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HE AXAE AE3te] 4 - g9 %5 (CASE STUDY 6)

How Phenolic Composites were chosen - In Case of England (6)

Kanemasa Nomaguchi, Ken L. Forsdyke“

ABSTRACT

As the first modern industrialized country in the world, so England UK was safetyfied from “SMOKE FIRE
DANGER” at London Underground as the first country also. Indeed, the quick decision maker of Grate London
Metropolitan must be serious, while the technology developing people also so eager in rebuilding safer
composite system for public security accumulating basic data at their laboratories. Mr. Ken L. Forsdyke, one of
co-authors of this paper, who was the project leader at BP Chemicals International Company at that time, is
now telling you some key points adding to the stories he mentioned before in this series, “How Phenolic
Composites were chosen”. Now, with another article of the basic data, our tales of “In Case England” will be
closed. May God save people from “Horror SMOKE FIRE”.

8 A

Tzﬂ-‘: HEAEPC)S AEEl] #Aste =9 A4 4 o EH?E Atellg, AE7tA 53] Aol wugiet o] ook

= 1987 119 18U ¥ AstE ] At A 2ol ARE "HFGAL HR g S He A7k w4
HJ'Z]_J o #Y 1S A3 Moz APezrd NS Xl7l‘_ g4 ARt A9 Askd F=e 'ang
A, 2 FGFARY AAE dof "rlX e, 45 THS AF2E AHE 7, A, g, 3d T T A
AU Fay o PCE A2 HEe Zle 48E Bufo of Tpce AL, o B2 THS o dadAw 4%
o] &AHEQ Ken L. Forsdyke A= Z2AE 2o 24 o 10909 FHAst 4 7% dute] 54, & FFck o
B O AN st T9xe A4 & A% YA 2 F os gEd AR—ES s &7 ped wE
Ftgd A3, o d&d w=Heta Anh 29 PHeos KE U HR aFe os IdHT Ut

1. A 3} B HaoAd 1 8488 LA

HI(138]-55))% o] W AgpHe A pcrh A
Aad AL "HF, 2 THF, w7 A9, 712711 2. PCo] 7|E BEA AR
Ang AAs, oS TA8H "HolAe Az, B FF
stA) gew o Ak F 7127 B AL TR B4R

|y xEkad FAAA198749 1199 e sRg o
#y9% "H8 3E A, o e gl 1988~1989d AR E AYsle] Bt 7)ol A
o113z 2A BP AR Z jite *‘??;V‘S: FHoz #AS F8] wE g 3 RelAdth Aride GgE 2
= O Fakst A olH T xR £3 Asin 7o) At
:1711; SR Bagrh 1 Abo] 71H&l AAge g PCe] A7 A o]HFH o, A 19821 (B}
Re B A ojde] 2AHAAL, $8 4 dad = SE g st 1978d 7€99] 43 %), "pCY 387
e disidz oba mmelx ¢fskth. "'PC H83, & % N, o B3t Belo]EellA HEFTHTable 1). 3HA
A A e oldd Azmet TR g oldm "asi gk oo] W= & o] AmY AFA Y X7 wig wnlE

* e} ¥ Aboli4¥ 8t3], The Japan Society of Plastics Recycling
++« ¢ BP. #w|Z jit, Formally, B.P. Chemical Co.
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Table 1 AjAle] QP A=} pCy S8V ML F
(2003, 12, &)

d4 = u = 2]
1 | 1910.03.22 (¥3F) 22EW= EaAt (2278 A %, 3
2 | 1955.03.02 | (3+=) B4 Ful Az} SAALE (427 AR, 487 K4 3t
3 | 1966.09.01 | () 7] FaelA FEARL (959 A 4, A
4 | 1970.04.08 | (&) QAL AsH kAl (79 Ab, 387 R4 742%d g
5 | 19711225 | (3=) A& tidzt 59 shAAlR (16798 A, 648 4 3k, FE7k2
6 | 1972.11.06 | (¥¥) & €Y U FILA ALz 309 AP 3hA
7 1197807 | (FF) BE AdIA AR
8 | 1982 (=) BelolBolld TPC 7]E&NY, =EET
9 | 1983 (33 3 NES 71EHA
(33) 9AABH(KING'S CROSSH) A 2318 AFE, o4
10 | 1987.11.18 B3 Al el A3}
* BS6853 T4 st AAl AZ|7Y 3
11 | 1988 (33) Bavlged pc2 A, A AY Al 73l
12 | 1989 (2¥) 902 pC AARZA} (OSU 72 23h
13 | 1990 (=) 99 A3kd pC A 2 1 A
14 | 1991 (¥ 2322893 pcEZ ARl BB EXPRESSO] PCAl-&
15 | 1994 (d8) F3lolA 9=2) FORSDYKE A =3 Alvjy (23])
16 | 1994.1027 | (3= 255 734 AA D 294 A, 339 —‘ﬂr*J) ARz, FRPAIA)]
17 | 1995 (¥ g3l rcel XQ__J}E‘:OM 3ol #3l ATE
18 | 1996 (8) R BY9E g $300 SEX S A ‘I‘ZHoﬂ PC A&
19 | 1998 (@) T2 2|stdel ollo} Hz 3 BS6ss3 A& (rFFslolnh
20 | 1999.06.03 | (F3)7371% AA= AaGdFEY AL (239 AHE3E B | 3, #57
21 | 1999.08.02 | (I=) A= F Aababar(2k2503 AP, 100097 H7dh) %E, 3¢ A
22 | 1999.1030 | (3=) I ZZFF pAAL(s6E AL, 817 ) 3th, F57k~
23 | 1999.12.03 | (=) =W Az} shAAb (A3 2% WA wal 4
24 | 2000.02.19 | (}1=) nlstet srEel b shaiabar1s¥ A, 209 #4 A A
25 | 2000.11.12 | (LAEgol #ZAal spAlALT (1729 Al 89 23) s, 24
26 | 2001.01.17 | (F3) HAHE AN FAAl (A LEHA] 2848 A FE) 71 BAurs} FRPAIA
27 | 2002.02.20 | (e1HE) Exp s AL 7% AEG73H AP, 657 H) 34, 32
28 | 2002 %P—) ﬂ]’*ﬂl*] ’mglw) U7k oAl Az Fol] ARt shA)
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2 | moous| B LA e M8
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2.1.1 € A2ANE

AgelA e peel Ak
Seldl Qieh el AgE

A5 L Table 29 Zo] &
A slA Jebdr.

Table 2 PC (CSM AM%, 8] H-& 355%F% W=l )

Table 4 BS 6853(19873) AN ¥ A3}

TEST(A1#) Method(A] @HHY) | Classification(55)
Fire Prop‘igatlon Test Building Regs.B2,3,4/ Class 0
(A2 A8 BS 476 pt.6
BS 476, PT.7, Class 1
Surface Spread of Flame | NFP 92-501 Ml
(g A1) DIN 4102 B 1
NEN3883 class |
Oxygen Index
(Ara A9 ASTM 2863 45-80%

2.1.2 9yt A= A Y

491 NBS SMOKE CHAMBERS|A} oj#{7}x]2] FRP7} &
B 1 S Rl ) FrFed FoEhe 53
of me} H7kelar ¢rkTable 3). 3% O zeE siohd,
fubeder ) o vbA&7) B ETERTHC = '5‘.1;.0}5} 3
A Z719 tinlel EE7] wFolt) Fig. 13} Table 1S
FRP i 2] wdzke] whl& 28 epdol o] 2g2 o
e A e el At A E A Vel YIZE Foh

EE

Table 3 2% FRP2] NBS CHAMBER®| wW& drdds} wvlm

. P Smoulderin; Flamin,

Material(Z} FRP) ot o) 2 (Qog)g
Fire retardant polyester to BS 476
PL7, CL1/33% wt csm 500 750
Phenolic resin/35% wt csm 40 75
Epoxy resin/35% wt csm - 885
Phenolic resin  /53% wt woven | 5
roving
Acrylic/ATH System - 99-109

213 558 d2AY, 2d% A d

2.1.3.1 BS 6853, 1987

oJAL i V]Ee] st THL oJ7iAlEke] HA - A
o] Alg 71 otk #1vl A&h3 gael A suke Tonk
Ay, T3 IFe 258 sl Ainds Ad ATl o
g 55 Wi Sta ok

i 1Y Az 999 ot HEei: Ao
2 sed dAIStE ®x s F& b Fae A, w4
g 7hE Hle it Lol

o] 71% BS 6853 it Aiie] A@ZHIE Table 40

chebich o) dubsh zke] WwixalAe) Azg FAol PC
= Hgebal o) Asiit olf@rhd £o AL Pulait,

e

A e fy

. 3m cube smoke | Flammability
=
Material (%) test (A) temperature
Category 1 requirement for OFF ON
London Underground
Interior >350C
Exterior <L5 <10 1450 mm travel
<3.0 <2.0
Phenolic GRP (60% resin) 0.98 0.68 >350C
nil travel
Painted Phenolic GRP 1.5 1.0
Typical FR polyester GRP ca.100 -
Best Polyester DMC (ca 20% resin) | ca.12 ca.l0 |-
7060 4 (A o B
o EPOXY

400

A0 4

EPITEREE
Optieal Density

200 ~

160

Vs - B

PHENOLIC

POLYESTER
(SRR Y 2 27 A8

Fig. 1

2.1.32 |+ F

4z ol HM Ao Algats
NES 705 T4 540

FE 1
= H

Table 50

o] olq_ o]?—]&
A, (19833 59 290 &)y o),
713 dAs YW se A

T T

-
4 6 B 10 12 14 16
Time tminute:!

NBS ¥4 CHAMBER (¥¢).

& 71E(NES)

A 27FA%E

2.1.33 &F7| & B4 JE
AIRBUS 7]5(ATS 1000.001)

A5

ol ol A
oz Hoigith.

Q3lole

T L
18 2 22

T 2RV
£ Axe
"534 Al

R

o

L

s5h pC AlRATE vpedct

FTHUE AEE

Table 5 PCS NES WA A8 43 4

Test(M1%) Pronic GRP | Phenalie GRP | Cot A 7s(;)>5ec
?ﬁ:@ ndex ! 4 <50
11\"1(1)3)30;;3Index 39 4.7 <5
I(\)IxEjthnl 4Index 80.2% 68.8% >30%
?fnslp:afure Index | 7420C >420C >200C
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Table 6 ATS 1000.001°] 9 & PC(=73F)e Ad27

Test (A1E) Phenotic Panel Requirement
Flammability, Vertical 0.24" <6"
Smoke Generation : L.5min | 5 <100"
: 4.0min | 25 <200
Table 7 PCS| OSU A1g A3}
Lami Requirement
(i]n;,ng‘; Test (A18) Result(d3}) | (874%)
s 1988 | 1990
Total Heat Release | 25.7 <100 | <65
. sy | KW.min. m-2)
Plain (71%88) | peok Heat Release | 482 <100 | <65
(KW. m-2)
Total Heat Release | 26.0 <100 | <65
. z3zy | (KW.min. m-2)
Painted (£76%) | peak Heat Release |393 <100 | <65
(KW. m-2)

(osUydl & pCcy AL Pt Ut FRP A8 AR
24 - ag So] v|BsA Axe JFS nAAT Ay
FE F PN, o BAdd g NgAS A8E At
et

(1) ATS 1000.001 A E A}

B Ao #elde F 71F A4 kA, 2
Ey o Aol Yo, A pCc2 &4 AFAA
29 A% 59 =3 243 3lojtt. A7E Table 691
vhebch

(2) OSU A8 A7

F9% A% 732 FAR 25.853 para. a-19] wa} A
Ak CAA9 HiwF AFAR dA4Y 9T HAF5e=
rg71e¢ 24 AaFds A 6124 = T34 A &
7] HAe gz, & FEstan gl

Table 79 &7 WAEA(1988d AFF L 19901 ALk
249 8F A% sty PCERE, MI=AE) A2E
2 etk o)l o] PC EFFEL CAA 8T BF
(199013 Akehyell g-olatAl Hjherh

Table 8 NBS Q7IA1 QoA 2] 7284 Au

E}%sx?e;ef};()i Without Flame (ppm) With Flame (ppm)
CO. 300 5000
CcO 50 100
HCL 0 0
SO, 25 100
NO. 0 0
NO 0 0
NH. 0 0
HCN 0 0
Formaldehyde 0 0
Phenol 0 0

214 A AlY A& BAE

folEde] dasta olushei, YisTa, £E @
Aol glek. of Apo] Abast $ESE olusEe Bl U
[e)

Aatebarl AAstL o|AE Abgel FYddd d
Ar BF75E wEEd 544 vebdd. datsie
3 &g unt Algol wg sleelA|wt A o
) o]},
4 A7 Bagy sjEdL £2)9 did o2
24 7t HAWA f8aAe 2 wAE Hs T
AA, 22X 24 3gEr GERYE A8 sEE
ok St olAm ek gA wEel Tl s
2809 g2 gFEe d2A A3 o8 AR 4
Eo] Hu, SEIRYE 4t3lEo] Hol MR Al o
o] F8ll Ao Walste 3] Qo)

T oo ge e olg) 2 AR A vk 2
o] BAHE Ro| Br] wie|uh

o] A, PCE A7 ¥EQ221-223)9 7|Fd sl
TddAl, & AvlstA ga §A3719 £ Zeloh

AZ BAR @7 £¥HA AHelM Table 82 Ao}
Zol pCollME BA stag HALE o F AHAJrh olitst
e pcY A A3EHule §7] AEAY R& AHE
o] X ¢t A= At

AiEd 32(223.2) 9 NES 7139 SAX4 A4 Table 5=
NtasEe BEAASY Faste AL4E AEsdn IR
Tk, o] AbEo|A P F5Ao] He R T
gt o] NES 7058t= 9A% 71FdE PCE Fa3] &
Aski glrh.

B o

oy
ol flo v F

ofN o
)
P‘L
p-)

22 PC2| 7|AH 5H

olZe] #atolE ol W Hurt Jon, B uad
Me oA wEFA ¥, A3t pCE BX3 &
o2 2] FRPS E49 2= HACGS)IME 7
AR EAFL& v AsE Vel

1.0

0.8

(7 2 /= NBHE)
PHENOLIC

0.6

0.4

0.2+

-y

0

X
& VINYLESTER (Y=t 2 A 7 A8l
3 POLYESTER (ARSI L 70 M)
QO EPOXY (x4 % 88

Strength (normalized to 20°C)

Temperature 'C
T 1 T T 1
50 100 150 200 250
Fig. 2 ZL&A2-250°0)4M 9 SI74E.
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121
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0.8+

»x Cortaulds Grafil EXAS at 125C
0.6+ ® Cortaulds Grafil EXAS at 200°C

Strength (normalized to 25C)

Time (days)

04 T Y T v Y Y

0 5 10 15

Fig. 3 I?S;C, 200°C F X F STHREQRSC &3, 271#%E 1.0
7155).
-~ 16:1 Span/Depth
[ «~ Needlematt Glass Fabrics
B — Resin Injection Manufucture
1.0 - 0, =240 MPa

= R=0.1
—-f~5Hz

0.8

0.6

044 A Phenolic (J2027L) A
0.2 © Polycster (A2661) ~
Number of Cycles to Faoilure
0 ['—f"vﬂnm“ LRI B A p e A 0 et A da M AL/ M e Bt
10 1w ity 16" 1

Fig. 4 ZIJA=9 H2ARGAE SFAR).

221 12 FFGAAY 71AH 54

T2 FHFLol A 180~200T7A 2] W) olAg PC
o Fa% 74 54 UFEe e F9 dAFEFA
FRPo] vl s|A] #4d31A 99 o] th(Fig. 2).

% Fig. 39143 CFREZ © PCY 125T, 200C & #
712 A A9E Jebdoh A2 o8 2000 /A7 Ag
Az NN ZFF FE FAEC] 30% AHeg A4
b QAT o] B O Fe adE 1 o4 Asle
R AL 2 2xdA 2 FAES A

Xy

222 37 1AA B4, W25

FFFE T2 F4NFL shz2 103 g3ta Aok
(Fig. 4). A2 Bx3} 282 5% FRPS} Z& A%
& Jez gtk = 2Y 7| AATFLN g o]eg F4)
Aol sty Alge PR pest BES FTeld2H =
FA FRP Zzhe) EHHR Abole) 107234 62%)9] WA=
a ZAxiz Bolx| okUAthFig. 5). A 7] F D 3o
e NE e vlangtel A lm 9o} Axbe )

223 FAM A9 A3y
4719k ol peel APAII FES WohEY & gt

Zolu, vhe] FRPS} A Ed0] gl Aem HIY
o st Ao AFelA of A B3 pcEe S
FeldF Al A7t 7bestA gt

A Al FYelXE FRAPdeR P o Aol of
| fAfE AFA FA8% 23 FdzHE
A&l sizing® PR E st e A FTHAA T2
Aol WAL ST g F& RE oy LAHA
gk, wrop 7HE & FEAARTE ERECU, HE o
F2 pCo 4% A87E B3 e Aot

23 PC2 WEHM MEEH

B dixe F83% AR ogo Aeddd. pCe
A XFS A9, 37 5, 4 FRPOE G E &%
d ArgHo BE dMaz sx €L EA Aex s
T A7 AE g & ot ok

s

._....
8 8 B
i ) 3

Q Polyester Matrix {post cured)
® Phenolic Matrix {post cured)
x Phenolic Matrix (not post cured)

Applied stress (MNm')
& 8
i L

3
i

Fuilure time (s}

D T O T A A
Fig. 5 & ol&% FdA pocsMe] 23 Ay A,

N

31 WS (B4 S3HE)

& HololA ol g3t ZE ANEE 1d A8}
2= 25 e FAEE TN Table 9).
ZE A€ AHRE PCE AL A3 ASHgE F

73 3Kpost cur)g Wde] £& ZoZ ey girh
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s

i
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o

Table 9 +FFokNA] o] &dl= 4% JFED FolA 193 IA

% Retention after 1 year
Fluid (% FA8)

#EF ALER) Flexural Strength Flexural Modulus
EF A5 (BF B8
Petrol 97.5(a) 95(a)
Lubricating oil 80(a) 81(a)
Fuel oil 97(b) 94(b)
Kerosene 94(b) 91(b)
Saturated salt soln 85(a) 100(a)

[Note] (a) Samples cured at ambient only

(b) Samples cured using recommended cycle

232 AL 547 ¥4 &3 84
CSM9 PCE 2% -26CoA 1827 #4831 2R
Z2I3Ee} A =8 A0 AW H(Table 10).
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“A2Ad dHE FEAE(PC)Y

gte] 4 - A 2F79) - Aled

Tae 10 3 26T 92 P #21 Fo DA 54§08

&3:

Property (579)

% Retention of Original Value
(FAE %)

Flexural Modulus (Z% &H4&)
Flexural Strength (FZ7E)
Tensile Modulus (1% H41-&)
Tensile Strength (374 E)
Tensile Elongation at Break
(7 Sl A58

96
90
114
108
105

Table 11

2 26T~ B2 §3s3) NP2 H

Property (5)

% Retention of Original Value
(FAE %)

Flexural Modulus(Z3 BH3-8)
Flexural Strength(Z372%)
Tensile Modulus(217 &4 -&)
Tensile Strength(QA A7)
Tensile Elongation at Break
(g BEA AFE)

92
92
101
104
86

24AE 27129 23 24 el 98 A2 U9 g
223 3m F79) PCAHBE THeT o] AT,

(b) 1A, 2% 261
(c) &=2lA &3

=

3.

(d) @A 7HA5 ZA 158 &,

o] Aol AE Table 119 YEbiT)

233 WS 5 54, WsA, 34

3mm F7Ae CSM AEus

BS 39009 Z7o| uiz}

5, WEAIE 7], Weatherometerel ¥ -] e},

Table 12 WA 5 54, WEA, T4 A ZIBS 3900)

% Retention of Original Value (F2& %)
Hours . .
@A Salt Spray Humidity Weathering
S M S M S M
500 103 107 98 112 - -
1000 86 98 84 100 95 109

500217 &, 1000417 &

AYBE Aol 23FwE
A

3T 10004 =AM FF2 o 2dd] Fgdn

(Table 12).
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Table 13 PCol EZntelE HQUIE o) SAANN =48 AQHY WFAH Wriy
= METHOD .
TEST (X3) (A &) RESULT(Z 7}
2000 h weatherometer BS 3900 F3 No colour change, chalking or loss of gloss
250 h 100% humidity BS 3900 F.2 No blistering or gloss change
500 h warm salt spray ASTM B 117 No blistering or gloss change
500 h cold salt spray BS 3900 F.4 No blistering or gloss change
500 h fresh water immersion No blistering or gloss change
500 h salt water immersion No blistering or gloss change
Emmaqua, Arizona 3 months Result equivalent to aircraft quality two pack urethane CS 17 wheel, 1kg load loss 0.1g after
Abrasion resistance(Taber Abrader) | BSAU 148 Pt.4 | 100 revs
Adhesion test, cross hatch BSAU 148 Pt.3 | Excellent
Chipping resistance BSAU 148 Pt.1S | Excellent
Scratch hardness BSAU PLE.2 Passes 2000 g
Pancil hardness BSAU 148 Pt.6 |ZH-3H

Table 14 PCO_EZ|ulolE HQIE jite] TgAA =% APHe

WeRER A8t
Resistance to No effect after
(oh_°HER) L)

MEK 20 rubs

Acetone 20 rubs

Coffee 24 hours contact

Cola 24 hours contact

Mineral oil 24 hours contact

Ink 24 hours contact

Petrol 24 hours immersion

10% Hydrochloric acid 24 hours contact

Table 15 PCel EEM"]‘% HRIE o] =gAIA =43 AEHe

Z=wE it A
= Description Result
TCSI()\]?ﬁ) ()\] %2_{:7_}; ,\1%4) (7{,1_4)

16 h humidity at 30C

Ford EU. |4 h freezing at -30C No film degradation
B17-2 2 h ambient after 20 cycles
2 hat 65C
Thermal shock test
4 h Water immersion at 35T .
Ford EU. . o No degradation of
B17-3 4 h freezing at -30°C Flm

15sec, steam jet at 40mm
distance, giving temp 75-80C
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