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INCULATORS AND CERAKICS
~USSR~-

[(Following is the transiation of an article

by Candidates of Technical Sciences G.,1. Bara-
shenkov and G.N, Maslennikova entitled "Achieve-
ments in the Field of High-Voltage Ceramic iate-
rials and Imsulator Froductiorn Technology™ in

Zhurnal Vsesoyuznogo Khimicheskoxo Obshchestva
imeni D,i, Mendeleyevs (Journal of ithe All=-Union

Chemical Society imeni D.I1, lendeleyev), Vol V¥,
No 2, Hoscow, May 196C, pages 168-172]

. The immense scale of electrification plans mapped out
for our country for thc next seven~year period has pesed a
nunber of important problems before our insulation incustry,
In the next few years, the production of porcelain, glass,
and other types of insulatosrs will have to be tripled, This
increase will be attained through the reconstruction of ex-
"isting 4insulator plants, ang the integration into production
©f new mechanized factories and workshops.

At the same time, it will be necessary to further
improve the quality of insula*ors, The time has come to mas-—
ter the production of new types of 750~800 kv (kilovolt) in-

sulators, to develop new and inproved electro-ceranic mate~
rials, and to work ocut and introdu»e new hiwh-cfficiency
technological processes.

The present high-rasistance porcelgln now being pro-
duced is fully adequate for the purposes of manufacturing
an extensive and varied selection of eslectrical porcelain
items, First and foremost am ong these should be porcelain
covers of various types used in the arrangen ent and mounting
of insulators and apparatus immersed in oil or other liquid
and semi-liquid dielecirics no* subject tc any significant .
loads., Next come the 35-kv porcelain linc and support insu-~



.the quality of p"r"el:i insuel

lators capnble of witistanding relatively snall mainly sta-
tic or slowly increasing dynamic ioads. The strength of the
naterial from which these insulators are nade (porcelzin)
nust e Increcsed in order to ochieve a reduction in size
and weight, '

It nmight also be worthviiile to wention & =zroup of
porcelcnin pieces which are required 1o withstand significant

-eonpression loada, Arnong tiese are-various types ol zupport

asulators, insulating bzses, etc, The sufficient strength
of the electrical porcelain 'in 1is ability to withstand con-~
nxesainn, the use of high-wrccis;an support-surface polisk-
inz nethods, anu the utilization of elastic packing are all
Tactors which help te make standard-grade porcelain in-
sulctors adeguate to the requirements of high=-voltage appli-
cations.
The rcrowling use cf lonzg~d
o S00-kv apparatus, however,
nsiderable inprovements in
rs and other conponents,
the development and znuroﬂ ticn of new eleetroceranics, and
tie creation of econonical and relieidle insulator designs.
Transmission voltage and power iacreascs in overhead

missicn liues and new tyres c¢i 2
give rise to the necessity fo

lines and tihe problenm of reducing the guantities of metal
goiny into iine suzyparts hove created z need for reducing
the gize, and at the save timoe jfacrecsing the gtrength of
Loth suspension and line=-coupling ingsuleters
With the cxisting mechanical-stirength levels of ordipary

nich-recsistance vporcelalin and the insulator groduction tech~
rigques preosently enplioyed, the hiigh elcctroirechanical load
uspension ins-laters now be'ny manufoetured are much foce
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ty insulators oi this type lnveives certalin diffie-
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The erectiocn of % 400-kv fdirect-surreuat electrical
trensnissio: lines, o5 well as the developuent of elcctrical
ailway contact petwerks Los ziven rise to the necessity for
developins durable ond reliakle cerani iasulators able to
wlthstan? weer in a constant bLigh-vnltnze fielqd,

Tihie manufa unker of new types of high-

voltaze arparituoc iteheg, reguires porcelain
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covers ana tubes of grent sitreugth znd chility to withstand
hizh interincl pressures. in a nunber of canes, ordinary
sictance porcelain is 1nadgquate ts the reguirenents
applicab;e te this class of counonents. '
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conncsition, The Antrodu

Jeveloprnants -

itage nercury rectifier tech-

noleozy and other aréar oi the elceoirical industry haves creat-
e the need for insulators abic 4n funetion at teu;eratures
of up to several huadred Jogress, ns well os for ix ulators
whichk can only e made cut zf special corzuic materiale hav-

ing specific electrical =,d mechanienl ;roJertie"_at these
hizh temperatures.

Studies in the Tieid of ioh-¥nltaze
- =A< S~

1 carryianz out =
~valtnge electrocerar
nicul strength, i%
£ a giveo uaterial are

such as 0(~a.‘l.u Mine, zirceo

erezses Iin orystallinc-pnhas 1te coranic

“lends o a cousiueruole augneniatiog of 3¢ mechanicoal strenﬂth.
' Tre tukle lists the names and proseriies of the nevwly-
developed sleetrocecranic metorisls 2o be used in the productiorn
ot hizb=voltage insulaiors ans elzetyocevinic conponents

for Zigh-~voliage arparctuc; data on Tamd Rigr-reaistance

&
porcelain are zgivea :n the saue toble for %the sake of compari=-
S0,

This new type =7 hicherosistance Fryreelain iz charac-
terized by higl nechanicrs siren~th, Tte tistinmuishing pro-
perty coacists in « Gizh orysitalline~,t wne content in the
form of corumdun wnd maliite fsicminum silicate refractory),
In order to assure fuslisn of *h¢ zonstlitunnts, divalent netal
oxidee'401“-n~ 2 notlle,punily fusible rlasz piasoe are ndded

to the mixture,
The follewing ore the pvinary rav .
the UN=I nixture: fire:i

tovicis used in
s Chasov"~
¥ ¢ well as barium, sitrop--
tium, and enlciuzs ¢ arbonaies, This pixture 3 good wiastic
qualities znd len”s itsel? to the tsual 7 1ing technicues
used in the insulaine indust
h ¥
o
s

industriole

yarskaya elay, Prosvanovskisy keclin. ne
- s -

2

Corundonullite porce
strength zovers angd fubies ¢
voliaze support and 1ine 2n:

ged for Tishk mecnanical
r Lighevoltupe air Flitch&s, high=
t 1e to withstand large
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mechanical stresses, and also for the production of radio
antenna insulators, '

Aluuwina Porcelain (3) MG-12

‘This type of porcelain is used in making a wide vari-
ety of strong highe~voltage insulators, including covers and
air ducts for air switches, suspension line insulators able
te withstand great meckaanical loads, etc, Its crystalline
' phase consists of corundum and mullite, The priuary raw mate-~
‘rials naking up the lG~I2 mixture are industrial-grade fired
alumina, Chasov"yarskaya clay, Prosyanovskiy kaolin, and
pegmatite,

One favorable characteristic of this conposition is
the similarity of 1ts working properties to those of the
ordinary clectrical porcelain mixture, lts ample plasticity
permits manufacture of insulators by the usual forming neth-
ods, The use of *the IG~12 mixture in the naking of suspension
line insulators has yielded a twofold increase in their - -
strength.

~ The application of 1CG-12 alumina porcelain was made
possible by studies czrried out on the effeects of quartz,
clayey ingrediantz, and added quantities of alumina on the
properties of high-resistance porcelain. The tests were con-
ducted on a2 nixture containinz 45,3% clayey ingredients,
19,8% quartz, and 23,5% feldspar,

Three groups of test mixtures comvounded on the basis
of this mixture were investigzated,

In the first group, clayey ingredienis were kept con-
stant, while the gquartz content was varied from 19 8% to
34,7% with a correspondianzy reduction in the quantity of
quartz {sic]. :

It wag noted that an increase in the quartz content
of porcelain mixtures ylelds a ceriain increase in the mecha-
nical strengti of ise porcelain (5 pending = 1180 kg/cm? in
a composition containing 230,0% qumrta and 1000 Lg/cm2 in the
initial mixture),

The works of some for=ign authors (4,5) dealing with
investigations on the effects of quartz take note of its
favorable role in increasing the mechanical strength of por-
celain; this fact is explained by struciural stresses in the
material which arise during the cooling process following
firing, and which bring about an incresse in its mechaniecal
strength, A more significant increase in the mechanical

ovma 3 5-%__};-' .



strength of porcelain nraterials was found to result after
increasing the clayey ingredients content or addingr alumina
to the nmixture,

" In studying the effects of alumina additions in amounte
fanging froa 3 to 12%, the maximum increzse in the static
bending strength up to 1200-1300 kzx/cm2 fn the MNG-12 nixture
was obtained with the 12%-zlumina mixture, This particular
composition alzo exhibited'the greidtest value for the elasti~-
.city modulus, which was equal to 1,080 X 100 kz/cu2; the
-corresponding figure for the initial mixture was 0,840 X 106
xg/enZ, . . o
The dielectric strengih of 211 test mixtures was
found to lie in the range of 40-45 kv/mm, lIts high values
are explained by the high dispersion of individual ingre-:
dients,

The positive resulits in the areas indicated have been
confirmed Hr the studies of foreign authors (6-8).

Further studiez in the f£i0ld of norcelain materials
with an increased clavey irncredient coxntent were perforamed
on the basgis of fired Lkaolin, iatericls of this type are
characterized by a more homogenesus microstructure, and a high
crystalline-nhase content (up» tu 80%) consisting 0f nullite
crystals exclusively,

lo order to obtain the desired technoloxical proner—
ties from the mixture with reference to technological pro-
cesses used in the 1asulator industiry, the zreater part of
the kaolin is added to the nixture in the fired state,

The favorable resulis obtainable in the application
of electrical porcelain nixtures with an inereased clayey
ingredient content are zlso noted in the works of foreign
authors (7).

This type of porcelain zetz its name from the ashar=-
ite ore Introduced into its primary mixture, It is intended
for use in producing high-rosistance.insulators with great
nechanical strenzth., Since Ffurthermnors it oxhibits a low
value Por the tangent of at high Trequencies due to its
low alkaline cult content, 1% can clso he employed for mak-
iap high~rroqueqcy ingulators.



In comparison with feldépar electrical porcelain,
asharite norcelain iz characterized by a iowv value for tant
cat a freguency of 50 eps, while a sharn increase iz tan & in
nroportion to temmnzraiura cegius to appear at considerably
higher temperaturesz. ’

ircon Porcelain (11)

——————

This type of electrical norcelain was obtained ac a
result of studies on tha effeet of replacing quoartz with
zircon in feldsper norcelain. Its crystalline nioze eoncists
2f zircon and nullite, ‘

‘1is replacement was suzvested by the differences ia
‘the behavior of mullite and quartz which enter into the struc-
ture of orlipnary rorce;ai upsn heatiag; one gsuch difference
is exh‘ciged in their wilely Iiverzeont coefficicuis of thar-
mal exzpansionr, which is small in the case of zircon ond nule~
liﬁe. .

Anong the speéi ie oronmentisan of this tyne of porca~\
laia =are great uvechoinicni strength, incrzoced thermal stas
bility in comparison %o %that of ardinary giogctirical p recelain,

as well as good dieisctric sirength.

The zireoz worceloin mixmture s charscterized by a
‘broad fusea~ztate interval, satlsizetory foraing ond dryiag
Gualities, 2nl nay bo used in wxking ipsulators by tie v«ual

ry Yo
methods,

Studies carrie?l cul on the effecss of adding lithiude
ur:

-
containing ninerals s:odunene aid 1znidolite tec elec rical
" porcelain wade it se58ible to obktain a new ceramnic uzterial
~= spodumene porcelia

rn

The introduct
toefficlient of ftheranl

Lts S.t.

negative .

hu in place of
{eldopar vaterialy ;1 7 & ith hizh thermal
stability (500-5500), 2 Lo ceefficient of tier.al expansion
(1.7 2 107% in the 2¢-1¢0° rance), and su-ficient wechanical
strenzth, The crys;aﬁx as uh.se of this porcelain consists

of f-spodunene ang nmullite,

) A relation of direot ~~mgort;o
10121 between the therual stability of
ithium oxice content.

The firing tenperature for spodumene porcelain (5-100)

ity was found to
¢lain ang its

~

et



1 ¢
is 1320°, Wwhile its fused-state interval is 40°.

Inrcontrast to standard feldspar porcelain, spodumene.
porcelain must be fired in a slow~reduction gas atmosphere
at = a Quicker coniing rate, equal to 300° per Lour in the
temperature interval 1320-<100¢°

' Lesser cooling rates in the indicated interval re-
sult in an excessive crystallization of the glass phase and
considerable erystal growth; this-gives the porecelain high
thermal stability but turns out to be unsatisfactory because
of thefaov walues for the penetrative gradient.

On the other hand, excessively rapid cooling does not
aliow the crystallization proceszes to proceed to a suffici-
ent degree, o 4

“fhe spodumene porcelain nixture i analogous in its
processing~dualities and behavior to stancdard feldspar por-
celain, -

Studﬂes in the Pield of Standard Electrical
A i Ingulath r MNanufaeturing
¢ Tachgologx

In’the\search for new ways of imprsving the proper-
ties of fpldsﬁhr insulator porcelain, tuere have been studies
made recently on the effects of quartz and feldspar disper~
sion on nmixture properties (13},

' The earlier investigations performed on industrial

porcelain (14,15) served to indicate the favorable effect
of increasing the dispersion of the primary raw materials
on the mechanical strength of the porcelain,

Recent work done on electirical porcelain nmixtures (5)
has also ‘demonstrated the advisability of effecting thorough
dispersion ‘of ingredients, '

Stuvdies of the group of electrical porcelain mixtures
with mean surface dianeter of the feldspar and quartz rang-
ing between 1,5 and 19,4 (microns) have shown that the in=
creased dispercion of thé indicated fusion materials signi-
ficantly increases both the mechaaical and dielectric strength
of the porcelain. Samples nade o©f highly=diffused mixtures
exhibited a tenmporary bending ztrengih of up to 1300 kg/cnz,
while the dlelectric atrengih reached 46 kv/um,

" lacreased quartz and feldspar dispersion results in
a significant lowering of nixture fusion temperatures, The
difference in the temperaturss corrssponding to the upper .
and lower dispersion limits of the samples tested. reached 100°



T e

-4n increased dispersion also breoadens the fused~state
interval o0f the’ nixtures, Mixtures of greater c2ispersion are
charucterized by a greater temperature _hterva; over which
suecific weight and skrinkage remain maximum, ;|

An increcsed dispersicn lowers the actual porosity
of the porcelain, increases its "las" content, and is effec~

"tive in giving it creciuy s tructural omogenemtg.

At the same tine, greater dispersion ot the fusing
ingredients leads to certain undesirabile chang}ee in the pro=~-
rerties of an electricz) porcelain mixturc,

Thus, the use of hyperfine Tusins materials (leaving
no resicdue on an 008 sicve ~~- with a mean furface dianeter 4
of tke particles equal to S0 reduces the f*lterinﬁ capabili-
ty of tlie mixture, increases its actnzl vaterdnsldinw capa~
city, eritical nois ture content, and ucisture graU4ert -and
gives the half<finishs product zsreater poro*ity,.,hus redu-
-¢iny its mechanical surength. : } . :

41l of these changes in the prOpertiesfhomlecaue
the drying process for the half-finisled rroduet and hinder
the actual application of the indicated advahtages of nyper-
pulverized fusing naterials under the n‘efem% conditions ot
insulator production, In con*o mance te +“csn condi tions,
the opntinum degree <f fineness was saovn to be such that
sifting throuch an 006 siove would leave a 0,5=~1,0% residue.
This particulcr level of granulicstion’ results An 2 econsiderable
increase in otk the meekanitcal and Jielectric atreazth of.
the porceluin, and at tae suine time does rot lead to signifi-
cant chunges in the tech inolegical rroyer+ie of the nixture,

Senme inmulotor facteries make use of a- apff*ciently
rough fusing mnterizl grannlaticn, ome which. leaves 8-9% on
an 006 sieve. in their norcelain nixztures. -

Cre of the rea-ons w:ien compliicat
ticn ef »orcelain inyredients ut tie foctories is the low
efficiency of tie %ali-zili grianding balls, T
that studies on the ,nten~if1c“t~on of tie mi ng nNProcess
are assuming suck importance. asmonz the uost r ent studies in
tli.is aren it is necessury +to meantion tiocse conceraned with
develoging new nixtures and tecnknological production nethods-
for .rtifitcial cerz:tfe bal*~4111 balls 2nd the use of alunina
mill Lalls in grinding porceizin mixtures (16,17). Two cera=-
ric materials with o Ligh slumina content, 3-13 and M-21,
which have already bLeen develored are charaterized by an in- .

g is the reason

it fute
b

b
¥
. cre*vec specific weizht and resisziance to wear.
' eri

The B~-13 ncte 1 contzins 40% alumina, has a specitic

1o



weight of 2,9 srama/centimeters, and a firing temperature
of 1380°,

Material M-21 ccntains 70% alumina, has a specific
welght of 3,2 grams/centimeter3, and requires a somewhat
higher firing temperature (1440°),

The comparative teeting of milling balls nade cf

flinty c¢rush rock, white stone casiings, as well as of the

alunina~ceranic material dsveloped earliier (18,198, czllied
"uralite”™ (specific weight ==~ 2,0), and the M~13 and M-21
materials for grinding porcelasn mixtures showed that the
use of alumipa=ceramic balls increases considerably the
efficiency of ball mills, with a concomitant reduction in
grinding-surface vwear,

- The greatest efficlency was attained with Lalls made
out of the M~21 material which had the greatest specific
welght of the materizis itested,

The use of the indugtrially~-produced urﬁlite grindiag
balls reduces the grindins tme from 10-11 hours (with flinty
crush rock heads) down to 4=5 heurs, The resultsat wear of
the uralite mill balls turned out to be twice as small as
that of the flinty crush rock halls. The intreduction into
industry of uralite~head nrixture grinding has created the
possibility of significantly ilaprov: ng the gquality of elec-
trical porcelain mixtures through increased dispersion with-
out the necessity of installing adcitional mill-#rind4ng
apparatus,

& roughly-ground mixture, in addition teo lowering the
dielectric strength of the porcelain,requires the maintenance

"0of an increased feldspar content in order to fuse properly

at a ziven teanerature. This, in turn, results in a very high
glass~phase content in the noresliain structure, thus lower-~
ing its ability to withstand impact bending and reducing its
stability in the presence cf sharp teunerature fiuctuztions.
Reduecing the feldspar content in the norcalain nixture,
on the other hand, gives rise to the nece ssity for highe
firing temperatures which is unzlesirable for the insulator
Tfactories, ' ‘ , ’
A lowering of the ZTusion t2anerature for elecirical
porceiain mixtures obiained throuzh the use of greater fus-
ing material dispersion and finer vrindiua 1as created actual

. prosnects for obtaining a further improvenent of electrical
. borcelain propertics by means of conpositional adjustment,

The basic direction of such adjustments apparently
lies in reducing the winss-phose content in porcelain by

i1



lowerinzy the feldspar content, 2nd throngh sligzht increases
or sven the retention of firint temperatures presently in
use at the insulztor fzctories,
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