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ABSTRACT

Bisphthalamic acids were prepared by reaction of phthalic anhydride and aliphatic diamines. Novel poly(ester-
amide) resins (PEAs) were prepared by reaction between diglycidyl ether of bisphenol-C (DGEBC) with
bisphthalamic acids using a base catalyst like triethylamine (TEA). The post reactions of all these PEAs were
carried out by using acryloyl chloride. The resultant products are designated as acrylated poly(ester-amide) resins
(APEASs). The PEAs and APEAs were characterized by elemental analysis, number average molecular weight
determined by non-aqueous conductometric titration method. IR spectra of PEAs were also recorded. Blending of
these APEAs were carried out with methyl methacrylate monomer. The curing of these APEAs- methyl methacrylate
monomer blends was monitored on a differential scanning calorimeter (DSC) by using benzoyl peroxide as a
catalyst. Based on DSC data, the glass fiber reinforced composites of APEAs- methyl methacrylate monomer blends
have been fabricated and their chemical, mechanical and electrical properties have been evaluated. The
unreinforced cured samples of APEAs- methyl methacrylate monomer blends were analyzed thermogravimetrically
(TGA).

Keywords: Diglycidyl ether of Bisphenol-C (DGEBC), Polyest&olyamide, Number average molecular weight
(Mn), Differential scanning calorimeter (DSC), Thermmgmetric analysis (TGA), Interacting blends.

INTRODUCTION

Epoxy is also known as polyepoxide, and it is ariwsetting polymer formed from reaction of an epexiesin

with polyamine which is used as a hardener. Epeay & wide range of applications, including fibérierced

plastic materials and general purpose adhesives. afiplications for epoxy-based materials are eiktenand

include coatings, adhesives and composite matevimls as those using carbon fiber and fiber gkeis$orcements.
In general, epoxies are known for their excelledhesion, chemical and heat resistance, good-tdlerte
mechanical properties and very good electricall@igw properties. Many properties of epoxies camrwodified [1,

2].

Polyester resins are used in sheet moulding conthobmlk moulding compound and it is well known that
polyesters and polyamides are independent polyraadidates for a wide range of industrial applicatlike
composites, adhesive, anticorrosive coatings ahéret[3-5]. Merging of these three epoxy, ester amide
segments into one polymer chain may yield a polywitr better properties than these of the individwrees.

Hence recently some work in this direction has bemmied out from our laboratory [6, 7]. In orderimprove
certain properties of such reported unsaturateglestér resins their blending with commercial viegter epoxy
resin is possible. While vinyl ester resin is vétsaindustrial resin and modification through bdigmg is also
possibility [8, 9]. Also thermoplastics modificatiovia blending has been already reported from abodatory [10-
14]. Hence, the present article comprises the sgigh characterization and glass fiber reinforcéroémcrylated
poly(ester-amide) resins with methyl methacrylaomer. The synthesis step is scanned in Scheme 2.
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MATERIALS AND METHODS

Materials

The aliphatic diamines used for the preparatiophifsalamic acids were
1.1,2-Ethane diamine,

2.1,3-Propane diamine,

3.1,6-Hexamethylene diamine.

E-type of glass woven fabric (poly (ester-amideinpatible) 0.25mm thick (Unnati Chemicals, India) afreal
weight 270 g.if were used for composite fabrication. All other mieals used were of pure grade.

5. ¢

Phenol

(2 mole) Cyclohexanone

Reflux HCI + CH,COOH

HOOH

Bisphenol-C

NaOH Epichlorohydrine

Benzene (10 mole)

(@] (@]
VRN /N
S e on— O O——CH, — CH—CH,

Diglycidyl ether of bisphenol-C (DGEBC)

Scheme 1 Synthesis of DGEBC
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o + HN—R—NH,

(0]
Phthalic anhydride Aliphatic diamines
(2.0 mole) (1.0 mole) (1a-c)
COOH COOH

CO— HN— R—NH—CO
Bisphthalamic acid (2a-c)

85°C

TEA DGEBC

o OH OH O—NH—R— NH—CO—OE|—
| | n
coo *EHZC— HC—H,C—0 O—CH;-CH—CH;~CO0

Poly(ester-amide)s (PEAs) (3a-c)

(|:H= CH, CH=CH,
T:O Acryloyl chloride C|:O
co 0 c|> O—NH—R— NH—CO—O}
T I
COO‘EHZC_ HC=HCTO\ O—CH;CH—CH;~CO0 n

Acrylated poly(ester-amide)s (APEAs) (4a-c)

0.05% Hydroquinone

Stirr well for few minutes at 85°C

50% APEAs and 50% Methyl Methacrylate monomer at 80°C

Continuous stirring at 80°C for 1-hour

APEAs-Methyl Methacrylate monomer Blends (5a-c)

10% epoxy resin Benzoyl peroxide A

Glass fiber reinforced composites based on APEAs-Methyl Methacrylate monomer blends (5a-c)

Where, R = (1a) 1,2-Ethane diamine
(1b) 1,3-Propane diamine
(1c) 1,6-Hexamethylene diamine

Scheme 2 Synthesis steps for APEAs-Methyl Methacrylate monomer blends (5a-c)

Synthesis of Bisphenol-C
This was prepared according to the method desciibltgrature [15]. The general procedure is doves:
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Cyclohexanone (49 gm, 0.5 mole) was treated widnph(94 gm, 1 mole) in presence of a mixture afrbghloric
acid and acetic acid (150 ml 2:1 vol.) af@0or 5 hrs. and kept overnight at room temperatAr@ink colored
product was obtained which was separated out, $8obiing it in 2M NaOH solution. The mixture wagittfiltered
to remove gummy product and then acidified to yigtlowish product. Product washed several timeh enzene
to remove any other impurities in the product. Re@lization from methanol using charcoal gavere fivhite
product. The synthesis step for BisphenasGcanned in Scheme 1.

Synthesis of diglycidy ether of bisphenol-C (DGEBC)

Bisphenol-C (1 mole) was dissolved in the mixtufepichlorohydrin (10 mole) and water in a threekesl flask.
A reflux condenser was then attached to the flask the mixture was heated until the epichlorohydiragin to
reflux heating was stopped and 2 mole of NaOH fleere added in portions of two pellets at a taogn the
condenser. After the addition of one portion agam content of the flask was mixed by careful shglkand then
carefully warmed again after the addition of a feartions of the sodium hydroxide and exothermictiea begins.
This is allowed to subside before further portiofisodium hydroxide are added. A bowl! of cold wates made
available so that the exothermic reaction may bdarated by cooling if necessary.

Then after careful addition of further NaOH, thag#gon mixture was heated for 45 minutes. The méituas then
vacuum distilled in order to remove excess epidafigdrin. After it benzene was added to give resint®n and to
precipitate the sodium chloride formed during teaction. The sodium chloride is filtered off. Tligefed mixture
returned to round bottom flask and vacuum distiledecover benzene solvent. The synthesis stedifiycidyl
ether of bisphenol-C (DGEBC) is scanned in Scheme 1

Synthesis of Bisphthalamic Acids
The bisphthalamic acids were prepared by methoaokteg in literature [7]. The general proceduresisalows:

To a well stirred solution of phthalic anhydride((2nole) in dry acetone, the solution of aliphatiamines (1a-c)
(1.0 mole) in dry acetone was gradually added atréemperature within 30-minutes. After completeitdn of

the diamine solution the reaction mixture was fertktirred for half an hour at room temperaturee Tésulting
bisphthalamic acids were then treated washed wjtlacketone and air dried. All the bisphthalamidagRa-c) were
obtained in the form of free flowing powder. Theathesis step is scanned in scheme 2.

Synthesis of (PEAs) and (APEAS)

Epoxy resin (DGEBC) (1.0 mole) and bisphthalami@ag2a-c) (1.0 mole) were charged in three nedkaesk
equipped with a mechanical stirrer by following hwd re-ported for epoxy resin and carboxylic grfilg]. To this
8.0% of the total weight of above, triethylamineE@) was added as a base catalyst. The reactioruraixtas
slowly heated up to 8% with continuous stirring. The reaction was conéid till the acid value fell below 60 mg
KOH/gm. The resultant resins were then dischargetiaae designated poly(ester-amide)s, PEAs (3ad)tlaeir
details are furnished in Table 1. Further reactbrall these PEAs was carried out with acryloylashde (i.e.
acrylation) and resultant products are called ategl poly(ester-amide)s, designated as APEAs (4md)their
details are furnished in Table 2. The synthesis istecanned in scheme 2.

Synthesis of APEAs-Methyl Methacrylate Blends (5a-c)

When the acid value of APEASs resins (4a-c) feliole60 mg KOH/gm, 0.05% of hydroquinone was addedras
inhibitor. The whole reaction stirred well for fawinutes maintaining the temperature at@%hen the temperature
was lowered to 8T and 50% of APEAs and 50% of methyl methacrylatnemer was added. The reaction
mixture was then continuously stirred aP@Gor one hour. It is then discharged:; all the Henbtained were in the
form of viscous syrup designated as APEAs- methgthacrylate monomer blends (5a-c). The synthegipssare
shown in Scheme 2.

Composite Fabrication

The composites were prepared by using E-type aisdiaer. The glass fiber: resin ratio is 60:40%2WPEAS resin

+ 10%DGEBC). Suspensions of APEAs (4a-c) were pexpan tetrahydrofuran. In the suspension of above
polymer 1% of ethylene dimethylacrylate (as a cloddng agent) with 0.05% benzoyl peroxide (asimitiator)
were added and mixed well. The mixture was apphigd a brush to a 200mm x 200mm glass cloth andstieent
was allowed to evaporate. The ten dried prepgregisaped in this way were then stacked one on t@mother and
pressed between steel plates coated with a “Tefitm’release sheet and compressed under 70 pssyme= The
prepgregs stacks were cured by heating it in ancéate oven at 22@ for about 6 hour. The composites so
obtained were cooled to 45%D before the pressure was released. The compasgites then machined to final
dimensions.
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MEASUREMENTS

Elemental Analysis

The C, H, and N content of all the PEAs (3a-c) AREAs (4a-c) were estimated by means of Thermofinaifl01
flash elemental analyzer (Italy). The number averawlecular weight of all the PEAs (3a-c) and APEAa-c)

were estimated by non-agueous conductometricititrabllowing method reported in an earlier comnuaion

[17]. The IR spectra were recorded in Kerr pelletsa Nicollet 760 D spectrometer for both PEAs ¢Band
APEAs (4a-c). Number of hydroxyl groups present iggreating unit in PEAs (3a-c) was analyzed by exipg

acetylating method [18]. Also, APEAs (4a-c) werarcttterized for the presence of double bonds peatng unit
employing mercury-catalyzed bromate-bromide metH@]. All the results for number of —OH group foERs

(3a-c) and presence of double bonds for APEAs J4&& found to be consistent with the predictedcstires and
the results are furnished in Table 1 and 2 respsgti

Curing

Curing of all these APEAs- methyl methacrylate mmeo blends (5a-c) were carried out on a differéistanning
calorimeter (DSC) by using benzoyl peroxide as talgst. A Du-Pont 900 DSC was used for this stutlye
instrument was calibrated using standard indiumameith known heat of fusionAH=28.45J/g). Curing was
carried out from 30-30C at 1§C min™ heating rate. The sample weight used for thisstigation was in the range
of 4-5 mg along with an empty reference cell. Tésuits are furnished in Table 3.

Unreinforced cured samples of APEAs- methyl metjflate monomer blends (5a-ojere subjected to
thermogravimetric analysis (TGA) on Du-Pont 950rthe gravimetric analyzer in air at a heating reta@C min
! The sample weight used for this investigation imaie range of 4-5 mg. The results are furnishetiable 4.

CHARACTERIZATIONS OF COMPOSITE SAMPLES
All the chemical, mechanical and electrical testscomposites were conducted according to ASTM nuitHas
listed below) using three specimens for each test.

Chemical Resistance Test

The resistances against chemicals of the compssiteples were measured according to ASTM D 543. The
chemicals used for the study wergS@;, (25%v/v), HCI (25%v/v), NaOH (25%w/v), ethanol, smee, DMF and
THF. The tests were performed by dipping the contpaamples in 100ml each of the reagents for & éayoom
temperature. After 7 days the specimens were takérfrom the reagents and after drying they weiengred for

the percentage changes in thickness and weightreBudts are furnished in Table 5.

Mechanical and Electrical Testing

(1) The Flexural strength was measured accordifgsteM D 790.

(2) The Compressive strength was measured accai@iA§TM D 695.
(3) The Impact strength was measured accordingSoM\D 256.

(4) The Rockwell hardness was measured accordiAgioV D 785.
(5) The Electrical strength was measured accorir®STM D 149.
The results are furnished in Table 6.

All mechanical and electrical tests were performsithg three specimens and their average results eagrsidered.
RESULTS AND DISCUSSION

Novel poly(ester-amide)s (PEAS) (3a-c) was preparerkaction of epoxy resin (DGEBC) with bisphthmia acids
using a base catalyst. The post reactions of ale¢HPEAs were carried out with acryloyl chloridéeTresultant
products are designated as acrylated poly(estadtegmi(APEAS) (4a-c). The APEAs- methyl methacrylate
monomer blends were prepared by method describella.

The C, H and N content of all the PEAs (3a-c) amEAs (4a-c) were estimated by means of Thermofimdd®1
flash elemental analyzer (Italy). Their results fainemished in Table 1 and 2 respectively. From régults we can
say that values of C, H and N content of each P@asc) and APEAs (4a-c) were consistent with tipegdicted
structures. The number average molecular weightldhe PEAs (3a-c) and APEAs (4a-c) were estimatedon-
aqueous conductometric titration following by methfl7]. Their results are furnished in Table 1 aad
respectively.

The IR spectra were recorded in Kerr pellets oricalidt 760 D spectrometer for both PEAs (3a-c)e TR spectra
of all PEAs (3a-c) were consistent with their poteldl structures. The IR spectra of all PEAs resiows the
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prominent position of important segments in theypwr chain. The broad band from 3600-2508cwmith
inflexions at 2850-2920cTthis broad band mainly due to secondary —OH grotipis is supported by the strong
band at 1100cth The inflexions are raised from —Glgroups present in epoxy resin and aliphatic diasiThe
bands due to presence of aliphatic segments dheiatexpected position. The only discernible diéfece between
spectra of epoxy resin and PEAs resins revealshiaband at 910cappeared in the spectrum of epoxy groups is
almost vanished in the spectra of PEAs resins anevaband appear at 1680&mm ester group. This confirms
the reaction between DGEBC and bisphthalamic adills.IR spectra of PEAs resins are given in Tabdad the

IR spectra of sample (3a) is shown in Figure 1.

TABLE 1 Characterization of PEAs (3a-c)

PEAs Elemeg?tl?cl 6}n(?:|gﬁir?d()Wt %) | No. of ~OH group Number average
(BaC) —o = T %l %N per repeating unit | oecular weight (MN ) + 60
3a (gg:gg) (giicz)) (3:‘2?) 1.94 3748
3b (gg:g;) (g:gg) (ﬁg) 191 3827
3¢ (2322421) (gigi) (‘3‘;32) 191 4070
TABLE 2 Characterization of APEASs (4a-c)
APEAs Elemeg;?(I: a;n(zlazlgﬁir?d()Wt %) | No. of double bonds Number average
(4a-c) %C | %H AN, per repeating unit | mojecular weight (MN ) + 60
42 (g;gi) (2:81) (2132) 1.92 4306
4b (gg:Cz)?l) (g:ﬁ) (gﬁgg) 1.92 4384
Ac (gg:cz)g) (g:gg) (g:ig) 1.94 aezr

TABLE 3 DSC curing of APEAs- Methyl Methacrylate monomer blends (5a-c)

APEAs-MMA Curing Temperature (°C)
monomer blends (5a-c)| Ti Tp Tf

5a 131 145 166

5b 130 148 159

5¢c 138 160 187

TABLE 4 TGA of Unreinforced cured samples of APEAs-Methyl Methacrylate monomer blends (5a-c)

APEAs-MMA % Weight loss at various temps.C) from TGA
monomer blends (5a-c)| 15C | 30C | 450C | 60dC | 750C
5a 3.98 13.78 56.31 80.13 87.4B
5b 3.91 13.74 56.27 80.41 87.18
5¢c 3.80 13.60 54.61 80.33 87.2p

TABLE 5 Chemical resistance properties of APEAs- Mthyl Methacrylate monomer blends (5a-c)

% Change in APEAs- MMA monomer blends (5a-c)

Reagents 5a 5b 5c
Thickness | Weight | Thickness| Weight| Thicknesg Weigh
H,SO, 1.06 1.76 111 1.80 1.12 1.83
HCI 0.81 1.19 0.86 1.22 0.21 1.25
NaOH 0.75 1.09 0.73 1.12 0.80 1.17
Ethanol 0.22 0.33 0.25 0.35 0.25 0.36
Acetone 0.21 0.26 0.22 0.30 0.27 0.35
DMF 1.10 1.80 0.17 1.87 0.18 1.90
THF 0.55 0.72 0.56 0.76 0.62 0.79

TABLE 6 Mechanical and Electrical properties of APEAs- Methyl Methacrylate monomer blends (5a-c)

Composites of
APEAs- MMA Flexural Strength Impact Strength | Compressive Strength Rockwell Electrical Strength in
monomer blends (MPa) (MPa) (MPa) Hardness (R) air (kv/mm)
(5a-c)

5a 389 412 400 91 21.12

5b 395 418 407 97 21.15

5¢c 402 421 411 103 21.17
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Figure 1 IR spectra of sample (3a)
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Figure 2 DSC of sample (5b)

Number of hydroxyl groups present per repeating inPEAs (3a-c) was also analyzed by employingydatng
method [18]. Also, APEAs (4a-c) were characterifmdthe presence of double bonds per repeatingamjtioying
mercury-catalyzed bromate-bromide method [19].sEattory results were found and the results areighed in
Table 1 and 2 respectively.

Curing of all these APEAs- methyl methacrylate mmeo blends (5a-c) were carried out on a differéstanning
calorimeter (DSC) by using benzoyl peroxide astalgst. A Du Pont 900 DSC was used for this stddhe data of
DSC thermograms of all APEAs- methyl methacrylatmomer blends (5a-c) are furnished in Table 3 a8 bf
sample (5c) is shown in Figure 2.

The unreinforced cured samples of APEAs- methyl metflatr monomer blends (5a-c) were also analyzed by
thermo gravimetric analysis (TGA). The result rdgehat the cured sample starts their degradati@baeut 156C

and their initial weight is about 2%. This smalliglg loss may be due to either in sufficient curafgcomponents
used or due to the catalyst used. A weight lossbolut 14% is found at 380. However, the rate of decomposition
increases very rapidly between 300to 450C and reach up to 56% and the products are lospletety beyond
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750°C. TGA data of all the cured samples are shownahld 4 and TG thermogram of sample (5a) is shown in
Figure 3
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Figure 3 TG Thermogram of sample (5a)

The Glass fiber reinforced composites of all APEA®thyl methacrylate monomer blends (5a-c) werganed
based on their DSC data. The composites were dkard for their chemical resistance test thesults are
furnished in Table 5. The composites were alsoadtarized for their mechanical and electrical teEteir results

are furnished in Table 6. The results shows thatpasites have good chemical resistant propertyd geechanical
and electrical strength.

CONCLUSION

From the characterizations of APEAs- methyl methlate monomer blends the following conclusions hbgen
made.

Rather than using novel APEAs the blends of APBEAsthyl methacrylate monomer blends is more advaoiag
The results furnished in Table 3 to 6 itself suggésat these blends give high curing temperaslosy degradation
of product (i.e. low weight loss), good chemicasistéance, good mechanical and good electrical gitnerThe

results show that blends of APEAs- methyl methateylmonomer can be competitor to commercial padyest
resins.
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