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ABSTRACT

Unsaturated polyester resin has been synthesized using phthalic anhydride, maleic anhydride, propylene glycol and
adipic acid. Synthesized unsaturated polyester resin, stryrine and jute fiber along with benzoyl peroxide as catalyst
were used for the composite preparation. Mechanical and thermal properties of composites were evaluated. The
results indicate the good thermal stability of some compounds. The obtained composites were characterized by TGA
& DSC. The DSC scans of resins are analyzed by the method proposed by Borchardt and Daniels
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INTRODUCTION

Polymers square measure substances whose molecgi@smmodates an oversized range of units of a nuofbe
types: the units themselves, consisting of varidtgtoms, square measure typically noted becawssdagments of
the chemical compound. within the chemical chanfj@ @ombination of 2 monomers, the structure ofrgve
molecule contains units of each monomers. Suclemidal compound is termed polymer and thereforentathod
of its synthesis is termed copolymerization. treeyide used commercially as fibers, plastics, caitps and for
coatings applications too [1-3]. they're heteroshmacromolecules that possess process organic eomdpeams as
associate integral element of their chemical comgdobackbones. They take issue from alternative ricga
compound containing polymers (such as polyacrylated polysaccharide organic compounds) thereinetiter
practicality is an element of the backbone andanp¢ndant cluster.

Polyesters [4-6] area unit one amongst the foremetatile artificial copolymers. Polyesters are# oreated in
high volume that exceeds thirty billion pounds aryeorldwide [6].

The first unsaturated polyester resins of compar&bld as used nowadays were synthesized withirfl838’s.
Carlton Ellis found that unsaturated polyester phapers might be mixed with phenylethylene|vinyl
resin|polyvinyl resin} and copolymerized into aidgpolymer. These resins became commercially nacgss
consecutive decade once they were strengthened glétss fibers giving structural merchandise wittghhi
mechanical strength and tenuity. nowadays unsaiimablyesters area unit one amongst the foremastssary
matrix resins for composite materials [7].
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Composites area unit those materials shaped byigrosp extraordinarily sturdy and stiff continuoas shredded
fibers in a very compound organic compound matrioiader. The fibers build them useful; the fibarga unit
usually fifty times stronger and 20-25 times stifftean the matrix polymers. The role of matrix igwarily that of a
glue or binder that permits the fibers to suppbe tpplied load. Fibers area unit combined withrgawic
compound and laminated to support the applied Ieaderal laminates exhibit mechanical propertiesgadte or
olympian those of most metals [8].

In gift study Unsaturated polyester organic commburas been synthesized mistreatment anhydride,iagnale
chemical compound, propanediol and hexanedioic. a@ighthesized unsaturated polyester organic conthoun
stryrine and jute fiber beside blanching agentaalgst were used for the composite preparatiorchdeical and
thermal properties of composites were evaluated

Characterization of resin & composite
Reaction was monitored by continues determinatibthe reaction mass. Completion of reaction waseoled

with FTIR and was compared data with a standarthl€Fa & Fig.1). The obtained composites were charaed
by TGA & DSC (Fig. 2 & 3).

Tablel. Infrared spectra of UPR-S1

No. Groug IR Characteristics (¢ | IR for UPF-S1
A Estersa, - unsaturated >C=0 stretching 1730 -1715 1729.00
B C-H Stretching in aromatic 3030 2985.19
C | C-C multiple bend stretching in aromatic 1600 .66
D Hydrocarbon Alkane —CH 1445-1485 1454.35
E | Alcohols O-H bond stretchin 126(-135(C 1283.6:

F | C-H stretching in aromatic ring (O- disubstitljtg 735-770 743.78
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Figure 1. Infrared spectra of UPR-S1
MATERIALSAND METHODS

Phthalic anhydride, maleic anhydride, propyleneglyand adipic acid were obtained from Chiti —Ch@orp. Ltd,
Vadodara. All the chemicals used were of analytirate.

Synthesis Of Unsaturated Polyester Resin
Almost all commercial production of unsaturatedygesters is done by the melt polycondensation catumated and

saturated acids or anhydrides with glycols. No aols are used and the formed water is continuaeshpved, in
order to force the esterification reaction towacdsnpletion. The condensation temperature is tylyidadtween
170-236C. At the end of the condensation, vacuum is ofteplied in order to remove remaining water from the
viscous melt. The total reaction time can be froto 5 hrs, and the reaction is followed by acidnber titrations

and viscosity measurements.
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Azeotropic polycondensation in the presence of migaolvents such as xylene or toluene can alsosied. The
reaction takes place awer temperatures and it is possible to avoid Bsdevolatile reactants. The drawbacks
longer reaction times and environmental problemth wsblvent removing and recycling. Polyester resiwese
prepared in the present work by the technique teg by B.Parkyn [9].A mixture of Propylene glycol (PG
Phthalic anhydride, mailic anhydride- Toluene sulfonic acid (PTSA) and Xylene as didiiig solvent wa:
charged in a four reck reaction kettle equipped with stirrer, therneten, nitroge-gas inroducing tube, Dean &
Stark apparatus and watercondenser. The mixturaneasanically stirred and heated at -200°C under nitrogen
gas stream and esterification was carried out whiteoving water formed by the reaction from thectiea system
continues heating at 140-Z@until an acid number of -30 were reached. The Xylene was completely dist
out and reaction product was allowed to ¢

The details about the molar ratio of acids/anhyebitb glycols, styrene monomer and reactemperature for the
synthesis of the unsaturated polyester resins (#&Ras shown in ttTable 2
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Scheme 1: Reaction mechanism for UPR-S1
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Scheme-2. Reaction mechanism for AAM UPR-S11-S14
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Scheme-3: Reaction mechanism for AAM UPR-S15

Table 2. Composition and reaction temperaturefor unsaturated polyester resin (UPR-SL1)

SAMPLE: S1

MONOMERS | MOLECULAR Wt. gm/mole | MOLES gm | WEIGHT gm| Wt. OF 100% BASIS IN gi

P.A 148.12 0.5 74.06 33.3¢

M.A 98.06 0.5 49.03 22.0¢

P.G 76.10 13 98.93 44.56(43.01 m
TOTAL Wt. - - 222.02 99.9¢

* PTSA = 2%/100gm = 2.0 gm
* Weigh = Molecular Wt. X Moles * p=mv

Composite Fabrication

Two basic methods are generally used for the fabde of composites, which are known as wet andlaly-up
lamination. Wet laydp method implies the use of liquid resins to ingm@e the matrix material either before
after it has been laid in placth case of conventional c-up method the reinforcement is impregnated wi
solution of the resin in appropriate solvent ane siolvent evaporated or flushed off and the resullry resin
impregnated sheet known as a prepreg wis used to prepare compositef][lLaminating is normally carried o
manually by brush, roller or squeszapplication to glass fiber1]. The composites were made by using glass
and various resin systems. In present study thepositions used for the compositeieparation are shown Table
3

Table: 3 Composition of composites

SampleUPR | Jute (40%) in | SDUPR (60%) ir | Total Weight in BPO (2% of total Wt) | Cureing Temp. it | Cureing time in
& gms gms gms in gms °C hrs
S1 36.2( 54.3( 90.5( 1.81 10C-11C 2
S11 35.40 53.1( 88.50 1.77 100-110 2
S12 35.15 52.7: 87.88 1.76 100-110 2
S13 35.72 53.5¢ 88.41 1.77 100-110 2
S14 35.03 52.5¢ 87.58 1.75 100-110 2
S1t 31.9: 47.8¢ 79.8( 1.6C 10C-11C 2

S1: unsaturered polyester resin(UPR-SL1),
S11-S15: Adipic acid modify unsaturered polyester resin (AAMUPR-S11-S15)

The resin composition containing styrene as ctik@sgl agent and benzoyl peroxide as a catalystagpdied to 6 >
6 inch square pieces of jute with brush. The sdledlowed evaporating at °C. The drieceight prepregs prepared
in this way were stacked one over another and pdebstween two plates using Teflon sheets as meigdsing
agent. The plates were compressed und-100 psi at specified temperature (110°)0and then kept in an ov
maintaned at required temperature for two hours. The amitgs so obtained were cooled to room temper.
before releasing the pressure. All the compositesevprepared by the same procedure. The speciraenssfing
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were made by cutting the composites and matchieig tto required final dimensions. All the tests weoaeducted
according to ASTM methods.

RESULTSAND DISCUSSION

The IR spectra of cured unsaturated polyester sesin as shown in Fig. 1. The data regarding thep&ctral
characteristics presented in Table 1. revealsdimal variations in the location of the peaks du@tsorptions by
functional groups like —Ckand C=0 are observed depending upon the structuhe diols/ anhydrides/acids.

For UPR-S1, a strong absorption band at 743.78 can be arributed to —C-H stretching in aromatig r{O-

disubstituted). Spectrum absorption bend at 172609b& 2985.19 crit confirms the presence aff-unsaturated
>C=0 bond in ester linkage & C-H stretching in aabim respectively. Absorption peak dose not appegaai 1652
cm® for C-C multiple bond stretching in alkeaéer curing of UPR-S1, so it was missing in TableSpectrum
absorption bend at 1600.16¢mas C-C multiple bend stretching in aromatic. AkarCH- & O-H bond stretching
was confirmed by the presence of bend at 1454.35acm 1283.63 crhrespectively.

For AAMUPR-S11, a strong absorption band at 748¢r0" can be arributed to —C-H stretching in aromatig ri
(O-disubstituted). Spectrum absorption bend at IX28m" & 3025.10 crit confirms the presence af p-
unsaturated >C=0 bond in ester linkage & C-H shietg in aromatic respectively. Absorption peak appg at
1605.60 critwas C-C multiple bend stretching in aromatic. AkarCH- & O-H bond stretching was confirmed by
the presence of bend at 1456.30’@nd 1285.66 cihrespectively.
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Figure: 2 DSC Scan of UPR-S1

Table: 4: TGA of UPR-S1-S15

% Weight loss at various Temperat°C) from TGA
100 | 200 300 400 500 600 700 800
S1 0.38] 7.68 4751 86.66 88.54 89p4 9042 92.22
S11 0.59| 5.63 26.31 88.82 9045 9126 9293 95.70
S12 0.59| 4.53 24.04 89.05 90.10 9139 9271 94.36
S1: 0.5¢ | 3.42 | 21.7¢ | 89.27 | 90.9¢ | 91.5¢ | 92.7¢ | 94.4¢
Sl 0.7C | 3.0€ | 17.62 | 89.9¢ | 91.7( | 92.4C | 93.5¢ | 95.5¢
S15 0.88| 2.75 135 90.63 92.59 9341 9451 96.54
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Figure: 3: TGA Scan of UPR-S1
The synthesized polyester resins were cured by @8lthique using benzoyl peroxide as catalyst.

The TA Instruments, USA model 5000/2920 diferensighnning calorimetry was used to obtain the datdhe
exothermic curing reactions. The sample weights fi@ethe investigation were in the range of 8 M0

The DSC scans of resins are analyzed by the mettogpbsed by Borchardt and Daniels [12].

The results of DSC study (Table 4.) shows thatdiméng reaction starts at or above 100°C and getspteted
almost around 142°C. This clearly indicates thatuhsaturated polyester resins have good induptoiod under
this condition and therefore it can be expectetlahaoom temperature the unsaturated polyestarsr@suld have
a very long induction period which is needed fdtdresafe storage stability.

The curing range is of 43°C to 44°C which indicatieat after initiation of curing actual curing getsmpleted
within 4.4 min which is also very good indicatiohpyocessing time for which unsaturated polyestsims are to be
kept under compression during compression moulgnogess. The kinetic parameters indicate the Heaagtion
of UPR-S1 (40.7 J/gms).

The TGA data in table 2. indicates that the therstaility increases when phthalic anhydride idaegd by adipic
acid up to 308C temperature. AAMUPR-S15 (without phthalic anhgle)i is thermally more stable then UPR-S1
(without adipic acid).After 30T temperature, thermal stability is approximatéfyikr for UPR & AAMUPR.

M echenical Property

Flexural properties

Flexural properties were carried out in terms ofsg-strain relationship using standard methoeésifrtg ASTM D-
790[13]. A Dutron’s Tensile Tester Mode | No. 13@swsed for the study. A strip of the dimensio®s@1.25 cm2
131 was cut from the laminate for measurementited the gauge length of 7.5 cm i.e. the expentmes carried
out a distance between two jaws to be 7.5 cm aphé.results were recorded with the chart speédrafn/min at
room temperature. The test was initiated by applyive load to the specimen at the specified cregshate. The
deflection was measured by gauge under the specimerontact with it in the center of the suppgsts. The
calculation of flexural strength was carried oud &ime results are included in Table 5.

Izod impact strength

A study on lzod impact strength was carried outerms of resistance to breakage under high velaoifyact
conditions, according to ASTM D-256 [14]. The imp#&est indicates the energy to break standardsfestimen of
specified size under the stipulated conditionspEfcimen mounting and pendulum velocity at impaetick mode
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I No. 8900 Impact Machine was used for the stédiythe measurements were carried out at room teatpes. For
the measurement, a specimen was cut from the abdaomposite (6.4 x 1.27 cm2146 ) and V notcBes nm)
at the middle. The test specimen was clamped iositipn so that notched end of the specimen rerddaeng the
striking edge of pendulum. All the I1zod impacestgth data of synthesized composites were givamlote 5.

Rockwell hardness study

The Rockwell hardness study was carried out at reonperature according to standard method of g&BTM D

— 785 [15]. In the present study, Rockwell hardriester model RAS/Saroj Engg. Udyog Pvt. Ltd., siiaypur was
used. Load of 100kgf was applied for each measuneriibe specimen with parallel flat surfaces wiasgd on the
avail of the apparatus and minor load (10kgf) wapliad by lowering the steel ball onto the surfadethe

specimen. The dial was adjusted to zero on the sgaler minor load and the major load (100kgf) imamediately
applied by releasing the trip lever. After few seddhe major load was removed and the specimerali@sed to
recover for 15 second. Rockwell hardness was r@adtly on the dial with the minor load still apgdl. All the

mechanical data of synthesized composites weragivéable 5

Table: 5 Flexural Strength & Flexural Modulas (kg/cm?)

Sample| Flexural Strangth  Flexural Modulhs  Impaggr@ith J/Crh | Rockwell Hardness “M” SCALE
S1 425.44 6412.5¢ 1.6 69
S11 570.71 7508.4¢ 1.84 70
S12 330.50 5019.25 1.75 72
S13 260.49 3708.56 1.72 75
S14 205.50 2827.24 1.65 77
S15 198.06 2816.68 1.63 80
CONCLUSION

Unsaturated polyester resin (UPR-S1) compared witidified unsaturated polyester resin. Flexural rifte &
Flexural Modulas of AAMUPR-S11 (adipic acid moddieinsaturated polyester resin) is greater than SPR-or
AAMUPR-S12 to AAMUPR-S15 the Flexural Strength &kural Modulas are lower than UPR-S1.

The Impact Strength of all modified unsaturated/esier resin are incresis if moles of Adipic acidreases, so the
Impact Strength of all modified unsaturated polgesésin are higher than the unsaturated polyessan(UPR-S1).
The Rockwell Hardness of AAMUPR is higher than UBR-

Composites of unsaturated polyester resin were hegited using different monomers having various
concentrations. All the composites show good thérstability. Flexural Strength & Flexural Modulasf o
AAMUPR-S11 (adipic acid modified unsaturated resingreater than UPR-S1.
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