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ABSTRACT

The thermal s ta b i l i ty  o f d ie le c tr ic  flu ids 
la  e le c tr ic a l equlpeest le  gwwrally governed ty 
reaction* with other material* ead with A purltias 
th a t cumot he avoided» HAeral o ils  ere suseap- 
t i t l e  to  a e te l  catalysed oxidative degradation! 
Involving a  peroxide Intermediate. Suitable lohib- 
l te r s  can he need to  decraase the rate* of th l*  
process* Both oxidative aad pyrolytic degradation* 
arc  considered fo r  silicone d ie le c tr ic  fluid*. 
Askarels are basically  s tab le  thermally where they 
a n  presently used, provided.tiny are properly 
purified  aad other M aterials present do not reac t 
with then* Thermal rating* o f ao lfn r hexafluoride 
depend upon m e t io s s  of the gas aad i t s  e le c tr ic  
discharge products with the so lids l a  a  device) aad 
aa adsorber can ha used to  m o v e  reactive products*

m n p p ucnoK

This paper discusses the theraa l s ta b ili ty  
of acne d ie le c tr ic  flu id s with regard to  th e ir  
pxaetieal ose* These flu id s  a re  Mineral o i ls ,  
s tu c c o e s , «stare la  and the 91s ,  su lfu r he»* 
flneride , whose operating tenperstores are  in  
the range of 10O#C nod higher* Continuous demutde 
to  Increase the operating te mper atu res of e le c tr i­
c a l equipment has generated considerable e ffo rt on 
th is  subject. A general view of i t s  significance 
and rnalflcations la  flrart pr esented here, in  the 
Introduction. Shis w ill  serve as the bssla for 
dealing subsequently with the  various individual 
d ie lec tric* .

Knowledge o f th eraa l s ta b il i ty  characteris­
t i c s ,  sp ec ifica lly  aging, of d ie le c tr ic s  deter- 
nlne how Individual ones nay be used In various 
applications. Where one my not be used, end Menus 
by which a d ie le c tr ic  la  Improved- The essen tia l 
c rite rio n  for accep tab ility  on the basis of ther- 
s a l  s ta b il i ty  is  th a t the physical and d ie lec tric  
propert i es ere  not impaired by c heal ca l reactions 
during reasonably long periods of operation a t  
the expected saxlsna temperature. Aging could* 
e re tlec , in  A c t ,  sometimes enforce s  ccopraaise 
o f e le c tr ic a l or o f  physical properties In 
choosing e d ie le c tr ic , i t  I s  noted th a t e lec tric  
discharge e ffec ts  should not be confused with 
theraa l e ffec ts , since both any occur during a 
functional aging te s t  of a d ie le c tr ic .

investigations of th e ra a l aging of a  dielec­
t r i c  flu id  usually follow th is  sequence.
F ir s t ,  conditions, especially  temperature levels, 
thn t cause s lg n lfic sn t degradation are established. 
This in to n a tio n  i s  often su ffic ien t to  decide on 
the use of a  specific  d ie le c tr ic . There are n 
rasnber of A6TX te s trv b le h ,  with sooe sa lifica tio n s 
vfatpe necessary, any ierve th is  purpose. As 
in te re s t In a d ie le c tr ic  grows, l t a  x ttas of

degradation as a function of temperature are 
obtained to  determine i t s  useful l i f e  under 
various operating conditions *s  These ra tes are 
generally based on a simple c rite rio n  such as • 
single physical, cbealeel or d ie lec tric  change. 
F inally , detailed  stud ies are  oade to  determine 
the sign ifican t chemical reactions and th e ir  ra tes 
th a t occur during degradation under various con­
d itio n s . Only mineral o i l s ,  of the fluids d is­
cus oed here, have been subjected to  a l l  these 
stages of investiga tion . The present status of 
knowledge of th e ra a l degradation of the other 
flu id s is re la tiv e ly  meager.

Fur the Boat p a r t , in te re s t  In  the aging of 
s d ie le c tr ic  flu id  i s  concerned with degradation 
effec ts  of one or more o ther m aterials to  which 
I t  Is exposed in  an e le c tr ic a l device. Sample* 
of these m aterials a re  w ater, oxygen, Metals, solid 
Insu la to rs, and dissolved Impurities ouch as 
ion liab le  or reactive  compounds and sa lts  of metals. 
Gome rese t d ire c tly  with the d ie le c tr ic , as oxygen 
fa r  e » v p le , and o thers, such ns copper s a l ts ,  aay 
catalyse degradation. in  contrast to  ryrolytle  
degradation of n d ie le c tr ic  f lu id , where only i t s  
own molecules are  involved In the reaction, these 
unavoidable reactan ts generally cause the theraal 
s ta b il i ty  to  decrease. Therefore, mast aging 
studies o f d ie le c tr ic  flu id s  do not include 
pyrolysis as a single A c to r .

A ch a rac te ris tic  of o degradation process of 
a  d ie le c tr ic  flu id  Is  th a t  th is  le  often due to  
only a r a l l  amounts o f reactan t and ensuing prod* . 
ucts- The reacting  materia la  .noted above are  
generally pr esent  in  low concentration A  the 
flu id  or a  vary small p a r t o f i t  la  exposed to  
them aa in  the case of a reacting  metal. Degra­
dation products a t  concentrations of parts per 
B illion  have been found to  cause substantial 
Increases A  the d issip a tio n  A c to r of d ie lec tric s . 
Example* of snoh lspoM tlas are hyd roly sable 
chlorine A  chlorinated diphenyls^ and carbonyls* 
in  transformer o i l .  This A c t ,  th a t reactants and 
products involved A  the degradation of a d ie lec tric  
flu id  are A  sn a il amounts, presents certs A  
problems A  pinpointing causes of degradation. It' 
way be d if f ic u l t  to  determine the nature of these - 
en te rta in , or even whether the f  A id i t s e l f  mas 
degraded. - The source o f the deleterious effects 
any be decomposition or reaction  products of 
an Impurity, where the d ie le c tr ic  i t s e l f  Is  not 
involved < Likewise, problems are  ancountered A  
attempting to  elucidate e ffec ts  which may be due 
to  very small amounts of c a ta ly s t.

However, once a deleterious reactant and/or 
product le  known, tbsn often advantage can be 
taken of I t s  sn a il concentration to  Improve the
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thermal e ta b ill ty  of the f lu id , n il*  la  tehieved 
by us* o f on additive or su itable purification , or 
both. A » 1 1  amount of a aubstance th a t specif­
ic a lly  rese ts  v itb  a harmful reactant can be 
added to  r emove I t  or change I t  to  a re la tive ly  
Innocuous fern , there la  some leeway in  choosing 
an additive aa I t  need not have as good d ie lec tric  
properties oa the flu id  I t s e l f  because i t  la  used 
in  lov concentration. An additive t in t  rcncte 
■with a reactant la  known as an in h ib ito r, and one 
reacting v itb  tbe products la  called a scavenger, 
the purification  process of a d ie lec tric  fluid lc  
often designed to  remove material» th a t are capa­
ble of degrading easily , v e il as those that 
impart poor d ie lec tric  pr opertie s  to  I t  In th e ir  
o rig in a l f a n .

She fhetors contributing to  the thermal 
s ta b i l i ty  of n d ie lec tric  flu id  in  an e le c tr ic a l 
device can be conveniently su n arlsed  under two 
main categories. One deals v itb  degradation 
e ffec ts  and the other with means to  upgrade the 
theme 1 s ta b il i ty . Degradation effec ts  are 
re la ted  to t

a .  She reaction of the flu id  v itb  en teric  Is 
Area vbich i t  cannot be iso la ted , such as oxygen 
and m etals, sod

b . Catalytic effects due to  certa in  impuri­
ties*

increased thermal s ta b ility  i s  achieved by:

a • P u rifica tion .
b . in h ib ito rs , and
c . Scavengers

iKDivsroyL piEUBgngcs

Mineral o il«

Specially purified  and fractionated mineral 
o i ls  a re  uaed extensively in  transformers, cables, 
capacitors, and c irc u it breakers o f high power 
ra tin g s . Their tssxlxiai operating temperature fo r 
continuous service «here they do so t have nevere 
reac t ions with the other components of the device 
has usually been rated a t  ID5* . These o ils  are 
mixtures Vhose major constituents ere  a lip h a tic  
hydrocarbons, arcmatlce and naphthenes. Much 
a tten tio n  has been devoted to  th e ir  thermal 
s ta b i l i ty  to  assure prolonged function of the 
equipmen t in  which they are used. There are a 
number of conflicting conclusions shoot Influences 
on th e ir  theraa l s ta b i l i ty .  This occurred probably 
because of differences in composition, Im purities, 
fractionation  and purification  of the o ils  studied, 
and use of various c r i te r ia  fo r theraa l s ta b i l i ty .  
However, a t  th is  po in t, acme of the effec ts  o f 
degradation of these o ils  In  e le c tr ic a l equipment 
as v a il  aa a number o f tbe factors th a t a ffee t 
th is  process are f a ir ly  wall understood. This is  
based on studies of transformer o i l ,  which w ill be 
emphasized here.

Thermal s ta b il i ty  considerations of u mineral 
e l l  Invariably deal with i t s  reaction with oxygen

and the ca ta lysis  of th is  reaction with copper and 
iron . Here, moisture is  particu la rly  harmful, 
and g reet car* is  token to  exclude i t .  Exposure to  
copper and Iron cannot be avoided In most e lec tric s) 
devices. The f in a l products of th is  reaction are 
o d d , sludges (insoluble acids and aoept>}f5 mater 
and carbon dioxide. Their deleterious effects 
Include lowering tbe insulating  quality  of the o i l ,  
deterioration  of paper or preasboard barriers and 
corr osion of conductors and casing• Sludge can 
a lso  obntnict flow of the o i l  th a t i s  necessary to  
d issipate  b ea t.4» There are ASTM te s ts  for acid* 
and fo r  sludge” formation in transform er.o il. 
Besides th e ir  use In quality  control, these te s ts  
have been the experimental basis fo r  various 
thcxnml s ta b il i ty  studies o f mineral o i l .

The discussion of the degradation process, 
here, I s  based principally  on s  review and two 
specific  studies of the degradation of mineral 
e l l  d ie le c tr ic s . The review Is  the proceedings 
of a eysposiua os insu lating  o ils  th a t was held 
Id 1958 a t  the In s titu tio n  o f E lec trica l Engineers 
under the chairmanship of Goesling.“ One of the 

• studies wes made by Melchlore and Mills,1*»*0 
who. mode carefu l analysis o f intermediate products 
of the degradation and a lso  controlled th e  compo­
s itio n  o f tbe o i l .  The o ther la  by «Teal, S tuart ft 
Boaal3 who emphasized d e ta ils  o f o i l  compos itio n  in  
developing th e ir  conclusions.

Tbe degradation .of a mineral o i l ,  according 
to  caygen uptake, generally pr oceed» k loe tlca lly  
as follows .” #9 f i r s t  there  la  aa induction 
period, n*xt the ra te  becomes nu tocataly tlc , then 
I t  i s  constant, and f in a lly  the ra te  of oxygen 
uptake decreases. The deleterious effec ts  In the 
o i l  become evident In  the la s t  two stages. The 
inh ib ition  stage la  diminished by tbe presence 
soluble copper or iro n .6» 9» a meaningful 
mechanism of th is  process must deal e ffec tively  
with the autocotaly tic  phenomenon.

The coune o f the degradation o f the o i l  has 
been shown to  be associated with the production 
end concentration of s  hydroperoxide Intermediate«
I t  I s  the basin o f  the following sc ries o f free  
rad ica l reactions th a t have been proposed. Tbe 
o i l  Is  designated as RH, end B*, ROg* and BO* are
free rad ica ls .

BH + 02-k R* •  3Dg* (1 )
F- ♦ 02-w H02* (2)
ROg* * BH-* BOOH ' (3)
R* ♦ ® 2—•  BOOH ( t)

These reactions would sc count fo r  the inhibition  
atoge. The nutocataly tlc  stage th a t follows Is  
explained by a number of reactions, where the 
hydroperoxide decomposes to  regenerate free  
rad icals sod thereby propagates a free  rad ica l 
chain. One such reaction  could be s  unlaolecular 
decomposition o f hydroperoxide J  3

BOOH — R* ♦ OH* . (5)
However the evidence points to  a ca to ly tleo lly  
Induced frtS? rad lco l chain, with copper or Iron
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cn ta ly st. I t  fcac been proposed 7̂ ^  th a t soluble 
copper ions react as follows with hydroperoxide.

POOH -*• Cu*S*+ Cu*1 * H* + HO *2 (6)
BOOH * Cu+3VCu*2 * OH” ♦ HO* (7)

Also a se ries of reactions was suggested where 
hydroperoed.de reaets v lth  copper oxide, oe the 
•orface of copper, to  fora soluble ccorplexes 
which deccBpose to  free  rad ica ls . Soluble copper 
te a  been shewn to  be effective a t  concentration» 
of le s t  than 200 parte per b il l io n  causing auto-. 
a  to  ly sis  and an increase in  d issipation  factor* 
t t e  in h lb ltlco  period depresses v lth  lncreesins 
concentration o f copper. f id s  mechanism ood 
ossociatad e ffec ts  probably also  apply for 
ca ta lysis  by other ae ta la  such aa iron* file auto- 
ca ta ly tic  reaction is  kept in  check, from becaalng 
explosive, by tem lnatlng  reactions «here free 
rad icals combine to  fin»  non-reactive products.

Nelehlore ana Mills'* e ls ia tb o t  cata lysis v lth  
copper la enhanced by nitrogen and su lfur larpu- 
r l t i e s  th a t occur in  the oil*  They suggested th a t 
these Impurities pranote so lub illcstloa  of copper. 
Howeve r , Je z l, S tuart and Boss 13, and others m in - 
ta lu  th a t the aulfiir ecopounds net as inhibitors 
to  the oxidation.

She f in a l  products, « i n l y  acids and sludge, 
are  famed during the la s t  two stages of the 
oxidation, when the ra te  of osqrgen uptake is  
constant and then decreases. Acids are derived * 
fren  the a lip h a tic  hydrocarbons in  the o i l ,  and 
the sludge, largely  insoluble acids and carboxylic 
s a lt« , from the aromatic*.o#9/*3 R>e mechanic« 
fo r  finaation  o f these aa te ria lo  must be very 
complicated, and i t  involves decomposition of 
hydroperoxide, whose concentration decreases during 
th is  period, and various reactions of. the oxygen­
ated free  ra d ic a ls .*3»**

7ra* the above i t  can be seen th a t deterlom - 
tlo o  o f  a mineral o i l  can be inhibited by deacti­
vating hydroper oxide, the fiv e  rad ica ls , or the 
metal catalyst*  tach of these modes of inhibition 
w ill  be discussed, as well as purification  as 
means to  increase the thermal s ta b ili ty  of e nlit­
e ra l o i l .

Mineral o ils  fo r e le c tr ic a l applications ere 
gene ra lly  purified  by successive extractions with 
su lfu ric  a d d )  but hydrogenation end solvent 
extraction  a re  a lso  used* Various studies hove 
shown th a t tb s  su lfu ric  acid process can be opplied 
to  a lim ited ex ten t.^  9b» f i r s t  few extractions 
achieve increased s ta b ili ty .-  However, when they 
a re  continued beyond a certa in  point, where the 
o rcaatlc  content- of the o i l  begins to  be sign if­
ican tly  diminished, file o i l  becomes lees etable 
to  oxidation. I t  was concluded th a t the eruoatles 
in  the o i l  a c t ,  a t  le a s t in  p e rt, es an Inhibitor 
to  the oxidation.

An in h ib ito r tfast extends tbe inhibition 
period u n ti l  i t  Is  consisted is  known ec an an ti­
oxidant. When i t  Is exhausted, the o i l  m y be 
replenished v lth  more a f te r  the o i l  i s  suitably

refined again. Ihe compound DHPC, 2, 6-d i- te r t-  
bu ty l-jara-ereso l, end occasionally some of I ts  
anslogues, hove been uied effectively  for thle 
purpose. I t s  presence bet been shown to  double 
tbe l i f e  of a t r a n s f o r m e r .^  There are e number 
anti-oxidants, of tbe «nine caxpound type, that 
are more effective for alnezal o ils  than DBFC*
But they cannot be used In e le c tr ie s l applications 
because they cause large increases la  the dlsslpe- 
t ia a  fac to r.

There ore d ifferen t opinions about the reac­
tions of on antl-oxldsnt th a t Inh ib it oxidation. 
One*® me lota Ins th a t i t  reacts v lth  the hydroper­
oxide to  yield re la tiv e ly  in e rt product*. Another 
claims th a t the antlaxldsnt suppresses the 
propagation sequence by reacting preferen tially  
v lth  the chain carrying free radicals .*7 These 
active rad icals are coo verted to  stable aolecules, 
vblle  the anti-oxidant rad ica l, which ensues, is  
re la tiv e ly  in e r t .

1 Deactivation of a metal ca ta lyst to  Inhibit 
oxidation has been achieved by use of certa in  
chelating agents* Metal ions form complexes v lth  
these compounds in  which they lose th e ir  ionic 
character, and hence th e ir  a b ili ty  to  propagate 
free rad ica l chains. Also, a  metal sutlhee may be 
passivated by adsorbing tbe chelating agent* This 
would prevent 'reaction of tbe metal oxide, copper 
oodLde fo r  example, v lth  hydroperoxide to  form a 
complex th a t generates free rad ica ls . Sinee a 
metal deactivator rese ts  v lth  « limited supply of 
ca ta ly s t, which is  not replenished during the 
oxidation, I t s  e ffec t should be re la tiv e ly  perma­
nent. in  contrast, the e ffec t of an anti-oxidant 
I t  not,permanent as shown shove. Melehlore end 
Mills11 found b e tte r inhibition of oxidation by 
s  m etal deectlvstar than by an an ti-ox idan t.' 
However, p r e s e n tly d i- te r t-b u ty l  p sn -c raab l Is  
used much more extensively than metal desctivmtors.

I t  would seem logical to  add both kinds of . 
in h ib ito r to  an o i l ,  ooe th a t reacts v lth  hydro­
peroxide and one th a t deactivates e metal ca ta ly st, 
to  get o re la tiv e ly  high degree of thermal s tab il­
i ty .  However, th is  may re su lt in  too high a 
d issipation  fac to r since these additives are fa ir ly  
polar and only a « sa il amount can be to lerated  In 
the o i l .  Also,decreasing th e ir  concentrations to  
sa tis fy  the d issipation  factor requirement may 
re su lt in  both being altogether ineffec tive.

The following is  e reeeipe of s su ffic ien tly  
stab le  transformer o i l ,  far operation e t  about 
100*C th a t i s  based on exper ie nce and the therm ! 
s ta b i l i ty  considerations noted above*

A rcm tlcs -  30%
Baphthenlcs -  y%
A liphatic« -  65%
Sulfur ( f ) and nitrogen containing 

compounds <1D pm  eneb 
Additive -  *15$

inh ib ito rs a re  generally not added to  the Oil for 
power transform ers, where speciel care is  .taken 
to  avoid causes of oxidation. Oxygen la carefully 
excluded, and the o i l  i s  aa lo ts  Iced ms dry •* 
possib le.
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S ilic o n e  Fluid»

There a re  ■ number of e il ie o n e  f lu id «  •which 
a re  r t t t d  fo r  r e la t iv e ly  high tra p e ra  tu r e  a p p l i ­
c a tio n s , g en e ra lly  fetr 150*C and « « sá tiro s  even 
above 20G*C, «■ d ie le c t r ic » .  They a rc  o f the 
■ ethy l and phenyl s i l i c o n e s , which a re  polymers 
w ith tbeae g en e ra l fo rnu la« .

_  —

«2 R1 R2

-  81 -  0 - - 8 1 - 0 - 8 1 - 0 -

*1 «1 R2
_  —JD

where th e  H 's a r e  methyl or phenyl group». We 
C-H (p rim ary ), Bi-C, and 81*0 bonds in  th ese  
s t ru c tu r e s  « re  r e la t iv e ly  s ta b le  therm ally  and 
r e s i s t a n t  to  o x id a tio n , coopsred to  th e  C-H 
(secondary and t e r t i a r y )  and C-C bonds in  a 
■ In e ra l o i l .  The s i l ic o n e  o i l s  a ls o  bave sco­
re  ry  d e s ira b le  d ie l e c t r i c  and p h y sica l proper" 
t i e s ,  such as low lo s se s  and low v isco sity -tem p e r- 
a tu re  c o e f f ic ie n ts .  However th e i r  h igh  co s t bas 
r e s t r i c te d  th e i r  use to  s o s l l  sized  d e v ic e s .

The fo llow ing  a re  sow  o f  the  c h a ra c te r i s t ic s  
o f  th e  degradation  o f  s i l ic o n e  f lu id s  th a t  a re  
p e r t in e n t to  t h e i r  use in  e le c t r i c a l  d e v ic e s . 
P y ro ly s is  occurs above 200*C, and onuses v o l a t i l ­
i s a t io n  and a decrease  in  m olecular w eigh t.
Exposure to  oxygen is  d e le te r io u s  sto v e  150*C, 
and r e s u l t s  In  In c reases  in  v ls e o s lty  and , f i n a l ly ,  
g e l l a t l c n . Copper was found to  in h ib i t  th e  
o x id a tio n  o f a s i l ic o n e  f lu id  e t  200*C, w hile o th e r 
• é t a i s ,  such a s  Ira i»  s t e e l ,  t i n  and t i n e ,  had no 
s l^ a l f lo a n t  e f f e c t/6 This I s  in  osrked c o n tra s t 
t o  th e  o x ida tion  behavior o f m ineral o i l s .  A cids, 
which can o fte n  be avoided, Induce g e L ls tio n .

A study  was made by B eals, Hlckam and L o e ffle r  
!9 ,ao  0f  some o f  the  k in e t ic s  o f  o x id a tio n  o f 
s i l i c o n e s ,  which Included dim ethyl s i l ic o n e  (DC 
200, Dow Corning) • Boss ox id a tio n  o f th i s  Liquid 
was de tec ted  a t  150*C; and i t  g e lled  s t  250*C, 
when th e  r a te  o f  oxygen abso rp tion  was r e la t iv e ly  
h ig h . A mechanism we» proposed fo r  th e  o x ida tion  
o f  s i l ic o n e s ,  which la  e s s e n t ia l ly  th e  same as th a t  
g iven shore  fo r  m inera l o i l s ,  w ith  e hydroperoxide 
In te rm ed ia te  in  th e  propagation  o f a f re e  ra d ic a l  
c h a in . O e lls tio n  I s  p robably  induced by the  ac id s  
th a t  a r e  g en era ted , s ln ee  ac id s  advance polymer­
iz a t io n  and c ro s s - l in k in g  o f  s  s i l i c o n e .

Use Of in h ib i to r s  to  suppress ox id a tio n  e f f e c ts  
In s i l ic o n e  f lu id  d ie le c t r ic s  i s  sev e re ly  r e s t r i c t ­
ed by th e  rag n itu d e  o f  th e  tam perettares, above 
150*C, a t  which th ey  have to  be a f f e c t iv e .  I t  i s  
i mpor t a n t th a t  th e  in h ib i to r  does not in troduce  
s q u a n ti ty  o f  ions In to  th e  d ie l e c t r i c  medium th a t 
would s u b s ta n t ia l ly  in crease  i t s  d is s ip a t io n  
f a c to r .  While a number o f a n ti-o x id a n ta  have been 
found which c o n tr ib u te  l i t t l e  to  the  d is s ip a t io n  
fh e to r  a t  tem pera tu res of 100- 125*C in  m inera l 
o i l s ,  th i s  la  le s s  l ik e ly  to  be achieved a t  200- 
2J0*C fo r  s i l ic o n e  f lu id s  because th e  d is s ip a t io n  
fa c to r  in c re a se s  ra p id ly  w ith  tem p é ra tu re .

The h ig h e s t tem perature r a t in g  o f a s i l ic o n e  
f lu id  can be obtained by is o la t in g  i t  to  avoid 
o x id a tio n , sad then the therm al s t a b i l i t y  i s  based 
on p y ro ly tic  r e a c t io n s . S e h ie fe r21 determined 
apparent i n i t i a l  deconposition  tem peratures fo r  
th ree  s i l ic o n e  d ie le c t r ic  f l u id s ,  in  n itro g e n .
These s r e  based on measurements of vapor p ressu re  
as a fun c tio n  o f Increasing  tem pera tu re , s t  a ra te  
of 2*C p e r m inute, SDd a re  th e  p o in t where th e  log  
vapor p ressu re  versus l/(a b so lu te  tem pera tu re) p lo t 
changed s lo p e . They were found to  be 315*C to r  
dim ethyl s i l ic o n e ,  320*C fo r  pbenylm etbyl-dlm ethyl 
s i lic o n e  and 372*C fo r  phenylmethyL s i l i c o n e .
T heir magnitude i s  re la te d  only q u a l i ta t iv e ly  to  
th e  degree o f therm al s t a b i l i t y ,  as they probably 
r e f l e c t  f a i r l y  high ra te s  o f  decom position due 
to  th e  high r a te s  o f  tem perature r i s e  used fo r  th e  
vapor p re ssu re  measurements. In  f a c t ,  th e  maximum 
o pera ting  tem peratures o f th ese  s i l ic o n e  f lu id s  
e re  no t more than  250*C, which I s  co n siderab ly  
below th o se  v a lu eo . A mechanism fo r  th e  p y ro ly tic  
decom position o f a s i lic o n e  f lu id  was suggested  by 
Lew is. 3 x t  was based on w eight lo s s  d a ta  fo r
a a e r ie s  o f d im ethyl s i lic o n e  liq u id s  (DC 200, Dow 
C orn ing)• F i r s t ,  th e  polymer chain  was assumed to  
c leave s t  a s i t e  where an im purity  s tom was lo c a te d . 
One o f th e  fragm ents would then  r e a c t  to  g ive a 
p roduct w ith  a c y c lic  s t r u c tu r e ■ This kind o f  
p roduct has been found to  be f eu wed in  th e  
p ro ly s ls  o f  a s i l i c o n e .

As Varela

A number o f d ie le c t r ic  f lu id s  which a re  widely 
used in  c a p a c ito rs  sod transfo rm ers a re  known a s  

- a s k s re ls .  T his I s  a generic  name th a t  p e r ta in s  to  
t h e i r  n o n -flm m sb lllty . Tbeae d i e l e c t r i c  f lu id s  s r e  
g e n e ra lly  c e r ta in  cb lo ro  d iphenyls and ch lo ro  
benzenes. The moat common ch lo ro  d ipheny ls a re  . # 
m ix tures o f isom ers, o f  t r ic h lo ro  d ipheny l (A roclor 
12l»2), o f te t r a c h lo ro  d iphenyl (A roclor 12A8) sod 
pen t«ch lo ro  d iphenyl (A roclor 12 5A ). There a re  
two ch lo ro  benzenes In th i s  group, th e  1 , 2,  A- 
t r ic h lo r o  and th e  1 , 2, 3» A -te tra c h lo ro - 
d e r iv a t iv e a .• They a re  used in  so lu tio n  w ith  a 
ch lo r in a te d  d ipheny l, g en e ra lly  to  lower i t s  
v is c o s i ty .  The therm al s t a b i l i t y  o f a sk a ra la  
la  r e l a t i v e ly  high w ith regard to  p y ro ly s is  and 
o x id a tio n , in  f a c t ,  th e i r  op era tio n  c a p a b i l i ty  a t  
h igh tem p era tu res , above ljO 'C , ts  lim ite d  by th e  
occ u rrence o f  h igh d is s ip a t io n  fa c to rs  r e s u l t in g  
from d isso lv ed  im p u ritie s , and not to  th e  ooset o f 
therm al i n s t a b i l i t y .  O ften , however, th e  therm al 
r a t in g  o f a device lo  which they a re  p re s e n t has 
to  be r e l a t i v e ly  low, or an a sk a ra l can no t be 
used, because o f d e le te r io u s  s o lu b i l i ty  e f f e c t s ,  
a s  th ey  a c t  a s  so lv en ts  and sw elling  ag en ts  fo r 
■any organic  re s in s  sod components. T his has 
to  be considered  regard ing  th e  s t a b i l i t y  of 
d i e l e c t r i c  o r s t r u c tu r a l  m a te ria ls  th a t  a re  
exposed to  an a s k a re l ,  and tb a  p o ss ib le  In tro d u c tio n ' 
o f  an im purity  from th e  so lid  to  th e  l iq u id ,  where 
i t  can be harm fu l.

Thermal deg rada tion  o f m skarcls begins to  become 
s ig n if i c a n t  a t  about 200*C. Munch2* determ ined

"> Monsanto tra d e  name.
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th e  e f fe c t*  o f a i r ,  copper, Iro n , le a d - t in  »older 
and ■luminum oo tbe change In d is s ip a t io n  fa c to r  
o f  A roclor 12li2 due to  heating  a t  20C*C fo r  up to  
800 hour» . D iaa lp a tio c  f a c to r  change* a re  often  
■ore s e n s it iv e  t o  th e  presence of d e le te r io u s  
degradation  p roduc ts , than r e s u l ts  of chemical 
reac tion*  used to  d e te c t them. He found, h ere , 
th a t  none o f th ese  v a ria b le s  in d iv id u a lly  had 
a s u b s ta n t ia l  e f f e c t  on tbe  therm al s t a b i l i t y  
o f  th i s  f l u id .  The decrease in  therm al s t a b i l i t y  
due to  s i r  vos fu r th e r  enhanced by the  presence 
o f copper. An A STM aethod25 1» a v a ila b le  to  
determ ine the  s t a b i l i t y  o f an ashore 1 a t  200*C 
and 21f)*C, v l th  a i r  p re s e n t. I t  serves au ln ly  fa r  
q u o li ty  c o n tro l .

Aakarola fo r  e l e c t r i c a l  ap p lic a tio n s  
a re  req u ired  to  ba f r e e  of an Im purity  which 
e a s i ly  genera tes hydrogen ch lo rid e . 3 This 
a f f e c t  can lead  to  in s t a b i l i t y  of an e le c t r i c a l  
d ev ice . Bueh an Im purity  may be a compound 
w ith  s u b s ti tu te d  c h lo r in e , in  an a l ip h a t ic  
hydrocarbon o r In  an a l ip h a t ic  branch o f an 
a ro m atic , o r an ercam tle  v l th  added ch lo rin e .
The presence o f  th e se  d e le te r io u s  Im p u ritie s  
la  d e tec ted  by ana ly ses fo r  hydrolyzable ch lo rin e  
(w ith  a lc o h o lic  sodium h yd rox ide).2^ These t e s t s  
a re  s e n s i t iv e  to  p a r ts  p e r  m ill io n , * . 1 , 
hydro lyzab le  c h lo r in e .

S u lfu r  H erafluo ride

The use o f s u l fu r  hex aflu o rid e  a s  a d ie le c t r ic  
medlTB in  h igh vo ltag e  equipment, which Includes 
h igh power c i r c u i t  b reak e rs , tran sfo rm ers , x -ray  
ap p ara tu s  and h igh frequency d ev ice s , has in c rea s­
in g ly  focused a t t e n t io n  on i t s  therm» 1 s t a b i l i t y  
c h a r a c t e r i s t i c s . The s a in  concern la  I t s  
r e a c t iv i ty ,  a s  w e ll as th a t  o f  i t s  products of 
d is c h a rg e , w ith  th e  s o lid  components o f an 
e l e c t r i c a l  d e v ic e . In  th e  gas phase, however, 
where th e re  i s  no e f f e c t  o f  0 s o l id ,  s u lfu r  
h e » f lu o r id e  1» q u ite  s ta b le  p y ro ly tic e lly ,  a t  
l e a s t  to  500* C .2? ,  28 very l i t t l e  in f  o n *  t  ion is  
p re s e n tly  a v a ila b le  about th e  various p o ss ib le  
th e n m l reao tlen *  o f  s u lfu r  b e » f lu o r id e  w ith 
m e ta la , in s u la to r s ,  sem iconductors aod o th e r 
c«porten t*  o f  e l e c t r i c a l  equipm ent, to  serve as 
a b a i la  fo r  tem perature  r a t in g s ,  in  c o n tr a s t ,  
more has been pub lished  about re a c tio n s  o f 
i t s  p roducts o f e l e c t r i c a l  d is c h a rg e s .

The s ig n if ic a n t  consequences o f th e n m l 
re a c tio n s  o f  s u l fu r  h ex a fluo ride  in e le c t r i c a l  
equipment a re  lo sa  o f  th i s  gss and d e te r io ra tio n  
o f  tb e  s o l id s . A m eaningful study o f th i s  would 
have to  con sid er p o ss ib le  e f f e c ts  or im p u ritie s  
th a t  « y  be p re s e n t, sueh as m oisture aod s i r ,  
on th e  r e a c t io n s . Some data  was obtained by 
H ears2? on h a s tin g  o f su lfv ir h e » f lu o r ld e  w ith 
v arious m etals and in s u la t in g  sm te ria lo  a t  150*C 
and a,t 223*C fo r  2TO d ay s. Tbe m etals were

s i l ic o n  s t e e l ,  mild s t e e l ,  copper and • luminum.
This l i s t in g  1» in o rder o r  t h e i r  observed degree 
of r e a c t iv i ty ,  w ith s i l ic o n  s t e e l  being ao s t 
r e a c t iv e . I t  appeared th a t  a l l  th e  m a te ria ls  
te s te d  a re  q u ite  compatible w ith  s u lfu r  hexa­
f lu o rid e  a t  150*C, which should not be exceeded.

A ctivated  a lua lna  was te s te d ,  In th i s  study , 
as a scavenger fo r re a c tiv e  gaseous p ro d u c ts . I t  
did reduce th e  co ncen tra tion  o f co rro s iv e  gss th a t 
was produced by decomposition o f su lfu r  hexafluo ride

When th e  use o f s u l fu r  h e ra f lu o rid e  in  e le c ­
t r i c a l  equipment e n ta i ls  co n siderab le  d isch a rg es , 
th e  r e a c t iv i ty  o f th e  products o f d ischarge  w ith 
tbe  o th e r components has to  be considered regard ­
ing the  o v e ra l l  s t a b i l i t y .  The products th a t  a re  
of concern a re  those  th a t  remain a f t e r  th e  d i s ­
charge, or a re  a ls o  formed th e n . These a re  
a c id i c ,30 com prising o f f lu o rin e  and lower f l u ­
o rides o f s u l fu r ,  as w ell as hydrogen f lu o r id e  
and o j^ f lu o r ld e s  which a re  due to  tb e  presence of 
m oistu re , oxygen and organic compounds .31 absorb­
en ts such a s  a c tiv a te d  alumina have been used, 
q u ite  e f f e c t iv e ly  to  lower th e i r  concen tra­
t io n s  .30,31 schumb, Trump end P r ie s t2? found 
th a t  both m etals aod nonoetal* a re  a ttack ed  by 
th e  products o f a low c u rren t de d ischarge  in  
s u l fu r  h e x a flu o rid e . The m etals they  te s te d  
followed th i s  o rd e r of r e a c t iv i ty  w ith th ese  
p roducts: b rass 7  copper > s t e e l y  s ta in le s s  
s t e e l >  aluminum• This o rder o f r e a c t iv i t i e s  
should be compared w ith th a t  fo r  th e  therm al 
re ac tio n s  o f  m etals w ith  s u lfu r  h e » f lu o r ld e .
The d if fe re n c e  in  r e la t iv e  p o s itio n s  o f  copper 
may be o f some s ig n if ic a n c e . some d a ta  w ere, 
obtained re c e n tly  by Kanasashl31 and by ThkuaaJ2 
an th e  expoaure o f  sev e ra l polymer f i lm s , which 
a re  need a s  in s u la to r s ,  to  th e  products o f  corona 
d ischarges in  s u lfu r  h ex a flu o rid e . On th e  b a s is  
o f weight lo s s ,  th e  fo llow ing o rd e r o f  re s is ta n c e  
to  th ese  products was found: p o ly te tr s f lu o re tb -  
ylene >  po lyethy lene  7  po ly s ty ren e7  polypropylene 
>  po lyethy lene te r e p h th a la te ^  v in y l c h lo r id e  
> c e llu lo s e  t r i e c e t a t e .

U nderstanding o f  th e  re a c tio n s  o f s u l fu r  
h exafluo ride  and o f  i t s  d ischarge p roducts has 
as a  back up th e  chem istry of f lu o r in e  and 
hydrogen f lu o r id e .  Reference to  th e  re a c t io n s  
of these  m a te r ia ls  and methods used to  handle the* 
i s  u se fu l f o r  e l e c t r i c a l  a p p lic a tio n  of s u l fu r  
hexaflu ro ide  to  h e lp  e x p lo it i t s  d e s ira b le  
d ie le c t r ic  p ro p e r tie s .

COWCUUDIHO RZXMOC

P re s e n tly , th e  various d ie le c t r ic  f lu id s  th a t  
a re  a v a ila b le  and th e  methods used to  p repare  and 
m aintain them a re  adequate to  s a t is f y  moat th e ra a l  
requirem ents fo r  e l e c t r i c a l  eqiupm ent. I t  le  the  
so lid  In s u la tin g  member, o f o ragnlc nature-, th a t  
Often l im i ts  th e  therm al r a t in g  and o p e ra tio n a l 
l i f e  of a d e v ic e . However, as a s h i f t  occurs to  
mare th erm ally  s ta b le .a n d  more so lv en t r e s i s t a n t  
so lid  I n s u la to r s ,  the  promise o f increased  th e r ­
mal ra t in g s  w i l l  ev en tu a lly  c a l l  fo r  s im ila r
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Improvements In th e  f lu id  m edia. This vould be 
achieved by upgrading the th e ra a l s t a b i l i t y  o f 
p re se n t f lu id  d ie le c t r ic s  and developing “«v oneo.

The use o f d ie le c t r ic  f lu id s  a t  h igher temper­
a tu re s  than new, v i l l  demand even acre  a tte n tio n  
to  th e i r  degradation  phenomena and e f f e c ts  on 
d is s ip a t io n  fa c to r -  I t  i s  reasonable to  expect 
th a t  very c a re fu l and new technique« v i l l  have to  
be used to  exclude im p u ritie s  th a t  could induce 
decom position or in c rease  th e  d is s ip a t io n  f a c to r .  
Mechanisms o f degradation  and acens to  in h ib i t  I t ,  
and th e  n a tu re  o f d e le te r io u s  Im purities may v e i l  
be q u ite  nove l, e sp e c ia lly  where new liq u id s  and 
s o l id  d ie l e c t r ic s  a re  u sed .
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