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ABSTRACT

Jojoba ail is a source of specially chemicals and its uses for industrial applications are gaining in adaptability and
importance. Four different alkyd resins modified by various amount of jojoba seed oil (JSO) were prepared by an
alcoholysis-polyesterification process. The effect of oil contents on properties such as the drying performance,
thickness of film, solubility, viscosity and color of the alkyd resins was evaluated. The alkyd with the least oil content
had the greatest viscosity and lightest colour as well as the most rapid drying property. The jojoba-alkyds were
found to be comparable with commercial samples. Their films were resistance to water, alkali, acids and solvents as
well as gloss %, adhesion, impact, hardness, bending and flexibility. Incorporation of jojoba oil into alkyd resin
prooved to achieve good mechanical characteristics and high chemical resistance to theseresins.
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INTRODUCTION

Alkyd resinshave been introduced in the 1930s as bindersdimtg Their compatibility with many polymers and
the extremely wide formulating latitude made themtable for the production of a very broad rangecoéting
materials. This includes do-it-yourself paints aradnishes for wood and metal, road marking paitsicorrosive
paints, nitrocellulose lacquers, two-component yaoate curing coatings, acid curing coatings, sigwenamels,
etc. Except for phthalic anhydride, being of peerical origin, the other raw materials used ingirethesis of the
alkyds are from biologically renewable sources.sTlwombined with their biological degradability, kea them
very interesting binders from an ecological poiftview. Solvents which are used to reduce and adhes paint
viscosity are the only concern with respect toehelogical aspects of the alkyds paints. In regeats, however,
we witness quite an activity in designing alkyd ésians and high solids alkyds which can serve asldis for
environmentally friendly coatings.[1]

Alkyd resinsare the reaction products of polybasic acids, ipalyic alcohols and monobasic fatty acids or dilss
a chemical combination between oil or oil-derivattyf acids and polyester polymer, thus enhanciagriechanical
properties, drying speed durability of these olsireus vehicles formed over and above those cordpaitd the
oil themselves. These resins, today comprise atatibf all resins used in the surface coating sidu

In spite of a large number of other synthetic rediring available for use in paint formulations #ikyd resins
surpassed all of them in versatility and low cogiether with a broad spectrum of performance ptogser

It is possible to produce alkyds with greatly imyed resistance to hydrolysis by the use of acidtainimg
sterically hindered carboxyl groups , such as theefsatic acids ” . These are a mixture of heabilgnched
aliphatic acids with 9 to 11 carbon atoms and withst ( > 93% ) of carboxylic groups attached touatgrnary
carbonation.
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Oil modified alkyd resins are made with drying serging and non-drying oils. The type of oil selettiepends on
the conditions under which the film will be drieddathe color retention properties required in tiva.fAir drying
alkyds are made with the good drying oils suchresekd oil and dehydrated castor oil, but semidygioya bean oil
may also be used in medium and short — oil alkigeneral, soyabean oil — modified alkyds aresatisfactory
for air —drying varnishes [2].

Various vegetable oil sources that are used foydaljreparation include tall oil, soya oil and maothers; a
common property of these oils is their high degoéeunsaturation. Also, examples of polyhydric aloishare
glycerols, ethylene glycol, pentaerythritol andneethylolpropane while the commonly used acids/aritigd are
phthalic anhydride, isophthalic anhydride and ntakaihydride [3]. The oil chosen for the productmialkyds
usually has a profound effect on the propertietheffinished alkyds[4], and they are used in ardaiing water-
reducible lacquer formulation[5].

Modified alkyd resin lacquers were prepared fronysSoil, pentaerythritol, phthalic anhydride and Ewac by
mixing with pigments, talc and a diluent and a dgyagent, milled and filtered to form modified adkgesin - based
paints [6] .

In most developing countries, food-grade oils aseduin industrial production, leading to a reduciio the amount
available for human consumption. In order to redtiee demand for food-grade oils that are used dustrial
production, there is a need to explore new souwted.[7]

Jojoba ail is a natural product extracted from the seedssddw-growing perennial desert shrub. This oil msque

compared with commercial oils coming from soybeawsn, peanuts, and olives, because it containgsters of
fatty acids with straight chain fatty alcohols amat of glycerol with fatty acids. Jojoba oil is mbi composed of
the monoesters of gand G, acids and & and G, alcohols, with one double bond on each side ofster bond.
The oil has found a wide range of important indakgind cosmetic applications, but one is of sgeaniarest, the
possibility to replace sperm whale 0il.[8-12]

Jojoba plants and jojoba oil are promising forftiiowing reasons:

1. Jojoba seeds contain 50% of its weight as oil.

2. Jojoba raw oil has special distinguishing feegurompared to other vegetable oils, such as:

(i) It contains a volumetric composition of 97%wéxed ester and 3% of free fatty acids, alcohdlidsaand anti-
oxidation compounds named Tokofyrole.

(ii) Jojoba oil molecules have a carbon chain doitig 20—22 carbon atoms.

(iii) This oil is considered a liquid wax with agasant smell, constant viscosity with temperatuszy high
resistance to rancid and very high resistance igation.[13] The aim of this paper is to prepard amaluate jojoba
seed oil-modified alkyd resins.

MATERIALS AND METHODS

2.1. Materials

Jojoba seed oil was obtained from the local mafketnical grade phthalic anhydride, glycerol, bénazid and
calcium carbonate were obtained from commercialrcgsu and used in the preparation of alkyds without
purification. Also, reference alkyd resins were omgncial products from the local market. Potassiymrdixide,
sodium sulphate anhydrous, phenolphthalein, glaaiatic acid, pyridine, iodine and sodium hydroxideere
chemically pure grade obtained from EL-Fayrouztiatling Co. All other reagents and solvents usedutfhout
this study were chemically pure grade.

2.2. Physicochemical properties
Physicochemical properties of jojoba seed oil (eagid value, saponification value, iodine valuensity and
viscosity) were determined according to relevanTMSstandards[14,15]. Table(1)

Table 1: Physicochemical properties of jojoba seeail

Properties Result
Acid value (mg KOH/qg) 2.0
Saponification value (mg KOH/g) 100
lodine value (g 12/100 g) 95
Density (g/cm3) 0.94
Viscosity (poise) 38.6
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2.3. Preparation of alkyds
Four different alkyds having oil contents of 35%/My 47% (w/w), 60% (w/w) and 78% (w/w) were preger
using a two-stage alcoholysis-polyesterificatiorthod. [16,17]

The alkyds were labelas follows: J-AKD 1 (36% oil); J-AKD 2 (47% oil)-AKD 3 (59% oil); J-AKD 4 (78%
oil). In preparing each of the alkyd, a known wetighjojoba seed oil was heated to a temperatuterdsn 220°C
and 240°C. Glycerol (14.8 g), and 0.2 g calciunboante were added while maintaining the temperattabout
240°C.

The completion of alcoholysis was monitored by ngksamples of the reaction mixture every 5 min.HEsample
was mixed with anhydrous methanol in a 1:1 voluai@runtil a clear solution was obtained which caded the
end of alcoholysis proceg48]

After completion of the alcoholysis stage, phthaithydride (25g) and benzoic acid (4.8g) were acdalatl the
reaction continued at about 240°C. The reaction waimitored by acid value determination every opartuntil a
value of 10 was reached, then the reaction wasaoipaehby immersing the reaction vessel in cold wdenzoic
acid was included in the preparation of alkyds tdam products with reduced drying times, and siitcés

monofunctional it also acts as chain terminatingrdghus preventing the tendency towards gellingroijen was
used to blanket the surface of the reaction mixtiueng the reaction. The amount of the variougedgents are
shown in table 2.

Table 2: Formulations of the different alkyd resins

J-AKD1 | JJAKD2 | J-AKD 3 | J-AKD 4

(36% oil | (47% oil | (59% oil | (78% oil

Content) | content) | Content) | Content)
JSO (g) 25.0 39.9 64.7 156.0
Phthalic anhydride(g) 25.0 25.0 25.0 25.0
Glycerol (g) 14.8 14.8 14.8 14.8
CaCO3 (g) 0.2 0.2 0.2 0.2
Benzoic acid (g) 4.8 4.8 4.8 4.8

2.4. Evaluation of alkyd resins

The solubility, cure time, acid value, and dryirgrfpormance tests as well as solidification time #mckness for the
products were carried out using standard metholisM@reover, the prepared alkyds as well as two roencial

alkyds of unknown compositions were separately tdated and their characteristics were compareble(t3)

Table 3: Physicochemical properties of the alkyds

Alkyd sample Colour (QCgIdK\é)am(ge) I(Zdlyfo\(l)ag;e Viscosity (cp) | Thickness of film (mm)  Solidificatidime (s)
J-AKD 1 Yellow 32.2 17.6 10.0 0.047 30
J-AKD 2 yellow 334 11.2 14.0 0.039 40
J-AKD 3 light brown 5.40 19.0 25.0 0.042 45
J-AKD 4 light brown 121 26.9 30.0 0.051 50
C-AKD brown 25.8 66.2 10.0 0.019 40
L-AKD brown 35.6 64.4 12.5 0.019 45

2.4.1. Preparation of test panels:

Glass and mild steel plates (50 x 150 mm) wereeadegrd by dipping into petroleum ether, then théases were
cleaned by fine cloth, washed and wipped. The platere washed with ethyl alcohol and allowed to idryir.
Films were applied onto clean plates and lefthialf an hour to remove slowly the greatest parthefsolvent and
then stoved at the required temperature for theifspe time in a thermostatically controlled wellventillated oven.

The J-AKD compounds were thinned to brushable stesty and appropriate quantities of cobalt and tedoate
driers were added. Coating were applied on preljquepared mild steel and glass panels with atbtasbtain a
uniform coat. Drying on film formation of coatinggere carried out at room temperature, 80°C, 100i€ ¥0°C
for one hour (table 4).

Each run was performed in triplicates.
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Table 4 :Drying Characteristics of the alkyds

Resins Air drying | Stoving at 80°C | Stoving at 100°C | Stoving at 150°C
(days) 1 hr 1hr 1hr
J-AKD 1 >7 T D HD
J-AKD 2 >7 T D HD
J-AKD 3 >7 T D HD
J-AKD 4 >7 T D HD
C-AKD 1 VST ST D
L-AKD 1 ST D HD
VST Very Sightly Tackiness ST Sightly Tackiness
T Tacky D Dry HDHard Dry

2.4.2 .Evaluation of film characteristics:

2.4.2.1. Film resistance
Water, alkali (10% NaOH) resistaneeid (10% HCI, 20% k50O,) resistance and solvents (acetone, ethanol,

methanol, ethyl methyl ketone, and toluene) rests#avere carried out according to standard metfRi@2](table
5)

Table 5: Film Resistance of the alkyds

Water A_Ikali Acid resistance Solvents resistance
Alkyd resins | resistance resistance (monthes) (monthes)
(monthes) (10% NaOH) | HCl | H.SQ, Acetone | Methanol| Ethanol Ethyl Toluene
(hours) 10% | 20% methyl ketone

J-AKD 1 >3 1 >3 >3 >3 >3 >3 >3 >3
J-AKD 2 >3 3 >3 >3 >3 >3 >3 >3 >3
J-AKD 3 >3 4 >3 >3 >3 >3 >3 >3 >3
J-AKD 4 >3 6 >3 >3 >3 >3 >3 >3 >3
C-AKD >3 2 1 1 1 1 1 1 1
L-AKD >3 2 1 1 1 1 1 1 1

2.4.2.2. Mechanical tests:
After tack-free drying, the film properties such &ending test, adhesion (tape test), impact, géoab scratch

hardness by pencil test, were determined by stdndathods.[23-27kable 6)

Table 6:Mechanical properties of the alkyds:

é{eksyi?ws G;?Z%SA) Adhesion test| Impact hsacrrdar:(érs]s Bending test
J-AKD 1 40 good pass 2H pass
J-AKD 2 46 good pass 2H pass
J-AKD 3 50 good pass 2H pass
J-AKD 4 56 good pass 2H pass
C-AKD 119 good pass 2H pass
L-AKD 100 good pass 2H pass

RESULTS AND DISCUSSION

3.1. Physicochemical properties of jojoba seed oil
The properties of the JSO are shown in table 2. idtime value (95) indicates a level of unsaturatibat may
consider the oil as semi-drying. It is noteworthgttthe degree of unsaturation of the oil is diyertlated to the

drying property of the alkyds.

3.2. Preparation of jojoba seed oil-modified alkydesins:

The alcoholysis was carried out by heating jojokedsoil with glycerol to 240°C for about 4 hourslie presence
of calcium carbonate as catalyst until a cleartsmiuwas obtained. The time needed for the alcdislgtep was
dependent and is nearly proportional to the peaggnof oil contents. Thus the relationship betwhenpercentage
of oil used in the alkyd formula and the time takenalcoholysis may be used to estimate the tiaken for the
alcoholysis reaction of JSO for different perceptafoil (Fig 1).

Polyesterfication was conducted by heating a méxtaf phthallic anhydride and benzoic acid to thedpct
obtained from the alcoholysis step until the actlie was dropped about 10. The change of the adige\during
the polyesterfication process is illustrated in Bigvhich shows that acid value decreases graduatly time of
polyesterfication until it reaches a minimum ati&out 4 hours.
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Fig.1. Percentage oil content versus time of aloclysis Fig. 2. Change of acid value dag polyesrification.

3.3. Evaluation of alkyd resins prepared:
The alkyd resins were tested for viscosity, thideand solidification time. J-AKD 1 is more viscdban the other
prepared resins this is probably due to a highnéxdEpolymerization in the preparation of thisires

Physicochemical properties of the alkyds preparatl the commercial standards are shown in Tableh®. &cid
values, the viscosities and the solidification sm& the alkyds are comparable with those of theroercial
standards C-AKD and L-AKD. They are lighter in ocolthan those of the commercial standards so they ar
recommended for special applications. J-AKD 4 Mesdreatest film thickness owing to its relativghhiiscosity
and a possible high degree of polymerization.

Table 4 shows the drying characteristics of alkgsin solutions containing cobalt and lead octoaierglin air, at
80°C, 100°C and 150°C for one hour and it is cthat stoving at 100°C for one hour gives dry fil{B§ and raising
the temperature to 150°C produces hard dry filnig)(H

The alkyd resin films resist water, acid (10% H@20% HSO,) and solvents (acetone, ethanol, methanol, ethyl
methyl ketone, and toluene) and they show no chdogenore than three monthes, while alkali (10% W3O
resistance is poor as ester groups are readilgkaticby alkalies and hydrolyzed by acids.(table 5)

The alkyd resin films exhibited good overall medbahproperties, e.g. gloss, adhesion, impact,tserhardness,
bending tests.(table 6)

CONCLUSION

The jojoba oil plant has been successfully condettealkyd resins. The alkyds thus obtained gavedgadrying
performance both as clear and pigmented coating®, Ahey are closely comparable with the commeéwalieyds
samples in their performances.
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