

Acid value of extracted seed oil sample and prepared a lkyd samp les were determined 

according to the ASTM D 1639-70 . Acid value is expressed as the mi l l igrams of KOH 

required to neutral ize free fatty acid in one g ram of oil. However for the practical 

purposes, NaOH is interchange with KOH but the result is a lways expressed in KOH 

equ iva len ts 2 3 . 

Acid value = (Volume of N a O H x [NaOH] x 5 6 . 1 ) / s a m p l e weight 

Seed oil mainly contains tr iglyceride of fatty ac ids with some amount of free fatty ac ids. 

Amount of free fatty acid content vary from type of source of the seed oil, seed condition 

and extent of refining. I t is not u s e f u l for the identification of the type of oil. 

Acid value of the a lkyd resin depends on the amount of unreacted polybasic acid in the 

a lkyd mixture. Extent of the polymerizat ion depends on the final acid va lue of the a lkyd 

resin. 

4.2.2 Saponif icat ion value 

Saponif icat ion va lue of the extracted seed oil sample was determined according to the 

ASTM D 1962. Saponi f icat ion number is defined as the number of mi l l igrams of potassium 

hydroxide that react with one g ram of oil. It is not only for the neutral izat ion of free fatty 

acid but also for the saponif icat ion of ester bonds in tr ig lycer ides of oil. Th is value is 

important to determine the molar mass of oil contains low amount of free fatty ac ids . 

Basical ly oil sample is ref luxed with excess KOH for a suff icient period of t ime to break 

the ester l inkages in monoglycer ide, diglyceride and tr iglyceride as well as to neutral ize 

the free fatty ac ids . Remain ing amount of KOH is titrated with s tandard HCI solut ion. 

S a m e KOH solution was refluxed according to the s a m e procedure and titrated with same 

HCI solution as a blank. Saponif icat ion value is calculated as fol lows. 

Saponif icat ion va lue = (Vol ume of HCI for sample—Volume of HCI for b lank^xTHCI l x56 .1 

sample weight 
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4.2.3 Viscosi ty 

Viscosity of seed oil samp le was determined using Brookfield v iscometer with spindle No2, 

60 rpm. 

Viscosity of the a lkyd resin sample was determined according to the ASTM D 1545. Th is 

method descr ibes the t ime (bubble seconds) required to travel of an air bubble in 

cylindrical body tube called bubble v iscosi ty tube at temperature 25 ° C 3 4 . 

4.2.4 Clarity 

Clarity was determined according to ASTM D 2090. Resin and oil samples were placed in a 

bubble viscosi ty tube and subject ively rated with respect to the water clarity. 

4.2.5 Colour 

Colour of the oil and resins were determined visual ly and using Lovibond 2000 colour 

compactor as per ASTM D 1544-80 . 

4.2.6 Non Volatile Matter content 

Non volati le matter content was determined according to ASTM D 1259. Known amount of 

oil and resin samp les were heated in an air oven at 1 0 5 ± 2 °C for 90 min. 

4.2.7 Speci f ic gravi ty 

Speci f ic gravi ty was determined in seed oil according to the ASTM D 268. S tandard 

gravi ty bottle was used for both oil sample and water at 25 ° C . 

4.3 Test ing of fi lm propert ies 

60w/w % varn ish was prepared using each alkyd resin samp le prepared based on blend 

of Nahar & Karawi la seed oil with commercia l turpentine as a solvent and C o , Z r & C a as 
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dryers. Varn ish from reference a lkyd sample was also prepared using s a m e procedure. 

Those varn ishes were used to evaluate film properties. 

4.3.1 Test ing of drying properties 

Set- to- touch & dry- to- touch drying t imes of the film prepared from varn ish solution were 

evaluated according to ASTM D 6 4 0 - 6 9 . A standard appl icator rod (25 microns) was used 

to spread the varn ish solution on Tin plates. Test spec imens were exposed to diffuse day 

light at temperature 30 °C and relative humidity 5 0 % . 

4.3.2 Set - to- touch drying time 

Set -to-touch drying time is very s imple method to evaluate drying t ime of wet f i lm. Wet 

film cl ings to the f inger and degree of cl inging depend on drying rate. Fi lm is set- to-touch 

when the film does not transfer tjo the f inger. At the end point of the test, film material 

should not be transferred from f inger tip to clean g lass plate. 

4.3.3 Dry- to- touch drying time 

After complet ion of set - to- touch, film surface is still st icky even though film material does 

not transfer to the f inger tip. Film is dry-to-touch when it no longer adheres to the f inger 

tip and does not rub up appreciably when the f inger is l ightly rubbed across the sur face. 

4.3.4 Test ing of Hardness of dried film 

Pencil method is used to evaluate hardness of the dried film after 48 hours from the 

application. Penci ls are avai lable in seventeen different g rade of hardness . 9H is the one 

end represent harder film and other ends represent 6B for the soft f i lm. Hardness of the 

seventeen pencils is increased as follows. 

6 B , 5 B , 4 B , 3 B , 2 B , B , H B , F , H , 2 H , 3 H , 4 H , 5 H , 6 H , 7 H , 8 H , 9 H 

Test was carried out according to1 the ASTM 3363 -92a by using pencil hardness tester. A 

film coated plate is placed on horizontal surface on the tester and pencil is firmly held 

against the film at an ang le of 45° and pushed away from the operator for 6.5 m m . Test 

continued until the fi lm is not scratched. 
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4.3.5 Test ing flexibil ity of dried film by conical mandrel 

Flexibility of dried fi lm was rated according to ASTM D 5 2 2 - 9 2 . Mandrel bend test is used 

to evaluate the f lexibi l i ty /resistance to cracking of the dried fi lm on metal plate using 

standard conical mandre l . 

4.3.6 Test ing of solvent resistance properties 

Solvent resistance propert ies were determined using an absorbent med ium method as per 

I S O 2812-1 . Absorbent d iscs wetted with test solvent were placed on the dried film in 

horizontal position and covered with a watch-g lass . The t ime taken to appear any s ign of 

deterioration of the coat ing was observed. 

4.4 Calculat ion procedure of recipes 

Nahar seed oil, Karawi la seed oil, pentaerythritol and phthalic anhydr ide were formulated 

to obtain a lkyd with 65w/w % oil length as follows. 

Stoichiometr ic reaction between free fatty acids and pentaerythritol is 2:1 as shown in 

figure 4 .1 . During the oil upgrade process, two moles of free fatty ac ids are producing 

two moles of water. Required amount of pentaerythritol was calculated for the oil upgrade 

process according to that. 

HO OOC w w 

2 RCOOH - HO HO HO 

HO 

HO - 2 H 2 0 

OOC w w 

Figure 4 . 1 : React ion between free fatty acid and pentaerythri tol 

Stoichiometr ic reaction between tr iglycerides and pentaerythritol is 1:1 as shown in figure 

4.2 during monoglycer ide process. Required amount of pentaerythri tol was/calcu lated for 

the monoglycer ide process according to that. 
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r— OOC W W HO OOC W W — OH 
— OOC W W - HO HO HO HO - OH 

-OOC W W HO OOC W W — OOC W W 

Figure 4 . 2 : React ion between tr iglyceride and pentaerythritol 

Required amount of phthal ic anhydr ide was calculated based on mass balancing to 

maintain oil length of 65w/w % . During the polyesterif ication reaction between 

monoglycer ide and phthalic anhydr ide, one mole of water is produced by one mole of 

phthalic anhydr ide. 

Recipe was calculated as fol lows; 

Following symbo ls were used during the calculation of recipes. 

1. M KOH - Molecular weight of KOH 

2. M H 2 0 - Molecular weight of H 2 0 

3. M P A . Molecular weight of phthal ic anhydr ide 

4. M P E . Molecular weight of pentaerythritol 

5. M N o M -Molecular weight of Nahar seed oil 

6. M F F A -Molecular weight of free fatty acid in Nahar seed oil 
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Tab le 4.1 Calculat ion procedure of recipe 

No of moles of Karawila seed oil in Y g of oil A 

Acid value of the Nahar seed oil a 

Amount of free fatty acid in Y g of Nahar seed oil = a x Y / M K O H X l 0 0 0 

Moles of pentaerythritol required to neutralize free fatty 
acid in Y g of Nahar seed oil 

axY/ M K 0H xlOOO x 2 

Weight of pentaerythritol required to neutralize free 
fatty acid in Y g of Nahar seed oil 

axY3 M P E / M K O h X 1 0 0 0 X 2 

Weight of free fatty acid in Y g of Nahar seed oil axYx Mffa/MkohXIOOO 

Weight of oil in Y g p_f Nahar seed oil = Y - (axYx Mffa/Mkoh-X 1000) 

Moles of oil in Y g of Nahar seed oil = [Y - ( axYx Mffa/MkohX1000) ] /M N o l l 

Total No of oil moles A + [Y - (axYx M F fa /MkohX1000) ] /M N o i l 

Moles of pentaerythritol to react with oil = A + [Y - ( axYx Mffa/MkohX1000) ] /M k m 

Weight of pentaerythritol to react with oil = (A + [Y - ( axYx Mffa/MkohXIOOO)] /M N o i l ) xM P E 

Weight of monoglyceride (Z) = {2Y + (axY3 Mpe/ M k o h x i 0 0 0 x 2 ) + (A + [Y - ( axYx M F fa /M K ohX 1000)] /M N o i l ) x M P E ) - [ a x Y x 
M H 2o/MkohX1000} 

From mass balancing for 65% oil length, No of moles phthalic anhydride required is considered as b; 

2Yx 100/65 = Weight ,™„oglVce™ie + Weight P A - Weight H 2o 

2Yx100/65 = Z + bx M P A - b MH 2o 

Weight of phthalic anhydride required to balance oil = 
length 

(2Yx 100/65) + b M H 2 0 - Z 

Weight of Water produced during polyesterification = b MH20 

Total weight produced during whole synthesis process= b M H 2 o + { ( a x Y / M K o H X 1 0 0 0 ) xMh20> 
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Excess OH was calculated as a percentage to the total number of stoichiometr ic moles of 

OH in the monoglycer ide process. Four recipes of prepared a lkyd resins were summar ized 

as shown in Tab le 4 .2 respect ively. Recipe with 1 2 % e x c e s s OH is represented as NK12 

whereas 1 8 % , 2 4 % and 3 0 % excess OH are represented as N K 1 8 , NK24 and NK30 

respectively. 

Table 4 . 2 : Recipe of each a lkyd resin 

Exper iment Nahar & Karawi la 
seed oil ( W / W % ) 

Pentaerythritol 
(W/W % ) 

phthalic anhydr ide 
(W/W % ) 

Water 
(ml ) 

NK12 65 11.98 26 .48 4 .95 

NK18 65 13.75 24 .46 4 .82 

NK24 65 13.16 25 .14 4 .70 

NK30 65 12.57 25.81 4 .57 
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Chapter 5 

Results and Discussion 

Physicochemical propert ies of the Nahar seed oil, Karawi la seed oil and prepared a lkyd 

resins were determined as per the standard test methods indicated in sect ion 4 . 2 , chapter 

4 and obtained results are tabulated in Table 5.1 and Table 5.3. 

Table 5 .1 : Phys icochemica l properties of Nahar & Karawi la seed oil 

Property Nahar seed oil Karawi la seed oil 
Oil content (w/w % ) 65 26 

Specif ic gravi ty 0.910 0.930 

Safonif icat ion value ( m g K O H / g ) 234.94 203 .94 

Free Fatty acid content (w /w % ) 11.72 1.34 

Acid value ( m g K O H / g ) 23.75 2.87 

Colour Reddish-brown Yel lowish-brown 

Lovibond colour index 5 0 + 35 + 

Viscosity ( C p s ) 16 17 

Moisture content (w/w % ) 0.1 0.1 

Oil content of the Nahar seed oil in the present study using solvent extract ion process 

was ~ 6 5 w / w % . I t is c loser to the oil content of Nahar seed ( ~ 7 5 w / w % ) extracted using 

hydraul ic pressing method 2 but little less because during the hydraul ic pressing not only 

the oil but also other types of po lysacchar ides, proteins, gum- res ins can be extracted. Oil 

content of the karawi la seed was ~ 2 6 w / w % which is comparab le to the literature 

(~24w/w % ) 4 . Resul ts of the moisture content of the both Nahar and Karawi la seed oil 

confirmed that both oils were properly dried. 
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General ly free fatty ac ids in fatty oil are relatively smal l s ince most of the fatty ac ids are 

in tr iglycerides form. However acid value can be increased due to the activi ty of l ipase 

enzyme on tr ig lycer ides to hydrolyze it into free fatty ac ids and other products like 

monoglycer ides, diglycerides8. Acid value depends on the or ig in, weather and soil 

condition of the tree. T h u s acid value of Nahar seed oil origin in India is 34 m g K O H / g 5 

whereas Nahar seed oil used in present study origin in Sr i Lanka was around 24 mg 

K O H / g . 

Saponif icat ion va lue obtained for both Nahar and Karawi la seed oil in this study were 

almost same as saponif icat ion valiue of Nahar seed oil (241 mg K O H / g ) and Karawi la seed 

oil (190.7 mg K O H / g ) in l i t r i ture 4 ' s . 

Specif ic gravi ty of Nahar and Karawi la seed oils were a lmost s a m e as most of the 

vegetable oils. 

In the present study four different types of a lkyd resins with vary ing amount of excess 

OH were prepared using oil upgrading process, monoglycer ide process followed by 

polyesterif ication react ion. 

Oil upgrading process was carried out to reduce the free fatty acid content in the Nahar 

seed oil from 23 .75 mg K O H / g to 6 m g K O H / g . I f the amount of "free fatty acid in the fatty 

oil is h igh, it is neutral ized the basic catalyst used in the monoglycer ide process by 

forming metall ic soap. Th i s will reduce the catalyt ic activi ty. Metallic soap also can act as 

a catalyst when it ionized. Th is ionization is taken place at low fatty acid medium 

otherwise high fatty acid concentrat ion is suppressed that. S ince that it is necessary to 

reduce acid value to somewhat lower before carrying out the monoglycer ide process. As 

per the f igures shown in 5 .1 , 5 .2 , 5.3 and 5.4 this process was taken around 120 min. 

Fatty acids were neutral ized with pentaerythritol producing dipentaerythri t ide and water 

as shown in f igure 4 . 1 . S ince that free fatty acid content in the oil was reduced and acid 

value was decreased. 
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Figure 5 .1 : Acid va lue & temperature V s T ime during oil upgrade process for NK12 

Figure 5 .2 : Acid va lue & temperature V s T ime during oil upgrade process for NK18 



Figure 5 .3 : Acid va lue & temperature Vs T ime during oil upgrade process for NK24 

Figure 5.4: Acid va lue & temperature Vs T ime during oil upgrade process for NK30 



For the synthes is path of a lkyd resin, monoglycer ide process was used due to the 

comparat ively low acid value of Nahar and Karawi la seed oil. Heat ing rate was major 

process parameter during the synthes is of a lkyd resin s ince heating rate up to 240 °C was 

affected the yield and t ime requires to complete the monoglycer ide process as well as to 

prevent subl imat ion of pentaerythritol inside the reaction f lask. Subl imat ion of 

pentaerythritol was also inversely affected the yield of monoglycer ide. 5 ° C / m i n and 

1 6 5 0 ± 1 0 rpm were considered as opt imum heating rate and stirrer speed respect ively. 

Monoglyceride process was carried out to form homogeneous mixture of less polar oil and 

relatively more polar polyol and dibasic ac id. As per the f igures shown in 5.5, 5.6, 5.7 and 

5.8 this process was taken around 90 min. During this process fatty oil was reacted with 

pentaerythritol and produced monoglycer ide and dipentaerythri t ide as shown in figure 

4 .2 .Th is process was carried out at 240 °C to achieve m a x i m u m amount of monoglycer ide 

within short period of t ime with relatively low amount of ether formation from polyols. 

3 0 0 i 

2 5 0 -

o 

0 

0 48 88 1 2 6 1 6 6 2 0 6 2 3 5 2 7 5 3 1 3 3 5 3 

Time(Min) 

Figure 5 .5 : Temperature profile for NK12 
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Figure 5.6: Temperature profile for NK18 

Figure 5 .7 : Temperature profile for N K 2 4 



3 0 0 -i 

0 2 0 4 5 6 6 1 0 1 1 3 5 1 6 5 1 9 3 2 1 5 2 5 1 2 8 6 3 2 6 3 6 0 3 9 6 

Time(Min) 

Figure 5 .8 : Temperature profile for NK30 

Before start ing the polyesterif ication reaction temperature of the reaction mixture was 

reduced to 160 °C and phthalic anhydr ide was added at that temperature. Th is was help 

to reduce the rate of polyesterif ication reaction during the addit ion period of phthalic 

anhydr ide. As per the f igures shown in 5.9, 5.10, 5.11 and 5.12 further reductions in 

temperature about 25 -30 °C were observed during the each addit ion of pentaerythritol 

and phthalic anhydr ide at the beginning of monoglycer ide process and polyesterif ication 

reaction respect ively. 

Normally polyesterif ication is conducted at temperature 200 - 260 ° C . As per the f igures 

shown in 5.9, 5 .10, 5.11 and 5.12 this process was carried out at 200 °C since the t ime 

taken to complete the polyesterif ication reaction was reasonably low (2 1/2 hours) for all 

four recipes. Th is indicates that rate of condensat ion reaction for these recipes were quiet 

high at even 200 °C . During the polyesterif ication reaction acid va lue was decreased as 

per the f igures shown in 5 .9 , 5 .10, 5.11 and 5.12 due to formation of ester l inkages from 

carboxyl ic groups. T h u s the final acid value of the reaction mixture is an indication of the 

extent of polymerizat ion near gel point. 
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Figure 5 .9 : Acid va lue & temperature Vs T ime during polyesterif ication reaction for NK12 

Figure 5 .10: Acid va lue & temperature Vs T ime during polyesterif ication reaction for NK18 

58 



Figure 5 .11 : Acid va lue & temperature Vs T ime during polyesterif ication reaction for NK24 

Figure 5 .12 : Acid va lue & temperature V s T ime during polyesterif ication reaction for NK30 
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O H / C O O H ratio and Patton constant were increased with the increase of excess OH as 

indicated in Tab le 5.2. Average functionality ( f a v ) was also increased with the increase of 

excess OH since more and more functional groups were adding to the reaction mixture. 

Extent of the polymerizat ion (p) was also increased with the increase of excess OH since 

excess OH can be shifted the equil ibrium of the polyesterif ication reaction to forward 

direction. 

Table 5 .2 : Exper imenta l data obtained for resulted a lkyd resins 

Exper iment 
O H / C O O H 

ratio 
Patton constant fav P 

NK12 
0 .9056 0.9477 2 .0513 0 .7719 

NK18 
0 .9789 0.9718 2 .0768 0.8623 

NK24 
1.0564 0.9972 2 .1025 0.9036 

NK30 
1.1379 1.024 2 .1283 0.8988 

Table 5 .3 : Physicochemical properties of resulted a lkyd resins 

4 

Property NK12 NK18 NK24 NK30 

Acid value 
( m g K O H / g ) 45 .79 26.92 18.36 18.76 

Colour Dark-brown Dark-brown Dark-brown Dark-brown 

Lovibond colour 
index 

9 0 + 90 + 9 0 + 9 0 + 

Viscosity ( S e c ) 720 509 371 270 

Non Volatile 
Matter(w/w%) 91 .52 93.50 93 .49 93 .17 

Yield (w/w % ) 87.81 93 .83 85 .33 89.57 
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The yield of the resins found to be very high (80 -90w/w % ) from the theoretical yield of 

the each resin. 

During the increase of excess OH from NK12 to N K 3 0 , increase the O H / C O O H ratio in the 

sys tem. S ince that increase the probability of forming more ester l inkages and decrease 

the amount of free C O O H groups in the sys tem. Hence final ac ids va lue of the resultant 

alkyd resins were decreased from 45 m g K O H / g to 18 m g K O H / g . Extent of the 

polymerization (P) of each alkyd resin was calculated based on final acid va lue. P 

increased with increased amount of excess O H . Th is may be due to the presence of 

excess O H , equil ibr ium of the polyesterif ication reaction can be shifted to forward 

direction to reduce the concentrat ion of OH in the reaction mixture. 

Bubble v iscosi ty was decreased with the increased amount of excess OH confirmed that 

highly branched a lkyd molecules were formed and branching were increased with the 

excess OH since this was suppl ied by multifunctional polyol. Highly branched architecture 

can be achieved using mult i functional monomers which help to reduce the viscosi ty of the 

resultant a lkyd mixture due to loose packing of branched molecules than its linear 

counterpart. 

Lovibond colour index for all a lkyd resins are 9 0 + whereas Karawi la seed oil showed 3 5 + 

and Nahar seed oil showed 4 5 + . Colour intensity of the a lkyd resins was higher than the 

corresponding oils. 

Film properties and solvent resistant properties of prepared a lkyd resins were determined 

as per the s tandard test methods; indicated in section 4 . 3 , chapter 4 and obtained results 

are tabulated in Tab le 5.4 and Tab le 5.5. 

According to the observed results indicated in the Tab le 5.4 set- to- touch drying t ime and 

dry-to-touch drying t ime are comparat ively low for all four a lkyd resins. Even though 

Nahar seed oil is a non drying oil, resultant a lkyd shown good drying properties after 

5 0 : 5 0 w / w % blends with good drying oil of Karawi la seed . Th is remarkable drying 

property of karawi la seed oil is due to the presence of ~ 6 5 w / w % of eleosteric ac ids. 

Eleosteric ac ids contain three conjugated double bonds at 9 t h , 1 1 t h and 1 3 t h carbon 

a toms 4 . Fast drying is attr ibuted through the formation of 1,4 and 1,6 diradicals with 0 2 

in the presence of air on the eleosteric ac id . These diradicals can be reacted with the 

unsaturat ion groups on the oleic and linoleic acid in the Nahar seed oil and can be formed 

- C - C - and - C - O - O - C - c ross l inks in-between polymer molecules. Th is may be the reason 

for fast drying of Nahar seed oil after blending with Karawi la seed oil. 

61 



Table 5.4: Fi lm properties of resulted a lkyd resins 

Exper iment Se t to touch 
drying 

t ime/Min 

Dry to touch 
drying 

time/Min 

Clari ty Scra tch 
Hardness 
(After 48 

hours) 

Bend Test 

Reference 40 80 Water clear 3H Pass 

NK12 29 74 Water c lear H Pass 

NK18 44 104 Water clear 2H Pass 

NK24 64 126 Water c lear 3H Pass 

NK30 89 151 Water clear H Pass 

Set- to- touch drying t ime was increased with increased amount of excess OH from 

pentaerythritol due to the formation of highly branched structure with lower v iscosi t ies. 

During the film format ion, a lkyd 1 resin molecules are loosely packed due to the highly 

branched structure. Th i s will automatical ly reduce the film compac tness . Th is may be lead 

difficulties in forming inter-molecular interactions between polymer molecules caused 

increased set- to- touch drying time from NK12 to NK30 . In addit ion to that reduced the 

rate of 0 2 penetration inside the film due to the formation of highly branched net work 

structure may also cause the increased set- to-touch drying t ime. 

Dry-to-touch drying t ime was also increased with addit ion of excess O H . S ince 

pentaerythritol was used as a polyol for stoichiometric amount of OH as well as the 

excess O H , amount of excess OH increased means increased the amount of tetrahedral 

branching units in the reaction mixture. S ince that highly branched a lkyd molecule can be 

produced. Intra molecular cycl izat ion can be occurred in branched loops and solvent 

molecules can be entrapped in the cycl ic structures may caused longer dry-to-touch 

drying time with increase the percentage of excess OH from NK12 to NK30 . 

Improved scratch hardness of all four types of a lkyd resins indicated that forming of rigid 

net work structure due to the presence of tetrahedral branching si tes in a lkyd resins as a 
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result of pentaerythri tol . Scra tch hardness was improved from N K 1 2 to NK24 . S ince 

excess OH has suppl ied by pentaerythri tol , with the increase amount of excess OH rigidity 

of the net work may be increased due to the formation of more and more branching 

structures. However scratch hardness was decreased in NK30 may be due to the 

formation of intra molecular cycl izat ion over inter molecular cross l inking. Intra molecular 

cycl izat ion within the branch loops may hinder the formation of inter molecular 

interactions. Th is may be reduced the strength of the forming network results lower 

scratch hardness. Th i s is indicated that degree of branching needs to be optimized to 

achieve the superior film propert ies. 

Even though all a lkyds form highly branched network structure, f i lms were flexible 

enough to pass bend test as per ASTM D 5 2 2 - 9 2 . 

Clarity of all a lkyd resin solut ions were almost comparable to water clarity indicated that 
i 

resins were properly formed without any particulate matters. 

Table 5 .5 : So lvent resistance properties of resulted a lkyd resins 

Exper iment Water resistance/Min 0.5M HCI 
Resistance/Min 

0.5M NaOH 
Resistance/Min 

Reference White patches observed 
after 3hrs 

White patches observed 
after 3hrs 

Fi lm damaged after 1 
hr 

NK12 White patches observed 
after l h r 

White patches observed 
after l h r 

Fi lm damaged after 15 
min 

NK18 White patches observed 
after 2hrs 

White patches observed 
after 2hrs 

Fi lm damaged after 
20min 

NK24 White patches observed 
after 3hrs 

White patches observed 
after 3hrs 

Fi lm damaged after 45 
min 

NK30 White patches observed 
after 21 /2h rs 

White patches observed 
after 21 /2h rs 

Fi lm damaged after 
30min 

Water and acid resistance properties were increased from N K 1 2 to NK24 and NK24 was 

almost comparable to reference sample as shown in the Tab le 5.5. Even though 
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O H / C O O H ratio was increased with the addition of excess O H , extent of the 

polymerization was increased by reducing the final acid va lue. S ince that most of the 

polar groups (OH & C O O H ) are involved to form ester l inkages. Hence that water and acid 

resistance were increased with the addition of excess O H . It also indicated that the 

forming of more and more branched structures with the addit ion of excess OH which can 

prevent the penetration of water and acid molecules through the sur face of dried f i lm. 

With compared to the solvent resistance between NK24 and N K 3 0 , NK24 was superior to 

the NK30 was also conf i rmed the results obtained for scratch hardness . That means 

rigidity of the net work depends o;n the number of branching on the polymer cha in . 

The poor alkali resistance of all four a l kyd . res ins was due to the presence of alkali 

hydrolysable ester g roups . Alkali resistance was sl ight ly increased from NK12 to NK24 as 

indicated in Table 5.5 also confirmed that the forming of highly branched net work 

structure which can prevent reach of alkali molecules to the ester l inkages. Alkali 

resistance of NK24 was also inferior to the reference sample . Alkal i resistance data were 

also confirmed the weaken of net work structure in NK30 due to the formation of intra 

molecular cycl izat ion within the branched loops. 

64 



Chapter 6 

Conclusion and future work 

6.1 Conclusion 

This research project is mainly focused on using a non drying natural fatty oil to produce 

a long oil air drying a lkyd resin combined with a good drying oil. According to the 

literature most of the locally avai lable fatty oils are non drying oi ls. Nahar seed oil was 

selected as a non drying oil s ince Nahar seed has high oil content. Karawi la seed oil was 

selected as drying oil s ince it was identified as a good drying oil from a previous 

research 3 . Remarkab le drying property of karawi la seed oil is due to the presence of 

considerable amount of e leos ter ieac ids . 

Physicochemical propert ies were determined in both Nahar and Karawi la seed oils for 

selecting the synthes is path of a lkyd resin. Monoglyceride process is recommended to 

synthes is a lkyd resin due to the comparat ively low acid va lue of Nahar and Karawi la seed 

oil. Heating rate is major process parameter during the synthes is of a lkyd resin. Heating 

rate up to 240 °C is affected the yield and time requires to complet the monoglycer ide 

process as well as to prevent subl imation of pentaerythritol inside the reaction f lask. 

Subl imat ion of pentaerythritol may be also inversely affected the yield of monoglycer ide. 

5 °C /m in and 1 6 5 0 ± 1 0 rpm were considered as opt imum heating rate and stirrer speed 

respectively. 

Consider ing the four recipes, final acid value was decreased with increasing amount of 

excess O H . However final acid va lue was 18 m g K O H / g even in NK30 . Th is is somewhat 

higher than the acid va lue of normal air drying alkyd resins which is around 10 m g K O H / g . 

Formation of highly branched structure with increase amount of excess OH suppl ied by 

pentaerythritol was conf irmed by the gradual reduction of v iscosi ty . Gradual ly increased 

of drying t ime and hardness with the increase of excess OH also indicated that the 

forming of more and more rigid net work through branching up to some extent. 

Alkali resistance was poor in all types of a lkyd fi lms compare to the reference sample due 

to the presence of alkal i hydrolysable ester l inkages. Water and acid resistance were 

improved with the increase amogn t of excess OH up to some extent and NK24 was 

comparable with reference sample . Th is is also indicated that the formation of branched 
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net work structure which can prevent the entering of solvent molecules through the 

surface of the f i lm. 

However scratch hardness results and solvent resistance results were indicated that 

branching needs to be opt imized to achieve superior fi lm propert ies. 

Among the formulated four recipes, resin NK24 and NK30 showed sat isfactory v iscosi ty , 

drying properties, hardness and solvent resistance propert ies. S ince that present study 

can be concluded resins formulated between 1.0564 to 1.1379 O H / C O O H ratios and 

0.9972 to 1.024 a lkyd constants are considered as general gui ld line for preparing a long 

oil air drying a lkyd resin with better film properties using blend of Nahar and Karawi la 

seed oils together with pentaerythritol and phthalic anhydr ide. 

6.2 Future work 

1) Final acid value of the resin need to be further reduced to lO m g K O H / g by partially 

replacing pentaerythritol from glycerol in the two recipes NK24 and N K 3 0 . 

2) Monoglyceride process needs to be optimized to ach ieve high yield of monoglycer ide 

within short period of t ime without formation of unnecessary react ions like etherif ication. 

Volume fraction, stirring speed , treating rate and temperature of monoglycer ide process 

to be studied using conduct iv i ty data to optimize the monoglycer ide process. 

3) Solvent is used to recover subl imed phthalic anhydr ide. Effects of solvent for the 

synthes is process and film properties have to be studied. 

4 ) Evaluat ion of rheological behavior of a lkyd and the diluted varn ishes at different solid 

content prepared with different types of multi functional polyol has to be studied to 

identify the opt imum solid content of varn ish with brushable v iscosi ty to curtail the 

emission of organic so lvents . 
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