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2 NEW SOVIET RADIO INSULATING MATERIALS

*r
.

Prof N. Bogur Gitsiiy
Dr Tech 5:1, Stalin Prize Wimner

(g ‘

In the past decade, great progress has baen made in che Soviet Uniur in the
deve lopment of insnlating mterials. Two decades ago, scarcsly three or Iour .
tyoes of special ceramic insulasing mterials were wzed in radio engincering; now, i
e Soviet scientists have developed scores of ceramic compounds for various purposes.
The improvement in the quality of radio ceramics prodnced at present in compari-
son with the prewar type is clearly =hown in Table 1, whizh lists the more imor-
tant electrical properties of cerami-s.

Table 1. Comparative Characteristi.s of Prawar and
Present Radio Ceramizs

Prevar Present :
: Dielectric constant From 0.5 to 3¢ Frem 5.0 to 10,000
. . i
Temperature coefficient Iiot standardized Posltive from + 110 » 10-9
of dielectri: constant to + 30 x 107 ngrmatine

in the temperature

from - 1560 x 0™ to - 50 x 10-0
rang: 20-80°C

Dissipation fattor at Down to 0.0012 Down to 0,0001
radio frequencies at

20°9¢

Ultimate bending Up tc 600 Up to 3,000

strength (in kg/sq cm)
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Along with the improvement in the electrical properties of radio materials,
of no less importance has been the improvement of their physical and mechanical
properties, i.e., molsture resistance, heat resistance, thermal expansion, heat

*  conductivity, and mechanical strength,

i

A great many raw rteriels are used in the production of modern radio in-
sulatiny materials, especlally radio ceramics., While the ordinary electrotech-
nical porcelain contains porcelain cley, feldspar, and quertz » the production of
the wmodern radio ceramic requires » 1n addition to clays, oxides of barium, cal-
cium, titanium, strontium, zirconium, and other elements. This necessitates a .
complex technology and new methods for forming end firing parts. '

GOST (State All-Union Standard) No 5458-50 for high-frequency ceramic ma-
terials sul;divides these meterials into six classes and establishes definite elec-
trical, physical, and iechanical indexes for each class, as shown in Table 2.

fable 2. Elecirical and Physicomechanical Properties of High-Frequency
Ceramic Material: (Radi> Cevamics), according to GOST S5458-50

. Diciectri: Temp Coef of Dissipation Factor (tan §)
Const at T Dielectric Const Mc .
Equal to for t= + 20-+80°C v = 20° tm80° When
: Class Group 0.5-5 Mg and f« 0.5-5 Me + 59¢ + 5°© Moist
- 1 a 130-170 -(1500 +150) x 10-6  6xlo-%  &xi0-%  8x10-%
: . b 70-90 -(700 £ 100) x 16-¢  6x10-%  8x10-%4  Bxi0-4
. II -- 20.35 -(50£ 20) x 108  6x107%  Bx10-4  @x10-b
I -- TeTD +(302 @) = 105 éx10-%  8xi0-%  Bxlo-k
v a 7.5 +(.20 % 30) x 6% Bxio"*  1oxio-t  1ox10-k
* v +(300£200) x 1679 20x10-k  3ox10-h  22x10-Y
v -- 5.y +{120%30) x w5 12¢10°%  18x10-%  15x¢10”
VI -- "t M stardardized  12x10°} - --
ut 300°
- + 209
Ultimate Strength Density
Under Static Baud- (zw'su om), Hydras -pi: B
ing (%g/sq cm), at not More Factor (%) Name of Material
Class Group Least Than: not More Than: 4a Thia Class
I e 800 4,3 0,02 Tikond~1:0 (T-150)
b 809 L.3 0.02 Tikond-80 (7-80)
1- IT .- 800 b3 0,02 Termokona i (TK-20)
. I1T . 800 4,0 0.02 Termokond R (TK-R)
iv a 100 3.2 0.02 Radiogsteatite
» koo 3.2 [Nl teatite
v oo-. 2500 3.k 0.0% Uttraporcelairn
VI!' - ~ 600 2.8 Up to 29 Corundum serard-

The maln advanteges of the new radio reramdcs proauced by Soviel plants
2re th2 high stabiiity of theif electrical chira-taristics and also tie avail-

ebility of materials wi<h positive or negative ~: weraturc coefficients of die-
) legiric constant. The latter permits temperat.c. ~ompensation of the parameiers
R of o3~illator sircuits. It i very important thai various ports of very small

slze -an be mass-produced from these materials, Metalized rad.o ceranizs guar-
aptu- te=rootic seals for vuricus parts of radio eauipment.
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One of the most interesting varieties of radio ceramics produced at pres-

Y ent 1s the seignetto ceramic, first studied by B. M. Vul', Corresponding Member
of the Academy of Sciences USSR: and Stalin Prize winner. Seignetto ceramic
is distinguished by its exceptionally high dielectric constant, nonlinear de-
pendency of dielectric constant on epplied voltage, and by its plezoelectric ef-
fect., 1.:se characteristics invite extensive applications; in particular, it
can be uged.for the production of miniature capacitors of high capacitance (see
appended figure) and for crystal elements (as in pickups, for example). It can

be used as a nonlinear circuit elewent as, for example, in dlelectric amplifiers.
Many Soviet scientists are now working on problems involved in the application
of seignetto ceramlcs,

Along with ceramic electric insulati;
position 1s used extensively in radio engineering. Soviet scientists and en-
gineers have now worked out the production technology of glass with assigned
physical and electrical properties. Industry is producing types of glass with
different softening temperatures which do not change their properties when acted
on by acids and bases. These types have definite coefficients o7 thermal ex-
ransion and breakdown voltages which considerably exceed those of ceramics.
Glass hardened in a special manner (stalinite) can vwithstand heavy shocks.

ng mterials, glass of varying com-

Fibvers made from ver

Y fine flexible glass threads (glass fiber) are exten-
sively used as insulation

. EBaslly fused glass of special cuaposition is used
capacitors with low capacitance. The ability of

However, ceramic and other i
mnts of radio engineering for i
materials are required that have
ments, sheets of any thickness,

norganic materials cannot satisfy all require-
nsulating materials. 1In many cases, insulating
enough flexibility so that thin, strong fila-
and even films can be made from them. More-
over, high electrical properties of the materials must be maintained. These
requirements can be fulfilled by plastics., The discovery and use in engineering
of these organic substances has been of enormous importance, and now plastics
are used in almost all branches of industry.

The synthesif of plastics and their ability to change from the liquid to
«the solid state im based on the complex chemical effects of polycondensation
and polymerizatien. For example, the solid polystyrene is obtained from the
liquiad hydroga:bon styrene by means of polymerization. Polymers and the mate-
rials produced from them (varnishes » Synthetic fibvers, films, and others) have

been thoroughly studied and are being used in the radio indistry and in other
branches of the economy.

Let us discuss briefly some of the more remarkable new plastics. Plas-
tics are subdivided into two groups, thermoplastic andg thermorsactive, on the
basis of “hefy physicochemical properties. Thermoplastic materials soften un-
der heating, harden after cooling, and can be softened again. In contrast to
these materials, thermoreactive mterials suffer a sharp change in properties
under heating. In hardening, they obtain considerable mechanical strength and
lose their ability to be softened again by heating. Both groups are used in

the pure form or mixed with various fillers for the production of redio compo-
hents.

Plastic radio parts designed for use in high-frequency circuits are pro-
duced mainly frow pure polymers without fillers. Among the high-frequency
plastics with good electrical properties are polystyrene » polydichlorostyrene,
polyethylene, and polytetrafiucroethylene (see Table 3). These are all neutral
or weakly polar dielectrics which are obtained by the combining of simpler mole-
cules. Tube sockets, coil. forms, extrusions, insulators, and other radio parte
are poured under pressure from polystyrene. Polystyrene films are uged in ca-
pacliors of the paper type; these capacltors are close to the?,mica type in prop- -
erties. v
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Filaments and films of polystyrene are called st
Yyroflex. Film styroflex
. can be produced in thicknesses down to 0.015 mm. A feature of styroflex capaci-
tor:i is theljl.r very hiih insulation resistance; their time constant exceeds sev-
eral score hours. Polystyrene insulation is also used in the product -
frequency cables. P ctlon of Tiigh

[Bee table on follcwing page .7
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Table 3. Basic Properties of the New Organic Materials Used in Radio Fngineering

Dissipa-

tion Fac- Ultimate

tor for Bending Iapact
Density Dielectric rf and Strength Strength

Name (gn/cu_cm) Coust t = 200 (kg/sq cm) (kg-cm/sq_cm)

Polystyrene 1.03-1.05 2.5-2.7 0.0002 %00-1,000%% 6-101

Polydichloro- 1.k 2.5-2.7 0.0003 400-1,000 5.8
styrene (sym-

metric struc-

ture)

Polyethylene 0.92-0.95 0.0003 60-80° down to 50°

Teflon .1-2.3 2.0 0.0002 to 200° down to 100°

Eskapon 1.0 2.7-3.0 0.0095 80-1100#%» -

QALOTULSTY

g
|
i

Siliron-orgnnic
Materials 2.3-3.5 9.0003- 150-200° down to
0.0010

Polyamide re- 3.5-4.2 0.02-0.0% 80-100°0 down to
sins (kapron, R
1 lyuretane)

*Temperature of maximum heating in operation.
**Depending on the degree of orientation of the molecules.

***Depending on the degree of polymerization.
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Polydichlorestyrene is close to polystyrene in its properties, but its heat
# resistance 1s better. Polyethylene 1s used to insulate high-frequency cables and
some assembly parts because of its electrical properties, elasticity, frost re-
sistance, and nonhygroscopic qualities, Sheets, films, shaped parts, and cable
ingulation are preparec from polytetrafluoroethylene, better known as teflon.
Teflon is characterized by its high chemical stability and heat resistance.

Eskapon, a new Bynthetic material vwhich replaces ebonite, was developed in
the laboratory of P. .P. Kobeko, Corresponding Member of the Academy of Sci-
ences USSR. Eskapon, obtained by the polymerization of syntheuvic rubber, :s
characterized by high heat resistance, high electrical properties at radic fre-
quencies, and is easily worked mechanically. It is used for the production of
asgembly parts. .

The nevwest group of plastics includes polyamide resins, which have excep-
tionally high mechanical tensile strengtr and impact resistance, high heat resis-
tance, and good adhesion and elasticity. Very fine filaments and fibers can bc
obtained from these materials. Polyamide resins are known under the names of
nylon, polycaprolactame, capron, and alsc polyurethane. These materials are used

. mainly to replace silk in the insulation of wires and for mechanical protection
N and hermetic sealing of paper and ceramic capacitorsand other parts. A defect
of the organic materials listed above i3 their comparatively low heat resistance.

Professor K. A. Andriannv has developed new electrical insulatine materials,
namely, 8iliron-crganic high-wolecular compounds. These compcunds may be
liquid, elastic, or solid. They do not break down at temperatures
of the oraer or 200°C. wsilicon-organic insulation is used extensively in wue
form of varnish coatings to improve the moisture resistance of radio parts. The
s elastic properties of silicon-organic compounds also make them useful for heat-
resistant insulation for wires, cables, and other parts which must operate under

Y difficult conditions. Silicon-organic insulation is a notable accomplishment of
Soviet science and is finding ever-in:reasing practical application.

[Appended figure follows:/
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Seignetto Ceramic Capacitors (3/4 actual size)

~-END -

‘ S O R N

-f Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000700120326-5



