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Joeanotation
In this paper the muiual rclations belween encrgy consumption
and ceramico ir iwo differcnt ficlds are examined in an

analytic form of "“o~day sources and progpentive conception,

‘ne first one i3 the field of the Ceromic, Building Materials
and the feasibilily of ,cnergy savings which can be ubtained

in their production, The olher fields are the refractorics

and refractory insulaling materials for ihe lining of thermal
equipment and the wide range posscibilities of heat prescrvaiion
through the developmenti and use of new types of 1jght weight
materials with high insulation proparties and their influcnce

in the designs of kilns, furnaces and oiher thermal equipment,

ihe present possibilities are examined and the future irend
considered in view of achieving optimal resulis and thercby
uako a vast oontribution in energy-savirgs, a present world's
pricrity




From il roodern acsbhetic wsd artistic point of viaw ilic coramic
watoriuls such as wall-, {loor, facade wile, coniribulc 1o ihe
social «rd culiural ciwviromwment in uhich the people live, fThie usc
of these products have found and fipd an cver broader and more
significant applicability, Deaides, the nog—mct&llic mincral baged
ceramics industry finds, however, many oiuer cffceciive utilitics

in other imporiant produvcts cuch ass

~ refractories for ihe heatl vrealing industiry in many

various lypes and qualities;

- insulating materials for heat insulation in nearly
every cnergy based indusiry for example; steel~,

oil-refinery, food indusiries.

The couplexity in these kind 0f industries and their used technologics
have a commun denomenator,eneregy, as an important part of the uscd
production processes, Energy,in the foim of gaseousy solidy liquidy
fuels and cleciric power, site by site as a major cost component

of the production, It is, therefore, understandable that long before
& confroatation in energy—crisféeslwerc at state, their indusirjess
have uscd a major part of their rescarch and development in energy

saving devices, equipment, machinery and heat treating processes.
8 y & ] [

It is & wellknown cstablished principle ihat by cutting production cost
the encvgy consumpiion wac one of the major predonnaniissues for

cost reduction, It is thesefore, not a sheer accidenial approach

when the ceramics and enerygy arc sited clogsely togother and a great
attention is paid nowadays to the wain scope aiming to a common

objeclive ~ to save encrgy.

Solution 5h§cntificd to nolve the enerpy problem

Pirgt of all it ic the fiold of ecumerpy concumption used 1o operale
the cceranic nmachinery, which mentioned before, as a vhole is

aiming Lo cut doun the specific cnergy concwiplion in the production
of individual types of products. It ic here, where the cconony of
the producers is focusnad ﬁnd closely comected at o vaot rescarch
of oplimalization of lieat tvanzfer iuto the production of hcat

Lranst ol inw e ceranic proeduets,
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13 whis context a developmenty of cver ncu, worce cffcclive and
nove ccanomically operated heating devices, ruch ag driers, kiias
and furnaces for high lemperatwres in  the ceramic indusiry are
slitulated alonz with the resecrch and developaent of new kinds
of raw wmalerials to composc ceramic productis which- are fired

at cver lower firing‘ cycle, A firing cycle is a uysihea

rclated to teniperatura and time, It will be easy 1o understand
that either through cubting time and/or energy, sizable savings
il energy are obiaincd.

Another direction which has for a long time becen & priority

to energy savinzs is the combincd energy conswapiion in the

use of refractory mhlerials used fory for instence, a large variety of

ciln or furnace linings for ihe different industirial branches,
Ill-applied refractories will result in 2 wasteful escape of
energy from ilke kila or furnace due to good or bad type of quality
of the insulating peopertics of the rofructories used,

A very important energy saving can be found by the research

and dcvelopment of refractory products used as supporting
maicrials for the prodvction of ceramics such as setiers,

platez, footingssaggers etc, with better heat-zbsorplion qualities
aind lesg mass to use lesp energy 1o acquire ihe ienmperature needed
for the produclion of ceramics, The contemporary develcpaent

in this ficld aims to highly insulating, light-ueighi wmatciials
and better quality of insulation ikai can resist to high .
temnperature,

In this respect, thercfore, new ceramic materials arc of parwncunt
importance to cnable to reduce cnergy lossen in many different
applications of furnaces, kilns and otuer ithermal equipment
cmployed in a large part of indusiry,

fe will, howpver, come back to tho field of cnerpy consumpiion
wnere energy-uscen can be reduced, nwacly in the compusiivion of
cerimic matecrialg componed out of different non-mectallic minerals,

puch as elay, kaolin, felupar, silica, ypegmaliies cte, eic,
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. The question ariscs how one can reduce ihe cnergy consumpiion,

We have to go back t¢ the time that for firing different types

of kilns, originally desigmed for the produciion process were
construcicd prevailingly for low quality fucls, mainly peat,
differend types of coal, brow-ras, wasile~heat from bad

ingulaiion furnace or kiln walls was used for drying materials
along the sides of the fu?nace or kiln where the intensity of losi

*

heat was the highest, .

The characteristic feature of these kilns either rovnd, chamber
or tunnel types was their robust siructiure and the materials

used to. build them were wmoatly of compact refractory bricks

and red-brick massénﬁry The considerable weignt of these kilns
with a low effective utilizatior of the supplied energy for
firing were'anq'sometines stil arg the cause of high ~onsumption
of cnergy for heating and at the same time time consuming thermal

cycles and resulting with a low productivity rate for such kilns,

Yew types of kilns and furnaces developlent wer: stimulatedd

vith {the main objectives to:
(i) reduce the cost in the production of used energy by:

a) Increase the capaciticss
b) Better piroduct quality;
- ¢) Quick changes for loading and inloading of kilns
and furnaces;

¢) Diversification of the to be fired products

(ii) Hand in hand with the above to require better quality
of energy electic power, natural gas, pipeline supply,

mineral oil,

I+ becomes apparent that in the present it becowmes indigpensable
10 cut the present specific energy consumb@ion which, under
itha contemporary critical cnergy situation in itho worid has

grown into a need of £fitt priority,

Yew dezigna of kiln ana furnace types vary conoiderably form the

conventional onen moinly in the ficld of ccrvwnic firing procoss,




.2 go-called temrinal kiln as a contineous kiln of ihe type

in which ware passes throvgh o ptationary firing zonc wap tic
ceatre of kiln, In the most common {ype of kilu the ware is placed
on the refratory-lined-deck of a cur, a contincous series of

loaded cars being slowly pushed through a long siraignt tunnel,

tae iwmel kiln|'so far make! place for a single-siory kiln,

waltiple story, roller kiln, rotary-hearth kilns or bee-hive

kilus, dovble firing pirodess ¢f bisque firing and glaze (glost)
firing of ceramic products in two cycles is replaced by a one

fire process.

Traditional pre-fire drying processes give way 1o dust spray
driers (spray dryers) and to roller driers in the produciion

process.

The present position of development has ensued from a detail
rcscarch of heat transfer methods and it zoes without saying

that 1% will keep its pace hence forward,

Basically, the properties of ceramic producis are predetermined
first by a choice of initial raw mailerials and mixtures, secondly
by sigaificantly suitable ihernal firing processes during which
ihcrmo-chemical reactions itake place, whercby ihe composed
material structurc changes into the final state,ﬁrocessing the

Prcoy e s

required proportion and characteristics,

The themmal process mist meet the technological requirements
ag I'er as the time and thermal course in the structural and
phase changes in the material compocition is concerned, It must
Tfollow the basic properties as it is cstablished during its
development and reccarch work on z laboratery scale and adopted

for ita production process,

It is gololy ihe laboratory testing of the thermal process
for tne firing of a zoramic compositive material which will
detcmine itn sequential alicraatives, 0o called "limited curvos

for heating and cooling”, at the final rescarch phaose, ‘-




The curves  show the conditions under which the respective
changes in the basic compositive materiul formula will take
place, in order that the expected product reaches its final

properties.

The fastest heating and/or cooling processes are estabiished
with a minimal thermal energy crnsumption per firing cycle

may be expect:d from the duraticn point of view. The proper
firing process in the production kiln cannot be determined in
accordance with the knowledge of the limited curves. The limit
thermal process may incorporate many factors which will cause
fail-production and losses. Certain factors will have to be
adhered before a certain firing cycle can be adopted. Simply
said a way for proper heating or firing over the available

kiln type cannot be determined by mere laboratory determination

of firing conditions.

Anotner feature of research and development takes its turn
by simulating the thermal process in kilns. It is simulating
the heat transfer irom the heat sources into ceramic compositive

product under pre-conditioned principles.

While the space in which the products are situated is dgable, the
simulated method of development and research should examine and
verify the optional dimension of the space, the manner in which
the to-be-fired materials are place therein, size and unape

of the kiln furniture under which the determined thermal

firing schedule can be obtained by means of verified both

thermal inputs and flow of combustion products.

The exigency of the simulating method of development of the
thermal firing process in the kiln has been evolved by efforts
to minimize the consumption of energy as well as by the

requirements for the firing process to be uniformly spread
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over the entire cross-section of the internal kiln

dimensions so that the kiln charge of ceramic products

results in an equal quality of the products lzaving the kiln.

A uniform firing process in £he kiln can be achieved

solely by changing the cnaracteristics of heat transfer

used by fiames by radiation and by heat conduction for

firing utilizing convection of hot combustion products

for maximal conduction in the heating zone of the kiln.

The simulating method of research for a given kiln volume
results then in the way how the to-be-fired materials are placed,
the direction of flow of combustion product, size and place

as well as setting of the burners.

From the simulating research method the to-day types

and degigns of kilns and furnaces have been derived. The

main part of the kiln, namely the heating system is equipped
with new type of burners or suitably situated heating resjstor

elements tor electric resistance kilns and furnaces.

Based upon the fore-mentioned trends of development new types
of kilns and furnaces have been invented. The specific heat
consumption in them has been decreased to considerable lower
values than those of classic types of kilns and furnaces due
to the ever growing concern of lowering the production costs
since the last 50 years. Such types of kilns used for ceramics
are; e.g.:

~ Improved types of tunnel kilns

- Elec*ric resistance channel kilns

- Roller-type conveyor Kilns

- Wire cassiers operated électric resistance kilns

- Rotary hearth kilns

- Pin-belt conveyor kilns
These new types of kilms, inventions during the period after
the second World War are designed to reduce the energy

consumption and to produce ceramic products at
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higher speed and lower temperatures, thus betier time -
temperature ratios with the muin objeceiive 1o reduce

production cost and fasier turn-cver of productiion,

Apart from the intensification of heat transfer at
the above mentioncd kiln developmeris the weight and
sizes have been minimized which came about through
intensified approach of *developments for better

insulating refractorics, with the lower weight,

The kiln furniture, such as plates, sectiers, saggers
bricks, peers, etc, was redesigned and produced with
lover wéighi refracicries, have made a considerable
contribution to the energy savings programmes in the
industry,

The development of lighter and better temperature résistance
~kile furniture for a betier and more sysicmatic

placement of ceramic products in the firing space of the kiln
resulted in a higher production of ccramic ware for enerzy
unit, It is easy to understand that the demand {or

energy consumption was and is the common denominator for
“gaving of energy" whereby we cannot produce brick or
ceramics as a fudge, hard on the outside but soft

ingide with other words kceping the characteristics and

qualiity specifications the sane,

The intensi;o modernization of kilns and furnaces, aimed
&t a systematic reduction of encrgy consumption in the
ceramic induutiry in the developed countrics has resulted
in reducing the total energy consumption %o praduce for
instance 1 squarc meter of ceramic tile by 30 (thirty)

to 35 (thirty-five) ¢ percent in the rccent 10 (ien years).

It is hereby understiood that the programme for savings
of energy are influcnced by the overall extent of using
more wodern productiion procengcs - and aguipment with
different energy requirements.Wihen for inslance electic

onerry in apnlied Ay nource for heat consunpiion tho
Ly ,
ey COnsmp Loy can bo reduced an far adl Ty (neventy

o




Influensed by the price difference Leiveen eleciric cnergy

and fuel the following exmrple ig worthuile to wmention,

In Czechoslovokia {CSSR) ‘hrongh a modernizuiion of ihe

original ceramic industry, a 307% savings of cnerygy use

was achieved for the produciion of ceremic Tloor tile :nd

a 29% caving for the produciion of wall-tile.

This renwicrable achicvement wes the result of an inilense
w

research and édevelopment for new types of firing kilns

and process cquipuent as well as a more unirorm quality

of raw matermals.

The present irend in the manufacture of ever more perfected
kilns and furnaccs as well as driers will go on with the energy
crisis, as we experience to-day. It may be expected that

in the preparation of raw waterials a swiich-over to hover
firing of particles to reduce the heai iransfer and firing
cycles in the ceramic industry would be cut whercby a
reasonable expectation can be achieved in improving
kiln-designs and in particular applied lower temperatures

and heat losses.

In the céramic industry, it may be expected that in ihe preparatién
of raw materials, a switch-over to nover firing of particles to reduce
the heat trensfer and firing cycles in the ceramic industiy can be
obtained and achieved with reasonable expectation improved kiln

fdesign with, in particular, lower icmpcrature application and
reduction of heat losses,

In the following table ihe average firing-icmperatures of
double fired wall tiles during the last 30 years is expressed

whereby ane can observe the downwards trend in firing temperatures.

Bicgue firing Claze firing
temnerature temperature
After Varld Var TI 1260=1300 1180
Repdining 60vg 11201200 10801120
Al prerient 1040-1060 930-1020
Prospects by the Jower than 900-960
year 2000 1000




In the future irend of developmént in the CSSR there have

alrcady becn considrable results verificed in new types of

raw materials compcsitions and surface coverage in the form

of glazes for will-tile whereby the Lisque and glaze (glost)

Tire can be combincd in a one-fire method al much lower A

temperatures and short firing cysles,

Very good results in semi-~produciion procesces were
obtained in the production of floor-iile snd ihe achievementis

. . . : sven© .
with single firing process on temperatures of 1050°C and firing

cycles reduced to 60 minutes and even lower,

The.achievements have enabled the indusiry 1o create new tyges
of kilns with considerable sialler sizes than befere and Jei to
a significant reduction of energy consumpiion,irrespectible of any
cost price savings up to 45% of applied energy. The average
reduction of double firing cycles expressed by time (unit of hours)

can be expressed for the last 30 years in the following table:

Average reductiion in firing cycle expressed in hours for double

fired wall tile

Bisque firing Glaze (glost) fire

in hours in hours
After Werld Var II 60-120 . 24-48
At the beginning =~ 24-48 3-24
of 60tg
A% prescnt 1=24 ’ 05-24
Prosvects by the 0-5 lower than 0.5
year 2000

Along this projected trend rescarch and development cf new types
of c2ramic raw .malerials for ceramics will go forward and wiih
tho new propertics, they will facilitatle further reductiong in

thermal proccusing, thus chergy savings,




Let us have a 100k and pay attention to another relaticn of
special types based on non-metallic minerals, i.e. refractories
and ceramic insulating materials used as linings for all types

of heat producing and heat using equipment in the industry.

The significance of this field dominates rather unambiguously
from the energy point of view which will find its consequences
in qualitative changes of the lining materials for kilns,
furnaces and other heating devices of the entire industry

beyond the ceramic industry, i.e. other large consumer of energy.

The general opinion on the quality of linings which requires
a maximum durability and insulating capacity properties has
been gradually uprooted from the conception of heavy in

weight refractory blocks and red-brick masonry.

The development of light weight refractories for temperatures
up to 1OOOOC and other typcs based on perlite, vermiculite and
refractory concrete materials has resulted into a gradual
reduction of kiln or furnace linings in thickness and weight,

simultaneously reducting heat losses to the ambient atmoccphere.

It is necessary and indispensable to improve the insulating
properties even more. This affccts the insulating part made

. . . o
of heavy weight materials with a resistance up to 1500 C.

Highly insulating fibre mats and boards for insulation layers

or sandwich layers are used instead. A broad variety of

these products has been recently supplemerited with incorporation
or supplementation of fibre-based products for temperature
resistance of 1100°C to 16000C. The present kilns and furnace

linings, therefore, are completely different from the ones
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of 10 - 20 years ago. Theip total thickress is reduced to
a 1/4 of their original one and as much as 1/5 of their

weight 30 years ago. It goes without saying that energy

can be saved.

The difference of opinion on the real classical and the
up-to-date kiln or furnace lining under similar conditions,
i.e. similar inner and ambient temperatures and heat

transfer losses to the ambient atmosphere is stated and

shown in the thart below where it is indicated that a
classical kiln or furnace lining of 62.5 cm total thickness,
with a 50 cm layer of fire-clay refractories is in thermal
terms equal to an up-to-date 1lining made of ceramic fibre-mat

of 17.5 cm total thickness layer.

Apart from a distinct difference in total wall thickness of
62.5 cm and 12.5 cm, a similar distinction are the weight
dirfferences which fer 1 square meter of kiln or furnace
lining is 1080 kg for the classical type and 23 kg per square

meter for the modern type.

The difference of 1057 kgs for one square meter of kiln or
furnace brickwork may indicate that the ceramic industrial
development has taken the task to save energy very seriously
during the past 30 yeairs. It should, however, be mentioned that
the develcpments in this area were found due t> the .ncreased
costs for energy in this sector of industry. The cost of

energy which one by now has recognized is the major item

in the ceramic production cost and if cost reduction is to

be persued in the direction of energy savings, the research

and development has rdone a major part towards saving cost of

applied energy in the different production processes.




< "Phe crigic in the supply of energy for indusirial purpoce will
furiber accelerate research and development in this section of

indusiry,

A sten in ihis area is the wmovement to improve the workmanship
and iechnical applicd media “to minimize breakdowns, ‘stoppages: /!
and necessary repairs of a kiln which is accompanied with
heavy eneray losses, due to coouling and rchicating of the kiln

H ?

‘whereby the production of ihe kiln is practically zero,
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In ihe arca of ceramic-blends of raw watcrials owaiting shaping
into & def3nite form’nonnally called plaste body by the

green  gtate ramming, gunning and refractory concretus, representis
an cntire special group of refractorics which all contributcj to
energy caving in iheir application of kiln and furnacc-linings,
Since they ¢o nol acquire any firing in auxiliary production unitg
the application itime is reduced considerably and the cxpeciled

life of such a lining is 2 to 3 {times longer than convential
linings.

These bodies are interded to prevail for furnace linings in

a metallurgical indusiry for firing temperatures up to 1600°C.
Advanced development will be supplemented with new iypes,

which have more increased insulating properties and decrease-
of weight., MNereby is thought of betier use of refractory type
fillers with high temperature insulating properiies, The ‘
significance of refractory ramming bodies is growing very
much and to-dzy the rate of these boldies represents approximately
30% of the total refractory production world~wide, The general
. fulure irend indicates, and particular with the energy

problems to cope with, thai the production of these tyﬁes of
refractories will continue to grow and will exceed 50% of

the demand by the year 2000,

In the concept of technological processes for the production
~ of fillers to be incorporated with organric polymers such
as pclyethilene, polypropylenc, 2ic, , another coniribution is
made {0 energy savings, Suitable refined and beneficiated
kaolin and limc-stoné”bccoming very valuable non-metallic
minerals, as natural resources for the substitution of

50-60% of deficient polymerc produced by the peiro chemical

industry from crude oil,

By filling the polymers with gelecticdand properly dresscd non-
metallic raw matcrialg,onc will not only save half of the used
crude o0il, but will at the same iime inercane ihe value of
utilization and diversify the produclion inlo products used

in the food industry, new types of paprer with unique propertics,
raplacementis of automobile parts in the manufacture of

antomobidan and various other industrial usco,




Concluaion

' ‘cuoinﬁimentinncd3considcratiou: repanding the significance
of cnergy producirg industry, ceramics and non-nciallic minerals
arc far from being 1ully exhaustive as in regard to ihe
entire problem of eneryy saving, It indicates that the
evolution in this ficld will go forwvard and will requirs,
due to its complexity, further accelerated intensive
activitics of developneni and research, 'this aclion will bring
about possible further improvemenis for enerpgy savings for the
energy using industry and the ceramic and non-metallic

minerals based indusiries,

The UNIDO-CSSR Joint Porgramme for International Co-operation
in the Field of Ceramics, Building laterials and Non-Metallic
Based Industries has taken the demand of energy saving at heart
and will contiribute and support to further share the
responsibility placed upon the entire world industiry and

has placed this important issue on the agenda for assisting

the Developing and Least Developed Countries in ibeir demand
to save cnergy as the further increase of energy costs has

placed their countries in a serious financial condition,
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