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ABSTRACT KEYWORDS
Polyesteramide (PEA) resin was synthesized using lower purity dimer acid Polyesteramide;
(Pripol 1017, composition: 22% trimer acid, 75% dimer acid and 3%linoleic Dimer acid;
acid) and ethanolamine. Molar ratio of Pripol 1017: ethanolamine wasvar- Ethanolamine;
iedas1:1, 1:1.5and 1:2. Prepared PEAswere characterized for acid value, Gel permeation
amine value, hydroxyl value, Fourier transform infrared spectroscopy, gel chromatography;
permestion chromatography (number average molecular weight (Mn), weight Epoxy;
average molecular weight (Mw) and polydispersity index (PDI)) and rheo- TETA.

logical (viscosity vs shear rate) properties. It was determined that amine
value and hydroxyl values increased, whereas, acid value, Mn, Mw, PDI
and viscosity decreased with increased molar concentration of ethanola-
minein the PEA. Prepared PEAswere used as hardener for epoxy resin as
apartia replacement for triethylenetetraamine (TETA), to prepare epoxy
sheets. PEAswere added as 5% replacement of TETA. Cross-linked epoxy
sheets were characterized for mechanical and thermal properties. It was
found that tensile strength remained near about constant, Young’s modu-
lus and degradation temperature decreased; whereas elongation at break
increased with addition of PEA inepoxy as 5% replacement of TETA. Addi-
tion of PEA, thushelpsinimproving the flexibility of epoxy.
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INTRODUCTION

Polyesteramides(PEA) arepolymeric materid ssyn-
thesized from thereaction of diacid, diamineand diol
or diacid and chemica compounds having both amine
and alcohol groups present on it. These are copoly-
merswhich do not havetheregularity of thecommon
polyamidesor polyesterg!. They have both ester and
amidelinkagespresent intheir molecular chains. There
aremany typeof PEA described in literature?%, They

can have varied applicationsfrom coating preparation
tohot melt adhesive. PEA aredsoused in applications
likehydrogels, scaffolds,

Froehling synthesized hyperbranchedpolyeste-
ramide by reacting cyclic anhydridewith diisopropanol
amine, yielding atertiairy amidewith one COOH and
two OH groups?. Ahmad et al. converted oil from
Pongamiaglabrainto N,N-bis(2-hydroxyethyl) P.
glabra fatty amide and further reacted it with phthalic
acidto prepare PEA; and prepared anticorrosive coat-
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ingusingitt¥. Castaldo et d. synthesized arange of PEAS
using adipolyl dichloride, 1,10-decandiol, and 1,6-
diaminohexane; and characterizedit for thermd andvis-
coelastic properties”. Mukherjeeat al. prepared jute
fibre composite using PEA polyol. PEA polyol was
synthesized from the reaction of mixture of
alkanolamines, polyethyleneglycals, and dicarboxylic
acids/anhydrides. Prepared PEA was used asinterfa-
cial agent injutefibre/epoxy composite®. Mohanty et
al. prepared jute fibre/bi odegradabl e polyesteramide
composite. PEA usedwascommercidly availablema:
teria named BAK 1095. They investigated the effect
of various surface treatments of jutefibreinvolving
bleaching, dewaxing, akai treatment, cyanoethylation
and vinyl grafting on the properties of the prepared
composite®, Tuominem and Seppalainvestigated the
effect of temperature and chain extender concentra-
tion (2,2°-bis(2-oxazoline)) on the properties of PEA
synthesized using lactic acid. The highest molecular
weights were achieved with the molar ratio of
oxazoline/carboxyl end groupsbeing 1.2/1.0 at 200
°ClM, Katsaravaet a. synthesized arange of PEASs
using nontoxic building blockslike hydrophaobic a-
amino acids, o,m-diols, and aliphatic dicarboxylic ac-
ids; and examined the effect of molecular structureon
the physic-chemical and biochemical properties?.

Thiswork isan attempt to understand the effect of
molar retio of ethanolamineand lowerpurity dimer acid
onthepropertiesof PEA. Molar ratio of lower purity
dimer acidto ethanolaminewasvariedfrom 1:1 (acid
to ethanolamine) to 1:1.5and 1:2. Prepared PEAswere
anayzedfor acid value, amineva ue, hydroxyl value,
fourier transforminfrared spectroscopy, gl permestion
chromatograpy (to get number average molecular
weight, weight averagemol ecular weight and polydis-
persity index) and rheol ogical properties. Then, they
wereused as 5% replacement of triethylenetetramine
(TETA) asacross-linking material for epoxy.

MATERIALSAND METHODS

Materials

Ethandamineand p-toluenesulphonic acidwaspro-
cured from S.D. Fine ChemicalsPvt. Ltd., Mumbal,
India. Lower purity dimer acid (Pripol 1017; composi-

tion: 22%trimer acid, 75% dimer acidand 3%linoleic
acid) was procured from Soofi Traders Pvt. Ltd.,
Mumbai, India. Epoxy resin (PER 257 grade, epoxy
equivalent weight = 160) and Triethylenetetramine
(TETA, PH-111, amineequivaent weight = 24) hard-
ener wereobtaned from Pliogrip Resinsand Chemica
Pvt. Ltd., Mumbai, India. All chemicalswere used as
obtained, without and modification or purification.

Prepar ation of polyesteramides

Figure 1 showsthemolecular structureof theacids
present inthelower purity dimer acid (Pripol 1017) and
ethanolamine; whereas, TABLE 1 liststhe molecul ar
weight of the acidsand ethanolamine. Inthe study the
molar ratio of lower purity dimer acid to ethanolamine
wasvariedas1:1, 1:1.5and 1:2. PEA was prepared
by polycondensation technique using p-toluene
sulphonic asthe catalyst. Prepared formulationsand
their nomenclaturearenotedin TABLE 2.

M entioned method describesthe synthesis PEA
from lower purity dimer acid and ethanol amine reacted
inl:1 molarratioi.e. PEAL. Pripol 1017 hasacid com-
position as: 22%trimer acid, 75% dimer acid and 3%
linoleic acid. Basis of the reaction was 200 g Pripol

o
Il
HO-C~(CH,);-CH=CH~-CH=CH~(CH)s=CHs

(a) Linoleic Acid
Il
HO=C=(CH:);

0
HO-(I!-(CHz)v-CH<

CH=CH=(CH:)s=CHs

CH=(CH,)s=CH;
ca=cn’

(b) Dimer Acid
I
HO-C~(CHz); CH=CH
N
0 HC

HO -g- (CHy
(0]

HO-!!-(CH:)-:-CH(

CH=(CH;)s=CHs
CH=— CH~(CH:)s=CHs
CH—CHy

CH~(CH:)s=CH;
CH= CH/

(c) Trimer Acid
NH;=CH;=CH,= OH
(d) Ethanolamine

Figurel: Molecular structureof theacid present in Pripol
1017 and ethanolamine
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1017, which according to the composition will have 44
gtrimer acid, 150 gdimer acid and 6 g linoleic acid.
Thus, it had 0.05 molestrimer acid, 0.27 molesdimer
acidand 0.02 moleslinoleic acid. Thefunctiondity of
trimer acidis3whilethat of ethanolamineis2, sothe
number of molesof ethanolaminerequired asequiva
lent totrimer acidishigher; and it would berequiredin

—== Fyl] Paper

TABLE 1: Molecular weight of theacidsand ethanolamine
used intheprepar ation of PEAS

Sr.No. Chemical Name Molecular Weight (g/mal)
1. Linoleic acid 280
2. Dimer acid 560
3. Trimer acid 840
4. Ethanolamine 61

TABLE 2: Prepared PEAswith nomenclature

Sr. No. Nomenclature Acid: Ethanolamine Ratio Pripol 1017 g(moles) Ethanolamine g(moles) PTSA g(0.05%)

1 PEA1 11
2. PEA2 1:15
3. PEAS 1.2

200.00 (0.37) 22.60 (0.37) 0.11
200.00 (0.37) 34.16 (0.56) 0.12
200.00 (0.37) 45.14 (0.74) 0.13

theratio 1:1.5 (trimeracid : amine), so asto equalize
thefunctionality of thetwo compounds (trimer acid
and amines), making al thefunctiona groupsundergo
reaction. Indirectly, number of molesof trimer acid
can be considered 1.5 times its original quantity
present, so that cal culation becomes easy. Thusin-
stead of 0.05 moles of the trimer acid in the above
formulation, it will be considered 0.08 molesof trimer
acid. Findly, themolar composition of Pripol 1017is
0.08 molestrimer acid, 0.27 moles dimer acid and
0.02 moleslinoleic acid, making the total moles of
acid being 0.37. Inthis particular PEA composition
lower purity dimer acid (Pripol 1017) and ethanola-
minewerereactedin 1:1 molar ratio. Thus, themoles
of ethanolaminerequired are 0.37, which comesto
22.6 g. Acid value was continuously monitored
throughout thereaction processin order to understand
the progress of the reaction. Reaction was continued
till the acid valuefelt below 15 mg KOH/g sample.
Reactant system was added with 0.05% p-toluene
sulphonic acid (catalyst).

Thefour necked 500 ml reactor wasequipped with
stirring system (moon shaped tefion blade stirrer at-
tached to thestirring motor), condenser (doublewa led
with water ascool ant. Water tiow rate was maintained
at 1 1/min), nitrogen gasGiow rate was maintained at
500ml/min) and temperaturecontroller. Tothetask was
added 200 g Pripol 1017, 22.6 g ethanolamine and
0.11 g p-toluene sulphonicacid (PTSA). Thereactants
were heated gradually from 220 to 240 °C; while stir-
ring speed was maintai ned constant at 1000 rpm. Acid
vauewas continuoudy noted at aninterva of haf hour
to know theprogressof reaction. Timerequiredtoreach

the desired acid value was about 4-5 h. Synthesized
PEA, inthe molten condition, was poured in atetion
mold (having dimension: 15x15x3cm?) and dlowed to
cool at room temperature. None of thereactantswere
expected to remain unreacted in the mixture. So, no
purification step was thought to be necessary for the
fina products.

All PEAswere prepared by the same methodol -
ogy expect themolar ratio between lower purity dimer
acid (Pripol 1017) and ethanolamine changed.

Preparation of epoxy sheet using the prepared
polyesteramideand TETA

Hardener quantity calculation

Quantity of epoxy wasmaintained congtant at 300g.
Aminerequired for curingepoxy = (weight of epoxy resn*
amine equivalent

weight of TETA) / (ep-

oxy equivalent weight)
= (300* 24)/(160)
=45¢
Thisisthetheoretica quantity of amine(TETA) re-

quired to cross-link Epoxy, reactingthemin 1:1ratio
(consdering their functionality). But in practicedueto
thermodynamicand kineticissues, generdly higher quan-
tity of amineistaken. Thus, Epoxy: TETA concentra-
tionwasmaintained at 1:1.5 (considering their func-
tionality). Thusfor 300 g of Epoxy, 56.25 g of amine
(TETA) wastaken for cross-linking. Prepared PEA
were added as 5% replacement of the TETA, withthe
hopeto induceflexibility into epoxy. ThusTETA re-
quired is53.43g, while PEA required is2.81 g Pre-
pared formulationsareshownin TABLE 3.
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TABLE 3: Prepar ed epoxy compositions

S’ Nomendlature EPOY TETA  PEA  PEA
No. () (9 Name (g)
1. EPO 300.00 56.25 - -

2. EP1 300.00 5343 PEA1 281

3. EP2 300.00 5343 PEA2 281

4. EP3 300.00 5343 PEA3 281
Cadting

Casting method was used to prepare epoxy sheets.
Inorder to have uniformity and comparability, thickness
of the sheet to be casted was maintained constant at 2
mm. 300 g Epoxy was added with required quantity of
TETA (53.43 g) and was stirred vigorously with high
speed stirrer (1500 rpm) so asto obtain auniform mix.
Stirring was continued for 5 min. Cal culated amount of
PEA wasthen added to themix and themix wasagain
gtirred vigoroudy for 5 min. Concentration of PEA was
mai ntai ned constant as 5% replacement of TETA inthe
epoxy matrix. Themix wasthenimmediately poured
into a20 cmx 20 cm polyethyleneterephthal ate (PET)
mold (See Figure 2). Height of the mold was main-
tained a 1 cm, insuchaway that themixtureattainsthe
height of 2mm. Casting wasthenalowedto cross-link
at roomtemperaturefor 24 hrs. Cross-linked sheet was
then post-cured at 80°C for another 4-6 hrs so as to
get best possible cross-linked epoxy.

20 cm/
L
y

mell

20 cm

/]
%

Figure2: Diagrammaticrepresentation of PET mold used
for preparingthecast
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Characterization and testing
Acid valuedetermination

50 ml neutralized benzene-al cohol mixture was
added to dissolve 2 g samplein 125 ml Erlenmeyer
flask, warminginwater bathif necessary. Solutionwas
cooled (if necessary) and added afew drops of phe-
nol phthal e nindicator. The solution wastitrated against
0.5 N dcohoalic potassum hydroxidesolution, to afaint

pink color which remainsfor 30 secondsor more. The

cdculation of acid valueisshown below:

Acid Value = (56.1x Volumeof alc. KOH x Normality of alc.
KOH)/(Weight of sample)

Aminevaluedeter mination

50 ml neutralizediso-propyl a cohol wasadded to
dissolve 2 gsamplein 125 ml Erlenmeyer flask, warm-
ing on aheat sourceif necessary. Solution was cooled
(if necessary) and added afew drops of bromocresol
greenindicator. The solution wastitrated against, 0.5
N standardized hydrochloricacid (HCl), toaydlowish
green color which remains for 30 seconds or more.
Thecd culaion of aninevaueisshownin below:
AmineValue = (56.1xVolumeof HCI x Normality of HCI)/

(Weight of sample)
Hydroxyl valuedeter mination

5gsamplewasaccurately weighedina250 ml Er-
lenmeyer flask; whereasother Erlenmeyer flask wasnot
added with sampleto obtained blank reading. Both the
flaskswerethen added 20 ml of acetic anhydride— py-
ridinereagent (1:4 volumeratio) and attached withair
condenser. Flaskswere thenimmersed up to theliquid
level inan oil bath maintained at 95— 100 °C. Flasks
wereswirled vigoroudy to bring about compl ete disso-
lution of the samplein the reagent. Flaskswere heated
continuoudy for 1 hour toinsureuniformreaction. Flasks
were cooled to room temperature. Then, 10 ml water
wasadded to theflasksthrough theair condenser. Flasks
wereagain heated on oil bathfor 15minto hydrolyzethe
excessacetic anhydridereagent. Haskswerethen cooled
toroomtemperature and added with 25 ml neutraized
acohal (half throughthe condenser, whichwasremoved
afterwards). Prepared mixturewasstirred rigoroudly.
Mixturewas madeready for titration on addition of 1 ml
phenol phthaeinindicator and wastitrated against 0.5N
acohalicpotassum hydroxidetoafant pink color, which
remainsfor 30 secondsor more. Theca culaion of acid
vaueisshown below:

Hydroxyl Value = [56.1x Normality of alc. KOH x (ml KOH
blank — ml KOH sample)]/[Weight of

Sample] —Acid Value
The FTIR spectrawererecorded with aPerkinElmer,
Spectrum GX equipment. 1-2 wt% solution of PEA
wasdissolved in chloroform and was scanned with a
resol ution of 2cm® inthe scan range of 4504000 cm™.
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FTIR of puresolvent wasrun prior torunningthe FTIR
of the samples, to useits peaks as baseline, to auto-
matically subtract it from the samples peak.

Theviscosity vs shear rate was determined at the
temperature of 30°C up to maximum shear rate of 100
s®. Rheological characterization was performed on
MCR101 Rheometer (Anton Paar, Germany) using
Rheoplusdataanadysissoftware.

PEA samplesweredissolved in THF. Thesolution
wasinjected into Gel permeation chromatography col-
umn (Waters, mode no. 2690). Theflow rate of e uent
wasmaintained a 0.5ml/min. Molecularwe ghtwas de-
termined by using polystyrene standard.

Tensleproperties(tendlestrength, tenslemodulus
and elongation at break) and flexura properties (flex-
ura strength and flexural modulus) were measured at
ambient condition usingaUniversa Testing Machine
(LR-50K, Lloyds Instrument, UK), according to
ASTM procedures D638 and D790; at a crosshead
speed of 5 mm/min and 0.8 mm/min respectively.
Charpy Impact Strength was determined at ambient
condition according to ASTM D256, using Impact
Tester (Avery Denison, UK) employingaZ2.7 Jstriker
having striking velocity of 3.46 m/s.

ThermogravimetricAnalysis(Q500DSC, TAin-
strumentsLtd., India) characterization wasdonetoin-

1157

Transmittance (%)
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vestigate the changein degradation temperature and
enthal py of degradation of the prepared epoxy formu-
lations. 4-5 mg samples were heated from 40°C to
600°C at a scanning rate of 10°C/min.

RESULTSAND DISCUSSION

Analysisof theprepared polyesteramides
Acid values, aminevalueand hydroxyl value

Acidvalue, aminevaue and hydroxyl value ob-
tained for the prepared PEAsarelistedin TABLE 4. It
was determined that acid val ue decreased whileamine
vaueand hydroxyl valueincreased withincreaseinmolar
concentration of ethanolamineinthe PEA.

Ethanolamine contains both amine and hydroxyl
group ontoitsmolecular structure. Increasingthemolar
concentration of it with respect to Pripol 1017 (lower
purity dimer acid) increased the amineand hydroxyl

TABLE 4 : Acid values, amine value and hydroxyl value
obtained for theprepared PEAS

Acid Value Amine Value Hydroxyl Value

. Sample (mg KOH/g (mgKOH/g (mgKOH/g
No. Name

sample) sample) sample)
1. PEAl 12.2 7.1 79
2. PEA2 9.5 7.8 8.7
3. PEA3 8.7 84 9.8

PEA1

PEA2

PEA3

Wavenumber (cm')

Figure3: FTIR spectrographsobtained for theprepared PEAS
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group in number morethan required withtheavailable
acid groups. Thisincreased amineand hydroxyl groups
demanded more acid groupsand eventually consumed
moreof it decreasing theacid vauewithincreaseinthe
molar concentration of ethanolamine. After consuming
the additiond acid groups PEA wasleft withincreased
number of amineand hydroxyl end groupsincreasing
their respectivevaues.

Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared spectrographs obtained
for theprepared PEAsareshownin Figure 3. It can be
seen that thereisno appreciabledifferencein the shape
of thepesksor thepositioning of thepeaksintheFTIRs.

A small band of the amide | (-NH,, in primary
amides) groups appeared at about 3294 cm'™. Peaks

1639 cm* (steep peak). Amide Il band/CH, asym-
metric deformation wasindicated by the pesk of wave-
number 1559 cmrt. The peak at 1225 cm was corre-
sponded to CN stretching vibration bond. Small peak
at 760 cmr* showed C-C deformation. FTIR analysis
thus provesthat compound formed wasaPEA.

Gel per meation chromatography (GPC)

GPC curves obtained for the prepared PEAs are
shownin Figure4; whereas, the valuesof number av-
erage molecular weight (M n), weight average molecu-
lar weight (Mw) and polydispersity index (PDI) arelisted
iINTABLES.

TABLES5: Valuesof Mn, Mw and PDI obtained for thepre-
pared PEAS

at about 2925 cmrt weredueto asymmetricandsym-  Sr.No.  Sample Name Mn Mw  PDI
metric stretching of CH,,respectively. Small peak at 1. PEA1 6831 13214 1.9
around 1725 cm-1 correspond to the ester linkage 2. PEA2 4244 5980 1.4
(C=0). Thecarbonyl peak (-CONH,) wasat around 3. PEA3 4064 5821 14
- PEA 1 \
AN
] AN
5.00 \\
N
4.00 \
2 ] \\
meo|  PEA2 yan
18.00 // \
18.00- N \
/ N
14 .00 \
12.00 \
E 1DOO: \
8.00 \
6.00 \
4.00 \
2.00 \\
14, DU—: PEA3 // \\

My
®
o
o

.......................

Minutes

™

Figure4: GPC graphsaobtained for the prepared PEASs
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It was observed that Mn. Mw and PDI decreased
withincreasein the molar ratio between lower purity
dimer acid (Pripol 1017) and ethanolamine. Reacting
themin 1:1 molar ratio gave both themoleculesan equd
probability to undergo reaction with each other making
the obtai ned PEA to have about equal number of acid
and aminefunctiona groups. But, asthe concentration
of the ethanolamineincreased as compared to lower
purity dimer acid (Pripol 1017) reaction ability of the
Pripol 1017 acids got restricted, asthe molecul es of
ethanolamineacted asthechain stoppers. Thisisclearly
evident from the GPC andysis. Alsoit can be seenthat

a01 T

301 + -

Viscosity (Pa.s)

201 -

101 -
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uniformity inthe chain growth increased with increase
inthemolar concentration of ethanolamineascompared
toPripol 1017, whichisevident formthePDI andysis.
Rheological analysis

Figure5isaplot of viscosity vsshear ratefor the
prepared PEA resins. It can be seenthat the viscosity
of the PEAsdecreased withincreasein shear rate. De-
creaseinviscosity isgradual yet continuouswithin-
creasein shear rate. Thus, they al show shear thinning
behavior; however, viscosity decreased with increase
inthemolar concentration of ethanolamineascompared
tolower purity dimer acid (Pripol 1017).

-+ M~ M~ L S - - B o S - N I I I T o T - N - S - N |
: 8538838330888 32443368
 © o o o

Shear Rate (s%)

Figure5: Plot of viscosity vsshear rateobtained for the prepared PEAS

Thiscan bed early atributed tothemolecular weight
of thematerid. It wasdetermined from the GPC analy-
ssthat themolecular weight of the PEA decreased with
increasein concentration of ethanolamine ascompared
to lower purity dimer acid (Pripol 1017). Thisled to
decreased intermingling of the PEA polymer chainsaso
the decreased interaction between them, ultimately de-
creasing theintermolecular forces of attraction. Thus,
viscosity of the PEA decreased with increased concen-

tration of ethanolamine.
Analysisof theprepared epoxy for mulations
M echanical property

Mechanical properties like tensile strength,
Youngs modulus, elongation at break (%), flexural
strength, flexural modulus and impact strength, ob-
tained for the prepared epoxy formulationsare shown
inTABLEG®.

TABLE 6: Mechanical propertiesobtained for theprepared epoxy for mulations

Sr. Sample Tensile Strength Youngs Modulus Elongation at Flexural Strength Flexural Modulus Impact Strength

No. Name (MPa) (MPa) break (%) (MPa) (MPa) (J/m)
1. EPO 33.2 78.3 90.2 45.7 1833.1 861.7
2. EP1 22.7 54.4 79.7 22.8 921.7 598.2
3. EP2 26.1 68.25 121.7 13.7 406.1 1023.3
4. EP3 285 70.8 117.4 111.3 269.4 982.5
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Tenglegrength of the epoxy formul ation decreased
drastically on addition of 5% of PEA1, but then in-
creased steadily onaddition of PEA2 and PEA3. PEAL
was prepared by 1:1 reaction of Pripol 1017 and etha-
nolamine, giving polymer of highest molecular weight,
thus having maximum separated end groups. Thusit
may have happened that the PEAs of PEA 1 might not
have underwent compl ete reaction with the epoxy.
Whereas, PEA2 and PEA3 arelow molecular weight
PEA shaving sufficient quantity of end groupsto react
with the epoxy chains. Also, PEA1 and PEA2 arelong
enoughtoinduceflexibility into theformulation. Similar
trend was observed for Youngs modul us. However, flex-
ural strength and flexura modul us decreased continu-
oudy. Beingflexiblein nature, the prepared formula-
tions, might not have got enough strength to resist the
flex load. But, themost important thingistheincrease

Thermal property

TABLE 7 liststhe onset degradation temperature,
while Figure 6 showsthe thermogravimetric plot ob-
tained for the prepared epoxy formulations. It can be
seen that the onset degradati on temperature decreased
from EPOto EP3. Thiscan beattributed to theflexibil-
ity induced by the PEA s added into the epoxy. Addi-
tion of PEA induced flexibility, making the polymer
mol ecul esto be placed apart. Thismakesthem more
susceptibleto the temperature. Thus, the addition of
PEA affectsthethermd stability of themateria. But, if
we comparethistrend to the ontained increasein the
elongational andimpact property, thenit’s not that ap-
preciable.

TABLE 7: Onset degradation temper aturevaluesobtained
for theprepar ed epoxy for mulations

: : ) : i S Sampl Onset degradati
intheelongational and theimpact properties. Maxi- No. N;ﬁee tenmperZ?Lfe?o'(?;
mum improvement inthee ongationa andimpact prop- 1 EPO 284.9
ertieswere obtained for EP2 containf 5% PEAZ2. In- 2 EP1 269.7
cresseisabout 35%, which ishighly appreciable com- 3. EP? 265.2
pared to the quantity added. 4. EP3 259.8
— EPO
100.00 + —

6

=

"&b

R

= 5000+

‘HM
0.00 100.00 200.00 300.00 400.00 500.00 500.00

Temperature (°C)
Figure6: Plot of thermogravimetric analysisobtained for theprepar ed epoxy formulations

CONCLUSION

Polyesteramide (PEA) was successfully prepared
using lower purity dimer acid (Pripol 1017) and etha-

nolamine. It was found the molar ratio between them
had significant effect on the obtained properties. Mw,
Mn, PDI and viscosity decreased appreciably with
increased molar concentration of ethanolamine. This
was attributed to the endcapping of the PEA by the
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excess ethanolaminemaking it unableto react further,
asno significant amount of acid chainsbecomeavail-
ableto react with the ethanolamine. Addition of this
PEAsinto epoxy as apartial replacement of TETA
induced flexibility, but at the expense of strength and
thermd stability.
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