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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: ethanolaminewasvaried Ethanolamine;
asl:1,1:1.5and 1:2. Prepared PEAswere characterized for acid value, amine Gel permeation chromatog-
value, hydroxyl value, Fourier transform infrared spectroscopy, gel raphy;
permeation chromatography (number average molecular weight (Mn), weight Polydispersity index;
average molecular weight (Mw) and polydispersity index (PDI)) and Molar ratio.

rheological (viscosity vsshear rate) properties. It wasdetermined that amine
value and hydroxyl values increased, whereas, acid value, Mn, Mw, PDI
and viscosity decreased with increased molar concentration of ethanolamine
inthe PEA. This PEAs can be successfully used in applicationslike coatings,
foamsetc.  © 2013 Trade Sciencelnc. - INDIA

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 havevaried gppli cationsfrom coating preparation*
1 to0 hot melt adhesive™>19, PEA arealso usedin ap-
plicationslikehydrogels, scaffolds,

Froehling synthesized hyperbranched
polyesteramide by reacting cyclic anhydride with
diisopropanol amine, yiddingatertiairy amidewithone

COOH and two OH groups?. Ahmad et a. converted
oil from Pongamiaglabrainto N, N-bis (2-
hydroxyethyl) P. glabra fatty amideand further reacted
it with phthalic acid to prepare PEA; and prepared an-
ticorrosive coatingusingit®®. Castado et d. synthesized
arange of PEAs using adipolyl dichloride, 1, 10-
decandiol, and 1, 6-diaminohexane; and characterized
it for thermal and viscoel astic properties™. Mukherjee
at a. prepared jutefibre composite using PEA polyal.
PEA polyolwas synthesi zed from the reaction of mix-
ture of alkanolamines, polyethyleneglycols, and dicar-
boxylic acids/anhydrides. Prepared PEA wasused as
interfacial agent in jute fibre/epoxy composite®.
Mohanty et al. prepared jute fibre/biodegradable
polyesteramide composite. PEA ussdwascommercidly
avalablematerid named BAK 1095. They investigated


mailto:st.mhaske@ictmumbai.edu.in

RRPL, 4(4) 2013

Shashank T.Mhaske and Pravin GKadam

139

the effect of various surface treatments of jute
fibreinvolving bleaching, dewaxing, alkali treatment,
cyanoethylation and vinyl grafting onthe properties of
the prepared composite’®. Tuominem and Seppaain-
vestigated the effect of temperature and chain extender
concentration (2, 2°-bis(2-oxazoline)) on the proper-
tiesof PEA synthesized usinglactic acid. Thehighest
molecular weightswere achieved with themolar ratio
of oxazoline/carboxyl end groupsbeing 1.2/1.0at 200
°Cl". Katsaravaet d. synthesized arange of PEAsus-
ing nontoxic building bl ockslike hydrophobic a-amino
acids, o, m-diols, and diphatic dicarboxylic acids; and
examined theeffect of molecular sructureonthephysic-
chemica and biochemicd propertied'?. Gast et d. syn-
thesized PEA usinglinseed ail, diethanolamineand range
of acidslikeazelaic acid, maleic acid, fumaric acid,
phthalic anhydride, terephthalic acid, itaconicacid and
brassylic acid; and investigated their molecular weight,
viscosity and film forming properties?. They dso pre-
pared hydroxyl-terminated PEAsusing soybean oil and
linseed oil and prepared coating formul ation by react-
ingitwithdiisocyanates?!. Rodriguez-Gaanet d. syn-
thes zed PEA usngmetd saltsof N-chloroacetyl-f-da-
nineand N-chloroacetyl-4-aminobutyric acid?.

Thiswork isan attempt to understand the effect of
molar ratio 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, aminevaue, hydroxyl value,
fourier transform infrared spectroscopy, g permeetion
chromatograpy (to get number average molecular
weight, weight averagemol ecular weight and polydis-
persity index) and rheological properties.

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.,
Mumbal, India. All chemicalswere used asobtained,
without and modification or purification.
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Methods

Figure 1 showsthemolecular structureof theacids
present inthelower purity dimer acid (Pripol 1017)
and ethanolamine; whereas, TABLE 1 liststhemolecu-
lar weight of the acids and ethanolamine. In the study
themolar ratio of lower purity dimer acid to ethanol a-
minewasvariedas1:1, 1:1.5and 1.2. PEA waspre-
pared by polycondensation technique using p-toluene
sulphonic asthe catalyst. Prepared formulationsand
their nomenclaturearenotedin TABLE 2.

o]
HO—!‘- (CH;);-CH=CH=-CH=CH-(CH;)s—-CH3
(a) Linoleic Acid

0
HO -‘IL! =(CHz)

CH=CH=(CH.)s=CH:
HO=C=(CH); -CH\ /CH-(CHz)s-CH:
CH=CH-
(b) Dimer Acid
0
f
HO=C=(CH)» CH=CH
& N/
" HC /CH—(CHz)s—CH;;
HO=C=(CHz); CH— CH=(CH3)s=CHj
0
CH-CIL
HO —g- (CHz); -CH< >CH-.(CH:)5-CHS
CH=CH

(c) Trimer Acid

NH;=-CH;=CH.= OH
(d) Ethanolamine

Figurel: Sructureof theacidsand ethanolamineused in
the synthesisof PEA

TABLE 1: Molecular weight of theacidsand ethanolamine
used in theprepar 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

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%
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TABLE 2: Prepared PEAswith nomenclature

Sr. Nomenclatur e Acid: Etha_nol amine Pripol 1017 Ethanolamine PTSA
No. Ratio g(moles) g(moles) 0(0.05%)
1 PEA1 11 200.00 (0.37) 22.60 (0.37) 0.11
2. PEA2 115 200.00 (0.37) 34.16 (0.56) 0.12
3. PEA3 1.2 200.00 (0.37) 45.14 (0.74) 0.13

linoleic acid. Basis of the reaction was 200 g Pripol
1017, which according to the composition will have 44
gtrimer acid, 150 gdimer acid and 6 glinoleic 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
theratio 1:1.5 (trimer acid : amine), so asto equalize
thefunctionality of thetwo compounds(trimer acidand
amines), making al thefunctiona groupsundergore-
action. Indirectly, number of molesof trimer acid can
beconsdered 1.5timesitsorigina quantity present, so
that cal culation becomes easy. Thusinstead of 0.05
molesof thetrimer acid intheaboveformulation, it will
be considered 0.08 molesof trimer acid. Finaly, the
molar composition of Pripol 1017is0.08 molestrimer
acid, 0.27 molesdimer acid and 0.02 moleslinoleic
acid, making thetotal molesof acid being 0.37. Inthis
particular PEA compositionlower purity dimer acid
(Pripol 1017) and ethanolaminewerereacted in 1:1
molar ratio. Thus, themoles of ethanolaminerequired
are0.37, which comesto 22.6 g. Acid value was con-
tinuoud'y monitored throughout the reaction processin
order to understand the progress of the reaction. Re-
actionwas continued till theacid valuefelt below 15
mg K OH/g sample. Reactant system was added with
0.05% p-toluene sulphonic acid (catal yst).

Thefour necked 500 ml reactor wasequipped with
stirring system (moon shaped tefion blade stirrer at-
tached to the stirring motor), condenser (doublewalled
with water ascool ant. Water tiow rate was maintained
at 11/min), nitrogen gastiow rate was maintained at
500ml/min) and temperaturecontroller. Tothetask was
added 200 g Pripol 1017, 22.6 g ethanolamine and
0.11 g p-toluenesulphonicacid (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

thedesired acid value was about 4-5 h. Synthesized
PEA, inthe molten condition, was poured in atefion
mold (having dimension: 15x15x3cm?) and dlowed to
cool at room temperature. None of the reactantswere
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.

Characterization and testing

Acid Vdue Determination: 50 ml neutralized ben-
zene-a cohol mixturewasadded to dissolve2 gsample
in 125 ml Erlenmeyer flask, warminginwater bath if
necessary. Solutionwas cooled (if necessary) and added
afew dropsof phenol phthalenindicator. Thesolution
wastitrated against 0.5 N a coholic potass um hydrox-
ide solution, to afaint pink color which remainsfor 30
secondsor more. Thecd culation of acid vaueisshown
beow:

AcidVaue=(56.1x Volumeof alc. KOH x Nor-
mality of ac. KOH)/(Weight of sample)

AmineVaueDetermination: 50 ml neutraizediso-
propyl alcohol was added to dissolve 2 g samplein
125 ml Erlenmeyer flask, warming on aheat sourceif
necessary. Solutionwas cooled (if necessary) and added
afew dropsof bromocresol greenindicator. The solu-
tion wastitrated against, 0.5 N standardized hydro-
chloricacid (HCI), to ayellowish green color which
remains for 30 seconds or more. The calculation of
aminevaueisshownin below:

AmineVdue=(56.1x Volumeof HC| x Normdlity
of HCl)/(Weight of sample)

Hydroxyl Vaue Determination:5 g samplewasac-
curatey weighedina250 ml Erlenmeyer flask; whereas
other Erlenmeyer flask was not added with sampleto
obtained blank reading. Both theflaskswerethen added
20 ml of acetic anhydride— pyridine reagent (1:4 vol-
umeratio) and attached with air condenser. Haskswere
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thenimmersed uptotheliquidlevel inanoil bathmain-
tained at 95— 100 °C. Flasks were swirled vigorously
to bring about compl ete dissolution of thesampleinthe
reagent. Flaskswere heated continuoudy for 1 hour to
insure uniform reaction. Flaskswere cooled to room
temperature. Then, 10 ml water wasadded to theflasks
through theair condenser. Flaskswereagain heated on
oil bath for 15minto hydrolyzethe excess acetic anhy-
dride reagent. Flaskswere then cooled to room tem-
peratureand added with 25 ml neutralized a cohol (half
through the condenser, which wasremoved afterwards).
Prepared mixturewas stirred rigorously. Mixturewas
made ready for titration on addition of 1 ml phenol-
phthaleinindicator and wastitrated against 0.5 N aco-
holic potassum hydroxideto afaint pink color, which
remainsfor 30 secondsor more. Thecaculation of acid
vaueisshownbelow:

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

The FTIR spectra were recorded with a
PerkinElmer, Spectrum GX equipment. 1-2 wt% solu-
tion of PEA was dissolved in chloroform and was
scanned with aresolution of 2cm™ inthe scan range of
4504000 cm™. FTIR of pure solvent wasrun prior to
running the FTIR of the samples, to useits peaks as
basdline, to automatically 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 permestion chromatography col-
umn (Waters, model no. 2690). Thetiow rate of eluent
wasmaintained a 0.5ml/min. Molecularwe ghtwas de-
termined by using polystyrene standard.

RESULTSAND DISCUSSION

Acid values, aminevalueand hydroxyl value

Acidvaue, aminevalue and hydroxyl value ob-
tained for the prepared PEAsarelistedinTABLE 3. It
was determined that acid val ue decreased whileamine
vadueandhydroxyl vdueincreased withincreaseinmolar

—==== Fy// Poper

TABLE 3: Acid values, amine value and hydroxyl value
obtained for theprepared PEAS

Acid

Amine

Hydr oxyl
Sr.  Sample V(ilq;e V(ige Value (mg
No. Name K OH/g K OH/g KOH/g
sample)
sample) sample)
1. PEA1 12.2 7.1 7.9
2.  PEA2 9.5 7.8 8.7
3. PEA3 8.7 8.4 9.8

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
group innumber morethan required withtheavailable
acid groups. Thisincreased amineand hydroxyl groups
demanded moreacid groupsand eventually consumed
moreof it decreasingtheacid vaduewithincreaseinthe
molar concentration of ethanolamine. After consuming
theadditiond acid groups PEA wasleft withincreased
number of amine and hydroxyl end groupsincreasing
their respectiveva ues.

Fourier transform infrared spectroscopy (FTIR)

Fourier transforminfrared spectrographsobtained
for theprepared PEAsareshowninFigure 2. It canbe
seen that thereisno appreciabledifferenceintheshape
of thepesksor thepositioning of thepesksintheFTIRs.

A smal band of the amide | (-NH,, in primary
amides) groups appeared at about 3294 cm™. Peaks
at about 2925 cnr were due to asymmetric and sym-
metric stretching of CH,,, respectively. Small peak at
around 1725 cm-1 correspond to the ester linkage
(C=0). Thecarbonyl peak (-CONH,) wasat around
1639 cm* (steep peak). Amide Il band/CH, asym-
metric deformationwasindicated 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 permeation chromatography (GPC)

GPC curvesobtained for the prepared PEAs are
shownin Figure 3; whereas, the valuesof number av-
erage molecular weight (M n), weight average molecu-
lar weight (Mw) and polydispersity index (PDI) arelisted

INTABLEA4.
ey, Research & Reotews On

Polymer



142

Studies in synthesis of polyesteramide resin from lower purity dimer acid and ethanolamine

RRPL, 4(4) 2013

Full Paper ==

115.7

Transmittance (%)

PEAI

PEA2

PEA3

Wavenumber (cm?)
Figure2: FTIR spectrographsobtained for theprepared PEAS

TABLE 4 : Values of Mn, Mw and PDI obtained for the
prepared PEAS

Sr. No. Sample Name Mn Mw PDI
1 PEA1 6831 13214 1.9
2. PEA2 4244 5980 14
3. PEA3 4064 5821 14

It was observed that Mn. Mw and PDI decreased
withincreaseinthemolar ratio between lower purity
dimer acid (Pripol 1017) and ethanolamine. Reacting
themin 1:1 molar ratio gaveboth 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 toppers. Thisisclearly

evident from the GPC andysis. Alsoit can be seen that
uniformity inthe chain growth increased with increase
inthemolar concentration of ethanolamineascompared
toPripol 1017, whichisevident formthePDI andysis.

Rheological analysis

Figure4isaplot 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).

Thiscan bed early atributed tothemol ecular wei ght
of thematerid. It wasdetermined from the GPC andy-
ssthat themolecular weight of the PEA decreased with
increasein concentration of ethanolamine ascompared
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Figure3: GPC graphsobtained for the prepared PEAs
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Figure 4 : Plot of viscosity vs shear rate obtained for the
prepared PEAS

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.

CONCLUSION

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

—= Fyl| Paper

nolamine. It was found the molar ratio between them
had s gnificant effect on the obtained properties. Mw,
Mn, PDI and viscosity decreased appreciably within-
creased molar concentration of ethanolamine. Thiswas
attributed to the endcapping of the PEA by theexcess
ethanolamine making it unableto react further, asno

. Sgnificant amount of acid chainsbecomeavailableto

react with the ethanolamine.
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