CHAPTER 1l
RESULTS AND DISCUSSION

3.1 Preparation of Orthophthalic Unsaturated Polyester (ortho UP) and
Isophthalic Unsaturated Polyester (iso UP)

Unsaiurated payesters wee pepared by neas of  condensation
polymerization between difunctional adds ad dadhds. Generdlly, add contributes
olefinic unsaturation. In this study, UP with different aod anhydides or dadd were
usad Otho UP wes syrnthesized from arthophthelic anhydride, meleic anhydride ad
prapylene glycd & doan in Sdhare 31 1so UP was synthesized from isophthalic
add, meleic anhydiide and prapylene giycd as Soanin Shere 32

3.1.1 Reaction Condition

The reacion wes camied out uder nitrogen a@nogdhere a the readion
tenperature of 200:220°C. The detenmination of add nuber and viscosity (Sendad
Gadner stde), were dore every hour tivoughout the reedion The readtion Wes
continued until the add nurmboer and add value hed fallen to the erd point according to
the processdevelgped by Bemdl Resin Go, Ltd. The reedtion was then codled untl the

tenperature of polyester was aboout 150°c.
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Scheme 3.1 Preparation of artho UP

3.1.2 Molecular Weight Determination

The nodecdar weights of atho ad iso UP ad their distributions were
detemined usng GRC with terahydridiuran s a sovert. The weight-average
nmolecular weights (Mvy were datained in the range of 3000 for the artho UP ad yp to
10000 for the iso UP. The nolecular weight distributions of artho and iso UP were 20
ad 4.0, respectively.
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Scheme 3.2 Preperation of iso LP

3.2 Preparation and Characterization of Orthophthalic Unsaturated

Polyes

ter Resin (ortho UPR) and Isophthalic Unsaturated Polyester Resin

(iso UPR)

The ddtained atho ad iso UP were dissaved in a mixture of syrere ad

MMA to obtain ortho and iso UPR respedtively. Thelr praperties were determined as
followns:
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3.2.1 Viscosity

The viscosity of the UPR & a gven sdid in SM ad MMA is a direct
indication of the degree of palyesterification and molecular weight. The viscosity of
atho ad iso UPR were redoed by the addition of MVIA. - As shown in Fgure 31,
increasing the amount of MMIA daressed the visoosity of the UPR The iso UPR
shoned greater Viscosity then the artho UPR since it hed higher molecular weight.

3.2.2 Non-volatile Content

The non~volatile contert of atho ad iso UPR were contralled a 6 wi%b of
UP as shonnin Fgure 32

3.2.3 Acid Value

The add value is the residLie of free aad in UPR thet is varied by weight ratio
of UP. The Acid vaue of atho and iso UPRwere 23 ad 11 ng KOH/g, respectively
asshoanin Agure 33, Bath artho and iso UPR fromvaried conpositions of UP - SV
: MMA shoned dnrost the sare add vdlle.
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3.2.4 Gel time and Curing Properties

324.1 Cup Gel Test

From Figure 3.4, it can be seen that increasing the amount of MMA
resulted in increase of the gel time of both Ortho and iso UPR. This is because the
reactivity ratio of MM A (0.48) is lower than the reactivity ratio of SM (0.52).(27) The

iso UPR showed greater gel time than the ortho UPR.

3.2.4.2 SPI Gel Test

3.24.2.1 Gel Time and Cure Time

The gel time of ortho UPR and iso UPR were also measured by SPI gel
test (Figure 3.5). When the ratios of UP SM  MMA was varied, the gel time obtained
from SPI test showed the same trend as in the case of cup gel test. As shown in Figure
3.6, increasing the amount of MM A in formulation resulted in the increase in the cure
time of UPR. The ortho UPR showed greater gel time and cure time than the iso UPR.

The ratio 0f 65 : 0 : 35 showed the longest gel time and cure time.
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3.2A2.2 Exothermic Peak Temperature

The atho ad iso UPR with higher ratios of MMA shoned lowner
exathermic peek terperaure due to the lower reactivity of MMA which leaded to a
sow arre. 1so UPR dhoned gedter exathemic pesk terperaure then atho UPR
Hgue 37, dons tre effect of varation in te P SV MMA ratio on the

exathermic peek tenperature.
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weight ratio of UP SM MMA
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3.3 Mechanical Properties of Orthophthalic Thermoset Polyester (ortho
thermoset polyester) and Isophthalic Thermoset Polyester (iso thermoset
polyester)

The addtion of MMA to an usaurated palyester resin for weathering
improvement affects medhanicd and denical praperties of the themmoset palyester. In

this study, the tenslle strengih |, flexural sregh, heat distortion tenperature ad
herdness were eanined

3.3.1 Tensile Strength

The effets of MMA on terslle propatties of the ortho ad iso themoset
polyesters were shown in Fgures 38 ad 39, respectively. The tersile strength of
artho themmoset palyester from the varied copositions of P SV MMA were in
the range of 3440 Nrm2 Variation of the MMA anourt in the formulation hed no
effect of tenslle vdue exoet a the ratioof P SM MMA =65 : 10: Swhere the
deaease in tensile value wes dosanved At theratioof P SM MMA=66:0: 35,
the datained meteriad wes too brittle to messure its tenslle sregh

The tensile strength of iso themosat polyester was expedted to e higher then
thet of artho themoset palyester.  However, bath atho and iso themosat palyesiers
shoned anost the sae tensile value. This wes dle to the high viscosity of iso UPR
thet causad bubde fometion duing the preparation of themosat polyester. The
highest tensile value wes dosened at the ratio ofisoLP SM: MMA =66 : 15: 0.

The dhanges in MEKPO amourt in the formmulation of ortho and iso themroset
polyester hed sell effect in tensile srengh. Therefore, 0.5-2.0%%6 of MEKPO can ke
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used in the industrial application. This is beneficial since large objects require less

MEKPO in the formulation.
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3.3.2 Flexural Strength

Houres 310 and 311 presant the fiexural strength of ortho and iso themroset
polyesters, respectively. The flexural sirength of artho themoset palyester from the
varied copaositions of UP : SM MMA were in range of 66-80 N2 The drarnges
iNnUP SM MMA ratio or amourt of MEKPO in the formulation hed sl effect in
the flexural srengih

The flexural srength of iso themmoset palyester were in the rage of 83-106
Nnn2and were higher then those of artho thermroset palyester. Variation of the UP
SV MMA ratio or MEKPO amourt dso hed sl effect in the flexural srength

3.3.3 Hardness

Rodnell Hardness can be datained by measuring the resistance to penetration
by spherica paint. Fgures 312 and 313 showthe effect of the variationin UP- SM
MMA ratio ad amount of VEKPO an the hardness of artho and iso themoset
polyesters. Their herdness vaues were in the range of 96-106. At the ratios of UP SV
MMA between 6 : 35 : 0ad6b : 5 10 the hardness of artho and iso themoset
payesters wes in the sare rage. The iso themmosat palyester shoned slightly higher
herdness then the ortho themroset palyester. Granges in the amount of MEKPO hed
sl effect on hadess exoat a treratioof P SM MMA =6 20 : I5where
the marked deareese in herdness was dosarved
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3.3.4 Heat Distortion Temperature

Heat distortion tenyperaiure is commmonly usad as anindication of the meterial
strength & elevated tenperaure. It rgresants ane point an the tenperature-defiection
auve. The HDT of the artho and iso UP themmoset palyester were shoan in Fgures
3.14 ad 315, respectively.  For both artho and iso themosat palyester, inaease of
MMA in the formulation resuited in the deaease of heat distortion tenperaiure.
Changes in the amount of MEKPO hed o effect on heet distortion tenperatiure. The
iso thermoset polyester Soned higher heat distartion termperaiure then the atho
themnoset polyester.
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Figure 3.14 Relationship between heet distortion tenperature of artho themroset
polyesters adweight ratio of atho UP SV MMA & diifferent %oviwt of MEKPO
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3.3.5 Weathering Resistance

The resuts from weathering resdance test by using Q-U-V- aooderator
weathering tester are shown in Hgures 316 ad 317. By comparing with the reference
sade, the themmoset palyester with good weethering resistance should nat drarge in
color after the test. If the themmosat payester does nat have good weathering
ressance, its color will drarge to yellow after the test. For bath otho and iso
themoset polyesters, inreese in the amourt of MMA in the formulation resuited in
the iImprovement on the weathering resstance. Therefare, the ratio of 6 @ 10 : 5
dhoned the best weathering ressance. Grarges in arourt of VEKPO in the cuning
process did not effect the weathering ressance. The gopearance of iso themosat
payester is nore yellonish then atho themoset poyester, honever, thet its
application does nat concem the dear goplication.
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reference

F|gure 317 Weathering resistance of the iso thermoset polyesters at different ratios of

iso UP : SM MMA and 1.0% v/wt of MEKPO was used.
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From the above results, variation in the ratio of UP  SM MMA had small
effect on the tensile strength, flexural strength, hardness and weathering resistance of
both ortho and iso thermoset polyesters. The effect resulted from the variation of UP
SM MMA ratio could be seen in the change in heat distortion temperature.
Therefore, the UP SM MMA ratio suitable for application was chosen from the
formulation that gave the highest heat distortion temperature. The suitable ratio of
ortho UP SM MMA is 65 : 30 : 5 and that of iso UP : SM MMA is 65 : 15 : 20.
These formulations were chosen for the preparation of fiber reinforced thermoset
polyesters.

3.4 Fibre Reinforced Plastic (FRP) of Orthophthalic Unsaturated
Polyester Resin (ortho FRP) and Isophthalic Unsaturated Polyester Resin
(iso FRP)

In this study, the ortho UPR at the ratios 0f65 :30 : 5, 65 : 10 : 25 and iso UPR
at the ratio of 65: 15: 20 were combined with glass fiber. Their tensile strength,
flexural strength hardness and heat distortion temperature were examined as shown in
Table 4.1, The tensile strength of ortho and iso FRP were greater than those of
thermoset polyesters. Although the 65 : 10 : 25 of ortho thermoset polyester showed
low tensile strength, its FRP showed high tensile strength. In comparison to the ortho
thermoset polyester at the ratio of 65 : 30 : 5 which showed good tensile strength, the
FRP obtained from this ratio showed almost the same tensile value as the FRP
obtained from the ratio of 65 : 10 : 25. The same trend was also observed in flexural
strength. Regarding the hardness value, the FRP showed almost the same value as in
the thermoset polyestter. The heat distortion temperature of FRP was also higher than
those of the thermoset polyesters. The ortho FRP of the ratio 65 : 30 : 5 showed much
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higher heat distortion temperature than the ortho thermoset polyester of the same ratio.
The iso FRP obtained from the ratio 65 : 15:20 showed the same trend as in the case
of ortho FRP at the ratio of 65 : 30 : 5.

In summary, preparation of FRP both from ortho and iso UPR resulted in better
physical and mechanical properties. Iso FRP shows higher tensile strength and heat
distortion temperature than ortho FRP.

Table 4.1 Physical and mechanical properties of FRP
(sample size for tensile strength testing = 300 mm « 25 mm « 3 mm)

Weight ratio  Tensile strength ~ Flexural strength Hardness heat distortion

of (N/mm2) (N/mm2) temperature
(C)

UP:SM:  Thermoset FRP Thermoset FRP  Thermoset FRP Thermoset FRP
MMA polyester polyester polyester polyester

Ortho UPR 40 18 95 162 100 102 64 121
65:30:5

Ortho UPR 26 83 10 165 14 89 59 68
65 :10:25

Iso UPR 49 86 92 167 105 103 69 148
65:15:20
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