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©  Method  for  replacing  PCB-containing  coolants  in  electrical  induction  apparatus  with  substantially  PCB-f  ree  dielectric 
coolants. 

@  Method  for  replacing  a  coolant  containing  PCB  in 
electrical  induction  apparatus  having  a  tank  containing  the 
PCB-containing  coolant  and  an  electrical  winding  and  porous 
solid  cellulosic  electrical  insulation  immersed  in  the  PCB- 
containing  coolant  with"  a substantially  PCB-free  permanent 
coolant  to  convert  said electrical  apparatus  into  one  in  which 
the  rate  of  efution  of  PCB  into  the  PCB-free  coolant  is  below 
the  maximum  allowable  rate  of  elution  into  the  coolant  of  an 
electrical  apparatus  rated  as  non-PCB,  the  porous  electrical 
insulation  being  impregnated  with  said  PCB-containing 
coolant.  The  method  comprises  the  steps  of:  (a)  draining  the 
PCB-containing  coolant  from  said  tank  to  remove  a  major 
portion  of  the  PCB-containing  coolant  contained  by  it;  (b) 
filling  the  tank  with  an  interim  dielectric  cooling  liquid  that  is 
(i)  miscible  with  PCB,  (ii)  sufficiently  low  in  viscosity  to 
circulate  within  said  tank  and  penetrate  the  interstices  of  the 
porous  solid  electrical  insulation,  and  (iii)  capable  of  being 
readily  separated  from  said  PCB;  (c)  electrically  operating  the 
electrical  induction  apparatus  for  a  period  sufficient  to  elute 
PCB  contained  in  the  PCB-containing  coolant  impregnated  in 
the  porous  insulation  therefrom  into  the  interim  dielectric 
cooling  liquid;  (d)  thereafter  draining  the  interim  dielectric 
cooling  liquid  containing  the  eluted  PCB  from  the  tank;  (e) 
repeating  the  cycle  of  steps  (b),  (c)  and  (d),  when  the  rate  of 
elution  of  PCB  into  the  interim  dielectric  cooling  liquid 

exceeds  0.55  ppm  of  PCB  per  day  based  on  the  weight  of  the 
permanent  dielectric  coolant,  a  sufficient  number  of  times 
until  the  rate  of  elution  of  PCB  into  the  interim  dielectric 
cooling  liquid  does  not  exceed  the  rate  of  50  ppm  PCB  based 
on  the  weight  of  the  permanent  coolant  after  90  days  of 
electrical  operation;  and  (f)  filling  the  tank  with  a  substantial- 
ly  PCB-free  permanent  coolant  selected  from  the  group 
consisting  of  high  boiling,  high  viscosity,  silicone  oils, 
synthetic  ester  fluids,  poly-alpha-olefin  oils  and  hydrocarbon 
oils. 



F i e l d   Of  The  I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   e l e c t r i c a l   i n d u c t i o n  

a p p a r a t u s ,   e . g .   e l e c t r i c   p o w e r   t r a n s f o r m e r s ,  

s p e c i f i c a l l y   to   t h e   d i e l e c t r i c   l i q u i d   c o o l a n t s   c o n t a i n e d  

t h e r e i n   and  e s p e c i a l l y   to   t h o s e   c o o l a n t s   c o n s i s t i n g   o f  

o r   c o n t a i n i n g   as  a  c o n s t i t u e n t ,   p o l y c h l o r i n a t e d  

b i p h e n y l ,   PCB.  More  p a r t i c u l a r l y ,   t h e   p r e s e n t   i n v e n t i o n  

r e l a t e s   to   m e t h o d s   f o r   c o n v e r t i n g   P C B - c o n t a i n i n g  

e l e c t r i c a l   i n d u c t i o n   a p p a r a t u s ,   e . g .   t r a n s f o r m e r s ,   i n t o  

s u b s t a n t i a l l y   P C B - f r e e   t r a n s f o r m e r s   in  o r d e r   to   q u a l i f y  

s a i d   t r a n s f o r m e r s   as  " n o n - P C B   t r a n s f o r m e r s "   u n d e r  

U.  S.  g o v e r n m e n t   r e g u l a t i o n s .  

P r i o r   A r t  

B e c a u s e   of   t h e i r   f i r e   r e s i s t a n c e ,   c h e m i c a l   a n d  

t h e r m a l   s t a b i l i t y ,   and  good   d i e l e c t r i c   p r o p e r t i e s ,   P C B ' s  

h a v e   been   f o u n d   to   be  e x c e l l e n t   t r a n s f o r m e r   c o o l a n t s .  

U S - A - 2 , 5 8 2 , 2 0 0   d i s c l o s e s   t h e   use   of  P C B ' s   a l o n e   or  i n  

a d m i x t u r e   w i t h   c o m p a t i b l e   v i s c o s i t y   m o d i f i e r s ,   e . g . ,  

t r i c h l o r o b e n z e n e ,   and  s u c h   t r i c h l o r o b e n z e n e - P C B   m i x t u r e s  

h a v e   been   t e r m e d   g e n e r i c a l l y   " a s k a r e l s " .   T h e s e   a s k a r e l s  

may  a l s o   c o n t a i n   m i n o r   q u a n t i t i e s   of  a d d i t i v e s   s u c h   a s  

e t h y l   s i l i c a t e ,   e p o x y   c o m p o u n d s   and  o t h e r   m a t e r i a l s   u s e d  



as  s c a v e n g e r s   f o r   h a l o g e n   d e c o m p o s i t i o n   p r o d u c t s   w h i c h  

may  r e s u l t   f r o m   p o t e n t i a l   e l e c t r i c   a r c i n g .   ASTM 

D - 2 2 8 3 - 7 5   d e s c r i b e s   s e v e r a l   t y p e s   of  a s k a r e l s   a n d  

d e l i n e a t e s   t h e i r   p h y s i c a l   and   c h e m i c a l   s p e c i f i c a t i o n s .  

H o w e v e r ,   P C B ' s   h a v e   b e e n   c i t e d   in  t h e   U.  S.  T o x i c  

S u b s t a n c e s   C o n t r o l   Act   of   1 9 7 6   as  an  e n v i r o n m e n t a l   a n d  

p h y s i o l o g i c a l   h a z a r d ,   and  b e c a u s e   of  t h e i r   h i g h   c h e m i c a l  

s t a b i l i t y   t h e y   a r e   n o n - b i o d e g r a d a b l e .   H e n c e ,   t h e y   w i l l  

p e r s i s t   in   t h e   e n v i r o n m e n t   and   a r e   e v e n   s u b j e c t   t o  

b i o l o g i c a l   m a g n i f i c a t i o n   ( a c c u m u l a t i o n   in  h i g h e r   o r d e r s  

of   l i f e   t h r o u g h   t h e   f o o d   c h a i n ) .   A c c o r d i n g l y ,   in   t h e  

U.  S . ,   t r a n s f o r m e r s   a r e   no  l o n g e r   made  w i t h   PCB  o r  

a s k a r e l   f l u i d s .   W h i l e   o l d e r   u n i t s   c o n t a i n i n g   PCB  m a y  

s t i l l  b e   u s e d   u n d e r   some  c i r c u m s t a n c e s ,   i t   i s   n e c e s s a r y  

to   p r o v i d e   s p e c i a l   p r e c a u t i o n s   s u c h   as  c o n t a i n m e n t   d i k e s  

and   m a i n t a i n   r e g u l a r   i n s p e c t i o n s .   T r a n s f o r m e r s  

c o n t a i n i n g   P C B ' s   a r e   a t   a  f u r t h e r   d i s a d v a n t a g e   s i n c e  

m a i n t e n a n c e   r e q u i r i n g   t h e   c o r e   t o   be  d e t a n k e d   i s  

p r o h i b i t e d ,   and   t h e   t r a n s f o r m e r   o w n e r   r e m a i n s  

r e s p o n s i b l e   f o r   a l l   e n v i r o n m e n t a l   c o n t a m i n a t i o n ,  

i n c l u d i n g   c l e a n - u p   c o s t s ,   due   t o   l e a k a g e ,   t a n k   r u p t u r e ,  

o r   o t h e r   s p i l l a g e   of  P C B ' s ,   or   due   to   t o x i c   b y - p r o d u c t  

e m i s s i o n s   r e s u l t i n g   f rom  f i r e s .   To  r e p l a c e   a  

P C B - c o n t a i n i n g   t r a n s f o r m e r ,   i t  i s   n e c e s s a r y   to   ( 1 )  

' r e m o v e   t h e   t r a n s f o r m e r   f r o m   s e r v i c e ,   (2)   d r a i n   t h e   PCB 



and  f l u s h   t h e   u n i t   in  a  p r e s c r i b e d   m a n n e r ,   (3)   r e m o v e  

t h e   u n i t   and  r e p l a c e   w i t h   a  new  t r a n s f o r m e r ,   and  ( 4 )  

t r a n s p o r t   t h e   o l d   t r a n s f o r m e r   to   an  a p p r o v e d   l a n d f i l l  

f o r   b u r i a l   ( o r   t o   a  s o l i d   w a s t e   i n c i n e r a t o r ) .   E v e n  

t h e n ,   t h e   o w n e r   who  c o n t r a c t s   to   h a v e   i t   b u r i e d   s t i l l  

owns  t h e l t r a n s f o r m e r   and  i s   s t i l l   r e s p o n s i b l e   ( l i a b l e )  

f o r   any  f u t u r e   p o l l u t i o n   p r o b l e m s   c a u s e d   by  i t .   L i q u i d  

w a s t e s   g e n e r a t e d   d u r i n g   r e p l a c e m e n t   m u s t   be  i n c i n e r a t e d  

a t   s p e c i a l   a p p r o v e d   s i t e s .   Thus   r e p l a c e m e n t   of  a  PCB 

t r a n s f o r m e r   can   be  e x p e n s i v e ,   b u t   more   i m p o r t a n t l y ,  

s i n c e   m o s t   p u r e   PCB  or  a s k a r e l   t r a n s f o r m e r s   a r e   i n d o o r s ,  

in   b u i l d i n g   b a s e m e n t s   or  in  s p e c i a l   e n c l o s e d   v a u l t s   w i t h  

l i m i t e d   a c c e s s ,   i t   may  n o t   be  p h y s i c a l l y   f e a s i b l e   t o  

r e m o v e   or   i n s t a l l   a  t r a n s f o r m e r ,   n o r   w o u l d   i t   b e  

d e s i r a b l e   f r o m   an  a s s e t   m a n a g e m e n t   p e r s p e c t i v e .  

A  d e s i r e d   a p p r o a c h   to   t h e   p r o b l e m   w o u l d   be  t o  

r e p l a c e   t h e   PCB  o i l   w i t h   an  i n n o c u o u s ,   c o m p a t i b l e   f l u i d .  

A  n u m b e r   of   f l u i d   t y p e s   h a v e   b e e n   u s e d   in   n e w  

t r a n s f o r m e r s   as  r e p o r t e d   in   R o b e r t   A.  W e s t i n ,  

" A s s e s s m e n t   o f   t h e   Use  of  S e l e c t e d   R e p l a c e m e n t   F l u i d s  

f o r   P C B ' s   in   E l e c t r i c a l   E q u i p m e n t " ,   EPA,  N T I S ,  

P B - 2 9 6 3 7 7 ,   M a r c h   1,  1 9 7 9 ;   J .   R e a s o n   and  W.  B l o o m q u i s t ,  

"PCB  R e p l a c e m e n t s :   Where  t h e   T r a n s f o r m e r   I n d u s t r y  

S t a n d s   Now",   P o w e r ,   O c t o b e r ,   1 9 7 9 ,   p.  6 4 - 6 5 ;   H a r r y   R .  

S h e p p a r d ,   "PCB  R e p l a c e m e n t   in   T r a n s f o r m e r s " ,   P r o c .   o f  



t h e   Am.  P o w e r   C o n f . ,   1 9 7 7 ,   pp .   1 0 6 2 - 6 8 ;   Chem.  Week ,   1 3 0 ,  

3,  24  ( 1 / 2 0 / 8 2 ) ;   A.  K a u f m a n ,   Chem.  Week,   130 ,   9,  5 

( 3 / 3 / 8 2 ) ;   CMR  Chem.  B u s . ,   O c t o b e r   20,   1 9 8 0 ,   p.  26;   C h e m .  

E n g . ,   J u l y   18 ,   1 9 7 7 ,   p.  57;   B e l g i a n   P a t e n t   8 9 3 , 3 8 9 ;  

E u r o p .   P l a s t i c   News,   J u n e ,   1 9 7 8 ,   p.   56 .   Among  t h e s e   a r e  

s i l i c o n e   o i l s ,   e . g . ,   p o l y d i m e t h y l s i l o x a n e o i l s ,   m o d i f i e d  

h y d r o c a r b o n s   ( f o r   h i g h   f l a s h   p o i n t s ,   e . g .   RTEmp,  a  

p r o p r i e t a r y   f l u i d   of  RTE  C o r p . ) ,   s y n t h e t i c   h y d r o c a r b o n s  

( p o l y - a l p h a - o l e f i n s ) ,   h i g h  v i s c o s i t y   e s t e r s ,   ( e . g .  

d i o c t y l   p h t h a l a t e   and  P A O - 1 3 - C ,   a  p r o p r i e t a r y   f l u i d   o f  

U n i r o y a l   C o r p . ) ,   and  p h o s p h a t e   e s t e r s .   A  n u m b e r   o f  

h a l o g e n a t e d   a l k y l   and  a r y l   c o m p o u n d s   h a v e   b e e n   u s e d .  

Among  t h e m   a r e   t h e   l i q u i d   t r i c h l o r o -   a n d  

t e t r a c h l o r o b e n z e n e s   and  t o l u e n e s   and  p r o p r i e t a r y  

m i x t u r e s   t h e r e o f   ( e . g .   l i q u i d   m i x t u r e s   o f  

t e t r a c h l o r o d i a r y l m e t h a n e   w i t h   t r i c h l o r o t o l u e n e   i s o m e r s ) .  

L i q u i d   m i x t u r e s   of  t h e   t r i c h l o r o -   and  t e t r a c h l o r o b e n z e n e  

i s o m e r s   a r e   p a r t i c u l a r l y   s u i t a b l e   b e c a u s e   of   t h e i r   l o w  

f l a m m a b i l i t i e s   ( e . g . ,   h i g h   f i r e   p o i n t s )   and  s i m i l a r  

p h y s i c a l   and   c h e m i c a l   p r o p e r t i e s   to   a s k a r e l s   b e i n g  

r e m o v e d .   O t h e r   p r o p o s e d   f l u i d s   a r e   t e t r a c h l o r o e t h y l e n e  

( e . g .   D i a m o n d   S h a m r o c k ' s   P e r c l e n e   TG)  and  p o l y o l s   a n d  

o t h e r   e s t e r s .  

Of  a l l   t h e   n o n - P C B   f l u i d s ,   s i l i c o n e   o i l s   h a v e   b e e n  

t h e   m o s t   w i d e l y   a c c e p t e d .   T h e i r   c h e m i c a l ,   p h y s i c a l ,   a n d  



e l e c t r i c a l   p r o p e r t i e s   a r e   e x c e l l e n t .   They  h a v e   h i g h  

f i r e   p o i n t s   ( > 3 0 0 0 C ) ,   and   no  known  t o x i c   o r  

e n v i r o n m e n t a l   p r o b l e m s .   T h e s e   o i l s   a r e   t r i m e t h y l s i l y l  

e n d - b l o c k e d   p o l y ( d i m e t h y l s i l o x a n e s ) :  

( C H 3 ) 3 S i O [ ( C H 3 ) 2 S i O ] n S i ( C H 3 )   F o r m u l a   A 

w h e r e i n   n  i s   of   a  v a l u e   s u f f i c i e n t   to   p r o v i d e   t h e  

d e s i r e d   v i s c o s i t y ,   e . g . ,   v i s c o s i t y   a t   25°C  of  a b o u t   5 0  

c e n t i s t o k e s .   C o m m e r c i a l   s i l i c o n e   o i l s   s u i t a b l e   f o r   u s e  

a r e   a v a i l a b l e   f r o m   U n i o n   C a r b i d e   ( L - 3 0 5 ) ,   and  o t h e r s .  

In   a d d i t i o n ,   U.  S . - A -   4 , 1 4 6 , 4 9 1 ,   B r i t i s h   P a t e n t  

1 , 5 4 0 , 1 3 8   and  B r i t i s h   P a t e n t   1 , 5 8 9 , 4 3 3   d i s c l o s e   m i x t u r e s  

of   s i l i c o n e   o i l s   w i t h   a  v a r i e t y   of  a d d i t i v e s   to   i m p r o v e  

e l e c t r i c a l   p e r f o r m a n c e   in   c a p a c i t o r s ,   t r a n s f o r m e r s   a n d  

s i m i l a r   e l e c t r i c a l   e q u i p m e n t ,  a n d   d i s c l o s e   p o l y s i l o x a n e s  

w i t h   a l k y l   and  a r y l   g r o u p s   o t h e r   t h a n   m e t h y l .  

R e p l a c e m e n t   of  P C B - c o n t a i n i n g   a s k a r e l s   in   o l d e r  

t r a n s f o r m e r s   w i t h   s i l i c o n e   o i l s   or  one  of  t h e   o t h e r  

s u b s t i t u t e   f l u i d s   w o u l d   seem  to   be  a  s i m p l e   m a t t e r ,   b u t  

i t   i s   n o t .   A  t y p i c a l   t r a n s f o r m e r   c o n t a i n s   a  g r e a t   d e a l  

of   c e l l u l o s i c   i n s u l a t i n g   m a t e r i a l   to   p r e v e n t   e l e c t r i c a l  

c o i l s ,   e t c . ,   f r o m   i m p r o p e r   c o n t a c t   and  e l e c t r i c a l  

a r c i n g .   T h i s   m a t e r i a l   i s   n a t u r a l l y   s o a k e d   w i t h   a s k a r e l ,  

and  may  c o n t a i n   f r o m   3  to   12%  of  t h e   t o t a l   f l u i d   v o l u m e  



of   t h e   t r a n s f o r m e r .   T h i s   a b s o r b e d   a s k a r e l   w i l l  n o t  

d r a i n   o u t ,  n o r   c an   i t   be  f l u s h e d   ou t   by  any  known  m e a n s ,  

h o w e v e r   e f f i c i e n t .   Once  t h e   o r i g i n a l   b u l k   a s k a r e l   i s  

r e p l a c e d   w i t h   a  f r e s h   n o n - P C B   f l u i d ,   t h e   s l o w   p r o c e s s   o f  

d i f f u s i o n   p e r m i t s   t h e   o l d   a b s o r b e d   a s k a r e l   to   g r a d u a l l y  

l e a c h   o u t ,   and  t h e   PCB  c o n t e n t   of  t h e   new  f l u i d   w i l l  

r i s e .   T h u s ,   t h e   new  c o o l a n t   b e c o m e s   c o n t a m i n a t e d .  

F o r   p u r p o s e s   o f   c l a s s i f i c a t i o n   of   t r a n s f o r m e r s ,   t h e  

U.  S.  g o v e r n m e n t   r e g u l a t i o n s   h a v e   d e s i g n a t e d   t h o s e  

f l u i d s   w i t h   g r e a t e r   t h a n   500  ppm  PCB  as  " P C B  

t r a n s f o r m e r s " ,   t h o s e   w i t h   5 0 - 5 0 0   ppm  PCB  as  " P C B  

c o n t a m i n a t e d   t r a n s f o r m e r s " ,   and  t h o s e   w i t h   l e s s   t h a n . 5 0  

ppm  PCB  as  " n o n - P C B   t r a n s f o r m e r s " .   W h i l e   m a j o r   e x p e n s e s  

may  be  e n t a i l e d   w i t h   t h e   f i r s t   two  c l a s s i f i c a t i o n s   i n  

t h e   e v e n t   of  a  s p i l l   or   t h e   n e c e s s i t y   of   d i s p o s a l ,   t h e  

l a s t   c a t e g o r y   i s   f r e e   o f   U.  S.  g o v e r n m e n t   r e g u l a t i o n .  

To  a c h i e v e   t h e   l a s t   c l a s s i f i c a t i o n ,   t h e   PCB 

c o n c e n t r a t i o n   m u s t   r e m a i n   b e l o w   50  ppm  f o r   a t   l e a s t   9 0  

d a y s ,   w i t h   t h e   t r a n s f o r m e r   in   s e r v i c e   and  s u f f i c i e n t l y  

e n e r g i z e d   t h a t   t e m p e r a t u r e s   of   50°C  or   h i g h e r   a r e  

r e a l i z e d .   T h i s   r e q u i r e s   a  9 0 - d a y   a v e r a g e d   r a t e   o f  

e l u t i o n   of  a b o u t   0 . 5 6   p p m / d a y .   I t   i s   a n t i c i p a t e d   t h a t  

m o s t ,   i f   n o t   a l l ,   s t a t e s   of  t h e   U.  S.  w i l l   a d o p t  

r e g u l a t i o n s   w h i c h   may  be  t h e   same  a s ,   o r   s t r i c t e r ,   t h a n  

U.  S.  g o v e r n m e n t   r e g u l a t i o n s .   More  l e n i e n t   r e g u l a t i o n s  



may  be  p o s s i b l e   e l s e w h e r e .  

T h e r e   a r e   a  n u m b e r   of   c o m m e r c i a l   r e t r o f i l l  

p r o c e d u r e s   on  t h e   m a r k e t   i n c l u d i n g   t h o s e   d e s c r i b e d   i n  

"The  R e t r o S i l   PCB  R e m o v a l   S y s t e m " ,   P r o m o t i o n a l  

l i t e r a t u r e   of   Dow  C o r n i n g   C o r p . ,   1 0 - 2 0 5 - 8 2   ( 1 9 8 2 ) ,   a n d  

t r a d e   l i t e r a t u r e   of  P o s i t i v e   T e c h n o l o g i e s ,   I n c .   on  t h e  

Z e r o / P C / P o r t y ' p r o c e s s .   T h e s e   u t i l i z e   i n i t i a l   c l e a n - o u t  

p r o c e d u r e s   of   as  h i g h   e f f i c i e n c y   as   p o s s i b l e   d u r i n g  

w h i c h   t h e   e l e c t r i c a l   a p p a r a t u s   i s   n o t   in  o p e r a t i o n .  

Mos t   i n c l u d e   a  s e r i e s   of  f l u s h e s   w i t h   l i q u i d s   s u c h   a s  

f u e l   o i l ,   e t h y l e n e   g l y c o l ,   o r  a   n u m b e r   of  c h l o r i n a t e d  

a l i p h a t i c   or   a r o m a t i c   c o m p o u n d s .   T r i c h l o r o e t h y l e n e   i s   a  

f a v o r i t e   f l u s h   f l u i d .   Some  p r o c e s s e s ,   s u c h   as  t h e  

P o s i t i v e   T e c h n o l o g i e s ,   I n c .   Z e r o / P C / F o r t y   p r o c e s s   u s e   a  

f l u o r o c a r b o n   v a p o r   s c r u b   a l t e r n a t i n g   w i t h   t he   l i q u i d  

f l u s h e s .   When  t h e   i n i t i a l   c l e a n - o u t   p r o c e d u r e   i s  

c o m p l e t e ,   t h e   t r a n s f o r m e r   is   f i l l e d   w i t h   s i l i c o n e   f l u i d .  

As  e f f e c t i v e   as  t h e s e   e l a b o r a t e   f l u s h i n g   p r o c e d u r e s  

m i g h t   h a v e   b e e n   e x p e c t e d   to   be ,   t h e y   c a n n o t   r e m o v e   PCB 

a d s o r b e d   i n t o   t h e   i n t e r s t i c e s   of  t h e   c e l l u l o s i c  

m a t e r i a l .   C o n s e q u e n t l y ,   t h e   PCB  c o n t e n t   of  t h e   s i l i c o n e  

c o o l a n t   g r a d u a l l y   r i s e s   as  t h e   r e s i d u a l   PCB  l e a c h e s   o u t  

w h i l e   t h e   t r a n s f o r m e r   is   in  u s e .   T h e r e f o r e ,   i f   o n e  

w i s h e s   to   r e a c h   a  P C B - f r e e   s t a t e   ( " n o n - P C B "   as  d e f i n e d  

b y   U.  S.  g o v e r n m e n t   r e g u l a t i o n ) ,   i t   i s   n e c e s s a r y   t o  



e i t h e r   p e r i o d i c a l l y   c h a n g e - o u t ,   or   c o n t i n u a l l y   c l e a n   u p ,  

t h e   s i l i c o n e   f l u i d   u n t i l   a  l e a c h   r a t e   of  l e s s   t h a n   5 0  

ppm  f o r   90  d a y s   i s   r e a c h e d .  

P e r i o d i c   c h a n g e - o u t   i s   v e r y   e x p e n s i v e ,   and  b e c a u s e  

b o t h   t h e   s i l i c o n e   and  PCB  a r e   e s s e n t i a l l y   n o n - v o l a t i l e ,  

d i s t i l l a t i o n  c a n n o t   b e  u s e d   t o   s e p a r a t e   them  i s   n o t  

p r a c t i c a b l e   and   o t h e r   m e t h o d s   of   s e p a r a t i o n   a r e  

e x p e n s i v e   o r   i n e f f e c t i v e .   Dow  C o r n i n g   in  i t s   R e t r o S i l  

p r o c e s s   u s e s   a  c o n t i n u a l   c a r b o n   f i l t r a t i o n   to  c l e a n   u p  

t h e   f l u i d ( " T h e   R e t r o S i l   PCB  R e m o v a l   S y s t e m " ,   P r o m o t i o n a l  

l i t e r a t u r e   of   Dow  C o r n i n g   C o r p . ,   # 1 0 - 2 0 5 - 8 2   ( 1 9 8 2 ) ;  

J a c q u e l i n e   Cox ,   " S i l i c o n e   T r a n s f o r m e r   F l u i d   f r o m   Dow 

R e d u c e s   PCB  L e v e l s   to   EPA  S t a n d a r d s " ,   P a p e r   T r a d e  

J o u r n a l ,   S e p t .   30,   1 9 8 2 ;   T.  O ' N e i l   and   J .   J .   K e l l y ,  

" S i l i c o n e   R e t r o f i l l   of  A s k a r e l   T r a n s f o r m e r s " ,   P r o c .  

E l e c . / E l e c t r o n .   I n s u l .   C o n f . ,   13 ,   1 6 7 - 1 7 0   ( 1 9 7 7 ) ;   W.  C .  

Page   and   T.  M i c h a u d ,   " D e v e l o p m e n t   of   M e t h o d s   t o  

R e t r o f i l l   T r a n s f o r m e r s   w i t h   S i l i c o n e   T r a n s f o r m e r  

L i q u i d " ,   P r o c .   E l e c . / E l e c t r o n .   I n s u l .   C o n f . ,   13 ,   1 5 9 - 1 6 6  

( 1 9 7 7 ) ) .   W e s t i n g h o u s e   in   U.  S . - A -   4 , 1 2 4 , 8 3 4   h a s  

p a t e n t e d   a  t r a n s f o r m e r   w i t h   a  f i l t r a t i o n   p r o c e s s   f o r  

r e m o v i n g   PCB  f r o m   t h e   c o o l a n t ,   w h i l e   RTE  in  E u r o p e a n  

P a t e n t   0 0 2 3 1 1 1   h a s   d e s c r i b e d   t h e   u s e   of  c h l o r i n a t e d  

p o l y m e r s   as   an  a d s o r b i n g   m e d i a .   H o w e v e r ,   t h e   f i l t e r s  

u s e d   in   t h e s e   p r o c e s s e s   a r e   v e r y   e x p e n s i v e   and  t h e  



r e m o v a l   of  PCB  is   v e r y   i n e f f e c t i v e ,   due  b o t h   to   l a c k  o f  

s e l e c t i v i t y   and  t h e   v e r y   low  c o n c e n t r a t i o n s   of  PCB  b e i n g  

f i l t e r e d .   In  l i e u   of  f i l t r a t i o n ,   p r o c e d u r e s   have   b e e n  

p r o p o s e d   i n v o l v i n g   d e c a n t a t i o n   (U.  S.  P a t e n t   4 , 2 9 9 , 7 0 4 )  

w h i c h   i s   i m p r a c t i c a l   due  to  s o l u b i l i t y . l i m i t a t i o n s ,   a n d  

o n l y   g o o d   a t   h i g h   c o n c e n t r a t i o n s ;   e x t r a c t i o n   w i t h  

p o l y g l y c o l s   (F .   J .   I a c o n i a n n i ,   A.  J .   S a g g i o m o   and  S.  W. 

O s b o r n ,   "PCB  R e m o v a l   f r o m   T r a n s f o r m e r   O i l " ,   EPRI  PCB 

S e m i n a r ,   D a l l a s ,   T e x a s ,   D e c e m b e r   3,  1 9 8 1 )   or   w i t h  

s u p e r c r i t i c a l   C02  ( R i c h a r d   P.  d e F i l i p p i ,   "CO2  a s  a  

S o l v e n t :   A p p l i c a t i o n   to   F a t s ,   O i l s   and  O t h e r  

M a t e r i a l s " ,   Chem.  and  I n d . ,   J u n e   19,   1 9 8 2 ,   pp .   3 9 0 - 9 4 ) ,  

and  c h e m i c a l   d e s t r u c t i o n   of  t h e   P C B ' s   w i t h   s o d i u m  

( B r i t i s h   P a t e n t   2 , 0 6 3 , 9 0 8 ) .   None  of  t h e s e   s c h e m e s   h a v e  

b e e n   f o u n d   to   be  e c o n o m i c a l l y   or  c o m m e r c i a l l y   p r a c t i c a l  

f o r   a s k a r e l   t r a n s f o r m e r s .   H o w e v e r ,   t h e   f i l t r a t i o n  

s c h e m e   c o u l d   be  a  r e a s o n a b l y   e f f e c t i v e ,   t h o u g h  

e x p e n s i v e ,   p r o c e d u r e   i f   i t   we re   n o t   f o r   t h e   f a c t   t h a t  

t h e   l e a c h   r a t e   i s   so  s l o w   t h a t   i t   c o u l d   t a k e   many  y e a r s  

to   r e d u c e   t h e   r e s i d u a l   PCB  to  a  p o i n t   w h e r e   t h e   f i n a l  

l e a c h   i s   r e d u c e d   to   an  a c c e p t a b l e   v a l u e   ( G i l b e r t   A d d i s  

and  B e n t s u   Ro,   " E q u i l i b r i u m   S t u d y   of  P C B ' s   B e t w e e n  

T r a n s f o r m e r   O i l   and  T r a n s f o r m e r   S o l i d   M a t e r i a l s " ,   E P R I  

PCB  S e m i n a r ,   D e c e m b e r   3,  1 9 8 1 ) .  

The  p r o b l e m   and  i t s   c a u s e   a r e   d i s c u s s e d   in   L.  A .  



M o r g a n   and  R.  C.  O s t o f f ,   " P r o b l e m s   A s s o c i a t e d   w i t h   t h e  

R e t r o f i l l i n g   of  A s k a r e l   T r a n s f o r m e r s " ,   IEEE  P o w e r   E n g .  

S o c . ,   W i n t e r   M e e t i n g ,   N . Y . ,   N . Y . ,   J a n .   3 0  -   F e b .   4 ,  

1 9 7 7 ,   p a p .   A77,   p.   1 2 0 - 9 .   The  s o l u b i l i t y   o f   a  t y p i c a l  

s i l i c o n e   o i l   in   PCB  i s   p r a c t i c a l l y   n i l   ( < 0 . 5 % )   a t  

t e m p e r a t u r e s   up  to   and  o v e r   1 0 0 ° C ,   w h i l e   t h e   s o l u b i l i t y  

of   PCB  in   t h e   s i l i c o n e   r a n g e s   f r o m  o n l y   10S  a t   25°C  t o  

12%  a t   1 0 0 ° C .   W h i l e   t h i s   l i m i t e d   s o l u b i l i t y   d o e s   n o t  

r e s t r i c t   t h e   b u l k   s i l i c o n e   f r o m   d i s s o l v i n g   t h e   a v a i l a b l e  

f r e e   PCB,  i t   d o e s   r e s t r i c t   t h e   a b i l i t y   of  t h e   PCB  t o  

d i f f u s e   f r o m   t h e   p o r e s   o r   i n t e r s t i c e s   of  t h e   c e l l u l o s i c  

m a t t e r .  

W i t h i n   any  g i v e n   p o r e   f i l l e d   w i t h   PCB,  d i f f u s i o n   o f  

PCB  o u t   m u s t   be  a c c o m p a n i e d   by  d i f f u s i o n   of  s i l i c o n e   i n .  

'At  some  p o i n t   w i t h i n   t h e   p o r e   t h e r e   mus t   e x i s t   a n  

i n t e r f a c e   b e t w e e n   t h e   PCB  and  t h e   s i l i c o n e ,   a c r o s s   w h i c h  

n e i t h e r   m a t e r i a l   can   v e r y   r a p i d l y   d i f f u s e .   B e c a u s e   t h e  

PCB  i s   more   s o l u b l e   in   t h e   s i l i c o n e   t h a n   t h e   r e v e r s e ,  

t h e  P C B   w i l l   s l o w l y   d i f f u s e   i n t o   t h e   s i l i c o n e   w h i l e   t h e  

i n t e r f a c e   a d v a n c e s   g r a d u a l l y   i n t o   t h e   p o r e .   The  l i m i t e d  

s o l u b i l i t y   r e s t r i c t s   t h e   r a t e   of   d i f f u s i o n   and   w h i l e  

t h i s   m e c h a n i s m   can   e v e n t u a l l y   c l e a n   t he   p o r e   of  PCB,  i t  

i s   o r d e r s   of   m a g n i t u d e   s l o w e r   t h a n   i f   t he   two  f l u i d s  

w e r e   m i s c i b l e .   The  h i g h   v i s c o s i t y   of  t he   s i l i c o n e   ( a n d  

many  o t h e r   c o o l a n t s )   i s   a l s o   an  i n h i b i t i n g   f a c t o r .   T h e  



r e s u l t   i s   a  l o n g   d r a w n - o u t   l e a c h   p e r i o d   of  p e r h a p s  

s e v e r a l   y e a r s ,   d u r i n g   w h i c h   t h e   s i l i c o n e   m u s t   b e  

c o n t i n u a l l y   f i l t e r e d   or   p e r i o d i c a l l y   r e p l a c e d   to   r e m o v e  

P C B ' s   f r o m   i t .   T h u s ,   t h e   s l o w   l e a c h i n g   of  P C B ' s   o u t   o f  

t h e   s o l i d   i n s u l a t i o n   by  t h e   s i l i c o n e   i s   w o r s e   t h a n   n o  

l e a c h i n g   a t   a l l   s i n c e   t h e   d a n g e r s   of  a  s p i l l   o f  

P C B - c o n t a i n i n g   m a t e r i a l s   w i l l   p e r s i s t   o v e r  a   p e r i o d   o f  

y e a r s .   E x p e r i m e n t a l   s t u d i e s   by  Morgan   and  O s t h o f f  

s h o w e d ,   f o r   e x a m p l e ,   t h a t   e f f e c t i v e   PCB  d i f f u s i v i t i e s  

i n t o   a  t y p i c a l   s i l i c o n e   o i l   w e r e  o n l y   1 / 1 0   of   t h o s e   i n t o  

a  10  c e n t i s t o k e   h y d r o c a r b o n   o i l .   A l t h o u g h   one  m i g h t  

p r e f e r ,   t h e n ,   to   r e t r o f i l l   w i t h   s u c h   a  h y d r o c a r b o n   o i l ,  

i f   i t   w e r e   n o t   f o r   t h e   f i r e   h a z a r d   of  h y d r o c a r b o n s ,  

t h e r e   s t i l l   a l s o   i s   t h e   p r o b l e m   of  s e p a r a t i n g   t h e   PCB 

f r o m   t h e   c o n t a m i n a t e d   h y d r o c a r b o n   o i l   w h i c h   i s   h i g h  

b o i l i n g   l i k e   t h e   PCB  and  l i k e   t h e   s i l i c o n e   o i l .  

The  p r e s e n t   i n v e n t i o n   i s   b a s e d   on  t h e   f a c t   t h a t  

t h e r e   a r e   s u i t a b l e   c o o l i n g   f l u i d s   w h i c h   a r e   m o r e  

s u i t a b l e   t h a n   s i l i c o n e   o i l   f o r   o p e r a t i o n   o v e r   a  l i m i t e d  

t i m e   w h i l e   l e a c h   i s   b e i n g   a c c o m p l i s h e d .   They   a r e  

r e a s o n a b l y   v o l a t i l e   f o r   d i s t i l l a t i o n   f rom  PCB,  r e a d i l y  

m i s c i b l e   t h e r e w i t h ,   and  of  r e l a t i v e l y   low  v i s c o s i t y   f o r  

r a p i d   d i f f u s i o n   i n t o   t h e   p o r e s   of  t h e   i n s u l a t i o n .   T h e  

o t h e r   c o n s t i t u e n t s   of  a s k a r e l ,   i . e . ,   t r i c h l o r o b e n z e n e  

and  t e t r a c h l o r o b e n z e n e ,   a r e   f o u n d   to  be  i d e a l   f l u i d s   f o r  



t h i s   p u r p o s e .   They   can  be  u s e d   as  t e m p o r a r y   or   i n t e r i m ,  

l e a c h i n g ,   c o o l i n g   f l u i d s   w h e r e   f i r e   may  be  a  p o t e n t i a l  

h a z a r d ,   w h i l e   l i g h t   h y d r o c a r b o n s   c o u l d   be  u s e d   i f   f i r e  

i s   n o t   a  h a z a r d .  

No  p r i o r   a r t   has   b e e n   f o u n d   t o   d i s c l o s e   t h e   c o n c e p t  

of  p r o d u c i n g   a  s u b s t a n t i a l l y   P C B - f r e e   t r a n s f o r m e r   b y  

r e m o v i n g ,   f l u s h i n g   a n d  e l u t i n g   a s k a r e l s   f r o m  

t r a n s f o r m e r s   c o n t a i n i n g   same  w i t h   an  i n t e r i m   d i e l e c t r i c  

l i q u i d   o r   t h e   s t e p s   of  f i l l i n g   t h e   t r a n s f o r m e r   t a n k   w i t h  

an  i n t e r i m   d i e l e c t r i c   c o o l i n g  l i q u i d   t h a t   i s   m i s c i b l e  

w i t h   t h e   PCB  c o n t a i n e d   by  t h e  t r a n s f o r m e r   t a n k ,   c a p a b l e  

of  p e n e t r a t i n g   s a i d   e l e c t r i c a l   i n s u l a t i o n   and  c a p a b l e   o f  

b e i n g   s e p a r a t e d   f r o m   t h e   PCB  or   t h e   s t e p   of   e l e c t r i c a l l y  

o p e r a t i n g   t h e   t r a n s f o r m e r   w h i l e   e l u t i n g   PCB  w i t h   a n  

i n t e r i m   d i e l e c t r i c   l i q u i d   and  c o n t i n u i n g   t h e   e l e c t r i c a l  

o p e r a t i o n   f o r   a  p e r i o d   s u f f i c i e n t   to   e l u t e   t h e   PCB 

i m p r e g n a t e d   in   t h e   s o l i d   i n s u l a t i o n   i n t o   t h e   i n t e r i m  

d i e l e c t r i c   c o o l i n g   l i q u i d ,   d r a i n i n g   t h e   P C B - l a d e n  

i n t e r i m   c o o l a n t ,   r e p e a t i n g   t h e   c y c l e   of  f i l l i n g   w i t h  

f r e s h   i n t e r i m   c o o l a n t ,   e l e c t r i c a l l y   o p e r a t i n g   a n d  

d r a i n i n g   a  s u f f i c i e n t   n u m b e r   of   t i m e s   u n t i l   t h e   e l u t i o n  

r a t e   of   PCB  d r o p s   b e l o w   t h e   r a t e   of   50  ppm,  b a s e d   on  t h e  

w e i g h t   o f   t h e   p e r m a n e n t   c o o l a n t   to   be  u s e d ,   a f t e r   9 0  

d a y s   e l e c t r i c a l   o p e r a t i o n ,   w h e r e a f t e r   t h e   c o o l a n t   t h e n  

i s   d r a i n e d   f r o m   t h e   t r a n s f o r m e r   and  t h e r e a f t e r   s e p a r a t e d  



f r o m   t he   PCB  c o n t a i n e d   by  i t   t h u s   p e r m i t t i n g   f i l l i n g   o f  

t h e   t a n k   w i t h   a  P C B - f r e e   p e r m a n e n t   d i e l e c t r i c   c o o l i n g  

l i q u i d   w h i c h   r e m a i n s   s u b s t a n t i a l l y   P C B - f r e e   d u r i n g  

s u b s e q u e n t   e l e c t r i c a l   o p e r a t i o n .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   i s   b a s e d   upon   t he   u s e   of   a  

s u i t a b l e   t e m p o r a r y   o r   i n t e r i m   c o o l i n g   l i q u i d   as  a  

s u b s t i t u t e   f o r   P C B - c o n t a i n i n g   c o o l a n t s   in   e l e c t r i c a l  

i n d u c t i o n   a p p a r a t u s ,   e . g .   t r a n s f o r m e r s ,   h a v i n g   a  v e s s e l  

( e . g .   t a n k )   c o n t a i n i n g   t h e   c o o l a n t   and  an  e l e c t r i c a l  

w i n d i n g   and  p o r o u s   s o l i d   c e l l u l o s i c   e l e c t r i c a l  

i n s u l a t i o n   i m m e r s e d   in   and  i m p r e g n a t e d   w i t h   PCB  w h i l e  

e l e c t r i c a l l y   o p e r a t i n g  t h e   t r a n s f o r m e r   f o r   a  s u f f i c i e n t  

p e r i o d   of  t i m e   to   e l u t e   t h e   PCB  f r o m   t h e   s o l i d  

e l e c t r i c a l   i n s u l a t i o n   c o n t a i n e d   in   t h e   t r a n s f o r m e r .  

D u r i n g   t h e   p e r i o d   of   o p e r a t i o n ,   t h e   i n t e r i m   d i e l e c t r i c  

c o o l i n g   l i q u i d   i s   c h a n g e d   to   s p e e d   up  t h e   e l u t i o n  

p r o c e s s ,   t h e   p r e f e r r e d   g o a l   b e i n g   to   e l u t e   so  much  o f  

t h e   l e a c h a b l e   PCB  t h a t   t h e   t r a n s f o r m e r   can   be  o p e r a t e d  

f o r   90  d a y s   and  n o t   e x c e e d   50  ppm  PCB  c o n t e n t   in   t h e  

p e r m a n e n t   c o o l a n t   i n t e n d e d   f o r   t h e   t r a n s f o r m e r .   A f t e r  

t h e   a m o u n t   of   l e a c h a b l e   PCB  in   t h e   t r a n s f o r m e r   has   b e e n  

r e d u c e d   to   t h i s   d e s i r e d   d e g r e e ,   t h e   i n t e r i m   d i e l e c t r i c  

c o o l i n g   l i q u i d   i s   r e m o v e d   f r o m   t h e   t a n k   and  t h e   t a n k   i s  

t h e n   f i l l e d   w i t h   a  P C B - f r e e   p e r m a n e n t   d i e l e c t r i c   c o o l i n g  



l i q u i d   c o m p a t i b l e   w i t h   t h e   t r a n s f o r m e r .   The  f o l l o w i n g  

d e s c r i b e s   a  p r o c e d u r e   a c c o r d i n g   t o   t h i s   i n v e n t i o n   b y  

w h i c h   a  P C B - c o n t a i n i n g   f l u i d   in   a  t r a n s f o r m e r   i s  

r e p l a c e d   w i t h   a  p e r m a n e n t   P C B - f r e e   l i q u i d   c o o l a n t :  

(1 )   The  t r a n s f o r m e r   i s   s h u t   down  ( d e - e n e r g i z e d )  

a n d  t h e   f C B - c o n t a i n i n g   f l u i d   d r a i n e d   and  d i s p o s e d   of   i n  

a c c o r d a n c e   w i t h   e n v i r o n m e n t a l l y   a c c e p t a b l e   p r o c e d u r e s .  

The  t r a n s f o r m e r   may  be  f l u s h e d   w i t h   a  f l u s h i n g   f l u i d ,  

e . g . ,   t r i c h l o r o b e n z e n e   o r - t r i c h l o r o e t h y l e n e ,   l i q u i d   o r  

v a p o r ,   t o   r e m o v e   " f r e e "   PCB  f l u i d .  

(2 )   The  t r a n s f o r m e r   i s   f i l l e d   w i t h   a  t e m p o r a r y   o r  

i n t e r i m   c o o l i n g   f l u i d ,   s u c h   a s ,   t r i c h l o r o b e n z e n e ,   TCB,  

or   a  m i x t u r e   t h e r e o f   w i t h   t e t r a c h l o r o b e n z e n e ,   w h i c h   i s  

m i s c i b l e   w i t h   o r   d i s s o l v e s   PCB  and  i s   c a p a b l e   o f  

p e n e t r a t i n g   i n t o   t h e   p o r e s  o f   t h e   e l e c t r i c a l   i n s u l a t i o n  

and   w h i c h   i s   a l s o   c a p a b l e   of  b e i n g   r e a d i l y   s e p a r a t e d  

f r o m   t h e   PCB,  and  e l e c t r i c a l   o p e r a t i o n   i s   r e s t o r e d .  

(3 )   The  f l u i d   t e m p e r a t u r e   i s   m o n i t o r e d ,   and  i f   t h e  

e l e c t r i c a l   l o a d i n g   of   t h e   t r a n s f o r m e r   d o e s   n o t   p r o v i d e  

s u f f i c i e n t   f l u i d   t e m p e r a t u r e   t o   p r o v i d e   t h e   d e s i r e d   r a t e  

of  PCB  e l u t i o n ,   t h e r m a l   l a g g i n g   or   e v e n   e x t e r n a l   h e a t i n g  

can   be  p r o v i d e d .   C i r c u l a t i o n   of   t h e   f l u i d   t h r o u g h   a n  

e x t e r n a l   l o o p   and   pump  f o r   t h e   p u r p o s e   of  h e a t i n g   s a m e ,  

o r   f o r   a u g m e n t i n g   t h e   i n t e r n a l   c i r c u l a t i o n ,   may  a l s o   b e  

p r o v i d e d .  



(4)   The  r a t e   of  PCB  e l u t i o n   i n t o   t he   i n t e r i m  

c o o l i n g   f l u i d   can  be  d e t e r m i n e d   by  p e r i o d i c   s a m p l i n g   a n d  

a n a l y s i s .   The  a c c u m u l a t e d   PCB  i s   p e r i o d i c a l l y   r e m o v e d  

by  r e m o v i n g   t h e   i n t e r i m   c o o l i n g   f l u i d   c o n t a i n i n g   t h e   PCB 

and  d i s t i l l a t i o n   of  t he   i n t e r i m   c o o l i n g   f l u i d ,   e . g . ,  

t r i c h l o r o b e n z e n e   (TCB)  f r o m   t h e   PCB.  T h i s   may  be  d o n e  

by  s h u t t i n g   down,   d e - e n e r g i z i n g ,   t h e   t r a n s f o r m e r ,  

d r a i n i n g   t h e   o l d   f l u i d   f o r   d i s t i l l a t i o n ,   and  r e p l a c i n g  

w i t h   f r e s h   i n t e r i m   c o o l i n g   f l u i d ,   e . g . ,   T C B .  

A l t e r n a t i v e l y ,   t he   t r a n s f o r m e r   may  be  l e f t   o p e r a t i o n a l  

w h i l e   f r e s h   i n t e r i m   c o o l i n g   f l u i d ,   e . g . ,   TCB,  i s   a d d e d  

and  o l d   TCB  r e m o v e d   v i a   a  s l i p   s t r e a m   or  c i r c u l a t i o n  

l o o p .  

(5 )   The  P C B - c o n t a m i n a t e d   TCB  f l u i d   i s   d i s t i l l e d   t o  

p r o v i d e   an  e s s e n t i a l l y   P C B - f r e e   TCB  d i s t i l l a t e ,   a n d  a  

b o t t o m   p r o d u c t   of  PCB  c o n t a m i n a t e d   w i t h   TCB.  The  PCB 

may  be  d i s p o s e d   of  a c c o r d i n g   to   a p p r o v e d   U.  S .  

g o v e r n m e n t   p r o c e d u r e s ,   e . g . ,   by  i n c i n e r a t i o n .  

( 6 )   When  t h e   e l u t i o n   r a t e   of   PCB  r e a c h e s   t h e  

d e s i r e d   l e v e l ,   p r e f e r a b l y   l e s s   t h a n   50  ppm  PCB  b a s e d   o n  

t h e   w e i g h t   of   t h e   i n t e n d e d   p e r m a n e n t   c o o l a n t   f o r   a  

p e r i o d   o f   90  d a y s   ( e . g . ,   an  e l u t i o n   r a t e   of   5 / 9   ppm  p e r  

d a y ) ,   t h e   p e r m a n e n t   r e t r o f i l l   may  be  a c c o m p l i s h e d .   T h e  

t r a n s f o r m e r   i s   s h u t   down  ( d e - e n e r g i z e d ) ,   d r a i n e d ,   a n d  

f i l l e d   w i t h   t h e   s i l i c o n e   o i l   or   o t h e r   p e r m a n e n t   c o o l i n g  



f l u i d   c o m p a t i b l e   w i t h   t h e   t r a n s f o r m e r .   I t   i s   t h e n  

r e t u r n e d   t o   s e r v i c e .  

(7 )   In   o r d e r   to   m e e t   U.  S.   g o v e r n m e n t   r e g u l a t i o n s  

f o r   " n o n - P C B "   t r a n s f o r m e r s ,   a n a l y s i s   s h o u l d   show  a  PCB 

c o n t e n t   o f   l e s s   t h a n   50  ppm  PCB  ( b a s e d   on  t h e   w e i g h t   o f  

t h e   i n t e n d e d   p e r m a n e n t   c o o l a n t )   a f t e r   a  p e r i o d   o f   9 0  

d a y s ,   a f t e r   w h i c h   t h e   t r a n s f o r m e r   i s   r e c l a s s i f i e d   as  PCB 

f r e e ,   ( i . e .   " n o n - P C B " ) .  

W i t h   r e s p e c t   to   t h e   f l u s h i n g   s t e p ,   w h i l e   e f f i c i e n t  

d r a i n i n g   and   f l u s h i n g   t e c h n i q u e s   s h o u l d   be  u s e d ,   t h e s e  

do  n o t   i n   t h e m s e l v e s   c o n s t i t u t e   t h e   i n v e n t i o n ,   b u t   a r e   a  

p a r t   of   a l l   h e r e t o f o r e   known  r e t r o f i l l   p r o c e d u r e s .   T h e y  

a r e   a  p r e l u d e   t o   t h e   m o s t   e f f i c i e n t   e m b o d i m e n t   of   t h e  

i n v e n t i o n   i t s e l f ,   b u t   t h e i r   v a l u e   h e r e t o f o r e   h a s   b e e n  

o v e r r a t e d ,   in   t h a t   i t   i s   t h e   s l o w  l e a c h   r a t e ,   n o t   t h e  

e f f i c i e n c y   of   f l u s h   w h i c h   h a s   b e e n   f o u n d   to   l i m i t   t h e  

r a t e   o f   PCB  r e m o v a l .   A  w i d e   v a r i e t y   of   s o l v e n t s   may  b e  

u s e d   in   t h e   f l u s h i n g   s t e p ,   i n c l u d i n g   h y d r o c a r b o n s   s u c h  

as   g a s o l i n e ,   k e r o s e n e ,   m i n e r a l   o i l   or   m i n e r a l   s p i r i t s ,  

t o l u e n e ,   t u r p e n t i n e ,   or   x y l e n e ,   a  w ide   r a n g e   o f  

c h l o r i n a t e d   a l i p h a t i c   or   a r o m a t i c   h y d r o c a r b o n s ,  

a l c o h o l s ,   e s t e r s ,   k e t o n e s ,   and  so  f o r t h .   H o w e v e r ,   f r o m  

a  m a t e r i a l s   h a n d l i n g   s t a n d p o i n t   and  PCB  s e p a r a t i o n  

l o g i s t i c s ,   i t   i s   p r a c t i c a l   to   a v o i d   u s i n g   any  m o r e  

c h e m i c a l   t y p e s   t h a n   n e c e s s a r y ,   so  t h a t   t h e   u s e   o f   t h e  



I n t e n d e d   t e m p o r a r y   l e a c h   f l u i d ,   e . g . ,   TCB  or  m i x t u r e s  

t h e r e o f   w i t h   t e t r a c h l o r o b e n z e n e ,   as  t h e   i n i t i a l   f l u s h   i s  

m o s t   p r a c t i c a l .  

F l u i d s   o t h e r   t h a n   n o r m a l l y   l i q u i d   t r i c h l o r o b e n z e n e ,  

TCB,  or  a  m i x t u r e   t h e r e o f   w i t h   t e t r a c h l o r o b e n z e n e ,   c a n  

be  u s e d .   The  p r e f e r r e d   i n t e r i m   f l u i d   has   t h e   f o l l o w i n g  

c h a r a c t e r i s t i c s :   ( a )   i t   i s   c o m p a t i b l e   w i t h   PCB  ( i . e .  

p r e f e r a b l y   d i s s o l v i n g   a t   l e a s t   50%  of  i t s   w e i g h t   of  PCB,  

more   p r e f e r a b l y ,   a t   l e a s t   90%  of  i t s   w e i g h t   of   PCB  a n d ,  

m o s t   p r e f e r a b l y ,   b e i n g   m i s c i b l e   in   a l l   p r o p o r t i o n s   w i t h  

PCB) ;   ( b )   i t   i s   of  low  e n o u g h   m o l e c u l a r   w e i g h t   to  h a v e  

g o o d   m o l e c u l a r   m o b i l i t y   to   be  a b l e   to   e n t e r   t h e   p o r e s   o r  

i n t e r s t i c e s   of  t h e   s o l i d   i n s u l a t i n g   m a t e r i a l   and  i t  

p r o m o t e s   r a p i d   m u t u a l   d i f f u s i o n ,   p r e f e r a b l y ,   h a v i n g   a  

v i s c o s i t y   a t   2 5 ° C .   of  1 0  m m 2 / s  o r  l e s s   a n d ,   m o r e  

p r e f e r a b l y ,   3  m m 2 / s  o r  l e s s ;   (c )   i t   can   be  e a s i l y  

s e p a r a t e d ,   e . g .   d i s t i l l e d ,   p r e f e r a b l y ,   h a v i n g   a  b o i l i n g  

p o i n t   of  2 7 5 ° C ,   o r   l e s s   a n d ,   more   p r e f e r a b l y ,   2 6 0 ° C .   o r  

l e s s ,   f rom  PCB;  (d)   i t   i s   p r e s e n t l y   c o n s i d e r e d  

e n v i r o n m e n t a l l y   i n n o c u o u s ;   and  (e)   i t   i s   c o m p a t i b l e   w i t h  

t y p i c a l   t r a n s f o r m e r  i n t e r n a l s .   W h i l e   TCB,  or   m i x t u r e s  

w i t h   t e t r a c h l o r o b e n z e n e ,   i s   p r e f e r r e d ,   a  n u m b e r   o f  

a l t e r n a t i v e s ,   as  a b o v e - m e n t i o n e d   can  be  u s e d .   T h e s e  

w o u l d   i n c l u d e   m o d i f i e d   and  s y n t h e t i c   h y d r o c a r b o n s ,   and  a  

v a r i e t y   of  h a l o g e n a t e d   a r o m a t i c   and  a l i p h a t i c   c o m p o u n d s .  



T h e r e   a r e   a l s o   a  v a r i e t y   of  l i q u i d   t r i c h l o r o b e n z e n e  

i s o m e r   m i x t u r e s .   The  p r e f e r r e d   TCB  f l u i d   w o u l d   be  a  

m i x t u r e   of  t h e s e   i s o m e r s   w i t h   or   w i t h o u t  

t e t r a c h l o r o b e n z e n e   i s o m e r s .   The  a d v a n t a g e   l i e s   in  t h e  

f a c t   t h a t   s u c h   a  m i x t u r e   has   a  l o w e r  f r e e z i n g   p o i n t   t h a n  

do  t h e  i n d i v i d u a l   i s o m e r s ,   t h u s   r e d u c i n g   t h e   c h a n c e   o f  

i t   s o l i d i f y i n g   w i t h i n   t h e   t r a n s f o r m e r s   in   v e r y   c o l d  

c l i m a t e s .   F u r t h e r ,   t h e   m i x t u r e s   a r e   o f t e n   t h e   n o r m a l  

r e s u l t   of  m a n u f a c t u r e   and  h e n c e   can   c o s t   l e s s   t h a n   t h e  

s e p a r a t e d   and  p u r i f i e d   i n d i v i d u a l   i s o m e r s .  

B e c a u s e   t h e   p r e f e r r e d   o b j e c t i v e   h e r e   i s   to   l e a c h  

o u t   t h e   PCB  a t   t h e   f a s t e s t   p r a c t i c a l   r a t e ,   t h e   p r e f e r r e d  

e m b o d i m e n t   i n v o l v e s   o p e r a t i n g   t h e   t r a n s f o r m e r   to   o b t a i n  

t h e   f a s t e s t   p o s s i b l e   d i f f u s i o n   r a t e s   as   s p e c i f i e d   i n  

s t e p   (3 )   a b o v e .   When  u s e d   a t   i t s   f u l l   r a t e d   l o a d i n g ,   a  

t r a n s f o r m e r   s h o u l d   a u t o m a t i c a l l y   p r o v i d e   e n o u g h   h e a t   f o r  

t h i s   p u r p o s e .   H o w e v e r ,   s i n c e   many  t r a n s f o r m e r s   a r e  

o p e r a t e d   b e l o w   t h e i r   r a t e d   l o a d i n g ,   and  b e l o w   t h e   r a t e d  

s a f e  t e m p e r a t u r e ,   s u f f i c i e n t l y   e l e v a t e d   t e m p e r a t u r e s  

( e . g .   a t   l e a s t   5 0 ° C )   m i g h t   n o t   be  a c h i e v e d   w i t h o u t  

t h e r m a l   l a g g i n g   or   e x t e r n a l   h e a t i n g .   W h i l e   t h i s   t h e r m a l  

c o n t r o l   r e p r e s e n t s   a  p r e f e r r e d   e m b o d i m e n t   of   t h i s  

i n v e n t i o n ,   i t   i s   o p t i o n a l   and  n o t   an  e s s e n t i a l  

r e q u i r e m e n t ,   t h e r e   b e i n g   many  t r a n s f o r m e r s   f o r   w h i c h  

s u c h   l a g g i n g   or   h e a t i n g   may  be  i m p r a c t i c a l .   L e a c h i n g   a t  



l o w e r   t e m p e r a t u r e s ,   e v e n   a m b i e n t ,   is   w o r k a b l e   b u t   w i l l  

t a k e   l o n g e r .  

F l u i d   c i r c u l a t i o n   as  s p e c i f i e d   in  s t e p   (3)   i s  

o p t i o n a l   b u t   i s   an  a d v a n t a g e o u s   e m b o d i m e n t   in  t h a t   s u c h  

c i r c u l a t i o n   w i l l   p r e v e n t   t h e   b u i l d - u p   of  c o n c e n t r a t i o n  

g r a d i e n t s , w h i c h   c an   a c t   to   r e t a r d   d i f f u s i o n .   S i n c e  

e l u t i o n   i s   a  s l o w   p r o c e s s ,   t h e   c i r c u l a t i o n  r a t e   n e e d   n o t  

be  v e r y   r a p i d .   V i o l e n t   c i r c u l a t i o n ,   of   c o u r s e ,   i s   to   b e  

a v o i d e d   in  o r d e r   to   a v o i d   damage   to   t h e   i n t e r n a l  

s t r u c t u r e   of  t h e   t r a n s f o r m e r .   I t   i s   r e c o g n i z e d   t h a t  

many  t r a n s f o r m e r s   may  n o t ,   b y  t h e i r   c o n s t r u c t i o n   o r  

p l a c e m e n t ,   be  r e a d i l y   m o d i f i e d   to   u t i l i z e   a  c i r c u l a t i o n  

l o o p ,   and   s u c h   c i r c u l a t i o n   i s   n o t   c o n s i d e r e d   a  n e c e s s a r y  

a s p e c t ,   b u t   o n l y   one  e m b o d i m e n t   of  t h i s   i n v e n t i o n   t o  

i n c r e a s e   e l u t i o n   r a t e s .   In  m o s t   t r a n s f o r m e r s ,   n a t u r a l  

t h e r m a l   g r a d i e n t s   a l o n e   w i l l   i n d u c e   s u f f i c i e n t  

c i r c u l a t i o n   e s p e c i a l l y   in  t h o s e   c a s e s   w h e r e   a  r e l a t i v e l y  

low  v i s c o s i t y ,   m o b i l e   c o o l a n t ,   s u c h  a s   TCB,  i s   u s e d .  

As  t h e   PCB  c o n t e n t   in  t h e   TCB  or  o t h e r   i n t e r i m  

c o o l a n t   in   t h e   t r a n s f o r m e r   b u i l d s   up,   i t   can   e v e n t u a l l y  

r e a c h   a  p o i n t   w h e r e   d i f f u s i o n   no  l o n g e r   s e r v e s   to   l e a c h  

PCB  f r o m   t h e   c e l l u l o s i c   p o r e s   or  i n t e r s t i c e s   of  t h e  

i n s u l a t i o n   w i t h i n   t h e   t r a n s f o r m e r   t a n k .   A  r e d u c t i o n   i n  

e l u t i o n   r a t e   as  d e t e r m i n e d   by  s a m p l e   a n a l y s i s ,   i s   a  c l u e  

t h a t   t h i s   may  be  o c c u r r i n g .   I f   i t   i s   d e t e r m i n e d   t h a t  



t h i s   i s   o c c u r r i n g ,   i t   may  b e c o m e   n e c e s s a r y   as  s p e c i f i e d  

i n   s t e p   (4)   to   r e p l a c e   t h e   P C B - l a d e n   i n t e r i m   d i e l e c t r i c  

c o o l i n g   f l u i d   w i t h   f r e s h   P C B - f r e e   f l u i d .   T h i s   i s   m o s t  

e a s i l y   a c c o m p l i s h e d   by  s h u t t i n g   down  t h e   t r a n s f o r m e r ,  

d r a i n i n g   o u t   t h e   c o n t a m i n a t e d   l e a c h   f l u i d   ( i n t e r i m  

d i e l e c t r i c   c o o l a n t ) ,   and  r e p l a c i n g   i t   w i t h   f r e s h   f l u i d .  

As  a  p r a c t i c a l   m a t t e r ,   i n s t e a d   of   m o n i t o r i n g   t h e   e l u t i o n  

r a t e   to   d e t e r m i n e   when  d i f f u s i o n   no  l o n g e r   s e r v e s   t o  

e f f e c t i v e l y   l e a c h   PCB  f r o m   t h e   p o r e s   or   i n t e r s t i c e s   o f  

t h e   e l e c t r i c a l   i n s u l a t i o n ,   i t   i s   more   p r a c t i c a l   t o  

s c h e d u l e   t h e   t r a n s f o r m e r   f o r   r e g u l a r   c o o l a n t   c h a n g e s .  

I f   a  n o n - P C B  t r a n s f o r m e r   i s   d e s i r e d ,   c o o l a n t   c h a n g e s   a r e  

made  a f t e r   s e l e c t e d   p e r i o d s   of  e l e c t r i c a l   o p e r a t i o n ,  

u n t i l   t h e   c o o l a n t   f a i l s   to   e l u t e   50  ppm  of   PCB  p e r   9 0  

d a y s   o p e r a t i o n .   P e r i o d s   of  e l e c t r i c a l   o p e r a t i o n   b e t w e e n  

c o o l a n t   c h a n g e s   can  be  s e l e c t e d   to   be  20  d a y s   to   1  y e a r  

( o r   m o r e ,   i f   t h e   t r a n s f o r m e r   o w n e r ' s   n e e d s   p r e v e n t  

s h u t t i n g   down  t h e   t r a n s f o r m e r   e x c e p t   a t   r a r e   s p e c i f i e d  

t i m e s ,   e . g . ,   s p e c i a l   h o l i d a y   p e r i o d s ,   s u c h   t h a t   t h e r e  

may  be  more   t h a n   one  y e a r   b e t w e e n   s h u t d o w n s   and  p o s s i b l y  

s h u t d o w n s   can  t a k e   p l a c e   o n l y   e v e r y   o t h e r   y e a r . ) ,  

p r e f e r a b l y   30  to   120  d a y s   and  m o s t   p r e f e r a b l y   45  to   9 0  

d a y s .  

The  c o n t a m i n a t e d   l e a c h   f l u i d   may  t h e n   be  d i s t i l l e d  

o f f   and   c o n d e n s e d   f o r   r e - u s e   to   l e a v e   a  PCB  b o t t o m  



p r o d u c t   w h i c h   i s   i n c i n e r a t e d   or  o t h e r w i s e   d i s p o s e d   o f  

p u r s u a n t   to   U.  S.  g o v e r n m e n t   r e g u l a t i o n s .   W h i l e   a  

c o m p l e t e   c h a n g e   of  i n t e r i m   c o o l a n t   i s   p r e f e r r e d ,   i t   i s  

p o s s i b l e   t h a t   t h e   i n c o n v e n i e n c e   of  a d d i t i o n a l   s h u t d o w n s  

p r e d i c a t e s   a  d i f f e r e n t   p r o c e d u r e ,   i . e . ,   t h a t   o f  

s i m u l t a n e o u s l y   i n t r o d u c i n g   new  f r e s h   f l u i d   and  r e m o v i n g  

t h e   o l d   c o n t a m i n a t e d   f l u i d   w h i l e   t h e   t r a n s f o r m e r   r e m a i n s  

in   o p e r a t i o n .   I t   i s   l e s s   e f f i c i e n t   b e c a u s e   t h e   f r e s h  

f l u i d   m i x e s   w i t h   t h e   o l d   in   t h e   t r a n s f o r m e r ,   and  f l u i d  

of   r e d u c e d   PCB  c o n c e n t r a t i o n   i s   a c t u a l l y   r e m o v e d .   T h u s  

to   e l i m i n a t e   a l l   t h e   PCB,  more   l e a c h   f l u i d   w i l l   h a v e   t o  

be  r e m o v e d   t h a n   f o r   t h e   p r e f e r r e d   p r o c e d u r e .   T h i s  

p e n a l t y   can   be  r e d u c e d   i f   one  t a k e s   p a i n s   to   a v o i d  

e x c e s s i v e   m i x i n g .   For   e x a m p l e ,   new  c h i l l e d   TCB  or   o t h e r  

i n t e r i m   d i e l e c t r i c   c o o l i n g   f l u i d   can  be  i n t r o d u c e d   i n t o  

t h e   b o t t o m   of   t h e   t r a n s f o r m e r ,   w h i l e   o l d ,   w a r m ,  

P C B - l a d e n   i n t e r i m   d i e l e c t r i c   c o o l i n g   f l u i d   i s   r e m o v e d  

f r o m   t h e   t o p .   The  d e n s i t y   d i f f e r e n c e   w i l l   r e t a r d  

m i x i n g .   R e g a r d l e s s   of  t h e   m e t h o d   u s e d ,   t h e   p r o c e s s   w i l l  

r e q u i r e   r e p e t i t i o n   u n t i l   t h e   d e s i r e d   PCB  l e v e l ,   e . g . ,  

l e s s   t h a n   50  ppm  in  s i l i c o n e   o i l   c o o l a n t   can   b e  

m a i n t a i n e d   f o r   a t   l e a s t   90  d a y s .  

W h i l e   d i s t i l l a t i o n   i s   t h e   p r e f e r r e d   m e t h o d   f o r  

s e p a r a t i n g   TCB  or   o t h e r   i n t e r i m   d i e l e c t r i c   c o o l a n t   a n d  

PCB,  o t h e r   m e t h o d s   may  be  f e a s i b l e ,   e s p e c i a l l y   i f   f l u i d  



o t h e r   t h a n   TCB  i s   c h o s e n   as  t he   t e m p o r a r y   f l u i d .  

T h e r e   i s   some  c o n c e r n   t h a t   TCB  i t s e l f ,   o r   o t h e r  

c h l o r i n a t e d   i n t e r i m   d i e l e c t r i c   c o o l a n t ,   s u c h   as  TTCB  a n d  

t h e   h a l o g e n a t e d   s o l v e n t s ,   may  e v e n t u a l l y   b e c o m e   s u s p e c t  

as  a  h e a l t h   h a z a r d ,   and  t h a t   t h e   t r a n s f o r m e r ,   t h o u g h  

f r e e   of   PCB,  w i l l   be  c o n t a m i n a t e d   w i t h   TCB  or   o t h e r  

p o t e n t i a l l y   o b j e c t i o n a b l e   i n t e r i m   f l u i d .   The  f u r t h e r  

a d v a n t a g e   o f   t h e   p r o c e d u r e   of   t h i s   i n v e n t i o n   i s   t h a t  

s u c h   c o n t a m i n a t i o n   can   be  e a s i l y   r e c t i f i e d   i f   n e c e s s a r y ,  

s i n c e   t h e   i n t e r i m   TCB  or   o t h e r   f l u i d   i s   more   v o l a t i l e  

t h a n   t h e   s i l i c o n e   or   h e a v y   h y d r o c a r b o n   f l u i d s ,   o r   o t h e r  

r e l a t i v e l y   h i g h   v i s c o s i t y   p e r m a n e n t   c o o l a n t   u s e d   i n   t h e  

t r a n s f o r m e r   and   can  be  d i s t i l l e d   t h e r e f r o m .  

A c c o r d i n g l y ,   t h e   c h l o r i n a t e d   p o r t i o n   of  t h e   c o o l a n t   c a n  

be  r e p l a c e d   and   t h e   o l d   b a t c h   s e n t   to   a  s t i l l   f o r   e a s y  

p u r i f i c a t i o n .   Two  or   t h r e e   s u c h   c h a n g e s   o v e r   a  p e r i o d  

of   s e v e r a l   m o n t h s   w i l l   g i v e   a  s u b s t a n t i a l l y   h a l o g e n   f r e e  

s y s t e m ,   i f   one   i s   d e s i r e d .  

O t h e r   p r e f e r r e d   c o o l a n t s   of  a  p e r m a n e n t   n a t u r e   t h a t  

c an   be  u s e d   in   p l a c e   of  t h e   f i n a l   f i l l   of   s i l i c o n e   o i l  

i n c l u d e   d i o c t y l p h t h a l a t e ,   m o d i f i e d   h y d r o c a r b o n   o i l s ,  

e . g .   RTEmp  of   RTE  C o r p . ,   p o l y a l p h a o l e f i n s ,   e . g .   P A O - 1 3 - C  

of   U n i r o y a l ,   s y n t h e t i c   e s t e r   f l u i d s ,   and  any  o t h e r  

c o m p a t i b l e   p e r m a n e n t   f l u i d .   I t   i s   a l s o   p r e f e r r e d   t h a t  

t h e   p e r m a n e n t   d i e l e c t r i c   f l u i d   be  c h a r a c t e r i z e d   by  a  



h i g h   b o i l i n g   p o i n t   c o m p a r e d   to  s a i d   i n t e r i m   d i e l e c t r i c  

s o l v e n t   so  t h a t   t h e   i n t e r i m   d i e l e c t r i c   s o l v e n t   can  b e  

s e p a r a t e d   f r o m   t h e   p e r m a n e n t   f l u i d   i f   t h e   n e e d   a r i s e s  

and  a l s o   to   a v o i d   r e l e a s i n g   p e r m a n e n t   f l u i d   due  t o  

v o l a t i l i z a t i o n   in   t h e   e v e n t   t he   t r a n s f o r m e r   t a n k   i s  

r u p t u r e d .  

W h i l e   t h e   f o l l o w i n g   have   b e e n   s u g g e s t e d ,   and  i n  

some  c a s e s   u s e d ,   as  p e r m a n e n t   d i e l e c t r i c   f l u i d s ,   t h e y  

a r e   l e s s   p r e f e r r e d  t h a n   t h e   r e l a t i v e l y   h i g h   v i s c o s i t y ,  

h i g h   b o i l i n g   p e r m a n e n t   d i e l e c t r i c   f l u i d s :  

t e t r a c h l o r o d i a r y l   m e t h a n e   w i t h   or  w i t h o u t  

t r i c h l o r o t o l u e n e   i s o m e r s ,   f r e o n ,   h a l o g e n a t e d  

h y d r o c a r b o n s ,   t e t r a c h l o r o e t h y l e n e ,   t h e   t r i c h l o r o b e n z e n e  

i s o m e r s   and  t h e   t e t r a c h l o r o b e n z e n e   i s o m e r s .   T h e  

t r i c h l o r o b e n z e n e   i s o m e r s ,   t he   t e t r a c h l o r o b e n z e n e  

i s o m e r s ,   and  m i x t u r e s   t h e r e o f   have   h i g h   f l a m m a b i l i t y  

r a t i n g s   and  o t h e r   p h y s i c a l   p r o p e r t i e s   s i m i l a r   to  a s k a r e l  

and  t h e r e f o r e   a r e   p r e f e r r e d   a m o n g s t   t h e   l e s s   p r e f e r r e d  

p e r m a n e n t   f l u i d s .  

The  f o l l o w i n g   e x a m p l e s   a r e   p r e s e n t e d .   In  t h e  

e x a m p l e s ,   t h e   f o l l o w i n g   a b b r e v i a t i o n s   h a v e   b e e n   u s e d .  

TCB  t r i c h l o r o b e n z e n e  

TTCB  t e t r a c h l o r o b e n z e n e  



TCB  mix  3 0 - 3 5   w t .   %  t e t r a c h l o r o b e n z e n e ,   T T C B ,  

i n   t r i c h l o r o b e n z e n e ,   TCB  ( c o n t a i n i n g   a n  

e f f e c t i v e   a m o u n t   o f   a  c h l o r i n e   s c a v e n g i n g  

e p o x i d e - b a s e d   i n h i b i t o r )  

PCB  p o l y c h l o r i n a t e d   b i p h e n y l s  

p p m   p a r t s   o f  P C B   or   TCB  mix   p e r   m i l l i o n   of  c o o l a n t  

b a s e d   on  w e i g h t  

A s k a r e l   A s k a r e l   Type  A,  60  w t .   %  A r o c l o r   1 2 6 0 ,  

40  w t .  %   TCB 

A r o c l o r   1260   p o l y c h l o r i n a t e d   b i p h e n y l   c o n t a i n i n g  

60  w t .   %  c h l o r i n e  

L - 3 0 5   A  s i l i c o n e   o i l   w i t h i n   t h e   s c o p e   o f   f o r m u l a   A 

a b o v e ,   h a v i n g   a  v i s c o s i t y   of   5 0  m m 2 / s  

a t   2 5 ° C .  

A  " c y c l e "   i s   t h e   p e r i o d   of   t i m e   b e t w e e n   c h a n g e s   i n  

t h e   c o o l a n t .   A  " p a r t "   of   a  c y c l e   i s   a  p o r t i o n   o f  a  

c y c l e   w h e r e   t h e   l e a c h   r a t e   i n t o   t h e   c o o l a n t   i s   m a r k e d l y  

d i f f e r e n t   f r o m   t h e   r a t e   in  t h e   e a r l i e r   or   l a t e r   p o r t i o n  

of   t h e   c y c l e .  



E x a m p l e s   1,  2,  A,  B  a n d   C 

Each   of   t h e   f o u r   t r a n s f o r m e r s   i d e n t i f i e d   in  T a b l e   I  

w e r e   d r a i n e d ,   r i n s e d   and  f i l l e d   w i t h   t he   c o o l a n t  

d e s i g n a t e d   f o r   C y c l e   1  in  e a c h   c a s e   in  T a b l e   I .  

In  e a c h   c a s e   of  E x a m p l e s   A  and  1,  t h e   c o o l a n t   i n  

t h e   t r a n s f o r m e r   p r i o r   to   d r a i n i n g   and  r i n s i n g   w a s  

m i n e r a l   o i l   ( E x x o n   U n i v o l t   i n h i b i t e d   o i l ,   t r a n s f o r m e r  

g r a d e )   c o n t a i n i n g   t he   i n i t i a l   PCB  c o n c e n t r a t i o n   shown  i n  

T a b l e   I .   T r a n s f o r m e r   #459  and  #461  of  E x a m p l e s   A  and  1 

a t   one  t i m e   had   b e e n   a s k a r e l - f i l l e d   t r a n s f o r m e r s   t h a t  

had   b e e n   p r e v i o u s l y   s w i t c h e d   to   m i n e r a l   o i l   a n d  

r e s p e c t i v e l y   c o n t a i n e d   9 , 1 5 0  a n d   7 , 8 0 0   ppm  P C B .  

T r a n s f o r m e r   #459  of  E x a m p l e   A  was  d r a i n e d ,   s p r a y   r i n s e d  

w i t h   m i n e r a l   o i l   and  t h e n   f i l l e d   w i t h   f r e s h   m i n e r a l   o i l .  

T r a n s f o r m e r   #461  of  E x a m p l e   1  w a s   d r a i n e d ,  s p r a y   r i n s e d  

w i t h   TCB  mix  and   t h e n   f i l l e d   w i t h   f r e s h   TCB  m i x .   T h e  

t r a n s f o r m e r s   w e r e   o p e r a t e d   a t   a b o u t   80°C .   f o r   t h e   t i m e  

p e r i o d s   l i s t e d   in   T a b l e   I .   In  E x a m p l e   1 ,   t h e  

t r a n s f o r m e r   was  d r a i n e d   of   TCB  mix  and  r e f i l l e d   w i t h   TCB 

mix  2   more   t i m e s   to  p r o v i d e   two  c o m p l e t e   c y c l e s   a n d  

one  o n g o i n g   c y c l e .  

In   E x a m p l e s   2,  B  a n d   C,  e a c h   r e s p e c t i v e   t r a n s f o r m e r  

was  a  member   of   a  bank  of   t h r e e   i d e n t i c a l   W e s t i n g h o u s e  

t r a n s f o r m e r s   h a v i n g   a  r a t e d   c a p a c i t y   of   333  KVA  e a c h .  

E a c h   of  t h e s e   t r a n s f o r m e r s   c o n t a i n e d   a b o u t ( 1 9 0   g a l l o n s )  



of  t y p e   A  a s k a r e l   t h a t   was  a  c o o l a n t   h a v i n g   a  6 0 / 4 0   w t .  

r a t i o   of   A r o c l o r   1260  (PCB)  and  t r i c h l o r o b e n z e n e .   T h e s e  

3   t r a n s f o r m e r s   we re   a l l   t i e d   i n t o   the   s a m e  

t h r e e - p h a s e   b a n k   and  w e r e   a l l   o p e r a t e d   a t   t h e   s a m e  

c a p a c i t y   and  o t h e r w i s e   e n c o u n t e r e d   t h e .  s a m e   c o n d i t i o n s  

e x c e p t   as  h e r e i n a f t e r   d e s i g n a t e d .   The  n o r m a l   s e r v i c e   o f  

t h e   t r a n s f o r m e r s   of  E x a m p l e s   2,  B  a n d   C,  was  f a r  b e l o w  

t h e i r   r a t i n g   and  t h e   a n n u a l   a v e r a g e   o p e r a t i n g  

t e m p e r a t u r e   was  a r o u n d   4 0 ° C .   e x c e p t   as  o t h e r w i s e  

d e s i g n a t e d .   T r a n s f o r m e r   #669  ( E x a m p l e   2)  a n d  

t r a n s f o r m e r   #667   ( E x a m p l e   C)  w e r e   d r a i n e d   of  a s k a r e l ,  

s p r a y   r i n s e d   t w i c e   w i t h   TCB  mix  and   s u b s e q u e n t l y  

r e f i l l e d   w i t h   TCB  m i x .   T r a n s f o r m e r   #668  ( E x a m p l e   B)  w a s  

d r a i n e d ,   s p r a y   r i n s e d   t w i c e   w i t h   s i l i c o n e   o i l   ( L - 3 0 5 )  

and  s u b s e q u e n t l y   r e f i l l e d   w i t h   s i l i c o n e   o i l ,   L - 3 0 5 .   A l l  

t r a n s f o r m e r s   w e r e   r e e n e r g i z e d   and   l i q u i d   s a m p l e s   w e r e  

t a k e n   p e r i o d i c a l l y   to   c h e c k   t h e   PCB  c o n t e n t .  

A l l   5   t r a n s f o r m e r s   w e r e   o p e r a t e d   and  PCB 

c o n c e n t r a t i o n s   w e r e   d e t e r m i n e d   a t   t h e   end  of  t h e   v a r i o u s  

day  i n t e r v a l s   i n d i c a t e d   in   T a b l e   I  and  t he   d a i l y   r a t e   o f  

ppm  of  PCB  i n c r e a s e   in  t h e   c o o l a n t   was  c a l c u l a t e d   a n d  

c o n v e r t e d   t o   a  s i l i c o n e   o i l   c o o l a n t   b a s i s   ( i f   n o t  

a l r e a d y   on  s u c h   b a s i s )   as  d e s i g n a t e d   in   T a b l e   I .  

In   E x a m p l e   2,  t r a n s f o r m e r   #669   was  o p e r a t e d   f o r   9 6  

days   t h e n   d r a i n e d ,   s p r a y   r i n s e d   w i t h   TCB  mix  a n d  



r e f i l l e d   w i t h   TCB  mix  and  o p e r a t i o n   was  c o n t i n u e d   i n  

C y c l e   2  and  t h e   same  s e q u e n c e   was  r e p e a t e d   f o r   C y c l e s   3 

a n d  4   f o r   t he   t r a n s f o r m e r .   In  E x a m p l e   2,  a t   t h e   end  o f  

C y c l e   4  in  t h e   c a s e   of  t r a n s f o r m e r   # 6 6 9 ,   t h e   t r a n s f o r m e r  

was  d r a i n e d   and  s p r a y   r i n s e d   w i t h   TCB  mix  and  t h e r e a f t e r  

f i l l e d  w i t h   TCB  mix  and  i t   c o n t i n u e d   to   be  e l e c t r i c a l l y  

o p e r a t e d .   The  day  i n t e r v a l s ,   PCB  c o n c e n t r a t i o n s   a t   t h e  

end   of   t h e   day  i n t e r v a l s   and  o v e r a l l   r a t e   of  e l u t i o n   a n d  

c o n v e r t e d   r a t e   of  e l u t i o n   in  t e r m s   of  ppm  p e r   day  a r e  

g i v e n   in   T a b l e   I  in   r e s p e c t   to  e a c h   c y c l e .  

In   E x a m p l e   B,  t r a n s f o r m e r   1668  was  i n i t i a l l y  

d r a i n e d   of  a s k a r e l ,   s p r a y   r i n s e d   t w i c e   w i t h   L - 3 0 5   a n d  

f i l l e d   w i t h   f r e s h   L - 3 0 5 .   At  t h e   end  of   t h e   3 9 0 t h   d a y  

t h e   t r a n s f o r m e r   was  a g a i n   d r a i n e d ,   s p r a y   r i n s e d   w i t h  

L - 3 0 5   and  s u b s e q u e n t l y   f i l l e d   w i t h   f r e s h   L - 3 0 5   a n d  

c o n t i n u e d   to   o p e r a t e   in   C y c l e   2.  The  day  i n t e r v a l s ,   PCB 

c o n c e n t r a t i o n s   a t   t h e   end  of  t h e   day  i n t e r v a l s ,   and  t h e  

o v e r a l l   r a t e s   of   e l u t i o n   in   ppm  p e r   day  a r e  

c o r r e s p o n d i n g l y   l i s t e d   in   T a b l e   I .  

T r a n s f o r m e r   1667  ( E x a m p l e   C)  was  i n i t i a l l y   d r a i n e d  

of  a s k a r e l ,   s p r a y   r i n s e d   t w i c e   w i t h   TCB  mix  and  f i l l e d  

w i t h   TCB  m i x .   At  t h e   end  of  t h e   9 6 t h   d a y ,   i t   w a s  

d r a i n e d ,   s p r a y   r i n s e d   and  f i l l e d   w i t h   f r e s h   TCB  m i x .  

S u b s e q u e n t   c y c l e s   a r e   as  i n d i c a t e d   in  T a b l e   I .  







For   E x a m p l e   A,  t r a n s f o r m e r   1459 ,   t h e   l e a c h   r a t e   h a d  

b e e n   r e d u c e d   t o   an  a v e r a g e   PCB  l e a c h   r a t e   of   0 . 3 6  

p p m / d a y   in   t h e   s e c o n d   p a r t   of  t he   f i r s t   c y c l e .   T h i s   w a s  

b e l o w   t h e   0 . 5 5   p p m / d a y   or   50  p a r t s   p e r   m i l l i o n   in   9 0  

d a y s   r e q u i r e d   f o r   r e c l a s s i f i c a t i o n   as  n o n - P C B .  

A c c o r d i n g l y ,   a t   day   2 2 0 ,   t h e   m i n e r a l   o i l   was  d r a i n e d   a n d  

r e p l a c e d   w i t h   t h e   p e r m a n e n t   L - 3 0 5   s i l i c o n e   c o o l a n t .  

As  can   be  s e e n   f r o m   T a b l e   I  t h e   t o t a l   PCB  r e m o v e d   d u r i n g  

C y c l e   1  was  e q u i v a l e n t   to   475  ppm  in  t h e   v o l u m e   o f  

c o o l a n t   h e l d   by  t h a t   t r a n s f o r m e r .   T h i s   i s   l e s s   t h a n   t h e  

1220   ppm  r e m o v e d   d u r i n g   t h e   same  i n t e r v a l   of   t i m e   by  TCB 

mix  i n   # 4 6 1 ,   a  s i m i l a r   s i z e   and  t y p e   of   t r a n s f o r m e r ,   a n d  

i n d i c a t e s   t h a t   t h e   m i n e r a l   o i l   had  n o t   b e e n   as  e f f e c t i v e  

a  l e a c h a n t   as   TCB  m i x .  

In   c o n t r a s t ,   t r a n s f o r m e r   #461  was  l e a c h e d   w i t h   TCB 

m i x .   At  day  68  t h e   TCB  s o l v e n t   was  d r a i n e d   a n d  

r e i n t r o d u c e d   i n t o   t h e   same  t r a n s f o r m e r .   At  day  165  t h e  

TCB  mix   was  d r a i n e d   and  r e p l a c e d   w i t h   f r e s h   TCB  m i x .  

W h i l e   t h e   o v e r a l l   r a t e   f o r   C y c l e   3  was  1 . 6 4   ppm  p e r   d a y ,  

t h e   r a t e   d e c r e a s e d   d u r i n g   t h e   c y c l e   and  as   of   day  2 4 5  

t h e   PCB  e l u t i o n   r a t e   was  r e d u c e d   t o O . 0 5   ppm  p e r   d a y  

w h i c h   was  w e l l   b e l o w   t h e   t a r g e t   r a t e   of   0 . 5 5  p p m   PCB  p e r  

d a y .   A c c o r d i n g l y ,   t h e   f l u i d   can  a t   t h i s   p o i n t   b e  

r e p l a c e d   w i t h   a  p e r m a n e n t   s i l i c o n e   c o o l a n t .  

T r a n s f o r m e r   #669   ( E x a m p l e   2)  was  o r i g i n a l l y   f i l l e d  



w i t h   a s k a r e l .   H e n c e ,   i t   had  much  more  PCB  in  t h e  

i n s u l a t i o n   t h a n   #461  ( E x a m p l e   1)  to  be  l e a c h e d .  

T h e r e f o r e ,   i t   r e q u i r e d   many  more   c y c l e s   and  a  

c o n s i d e r a b l y   l o n g e r   p e r i o d   of   t i m e   to   l e a c h   to   a n  

a c c e p t a b l e   l e v e l .   When  t h e   r a t e   of  l e a c h   f a l l s   b e l o w  

t h e   t a r g e t   r a t e   of  50  ppm  in  90  d a y s   t h e n   t h e   TCB  m i x  

can   be  r e p l a c e d   by  s i l i c o n e .   The  r a t e   f i g u r e s  i n   t h e  

l a s t   c o l u m n   of   T a b l e   I  show  a  c o n t i n u a l   d e c r e a s e   w i t h  

t i m e ,   and   t h e   t a r g e t   r a t e   s h o u l d   be  r e a c h e d   a r o u n d   d a y  

6 0 0 .   I t   s h o u l d   be  p o i n t e d   o u t   t h a t   t r a n s f o r m e r s   # 6 6 7 ,  

#668  and   #669  w e r e   e x p e c t e d   to   be  among  t h e   m o s t  

d i f f i c u l t   to   l e a c h .   They  a r e   s p i r a l   wound  t r a n s f o r m e r s  

in  w h i c h   t h e   p a p e r   i n s u l a t i o n ,   and  h e n c e   d i f f u s i o n a l  

p a t h   l e n g t h ,   can   be  s e v e r a l   i n c h e s   in  d e p t h .   I n  

c o n t r a s t ,   many  t r a n s f o r m e r s   a r e   of  t h e   " p a n c a k e "   d e s i g n  

in   w h i c h   p a t h   l e n g t h s   w i l l   be  l e s s   t h a n   an  i n c h .  

E x a m p l e s   B  a n d   C,  t r a n s f o r m e r s   #668  and  # 6 6 7 ,   a r e  

c o m p a r a t i v e   e x a m p l e s  b e c a u s e   in   E x a m p l e   B  t h e   i n i t i a l  

c o o l a n t   u s e d   was  s i l i c o n e   o i l ,   and  in   E x a m p l e   C,  t h e  

c h a n g e   o v e r   t o   s i l i c o n e   o i l   was  made  b e f o r e   t h e   e l u t i o n  

r e a c h e d   0 . 5 5   ppm  PCB  p e r   d a y .  

T r a n s f o r m e r s   #667  and  #669  we re   f i l l e d   i n i t i a l l y  

w i t h   a s k a r e l   w h i c h   was  r e p l a c e d   w i t h   TCB  m i x ,   w h i l e  

t r a n s f o r m e r   #668  was  f i l l e d   i n i t i a l l y   w i t h   a s k a r e l   w h i c h  

was   r e p l a c e d   w i t h   L - 3 0 5   s i l i c o n e   o i l .   F i g u r e   1  c o m p a r e s  



PCB  a n a l y s e s   f o r   t h e   f i r s t   c y c l e   of  t h e s e   t h r e e  

t r a n s f o r m e r s .   The  d a t a   h a v e   been   c o n v e r t e d   to   t h e   t o t a l  

a c t u a l   g r a m s   of   PCB  r e m o v e d .   W h i l e   a b o u t   6 0 , 0 0 0   t o  

7 0 , 0 0 0   g r a m s   of   PCB  w e r e   q u i c k l y   r e m o v e d   ( w i t h i n   t h e  

f i r s t   28  d a y s ) ,   s u b s e q u e n t   r e m o v a l   was  much  s l o w e r ,   a n d  

t h e   r a t e s   a r e   i n d i c a t e d   by  t h e   s t r a i g h t   l i n e s   d r a w n  

t h r o u g h   t h e   p o i n t s .   I t   i s   p r e s u m e d   t h a t   t h e   m a j o r  

q u a n t i t y   of  PCB  h e l d   up  in   t h e   l o o s e r   i n s u l a t i o n   i s  

e a s i l y   e x t r a c t e d   r e g a r d l e s s   of  s o l v e n t ,   b u t   t h a t   i t   i s  

t h e   PCB  h e l d   up  in   t h e   t i g h t e r   wound  p a p e r  a n d  

p r e s s b o a r d   i n s u l a t i o n   w h i c h   i s   l i m i t i n g   to   t h e   p r o c e s s ,  

and   i n   t h i s   c a s e   t h e   e f f e c t i v e n e s s   of  t h e   e l u a n t s  

d i f f e r s .   F i g u r e   1  shows   t h i s   d i f f e r e n c e .   W h i l e   t h e  

d a t a   p o i n t s   a r e   s o m e w h a t   s c a t t e r e d   due  t o   t h e  

d i f f i c u l t i e s   of   p r e c i s e   PCB  a n a l y s i s ,   i t   a p p e a r s   t h a t  

t h e   s i l i c o n e   t a k e s   400  d a y s   to   r e m o v e   t h e   same  q u a n t i t y  

w h i c h   t h e   TCB  mix  can   r e m o v e   in   60  d a y s .   A  c o m p a r i s o n  

o f   t h e   s l o p e s   of   t h e   l i n e s   shows   t h e   TCB  mix   to   be  a b o u t  

8 . 5   t o   9 . 0   t i m e s   as  e f f e c t i v e   a  l e a c h a n t   as  L - 3 0 5 .   T h e  

k e y   p o i n t   in   t h i s   i n v e n t i o n   i s   t h a t   t h e   r a t i o   o f  

e f f e c t i v e n e s s   i s   so  h i g h .   T h u s ,   a  p r o c e s s   w h i c h   m i g h t  

t a k e   5  t o   10  y e a r s   w i t h   s i l i c o n e   a l o n e   c o u l d   be  c a r r i e d  

o u t   in   a  much  s h o r t e r   t i m e   w i t h   an  i n t e r i m   c o o l a n t   s u c h  

a s   TCB  m i x .  

F i g u r e   2  i l l u s t r a t e s   t h e   e f f e c t   of  t h e   t r a n s f o r m e r  



t e m p e r a t u r e   on  t h e   r a t e   of  PCB  e l u t i o n .   Bo th   # 6 6 7  a n d  

#669  were   a t   a b o u t   40°C  d u r i n g   t h e   f i r s t   c y c l e .   T h e y  

were   c h a n g e d   o u t   to   f r e s h   TCB  mix  a f t e r   96  d a y s .  

B e c a u s e   w i n t e r   was  a p p r o a c h i n g   and  t h e   t r a n s f o r m e r s   w e r e  

n o t   u t i l i z e d   t o   t h a t   c a p a c i t y   r e q u i r e d   to   k e e p   t h e i r  

t e m p e r a t u r e s   h i g h ,   i t   was  a n t i c i p a t e d   t h a t   l o w  

t e m p e r a t u r e s   m i g h t   i n t e r f e r e   w i t h   t h e   l e a c h i n g .  

A c c o r d i n g l y ,   #667   was  a r t i f i c a l l y   h e a t e d   by  a p p l y i n g  

h e a t   to  t h e   c o o l i n g   f i n s .   T r a n s f o r m e r   #669  was  l e f t  

u n h e a t e d   f o r   c o m p a r i s o n .   The  t e m p e r a t u r e   of  # 6 6 7  

a v e r a g e d   a b o u t   5 5 ° C  ,   w h i l e   t h a t   of   #669  a v e r a g e d   a b o u t  

2 3 ° C .   A g a i n ,   t h e   d a t a   p o i n t s   a r e   q u i t e   s c a t t e r e d ,   b u t  

i t   i s   c l e a r   t h a t   t h e   w a r m e r   t r a n s f o r m e r   e l u t e d   PCB 

f a s t e r   t h a n   t h e   c o l d e r   one  by  a  f a c t o r   of  1 . 6 .   T h i s  

f a c t o r   may  n o t   be  l i n e a r ,   a n d ,   c o n s e q u e n t l y ,   t h e   r a t e  

g a i n   may  n o t   be  as  d r a m a t i c   f o r   h i g h e r   t e m p e r a t u r e s .  

F u r t h e r   l e a c h i n g   was  c a r r i e d   o u t   a t   85°C  when  p o s s i b l e ,  

and  t h u s   m o s t   l e a c h i n g   l i s t e d   i n  T a b l e   I  was  done   a t  

t h i s   h i g h e r   t e m p e r a t u r e .  

By  way  of   f u r t h e r   e x a m p l e   t h e   f o l l o w i n g  

i l l u s t r a t i v e   c a s e s   of   E x a m p l e   3 - 5   a r e   p r e s e n t e d .   W h i l e  

t h e y   do  n o t   r e p r e s e n t   r e s u l t s   f r o m   a c t u a l   t r a n s f o r m e r s ,  

t h e y   a r e   b a s e d   u p o n   t h e   p e r f o r m a n c e   to   be  e x p e c t e d   f r o m  

t h e   p r o c e s s   o f   t h i s   i n v e n t i o n   u n d e r   t he   c o n d i t i o n s  

o u t l i n e d   b e l o w   f o r   e a c h   e x a m p l e   as  a p p l i e d   t o  



t r a n s f o r m e r s   f r o m   w h i c h   i t   i s   r e l a t i v e l y   e a s i e r   to   e l u t e  

PCB  by  t h e   p r o c e s s   of   t h i s   i n v e n t i o n   t h a n   t h o s e  

t r a n s f o r m e r s   u s e d   in   E x a m p l e s   1,  2,  A,  B  a n d   C .  

In   e a c h  o f   E x a m p l e s   3 - 5   t h e r e   i s   u s e d   a  t r a n s f o r m e r  

o f  7 5 7  l   f l u i d   v o l u m e   c a p a c i t y ,   t h e   i n t e r n a l s   o f  

w h i c h   h o l d   up  t o   6  g a l l o n s   in   t h e   c e l l u l o s i c   m a t e r i a l s ,  

i . e . ,   t h e   p a p e r  i n s u l a t i n g   t h e   c o i l s ,   and  w h i c h   c o n t a i n s  

200  7 5 7  l ,   m o r e   or   l e s s ,   of   an  a s k a r e l   of   50%  PCB 

( 5 0 0 , 0 0 0   p p m ) ,   e x c e p t   f o r   E x a m p l e  4   w h e r e i n   t h e  

t r a n s f o r m e r   c o n t a i n s  7 5 7  l ,   
more   o r   l e s s ,   o f  

m i n e r a l   o i l   c o n t a i n i n g   1 0 , 0 0 0   ppm  P C B .  

F i g u r e s   3  t h r o u g h   5  a r e   p l o t s   of   c o n c e n t r a t i o n   o f  

PCB  in   ppm  in  i n t e r i m   d i e l e c t r i c   f l u i d   (TCB)  in   t h e  

t r a n s f o r m e r   p l o t t e d   on  a  v e r t i c a l   l o g a r i t h m i c   s c a l e  

v e r s u s   d a y s   e l a p s e d   ( o r   s o a k   t i m e )   and   g r a p h i c a l l y  

i l l u s t r a t e   t h e   a n t i c i p a t e d   r e s u l t s   s o u g h t   to   be  o b t a i n e d  

by  t h i s   i n v e n t i o n .  



E x a m p l e   3 

In  E x a m p l e   3,  t he   t r a n s f o r m e r   is   f i r s t   d e e n e r g i z e d .  

Then   i t   i s   d r a i n e d   of  i t s   a s k a r e l ,   t h e   l a t t e r   b e i n g  

u l t i m a t e l y   d i s p o s e d   of  i n  a n   a p p r o v e d   m a n n e r .   The  t r a n -  

s f o r m e r   i s   f l u s h e d   ou t   w i t h   a  s m a l l   q u a n t i t y   ( e . g .  9 5  l  

g a l l o n s )   of   t r i c h l o r o b e n z e n e ,   so  as  to  r e d u c e   t h e  

r e s i d u a l   a s k a r e l   in  t h e  f r e e   f l u i d   s y s t e m   to  0 .5%  of   i t s  

i n i t i a l   v a l u e .   The  s y s t e m   i s   t h e n   l o g i c a l l y   i n s p e c t e d  

f o r   l e a k y   b u s h i n g s   or   o t h e r   p h y s i c a l   p r o b l e m s   w h i c h   m a y  

r e q u i r e   r e p a i r   a t   t h i s   t i m e .  

Then   t h e   t r a n s f o r m e r   i s   f i l l e d   w i t h   200  g a l l o n s   o f  

t r i c h l o r o b e n z e n e ,   TCB,  ( o r ,   a l t e r n a t i v e l y ,   a  

t r i c h l o r o b e n z e n e - t e t r a c h l o r o b e n z e n e   m i x t u r e ) ,   i s   s e a l e d  

up ,   a n d ,   a f t e r   a p p r o p r i a t e   t e s t i n g ,   i s   r e e n e r g i z e d .  

B e c a u s e   t h e   f l u s h   i s   n o t   t o t a l l y   t h o r o u g h ,   t h e   i n i t i a l  

PCB  l e v e l   in   t h e   new  f l u i d   in   t h e   t r a n s f o r m e r   i s  

a n t i c i p a t e d   a t   2500  ppm,  i . e .   0 . 5 5   of  t h e   i n i t i a l   PCB 

l e v e l s .   I t   i s   a s s u m e d   t h a t   t h e   PCB  h e l d   up  in   t h e  

c e l l u l o s i c   m a t e r i a l s   l e a c h e s   o u t   a t   a  r a t e   v a r y i n g   f r o m  

0 . 0 0 1   to   0 . 0 1 %   p e r   d a y .  W h i l e   t h e s e   v a l u e s   may  a p p e a r ,  

a r b i t r a r y ,   t h e y   a r e   p r o b a b l y   a t t a i n a b l e   in   e a s y - t o - l e a c h  

t r a n s f o r m e r s ,   and  h i g h e r   or   l o w e r   r a t e s   w i l l   o n l y   a f f e c t  

t h e   l e n g t h   of   t i m e   r e q u i r e d   to   a c c o m p l i s h   t h e   t o t a l  

l e a c h ,   n o t   t h e   b a s i c   p r o c e d u r e .   The  u p p e r m o s t   c u r v e  

p l o t t e d   on  t h e   g r a p h   m a r k e d   F i g .   3  shows  t h e  



c o n c e n t r a t i o n   (on  a  l o g a r i t h m i c   a c a l e )   of  PCB  t h a t   c a n  

be  e x p e c t e d   to   be  f o u n d   in   t h e   t r a n s f o r m e r   f l u i d   as  a  

f u n c t i o n   of   t i m e .   In  a c t u a l   c o m m e r c i a l   a p p l i c a t i o n s   o f  

t h e   p r o c e s s   one  w o u l d   n o t   n e e d   to   d e t e r m i n e   a l l   t h e s e  

c o n c e n t r a t i o n s .   H o w e v e r ,   one  w o u l d   wan t   to   s a m p l e   t h e  

o l d   f l u i d   b e i n g   r e p l a c e d   and   d e t e r m i n e   i t s   PCB 

c o n c e n t r a t i o n .   T h i s   i s   shown   by  t h e   open   c i r c l e s   i n  

F i g .   3.   W h i l e   t h e   e x a c t   l e n g t h   of   t h e   l e a c h i n g   p e r i o d s  

i s   a r b i t r a r y ,   e x p e r i e n c e   w i t h   a  g i v e n   t y p e   o f  

t r a n s f o r m e r   w i l l   i n d i c a t e   t h e   m o s t   p r a c t i c a l   p e r i o d  

l e n g t h s   in   t e r m s   of   o v e r a l l   p r o c e s s   t i m e   and  t o t a l  

n u m b e r   of   f l u i d   r e p l a c e m e n t s .   In   t h i s   e x a m p l e ,   60  d a y  

l e a c h   p e r i o d s   a r e   u s e d .  

At  t h e   end  of  60  d a y s ,   t h e   t r a n s f o r m e r   i s   o n c e   m o r e  

d e e n e r g i z e d ,   t h e   f l u i d   i s   d r a i n e d ,   and  a  s a m p l e   t a k e n  

f o r   a n a l y s i s .   The  s y s t e m   may  be  r e f l u s h e d   w i t h   a b o u t ( 2 5  

g a l l o n s ) o f   TCB,  and  t h e   f l u s h   f l u i d ,   a l o n g   w i t h   t h e   b u l k  

f l u i d ,   i s   t a k e n   to   a  s i t e   w h e r e   t h e   TCB  may  be  r e c o v e r e d  

b y   d i s t i l l a t i o n   ( and   t h e   r e s i d u a l   PCB  p r o p e r l y   d i s p o s e d  

o f   by  EPA  a p p r o v e d   m e t h o d s ) .  

The   t r a n s f o r m e r   i s   r e f i l l e d   w i t h   TCB,  and  t h i s   t i m e  

t h e   i n t i a l   e x p e c t e d   PCB  c o n c e n t r a t i o n   (due   to   r e s i d u a l  

p r i o r   f l u i d )   i s   a b o u t   83  ppm.   A g a i n   t h e   a n t i c i p a t e d   PCB 

c o n c e n t r a t i o n   f o l l o w s   a l o n g   t h e   s e c o n d   h i g h e s t   c u r v e   i n  

F i g .   3  f o r   t h e   n e x t   60  d a y s   ( t o   120  d a y s ) ,   w h e r e u p o n   t h e  



TCB  in  t he   t r a n s f o r m e r   i s   c h a n g e d   as  b e f o r e ,   w i t h   o n e  

e x c e p t i o n .   S i n c e   t h e   d r a i n e d   TCB  f l u i d   has   a  

c o n c e n t r a t i o n   of   PCB  l e s s   t h a n   t he   i n i t i a l   v a l u e   f o r   t h e  

f i r s t   f i l l ,   t h e   d r a i n e d   f l u i d   n e e d   no t   be  s e n t   to   t h e  

s t i l l   f o r   s e p a r a t i o n ,   b u t   i n s t e a d   can  be  u s e d   as  t h e  

i n i t i a l   f i l l   f o r   a  s e c o n d   PCB  t r a n s f o r m e r   to   b e  

c o n v e r t e d   to   a  n o n - P C B   c o n d i t i o n .   T h i s   s a v e s   v a l u a b l e  

d i s t i l l a t i o n   t i m e   and  e n e r g y ,   as  w e l l   as  t r a n s p o r t a t i o n  

or   h a n d l i n g   c o s t s .  

The  r e f i l l   p r o c e s s   i s   r e p e a t e d   one  more   t i m e .  

T a b l e   I I   g i v e s   a  l i s t   of   t h e   a n t i c i p a t e d   a n a l y t i c a l  

r e s u l t s   w h i c h   a r e   r e p r e s e n t e d   by  t h e   c i r c l e s   on  t h e  

g r a p h   of  F i g .   3.  I t   i s   c l e a r   f r o m   t h e   d a t a   of  T a b l e   I I  

and   F i g .   3,  t h a t   t h e   f o u r t h   r e f i l l   w i l l   n o t   r i s e   a b o v e  

50  ppm  PCB  c o n t e n t ,   t h e   U.  S.  g o v e r n m e n t   c u t - o f f   v a l u e  

f o r   t h e   d e s i g n a t i o n   of  n o n - P C B   t r a n s f o r m e r s .   T h e r e f o r e ,  

a t   t h e   end  of  180  d a y s ,   t h e   t r a n s f o r m e r   i s   r e f i l l e d   w i t h  

i t s   p e r m a n e n t   f l u i d ,   a  s i l i c o n e   o i l ,   e . g . ,   L - 3 0 5 .   T h e  

PCB  v a l u e   e x p e c t e d   to   be  r e a c h e d   a f t e r   a n o t h e r   60  d a y s  

(240   d a y s )   i s   o n l y   16  ppm,  and  a f t e r   t h e   p r e s c r i b e d   U .  

S.  g o v e r n m e n t   90  day  p e r i o d   (270   d a y s )   i t   i s   a n t i c i p a t e d  

to   be  a t   s t i l l   o n l y   18  ppm.  T h u s ,   t h e   t r a n s f o r m e r   m a y  

be  r e c l a s s i f i e d   as  a  n o n - P C B   t r a n s f o r m e r .  





E x a m p l e  4  

In  E x a m p l e   4,  60  day  l e a c h   p e r i o d s   a r e   u s e d   b u t  

f l u s h i n g   o u t   of   t h e   t r a n s f o r m e r s   is   e l i m i n a t e d .   I t   i s  

a s s u m e d   t h a t   98%  of  t h e   f l u i d   can  be  a d e q u a t e l y   d r a i n e d ,  

l e a v i n g   2%  in   t h e   t r a n s f o r m e r .   In   t h i s   c a s e   t h e   i n i t i a l  

c o n c e n t r a t i o n s   w i l l   be  2%  of  t he   p r e v i o u s l y   d r a i n e d  

f l u i d s   i n s t e a d  o f   t h e   0.5%  of  E x a m p l e   3.  The  p r o c e d u r e  

of   E x a m p l e   3  i s   r e p e a t e d   in   t h i s   e x a m p l e .  

The  r e s u l t s   to   be  e x p e c t e d   f o r   E x a m p l e   4  a r e   g i v e n  

in   T a b l e   I I I   and   a r e   shown  in  t h e   g r a p h   o f   F i g .   4.  N o t e  

t h a t   t h e   o b j e c t i v e   i s   s t i l l   o b t a i n e d   and   t h e   s y s t e m   c a n  

be  r e f i l l e d   w i t h   s i l i c o n e   or   o t h e r   p e r m a n e n t   o i l   a t   1 8 0  

d a y s .   The  l a c k   o f  h i g h l y  e f f i c i e n t   f l u s h i n g   i s   e x p e c t e d  

to   l e a d   to   s l i g h t l y   h i g h e r   PCB  c o n t e n t s   in   t h e   f i n a l  

f l u i d ,   b u t   t h i s   d o e s   n o t   s u b s t a n t i a l l y   c h a n g e   t h e  

a c h i e v e m e n t   of  t h e   g o a l   of  a  n o n - P C B   t r a n s f o r m e r .  



E x a m p l e   5  

The  s h a p e s   o f   t h e   c o n c e n t r a t i o n   c u r v e s   in  F i g s .   3  

a n d  4   m i g h t   l e a d   one   to   b e l i e v e   t h a t   t h e   f l u i d   c h a n g e s  

s h o u l d   be  made  m o r e   o f t e n ,   e . g . ,   e v e r y   30  d a y s   i n s t e a d  

of   60  d a y s .   E x a m p l e   5  i s   i d e n t i c a l   t o   E x a m p l e   4,  e x c e p t  

t h a t   30  day   l e a c h   p e r i o d s   a r e   u s e d .   The  e x p e c t e d  

a n a l y t i c a l   r e s u l t s   a r e   g i v e n   in   T a b l e   IV  and   t h e   p l o t s  

a r e   s h o w n   i n   F i g .   5.  The  t r e n d   i s   o b v i o u s   f r o m   t h e  

g r a p h s   of   F i g .   5.  The  i n i t i a l   r e f i l l   s h o w s   a  r e d u c t i o n  

a l m o s t   as  g o o d   as  t h a t   f o r   E x a m p l e   4,  b u t   s u b s e q u e n t l y  

t h e   r e d u c t i o n s   s t a r t   to   c u r v e   o f f .   The  s i x t h   r e f i l l   c a n  

be  made  w i t h   t h e   p e r m a n e n t   f l u i d ,   and  some  t i m e   h a s   b e e n  

s a v e d ,   a b o u t   30  d a y s ,   a t   t h e   e x p e n s e   of   t h e   two  e x t r a  

r e f i l l s   w i t h   TCB.  T h i s   e x a m p l e   i l l u s t r a t e s   t h e  

a v a i l a b i l i t y   o f   a  t r a d e - o f f   of   t i m e   v s .   n u m b e r   o f  

r e f i l l s ,   and   t h e   c h o i c e   d e p e n d s   upon   w h i c h   i s   v a l u e d   t h e  

m o s t   h i g h l y   f o r   t h e   s p e c i f i c   c a s e   a t   h a n d .  



The  p r e s e n t   i n v e n t i o n   i s   n o t   l i m i t e d   to   u s e   i n  

t r a n s f o r m e r s   b u t   can  be  u s e d   in   t h e   c a s e   of  a n y  

e l e c t r i c a l   i n d u c t i o n   a p p a r a t u s   u s i n g   a  d i e l e c t r i c  

c o o l a n t   l i q u i d   i n c l u d i n g   e l e c t r o m a g n e t s ,   l i q u i d   c o o l e d  

e l e c t r i c   m o t o r s ,   and  c a p a c i t o r s ,   e . g . ,   b a l l a s t s   e m p l o y e d  

in   f l u o r e s c e n t   l i g h t s .  



1 .  A   m e t h o d   f o r   r e p l a c i n g   a  c o o l a n t   c o n t a i n i n g   PCB 

in   an  e l e c t r i c a l   i n d u c t i o n   a p p a r a t u s   h a v i n g   a  t a n k  

c o n t a i n i n g   s a i d   c o o l a n t ,   an  e l e c t r i c a l   w i n d i n g   a n d  

p o r o u s   s o l i d   c e l l u l o s i c   e l e c t r i c a l   i n s u l a t i o n   i m m e r s e d  

i n   s a i d   P C B - c o n t a i n i n g   c o o l a n t   w i t h   a  s u b s t a n t i a l l y  

P C B - f r e e   h i g h   b o i l i n g   d i e l e c t r i c   p e r m a n e n t   c o o l a n t   t o  

c o n v e r t   s a i d   e l e c t r i c a l   a p p a r a t u s   i n t o   one  i n   w h i c h   t h e  

r a t e   o f   e l u t i o n   of   PCB  i n t o   s a i d   c o o l a n t   i s   b e l o w   t h e  

max imum  a l l o w a b l e   r a t e   o f   e l u t i o n   i n t o   t h e   c o o l a n t   of   a n  

e l e c t r i c a l   a p p a r a t u s   r a t e d   a s  n o n - P C B ,   s a i d   s o l i d   p o r o u s  

e l e c t r i c a l   i n s u l a t i o n   b e i n g   i m p r e g n a t e d   w i t h   s a i d  

P C B - c o n t a i n i n g   c o o l a n t ,   s a i d   m e t h o d   c o m p r i s i n g   t h e   s t e p s  

o f :  

( a )   d r a i n i n g   s a i d   P C B - c o n t a i n i n g  c o o l a n t   f r o m  

s a i d   t a n k   to   r e m o v e   a  m a j o r   p o r t i o n   of  s a i d  

P C B - c o n t a i n i n g   c o o l a n t   c o n t a i n e d   by  i t ;  

( b )   f i l l i n g   s a i d   t a n k   w i t h   an  i n t e r i m  

d i e l e c t r i c   c o o l i n g   l i q u i d   t h a t   i s   m i s c i b l e   w i t h   s a i d  

PCB,  i s   s u f f i c i e n t l y   low  in   v i s c o s i t y   to   c i r c u l a t e  



w i t h i n   s a i d   t a n k   and  p e n e t r a t e   t h e   i n t e r s t i c e s   of  s a i d  

p o r o u s   s o l i d   e l e c t r i c a l   i n s u l a t i o n ,   and  i s   c a p a b l e   o f  

b e i n g   r e a d i l y   s e p a r a t e d   f rom  s a i d   P C B ;  

( c )   e l e c t r i c a l l y   o p e r a t i n g   s a i d   e l e c t r i c a l  

i n d u c t i o n   a p p a r a t u s   and   c o n t i n u i n g   s a i d   e l e c t r i c a l  

o p e r a t i o n   f o r   a  p e r i o d   s u f f i c i e n t   to   e l u t e   PCB  c o n t a i n e d  

in   s a i d   P C B - c o n t a i n i n g   c o o l a n t   i m p r e g n a t e d   in   s a i d  

p o r o u s   s o l i d   i n s u l a t i o n   t h e r e f r o m   i n t o   s a i d   i n t e r i m  

d i e l e c t r i c   c o o l i n g   l i q u i d ;  

(d)   t h e r e a f t e r   d r a i n i n g   s a i d   i n t e r i m  

d i e l e c t r i c   c o o l i n g   l i q u i d   c o n t a i n i n g   s a i d   e l u t e d   PCB 

f r o m   s a i d   t a n k ;  

( e )   r e p e a t i n g   t h e   c y c l e   of  s t e p s   ( b ) ,   ( c )   a n d  

(d)   when  t h e   r a t e   of   e l u t i o n   o f  P C B   i n t o   s a i d   i n t e r i m  

d i e l e c t r i c   c o o l i n g   l i q u i d   e x c e e d s   0 . 5 5   ppm  of  PCB  p e r  

day  b a s e d   on  t h e   w e i g h t   of  s a i d   p e r m a n e n t   d i e l e c t r i c  

c o o l a n t ;   a n d  

( f )   f i l l i n g   s a i d   t a n k   w i t h   a  s u b s t a n t i a l l y  

P C B - f r e e   p e r m a n e n t   c o o l a n t   s e l e c t e d   f r o m   t h e   g r o u p  

c o n s i s t i n g   o f   h i g h   b o i l i n g ,   h i g h   v i s c o s i t y ,   s i l i c o n e  

o i l s ,   s y n t h e t i c   e s t e r   f l u i d s ,   p o l y - a l p h a - o l e f i n   o i l s   a n d  

h y d r o c a r b o n   o i l s   so  as  to  r e c l a s i f y   s a i d   e l e c t r i c a l  

a p p a r a t u s   to   n o n - P C B   s t a t u s .  

2.  M e t h o d   as  c l a i m e d   in   c l a i m   1  w h e r e i n   t h e  

i n t e r i m   d i e l e c t r i c   c o o l i n g   l i q u i d   i s   t r i c h l o r o b e n z e n e ,  

t e t r a c h l o r o b e n z e n e   or   m i x t u r e s   of  same  and  t h e  

p e r m a n e n t   c o o l a n t   i s   a  d i e l e c t r i c   s i l i c o n e   o i l   c o o l a n t .  



3.  M e t h o d   as  c l a i m e d   in   c l a i m   1  or  2  w h e r e i n   e a c h   s t e p  

( c )   i s   c o n t i n u e d   f o r   20  d a y s   to   1  y e a r   or  30  to   120  d a y s   o r  

45  t o   90  d a y s .  

4.  M e t h o d   as  c l a i m e d   in   c l a i m s l   to   3  w h e r e i n ,   w h e n  

c a r r y i n g   o u t   s t e p   (d )   of   t h e   p r e v i o u s   c y c l e   and  s t e p   ( b )  

o f   t h e   n e x t   s u c c e e d i n g   c y c l e , t h e   i n t e r i m   c o o l i n g  

l i q u i d   i s   d r a i n e d   f r o m   t h e   t o p   of  t h e   t a n k   w h i l e   f r e s h  

c h i l l e d   i n t e r i m   d i e l e c t r i c   c o o l i n g   l i q u i d   i s   f e d   i n t o  

t h e   b o t t o m   of  t h e   t a n k   and   w h i l e   e l e c t r i c a l   o p e r a t i o n  

o f   t h e   a p p a r a t u s   i s   c o n t i n u e d .  

5 .  M e t h o d   as  c l a i m e d   in   c l a i m s  1   t o  4 ,   w h e r e i n   t h e   s t e p s  

( d )   and   ( f )   a r e   c a r r i e d   o u t   by  f e e d i n g   t h e   P C B - f r e e  

p e r m a n e n t   c o o l a n t   i n t o   t h e   b o t t o m   of   t h e   t a n k   w h i l e  

r e m o v i n g   t he   i n t e r i m   d i e l e c t r i c   c o o l i n g   l i q u i d   in  t h e  

t a n k   f r o m   t h e   t o p   o f   s a i d   t a n k ,   and  w h i l e   e l e c t r i c a l  

o p e r a t i o n   of  t h e   a p p a r a t u s   i s   c o n t i n u e d .  

6.  M e t h o d   as  c l a i m e d   in   c l a i m s l t o   5,  w h e r e i n   t h e   t a n k  

i s   p r o v i d e d   w i t h   h e a t   i n s u l a t i o n   in  o r d e r   to   r a i s e   t h e  

t e m p e r a t u r e   of   t h e   i n t e r i m   d i e l e c t r i c   c o o l i n g   l i q u i d  

c o n t a i n e d   by  i t   d u r i n g   e a c h   s t e p   ( c )   w h i l e   e l e c t r i c a l l y  

o p e r a t i n g   s a i d   e l e c t r i c a l   i n d u c t i o n   a p p a r a t u s .  

7 .  M e t h o d   as  c l a i m e d   in   c l a i m s  1  t o   6,  w h e r e i n   t h e  

i n t e r i m   d i e l e c t r i c   c o o l i n g   l i q u i d  i n  t h e   t a n k   i s   h e a t e d  

d u r i n g   s t e p   ( c )   w h i l e   e l e c t r i c a l l y   o p e r a t i n g   t h e  



e l e c t r i c   i n d u c t i o n   a p p a r a t u s .  

8.  M e t h o d   as  c l a i m e d   in   c l a i m s  1   to   6  w h e r e i n   d u r i n g  

s t e p   ( c )   t h e   i n t e r i m   d i e l e c t r i c   c o o l i n g   l i q u i d   i s  

r e m o v e d   f r o m   s a i d   t a n k ,   h e a t e d   and  r e t u r n e d   to  s a i d   t a n k  

w h i l e   m a i n t a i n i n g   s u f f i c i e n t   i n t e r i m   d i e l e c t r i c   f l u i d   i n  

s a i d  t a n k   and   e l e c t r i c a l l y   o p e r a t i n g   s a i d   e l e c t r i c a l  

i n d u c t i o n   a p p a r a t u s .  

9.  M e t h o d   as  c l a i m e d   in   c l a i m s l   to   8  w h e r e i n   t h e  

i n t e r i m   d i e l e c t r i c   l i q u i d   i s   more   v o l a t i l e   t h a n   t h e   PCB 

and  i s   s e p a r a t e d   f r o m   t h e   c o n t a i n e d   PCB  by  d i s t i l l i n g  

o f f   t h e   i n t e r i m   d i e l e c t r i c   c o o l i n g   l i q u i d .  

10.  M e t h o d   as  c l a i m e d   i n   c l a i m s l   t o   8  w h e r e i n   t h e  

i n t e r i m   d i e l e c t r i c   c o o l i n g   l i q u i d   c o n t a i n i n g   PCB  e l u t e d  

f r o m   t h e   s o l i d   i n s u l a t i o n   i s   d r a w n   o f f   f r o m   t h e   t a n k  

as  a  s l i p   s t r e a m   w h i l e   e l e c t r i c a l l y   o p e r a t i n g   t h e  

e l e c t r i c a l   i n d u c t i o n   a p p a r a t u s   a d d i n g   f r e s h   i n t e r i m  

d i e l e c t r i c   c o o l i n g   l i q u i d   s u b s t a n t i a l l y   e q u i v a l e n t   t o  

t h e   a m o u n t   of   P C B - c o n t a i n i n g   i n t e r i m   d i e l e c t r i c   f l u i d  

d r a w n   o f f   in   t h e   s l i p   s t r e a m .  

11.  M e t h o d   as  c l a i m e d   in   c l a i m s  1   to   10  w h e r e i n  t h e   t a n k  

is   f l u s h e d   w i t h   a  s o l v e n t   f o r   t h e   PCB  f o l l o w i n g   s t e p  

(a )   and  b e f o r e   s t e p   ( b ) .  

12 .   M e t h o d   as  c l a i m e d   in   c l a i m   11  w h e r e i n   t h e  

f l u s h i n g   s o l v e n t   i s   t h e   same  l i q u i d   a s  t h e   i n t e r i m  

d i e l e c t r i c   c o o l i n g   l i q u i d   u s e d   in   s t e p   ( b ) .  



13.  Method   as  c l a i m e d   in  c l a i m   11  w h e r e i n   t h e  

f l u s h i n g   s o l v e n t   and  t h e   i n t e r i m   d i e l e c t r i c   c o o l i n g   l i -  

q u i d   i s   t r i c h l o r o b e n z e n e .  

14.   Me thod   as  c l a i m e d   in  c l a i m s l   t o   12  w h e r e i n  

t h e   i n t e r i m   d i e l e c t r i c   c o o l i n g   l i q u i d   i s   1 , 2 , 4 - t r i c h l o r o -  

b e n z e n e   or   a  m i x t u r e   of   t r i c h l o r o b e n z e n e   and  t e t r a c h l o r o -  

b e n z e n e .  

15.   Me thod   as  c l a i m e d   in   c l a i m s  1   t o   14  w h e r e i n  

t h e   p e r m a n e n t   c o o l a n t   e m p l o y e d   t o   f i l l   t h e   t a n k   i s   a  s i -  

l i c o n e   o i l .  

16.   Me thod   as  c l a i m e d   in  c l a i m   15  w h e r e i n   t h e  

p e r m a n e n t   c o o l a n t   u s e d   in   s t e p   ( f )   i s   a  s i l i c o n e   o i l   h a v -  

i n g   t h e   f o l l o w i n g   f o r m u l a :  

( C H 3 ) 3 S i O   ( C H 3 ) 2 S i O n S i ( C H 3 ) 3  

w h e r e i n   n  i s   a  n u m b e r   of   s u c h   v a l u e   p r o v i d i n g   a  v i s c o s i t y  

of   a b o u t   50  mm2/s  a t   2 5 ° C .  
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