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How Phenolic Composites were chosen - In Case of England (3)

*

Kanemasa Nomaguchi*, Ken L. Forsdyke“, Denver E. Brown™

ABSTRACT

“Phenolic composites”, one of safety composites, was also chosen to build boats in England. One of the
authors, Mr. Forsdyke and his researcher, Dr. Orpin describe how phenolic composites were chosen as
construction material for marine application. The reader can get very good understandings from design point of
view through this paper.
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Table 1 PC ¢ E2]3 54

PHENOL GRP-Physical Properties
(35-45% Glass as CSM=Chopped Strand Mat)

Density (ZXE) 1.4-1.6x10° kg/m® (min.)

Thermal Conductivity (¥ 1 E&) 0.20-0.24 W/mK
Coefficient of Linear Thermal Expansion &

< 10-15x10°/C
(2 328
Calorific Value (34 4%) 13x10° KI/Kg
Heat Distortion Temperature 2501

QUYL )

10° Ohms (10° Ohms @
1% carbon black)
0.2-0.3% (in plane)
1.5-2.0% (perp. to plane)

Surface Resistivity (37] 43

Shrinkage in Cure (Z3lrE8)

Water Vapour Permeability

(=738 11g/mmy/m’/24hrs
Flexural Strength (2F7%) 150-230 MN/m®
Flexural Modulus (2584 &) 5000-7500 MN/m’
Tensile Strength (1273 %) 90-150 MN/m’
Tensile Modulus (1S E) 5000-6000 MN/m’
Elongation @ Break (4T 2138) 1.8-2.5%

Izod Impact Strength $50-750 Wm

©RIZE F4%T)

(&) 93 BODY 4}

Table 2 2% - AXX PCo AR B4 BE $+A2%)
FE T 505%% RIM JJF, A8E 1T EEA AHA)
[% Retention of physical properties of phenolic/glass composites
at high'low temperature]
(50% Glass RTM Laminate -Ford Motor Co. USA)

Propert Tensile Tensile Compressive | Compressive

Epfiqy Strength Modulus Strength Modulus

G0 @gre) || @FFE | @3

Exposure

to 300C 73 89 56 90
300T #A)

Exposure

to -40C 114 101 117 105
(-40C =)
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(% Retention of physical properties in environmental testing of
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23 23 (3] 93 [suq]ez] @5
Al A

24 AelayE | 3= |ane | 198 | 2= |vye

1000 hrs Salt
Spray (BS 3900) 86| 98 - -
@5 9

1000 hrs
Humidity (BS 3900) | 84 | 100 | - . . . .
&9

1000 hrs
Weathering 95| 109 - - - - -
(BS 3900) (H$4)

15 Cycles
Freeze/Thaw 92| 92 101 | 104
(53 g3
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Bath @ 80T - - 90 94 - 94 97
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Table 4 ZF =347 Y74 WEA H2E 27 vz

(Comparison of durability & weathering perfermance of various finishing options)

24

PC Colour Modified
Polyester Gel Coat
(phenolic substrate)

30% Gloss Powder
Coat (Syntha Pulvin)
(aluminium substrate)

30% Gloss PU/acrylic paint
(AP211+AE 265/9 ex Trimite)
(phenolic substrate)

Melamine-faced
Board
(LUL approved)

Scratch Test (454 8)

Fail 2500g

BS 3400 Part E2 Pass 3000g Pass 2000g Pass 3000g Pass 3000g
Adhesion (3 2+3]) 0/0 0/0 0/0 0/0
BS AU 148 Part 3 Excellent Excellent Excellent Excellent

CHIP TEST (¥ HXE)
BS AU 148 Part 15

Very slight chipping

Slight/moderate chipping

Slight chipping

Very slight chipping

ABRASION (TABER)("}X.)
BA AU 148 Part 4

(1000g, 1000cycles

CS 17 wheels)

48 mg loss

80 mg paint loss

80 mg paint loss

40 mg loss

GRAFFITI RESISTANCE

No effect after 10

No effect after

(52 &3 A9

(G k:)) eveles Staining after 7 cycles No effect after 8 cycles 2 ovele
(LUL Test) 4 yeles
Impact Test (547 x) . ]

BS 3900 Part E3 Slight cracking No effect - -
Humidity (F&413) :
BS 3900 Part F2 No effect No effect No effect No effect
HOT SALT SPRAY

e 95 %) No effect No effect No effect No effect
ASTM B 117

WATER SOAK(FE&5)

BS 3900 Part F7 No effect No effect No effect No effect
QUV WEATHEROMETRY

F48 A3) AE of 3.88 after 1000 AE <0.5 and <10% loss of gloss No effect
(QUV-B on 80% gloss white hrs. exposure ) after 1000hrs. exposure 0 etiee
gel coat)

FREEZE/THAW CYCLING No effect No effect No effect No effect

All the above tested using J 2027 L+5% by weight Phencat 10 to make a 3mm thick laminate (glass content 35%).

Unless otherwise indicated performance relates to an un-painted panel.
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Table 5 ZF 987123 pC 47 8| X(Fire performance of a phenolic composite)

Test
EER T

Fire Properties Measured

Ignitability

Ignitability
Direct Flame

Rate of Heat
Release

Effective Heat  |Total Heat |Flame
of Combustion |Released Spread

Smoke

Dynamic

Smoke
Cumulative

Toxic
Gasses

Oxygen Index
BS2782
(method 141)
ASTM

D 2863

NES 714

> 55%

Temperature
Index

> 420C

Small Flame
(Bunsen)

UL 94VO

BS 476 Pt6

1<6
L <12
(Class 0)

BS 476 Pt7

- - Class 1

Cone
Calorimeter

128kW/m’

Qe
50kW/m’

22.3MI/Kg - -

SEA
182m*/Kg

Qe
50kW/m’

IMO surface
Flammability
A 16/Res. 653

Pass,

Bulkhead.

Wall &
Ceiling
Linings

Pass,
Bulkhead,
Wall &
Ceiling
Linings

Pass, Pass,
Bulkhead, | Bulkhead,
- Wall & Wall &
Ceiling Ceiling
Linings Linings

NT Fire 004

(Curve 1

Light
Absorption
(2% Full
Deflection

OosuU
Calorimeter

26kW/m’
Painted

39kW. min/m’ - -

BS 6853
Smoke
3m Cube Test

Ao On (1.0
Ao Off {15
Category 1

BS 6853
Toxicity
R Value

Index {1.0

NBS Smoke
Box
ASTM E 662

DM
NF 55 F 91

ATS 1000.001

Ds
1.5 mins 5
4 mins 25

Pass

NES 711

Smoke
Index 4

NES 713

Index <5

NF F 16-101

- - Ml

Fl

Brandschacht

- - B1

ASTM E 84

FS Index
5-10

ASTM E 162

FS Index

2
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Comparable Weight To Give
Material Same Same Same Load
Resistance Resistance Carrying
To Elongation | To Bending Capacity
Steel 1.0 1.0 1.0
Aluminium Alloy 0.8 0.4 0.7
PC
Unidirectional Rod 1.2 0.4 0.2
(70%wt glass, pultrusion)
PC
Fabric Laminate 2.5 0.5 0.5
(60%wt glass, RTM)
PC
Chopped Mat Laminate 5.7 0.6 0.9
(35% glass, e.g.hand-lay)
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