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ABSTRACT

Cyclohexanone — formaldehyde (CHF) resins withetgffit hydroxyl value were treated with
tetrahydrophthalic anhydride (THPA) stoichiomettlga The resultant carboxy unsaturated
CHF resins were then polycondensated with variqaesxg resins (i.e. diglycidylether of various
bisphenols) in the presence of pyridine. The wwratedd CHF resins thus obtained and
unsaturated polyesters (UPE’s) were characterizgduhsaturation, spectral studies, and by

number average molecular weight Mn ) estimated by vapor pressure osmommetry (VPO).
The curing of UPE’s was carried out by using behpayoxide (BPO) as catalyst and monitored
on differential scanning calorimeter (DSC). Based DSC data, glass fiber reinforced
composites (i.e. laminates) of these UPE’s wereidated, maintaining 40/60 proportion of
resin to glass fiber. The laminates thus formedewtsted for chemical, mechanical, and
electrical properties. The unreinforced cured saespbf UPE'’s resins were also analyzed
thermogravimetrically.

Keywords: Epoxy resins; Cyclohexanone —formaldehyde rédmermal properties; Mechanical
properties; Glass fiber reinforced composites.

INTRODUCTION

Tetrahydrophthalic anhydride is one of the impadrtamhydride which is manufactured
industrially [1-3].It offers very attractive progess as an intermediate and starting material [4],
and employed as epoxy resin curing agent [5-10fifieo for unsaturated polyester [11-14] and
in the formation of high performance polyimides {1%|. Due to unsaturated group and
cyclohexane ring, the end products have bettergrti@s, in term of physical and mechanical
properties [20-23]. Recently we have sent a rebepaper regarding the unsaturated polyesters
based on maleated cyclohexanone formaldehyde esginepoxy resin. In continuous of this
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work the present communication comprises the fdonat of unsaturated (i.e.
tetrahydrophthalated) cyclohexanone formaldehydsinse through the modification of
cyclohexanone formaldehyde resin(CHF) of differagtiroxyl values with tetrahydrophthalic

anhydride , then their post polymerization withryiag epoxy resins and studies on such end
products. The synthetic steps are shown in Scheme 1
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Where:

a = CHF resin of 300mg KOH/gm resin ICHF resin of 235mg KOH/gm resin

P, = PCHF resin based on (a) p 2 PCHF resin based on (b)

V, = UPE resin based on DGEBA and (a) » =WUPE resin based on DGEBA and (b)

I, = UPE resin based on brominated DGEBA and (a) I, = UPE resin based on brominated DGEBA and (b)
Il = UPE resin based on DGEBC and (a) p HIUPE resin based on DGEBC and (b)

IV, = UPE resin based on DGEBF and (a) » YUPE resin based on DGEBF and (b)
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Scheme 1. Synthetic route of unsaturated polyestbased on (tetrahydrophthaleated CHF — epoxy resin)
condensates and their glass reinforcement
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MATERIALS AND METHODS

2.1. Materials
Cyclohexanon-formaldehyde (CHF) resins of diffedeydroxyl value (OHV) (300 and 235 mg
KOH / gm resin) were obtained from Polyols and Badys Vapi, Gujarat, India.

Epoxy resins used for the preparation of the umated polyester resins were:

a. Diglycidylether of bisphenol A (DGEBA) obtained fro Synpole Product Pvt. Ltd.,
Ahmadabad, India. Epoxy equivalent weight (EEW) Datole, viscosity 400- 1000 cp at
25°C).

b. Diglycidylether of bisphenol F (DGEBF),EEW 160 gfleoviscosity 7000 cp at 26, and
brominated diglycidylether of bisphenol A (BEREW 225-280 g/mole were  obtained
from Atul Ltd., India.

c. Diglycidylether of bisphenol C (DGEBC) was prepamedaboratory according to a known
method [24]. EEW 220-225 g/mole, viscosity 550tR5C.

d. E-type fiber glass (epoxy compatible) woven falofi®.25 mm thickness (Unnati Chemicals,
Ahmadabad, India) of areal weight 270 g/mvas used for laminate preparation. All other
chemicals used were of laboratory pure grade.

2.2. Synthesis of tetrahydrophthalated cyclohexan@ formaldehyde resins

Equal molar of each of the two CHF resins and wtleophthalic anhydride (THPA) in pyridine
(Py) was refluxed at (~12%C) for three hours, the ratio of THPA to Py wastkap1:3.The
mixture was cooled and poured in cold water. Thestipitate was dissolved again in methanol
and re precipitated by adding water. The precipiteas dried at 10%C in a vacuum oven. The
modified CHF resins which are based on CHF resiB0ff and 235 OHV are designated as P
and B respectively as shown in Scheme - 1.Their detadggiven in Table 1.

2.3. Synthesis of unsaturated polyester resins (UPE

Stiochiometric amount of epoxy resin (DGEBA, BERGBEBC and DGEBF) was added to a
well stirred solution of tetrahydrophthalated CHfSins (0.5 mole) i.e..Por R, respectively in
THF and mixed well by vigorous agitation. Then pyme (8 %of total weight) was added as a
catalyst. The resulting mixture was heated td®5 with continuous stirring. Sample was taken
at regular intervals to check the acid value. Téwction was continued until the acid value fell
below 55mg KOH/gm. All the eight resins were ob&minin the form of solid mass. The
designation of all the UPE resins is shown in Salein Their details are furnished in Table 1.
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2.4. Composite Fabrication

UPE resins were dissolved in small amount of tgtladfuran, using 0.1 % of benzoyl peroxide
as a hardener and the mixture was stirred web fiar 10 minutes. The mixture was applied with
a brush on to a 150 mm x 150 mm fiber glass cloih the solvent was allowed to evaporate.
The 10 dried prepregs so prepared were stackedo top of another and pressed between
steel plates coated with a Teflon film release shed compressed in a flat platen press under
about 70 psi pressure . The prepregs were curdtehiing the press to 110-130 for three
hours in an air circulated oven. The composite B@ined was cooled to 5t before the
pressure was released. Test specimens were madétimg the composite and machining them
to final dimensions. All the chemical, mechanicatl &lectrical tests were conducted according
to ASTM method using three test specimens for ¢asih

2.5. Measurements

The number average molecular weightl6 ) in B, B, and all samples of UPE was estimated
by VPO in DMF solvent at 98C. The acid value and number of double bonds wezasnred
following the methods already reported [25, 26].ni\ber of hydroxyl group present in per
repeating unit of all UPE resins was obtained byleging acetylating method [27]FT-IR
siaectra were recorded with a Perkin-Elmer, Spect®Xn USA, by using KBr pelletsH and
15C NMR spectra were recorded with a Bruker Avand@Midz spectrometer using DMSQ-as

a solvent at 28C.

Curing studies were carried out by a differentighrsiing calorimeter DSC 2920. The
calorimeter was previously calibrated accordind\&I'M 3417. Dynamic —heating experiments
were carried out under a nitrogen flow of 40 ml thithe UPE’s samples were dissolved in
small amount of THF and mixed homogenously with @ w/w with benzoyl peroxide and left
until all solvent evaporated. Samples in the rasfgR.53-3.10) mg of the mixture were weighed
accurately into an aluminum DSC sample pan andedeaith an aluminum lid. The entire
operation was carried out in a dry chamber. Cuwiag carried out from 30 to 30C at 10°C
min’ heating rate and an empty pan was used as a regerdime exothermic transition
associated with curing was characterized by detengj T- temperature of onset of exotherm,
Tp=temperature of peak position of exotherm; femperature of end of exotherxH= heat of
curing reaction. Ea = activation energy. The theraegmetric analysis (TGA) of the
unreinforced cured UPE’s samples was carried ouPerkin —Elmer pyres 1 TGA in air at a
heating rate of 16C min™. For this the samples were dissolved in small arnhofi THF in a
glass crucible, mixed homogenously with 0.1 % whttmbenzoyl peroxide and heated at their
DSC temperatures for three hours. The materiale Wem crushed by pestle pressure and (5.52-
6.66) mg of the cured resins was used.

2.6. Characterization of composite samples

The chemical resistance of the glass reinforcedposites was measured according to ASTM
D543. The sample size was approximately 20mm x 20ifime chemicals used for the study
were BSO, ( 25% v/v ),HCIl (25% v/v ), NaOH ( 25% w/vethanol , acetone, DMF and
THF. The tests were performed by dipping the com@a@amples in 100 ml each of the reagents
for 7 days at room temperatures. After 7 days pgeximens were taken out from the reagents
and after drying they were examined for the peagatchanges in thickness and weight.
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All the mechanical and electrical tests were penkt using three test specimens and average
results have been documented. The compressivegireras measured according to ASTM D
695. The sample size was 12.5 mm x 12.5 mm x12.9mpact strength was measured using
Izod type impact tester at room temperature, adegrtb the method of ASTM D 256.The
Rockwell hardness strength was measured accordid$TM D 785. The sample size was 25
mm X 25mm x3 mm. The flexural strength was meabsaexording to ASTM D 790 at room
temperature .The electrical strength was measweatding to ASTM D 149.

RESULTS AND DISCUSSION

3.1. Synthesis and characterization of unsaturategolyester (UPE) resins

Two tetrahydrophthalated cyclohexanone-formaldehy@€HF) resins were obtained as

amorphous colored powders .The number of carbosods per polymer chain was found to be

three and are quite consistent with the originalrbyyl value. The number of double bonds also

matches the hydroxyl values. The resultant PCHhsesere reacted with four different epoxy

resins [28-29] as mentioned in the experimentat plre powder unsaturated polyesters thus
obtained are designated as UPEIY,) and (b—1Vy).

All the UPE samples are soluble in DMF, DMSO, ({580 , CHC} THF, and pyridine,
sparingly soluble in ethanol and insoluble inbcar tetrachloride, methanol and ether. The
number of double bonds and hydroxyl groups in URE@es are furnished in Table 1.The

values are quite consistent with the predictedcttre. The (Mn ) values listed in Table 1
show that 5 to 6 epoxy resin molecules are condegith PCHF resin.

FT-IR spectra of Pand B resins (Figure 1) are quite identical and showpbaks due to CHF
resin and THPA segments. The absorptions in thger&h750-1749) cthare due to carbonyl of
the ester group, broad band at (3450-3448} attributed to carboxylic groups. The bands at
(1295-1296) critand 3027 cil are traced to the asymmetric stretching vibratib@-@®-C of
ester groups and the stretching of the double lodrgiclohexenyl ring respectively.

The FT-IR spectra of UPE’s (Figure 1) compriseithportant spectral bands of epoxy and CHF
resin segments [30-33]. Only discernible differen@e observed in terms of presence of
unsaturation and —COO ester groups. The bands (3084-3026) cil and a band at (1750-
1749) cm' are observed as additional bands, these are rébfeonsspectively to the double
bond of cyclohexenyl ring and ester group. The bappeared at 915 ¢hin the spectrum of
epoxy resin due to epoxy group is almost vanisimethé spectrum of UPE’s. Also the FT-IR
spectra of UPE’s showed abroad band at (3424-3&®4) due to the secondary —OH groups.
This is supported by the bands at the range (1127)lcm® which are due to the secondary —
OH bending vibration. And also the disappearancehef free carboxylic acid group which
appeared in the spectrum of tetrahydrophthalate& @4dins and the presence of the peak at
(1243-1251) cmt which corresponds to the ether linkage formednduepoxide ring opening.

NMR spectra of terahydrophthalated CHF and UPdihseare shown in Figures 2 and 3. The
assignment of the proton ahtC signals (Tables 2-5) agrees well with the progasteucture of
resins. (Rand B) The'®C signals at (176.31) ppm and at (64.50-64.53) prevatributed to the
carbon of carboxylic acid and ester group respebtjthe resonance at (124.32 — 125.76) ppm is
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traced to the double bonded carbon of cyclohexengl The proton NMR signals at (12.442 -
12.303) ppm and at (4.071-4.077) ppm are due t@tb®n of the free carboxylic acid group
and ester group situated in position in cyclohexanone ring respectively. Thgdregen
connected to double bonded carbon of cyclohexengl show proton NMR signal at (5.584-5.
616) ppm.

In UPE’S the proton NMR signals at (5.505-5.616)npare attributed to the hydrogen of the
double bond of cyclohexenyl ring .The signal sped® the proton of OOC-CHappears at
(4.206-4.303) ppm. ItH NMR spectra of UPE’s the thréel NMR signals due to epoxy ring
protons at 2.64, 2.84 and 3.24 ppm disappearea diappearance J¢fC peaks at 54.0 and
54.3 of C-O-C group of epoxy ring suggest the fdramaof UPE.

Qualitative and quantitative analysis of functiomafirane ring [34, 35] also confirmed the
results obtained b{H NMR, **C NMR and FT-IR. All these facts confirm the cheatistructure
of the UPE’s.

3.2. Thermal properties of UPE resins

It is well known that processing of thermoset resscomplicated because of the involvement of
chemical reaction. Understanding of curing is tfere=of fundamental importance in the design
and processing of materials.

The cross- linking of UPE resins{-11V,) and ( b— IVp ), was initiated through an exothermic
reaction by using benzoyl peroxide as a catalyst their curing study was monitored on a
differential scanning calorimeter. The kinetic alavere derived from DSC thermograms
(Figures 4-7) of UPE-benzoyl peroxide system, algdiat 1°C /min heating rate. During the
curing reaction of the thermosetting resins, that loé reaction at any time is proportional to the
number of moles at that time, namely, the reledsest is proportional to the extent of the
reaction, then the reaction rader/dt is proportional to the heat flogH/dt, that is:

da _ dH/dt

dt  AH,

The curing kinetics were studied and the kinetiaddotained [36].

The curing reactions for all systems were fountddlifferent in respect of total heat of reaction
and the temperature at which the reaction wereaiad, peaked and terminated. The initial
curing temperature; T peak exotherm temperaturg,and temperature of completion of curg T

values of total exothermic heat of curing and tbivation energy (kj/mole )were obtained from
the characteristics DSC traces and are shown ite &b

Arrhenius plots (Figures 8 - 11) for all systeme lnear, hence it is reasonable to assume that
any change in the curing mechanism with curing tneore does not affect the overall reaction
rate. The DSC thermograms of all UPE-benzoyl pel®systems gave a single exothermic peak
meaning there by that the rate of reaction of alyymerizable reactive groups in UPE resin with
the benzoyl peroxide catalyst occur simultaneouslitas also been found that the UPE resins
based on tetrahydrophthalated CHF resin of 300 @dve higher values of total exothermic
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heat of curing than UPE resins based on tetrahydnapated CHF resin of 235 OHV, implying
the reactivity of the former is higher than theetat

Thermal stability of a polymeric material is one thie most important properties for both
processing and applications. The thermogravemetnalysis (TGA) is the most favored
technique for rapid evaluation in comparing andkiag the thermal stability of various
polymers. TGA thermograms of all UPE resins(V,) and ( -1V, ) are shown in

Figures 12-15. The weight loss at various tempegaiithe onset temperature of decomposition
To, the temperature of final decomposition 90% weight loss temperature and the chare yield
% at 750°C were noted and summarized in Table 7. As caneba sthe cured samples start
degradation at about 20C and their initial weight loss was about (0.4893.9 .This weight
loss may be due to either insufficient curing ofnpmnents used or due to catalyst used .A
weight loss of about (4.08-10.36) % was found & %0 As the temperature rose to (267.55-
356.01)°C the TGA curves of UPE resins exhibited a dramdéicreasing .However , it was
found that the UPE Jland I}, resins exhibited a relative slow weight loss imparison with (,

In, 4 Iy, 1Vaand I\g) resins which suggested that the former have bteemal stability than
the latter . The improved thermal stability of #ad I}, resins might be attributed to the presence
of the bromine in the epoxy moiety .The C-Br linkagare weak points, which degrade to form
free radicals that may further undergo recombimato form new compounds which would
degrade at elevated temperature. Also it was ntted UPE ({ -IV, ) resins , were more
thermally stable than UPE(+4IV,, ) resins . The increment in the resin functioggbitovides a
very high cross-linking density as well as improesns in the mechanical, chemical and
electrical properties [37] .Above 70Q, a stable residue is formed that correspondsatioon
black.

Comparison of the thermal stability of all samfdesed on char yield % at 780 suggests the
following order of stability:

la > > IVa> IVp > 13> 1y >4 >l

3.3. Characterization of glass fiber reinforced comosites of UPE resins

Glass fiber- reinforced composites of all UPE VM, ) and (  —IVy ) resins were cured at
temperatures based on DSC data using benzoyl plerokhe composites were characterized for
their chemical resistance; the details are furmsire Table 8. Results reveal that all the
composites are very negligibly affected by the camrorganic solvents like ethanol, acetone
etc. However, considerable percentage change akrtess and weight is observed in DMF,
H,SO, ,HCl and NaOH for all the composites. The glalssrfreinforced composites of all UPE
resins were also characterized for their mechawicdlelectrical resistance properties, the details
are furnished in Table 9. All the UPE based contpsshave good mechanical properties. The
electrical strength of the UPE based composités the range of 18.1 to 26.8 KV/mm. The
values of the electrical strength of the composémples are rather low. This could result in a
charred path, over which subsequent discharge ¢aké&lplace a minute leakage of current may
arise from surface contamination.
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Figure 2 *H NMR spectra of P, and UPE’s (l-IV ,)
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Figure 3 *C NMR spectra of P, and UPE'’s (I-1V »)
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Figure 4. DSC Thermograms of UPE J and I, resins
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Figure 7. DSC Thermograms of UPE I\{ and IV}, resins
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Figure 9. Arrhenius Plot for UPE I, and Il resins
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Figure 12. TGA thermograms of UPE } and I, resins
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Figure 13. TGA thermograms of UPE I, and Il resins
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Figure 14. TGA thermograms of UPE lll, and IIl , resins
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Figure 15. TGA thermograms of UPE I\, and IV}, resins
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Table 1. Characterization of modified CHF and UPEesins

Number average
Sample Number of do_uble b_onds Number of -QH group | molecular weight
per repeating unit per repeating unit WI
Pa 2.9 2.98 1616
Py 28 2.96 127¢
UPE-I, 3.1 3.99 8264
UPE-I, 2.9 3.97 5940
UPE-Il 3.0 4.1 9404
UPE-Il 2.9 4.0 9091
UPE-IIl , 3.2 3.99 8823
UPE-IIl 3.0 3.98 6329
UPE-IVI 4 3.1 4.0 787¢
UPE-IVy 2.9 3.99 5660

Table 6. DSC data of unsaturated polyester (UPE)}sins

o o o Activation energy | Heat of reaction

UPESample| T °C | T, °C | Ty °C Kj/mole Ea Jg

la 76.4% 100.8¢ | 127.7¢ 283.¢ 43.7

Iy 81.03 105.12 123.1§ 200.2 42.2

I, 75.6% 90.3: 123.1¢ 493.¢ 154.

118 77.96 90.46 114.73 247.2 42.2

11, 68.77 91.47% 125.4¢ 294.2 62.¢

11y 71.8¢ 93.2¢ 124.6¢ 276.€ 53.7

IV, 71.84 92.50 125.45 253.5 69.1

Vy 78.7: 106.6: 123.1¢ 231.F 50.1

Table 9. Mechanical and electrical properties of UB glass reinforced composites

UPE Flexural Compressive Impact Rockwell Electrical strength
composite strength strength strength hardness (in air) (kv mm™)
(MPa) (MPa) (MPa) (R)
I 285 230 260 125 24.1
Iy 253 210 216 120 214
11 364 290 300 140 26.1
Il 36C 28¢ 29C 13€ 26.¢
I 4 259 221 219 129 23.8
Iy 240 195 215 125 19.2
[\ 320 280 275 135 24.6
IVy 290 240 270 132 24.3
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Table 2. *H NMR spectral data for tetrahydrophthalated CHF (P,) resin and UPE (I-IV ;) resins:  ppm (DMSO-d6)

Sample
Assignment P, la Ila 1 5 V4
COH 12.442 - - - -
Proton on the double bond of the cyclohexenyl 5.5945.61¢ 5.55:-5.60z 5.547-5.59( 5.56%5.60:% 5.55%-5.601
Other protons on cyclohexenyl ri 2.35¢6-2.77( 2.305-2.62¢ 2.30¢5-2.65¢ 2.3012.611 2.302-2.50¢
Hydrogen of cyclohexanone 1.875-2.290 1.760-2.211  .7572.039 1.761-2.173 1.756-2.040
-CH,COOu to cyclohexanone 4.077 4.117 4.076 4.044 4.034
-CH,COO - 4.271 4.206 4.269 4.276
-CH-OH - 3.375 3.351 3.357 3.352
-CH-OH - 3.60¢ 3.58¢ 3.60¢ 3.60i
O-CH,-CHOH - 3.893-3.983 3.600-3.897 3.758-3.822 3.623-3.896
Aromatic hydroge - 6.83:-8.58 7.482-8.62¢ 6.94(-8.60¢ 6.824-8.58¢
Methyl hydrogen in epoxy moiety of DGEBA - 1.560 .621 - -
Hydrogen of 1] cyclohexane in epoxy moiety of DGEBC - - - 1.487170 -
Methylene hydrogen in epoxy moiety of DGEBF - - - - 3.954

Table 3. *H NMR spectral data for tetrahydrophthalated CHF (P,) resin and UPE (b-1V ;) resins: 8 ppm (DMSO-dg)

Sample P, la Il 5 I, IV,
Assignment
-COOH 176.3: - - - -
Carbon of double bond of cyclohexenyl ring 124.26.76 124.39-126.14 125.23-125.48 125.56-126.98 .3u2425.57
-COO 174.7, 173.7¢ 172.9¢ 173.0° 173.1¢
Carbonyl of cyclohexanone 212.78 212.31 212.65 212. 212.31
CH,COOu to cyclohexanone 64.50 63.93 63.62 63.91 63.28
CH,COC - 67.4¢ 67.4¢ 67.5( 67.4¢
Carbon of methylene ether - 69.62 71.06 70.45 70.47
-CH-OH - 68.41 68.7¢ 68.4¢ 69.97
Aromatic carbon in epoxy moiety - 114.36-129.86 817131.47 114.60-130.02 114.85-130.29
Tertiary carbon in epoxy moiety of DGEBA - 41.61 2.46 - -
Methyl group in epoxy moie of DGEBA - 31.22 31.8: -

Carbon of 1] cyclohexane in epoxy moiety of DGEB

233m97

Methylene carbon in epoxy moitof DGEBF

43.5%
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Table 4. *C NMR spectral data for tetrahydrophthalated CHF (P) resin and UPE (L-1V ,) resins: 5 ppm (DMSO-dg )

Assignment Sample Py Iy Iy 1T IV,
COH 12. 303 - - - -
Proton on the double bond of tcyclohexenyl rin 5.584-5.61¢ 5.555-5.601 5.593-5.60¢ 5.565-5.61( 5.505-5.59¢
Other protons on cyclohexenyl ri 2.384-2.63: 2.351-2.67: 2.302-2.67¢ 2.337-2.61: 2.358-2.51:
Hydrogen of cyclohexanone 1.768 -2.347 1.761 -2.26( 1.752 -2.282 1.764 — 2.298 1.760 -2.253
-CH,COOu to cyclohexanone 4.071 4.115 4.072 4.109 4.157
-CH,COO - 4.272 4.234 4.301 4.303
-CH-OH - 3.341 3.361 3.322 3.304
-CH-OH - 3.60¢ 3.60¢ 3.53¢ 3.59¢
O-CH,-CHOH - 3.792 — 3.987 3.620 — 3.924 3.607 — 3.879 3.63B93
Aromatic hydroge - 6.825-8.58¢ 7.481-8.63- 6.826-8.61< 6.827-7.14¢
Methyl hydrogen in epoxy moiety of DGEBA - 1.561 .623 - -
Hydrogen of 1] cyclohexane in epoxy moiety of DGEB( - - 1.43972 -
Methylene hydrogen in epoxy moiety of DGEBF - - - 3.927
Table 5. **C NMR spectral data for tetrahydrophthalated CHF (P,) resin and UPE (b-1V ) resins: & ppm (DMSO-ds )
Sample Py Iy Iy ([1]s IVy

Assignment

~COOH 176.31 . . . .

Carbon of double bond of cyclohexenyl ring 124125.58 124.41-126.19 124.37-126.09 124.40-126.23 4.112126.01

-COO 174.75 173.21 172.91 172.01 173.95

Carbonyl of cyclohexanone 212.11 212.01 212,51 212. 211.93

CH,COOa« to cyclohexanor 64.5% 64.02 63.64 63.2¢ 63.3¢

CH,COO - 67.52 67.54 67.62 67.50

Carbon of methylene ett - 69.6¢ 71.1% 70.4¢ 70.5(

-CH-OH - 68.47 68.85 69.85 70.07

Aromatic carbon in epoxy moiety - 114.43-129.87 J¥67131.47 114.65-131.82 114.86-130.0d

Tertiary carbon in epoxy moie of DGEBA - 41.6¢€ 42.52 - -

Methyl group in epoxy moiety of DGEBA - 31.24 36. - -

Carbon of 1] cyclohexane in epoxy moic of DGEBC - - - 23.0¢-36.9¢ -

Methylene carbon in epoxy moiety of DGEBF - - - - 44.51
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Table 7.Thermogravemetric analysis of the cured UPEesins

% Change
Reagents H,SO, 25% viv HCI 25% viv NaOH 25% w/v Ethanol Acéone DMF THF
UPE
composites | Thickness | Weight | Thickness | Weight | Thickness | Weight | Thickness | Weight | Thickness | Weight | Thickness | Weight | Thickness | Weight
I 1.18 1.96 0.95 1.30 0.82 1.31 0.30 0.45 0.26 041 201 1.44 0.63 0.85
Iy 1.20 1.98 0.97 1.32 0.84 1.33 0.32 0.4y 0.28 043 221 1.46 0.65 0.87
Il 5 1.11 1.7¢ 0.8¢ 1.2F 0.7¢ 1.23 0.21 0.3€ 0.2C 0.3¢ 1.0¢ 1.2¢ 0.52 0.77
Iy 1.14 1.77 0.91 1.24 0.77 1.25 0.22 0.38 0.21 034 091 1.24 0.55 0.78
I 1.19 1.97 0.96 1.31 0.83 1.32 0.31 0.46 0.27 042 211 145 0.64 0.86
Iy 1.21 1.99 0.98 1.33 0.85 1.34 0.33 0.48 0.29 044 231 147 0.66 0.88
IV, 1.17 1.95 0.94 1.29 0.81 1.30 0.29 0.44 0.25 040 191 143 0.62 0.84
IVp 1.1¢ 1.9¢€ 0.9¢ 1.31 0.82 1.31 0.3C 0.4F 0.27 0.41 1.21 1.4F 0.64 0.8€
Table8. Chemical resistance properties of UPE rass glass reinforced composites
Weight loss (%)at various temperatures Decomposition Char yield
UPE temperature °C (%) at750°C
Sample 100°C 200°C 300°C 400°C 500°C 600°C 700°C To T; 50% wt. loss
temperature °C
[ 0.62 1.22 4.79 52.69 81.26 83.03 84.01 356.p1 1450, 397.88 15.94
Iy 0.79 1.46 9.18 73.50 85.43 86.67 87.1y 340.02 0805 380.20 12.78
I, 0.89 212 4.08 12.83 23.74 36.21 43.74 348.80 1807, - 53.60
Iy 0.9 2.98 4.53 14.22 32.52 39.48 4491 340.51 B33(3 - 52.50
I, 0.1f 0.4¢ 8.1¢ 66.91 87.9¢ 88.81 89.1: 31842 431.6: 381.8¢ 10.8¢
Iy, 0.50 1.20 9.61 69.60 88.76 89.5( 89.83 310.64 783 380.46 10.15
IV, 0.8¢ 1.1¢ 6.34 41.5¢ 53.5¢ 61.7¢ 69.6¢ 311.5¢ 450.0¢ 448.9¢ 27.92
IVy 0.90 1.40 10.36 52.88 72.05 74.94 75.8D 26755 .0830 396.06 24.20
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CONCLUSION

The salient features of the investigation are:

* Novel UPE resins were obtained in which the CHinress modified with tetrahydrophthalic
anhydride reagent and reacted via carboxylic godip with different types of epoxy resins
in the presence of a base catalyst. The UPE rdsansially cured in the presence of BPO.

* The increment in the resin functionality resultadainew group of UPE resins, and the cross-
linked resins showed good thermal stability, med®nresistance, chemical and electrical
properties. These resins may be used as strucbataix in glass fabric —reinforced composites
and in the field of electrical and electronic sty

» UPE resins based on CHF resin of 300 OHV showetkibétermal stability, mechanical
resistance, chemical and electrical properties thase based on CHF resin of 235 OHV.

» Thermal stability of UPE resins, as measured by TiSAood enough to permit processing of
these types of resins using conventional laminetedposite techniques.
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