CHAPTER Il
EXPERIMENTAL

2.1 Materials and Equipments

Veterids and equipments usad in the presarnt study aelisted in Tades 21 ad
22, respecively.

Table 2.1 Meterials ussdin this stLdy

Materials Grade Suppliers
Ortho unsaiurated polyester 10000 BER25951 100% Bemd Resn
Iso unsaturated palyester 100%6 ER2650 100%0 Hemd Resn

Syrene mononer Puum>P.04C0)  Unix Bright

Methyl methecrylate Puun>P04C0) Barki

Hydroouinone Ruum>00% Eestmen Chemicdl

Cobalt odoete 1% MVeta 1% OMG Kokkola Cherricd

Methyl ety ketone peraxide Peraxinon K10 Elf Atochem

Methand Comrerdd Msubishi Ges Chenicd,
Sngpoe

Tduere Commerad Exxon demicd

KOH AR Merck

Tetrahydrofuran AR Merck

Qass fiber 40 g Qass Hber (JAPAN)



Table 2.2 Equipments usedin this study

Equipments
Viscometer
Tenperature Recorder
Tenslle and Bending Tester
Hardness Tester
Accelerated Weathering Tester
Heet Distortion Tenrperaiure ad Vicat
Saitening Paint Tenrperaiure Tester
Gd Pemredtion Chrometoggoh
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Maker and model
Brookfield LVT DVII
Lloyd Instrurmert Graphic 1002
Lloyd Instrurmert LR 50K
VetsLzana DXT High Quality Rockwell

The Pard Conpary (USA) QUV
Toyo Salkh S\

Hewlett Padege HP 1100

2.2 Preparation of Unsaturated Polyester Resin (UPR)

2.2.1 Orthophthalic Unsaturated Polyester Resin (Ortho UPR)

The preparation of atho UPR is doan in Sdere 21 The 100% atho UP
wes diluted with styrene nonoer (SM) and metihyl metheanylate (MMA) &t different
conpasitions listed in Takde 23 Hydroguinone in methand (125 ppm) wes adoed &8

aninhibitor.



Scheme 2.1 Preparation of Otho UPR

Propylene glycol |+ | Orthophthalic anhydride | * | Maleic anhydride

I |

Condensation polymerization

at 200-220°C

A4
100% Orthophthalic Unsaturated Polyester (Ortho UP)

Methyl methacrylate Styrene monomer

A 4

Orthophthalic unsaturated polyester resin (Ortho UPR)

Table 23 Conosition of starting rreterials in the artho UPR fomulation

Ortho UP (wi%) SM (wt%%) MMA (wt%)
6 % 0
6 3 5
6 % 10
6 % 15
65 15 2
65 10 %

65 0 3



2.2.2 1sophthalic Unsaturated Polyester Resin (Iso UPR)

The preparation of iso UPRis Soanin Share22

Scheme 2.2 Preparation of iso UPR

Propylene glycol |+ Isophthalic acid * | Maleic anhydride

I

|

v

Condensation polymerization

at 200-220°C

100% Isophthalic Unsaturated Polyester (Iso UP)

Methyl methacrylate

A 4

Styrene monomer

Isophthalic unsaturated polyester resin (Iso UPR)

The 100% iso WP wes diuted with Syrere nonorer (SM) ad methyl
metheaylaie (MMA) a different conrpositions listed in Table 24. Hydroquinone in
methand (125 ppm) wes added as aninhibitor.
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Table 24 Conposition of starting meterials in the iso UPR formulation

lso UP (W2%6) SM(Wo%) MMA (W26)
% 0

B 8 8 & &8 & &
©c B BB BB Y
BB BB B O

2.3 Characterization of UPR

2.3.1 Viscosity Determination

Viscosity of UPR sarpdes were detenrined by using Brookfield LVT DVII
viscometer with sainde nunoer 3a the goessd of @ rpmat 25°c.

2.3.2 Acid Value Determination
UPR same (2-3 g) was dissalved in anixture of tduene and methand (70.30

viv), then titrated with 0.IN KOH using phendphihalein as an indicator. The nethod
for calculation is desaribed in Appendix Al
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2.3.3 Non-volatile Content Determination

UPR sarpe (12-1.3 g) wes put into an auminium foil aup ad hegted in an
oen a 105°c for 3 hour. The nethod of cacdation of nonvolatile contert is
desaribed in Appendix A2

2.3.4 Gel Time Determination by using Cup Gel Test

UPR sande (50 g) wes put into aplastic ap a 25°c. Cobelt adoate (0.2 Wi
of UPR) wes added ad nixed together with a thremongter. While Methyl ethyl
ketone peraxide (VEKPO) was adtld and stirred. Gl time s the time Started until the
mixture becones agd.

2.3.5 SPI Gel Test

UPR sande (R0 g) wes put into aplastic ap Cooalt odicete (0.2 wido of
UPR) was added and mixed VEKPPO (1.0 wi% of UPR) wes then added. The nmixture
wes put in atest tube in a60°C weterbeth. The tenperatLre of the mixture wes oetected
by using tenrperature recarder with type Jthemooaude. The ethod of calculation of
curing paraveters is shoan in Appendx A3,

2.3.6 Molecular Weight Determination

Dried UPR sanpe (02 g) UPRwas dissaved in tetrahydrofuran (5 m) then
asinvestigated by gdl pemredtion drametogrgoh to datain the ndlecular weight.



2.4 Preparation of Thermoset Polyester (cured UPR)

Preparation the aured UPR was dore by addition of cabalt odicete (0.2 Wi%b of
UPR) followed by addition of MEKPO. The anournts of MEKPO ussd were 05, 1.0

15 ad20%vaure by weight (vint) of UPR

The conpasition wes nixed and degpssad to rerove air bulddes, thendaced in
agdass mould covered with Mylar film and sgperated by 2 einuober specers. Sandes
were dloned to gel a roomtenrperaure for 24 h, fdlowed by post cuing in anoven

a 100°c for2h

Reinforced themmoset UPRwes mede with herd lay up by using dnopsirand E

450 gass fiber.

2.5 Characterization of the Thermoset Polyester

(The detalls were destriloed in Appendix B)

25.1 Tensile Strength

Method
Eouipment
Sge

Dinension

Condition

ASTM

Lloyd (50 KN Load cell)
dunbell

13 mMmwicth of narrow sedtion
110 mmof gae lengh ad
165 mmof overall lengh,

test goead of 5mmimin



Nuner of test
2.5.2 Flexural Strength
Method
Eouipment
Sge
Dimension
Condition

Nunrber of tet

2.5.3 Heat DistortionTemperature

Method
Eouipent
Sge
Dimension
Number of test

2.5.4 Hardness
Method
Eouipment
See

Dimension

a leest 5 soeamers for eadn sanple

ASTM D70
Lloyd (25 KN Loed cell)
redangular

Smmx 3mmx 80nm

ygpat senof48 mmard
test qoeed of 1.2 mmimin

d leest 5 goeaens for each sapde

ASTM D48

Toyo salki

rectangular

Brmmx 3mmx 127 nm

a leest 2 yos0mers for eech sape

ASTM Dr&b
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Metsuzana DXT High quality Rodknel

rectangular

7 mm thickness
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100N load ad 02500 in indenter
daneer

2.5.5 Weathering Resistance (dangein colar)

Method
Eoupent
Jge

Dimension
Test condition

ASTM G533

QU-V- anodlerator weathering tester
(The pendl conpary)

redangular

3mmithickness

4huv a60°c ad

4 hoondansation & 50°c
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