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Suarary

A B o d lilc J tlc n  of the  C leveland Open Cup T es t, 
ASTM D92. vss developed (o r d le le e e r lc  f lu id s  In non- 
( l r e  hazard power c ap a c ito rs  and t r a n t f o m a r s .  This 
atas on the b asis  of co n sid erin g  f i r e  s i tu a t io n s  In 
ah ese  ap p ara tu s . Two c r i t e r i a  fo r n o n - f la m a b l l l t ?  
were deduced and a p p lied  in  t h i s  t e a t : '  th a t  burning 
xay only  be I n i t ia te d  a t  th e  b o ilin g  p o in t,  ond th a t  
burning cease  cn co o lin g  whan se p a ra ted  f r e e  the  hea t 
ao u ree . A number of f lu id s  were t o t t e d .  E ffe c ts  of 
so o t e re  noted .

I n t r o d u c t i o n

' . '" v ia  undertak ing  to dovelop a l t e r n a t e  d l e l e e t r l e  
f lu id #  (o r  t r i -  and pao ta - eh lo ro b lp b an y is , (o r non* 
f lan o a b le  o r n o n -f ire  hasard power c a p a c ito ra  and 
d i s t r ib u t io n  tra n s fe ra b le ,  I t  v u  r e e l l t e d  th a t  th e re  
lo e  need to  d e te ra ln e  the  e s s e n t ia l  f lu id  (non-) 
f la s m a b i l l ty  p ro p e rt ie s  fo r th e se  t p p l l c t t i o n s .  P o ss i­
b le  p ro b lec s of e co lo g ica l p o l lu t io n  by c h lo r in a te d  
b ip h en y ls , tl>at nay h a le  t h e i r  con tinued  u ea, have 
n e c e s s i ta te d  sea rches (o r  a l t e r n a t e s .  I t  Is  th e  f lu id  
component In im pregnated power equipm ent th a t  causes 
p a r t i c u l a r  c o n s id e ra tio n  fo r  f irm -h a za rd . A tten tio n  
waa d ir e c te d  to  understand why f ewer equipment has been 
s a t i s f a c to r i l y  n o n -fla — sb la  w ith  th e s e  c h lo r i ­
n a ted  b ip h en y ls  -  a s  shown by ex p erien ce  o f AO years -  
so  t h a t  th e  sane cou ld  be achurrad  w ith  nan f lu id s .
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a lm ost any th ing  w i l l  burn i t  h i f f k l m t  h a s t  mod oxygen 
are-m ade a v a i la b le  to  i t . '  F r is c o  and 1 . S.
M atheel caused p o ly te c ra f lu ó ro e th y la n a  (T eflon ) to  burn, 
in  A e la p le  to o t  where th e  oxygen c o n c e n tra tio n  and 

/''T em p era tu re  were h ig h . 'T a s to 'foC 'daion-) f la s m a b ill ty  
. 'o f  m 'rllg d td  g e n e ra lly  g iv e /e g  - in te n s i ty  f a c to r  th a t  

w i l l  cause  th e  l iq u id  to . ig n i t e  o r  bum  co n tlo u o u sly ,
"  ' r ‘ '¿$  Jtestpe r a  to r*  tn th m * ln v p lR a d  'Open Cup T ss t and
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» '.jr i^ íw i^ ílfc ft^ x h e  1 f  Inamàbili ̂ 7 d r f l r n  -hasard probleo due 
1‘ -, - '/ / tp ^ ild C d 'in  a power ca p e cifo ro r trans former is  

-. - tb M M  'by^An arc^ vhlcb^caa cause chlorinated biphenyls 
“ to ' burn in 'I t s  v ic in it y ,.  The fa c t  chat non-flaomahLllty 

l a  achieved With .them,-'in Chose a p p licatio n s, 1» there-
. Jfe tA m oc u se q u iv ic s l ly  -fnsocia^éd  w i t h . t h e i r  h igh  f i s s e  
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tk o n  h ig h  c u rre n t 
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Only when th e  l a t e e r  occurs can  th e re  be e x ten siv e  
burning o f th e  f l u id ,  w ith  oxygen a v a ila b le  fron  the 
am bient, s in c e  th e re  ia  no gas space In a power capaci­
to r  and the  aoount o f gas above th e  f lu id  in  a t r a n s ­
form er i s  vary  H a l te d .  Then, th e  f i r e  could spread .
S lnee th e  f lu id  la  ig n ite d  by an a r c ,  which dus to  l t a  
very high tem pera tu re  could Ig n i te  alm ost any f lu id ,  
th e  m agnitude of l t a  ig n i t io n  tem pera tu re  h a t l i t t l e  
e f f e c t  a t  t h i s  p o in t .  The s i t u a t io n  i s  h e lp le s s  w ith in  
th e  u n it  w hile  a rc in g  p o r s io to .  C ap ac ito rs  Impregnated 
w ith  tr lc h lo ro b lp h e n y l have been consumed a lm ost com­
p le te ly  when th e  f a u l t  c u rre n t  su s ta in in g  th e  a re  waa 
no t in te r ru p te d  f o r  o long tim e , which cou ld  occur oaly  
r a re ly  when th e  c i r c u i t  b re ak e r o r fuse  f a i l e d  to  
o p e ra te .  However, burn ing  w ith in  a  u n i t  should be ex­
tin g u ish e d  very soon a f t e r  th e  c u rre n t i s  In te r ru p te d .
Hut m oreover. I t  la  reaso n ab le  to  i n s i s t  th a t  th e  b u rp -- .-  . 
lng  f lu id  be ex tin g u ish e d  im m ediately when such f lu id  
escapes from th e  u n i t ,  and hence from th e  source  of 
h e a t .  D lls  would p rev en t sp read in g  e f  the  f i r e .

i t  should  bo no ted  t h a t ,  under tb eaa  circum stances, 
che tem p era tu re  in  th e  mesa o f  a burn ing  f lu id  cannot 
exceed i t s  a tm ospheric  p re ssu re  b o ilin g  p o in t .  This la  
because tb a  f l u id  I s  wmconflaed, due to  th e  ru p tu re  at 
i t s  c o n ta in e r .. ■ ■ j  \ ; .

These c o n s id e ra tio n s  lo ad  to  two o s a e n tla l  flanma- 
b i l l t y  c h a r a c t e r i s t i c s  o f  a  s u i t a b le  f lu id  fo r  non­
flammable o r m o s-f lra  h asa rd  power equipm ent. I t  
should mot burn  f r e e ly  l a  a i r  below I t s  b o ilin g  
p o in t .  And, t t  i t  dons burn a t  t h a t  tem p era tu re , the 
flam e i s  a x tlp g u ieh e d  ^ s  aoon, a s  i t .  s t a r t s  to  coo l wtnpi 
removed from  th e- 'so u rce  o f  h a s t  i.^'TWe two o re  l a t e r -  *' ’

i f  A p n lrn d  •an W -rh o :m n tirm p , «|— — -¿-f r .n___
X I •:.*•:**t * ? ’*&:)? ,2... «. *...••

An a d d it io n a l  problem  i s  p re se n te d  whoa f lu id  Is  
heated  to  th e  a tm ospheric  p re s su re  b o i l in g  p o in t and 
h ig h er tem p e ra tu re s . '  Some o f  I t  « d l l  bn vap o rised  l a t e  
th e  amb ie n t ,  which co u ld  c o n s t i t u t e  on ex p lo s iv e  mixtwra 
w ith  th e  oxygon. „Thin b a ta rd  can  be a m p lif ie d  'n r aven“ 
dominated by Che p resen ce  o f  flam m able v o le t l lt r ia s m d »  •*'
ouch aa hydrogen, g e n e ra te d  by a rc in g  l a  th e  f lu tjd ^ _____
Such a s i t u a t i o n  I s  analagous to  r e le a s in g  compressed : 
f l ammab le  g ae, from  A t a n k , ' i n t o  a n 'a r e s  where th e r e  ***- !r- 
e ra  flam es n r  s p a rk s .  Thin m a tte r  e f  a  p o te n t ia l  : . 7 .
exp losion  a r i s in g  from a f l u id  exposed to  a f a i l e r e  a rc  
should be d e a l t  w ith  s e p a ra te ly ,  and n o t from the  p o in t 
of view o f  f la s s M b i l l ty ,  a lth o u g h  th e re  I s  soma 
r e la t i o n s h ip . '  nrfci*tr ♦ V. ••• *■.*.,&
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A f la s m a b i l l ty  t e i t  was -acco rd ing ly  d e v la e d ; to  
determ ine che ig n i t io n  tom poracurc J o r  con tinuous burn­
ing  of a  f l u id ,  w h« t)ib (^ it was b o i l in g  t h e n / “»
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.1 tb e rro co u p lc  anti b r id g e , and a  bonsen b u rn e r. The 
th r r r c c o u p lr  lead v i r e s  were fa s ten ed  to  the cup 
Handle, and i t*  sensing  bead was lo c a te d  in s id e  the 
cup. about 1 /JJ  In I ren  Che b o tto e .  A s n a i l  p iece  of 
T eflon  was a tta ch e d  to  the  bead to  weigh I t  down and to  
keep i t  i ro n  touching th e  boated o c t a l .  The hoc p la te  
and th e  a lin ln u a  block were nex t to  each o th e r  w ith  
t h e i r  au rtacea  a t  about th e  ease  l e v e l ,  to  th a t  the  cup 
cou ld  be e a s ily  noved Iro n  th e  h o t p la te  onto  the 
a lu n in u a  b lock . They ware lo c a te d  in  a d r a f t - f r e e  
en c lo su re . For any t e a t ,  th e  h o t p la te  waa always a t  
i t s  h ig h est te n p e ra tu re . and th e  aluailnua block waa 
I n i t i a l l y  a t  re«« ta a p e ra tu ra .

In a ty p ic a l t e a t ,  a  sa a p la  o f f lu id  In  the  cup 
was len t ted w ith the burner to  con tinuous burning w hile 
iu ia ta i on the  h o t p la te ,  end th an  noved onto  th e  s u r-  
(Odd Si the a lua inon  b lock  end coo led  u n t i l  th e  f lan *  
e x tin g u ish e d , tc e p a ra tu ra  being  reco rded  th roughout, 
and a ls o  t in e  dyeing the  c o o lin g . AC th e  Cine o f ig n i­
t io n  th e  f lu id  use checked v i s u a l ly  I f  I t  wee b a l l in g .  
The cup vaa cleaned c a re fu lly  b e fo re  each t e a t ,  
renewing any so o t, and wed f i l l e d  w ith  f lu id  to  the  
d es ig n a ted  le v e l .  A ap cc ln en wee esauned to  be burning 
co n tin u o u sly  when th e  f le a s  p e r s i s te d  fo r  10 seconds. 
When a  f lu id  waa te s te d  f o r  Che f i r s t  t in e ,  th e  burner 
f la r e  v is  ap p lied  fo r  about one socoad ev ery  5 -1 0  C 
r i s e .  I n a  subsequent te n t  the  f l a n s  n ig h t bo kep t on 
th e  su rfa c e  fo r  sev e ra l aoconde a t  a  lower b u lk  f lu id  
ten p e ra tu re  to  a f f e c t  fo rced  I g n i t io n .  O r, th a  sa a p la  
« a t  Ig n ite d  a t  a higher, ta a p e ra tu ra  than  la* th e  f i r s t  
t e a t .  This was tha noet n a a a ln g fu l t e s t ,  p a r t i c u la r ly  
whan the  apeciaen  uua ig n ite d  a t o r  M ar. b o i l in g .

. -. • . ■.¿... •■•.  ̂ ■ _ t •;n  »■■ -•>•*>• "
;* The following flt&ds «rare tested : pentaehlorobl- 

phenyl (Aroclor 1251), trlchtareblphenyl (MCS 1016), 
elnaral o i l ,  various npiutloar-of erlehlorablpbaay.l and 
a in arsl o i l ,  trierosylead  tr ib u ty l phosphate, d lls o -  
nonyl ptathalatn. and pelydiaethyl and polvnethylphenyl 
s ilic o n e  (Dow Corning lOOjfJH^xar And/DC 350).T h *

spectIvn'-narkar** ' M  aarn t̂ »dhfcsdhrdOd* A n tr im  bas-
tiM h m m i

about IS C. both s i l ic o n e  o i l«  req u ired  re la tiv e ) ;-  
high te rp e ra tu re a  to  be ig n ite d  to  continuous b u rn in t. 
F ig s . 2 and 3. but once t h is  occu rred , they continue«: 
to  burn du rin g  c o o lin g . In f a c t ,  p o ly d ire th y l t i l i e e r e  
continued to  bum  iro n  about 290 C to  le a s  than 10 C 
w ithout i t s  f lo s e  e x tin g u ish in g . I t  should be noted 
th a t  Che Ig n i tio n  te n p e ra tu re s  of the  s il ic o n e  o i l s  
end t r i c r e s y l  phosphate a re  about as high or higher 
then th a t  of t r lc h lo ro b lp h e n y l,  but they ere  acre  t l i v ­
e ab le  by th e  c r i t e r i a  p re sen ted  h e re .

I t  was obaervad Chat th e  c h lo r in a te d  biphenyl 
f lu id s  produced c o n s id e ra b le  soo t and f le sh e s  of f la re  
a t  c o n sid e ra b le  d is ta n c e s  fro n  the specineo in  th is  
t e s t ,  as w e ll a s  in  th a  C lavaland Open Cup l a s t ,  when 
exposed to  a f l o a t  a t  o r n aar b e l l in g .  Tha soot and 
f la sh es  t f  f la n e  se e s  to  be assoc lscad t- Son* f lu id  ray 
be to rbad  an tha  to o t ,  e n d , perhaps by c a ta ly s i s ,  nay 
burs even a t  a r e la t i v e ly  low ta a p e ra tu ra .  The 
p o s s ib i l i t y  of a f i r e  ep reed ing  this*way should be con­
s id e re d . but i t  i s  not a s  dangerous a s  when a f lu id  
I lk a  a in a r a l  a l l  la  ig n i te d ,  where th e  bulk f lu id  bums 
co n tin u o u sly , w hile  here  only very s n a i l  «nounti e re  
invo lved .

D iscussion

The r e s u l t s  o f t h i s  t e s t  e re  s u i t e  reaso n ab le . I t  
Is  s ig n i f ic a n t  th a t  p o s i t iv e  f I n s t a b i l i t y  r e s u l t s ,  
in d ic a tin g  f i r e  b a sa rd , were ob ta ined  w ith  polyaethyl 
phenyl s i l ic o n e  (DC 500), p o ly d ln e th y l s i l ic o n e  and 
t r i c r e s y l  phosphate  wheat C leveland Open Cup l a s t  f i r e  
p o in ts  a r t  e i t h e r  about th e  e tn a  a s ,o r  h ig h er than t r l ­
ch lo ro b lp h en y l. These f lu id s  burn f r e e ly ,  a f t e r  being 
ig n ite d  a t  a ta o sp b e rie  c o n d it io n s ,  because af th e ir  
r e la t i v e ly  h igh  hydrogen c o n te n ts .

However, th e  a ag n lto d e  o f th e  C leveland Open Cup 
t e a t  f i r e  p a in t .  Of. th a  ig n i t io n  te n p e ra tu re  in  i t s  
m o d ific a tio n  k a t a / ’ l a . s i g n i f i c a n t  when o s t i U e f i i  l a - "“  
co n ju n c tio n

. p ? . acturlAg/Vtc4, adjfrjfba .■nixed. ituutTertnntlfcr' *" •*p vcisliy  aneS^TRet~ire _« f ir e - ha Sard jposetg>&i|olgiiL«ir^J
t - ..'7.'trioeasTrt;pbaapheta«'ft a g ^ ^ ^WBlF |‘:etg:V SfynS^aatd ' ’»eat; lik e  ainaral o i l ,  wham a f ir e  through a• shop 
■ aster were af pdytlculjfr^.lfvtaxaxt nncauan.-they'aru s c -  aiehap or sute-ceabuatloo ban a f in i t e ,  hopefully very

>.; r ‘ '  eaaioaally  costaIdarad anel l ,  p r o b a b i l i ty .
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