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INSULATORS   AND   CERAMICS 
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tFollowing is the translation of an article 
by Candidates of Technical Sciences G*l. Bare- 
shenkov and G.N« Maslennikova entitled "Achieve- 
ments in the Field of High-Voltage Ceramic Mate- 
rials and Insulator Production Technology'* in 
journal Vsesoyuznogo Khimicheskogo ObshcheStva 
imeni D>I. Mendeleyeva (Journal of the All-ünion 
Chemical Society ineni D.I. llendeleyev) , Vol V, 
No 2, Moscow, May 1960, pages 168-1723 

, The immense scale of electrification plans Mapped out 
for our country for the next seven-year period has posed a 
number of important problems before our insulation industry. 
In the nest few years, the production of porcelain, glass, 
and other types of insulators will have to be tripled. This 
increase will be attained through the reconstruction of ex- 
isting insulator plants, and the integration into production 
of new mechanized factories and workshops. 

At the same time, it will be necessary to further 
improve the quality of insulators. Tne time has come to mas- 
ter the production of ns^ types of 750-800 kv (kilovolt) in- 
sulators, to develop new and improved electro-ceramic mate- 
rials, and to work out and introduce new high-efficiency 
technological processes. 

The present high-resistance porcelain now being pro- 
duced is fully adequate for the purposes of manufacturing 
an extensive and varied selection of electrical porcelain 
items. First and foremost among these should be porcelain 
covers of various types used in the arrangement and mounting 
of insulators and apparatus immersed in oil or other liquid 
and semi-liquid dielectrics not subject to any significant 
loads. Next come the 35-kv porcelain line and support insu- 



lators capable of withstanding relatively snail mainly sta- 
tic or slowly increasing dynamic loads. The strength of the 
material from which these insulators are made (porcelain) 
Eust be increased in order to achieve a reduction in s?20 
and weight. 

It night also be worthwhile to mention a sroup of 
porcelain pieces which are required to withstand significant 
compression loads. Among these tire-—various types of suj^port 
insulators, insulating bases, etc. The sufficient strength 
of the electrical porcelain in its ability to withstand coa- 
pressien, the use of high-precision support-surface polish- 
ing a:ethods, an« the utilization of elastic packing are all 
'actors which help to nafce standard-grade porcelain  in- 
sulators adequate to the requireaents of high-voltage appli- 
cations . 

The growing use of long-distance high-voltage trans- 
mission lines and new types ci. H2C-500-kv apparatus, however, 
give rise to the necessity for considerable improvements in 
.the quality of porcelain insulators and other components, 
the development and introduction of new electrocerasics, and 
the creation of economical and reliable insulator designs. 

Transmission voltage  and power increases in overhead 
linen and the- problem of reducing the quantities of aetal 
going into line supports have created &■  need for reducing 
the size, and at the sa:-.c- time increasing the strength of 
both suspension and line-coupling insulators. 

tfith the existing mechanical-strength levels of ordinary 
high-resistance porcelain anci the insulator production tech- 
niques presently enployed, the high electromechanical, load 
suspension ino-lators now bc'ag nanufaeturcd are rauch too 
large in size und weight; furthermore, the construction of 
heavy-duty insulators oi this type involves certain diffi- 
cult: ss. 

The erectior, of +_ 400-kv rlj rect-our rent electrical 
trr.asais:io-. lines, as well as the development of electrical 
rail-ray contact networks ha s g>ven rise to the necessity for 
developing durable and reliable ceraaic insulators able to 
withstand wear in a constant high-voltage field. 

The manufacture o.~   a nunter of new types of high- 
volta-e apparatus, e.g. air switches, requires porcelain 
covers and tubes of great strength and ability to withstand 
high internal pressures. An a ntnaber of canes, ordinary 
hifih-rc-sistance porcelain is inadequate 'to the requirenents 



Developments■in ni^h-voitage aercury rectifier tech- 
nology and other areac of the electrical industry have creat- 
es the need fo.r insulators ah To to function at temperatures 
of up to several hundred ^agrees, as we 12 as for innulators 
which can only be made cut of special ccr^aic materials hav- 
ing specific electrical ^rc! rcechanical properties at those 
hi^h teaperatures. 

Studies^ in the Tield iLcf ii-I.th-Voltage 
iSlsctrocorar^ic "ttarlal- 

lii carrying out studios for the dovslopaent of nsw 
hi jh-vo3 t?i£© eleetroceranie a&terials characterised by'high 
mechanical strength, it w^s borne in air.d that the properties 
of u -ivoi: .unter.'al are "O-:IE:3 c--.lly deter;;!««:! by its pba^e 
coapesitio::. The introduction of new crystalline phases 
sues as 0(-alu:.iiBat sir con, etc., as -.voll as significant in- 
creases in crystallinc--phr.ee content in the coranie uat&rial 
•leads to a coasiderutile augmentation of its sochanical strength. 

The   table lists the naif.03 and properties of the newly- 
■developed electroceranie .at-.torir.ls to be" used in the production 
of   hi^h-volta^e insulators and claotj'ocfcr.uric coaponeats. 
for hicjh-voltagc arparc.t-jc; data on standard hi-jh-reoi stance 
porcelain are given in the cai.se table for the sake of coiapari- 
sca. 

gprundoirallite rorcel-xin Cl-2) LM-1 

This new type of hi~k-rosistanee porcelain is charac- 
terized by high nech&aicfu strength. Its -Hsti ni?ui shins pro- 
perty consists in a, hi^h crystalline-p?■■■.&«« content in the 
form of corundum and auliite f^-^aua silicate -refractory). 
In order to assure fusion 0* the constituents, divalent aotal 
oxides fonsins e not i lCi es^ily fusible cir.üi i>I:aso are added 
to the.mixture. 

The following are the prfoary rav .-rt crisis used in 
the IIM-1 fixture: fired in<Ji}3fcri;..l-grade alumina, Chasov"- 
yarekaya clay, Prcsyanovsfciy kaolin, as well as barium, stron- 
tium, and caiciuas carbonates,. This fixture h-.xrs   good elastic 
qualities end lends itself to the usual forv.inc techniques 
used in the insulator industry. 

Corundor-iullite porcelain is used for hijrh mechanical 
strength «overs and tubes for high-voltage air switches, high- 
voltnjje support end l?ne insulators able to withstand lar«?e 
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mechanical stresses, and also for tiie production of radio 
antenna insulators. 

Alumina,Porcelain C3) MG-12 

This type of porcelain is used in mating a wide vari- 
ety of strong high-voltage insulators, including covers and 
air ducts for air switches, suspension line insulators able 
to withstand great mechanical loads, etc. Its crystalline 
phase consists of corundum and mullite. The primary raw mate- 
rials raaklng up the MG-1'2 mixture are industrial-grade fired 
alumina, Chasov"yarskaya clay, Prosyanovslciy kaolin, and 
pegmatite. 

One favorable characteristic of this composition is 
the similarity of its. working properties to those of the 
ordinary electrical porcelain mixture«. Its ample plasticity 
permits manufacture of insulators by  the usual forming meth- 
ods. The use of the KG-12 mixture in the naking of suspension 
line insulators has yielded a twofold increase in their 
strength. 

The application of MG-12 alumina porcelain was made 
possible by studies carried out on the effects of quartz, 
clayey ingredients, and added quantities of alumina on the 
properties of high-resistance porcelain. The tests were con- 
ducted on a mixture containing 45,3% clayey ingredients, 
19,8%  quartz, and 33,5% feldspar. 

Three groups of test mixtures compounded on the basis 
of this mixture were investiga/ted. 

In the first group, clayey ingredients were kept con- 
stant, while the quartz content was varied from 19#8% to 
34.7% with a corresponding reduction in the quantity of 
quartz [sic]. 

It was noted that an increase in the quartz content 
of porcelain mixtures yields a certain increase in the mecha- 
nical strength of il-e porcelain ( £, -oenöin(» ~ 11S0 kg/cm2 in 
a composition containing SO,0;a quartz, and°I000 kg/cm2 in the 
initial mixture). 

The works of some foreign 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 structural stresses in the 
material which arise during the cooling process following 
firing, and which bring about an increase in its mechanical 
strength» A more"significant increase in the mechanical 



strength of porcelain materials was found to result after 
increasing the clayey ingredients content or adding alumina 
to the mixture. 

In studying the effects of alumina additions in amounts 
ranging fron 3 to 12%, the maximum increase in the static 
bending strength up to 1200-1300 l:g/cm2 in the MG-12 mixture 
was obtained with the 12%-alumina mixture. This particular 
composition also exhibited'the greatest value for the elasti- 
city modulus, which was equal to 1.030 X 106 kg/ca2; the 
corresponding figure for the initial mixture was 0.840 X 106 

kg/cm2. 
The dielectric strength of all test mixtures was 

found to lie in the range of 40-45 kv/ma. Its high values 
are explained by the high dispersion of individual ingre- 
dients . 

The positive results in the areas indicated have been 
confirmed hi;  the studies of foreign authors (6-8). 

Hullite Porcelain (9) K-21 

Further studies in the fiold of porcelain materials 
with an increased clayey ingredient content were performed 
on the basis of fired kaolin, Materials of this type are 
characterized by a more homogeneous aij crostructure, and a high 
crystalline-phase content (up to 80%) consisting of nullite 
crystals exclusively. 

In order to obtain the desired technological proper- 
ties from the fixture with reference to technological pro- 
cesses used in the insulator industry, the greater part of 
the kaolin is added to the nixtiire in the fired state. 

The favorable results obtainable in the application 
of electrical porcelain mixtures with an increased clayey 
ingredient content are also noted in the works of foreign 
authors (7). 

Asharite Porcelain (10) 

This type of porcelain gets its name from the ashar- 
ite ore introduced into its primary mixture. It is intended 
for use in producing high-rcsistanco•insulators with great 
mechanical strength. Since furthermore it exhibits a low 
value for the tangent of 0 at high frequencies due to its 
low alkaline salt contont, it can also be employed for mak- 
ing high-frequency insulators. 



In comparison with feldspar electrical porcelain,  . 
asharite porcelain is characterised by a low value for taaC 
at a frequency of 50 cps, rhile a sharp increase in tan S   in 
proportion to teriperaturo basins to appear at considerably 
higher tenperatures. 

Zircon PorceLain <11) 

This type of electrical porcelain was obtained as a 
result of studies on the effect of replacing quartz «rith 
zircon in feldspar porcelain, its crystalline phase, consists 
of zircon and laullite. 

This replacenent was sa^-ested by the differences in 
the behavior of ssullite and quartz which enter into the struc- 
ture of ordinary  porcelain upon heating; ono such difference 
is exhibited in their widely divergent coefficients of ther- 
mal expansion, which is small in the case of zircon and csul- 
lite. 

Aaong the specific properties of this type of pores-" 
lain are great mechanical strength, increased thermal sta-- 
bility in conparison to   that of ordinary electrical porcelain, 
as well as good 'dielectric strength, "; 

The zircon pc-rceiain fixture '.?   characterized by a 
broad f used-state interval, s:„?; cf nctory forcing and SryiiXg 
qualities,   an! nay be used in .r-aJdnc insulators by the usual 
methods. 

Sj;s^y^? Porcelain. /_12_)_ 

Studies carrie! cu: on the effects of adding; lithiuri- 
contaiaing ninerals spodujuene and ispi^olite tc electrical 
porcelain uade it possible to obtain a net/ ceraaic material 
— spodujaene porcelain« 

The introduction of spo^asne, whiel- has a negative: 
boeffieient of theraal espaasicn, into porcelain in place of 
feldspar materials yielded a'porcelain with high thermal 
Btability_<500-650°), a iov coefficient ol thermal expansion 
(1.7 X  10""J in the 2C-1C0° raaeo), and sufficient mechanical 
strengt};, The crystalline ph..se of this porcelain consists 
of e,-spoduiaene and m;12ite. 

A relation   of direct proportionality was found to 
hold between the thermal stability of porcelain and its 
lithiua oxi^e content. 

The firing tenper&ture for spoduaene porcelain (S-1C0) 



is 1320°, awhile its fused-state interval is 40°. 
- i ■■ 

In''contrast to standard feldspar porcelain, spodumene 
porcelain cmst be fired in a slow-reduction gas atmosphere 
at  a quicker cooling rate, equal to 300° per hour in the 
temperature\ interval 1320-1000°. 

Lessler cooling rates in the indicated interval re- 
sult in an excessive crystallization of the glass phase and 
considerable crystal growth} this--gives the porcelain high 
thermal stability but turns out to be unsatisfactory because 
of the'low values for the penetrative gradient. 

On the other hand, excessively rapid cooling does not 
allow the crystallization processes to proceed to a suffici- 
ent degree«'w 

iPhe spodumene porcelain raixture is analogous in its 
processing qualities and behavior to standard feldspar por- 
celain, '■■•':.,. 

Studies in the Field of.Standard Electrical 
Poroelam and Insulator ?£aauf acturing 

Technology 

In the \search for new ways of improving the proper- 
ties of feldspar insulator porcelain, there have been studies 
made recently ön the effects of quartz and feldspar disper- 
sion on mixture properties CIS), 

The earlier investigations performed on industrial 
porcelain C14-.T5) 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 electrical porcelain mixtures (5) 
has  also demonstrated the advisability of effecting thorough 
dispersion of ingredients. 

Studies of the group of electrical porcelain mixtures 
with mean surface diameter of the feldspar and quartz rang- 
ing between 1,5 and 19.4u (microns) have shown that .the in- 
creased dispersion of the indicated fusion materials signi- 
ficantly increases both the mechanical and dielectric strength 
of the porcelain. Samples made o? highly-diffused mixtures 
exhibited a temporary bending strength of up to. 1300 kg/cm2, 
while the dielectric strength reached 46  kv/am. 

Increased quartz and feldspar dispersion results in 
a significant lowering of mixture fusion temperatures. The 
difference in the temperatures corresponding' to the upper , 
and lower dispersion limits of the samples tested, reached 100°, 

9 



An increased dispersion also broadens the fused-state 
interval of the nixtures. fixtures of greater dispersion are 
characterized'by a sweater temperature interval over which 
specific weight and shrinkage remain raaximua, / 

An increased dispersion lowers the actual porosity 
of the porcelain, increases its glass content, and is effec- 
tive in giving it greater structural homogeneity. 

At the saae tine, greater dispersion of, the fusing 
ingredients leads to certain undesirable changes in the pro- 
perties of an electrical porcelain mixture.  1 

Thus ,   the use of hyperfine fusing materials (leaving 
no residue on an 006 sieve — with a asan surface diameter 
of the particles equal to 5JJ0 reduces the filtering capabili- 
ty of the mixture, increases its actual water-4holding capa- 
city, critical moisture content,and ^cisture gradient, and 
gives the half-finished product greater porosity, thus redu- 
cing its mechanical strength. j  " / 

All of these changes in the propertied..complicate 
the drying process for the half-finished product and hinder 
the actual application of the indicated advantages of hyper- 
puiverized fusing: materials under the present conditions of 
insulator production. In conformance tc these conditions, 
the optiaua degree of fineness was shorn to'be such that 
sifting through an 006 sieve wuld leave a 0.5-Jt.0% residue. 
This particular level of granulation'results, in a considerable 
increase in both the nechanical and dielectric strength of 
the porcelain, and at the sv.uo   tins does not fead to signifi- 
cant changes in the technological properties of "the nisture. 

Scne insulator factories nahe use of a Efficiently 
rough fusing onterial granulation, on* which leaves S-9& on 
an 006 sieve, in their porcelain aixtures. 

Cue of the reasons which coapiicate the finer granula- 
tion of porcelain ingredients at the factories is the"low 
efficiency of the tall-aill grinding halls. This is the reason 
that studies on the intensification of the billing process 
are assuming such importance, .-«aonu the sost recent studies in 
t.iis area it is necessary to sent ion those concerned with 
developing new mixtures and technological production «ethods  - 
for artificial ceramic ball-:.iili balls and the use of alumina 
EsSll U9U.13  in grinding porcelain nixtures (16,17). Two cera- 
mic materials with a high fclunlna content, 3U-X3 and M-21 
whicn have already been developed are charaterized by an in- 
creased specific weight and resistance to wear. 

The 11-13 naterial contains 40%  alumina, has a specific 

10 



weight of 2.9 grams/centimeter3, and a firing temperature 
of 1380°. 

Material K-21 contains 70% alumina, has a specific 
weight of 3.2 grains/cent icieter3, and requires a sonewhat 
higher firing tenperature (1440°). 

The comparative testing of milling balls cade of 
flinty crush rock, white stone castings,, as well as of the 
alusaina-ceraraic material developed earlier (18,19) called 
"uralite" (specific weight — 3.0), and the M-13 and M-21 
materials for grinding porcelain mixtures showed that the 
use of alumina-ceramic balls increases considerably the 
efficiency of bali mills, with a concomitant  reduction in 
grinding-surface wear. 

The greatest efficiency was attained with balls made 
out of the M-21 material whSch had the greatest specific 
weight of the materials tested. 

The use of the industrially-produced uralite grinding 
balls reduces the grinding t?.me from 10-11 hours (with flinty 
crush rock head3) dor;n to 4-5 hours. The resultant wear of 
the uralite mill balls turned out to be twice as snail as 
that of the flinty crush roclr. bails. The introduction into 
industry of uralite-head Mixture grinding has created the 
possibility of significantly improving the quality of elec- 
trical porcelain mixtures through increased dispersion with- 
out the necessity of installing additional mill-grinding 
apparatus. 

A roughly-ground mixture, in addition to lowering the 
dielectric strength of the ?oreelain,requires the maintenance 
of an increased feldspar content in order to fuse, properly 
at a given temperature, xhis , in turn, results in a very high 
glass-phase content in the porcelain structure, thus lower- 
ing its ability to withstand impact bending and reducing its 
stability in the presence of sharp tenperature fluctuations. 

Reducing the feldspar content in the porcelain mixture, 
on the other hand, gives rise to the necessity for higher 
firing temperatures which is un-Iesirable for the insulator 
•factories. 

A lowering of the fusion ta-iperature for electrical 
porcelain mixtures obtained through the use of greater fus- 
ing material dispersion and finer grinding has created actual 
prospects for obtaining a further improveiaent of electrical 
porcelain properties by ae.aas of compositional adjustment. 

The basic direction of such adjustments apparently 
lies in reducing the glass-phase content in porcelain by 

11 



lorrerf.ng the feldspar content, and through slight increases 
or even the retention of firing temperatures presently in 
use.at the insulator factories. 
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