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INTRODUCTION

Present day ceramic materials possess such high properties, that
tﬁey can competé with a series of construction materials, including
high alloy steels, chromatic metals and hard alloys. The test of
the application of ceramic materials for the production on instrumsits
agd machine parts could serve as an example of this. As electro
insulation, ceramics surpass almost all organic and inorganic material.
Besides that, ceramic components are widely used in chemical machine
construction, structural techniques and other areas.

Inexhaustible ana numercus sources of inexpensive mineral raw
material, necessary for the production of ceramics, and the referred
to high properties of modern ceramic materials make favorable pre-
requisites for the wide development of the production of ceramic
articles of the most diverse purpose.

However, until now, the production of ceramic articles was not
sufficiently widely developed, the cost of the products high, the
technology still highly inadeguate, it demanded large volume of hand
labor, and did not guarantee a sufficiently high"quality of product.

Ceramic' production, being one of the most ancient, was develceped
over a long pariod of time, only along the line of prcducting house-
hold dishes, structural and fire-procof ceramic. Only during the
last century did ceramic articles began to be used more widely in
techniques.

The development of native science and techniques brought forth
a new demand for ceramics in the directicn of increasing the physical
and chemical properties, preciseness of measuremsnts and complexity
of the configuration of the products.

In connection with this, research work on the creation of new

ceramic materials, possessing special properties (high dielectric

3
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permeability, with low dielectric losses, high mechanical stability,
etc), acquired a wide range.

As a result of the scientific work of Soviet scientist, B.M. Vul,
N.P. Bogorodistkii, P.P. Budnikov, I.I. Kityagorodskii, D.N. Poluboyarinov,
G.I. Skanav, G.A. Smolenskii and others, science was enriched by a
series of discoveries and developments in the field of new ceramic
materials.

At that tim2, in the technology of making,pfoducts from the new
ceramic materials, technological processes were retained, based upon
the plastic properties -of the ceramic pastes. For the execution of
these technological processes, the new ceramic materials should, with-
out fail, possess plastic characteristics; for that purpose, clay
materials or other plasticized bonds are usually intrcduced into
their composition.

Since ceramic materials containing clay seemed unable to satisfy
the increasing demands for fire-resistanéy, for electrical properties,
machanical strength, etc., there emaerged the clearly expressed trend
to decrease the qguantity of clay entering into the ccmposition of the
substance, and even to exclude it completely.

However, the exclusion of clay from the composition c¢f the sub-
stances leads to a sharp gqualitative cﬁange in the technological pro-
perties of the ceramic composition ~.a lowering and even a lack in the
necessary plastic properties when mixing with water.

The numerous attempts of creating plastic substances, at thz ex-
panse of introducing different plasticized bonds, carry, as a rule, the
character of particular sclutions worked out by the authors of the new
ceramic material with the view of at least a partial practical applica-

tion of it.

For a long time, in neither the U.S.S.R. nor abroad, was there
serious generalized research and advances in solving the problem of

4
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making products from non-plastic materials. Thz2 well-known methods

of dry and moist compression did not guarantee the possibility of making
the products of a high quality, with all the necessary configurations.
The technology ;} making ceramic products also was developed at
unsatisfactory speeds. »

In the last fifteen years,v£hé author, with collaborators, with
the assistance of a great collection of engineers, technicians, and
workers for a number of different undertakings, developed a new trenrd
in the field of technology of ceramic products, based on the complex
use of the modern achievemants in the field of physical chemistry of
surface appzarance, the technology of ceramics and the technoclogy of
metals.

This new trend received the namz of the technology of hot molding
of ceramic products. _

The essence of the technology of hot molding consists in making
thermoplastic molding systems from powdered hard m=2tals in a mixture
with organic substances, with the subsequent flooding of these systems
in a liquid state under incrcased temperature isto the mz2tallic molds.
The casting systems cool off in the mold and harden, acquiring the
configuration of the working part of the mold. The obtained inter-
mediate product (casting) undergoes roasting in order to receive the
finished ceramic product.

The first experiments, conducted in the years of the Great
Patriotic War, of casting half-finished ceramic materials did not give
positive results. During ths flooding of the metallic molds, folds
and other defects were formsd on the surface of the castings, and in
the body of the casting a large number of air bubbles and blisters
developed. In order to obtain moldiny systems, it was necessary to

introduce 35-40% paraffin (by weight).
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The question arises, how to guarantee good filling of the m=tallie
mold and at the same time to obtain an intermediate ceramic product
from which, after roasting, a high-quaiity product could be obtained.

It seem=d necessary to establish what characteristics the casting
system and half-finished material (casting) must possess for this, what
param=2ters characterize these properties and by what method it is
possible to identify them.

The folléwing are the basic guestions, called for by scientific-
exploratory workers in the process of forming a technology of hat
molding of ceramic products.

1. WORKING OUT THE FUNDAMENTALS OF FORMING MOLDING SYSTEMS

a) Defining the demands made <f molding systems,

b) Establishment of parameters, characterizing the property of
molding systems, and the development of methods of their identification.

¢) The development of compositions and methods of preparing mold-
ing systems, possessing the nacessary properties for the execution of
the process of molding intermediate material and the consequent heat
treatmznt (roasting) of products.

d) Research on the influence of different factors (composition
and character of the powder, the composition and characteristics of the
organic bond, the technological methods, etc.) on the process of
formation and the characteristics of molding systems.

2. WORKING OUT FUNDAMENTALS OF PREPARING (MOLDING) CERAMIC
INTERMEDIATE MATERIALS

a) Working out the m=2thods of making molded intermediate materials,
"of guaranteeing the receipt of roasted products of high quality, of
presenting prespectives from the view point of labor productivity and
the possibility of mechanization and automation of the processes.

c) Working out the fundamzsntals of the construction of the molded

forms and creating theixr model structure.
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d) Developing the nzcessary special equipment.

e) 1Investigation of the nature of the occurances taking place
in the formative process of the intermsdiate materials during hot
m>lding and the influence of the basic factors on the process of
casting interm=zdiary materials and characteristics of roasted ceramic
'pfoducts. |

3. WORKING OUT FUNDAMENTALS OF HEAT TREATMENT (ROASTING) OF
MOLDED CERAMIC PRODUCTS

a) Investigation of the process of removing organic bonds from
the molding (intermediary material) during heating and the developing
of m2thods of accomplishing this.

b) Analysis of the influence of basic factors (the properties
of the molding systems, the molding, ‘methods, etc.) on the process of
h=at treatment (roasting) of the mslded products and the development
of a technology, guaranteeing the receipt of quality finished articles,
possessing the nacessary properties, the given geometric form and
precise dim=nsions.

The practical development of hot molding technology, begun by
working out a method of "gradually-free:ing", was carried out by the
author in 1946 (1..43).

The application of the "gradually-freezing" method in the period
1946-1948, caused the setting up of a series of investigations, cn the
basis and in the result of which, in 1948, the process of hot molding
under pressure was worked out (L.44).

The me2thod of molding under pressure played a decisive role in
the development of hot molding teéhnology, as it guaranteed:

a) high productivity of labor.

b) high precision of the geometrical shapz and dimsnsions.

c) information as to the smallest necessary detail after shaping

the product.



d) universality of mzthod, giving the possibility of forming
products of different form and dimensions.

e) simplicity of technological proceedings, not demanding a high
skill of the worker-operator.

After the davelopment and introduction into production of the
process of hot molding under pressure, the new technology éuickiy P
bégan to win a strong place for itself in industry and to develop itself
as a new independent branch of ceramic technology.

The technology of hot molding, which is often called "the technology
of non~plastic materials™, guarantees the possibility of manufacturing
products from the so-called non-plastic materials (such as, powders,
which do not form plastic systems upon mixing with water).

This condition creates an exceptionally wide area of use of hot
molding, since it guarantees the possibility of making products from
any hard material, beginning with the natural minerals, pure oxides,
carbides, m2tals, etc., and ending with the multi-component, complex
syntheti¢ materials and their combinations,

A similar series of theoretical problems, formally inadequately

studied in ceramic technolcgy, were worked out on a level with the

d=2cision to undertake an applied course.
At the present tim2 ceramic is broken down into divisions, set up
according to the characteristic of the ceramic material's destination;

structural ceramics, fire-proof ceramics, electro-ceramics.

In each division, all the problems of ceramics are separately
examined and studied, beginning with the ray material, the material
obtained, the technology of the articles, etc., and ending with the
obtained finished production.

In order to assure the efficient solution of the new problens,
arising in the processing of hot molding technology, it seem2d expedient
to differentiate the whole complex of problems, affected by it, into
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sections, connected by nature and the spescific of the m2thods of study
and technological nature, namely:

1) ceramig material-management

2) technology of ceramic materials

3) £echnclogy of ceramic products.

: For the most part, at present, they lag behind in d=veloping
scientific fundamentals of the division of technology of ceramic
materials and articles. For this reason, the basic attention in the
present work was paid to theoretical development of these divisions and
they are being studied in more detail.

It is necessary to note that in industry thesre is still an insuf-
ficient use of the possibility of th2 technology of hot molding of
ceramic articles, although it is applied in more than 200 enterprises
in the USSR and in a number of countries abroad (China, Czechoslovakia,
GDR, and others).

In many instances, this explains the absence of sufficient
knowledge abéut the technology from organic literary material in
this field. '

Until now, the technology of hot moldinjy has com2 to light only
in a series of the author's documents, monographs, and articles (L43-72),

coming out in a small edition.



CHAPTER TWO
CASTING SYSTEMS (DROSSING)

2-1 The fundamzntals of the technology of preparation and the
characteristics of molding systenms.

a) Definition and principal of forming molding systems. Molding
systems (drosses) appliéd for carryingnout the hold molding process is
c§11ed the dispersed system, consisting of a powder of hard material
(dispersed phase) ;nd of the technol&gical bond (the dispersion medium).
The molding system has the ability to fuse with an increase of tempera-
ture and to harden upon cooling.

The powder is the basic component of the system, since from it a
product is formed 1atér on. The technological bond is the substance
temporarily introduced for securing the necessary technological propexr-
ties of the system. After the completion of its function, the bond is
separated from the half¥finished product and the ceramic prcduct is
form=d from the powder left in the half-finished product of resulting
design.

Thus, the bond in the system has only technological functions,
and therefore is called "technological”.

The molding system can be prepared from powders of the most varied
hard materials: from natural minerals, frcm synthetic ceramic materials,
glass, metal carbides, and the like.

As technological bonds for the éreparation of molding systems,
organic thermo-plastic substaﬁces are employed (éaraffin, pitch, and
the like) with the addition of surface active substances ,(fatty acids,
was, and the like).

The , ties of the technological bond (the melting temperature,
ductility, polarity, etec.) incorporating the particles of powder

into the system, basically predetermine the properties of the resulting
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system.

The process of preparing the molding system consists of mixing the
powder with the pond at the appropriate temperature.

The molding system, being formed as a result of the mixing of
the bond, possesses a number of specific characteristics related to its
composition, method of preparation, and the properties of th2 original
components (the powder and the bond) .

The molding system is formed as a result of the adscrption on the
surface of the powder particles of the molecules of the technological
bonds.

The molecules of the technological bond form this adsorption layers
(drosses) on the surface of the powder particles, separating the particles
from each other, and guaranteeing their mutual relative mcbility (flu-
idity of the system at the expense of decreasing internal friction).

The films of the technological bond, coating each particle of
powder, are melted down with each other and form the centinuous phase
of the system - the dispersion medium. The cohesion forces of the
technological bond make conditions. for the continuity, the ccherence of
the casting system. If an allowance islmade that in the thin adsorption
layer (film), the technological bond preserves the volumetrical character-
istics inherent in it, then it would be possible to expsct that the
properties of the molding system (ductility, etc.) will cci.cide with
the characteristics of the bond. . However, it is known (L.95) that in
the adsorption layer the characteristics of the substance are essentially
altered. On the strength of just this one circumstance, the character-~
istics of the molding systems cannot fully coincide with the character=
istics of the technological bond, although they are, to a greaﬁ degree,
related to them. Besides that, the characteristics of the system are

related to the characteristics of the dispersed phase (the particules .
of powder) and the collective interrelation between the dispersion
madium and the dispersed phase.,
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Oone of the basic technolcgical claims put to the molding system
is the maximum degree of filling in the volume of the system with
particles of powder, that is the system should have the maximum possible
coefficient of baking (packing). With this, the molding of various
products. . |

The degree of filling the capacity of the system with powder
particles (Kup) in the first place is related to the thickness of the
film of the technological bond on the surface of the particles and to
the size of the particles, i.e. to the amcunt the technological bond in
the system. If the form of the particles is taken conditionally as
spherical, then the relation of the coefficient of packing to the

thickness of the film of the bhond can be expressed by the relation.

K = p3
up ®+z )3

(2-1)
where D - diameter of the particle, M.C.

- the thickness of the film of bond, M.C.

Thus, for the'obtaining a high denéity in packing the pqrticles in
the system, it is necessary to create the thinnest film layers of the
bond, at the same time, a mutual mobility of the pcwder particles. The
attainmant of such a result is possible with a change of the .surface
active substances introduced in zmall amount into the composition of
the technological boni.

Theoadsorption of the molecules of a surface-active substance on
the surface of the p5wder particles, even in the form of a monomolecular
layer, leads to an essential change of the properties of the surface of
the particles which in turn, guarantees the possibility of the formation
of molding systems, with a decrease amount of bond.

The decrease of the quantity of the technological bond, necessary

for forming the molding system is aided also by the creation of optimum

conditions (guaranteeing adsorption on the surface of the fresh impression.

a choice of temperature condition, etc.) upon mixing the components of
th2 system. The form of the powder particles has a definit value.
12



Thus, it is possible to consider, as fundamental factors determining
the process of formation and the properties of the molding systems

a) The comgosition and properties of the powder particles)

b) the composition and properties of th2 technological bond;

c) the collective interrelation of the powders-bonds, i.e., the
composition of the system; .

d) the conditions of the formation of the systems (temperature con-
ditions, method, and density of the mixture).

The choice of the composition of the powder for obtaining a molgd-
ing system is determined by the claims put to the properties of the
finished ceramic product. Consequently, the basic ‘task is the securing
of the possibility of making molded systems from powders of any composi-
tion, accounting for their pecularities and properties. As basic
parameters of powders having an effect on the formation of césting
system, it is possible to consider:

1) adsorption capability of the powder ( in relation to is structure
and characteristics);

2) the magnitude of the specific overall surface (dispersion and
granulometrium) ;

3) the state (purity) of the surface of the powder particles (the
presence of adsorption molecules of water and other substances).

The choice of technolojgical bond is determined by the claims put
to the propesrties of the molding system. The technological bond should
possess a definite complex of properties (thermoplastic viscesity and
the like) and an adhesion to the surface of the powder particles suffi-
cient for the creation of the molding system.

The adhesion of the bond to the surface of the powder particles
should be more than the mutual adhesion between powder particles, If
the mitual adhesion between the powder particles is more than their
adhesion to the bond, then the particles will stick together (coagulate)

and the sliding molding system will not be formed.
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CH:PTER 1VE

Pe .CTCAL VALUE AND AREAS OF APPLICATION OF
THE HOT MOLDING. TECHNOLOGY

5-1 3everal festures and possibilities of the technology.

. The universality of the hot molding technoiogy apparently shéuld
be considered as one of its most remarkacvle feature. The technolozy
of hot nmolding suarentees the possibility of making products for
practical purposes out of any hard substances: mineral, oxides,
carbides, wcetals, glass, etec..

Along with this the technolozy of hot molding secures the pos-
sibility of making products of tle most varied configurations and
dimensions.

These two circumstances give the basis for considering the tech-
nolozy of hot molding extreemely effective for the mass production
of various products.

The possibility of making different kinds of products out of
any hard materials creates real grounds for the develonment and prac-
tical application of new synthetic materials and ovroducts from them,

The possibilities of using additional raw ﬁaterials ~re Wwidened,
where upon the raw miterial can be used, which ordinurity was
seldom employed or zenerally not used in ceramic technolosy.

the possibility is created of making products out of materials
possessing high operation:l characteristics (hardness, mechanical
durability 2nd the like), causing great difficulties in making pro-
ducts by the usual technolosical methods (for example, pure oxides,

sone hard metals, carbides, kermetes, zni netallo-ceramics, and
others),

Finally, the possibility appears of making oroducts possessing

different properties in various elements of volune (polyceranic
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products). The understinding of polyceramic is new ani requires
some cleuring up. (L. 54)

A polyceram':ec product is maje out of two-three materials, more
varied accoruing to coaposition, by means of continous drenching
of the foru with arosses of these materials. As a result, therg
is obtained a sewifinished piece (the molding) of the end product,
the distinct elements of wnich are made from the various drosses.

The intermediate product is subjected to a thermal processing,
as a.result orf which, the baxinz occurs ani a polyceramic product
is 1ormed, possessing various properties which are necessary to com-
bine into a single component. For exaaple, it is possible to prepire
in this way, plates for printed setting of radio-units, electrical
condensers with a fixed or variable value TKE, etc.

#ith this urises the necessity of a raticnal choice of the miteri-
als being combined., The selection of materials (and the molding
drosses froix them) should be produced along with gusranteeinz the
necessary couabination of electro-physical proverties on the basis
cf observaticn of the following conditionss

1) the densicy of the balinz of powder particles Kup in the
moldiny drosses of the various materials prepared for the nanufac-
turing 6f a polyceramic sroduct should be the samej

2) at the molding of the product in the junctions of varicus
materials, a reliable fusion of the drosses should be ;uaranteed,
at the expense of choosing suitable tecunological methoasj

3) the miterials beinz combined should have the same baking
teLperature;

4) the coefficients of the thermal exoansion of the naterials

combined should be close or equal to one another;

5) the chenical reaction of the materials being combined at

15



baking temperitures should be limited to avoii the formaticn of
a 1ow—me1tin§ union :nd the ruining of the product.

The first experiments (L.54) of receivins poly- and bi-ceramies,
with regird to the cunditions set forth above, were conducted on a
.series of materials wvith the »nrenaration of the specimins in the
form cf bi-ceramic little tubes and plates (fig. 5-1)

During the conslusion of the fests, material were used, the
and proverties of which are cited in table 5-1.

As aAresult of the conducting of tests combining various pairs
fron the number cited in the table of materials, a number of sneci-
mins of bi-ceranic tubes and plates w~ere successfully obtained on
the bisis of usinz naterials approximating one another in chemical
coapositicn (for example,fgx-ﬁ and fa}JO) ana wich varied chemical
couposition (for exa.ole, Si3-1 and TsB-35) The zost reliable re-
sults ind qualitative bi-ceranic specimins are obtainei ~ith the
use of materi:ls relaced iaccording to chemical ccmposition of the
maveriils (f8K-8 and T5K-10 etc). Models of condensers were mide
from the pbtained specimins, suiranteeing the receipt of the fised
TKE (in fiz, 5-1, the metallized surraces are shown by a dotted
line).

Preliminary tests give the basis for considering that the re-
.ception oI polyceramics, on the basis of using the technolosy of
hot-moldinz, is a real and perspective task, but it requires a
further and more ertensive investigating work on the creation and
choosins of materials possessing a complex of the necessary electro-
physical properties and appiied for combiningz in polyceranic

products.

The possibility, zuaranteed by the technoloyy of hot molding,
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of making products of any configuration for practical purposeé,
creates the grounds for its use in makinz a very wide assortment

of products and, the develovment of new, nerspective constructions.,

Fig. 5-1. Bi-¢eraaic sveci-

mens (Jdotted line marks the
metallized surface).

a- plate with butt .joint;

b- pl:ite wich scarf joint;

B- pipe with the junction
on the butt;

? - pipe with scarf joint.

In contrast to the majority of methods in using the hot molding
technolosy, the complication of the shapes of the ceramic product
usually doesn't cause serious difficulties, decreasing of labor
productivity, and the necessity of euplcecyinz hizhly quilified workers.
The complicaticn of the shape of the products only causes the com=--
plication ani rising cost of the molded form, which is insisnificant-
ly reflected in the net cost of the nroducts.

In connection with this, in the developing of - new constructions
of the products, the possibility is opened of the wost rationalized
use of capacity, decreasing of weight andvthe like, at the expense

of some comnlication ¢f the shape of the oroduct which earlier was

presented as unsuitable,
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Table 5-1

2asic pronerties

Index of Crystallized base | Texv. of - i
material c;klng s tg3+10" - pxE.106
c ‘
ST5-1 Celsiin 1 420- 7.5 2 +50 .
1 450 _
TsS-24 the same 1 370 7.0 8 +60
T55-1 Zirconate barium ‘|1 340- 33 3 -530
1 450 .
P3BS-25 the same 1. 370 18 5 -67
TsB~35 Celsian and zir- |1 410 13 4 -100
cenate barium 1 430
TEK—I Zircorate calcium |1 430- 28 8 +20
1 450
sh-1 Spinel 1 320- 6.5 | 8 +120
1 330
T-150 mitanite calcium 1 320 140 3 ~1500
T-1 i Putile 1 430- 100 4 -7200
] 1 450
T8-1 Pitanite barium 1 320- 1500 200
1 330 .
TsK-8 Zirconate calecium |1 410- 27 10 +35
Zirconate barium l 459
" TSK-10 tne sanme 1 410--" | 27 5 -20
J 1 430

~

Pig. 5-2 Bi-ceramic specimens,
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5-2 The areas of application of the tec .nology of hot molding.

The technolegy of hot 10ldinz is successfully applied for the
manufacture of products from a large number of different kirds of
materials and possessing various oroverties.

. A list of m:terials applied in the technology of hot molding is
cited below:

Name of materials Symbols, special names, etc.

Clinoeastatite’ S¥-1, B-17, S-61 and others.
Muéiiggdagd mullito- Electro-porcelain, radio-porcelain,

ultraporcel:in, zirconic porce-
lain, ascharite porcelain and

. others.

Cordierite CR-15 2and others

Posterite LF-2 and others

Celsian BAS-1, BAS-2, %5-1 and others,
Spinel 4 Sh-1 and others.

Corundum Borcarurdum, synoxal-49, f%M-B}Z

and others,
Titanite of calcium, magne- 1¢-20, -T-80, T-150, T%-70, SH-1,
sium, barium, strontium T-40, T-%00 znd others.

Zirconate of calciua, barium, ZKk-15, ZB-4, and others,
leas and others.

From pure oxides BeO, Zr02, Thoa, A1203, and cthers,
Magnetic, permeability Ferrites

Carbides and seani-conductors Siliceon cuarbide =2nd others.
HMetalloceraaics Hard alloys and others

Glass, ind others No. 69, 74, and others,

On the basis of the use of the epumerated assortment of materials,
hot molding was applied for the manufacture of:

1) electro-insulited products}

2) electric condensers;

3) piezoceramic products;

4) maznetic and maznetic permeable ceracics (ferrites)

5) fireproof and zhermal resistant products;

6) mechanical components ind instruments;
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7) chemically stable pruducts;
8) uetalloceramic pruducts;
G) artistic .and every-day household products.,

The possibility of manufacturing high-quality vroducts of
complex desisn, with a sufficiently hizh precision of disension,
éffected vhe development of new and more efficient designs of hizh
frequency installation comnonents. |

Let's pause briefly on the description ¢f the exaaples of
soue solutions in this direction.

With the view of increasing the quality and decreasing the
weight and size of raiio-eguipbment, oocrations were conducted
(1-54) on the creacion of sm1ll-sized &triacer coniensers, of hizh
stability coils, of inductances with interior coil, snd also the
" creation of ceraaic bases for printed assexnbly.

The speciaens of some of these units and coaponents -ire cited
in fig. 5-3.

A1l the cited ceramic units and couavonents are desi:ned .
calculating on the possibilities of the technolony of hot molding
under ‘ressure. .

A svecial fez2ture of the design of small sized cera:zic Ifilters
is the fact tlat the functions of sever:l cc .ponents are concen-
trated in one eonfigorationally compiex cerazic coaponent (basis
of the filter). Thus, for exaunle, caps appear simultanecously as
ccndensers ind screens etc., (fig. 5-3 a).

A special feature of the applicaition of hot moldinz for a
orintey setting is the fact that the obtaining of a ceramic plate

with che counlex feature of current-conlucting lines is accoannlished
by the molding of such a plate with a contour projection or

depressions, being subjected to metalliz:tion.by means of a
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rolling drum sizeared with silver, which doesn't bring about
technolozical difficulties. The siunvlest molded forms, for such
plates, cian bde manufactured by che method of etchin; of cop:er or
steel plates,

Some interest is coffered by the oreration (L. 65) in
creating an inductivity coil with an inner threz:t on which a cur-
rent-conducting layer is built up. As was showan by tests, the
tempercture coefficient. of inductivity with such a coil of ttis
sort, decreases. The technology of manuizcturinz is extrenely
uncomplicated, since the building up of the turns (current-
conducting layer) is accoxplished ty a siaple flat roller (cylin-
der).

Photographs are cited, in fig. 5-4, of some varities of
electro-insulated hih-frequency components, manufactured by
means of hot molding under oressure of various materials.

The employzent of the technolozy of hot molding for the
nanufacture of electric ceratic condensers guarantees the possi- -
bility of the use of the hihest quality conienser wmaterials and
the creation of new orisinal desiins of condensers with better
paramneters. |

The most sravhic examnple of this c2n be served by the
ﬁevelopment of the small sized condensers KIG (beins tut out by
the industry under the index XLS), fhe more detailed description
of which will be shown belcw.

In figure 5-5, condensers are cited, manufactufed from
various materiils by me :ns of hot nolding under pressure.

Piezoceramics is a1 couspletely persvective and relatively
new field of application of the technology of hot molding. rere,

as in a humber of other fields, the wide rossibilities of the
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Fig. 5-3. Specimens of ceramic radio-components
and units.

a) electric filter; D) trimmer (condenser).

technology of hot molding led to the creation of new original designs
of piezo-ceramic products. 1It is possible to refer the development
of all-ceramic electric filters to the number of examples deserving
special attention. (L. 72) a brief description of this is also

given below.
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Fig. 5-4. A photograph of electro-insulated components from
various ceramic materials.

Fig. 5-5. Ceramic condensers, manufactured by molding
under pressure.

24 P.O. Gribovskii

Fig., 5-6. Ferrite components manufactured by molding
under pressure.
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The upplication of the technolo:i;y of hct wmoliing for the

manufacturing of maznetic and magneto-perneating ceramics (ferrites),
susrinveeins; the possibility of the effective preparation of a3 num-
of procducts of a corplex configuration 2ni various dimensions, is
illustrated in fig. 5-6 in which some details are cited.
. The application of the technology of hot molding has 2an extra
great value in the field of high fireoroofeld and therail-.resistant
products made from pure oxides 2nd used in various svecial arranze-
ments and, in particular, in the field of atomie techniques,

The preparatibn of products from pure oxides with hot wmolding
under pressure. secures the possibdility of prescrviug the ourity
and high proverties of the initial miterials and the possibility
of obtaining from them the products, which, as 2 result of the
complexity of the configur.tion, is not possible to nrepare by ainy
other means,

In fig. 5-7, are cited sowe of the simplest orcducts, made
from pure alluminum oxide, berrylium oxide, thorium oxide =nd cthers.

A completely independent neaning is acquired by such a wide
field of application of the technolozy of hot nolding as iaachine-
constructing cer:=mics.  Iven the relatively little experience of
of the ipplicz2tion of ceramics as machine comnonents, the cutting
and measuring of instruments, demonstrated :n exceptional perspec-
tive of this new field of techniques (L. 109, 151).

The application of the technoloyy of hot mclding is also
extremely effective for manufacturing ch=mically stable oroducts
for various destinations. A massive production wis bezun of artis-
tic and everyday-domestic ceramic products (Fiz. 5-8) by the
enterprises of the Kiev Council of National Economy (1).

Even a brief descriptiun of the practical examplés of the
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Fig. 5-7. Products from pure metal oxides .

application of the technology of hot moiding in all the enumerated
fields of technique cannot be packed into the framework and space
of the present monograph and should appear as a subject of special,
individual reports for each field of application.

| Nevertheless, it is suitable to make. a description of the
separate and most graphic examples, showing how great are the
possibilities opened to the technology of hot molding in the busi-

ness of creating new product designs.
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Fig. 5-8.

Domestic and artistic ceramics, manufactured by
means of hot molding under pressure.
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5-4 The effectiveness of the technology of hot molding undér
pressure and the perspectives of its development.

The existing, generally known technological system of manufactur-
ing ceramic prodacts has a number of specific daficiencies: the great
duration of the technological cycle process; the low mechanical
st?bility of the semifinished product; large manufacturing flaws as a
result of deformation and crackings during drying and roasting; low
precision of the products; insufficient stability of properties of the
products, etc.

Hot molding under pressure of ceramic broducts guarantees almost
the complete correctién of the defects indicated above. The tech-
nological cycles process is sharply abbreviated (by several timzs the
number). The mechanical stability of the semifinished product in-
creases three or four times which dscreases the flaws in impression
and breakdown during transportation and preserving of the semifinished
product.

Flaws, because of cracks and deformation, are reduced to a miﬁi-
mum as a result of the creation of a semifinished product of an effi-
cient structure.

The exact numericaldata of the economic effect from ths applica-
tion of the method of hot molding, regardless of its extreme economy
and obvious effectiveness makes itself extvemely difficult to produce,
since the method received the greatest application for the manufacture
of high quality, =--- precise -and complex ceramic products Whiqh, ac-
cording to the usual existing ceramic technology, either generally
can't be made or the labor capacity and cost in manufacturing the
product and the flaws in production are exceptionally great.

In connection with this, only a listing of the properties is
cited below, characterizing the effectiveness of the m2thod of molding

under pressures:
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1. The labor productivity, in the molding of the productl.by
m2ans of m>lding under pressure on simple apparatuses, is 2-3 tinmes
higher by comparison with one of the most parfected methods of the
existing technology-compression. When oéerating on automatic machines
for molding under pressure the labor productivity is still greater
since along with the high productivity of the automatic machine one
worker can work several machines. Productivity on simple apparatuses
forms up to 2,500 units per shift, and on an automatic machine amounts
to 50,000 units per shift.

2. The obtaining of ceramic products with a high precision of
measurements (IV-V classes of precision) is guaranteed, which in the
majority of cases excludes the possibility in the toughness capacity
operation of polishing the products after roasting, and, consequently,
decreases the hardness capacity, decreases the expenditure of enargy
and does not reéuire the setting up and use of a fleet of polishing
mills,

3. The acquiring of products of finished design is secured
de2pznding on its complexity. This makes for a gfeat saving in labor
and overhead expenses since th2 necessity falls away in the operations
of the mechanical completion of the product and in the corresponding
fleet of mills. _

4. The mslds (equipment) for the realization of the method of

molding under pressure is significantly simpler in design and is

4-5 tim2s cheaper in manufacturing than the press-molds for compression.

Along with this, the wear-and-tear stability of the molds for hot

molding under pressure is 10-15 tim2s higher than the press-molds for

compression. This makes conditions for greater saving in the expenditures

for the manufacture, repair and operation of the molds.
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5. Th2 expense of the material going into the manufacture of
the product is minimal, since, with the application of molding
under pressure, there are practically no discrepencies as a consequance
of the fact that no kind of allowances are required for the subsequent
processing of the semifinished product. Insignificant scraps of .
material, resulting with the removal of the runner, are immediately
used for the molding of other components without any additional
processing.

6. For the manufacture of even the most complex components, a
highiy qualified working force is not required, which lowers the net
cost of production.

7. The simplicity of design, the cheapness and small size of
the equipment employed in combination with its high productivity
guarantee ths dacrease of demands in the manufacturing areas, and the
decrease of significant expenses in the operation of the equipment
in comparison with the equipment employed in the usual technology
(hydraulic presses and the like).

8. The technology of hot molding not only guarantees the
possibility of manufacturing complex products from high quality non-
plastic materials, but along with this it leads to a number of add-
itional positive moments.

Thus, for example, the semifinished product and the initial
dross can be preserved for an unlimited continuous time (There is
no drying as in thé usual technology).

This feature of dross and the semifinished product open up
completely new perspectives for the development of the ceramic industry
similar to the technology of metals sinée the possibility is cceated

of separate preparation of a varied assortment of initial materials
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(molding pigs, round bar material, sheet, etc.) in ths semifinished
product in separate spacialized factories (of the metallurgic type)
with the subsequent transportation and use of them for the manufacture
nf ceramic products of varying properties and configurations at
factories manufacturing ceramic products or consuming them.

' There is no doubt that such specializing of factories in the
ceramic industry creates the possibility of fast progress and a wide
introduction into the technique of cheap ceramic p;oducts from non-
plastic raw materials instead of high-costing plastics and, in a
number of cases, even instead of matal products.

9. The effect from the application of the technology of hot
molding is summed up in the fact that it guarantees the possibility
of ths output of such ceramic products which cannot be manufactured
by the usual ceramic technology. 1In the first place, t§ ceramic
products of this kind are related products being employed in the
newest radio-technological apparatuses, in special devices and the
like.

The experience of operating many enterprises employing the
technology of hot molding confirms what has been said. Thus, for
example, in one of the enterprises of Chelyabinskii SNKh the transfer
over to hot molding from vompression and stretching allowed for an
increase of the production output by 3 times the amount from a square
meter of the manufacturing area and permitted a rise of labor
productivity by twice the number, and also cut down th2 expznse of
materiéls by twice the number.

In the factory nam=d after Kozitskii, where, by use of the
technology of hot molding, products of 282 names are put out, the

yearly economy comprises 300,000 standard hours. At another factory
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(Moscow), where almost 300 pattern size molded ceramic components
are put out, the cost of the press-molds decreased 3-4 times with the
transfer over tq hot molding, and their weight was decreased 7-10
times.

-At the Baranovskii poreclain factory whare they put out open-
work plates and othar products by th2 use of the technoslogy of hot
molding in a numbder up to 200,000 units a year, the yearly saving
comprised 100,000 rubles (at the valuz in 1960), whereupon the
productivity of mold formation increased by 10 times th2 number in
comparison with molding into gypzous molds.

The numbder of such examples can be sﬁbstanially increased
since at the present time the technology of hot molding on various
scales has been employed in 150-200 factories.

In coaclusion it is nzcessary to note that the contemporary
level of the technology of hot molding is a result of just a few
years of work and, undoubtedly, can be earnestly increased.

Sufficiently great results can be expacted from the wide
application of the available solutions for simplifichtion of the
tecﬁnology, for example the m=thod of maniafacturing moslded ceramic
products with momentaneous roasting, i.e. without the preliminary
removal of the bond in the fill-in, automatic machines for molding,
semiautomatic furnacz=s for the roasting of th= moldasd .products, etc.

Along with this the chief possibility of a substanial increase
of the properties of the ceramic materials with the use of the tech-

‘nology of hot molding, guarantees the pz2rspsctive of a broadening
of the field of application of ceramic products in connéction with
an increase of their properties and precision of dim:znsions along with

a decrease in the cost of manufacturing. The real possibility of

FTD-TT~63-146/1
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full mechanization and automation »>f the process of production with
the use of the technology of hot molding under pressure promises

a still greater substantial decreas2 of the net cost and an increase
of the guality of ceramic products of the most varied destination.
There is no doubt that the developmsnt of the operations in perfecting
th2 technology of hot moldingy and its automation will guarantee

within th2 n=xt few yesars the creation of automatic liness and, after.

that, automatic factories for the production of ceramic products.
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FOOTNOTE

lr.iiten,'N.Q., Zubatov, I.N., Rominovskaya, 7-Z., Kurinina,
T.I., Vishnevsky, B.I.. The manufacture of porcelain nroducts,
by neans of ot mclding under pressure, "3lass and Ceraaiecs”,

1960, No. 9’ PP. 38‘410
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