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PHBJOLIC IX6pREGNATED MATERJAZS FOR USE IN AIRCRAFT FIREKLLS 
FIRE RESISTANCE CHARACTERISTICS OF A S B E T S  SASE 

SUBdBirnY 

Asbestos  base,  phenolic  mpregnated materials, suggested  for use 

as a i r c r a f t   f l r e n a l l s ,  were t e s t e d  I n  a n  a l rp l ane   engme   l n s t a l l a t lon  

and in   t he   l abo ra to ry  f o r  f l re  r e s i s t a n t   c h a r a c t e r i s t l c s .  The th ree  

materlals tested were not  penetrated by gasol lne   f lanes  of 1800° F. t o  

20OO0 F. f o r  perlcds up t o  30 minutes. Hmever, m each  mstance  the 

phenolic  impregnatlon mas driven frorc t h e   a s b e s t o s   b a s e   m t h m   t e n  

minutes  of t h e  begmrnng of t h e   f v e .  Thls r e su l t ed  i n  vapor or smoke 

which was inflammable. I n  comparlson, a l m n u m  alloy sheet  metal ,  

0.040 inches thick, s u b p c t e d   t o  a s lmi la r   gaso l lne   f i re ,   d l s ln tegra ted  

lrithin 35 seconds of  t h e   f l r e  start. A s t a m l e s s   s t e e l   f l r e w a l l  0.018 

Inches t h x k  was Included  In  f l r e  t e s t   e n e n e  installations and 

repea ted ly   wi ths tood   f l res  of 30 seconds  duratlon. 

INTRODUCTION 

In an   e f fo r t   t o   r e l l eve   t he   me ta l   sho r t age ,   t he  Army A n -  Forces 

requested  the Civl l  Aeronautics Adrmnlstratlon t o  l nves t lga t e   t he  u6e 

of asbestos  base phenol ic   mpregnated  mater ia ls   suppl led by t h e  

Panelyte  Corporation, t o  replace  metal  i n  a l r c r a f t   f i r e w a l l s .  Accord- 

ingly,  three such  materlals were sub jec t ed   t o   cond l t lons   e s s t lng  a t  

an aircraft flrermll during a powerplant f i r e  I n  f l l g h t .  The f i r e   t e s t s  

of these   mater la l s  were conducted I n  an a l r c r a f t  powerplant i n s t a l l a t i o n  

a t  the  National Bureau of Standards and i n  the  laboratory.  
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G F J E F U L  TEST PROCEDURE 

Sunulated  Flight  Tests: A panel of materlal   approxmmtely 6 x 12 

Inches was b u i l t  I n t o  a s t e e l  box I n  o rde r   t ha t  flame should  mplnge 

on one panel  face  only.  The box contalnlng  the  panel was then 

i n s t a l l e d  a t  the bottom of the  firewall of t he  Wac0 a l rp lane  selng 

t e s t ed .  With t h e  alrplane  englne  developlng  crulsmg power a rd  I n  

the  blast from a mnd  tunnel  simulatmg  forward  motlon of  t h e  a n -  

plane by furnishing an a x  speed of  60 mlles  per  hour,  each panel 

was subjec ted   to  a 3-1/2-gallon per minute   gasol lne  f l re .  A view of 

such a f l r e  1 s  shown on Flgure 1. 

Chromel-alumel  thermocouples  were  used t o  measure  flame  tempera- 

tures on the  panel faces   during  the  a l rplane  and  laboratory  tes ts .  

Laboratory  Testsr I n  o r d e r   t h a t   t h e   e f f e c t  of f l r e  on the   ma te r l a l s  

rmght be more e a s l l y  and  accurately  observed, duplicate panels were 

bo l t ed   t o  a s h e e t   s t e e l  mask. Use of the  mask made t ' e r t a u   t h a t   t h e  

tes t   f lame would  impinge on only one f ace  of the  mater la l ,  and made 

possible  observatlon o f  t h e   r e a r   f a c e s  of the  panels   durmg  tes ts .  

The flame used I n  the l a b o r a t o r y   t e s t s  was produced by a gesollne 

blow-torch and varied  betueen 1800O F. and 2000° F. As a comparatlve 

t e s t  a piece of 0.040 d u d n u n  a l l o y   s h e e t  was subJec ted   to  a gasol ine 

fire of 18000 F. i n   t h e   l a b o r a t o r y .  

Inasmuch as them3 t e s t a  were  conducted only t o  de te r rmne  the   f i re  

r e s i s t ance  of the  materlals  provided, no attempts  were made t o  d e t e m n e  

the  l o s s  of s t rength  due t o  temperature or  the   exac t   na ture  of the  gases 

r e s u l t i n g  from the  breakdown  of the  phenolic  impregnating  materials.  
J 2 / 4 3 9  
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The  th1-e. . . ibestos  base,   phenol~c  Impregnated  materlals  tested 

were : 

1. pa?=, Le Ret:dar 9YO - O S L O  lnches  thlck - consisting of 
th ree   shee ts  of  phenollc  mpregnated  asbestos.  (See Flg.  a) 

2 .  Parel:i+e Specla1 980 - 0.1LO ?Pches  thlck - cons ls t lng  of 
f i v e  shee ts  of phenollc xylpregnated asuestos.  (See Flg. 3A) 

3 .  Panelgte 982 - 0.l25 Inches  th lck  - c o r s l s t l c g  of f o w  shee ts  
of pktenollr l np repa ted   a sbes tos .   (See  FIE. &I) 

DETAILED TGTS Ai*n BETULTS 

Tests on Panelyte  Iiegular 980 

1. Pare:. t e s t e d  i n  gaso lme i x r e  In a l rp i ane  f o r  one minute, 

faces ,   the   b l l s te rs   var lnng  from l /&lnch  dlaneter   to  
The r ,a ter la l   Fl l ls tered over t he   ec tx re   a r ea  o f  both 

vapormed avd  expanded  and,  helng  unable t o  escape, 
two mches  dlareter .   Apparer t ly   the  phenol lc   mater la l  

caused   t lLe   b l l s te rs  which tended t o  warp the  panel .  
(See F l e e  2;) 

2, Tanel   t eswd ~n g a s o l l n e   f l r e   I n   l a b o r a t o r y  f o r  f l v e  mlnutes: 

A l a r g e  d i l r s t e r ,  Inc ludi rq  both  faces ,  formed l n  t h e  

t h e   t e s t .  A t  the   e rd  of f l v e  minutes tl;e panel was s t i l l  
i1r3t, 3 C  seccrds mhxcn re:laxned f o r  t he   du ra t lon  o f  

b l l s t , e r  a-id  some deterLorztzon of t he   pheno l l c   na t e r l a l  
m f a l r l y  good condition except   for  warpage  due t o   t h e  

was ar1Lren from the elrposd fz-?el   face,   the   f lame m- 
on trle f x e  expmed t o  flarle. As t t e  phenollc materlal 

~ L I ~ I Y ~ G  ori the   face  teca lm xmewhat  orlghter and more 
agltcted.  kpparer,tly  the  vapor from t h s  face  burned a t  
t.k.c- k l r y  f larrc   temperatue.  A t  the same tlme, a vapor 
was drlr-en frol the  nor-expsed  face.  Thls  vapor  dld 
n . 0 ~  :,~rrl uut appeared as a [Lack, o l l y  smoke. Flg.  2C 
s r o m  t h e   d l s t e r m g  of t he  exposed face.  

3 -  ?anel t e s t ed  l r  g a s o l m e   f l r e   I n   l a b o r a t o r y  f o r  ten  mlnutes. 
11- t ,hm  tes t ,   tne   na te r la ;   vas   sur romded by flame 

The vapor was driven from  both  surfaces  but  burned, 
wh3ch  made tbe flame b r lgh te r  and  more ag i ta ted .  A t  

rena:ned. The panel  was warped, b l l s te red   and  the 
tw end oZ i e r  r lnutes  l l t t l e  of the  phenol lc  materlal 

ar.d could easlly be separated.  (See Fig. 2D) 
three  t);ic’messes of asbestos  were  extremely b r l t t l e  

J=2 /Y39  



Tests on Pszalyte   Special  980 

1. Pane l   t e s t ed   In   a l rp l ane  m g a s o l l n e   f l r e   f o r  one  minuter 

No e f f e c t  was apparent Bxcept the   soot lng  of the panel 
surface  exposed  to  the  flame.  (See  Flg. 3B) 

2. Panel   tes ted I n  gasohne   f l r e   In   Labora to ry  f o r  f l v e  mlnutesr 

A t  t!le end of t h e  f l r s t  rmnute the  phenol lc   mater la l  
began t o   v a p o r l z e  from  the  unexposed  face of the   pane l  

A t  t h e  end of flve  mmutes  the  phenollc  materlal   from  the 
m the  form of black o l l y  smoke whlch d ld   no t   lgn l te .  

exposed  face  had  deterlorated  sl lghtly.   There was no 
b l l s t e r m g  o r  warplng  and t h e   p a n e l  was I n  good con- 
dl t lon.   (See Fig. 3C) 

3 .  Pane l   t e s t ed   l n   gaso lme  f1T-F. 11, l m o r a t o r y   f o r  30 rmnutes. 
I n  t h l s  tes t  t h e   n a t e r l a l  was suriaunded  by  flame: 

A t  t h e  end of the  f l r s t  ollnute the  phenollc materlal 
began to  vaporme  and  apparently burned. A t  t he  end 
of 30 mnutes ,   very  l l t t l e  pnenol lc   mater la l  remalned 
but   the   f lve   th lcknesses  of asbes tos   were   ln tac t .  
There was no evldence of warpage o r  b l m t e r m g   b u t  

rated.  (See Fq!. 3 0 )  
the   asbestos  was b r l t t l e  and the   shee t s  easlly sepa- 

Tests on Panelyte 922 

1. P a n e l  t e s t e d  l r  a l r p l a n e   I n   g a s o l l n e   f l r e   f o r  two minutesr 

The p a n e l   l o s t  some of the  phenol lc   mater la l   f rom  the 
fomard   face  and  appeared s h g h t l y  pockmarked. The 
panel was I n  good condltlon  but had  warped somewhat 
due t o  poor s u p p o r t   a t  tire edges.  (See  Flg. 4B) 

2. Pane l   t e s t ed   In   gaso l lne   f l r e  l n  l abora to ry   fo r  one  nunute: 

Panel was In   very  ;ood condl t lon   havmg  los t   very  l l t t l e  
of the  phenolic  lmpregnatlon.  In  the last  few seconds 
of t e s t  a whlte  vapor was drlven from t h e  unexposed 
face  of the  panel  whlch  proved  mflammable.  (See Flg. 4C) 

3. Panel   t es ted  111 g a s o l m e   f l r e  I n  l abora tory  f o r  two mLnutes 
t o  check the  tes t  In  the   a l rp lane :  

E s s e n t l a l l y   t h e  same r e s L l t  as I n  Test #l. except   tha t  
t he re  was no warplng. T h s  was due t o   t h e  f a c t  t h a t   t h e  
pace1 was correctly  supported.  Durmg  the  second  mnute 

wk,lte vapor was drlven from t h e  unexposed face of t h e  
of t h e   t e s t  a considerable v o l m e  of t h e  mflammable 

papel.  (See Fig. 4D) 
5 --I/ YJ9 
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4 .  Panel  tested  in  gasollne f i re  I n  l a b o r a t o r y   f o r   f i v e   m u t e s :  

material began. This inflammable white vapor continued 
A t  the  end of one minute the vaporiaation  of the phenohc 

until the end of 2-1/2 minutes. A t  t h e  end of five  uunutes 
a l i t t le  warpage was evident and  a  conalderable amount  of 

panel. (See Fig. &) 
phenollc  material had been removed from the  center of the 

5. Panel tested i n   g a s o l i n e   f i r e  in l abora tory   for  30 rmnutes: 

impossible t o  keep  the  vapor from ignl t lng  under t h e   t e s t  
Vapor m a  driven  off as in the   prevlous  tes t ,  and It was 

conditions. A t  t he  end of 7-1/2 minutes, a l l   t he   pheno l i c  
material had  been drlven from the  panel. There m s  no 
apparent change i n   t h e  remaining 2 2 4 2  minutes.  After 
30 minutea the four  layers of  asbestos were somewhat -ped 
and b r i t t l e .  (See Fig. 0) 

DISCUSSION 

The flame temperaturea used i n   t hese   t e s t s  wers based on surveys* 

of aocspeory section  temperatures  at tained during gaeoline $*eo, The 

t e a k  r M ' t h a t  all three materiala tested would withstand fires up 

t o  20000 F. f o r  periods of 30 minutes and possibly longer. The t e s t s  

a l so  showed that the  phenolic  materials were driven from the  asbestos 

base i n  each  instance  within  ten  minutes of the start of t h e   t e s t   f l r e s .  

h r c r a f t  From Pmerplant   Fires  m Flight," C i v l l  Aeronautics Adnunls- 
*A. W. Dallas and H. I,. Hansberry,  'Determination of Means t o  Safeguard 

tratlon,  Technical Development Report No. 34, January 1942. 

Section E-E, Figure 97 of the above report   indicates   that   f lame tempera- 
turea a t  the firewall may vary between  16000 F. and 21000 F. However, 
these figures represent t h e  madmum temperatures  attained  durlng a s e n e 8  

In any s lngle   fu-e   the  temperatures   kedlately  forward of the flrmall 
of  accessory  section  gasoline  fires a t  t h e  par t icu lar   loca t lons  shown. 

may vary from 300' F. t o  2100° F. due to  s t r a t i f i c a t l o n  of accessory 
sec t lon   f l r e s .  (See Figures 97 t o  105. ) Thua, It 1s possible t ha t  a 
considerable  expanse of firewall would n o t  be subJected t o  temperatures 
as hlgh  as  those used i n  the tes t s   bu t  such  temperatures mll e n s t  over 
some areas. 
J=?, Y.3 9 
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The whlte  vapor  drlven from Panelyte 982 apparently was more sus- 

cep t lb l e   t o   Ign l t l on   t han   t he   b l ack   a l ly  smoke drlven  from  Panelyte 

Regular 980  and  Spec-Lal  980. Flrewalls made of Panelyte  982 would  have 

t o  be much t l g h t e r  t h a n  f l r ewa l l s  of  the  other  two mater la l s  due t o  

ease of l g n l t l o n  of  gas resulting from t he  breakdown  of t h l s  p a r t l c u l s r  

phenollc. 

It 1 s  bel leved   tha t  a f l r e w a l l  of s u f f l c l e n t   f l r e   r e s l s t a n c e   c o u l d  

oe developed usmg one o r  two sheets  of asbestos  Impregnated  materlal, 

but   lncludlng  the  phenol lc   used l n  Panelyte  Speclal  980 materlal. 

Panelyte  Regular 980 mater la l  warped m t h m  30 seconds of t he  start 

of t h e  t e s t   f l r e s  because of the  fac t  tha t   t he   pheno l l c   ma te r l a l  between 

the   l aye r s  of asbestos  broke d m  due t o  hea t ,   bu t   the   resu l tmg  gas  was 

prevented  from  escapmg by the  thlck  pher~ol lc  on both  surfaces.  mansion 

of the  gas  thus  produced,  separated  the  asbestos  sheets  and  conslderably 

warped the  panel .   Thls   act lon of the  phenol lc   mater la l  was not  observed 

In   e l the r   t he   Pane ly t e   Spec la l  980 o r  the   Panely te  982. 

In order   to   demonst ra te   the   seventy  of t h e   t e s t   f l r e s  a small 

plece of 0.040 Inches  thlck alumlnum alloy,  used  In some f l r ewa l l s ,  was 

subzected t o  a g a s o l m e   t e s t   f l r e  of 1800° F. The alurmnum a l l o y   s h e e t  

d l s m t e g r a t e d   m t h l n  35 seconds of t he  start of t he  f lre.  

CONCLUSIONS 

1. Panelyte  Regular 980, Panelyte  Speclal  980 and Panelyte 982 can 

mths t and   gaso l lne   f l r e s  (1800° F. t o  20000 F.) for   per lods   in   excess  of 

30 rmnutes. 
"-?/Y39 
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2. The phenollc  impregnation used In   the  three  mater ia ls  1s 

driven off by flame  temperatures of 18000 F. t o  20000 F. m t h l n   t e n  

minutes. 

3.  Panel* Special  980 and Panelyte 982 were m fa i r   condl t lon  

after five minutes of exposure t o  t h e   t e s t  fire. Panelyte  Regular 980 

warped appreciably after 30 seconds exposure t o  t h e   t e s t  f l re .  

4 .  Inflarmnable  vapor was driven from a l l   th ree   mater ia l s ,   dur lne  

t h e   t e a t   f i r e s .  The vapor fror Panelyte 982 materlal was more sus- 

cept ible  ta ignit ion  than t h e  vapor from Panelyte  Regular 980 and 

Panel@ Special  980. 

5 .  I n  comparison, alurmnum al loy  sheet  metal, 0.040 inches  thlck, 

subjected t o  a gaso l lne   f i r e  of 18000 F., dlsintegrated  wlthin 35 seconds 

of the start of t h e   f l r e ,  whereas a s t a m l e s s   s t e e l  flrewall 0.018 inches 

thlck,  included i n  the  engme  lnstal la t lon  used I n  t h i s  investleation, 

repeatedly  r i thstood  f i res  of 30 seconds  duration. 

J : l / Y 3 9  
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