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£ TEV SYNTHETIC IMPREGNANT FOR EICH TENSICK HOLLGH CORT CARL=S -
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Centro Pirelli

Milano, Italy

Tee "pzper/thin mineral oil" composite dlelectric used as insulaticn in kigh

veltege catles dates back to 1924 when the first hollcw core cable (= 130 kv pionzer)

vas experiment2lly lsid at Brugherio (Milan, Itely). Siznce then, thaniis to cont

invesivigations and growing experience, each single cheracteristic ol this Imprezrant

"

hes besn brovzht more and more into focus, eventuslly reaching the &t present sitrictly

'_l

Tre gensrel properties which characterize the presenily used Toin mineral
clls cen be rezarded =5 tre best obtainable with petroleun derivatives; ec a matiesr
of facy zineral oils ere mede up of complex mixtures ol many different hylrocarbors
soma of wixich bekeve satisfectorily whillst otkers, wefortunztely very difficull ic ra-
rove, show undesiredble properties. An additional disedvantege whick Is conrected wiil
winsr:zl oils and is related to their natural origin, is the difficuliy ir obteinirg
then with ebsolutely consistent cheracteristics.

To overccme this situztion and reach the desireble target of betiter irmrez-
nents, the idecl solution could lie in synthetic products made wo of those "tellored
molecwes” wkick have already been suggested for solid-insuleting materiels., Such &
scluticr, bhowever, would require someone in the chemicel indusiry willing to Investi-
gate end vperfect new products without a reasonable certeinty of very large future
conswmotions; & very serious limitetion to start with.

For this axnd other reasons our attention was thus oriented towards the

o1k of

great bull syathebics, trying to see if there were existing "tailored" meteriels
eble to £it the new situation.

In the course of a search which started scmz six yeers agoe, en interestinz
zzteriel wes selected: dodecylbenzene. Such a materisl, produced by the big chemico
corpenies as an intermediaté to detergents of world-wide use, gave proxzise that tk
desired impregnant was near to being identified.

Tais assumption was based on the following theoretical considerations:
techrical éclecylbenzene, even if not consisting only of one single chemical bu -
rather z lerge mixwture of monoelkylbenzenes, 1is nevertheless made up of homdlc:
rolecules which skhould show almost the same behavior; thus the drawback of th« © e~
sirablzs componerts present in natural products would be avoided., With regaxl T e

[

*esirzble comstent composition this end also should be attained, es dciecyit az¢ = is

Peper presented at the 1963 Conference on Electricel Insulation

(@]
~.
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obtained through well-defined and easily controlled processes starting Irem pure m2te-

rials (benzene and prgpylene). With regerd to the bebavior connected with its moleculer

Spzcific grevity et 15°C

structure, the expected results were thought to be the following: the benzene ring

e

should ensure: 1) exceptional stability to both thermsl and electricel stress; and

2) an extremely good gas ebscrption propertyl. In its turn, the seturated alip-ctic o

chain was likely to provide, due to the sufficient number (twelve) of carben etomzs,

physical properties (such as viscosity, etc.) very close to those of the besct thin

- mineral oils.

Dodecyibenzenes of technical grade were then tested and after exhaustive

experiments the chemists had the satisfaction of reallzing that ell wes behavirz 10

tzeir erpectations. The general propervles of e dodecylbenzene c¢f electrical grade

zre given in Teble I compared with those of widely used mineral oils (normal and low

viscosity gredes) which can be cdnsidered emcnz the best avallable at present,

Teble

Cils, Normal Viscosity (N.V.) end Low Visco

sity (L.V.) Grede

=S ) PROCETURE UKIT

D.D.B. K.V, L.V,

ASTM D 1298-55 gr/ml

efter egeing¥ S

Gas ebsorption after 300 mins., Pirelli L.R.3561i ml
at 80°C under a 16 kv stress :

0.8769 . 0.8920  0.8556

Kinemsiic viscosity at 20°C ASTM D LL5-61 eSt 12,5 26.6 L
Pour poizt | ASTY D 97-57 °C -63 k7 63
Flach Point (Cleveland O.C.) £ST D 92-57 . °C 135 155 ' 135
Autogerncus ignition temperature ASTI D 286-58T °C Lo 260 250
Sower Facior at 100°C ~ Pirelii R.T.127 '

orizinal % 4.0.3 £ 0.3 £0.3

efter ageing¥ % 40,3 £0.6 £0.6
Resistivisy at 100°C . Pirelll R.T.127

originel Mo em 25100 354100 $5-107

- 215,107 $1.5.107 $1.5.10

2.3 1.k 0.5

#Ageing: 24 hours at 100°C in the presence of both eir and metallic copper.,

From the examination of these daté, conclusions are that dodecylbenzene not
only hes characteristics at least equal to those of mineral oils but thet it is

definitely very superior in two ﬁnportant'insfances, showing: 1) the expected hizher

gas ebscrotion under electric stress and 2) a higher autogenous ignition texsersture

woicz leeds to higher resistence to boih thermel and electrical cracking, loreover

its low viscosity, even lower then that of tke so-celled low viscosity oils, is en

&dditionz2l point in its favor.
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As regaris the higher ges eb-
sorption, some results are given in
Figures 1 to 3 which are self-explarnatory.
In such tests comparison is made betwean

the dodecylbenzene and the thin minerel

'0il (normal viscosity grede) the charec-

teristics of which are reported in Table I,
Tnese tests were carried out following the

1
Pirellil method™ with the only exception

that the testing period was extended to
- 20 hours.

A perculler and unexpected prop-
erty of dodecylbenzene is that not only
does it absorb ges at temperatures and/or .
for testing periods et which mineral oils
evolve, but that its capability to absorb
takes place, after en evolving trensiens,
even with water vepor (see Figure &), a
vhenomenon never observed with mineral
oils of current use.

It has t£0 be mentioned thet even

if the reported values could be quantitetively 1ncorrect because of scme difficulties

“encountéred in performing this last test, they are nevertheless qualitaetively exact,

as confirmed by other tests described ferther on,

In addition to the laborato*y investlgations, technologicael experiments

whick took some five years to complete, fully conflrx@d the previous findings ard our

ekﬁectations."'ﬁs a direct conseguence dodecylbenzené has; since the beginning of this

.
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CAS FESLIFTICIITNCAATITN CUTLCTINGECS yeer, compliztely replaced thin zminerzl
TESTIRS TEHA ATV 20 CHAPPLIZOVOLTACT 43 by (FosLatbammass) ¢il in <the O.F. ceble manufacture et the
e P o viznt of the firm with which the autkor
: CiSVA .'_"». e - .

’ : is eszocieted,
! ! 1

! One of the more inverestiing e~ *

; Z periments cerried out cn actual cables
1 2 ez

: £ will be briefly described kereunder,

i -

; : Two lengtias oFf & hollcw core cable de-
; «

signed for a neminal volitage of 50 kv,

one inpregaeteld with conventionzal thkin

minerzl oil and the otber with dodecyiben-

t
1
l : zere, were subjected to a kO kv voliage

C. s g il f-4 .
' : i . (epplied betwesn the conductor and the

outer screen end corresponding o a maxi-

mue gradient of 20 kv/mn) whilet Xept et

winegrzi ©oll show

er increase ol

tinususly rose \see Ficure 5) until too

; 5 v Ligh %0 dbe measured. On the 8LGta day
' ! the cenle failed. In the meantine a
; . Zrees %8s evoiution was Ccbserved, Such

geses collzeted end eralyzed by mezns of

! gas chrozztograrhy technigue were rfound
to be: CH, (BL.6%) z, (7.8%); cO {5.5%)
el A l C.X {1,1:-%),- CH, (0. 7,91. Ween the ceble

RS e QLI SUN IR PRI

- 2%

! ¢ IE::‘E V_- ‘‘‘‘‘ e e oeeneg s I: was dlsmentied for inspection; the insu-

B R A | ; ’

y oy 5—_7— iy izhion was found strongly sltered, re-

, 3‘_ r--—~ii—- i ‘ gzmblinz & wricue compact meierial in

: ; ! ;‘l ich the raper tepes were wmvintable

, T ' "": F_ //’ } znd extremely brittle. The impregozni,

: ) | D : | A E f extractel by solvent, was a very cdark

- ll’ " 1'_,,:_..—/,/ L~ s cuid with en extremely high viscosiv

X . ‘f\;,l‘-::,/. :/ | - (35,000 cs% et Lo°C); the geps were com-

I | ! ‘ | pletely filled with "X" Waxes, en un-
VTE T w e e B FL malisble end insoluble materizl origi-

3 - ' neting from mineral -oil when its elter-

tion takes place under intense electrl
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stress. In addition a great smount of water, given off by‘the ceriilose on écecu:t cl
i9s thermal degradation, was found in the oil Teeder.

After a same perlod the ceble impregrated with dodecylbenzene was perfeculy
efficient; the power factor was still quite good (see Figure 5), and ro sy=:Zica o
gz2s evolution wes observed, It is worth stressing the meaning of this findirz, i.e.,
Godecylbenzene not only did not evolve gas but did ebsorb those gases (CO - co, - ;;G) .
vaick orlginate from the therm=l deterioration of the peper. - -

The test was thus protracted up to 9541 days before dismentiing the cable For

inspecticn, The insuletion was practically umaltered and trhe paper <zpes {w:ich o

tr

course undervent & certain embrittlement) could be easily unwound; ro traces of "X

Wexes"

were fopnd in the gaps., As regzrds the impregnant, dodecylbenzene srowsd un-
eltered physicel properties; a slight increase in the power factor was notviced exnl a
szall cremicel alteration (ascertained by I. R. spectrogrephy) was found, Tais latter
elteration is certeinly to be related to scme modificetions whick %cck plece on ec-
count of the absorption of the producis evclved by the cellulose during its degrade-
tion, In addition, no weter was notlced in the oil reservolr, & confirmation of its
cemability to ebsorb water-vepor es slready ascertainesd by the gassing test previously
raznvioned, »

lith regard to the dciecyltenzere used in the tests and ncw introcduced in
ectual production, it is composed, to en extent of 99.3% of a mixture of moncellylhen-
zcnee whose aliphatic chain (which is seturated end shows & preveiling branched
siructure) is in the renge between ClO end Clh inclusive, The maln poriion, over 659,
cocnsists of C12 whilst Cll and Cl3 are 12% and 18% respectively, The mean mo;eculgr-
weight corresponds to that of dodecylbenzene; for thils reason this term is the one
broadly used in defining such & product. As regards the whole structure, the ercmaiic
ring can, of course, be linked to the m2in aliphetic chailn at different positiczs:
tous either the head or other linking positions are likely to cocur. .
Dodecylbenzene, obviously is not the only alkylbenzere which can be advan-

tegecusly used es cable impregnant. Products whose bulk is cheracterized by elivhetic

~cueins higher. then Cle’ are generally not interesting as they show tco high an increase

in viscosity without edding any other advantege.
" On the contrary, for speciel applications (as for example, lengths of 0.F,

. cables whick for particular reascns coulé require very widely spaced oil'feeders)_

those produchs whose bulk presents chains in the renge from Cll tc clO cen be very
interesting as they possess an extremely low viscosity (sbout 5 ¢St at 20°C for CLO)'
Products with a chain smaller than ClO are however, not edvisable as their fiash point
decreases very repidly (118°C open cup for ClO) and denger of fire can arise 1n jointing

opereiicns, :
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