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ABSTRACT

This paper reported on the synthesis of a series of modified alkyd resins by
partial replacement of phthalic anhydride with 2,2\-di-thiosalicylic acid. The
modifier containing aromatic ring and sulphur atom which enhancing the
physical, mechanical and chemical properties of the modified alkyds,
especialy at higher content. The antibacterial activitywas also investigated
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and gave promising results which promoted the application of the modified
alkyds and in antibacterial aspects especially at high modifier content.
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INTRODUCTION

Since 1930s, Alkyd resinshave been used asama
jor binder for paints. Their compatibility with many poly-
mersandtheextremdy wideformulatinglatitude made
them suitablefor the production of avery broad range of
coatingmaterid §1. Thisindudesdo-it-yoursdf paintsand
varnishesfor wood and meta, road marking paints, etc.
Also, duetothewideuseof coatingsin different fields
such astheautomotive, shipbuilding and textileindus-
tries, itisimportant for companiesto devel op new coat-
ing materia shavingperformancepropertiessuch ashard-
ness, flexibility, abrasion resistance, chemical
resistance,anticorrosiveand antibacterid activity?.

The coatings propertiesarebasically depend onthe
resnwhichisusedinitsformulation, therefore, theakyd
resin playsavery important rolein the coating formula:
tion®. Alkyd resinsarethereaction products of poly-
basi ¢ acids, polyhydric a coholsand monobasic fatty

acidsor ails. Itisachemica combination between oil
or oil-derived fatty acids and polyester polymer, thus
enhancing the mechanical properties, drying speed du-
rability of these oleores nousvehiclesformed over and
abovethose compared with theoil themselves™.
Itispossbleto producedkydswith greatly improved
ressanceto hydrolys shy theuseof acid containing Seri-
cdly hindered carboxyl groups, such asthe“versatic ac-
ids”. These are a mixture of heavily branched aliphatic
acidswith 9to 11 carbon atomsand with most (> 93%)
of carboxylic groups attached to aquaternary carbon-
ation. Oil modified alkyd resinsare madewith drying
semidryingand non-dryingoils. Thetypeof oil sdected
dependson the conditionsunder which thefilmwill be
dried and the color retention propertiesrequired inthe
film. Air dryingadkydsaremadewiththegood dryingails
such aslinseed oil and dehydrated castor oil, but semi-
drying soyabean oil may also be used in medium and
short—oil alkyds. In general, soyabean oil-modified alkyds
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arenot satisfactory for air —drying varnishes®.

Variousvegetableoil sourcesthat areused for dkyd
preparationincludetall oil, soyaoil and many others,
acommon property of these oilsisther high degree of
unsaturation. Also, examplesof polyhydricacoholsare
glycerol, ethylene glycol, pentaerythritol and
trimethyl ol propanewhilethe commonly used acids/an-
hydridesare phthalic anhydride, i sophthalic anhydride
and maecanhydride®. Theail chosenfor the produc-
tion of dkydsusudly hasaprofound effect ontheprop-
ertiesof thefinished alkyds, andthey areusedinan air-
drying water-reduciblelacquer formulation.

Modified alkyd resinlacquerswere prepared from
Soyaoil, pentaerythritol, phthaic anhydrideand Dacron
by mixingwith pigments, talcand adiluent and adrying
agent, milled andfiltered toform modified dkyd resin—
based paintg®?,

Inthisresearchwork modified akydresnwaspre-
pared by partial replacement of phthalic anhydrideby
2,2‘-di-thiosalicylic acid. The chemical, mechanical,
stoved and air dry film propertiesdueto the partial re-
placement of the acid have been evaluated. Also, the
biologicd activity of theresinsin additiontotheir var-
nisheswere nvestigated.

EXPERIMENTAL

Materials

Linseed ail fatty acidwas supplied by Echantillon,
Belgium. Phthalic Anhydride and Glycerol were ob-
tained from El-Nasr Pharmaceutical Chemica Com-
pany, Egypt. Diethanolamineand 2,2'-Di-thiosalicylic
acid were obtained from Merck Germany.

Synthesisof modified alkyd resins

The preparation of various modified alkyd resins
based on linseed ail fatty acid was carried out viasol-
vent processin one-step reaction asfollows: Thecal-
culated amountsofanhydrousglycerol astheingredient
sourceof thepolyoal, linseed ail fatty acid and phthalic
anhydridereplaced partialy with2,2' -Di-thiosalicylic
acid astheingredient source of the polybasic acids,
weremixed in 250 ml round-bottomed flask fitted with
Dean and Stark apparatus and refluxed in the presence
of 10 % xylene. The course of the esterification was
followed by observing the theoretical amount of water
liberated. Theresinswere prepared, coveringawide
range of oil lengthsand hydroxyl contents (0, 10, 20,
and 30 % Excess—-OH). It should be notethat within
each set of formulationsthetotal number of acid and
hydroxyl equivaent for thevariousrunswerekept con-
stant!’¥, Resin characteristic constant and weight
changesof thevariousformulationsareillustrated in
TABLES 1-2. Alkyd calcul ations can be used to pre-

TABLE 1: Resin contentsfor DT SA modified polyester

Resin No. Excess—-OH % Ingredients E F € N € R K H,0 off (ml)

G 307 3 3.34

DTSA 153 2 3.48

la_d 0 LOFA 280 1 0520 0.260 0.260 100 1.05 361
PA 741 2 3.75

G 307 3 3.36

DTSA 153 2 351

I ag 10 LOFA 280 1 0573 0273 0300 110 1.05 367
PA 741 2 3.83

G 307 3 342

DTSA 153 2 3.63

1 a-g 20 LOFA 280 1 0.656 0.298 0358 120 104 381
PA 741 2 401

G 307 3 3.55

DTSA 153 2 3.79

Vg 30 LOFA 280 1 0.778 0339 0439 130 101 406
PA 741 2 431

G: Glycerol,DTSA: 2,2\ -Di-thiosalicylic acid,L OFA: Linseed oil fatty acid, PA: Phthalic anhydride, E: Equivalent weight, F:
Functionality,e: Total equivalent present at the start of the reaction,e,: Number of acid equivalent, e,: Number of hydroxyl
equivalent, R: Ratio of total-OH groups to total-COOH groups (e,/ €,) K: Alkyl constant (m/e,),m_ Total moles present at the

start of the reaction
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TABLE 2: List of acid equivalent of different runs

Resin PA DTSA
A 1.00 0.00
B 0.90 0.10
C 0.80 0.20
D 0.70 0.30

dict thecompleted formulation, propertiesof theresin,
theamount of reaction water liberated and the prob-
ablerisk of gelation. Thecalculation of water evolved
isalso useful both asatool for following the course of
esterification reaction and to find thetheoretica yied.

Prepar ation of test pandls

Glassand mild steel plates (50 x 150 mm) were
degreased by dipping into petroleum ether, then the
surfaceswerecl eaned by finecloth, washed and wiped.
Theplateswere washed with ethyl alcohol and dlowed
todryinair. Filmswere gpplied onto clean platesand
left for half an hour to remove s owly the greatest part
of the solvent and then stoved at therequired tempera
turefor thespecified timeinathermogtaticaly controlled
well-ventilated oven™Y.

Physical and mechanical testsof films

A variety of physical, chemicalsand mechanical
evaluationsof different alkyd resinswerecarried out
according to American Society for testing materials
(ASTM) include: Color (ASTM, D1544-98), Viscos-
ity (ASTM, D1545-98), Non-volatile (N V) content
(ASTM, D1644-1993), Dryingtime (ASTM, D 1640-
95),Adheson (ASTM, D3359-95), Hexihility (ASTM,
D522-93), Gloss (ASTM, D523-89), Hardness
(ASTM, D4366-95), Water res stance(ASTM, D870),
Alkali resstance(ASTM, D1647-89), Acid resistance
(ASTM, D3260-82) and Solvent resistance (ASTM
Method, D2792-69).

Antibacterial activity

Theantibacteria activity of thedifferent modified
resinsagaingt different kinds of bacteriawasestablished
according toASTM D5589-97. Firstly, drawdown
stripsof different filmswere cut into acirclewith 20
mm. these stripswere placed a the center of solidified
agar plates. Apply athin coat of algae suspensionto
each specimen,making surethe surfaceiscovered, but
not oversaturating

—= Pyl] Peper

the samples. Transfer theinocul ated platesto an
incubator with aconstant fluorescent light source, hu-
midity > 85 %, and atemperature setting to maintain
25 + 2°C. The incubated samples were examined
weekly for growth.

RESULTSAND DISCUSSION

During the course of esterification anewly modi-
fied antibacterid dkyd resinswereobtained by partid
replacement of phthalic anhydridewith2,2' -di-
thiosalicylic acid astheingredient sourceof the polyba-
sicacid. Thereactiontimewastaken asthetimere-
quiredfor collecting thetheoretical amount of water at
thetrap. Theeffect of 2,2\ -di-thiosdicylic acid content
and the excess hydroxyl groupson thereactiontime
wasrepresented in Figure 1. FromthisFigure, it canbe
clearly shownthat thereaction timeincreaseby incress-
ing both of theamount of 2,2 -di-thiosalicylicacid added
and excesshydroxyl group.

9 T T T T T T

Reaction time (h)

0 % OH Excess
O 10 % OH Excess
A 20 % OH Excess
30 % OH Excess

4 ] 'l ']
0 10 20 30 40

Replacement of DTSA (%)

Figure 1: Reaction timeasafunction of 2,2 -di-thiosalicylic
acid and the excesshydroxyl groups contents

Theeffect of 2,2'-di-thiosalicylic acid content on
thephysica propertiesof themodified dkyd resinsare
givenin TABLE 3. According to these data, we can
conclude that the color of the resins observed to be
dark brown dueto this partial replacement. Thevis-
cosity of theresinsincreased asthe 2,2 -di-thiosdicylic
acid and/or hydroxyl group content hadincreased which
isconfirmed by the amount of non-volatilematerias.
Also, thedrying timeis observed to be proportional
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TABLE 3: Varnishescharacteristicsdata

Stove

Resin  Excess- Replacement Viscosity NV Color dr?/lirng 110 120°C
No. OH (%) (%) of DTSA (gardner) (%) (Gardner) time (h) °C

1h 2h 1h 2h

la 0 | 75 8 6.0 T ST VST HD

Iy 0 10 K 78 >18 5.0 ST ST VST HD

I 20 M 80 >18 40 ST VST VST HD

g 30 Q 82 >18 3.0 VST VST HD HD

I, 0 K 76 9 6.0 T ST VST HD

My 10 10 L 80 >18 45 ST VST HD HD

e 20 Q 82 >18 35 VST VST HD HD

g 30 ST 83 >18 3.0 VST HD HD HD

4 0 M 78 10 5.0 ST ST HD HD

ly 0 10 P 81 >18 4.0 ST VST HD HD

e 20 R-S 83 >18 35 VST HD HD HD

g 30 V-W 84 >18 2.0 HD HD HD HD

IV 0 N 80 11 4.0 ST VST HD HD

VS 20 10 Q 82 >18 3.0 VST HD HD HD

IV, 20 u-v 83 >18 25 VST HD HD HD

Vg 30 Z,Z;3 85 >18 2.0 HD HD HD HD

withboth 2,2 -Di-thiosdlicylicacid and hydroxyl group  modified filmsshow outstanding performance compared
contentswhich isconfirmed by stoving. tounmodified films. Theglossresultsfor theresinsin-

TABLE 4 givesthe mechanical propertiesof the  creasesthrough the modification processwhich canbe
variousmodified resins. Theseresultsindicatethat the  attributed to theincorporation of trihydroxylpolyol con-

TABLE 4: Effect of DT SA on themechanical propertiesof modified alkyd resin

. Gloss at 20° Flexability Hardness(s) Adhesion
Resin No.

A S a S a S a S
la 90 92 Pass Pass 61 62 5B 5B
Iy 92 93 Pass Pass 62 63 5B 5B
I 92 94 Pass Pass 62 64 5B 5B
lg 93 95 pass pass 63 65 5B 5B
I, 91 93 Pass Pass 61 62 5B 5B
Iy 93 94 Pass Pass 63 64 5B 5B
I 95 95 Pass Pass 64 66 5B 5B
Iy 95 96 pass pass 65 68 5B 5B

11N 92 93 Pass Pass 63 64 5B 5B
[y, 94 94 Pass Pass 64 67 5B 5B
Ml 95 96 Pass Pass 65 67 5B 5B
Iy 96 97 pass pass 67 68 5B 5B
1Vq 94 94 Pass Pass 64 66 5B 5B
IVp 95 94 Pass Pass 65 68 5B 5B
IV 95 96 Pass Pass 67 68 5B 5B
IVyq 96 97 pass pass 68 69 5B 5B

a: air-dryingfilms, s: stoved films
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TABLE5: Effect of DT SA on the chemical propertiesof modified alkyd resin

Water resistance

Acid resistance

Alkali resistance Solvent resistance

Resin No.

A S a S a S a S
la Ex Ex P F P F Ex Ex
Iy Ex Ex F G F F Ex Ex
le Ex Ex G Ex G G Ex Ex
lg Ex Ex Ex Ex Ex Ex Ex Ex
I Ex Ex F F P F Ex Ex
Iy Ex Ex G G G G Ex Ex
e Ex Ex G G Ex Ex Ex Ex
Iy Ex Ex Ex Ex Ex Ex Ex Ex
I, Ex Ex F F P F Ex Ex
Iy, Ex Ex G G G Ex Ex Ex
I Ex Ex Ex Ex Ex Ex Ex Ex
Iy Ex Ex Ex Ex Ex Ex Ex Ex
IVa Ex Ex F F G G Ex Ex
1V Ex Ex Ex Ex Ex Ex Ex Ex
IV, Ex Ex Ex Ex Ex Ex Ex Ex
IVq Ex Ex Ex Ex Ex Ex Ex Ex

P: Poor, F: Fair, G: Good, Ex: Excellent

taininga2,2 -di-thiosdicylicacidringswithintheresin
structure. The presence of the repeating ester unit (—
COOR) inthe polymeric chain of dkyd resnimproves
itsapplications, aswdl as, enhancing the hardness prop-
erty. Theflexibility test for the different filmswere, car-
ried out by the conical mandrel bending tester, show no
evidenceof cracksor de-laminating. Thishighflexibil-
ity isattributed to the pol yester backbone. The cross-
hatch test was carried out to determinethe adhes on of
the coating films, indicates clearly that, the modified
coating hasvery good adhesion properties. Thisisindi-
catetheability of thesemodified resinsfor coatingthe
pre-treated mild steel substrateisagood for prevent-
ingwater ingress.

Thechemical res stancesof thenew modified dkyd
resinswere undertaken on glass panels (25x75 mm).
Theresin coated glass panel swere sed ed using paraf-
finwax on the edges of the panels. The sampleswere
immersed to haf their lengthinthevarioustest solutions
(water, 5% by we ght sodium hydroxide, 20% by weight
sulphuric acid, and benzene/ minerd turpentine solvent
mixture 1 : 3 by volume). The panels were then re-
moved from the sol ution, wiped carefully and allowed
to dry at room temperature,thentheimmersed portion
of thefilmswere examined for any defects. The data

tabulated inTABLES indicatethat 2,2 -di-thiosdlicylic
acid content and the excess hydroxyl groupsimprove
thefilm resistancetowardsacid and akali and thisim-
provement increases asthese contentsincreased. How-
ever, thisimprovementdoes not appear towardswater
and solvent resistance properties.

The newly synthesized akyd resnsweretested for
their antibacteria activity agentssix typesof bacteria
including Bacillussubtils (ATCC 7972), Staphyl ococ-
cus Aureus(NCTC 7447), Ascherichi Coli (NCTC
10416), Pseudomonaaeruginosa(ATCC 10145), Can-
didaAlbicans(IMRU 3669), and Aspergillus Niger
(ATCC 6275),usingASTM D5589-97. According to
thismethod the eval uation process dependson noticing
the microbialgrowth rateon the specimen weekly for
threeweeks. Thezeroratingmeansnomicrobia growth
on the specimen while 1, 2, 3, and 4 ratings means
traces of growth (<10 %), light growth (10-30 %),
moderate growth (30-60 %), and heavy growth (60-
100 %) of microbia onthespecimen. Theantibacteria
activity of these resins at the end of three weeks
ispresented in TABLE 6. The obtained dataindicate
that the modified alkyd resin with2,2'-Di-thiosdicylic
acidshowsantibacterial activity if compared withthe
unmodifiedresin. Also, thisactivity increased by incress-
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TABLE 6: Antibacterial activity of thenewly synthesized alkyd resins

. BacH_Ius Staphylococcus Ascherichi Pseudomona Candida Aspergillus
Resin  Excess- subtils ; . : ;
No OH (%) ATCC Aureus ColiNCTC aeruginosa Albicans Niger ATCC
' 7972 NCTC 7447 10416 ATCC 10145 IMRU 3669 6275
la 4 4 4 4 4 4
In 0 3 3 3 3 3 4
I 2 2 2 3 3 4
lq 2 2 2 2 2 3
I, 4 4 4 4 4 4
Iy, 10 3 3 3 3 3 4
e 2 2 2 2 2 4
g 1 1 1 2 2 3
I, 4 4 4 4 4 4
I, 20 2 2 2 3 3 4
e 2 2 2 2 2 3
Mg 1 0 1 1 2 2
IVa 4 4 4 4 4 4
Vg 30 2 2 2 2 2 4
IV, 1 1 2 2 2 3
AV 0 0 1 0 1 2

ingthemodifier percent and the hydroxyl contentinthe
resin.

CONCLUSION

Thesuitahility of 2,2'-Di-thiosdicylicacidinthe
modification of dkydresnwasevduated. Thevarnishes
characterigtics(such asviscosty, air dryingand stoving),
themechanical properties(gloss, flexibility, hardness,
and adhesion) increased asthe modifier content and
thehydroxyl group contentsin the backboneincreased.
Thisisattributed to the decrease sol ubility of theakyd
inthesolvent (xylene) asail content decreases, increasing
the amount of solvent embedded intheakydresin. It
has been reported that higher oil content of long and
medium oil dkydsgavedower initid drying dueto more
thermosetting of long oil dkyd ascompared to short ail
akyd®>2, Subsequently, glossand hardnessretentions
are more pronounced in short alkyd compared to the
medium and long ail alkyd. Also, theresistance of the
modified dkydsindifferent servicemediashowsan ex-
cellent properties especially at higher 2,2\-Di-
thiosdicylicacidand hydroxyl group contents. Thismay
beduetothefact that dkydsare essentidly polyesters
that aresusceptibleto hydrolys's, inadditionto, increase

thearomatic ring added on it sulphur atom.

The promising resultsobtai ned from antibacteria
activity of themodified alkyds can beattributed to in-
troducing an aromatic rings and active atom such as
sulphur added on the aromatic ring to the backbone
enhancethebiological activity of theresini**4, Also,
the presence of an electron-rich sulphur atom is ben-
eficial for thisresin which can penetrate the bacteria
cdllshy suitable bindingi*+€l,
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