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Phenol
Unreinforced-——{Epoxy
Unsaturated polyester

~Thermosetting
Phenol
Rein+urced-————{Epoxy
Unsaturated pnlyester
Plastic —
. Polyamide
Reinforced Polycarbonate
ABS
L FEI—
Thermoplastic

PVC
Unreinfor:ed———{Polyetylene

Polystyrene
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example
wiring tool
insulator, adhesive
button, putty

fishing rod
wiring board
tank, boat

coil bobbin

camera body
guage board
air condition fan

pipe, sheet
bucket, wash basin
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Ultimate Modulus of Coefficient
Material specitic tensile elasticity of linear
properties gravity strength in tension expansion

(MN/m*2) (GN/m~2) (1o~(=a)) €3

Thermosetting _
Polyester 1.28 45-20 2.5-4.0 100-110
Epoxy 1.30 20-110 3.0-7.0 45-65
Phenolic 1.38=1.75 45-59 5.5-8.3 30-45
(with filler)
Thermoplastic
PVC 1.37 58.0 2.4-2.8 50
ABS 1.05 P e 0:69-2.82 60-130
Nylon Laol3=1.13 48-83 1.08-2.76 80-150
Mild steel o 370-700 210 12-13
Aluminium 2.8 4350 70 23
Timber 0.8 74 10 &

{Douglas Fir)
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Naleic anhydride Phthalic anhydride
Fumaric acid Iscphthalic acid
Chlorcraleic acid Tetrahydrophthalic anhydride
Ttacenic acid Hexahydrophthalic aahydride
{itraconic acid  Endomethylene tetrahydro-
Hezzconiz acid phthalic anhydride

Tetrachlorophthalic anhydride

Hexachloroendomethylene

tetrahydrophthalic acid

Succinic acid

§lutaric acid

Adipic acid

Pimelic acid

Suberic acid

Azelaric acid

Sebacic acid

----------------------------------------

Ethylene glycal Nethyl methacrylate
Propylene glycnl% Styrene
Butylene glycols  Viayl toluene
Dietaylene glycol  Divinyl benzene
Dipropylere giycol Dichlorostyrene
Triethylene glycol Diallyl phthalate
Isopropylidene bis- Triallyl cyanurate
{p-phesyleneoxy-
propanci-2)
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COAL PETROLEUM
COAL TAR
r =
XYLENE BENZENE PROPYLENE
NAPHTHALENE ETHYLENE
L
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T 3 7 |
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UMSATURATED POLYESTER BASE STYRENE MONOMER

UNSATURATED POLYESTER RESIN
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Unsaturated dibasic acid Properties of resin
Maleic anhydride Standard
Fumaric acid Standard

—— - —— - — - — - - —— - - - - — - - - - - " - - - - -

Saturated dibasic acid

Phthalic anhydride Standard’

Isophthalic acid Heat & chemical resistance
"Terephthalic acid High strength

Adipic acid Flexibility
Tetrahydrophthalic anhydride Air cure

Endomethylene tetrahydro- Heat resistance

- phthalic anhydride
Tetrachlorophthalic anhydride Fire resistance
Tetrabromophthalic anhydride Fire resistance

Glycol
Ethylene glycol Standard
Propylene glycol Standard
Dipropylene glycol Flexibility
1,6-Hexanediol Flexibility
Neopentyl glycol ‘Weather resistance, high strength
Hydrated bisphenol-A Chemical resistance
Bisphenol-A -PO additives Chemical resistance
Monomer
Styrene Standard
~Chlorostyrene Fast cure
Methyl methacrylate Weather resistance

‘ 008989
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STEAM JACKET AROUND LINE
AND ELECTRICALLY HEATED VALVE

STIRRER

Propylene glycol J: CO, Trap

Ethylene glycol K: CO, Bubbler

Styrene L: Blender

Prcgncltcrk M: Flow-rator

‘gcxigl};;?clr }=¢: Thermometer
! R?:actor G: Combined pressure and
: Receiver vacuum gauge
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Unsaturated polyester and styrene

\2

Put1i+e]

AN

Catalyst
+

Accelerator

Geltime “

!

Free radicals

!

Gelation ——— | Temperature
Layer thickness

Time to peak ¢ Exotherm Resin reactivity

Peak temperature Additives - reinforcement
Shrinkage 7 - fillers-
Hardness

Mechanical properites
Chemical resistance

Residual styrene monomer

Content
Colour
Transparency

¢—— Cured product

Time

v
Improved final properties<—— Post curing-————>[Temperature

U 2.5
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H oy o Y = «
ﬂﬁiﬂdﬁ 25l ﬂmﬁunﬂﬂ1iﬂﬂﬂﬂﬂlﬁuqﬂﬂuﬂiﬂ

Specific Ultimate Modulus of Elongation

Organic fibres weight Tensile elasticity at rupture
strength (GN/m~2) (%)
{(MN/m~2)
Natural
Cotton 1.5 500-800 0,085 - 7-14
Jute 1.5 4640 = )
Sisal 1.45 850 - 2.5
Synthetic
Viscose rayon 1:952 290 0.04 20-30
Polyamide-6 1.14 560-820 0.004 10-40
Polyacrylonitrile 1.17 410-560 = ' 15-20
Linear polyester 1.38 750-1000 0.015 2025
Kevlar 4% 1.45 2700 130.0 2.1
miwd 2,5 AAdNUAN Nnamuﬁzﬂﬂafuw?ﬂ(
Inorganic fibres  Ultimate tensile « Modulus of
- strength | elasticity
) (MN/m~2) (GN/m"2)

E glass 3500 73:0
S glass 4900 87.0
Stainless steel : 2800 203.0
Asbestos 2100-3500 170.0
Boron 2100 420.0
Carbon fibres 2800 350.0

Sapphire whiskers - 28000 2100.0
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A glass E glass C glass AR glass S glass

SJ.O,2 720 54.3 64 .6 60.0 65.0
A1203 - ]E‘eZO3 0.6 15:2 4.1 0.27 25.0
CaO 10.0 17:8 13 .4 4.8 -
MgoO - 4.7 3.3 I 10..0
NaZO 14.0 0.6 7.9 14.3 -
KZO - 1 =7 2 -
B203 - 8.0 %.7 i -
BaO ‘ - - 0.9 s o
T102 - - - : 6.5 -
ZrO2 - - - 10.2 -
SO3 O~ 27 - - 0.2 _
ASZ(_)S el 21  ? = =
F ” - 0.1 tr. - o
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CHOPPED STRANDS

REINFORCING MATS
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