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in view of energy reoguirements and emergy consuwnpiuion

Jector The silicate indusiries stand in the Zoreground of

industriel tranchh it is the nrodlem ol enersgy "o waich
aectentlon iz ravher stirongly attzacted. Sinece silicate industrie
ia every industrial system represers one oI tae Ifundanental
production lines the endeavour towards tie zolution of energ
prozlens is far from beins igolated and, apaxi from itk

avtenvion it receives witiin nationsl econoniies, it vecomes

2 point Jowardg wiicil tne international co-operation is
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enyi iJorld Conrerence on Inerszy neld in Is
in 1377 nas indicated the main trends in tails Tield and
envisased the most provable developments. Taoush they all

;enerally defined formulations in pointing ous the

D)

vespectiive Tields waich might result in a2 pogiilve coniridusion
to tne solution of enerzy provlens in the years o conme
it 1s advisavie to take tiaem as a relisble guideline Jor sruc
purcuit and enfcrcement oi energy savings. It only may enabile

a systematlc apnroacnh towards these gquestions in tie vavious
types oI production of sl licaves, ience, it is indiznensadis
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no peing votil in the existing produccion capacitics
and in those bdeing under construction, to adjudge tie provlenc

ol enerxgy from several viewpoints sin.e © .ese problemc will




decisively influence the prosperiiy oI tile production along
vita the requlrements for excellent cualiiy and utilisy
properties oi producis made of non-metallic raw nmaterials

in wne Tuture.

The viewpoints can be classified as follows:

- to get the energy sources rid of the dependence on
impoxriting expensive fuels,

- %o extend the uvilization of secondary energy sources
in local conditions,

- 10 utiiize the existing enerzy sources o the nigaest
possivle degree orf effectiivity,

- tae indusirial development csnould tend towviards using
sueil Tecianologies and materials to avoid extreme
requirements for the nost rare energies

- Lo iuncrease absolute sevings in energy conéumption .

- To accentuate social interest in eifective exploitation

cf energy sources ’

1t is quite obvious that the above general scheme
can well serve as a basis for a series o:i concreie sieps
applicable straight_forward according to local conditiong

ead local economic interest,




il. PUBSBIT SIYUARWIOHN IE THE PROCSSSILG OF SSLaCisd

0i-wusSTALLIC QAT LHATSRIATS

a) The Tirst steps leadinz towards enersy conservatiion

in cement industry were made by replacing tine former

"wet" process furnaces witn up-to-date high-capacity

ones of low energy requirements, It was a fundamental
change in the technovlogical process. It resulted, apart
from absolute energy sevings, in tne solution of

capacity proolems., It is justi the “dry" process waich
enavles to manufacture daily ir tie order of thcusands f
of tons of cement,. .
It is necessary tolnote, nowever, that these Ifurnaces,
enabling to produce as mich as 5 000 tons cf clinker

per day, work with almost identical thermal efTiciency

as furnaces of medium capacity (i.e. Tromt 600 to 1200

tons of clinker within 24 hours). This is an example

how a fundamental change in technology cex: ielp o

acnieve absolute savings in energy on tihe o:c nand

and new paths towards further effectivity on tune otier
hand, It nas led to start using giant furnaces and,
consequently, a technical problems connected with furnace
and heat exchanger sizes had to be szolved since in both
cases there are certain linits beyond wiich any furtaer
expansion in sizes cannot be afforded without negative
conzequences e.g. in tne life of equipment.

In this respect the epplication of the so called
pre-calcination method, apart from other technical




irpacts, helps very ravouracly iﬁ solving the point

of celoriiic efficiency in relation to the gqualiiy ox
fuel or 1o the possibility of utilization of wiasie heat
from ithe clinker cooling system, hen a combination

of such a process is summed up it resulis rot only in
creating better conditions for the utilization of ilermal
energy sources but it slso reflects more favourably in
investment and operation costs. They are influenced
particularly by that fact that extreme furnace sizes

can be avoided and they can be thus operated more eawily
and with more flexibility. iieedless to say tae Iurnece
refractory lining lile nas veiter prospecis. IFrom cnergy
'péiié'g? view, howvever, tie most important factor is
auéﬁéééjsful cut-down o7 thze specific heat consumption
to 760 to 780 kcal/kg level at the production capacity
of 2 000 to 8 000 tons per day.

Purther davelopment is oriented towards the application
of suza types of fuel whicia would e2llow another reduction
in. specific heat consumption down fto as much as 700 kcal
ver kilogramme o clinker., Thereby tne level of about

60% thermal efficiency of fuel will be achieved. Sucn

a linit is quite reasénable and to reach it it does not
depend on fundamental technologicel caanges any longer
but rather on how perfectly and reliably the entire
production cycle will be kept within the optimal limiis
of the technological and economical operation.
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Consequently, it is quite apparent vhat the resuliing
tirermal cum economicel regime of clinker productiion
is, to a considerable extent, dominated by the
perfectness of technological process both at the input
and dressing of raw materials and by tne "upkeeping®
ct thne entire production}process witnin the limiting
conditions of a stable balance, This objective, hcwever,
should be reached tarough a progressive implementation
o: automation both in the control of the production
line operation and in tae control of the complete
rsductior process.

Apart from the firinz units in cement industry the

- desintegrating and milling processes constitute another

principal energy consumers. In receni years e considerable
progres3 has been made in this process, as well. There
nave been developed such milling machines which enable
to increase the milling capacity sigmificantly and to
reduce tne specific energy consumption at tre same time,
The problems of milling cepacity are mostly solved by
more periect design of milling machines and by applying
itne latest milling technologies. Tae question how to
reduce the specific energy consumption is solved by

the application of such physical-chemical method that
can have a favourable impact on the milling pirocess
intensity. The main attention in the research nas veen

paid to the study of tensile and compreesion strengths,
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touginess, porosity, distribution ol pervicles and
sores and tae tendency towards aggresation and
z;lomeration. There are irue, posiiive results already
2% hend waich can be successfully inplemented even in
the already existing production processes wnereoy their
bette’? application can be accomplisned.

Th1e main role here, however, plays an application of
suitably‘chosen reagents which act on the surface orf
the material to be milled, From the energy consuamption
point of view an energy saving expressed in terms of
specific energy consumpiion in the milling process can
be reliebly expected to amount as much as 20% when

conpared with the usual state,

The theoretical heeat consumption in the purnirn; of

1 1 of lipe (Co0) amounts to about 760 kcal while

the burning takes place at the *%emperatures ranzging Irom
950°C up to 1250°C. any significant reductiicn in the
energy consunption under the present conditions in the
production may nerdly be achieved., Ziostly all tae
possibilities in reducing the enerzy consunpiion nave
veen exnausted mainly due to tne fact taat input
conditions nave been optimized alresdy for cvery iype
of the existing produciiorn equipment (2 concistent
size of lime lumps at the inlet) and tie optimal

conditions of stabilization of the production rejime
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ove veen proroundly. elgboraoted. I las Teen proved

sarousih experience tiaat wien rovary kiins liave geen

used In vie lime preoduciion reguiring the reduction ol
tae grain sise at tne inlet i% 4id not allow to cut dovm
te erergy consumpition velow tune lizmiiv of 12CG0 or 13C0
izcal per kz in tae produciion capacity ol abdbout 500

to G00 tons per day. It is necessary tc point out ihat
viuese results were achieved at tae cost or considerably
nizher investment costis so that tais is a wey wihich

carnot ve considered as promising in the years to come.
from the energy cun economicel point of view tne snalt
£ilns may oe expectied to ve the mosi promising on:os

vo neet the future requirements. Out ol tihe numerous

trses o kilns the most interestiing ones are tnose vased
on tae "regenerative co-current Ilow" principle in whica
itizzer oil or gas are used as fuel, Thesc types of Lilns
are designed with two or three snefts the capacity —onging
irom 1CO to 250 tons per dey in each shai¥ snowing the
neat consumption or 900 to 1 000 kcal pex kilograsime of
dummed lime, It iz apparent thet this value o2 specilic

consumpdiion approacnes very favourably tie theoreiicel

‘specific consumption. The present circumstence undex

which more suitable and effective production equipment
Zoiled to be developed so Tar can in 1o case depreciacte

the value of some progressive production proceszes such

as eesje the new process developed by thne ilesearch Institute

for 3Buiiding ifaterials at Brnoe.




This process is based on ihe application of
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luidiset bed gas exchnanger" nrinciple and s used
i in the production o very Iine finel product. Wnen
compared with tie energy consumption data o the

. aroresaid nost effectiive processes e2pplied so fer,
‘nowever, it is not commensurable. Iievertheless, the

prospective development clearly tends towards kilns

0O

£ nigh taermal efficiency, automized production processes

saowing uhe specific energy consumption ranze froam S00

$0 S50 kcal pexr kilogramme of burned lime.
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c) Tae highest consumpiion oif energy in the b2

manuraciure can be found at the drying and Iiring

production sections. The total specili= eat consumpiion

nostly ranges from 400 to 800 kcel per kilogremme ol

oty

manufactured products while this consumption is divided
more or less between the Iiring end drying sections,

Tierefore the rationalization in this orancn

P

5 aimed
primarily towards these two mein operations, is far
a3 the drying process in concerned such an eadeevour
results in tne implementation of continucus dryin

units walicn can ve autcnized more easily and, nence,
they enable vetter standard conirol of the drying

orocess increasing taus tne efficiency of tae tirermal

energy supplied to it. To achieve the specific neat

. consumption ranging from 860 to 900 kcal per kilogramme

s ot sttt ! |
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of weter in a continuous drier is a common requirenment
which can be met. There is yet another advantage at

the‘same time 1n the drylng cycle the period of which

- has been substantlally<cut down to 1 up to 6 hrs wiien

compared with tne former of the order of 30.to 70 hrs.

3ven thnughwtue numérlcal data ment;aned above represent

__Ve’ 1m1t§ 'they wé@m s

-;\fzresultabbth in energy sav_ngs and»in an; overall;mgre ?éiw |

e?fective economy in the production. It is- ‘& matter
of course that,zt is not simple to solve the problems

of the drying~process in %he brick manufacture because

" of all the possible types of products. The full eifect

of the continuous drier'in anﬁ case can only be

achieved when the entire»capaéitykdf the drieé is

engaged and operated at a uniform drying rate.

Vhen tumnel kilns are used in the brick manufacture ,
they repesent the most progressive,techhblogy of firing
nowadays. The optimal economyiin the tumnel kiln operation

- in all aspects can only be achieved provided‘that the

preceding drying process has been stable enough and

the chemical and mineralogical compositon of the material
1o be fired is constant, too. It is quite oovious here
again éhat e standardization of the entive production
process,in ftq;ali stages is not only a prerequisiie for

potentiéi increase in the productivity expressed in terms

— ]
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of a nominal unmit o thae production cepaciiy and in
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rel‘ation to the criterions of 'nigh d.emands for the
'il ity value of »ae final product but for the energy

effectiv;ty oi the whole produc»-on process, tooe.

’inal ﬁuildznb ;ndustry. Levertneless, the sphere of

éw

Z; f i: S - potential end IeaSIble chenges in this orancn :3ts
; o | a llttle oroader. Such cnanges mey have a- ;avourao;e f§
. .mpac» on tne overa,l energy consumpiion end euonomzcal, gﬂ
T ' E oalance in tne Tinal stages of the production process. é
) It is also necessary, however, to solve ithe guestion . 3%
> : : -
of body standardization apart from the provlenms ,%

concerﬁing the mechanical end technical parts of the
drying and firing units. Choice of suitable raw materials

is vital for the product as well as Ior its suriace

ey
Té
foa
H
B
£l

finish., It =2lso is necessary to choose a nontraditional
technoloyy for zhe bo@y preparation vefore mouldl.o.

- It may be quite expevcted in the near future thas fese
yuestions will be solved in the prodﬁction that both

size and weight ol the products projer will ve changed,

i Iv mey ve closely Jollowed by gradual irplementation
% ’ of such technology which will use muliicomponent vody
i, v ellowing to successiully reduce the tihickness of products
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while 3heir standard sirengih will be nieinteired or
ven increesed. This trend namely is complementiary wiin

the tendency towards opiimal utilization of tunnel kilne.

without the solution of these piodvlems our efforts

to reduce the energy requirements would rardly get over
the limits set %y the optimation of rated parameters

of a kiin or furnace and by the optimation of vaste
heat utilizafion connected with the discharge of kiln
gasese These two ways leading towards the betterment

of the thermal efficiency can be immediately followed
oy a suitable insulation of kilins or by utilizing the
discharged kiln gases in tne preceding drying seciiox.
Implementation of single layer quick firing process

and production of ome-Iire tiling materials are the vay
very good results can ve achieved in energy conservaiion

and increased productivity at reasonable costse.

As far as the objective o energy requirements iz

2o0lloved similar principles and ways are epplicable

in further development in fine ceramics and sanitary ware

industries. In this brancn, nowever, tnere are
substantiglly higher demands for tne properties of
bcdies as well as glazes and, it goes without saying,
taere are otier demands for the moulding technology

as far as the quality is concerned. It is indispensable

4 v
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to strictly aduere %o the optimal produciion regime in
the existing production capacities in drying and firing
unitc since ihese iwo production sections are un-
ampiguousiy decisive for the effectiveness or energy
supplies. Moreover, varticularly the firing units are
decisive for the degree of quality achieved at its final
stage., Therefore a partiicular accent is given to tne
requirements for a continuous control of the production
regime or even its automation and,regulatioh of any
production fluctuation in tiais branca of industry and
its existing production equipmente.

The future trend of development in this branch nay
indicate a deviation from the traditional wet moulding
process that will heve an indisputable impact on tie
enerzy bvalance in the productiion proper and wiil nece=
ssitate a corresponding adaptations at the producers

of raw materials. The Zine ceramics industry will show

a tendency to decline Irom its traditional owm production
ol bodies and will increase its requirementis Tor direct
supply of ready made bodies or at leest "semibodies"
witich cen be applied accordinyg to the concrete
requirements of the moulding processes witiout any
special modificetions.

Out of the significant technological changes tne spray

drying process is worth mentioning which has already

found a vast applicability in a seriec of ceramic plants.
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of 3rrey drying process is especially veluable in

»om the enerzy point of view the implementation

the body preparation stage Ior i vositively changes
the enerzy consumption in the preparaiion of suca

a codye.

The spray irying process alone is lmown For its very
positive influence it has on the granulometiric
composition of the "elementary pariicles” in tae vody
and, to some extent, irreversibly because a procuct’
nade in the traditional wet process from raw materi
having been spray-dr-ied shows by avout 10 to 15

lower energy consunption in the bisque drying process.
In case of a complex technolozgical cnenge, i.e. 0y
implementing a moulding process by pressing Irom tae
spray-dried body it will indisputably lead towerds

nigh savings in specific heat during tie firing processe.
It i3 a natter of course that taere are dso ways to
influence the body composition i.e., by optimizing

its nineralogical composition (according to the
criterions on the body vehaviour during tihe moulding
and firing processes) and its chemnical coniposition

(in view of influencing the height of firing temperature
either by the g%ice of raw materials or by the addition

of suitable unorganic chenicals).

B e
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are aizning at common svjectives as ars Tnose of uin
zlcrescid drancies bdutl sae pariicular steps towards
<heir soluiion woulé require suecial aiviention and
fali beyund thie scope o tiais discussion. In this
Tield tze presens aittention is »naid %o tne production
of such types of glass requiring less time for their
nelting, such as crysial glass, packing glass and
sneet zlass and ic new types of glass meliing furnsces,

the foregoing notes the contemporary irend in snergy

K

(4]

snservation 223 been showm briefly cn several exanples

in tae main branches ol tne silicave Indusiries. !
It is quite natural that The more or less jeneral aspecis

in which the main energy problens hrave teen discussed
ars not iae most suitable ones in all cases Zor

deducin;; cencrete enplications a particular producer

may wait for end wihich are strongly neeer nis
production process. lieverineless, it iz . to Xeen
3

icn prospeciive trends always in mind vecause they nay
sosiftively influence the decision-making process in all
consicderations on future developments,

It i3z Zclt that every producer should kzep o the
Tollowinz; sequence in dealing witn the enerzy consexveiicn

vroolens:

l. To aszcess tie existing conditions and to make immediate

corrections without requiring unproportional capital




o s

—— o ittt it

- 17 -
1nVesS nClivSe
2. imely corraections in projects of new prwducvion

er prepargction and, i necessary,

;1.

2igats Jeing un
evren correciions in nrocduction piants already
under consiruciion as Tfar as It can te alforded
Trom tae invesiment requirements evaluation point

of viewe

3. Liore profound evaluation of perspeciive inveniions

riew ol tie lavest kmowledge Joia

‘I

froz ke point of
in %technolozy and in e prospeciive developmenia
in exersy sources.

3 a nmaiier of course thet moxizm atiiention saould

i
ot
N

tilizaticn of all the local condivions

£

Se paid To tae
and sources available tnat may neve positive innpac

on tie enersy dalence.

anotner 7iewpoint that may serve tie purpose ol
a reliavle oriensation in tile proolem is to esvinave
sae poinis waere tne renedial zteps are tc e taken.

In principle, there are taree alicrnaliives:

i

# Focucing %o tine envire energy system in Ine
nicduction piante.

2. Pocuzing to measures to be taken in tne production

techitology waile tne eneryy sysiem remains more

or less intacte.
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J. Coaplex solution waich may compiise voth, i.e.

- -
V.

neasures in the produciion as weil as steps iunvo

Tue enerygy Systerl.

It is cbvicus tnat the last approaca is most
atiractive but it is necessary to rote that in suca
a case tiae innovaltion drocess is of such en exient
tuat tithere i5 & risk that the amount on invesiments
spent nignv 9e reflected unfavourably elter rather
a long time, It may be so particulasrly wvhen there are
not availaole deiail data and experience irmediately !
aZter vie impiemenvation required for tie eliminevion
of Dbreakdowns afier the commissioning in the wiaole
existing production system.

Thsrefore, it is recommendable to caoose meacsures
in vnat sequence as mentioned avove, Zxpexricnce
in the long run may show that mere realizgt;on o?
measures in the energy system alone in a particular
production plant will fetch so good results that tae
costs spent could pe nighly recovered within tie latest
vime. Tnese measures talien are usually ratner ginple
requiring relatively minar arrangements, easily under-
standable and easily implementable within the existing
regime. Concretc simulated procedure is skovm hexein-

after, It 15 a matter of course that all the cteps

actually taken towards tiue energy savings cannot ve
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expected to be applicable successiully in ell dranciese.

ievertheless, such mieasures are recoxmended Ior

consideration since tney may give immediate positive
resulis wiereas any changes in the technolozy will
require a medium up to long time perspective from tae
point of view o time and the investmant casis involved

repiesent incomparably higher denands.
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III. POS3IZILITISS OF IBOUCIIG 75 SuERGY COnSUMPTION

It Z3CHI0LOGICAL PROCES3SS

iron-metallic raw materials may very well be utilized

H

reducing the energy demands in such cases wnere tie

Yoiy is not composed of single componenis, i.e. When iv

i3 blended of several sorts of raw nmateriel. Tne role

and knouvledge of a technologist in such a case beccme

irportent to choose such a technology wiicn corresponds

to the raw material availebilify of a particuler couniry f
on one hand and whicn is most advantageous from tae energy
consumption point of view on iie other nend., For tais

purpose tnere are several practical exemples presented

here to snow the concrete possibility of choice of vroper

optimal technologye.

a) 3rick manulacture is usually vased on a single-component

production tecanology. In sone cases tie vasic plastic

raw naterial may be correcied by another type o a raw

material, This production depends prevailingly on the

type o. raw material waich is decisive for the mein

tecinological principles of the entire production process .

from the plastic oblend. ;
The fineness o. grinding of the raw material usually

fluctuates at the maximum grain size from 1 mm to 3 mm.

It is due to tuae following influences of the xraw material:
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3rick inufacture - Iunfluences of Inclusions

cnd Grain Size of the Raw Liaterials

maximum grain size

kaolinitic clays with
finely disperged sands
and other .jmpurities

X, = 3 mn
Zy = 1l mm

snales, cleays with

calcareous inciusiongs
and rougn impurities
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The firing temperature level is given oy Tue process

itrification ol tiue raw meterial, i.e, by reducing

v

(6]
*h

=

ts porosity and dy achieving the siandard meciianical
oroperties of tae fired itest pieces along with the
increasing firirng temperature. Tae opiimal firing
temperature of raw materials is To be decided eitner

by a progressive firing of the test pieces witain tae
range from 906°C to 1 100°C or by the firing ol ihe raw
material in a gradient kiln. When porosity ranges within
10 to 25% and the compression strengtit is 150 kp per
sgecs to 250 kp per sqe. cile 2t an ambient temperature
it is usually a sufficient criterion to detlermine iize

optimal firing temperature.

Suci e raw naterial the mineralogical anelysis of

viichh indicates a aigh fraction of kaolinite, minimum

content of illite and montmorillonite, at which no cracks
’

occur during the drying process, wnen there are no

undesiravle inclusions of certonates and vaicn does o%

need too fine grinding and has suitable physicel properties

at a minimun possible firing temperature,it is very

advantageous for the manufaciure of brick ware,

e cm———
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2) lanufaciure of glased wall tiles is a typical produciion

process in waich the Jody is tlended from a serics ol

raw naterigls., In this case tasn 2 technelogist nas ©o
choose from & number of possibilities the most rulitadle
orne, ie.e. which will result in a high quality final

product at & minirmm demand. on the technology.

Pable lio. 2 snows the selected tyves of compositions

of well tile body classified according to their energy
demands. The kaolinitic type in wnich the keolinitie mineral
content reaches 30 per ceni of toial representis a classical
Suropean iype of wall tiles veing still made oy some
nanufzciurers because it enables to make bisque of reather
high whiteness, low consumption of glazes but tiaeir Iiring
process raquires relatively high Temperatures. “ne majoriivy
? tne manufacturers, however, lave already abandoned tais
technology vecause the sizes of the fired bdisques are not
eccurate enough while the costs of rew materials are nizh
{waen quartz content is low washed keolin end ball cleys
wita low silice content are required). To tue cg%rary,
however, calcium-siliceous body enables to achieve good
accuracy in sizes wnile a reasonable waite colour of Tie
pody can still be obtained and nigh fraction of raw kaolin
can be processed along with calcium minerals at very low

biaque and ;lost firing temperatures.
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Toble Ive 3
Slozes Comnositvion Dependens on Jirin . Teuperacure

ie. Lead Gloses:

2o

Ia20 0,03 - 0,07
rao 0,07 - 0,C0
Cal 0,25 - 0,60
oo 0,65 - 0,93
FaZO c,08 - 0,15
YZO G,22 - 0,15
Ca0 0,18 - 0,30
PO 0,52 - 0,40
Eazo 0,25 - 0,05
an 0,20 - G,30
Cal 0,35 - 0,25
e 0,20 - 0,40
Legd-boroxn Glaces:
K20 Jv,2, - 0,20
Cal 0,50 - 0,40
o0 0,25 - 0,40
KaZO 0,1¢ - 0,22
K20 0,15 - 0,17
Ca0 0,50 - C,27
o0 0125 - 0’34
IuZO 0,25 - 0,25
KZO 0,25 - 0’20
Cao 0935 - 0,55
n0 0,15 - 0,00

 »¥a ]

e . ~
tenperature S0 C, i.c. CTa ECS

A1,0, 0,20 - 0,25 3:0,

tempereiure 1060°C, i.e. 02a PCZ

51203 0,14 - 0,24 Sic, 1,64 - 2,70

2

temperasure 1160°C, i.e. d4a BCI

."-.1203 0,25 - 0,35 Si0 3,00

2

N o) . S
temperature S60°C, i.c. 07z ZCB

11.1203 025 -~ 0,30 Gi0

BZO

2,10 - 3,00
0,40 - 0,50

2
3
temperature 1060°C, i.c. 022 BCE

A1203 0,15 - 0,30 3102 2,30 - 3,20

3203 0,20 - 0,50

vemperature 1160°C, i.e. da P73

.-'a.1203 0,27 = 0,40 510 2,60 = 3,50
DQO_ 0,31 - 0,50

DI AV

\®
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1330 0,25 -
Ky 0,25 -
Zel 0,50 -
Cal 0,00 -
Iazo 0,25 -
i\20 0,25 -
Cal 0,50 -
Zn0 0,00 -
Ha20 0,25 -
K20 0,25 -
Cal 0,20 -
3230 0,30 -
Onague Glazes:
Cal 0,22
PhC 0,78
Nazo 0,24
KZO 0,045
Cel 0,292
Zn0 0,423
Hazo 0,03
K20 0,13
Cea0 0,74

0,20
0,00
0,50

0,30
0,15
0,45
0,10

0,10
0,10
0,50
0,30

5120

A1203

A1203

."'\.J.2 3

- O -
temperature %00 C,i.e. 072 2C=

0,25 - 0,50 3102 2,20 - 5,00

3,0, 0,50 - 1,00

temperaiure 1060°C,i.e. 02z PCE

0,18 - 0,32 SiO2 1,91 - 2,58

temperature 1160°C,i.e. 4a PCZ
0,40 Sio 3,26
B,0, 0,50 !

2
273

temperature 960°C,i.e. 07a 2C3

9,29 SiO2 2,60

SnO2 0,29

temperature 1060°C,i.e. 022 PCZ

0,15 510, 2,037
3203 0,703
ZrO2 0,337

temperature 1160°C,i.e. 4a PCE

0,630 Si0, 4,50
8,04 1,28
2r0, 0,32
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Wall tiles glazes can be classified invo tlose ©o

ce Ffired at temperatures of 1000 to 1160°C and tihose
wnich can be fired av low temperatures below 1060°C. Tae
reduciion of firing temperature of a glaze, dowan as
much as to 960°C, nowever, is qualified, apart Ifronm
suitable propertiies oI a bisgque, by an addivion of strop*'
fluxes auch as lead compositions, alkaline oxides, etce
Table Hoe. 3 shows some exanples of glaze conposition
in dependence on the temperature ard classified into

typical groups oi 3slazes.

Ceramic zlazes are enotier indussrial branch waere '

& suitavle choice of raw materials may subatantially
influence tne Iiring toemperature.

Because oi tne fact tiat glaze, being a special
tyve of glass coverin;; a ceramic product of various
porosity and tlaeruial expansivity, it is vival to always
maintain a correct relation vetween tne properities of
ceramic bisques and ceramic glazes.

Tavle lio. 3 siowrs a series of concrete conpositions
of ceramic glazes for thne firing temperatures of 960°¢C

1060°C and 1160°C in the glaze classirication into:




~.

e reduciion of tie Tusion point of a gla=ze can ve

achieved by applying some oi the following wey:

1) to replece a part or completely the content cof K50
by sodium oxide whica appears to ve a substvantially

more efeciive flux;

2) io replace a part or completely the content ol Cal

by sodium oxide ox by compositions orf lead or Bal;

3) to replace a part of the content of 3102 by voroil

compositions or to Zurther reduce its content;

4) o reduce tae :11203 contente.

d) Fluxes represent & counsiderably larze source ol eneryy
coaservation Ior every tocanologist, Vhen prooerlj cnosen
and compined with the fundemental ceramic raw materi
o remarkable reduction of bisque firing temperatures
can Pe achieved in tine production of building ceramics
walle the properties of the final products remain eitaer
sane or reaca even bettier ones,

Peldopars are classical fluxes. There are tarece
fundamental types of feldspars:
potaessium feldspar - K,0 o 41,0 203 o 6 910, - orinoclase
sodiwa feldcpar - 1a20 . Al 3 e © SiO2 - alvite

calcium feldspocr =~ Cal , A1203 o 2 31 o =~ anorthite
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Parconigge_content ol individusl components:
orthoclase albite anortiive
510, 64,7 63,8 43,3
.‘L1203 13,4 19,4 36,5
K50 15,5 0 : 0
Lay0 0 11,8 0

&
Q
o
o]
o
(@]
 aand

Zotal 100,0 100,0 100,0

Series of transition tvpes of feldspar are found
in nature, mainly in the following mixtures:
a) ortinoclase and albite

b) anortiite and alvite and ortihoclase

Peléspars are an indigpensavle coaponent in tie
proeduction oi sanitary ware and table wrore and in e

production of iriis and slazes, Tne fusion vemperatur

-

oz

7,

. . . - o}
feldspars being mostly higher than 1200°C a moderm
technology may yield fr-n a number of otiher non-metallic

raw materials with higher Iluzing eificiency. '

Anmong them the following ones may bve mentioned:

calcareous marls

pionolitec

tuffs and tufites

perlites

nepheline, syenite

dolomite, limestone and magnesite
or ground glass as the case may be.
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The epplication of fluxes in the ceramic tecanology

is supported in  several following exemples. '

e) Sarizenwere vipes oroduction under a conventional conception

of technology is based on the processing of kaolinite clays
of low vitrification point and long deformetion intervel.
Conventional firing temperatures o an earthnenware vody

f are ranging within the interval of 1250°¢C and 1280°C, snen
l the zlazing metnod by using salt can be sefely applied.

Transfer of earthenware tubes Iiring into tunnel kilns has

o vre

' " required the use of earthen zlazes but it enables to reduce

tze Tiring {eomperature at the same time as shown in tabdle

NOe 4.
L i T As it ensues from table ilo. 4 tiae Tiring temperatuze
g ‘ oX earthenware products can be reduced ratihner significantliye.

In such a process the salt glazes should be avandoned and
eaertnen ones applied instead. Thouga the ¥eCl salt vaporizes
at §80°C temperature it must be increased vo 1120°C for

tne decomprosition oy water steam that is tie minimunm
taeoretical temperature required for tne salt gleczing’
process. In the actual production process, nowever, higher
temperatures are to be ugsed ranging from 1160 to 1280°C
because the glaze formation on the eartnenware product

also depends on the body composition, wihen the gaseous

Na20 reacts with a part of SiO2 and A1203 frx,‘ﬂna body

when a glaze of the following composition is to be produced:
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Teovie 1ve 4

Reduction of Firing Tenmperatures in thae Production

of Barthenware Products

Conventional
bleand

¥
Blend . Blend
with marl : with phonolite

Body conmposition
c
red

Clay 4 : 47,0 31,0 32,0
Clay B . 47,0 31,0 31,0
iarl L - 32,0
Phonolite I - - 31,0
Pired ’
rejections 6,0 6,0 6,0
‘Total
percentage 100,0 100,0 5 100,0
i 1
‘
Vitrif&cation ;
point °C 1230 1160 * 1080 ‘
r ===
Total : .
anrinkage at ; ) :
the vitririca- | 139 10,4 - 12,8 :
tion point, % : 5
L -t
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1,0 Kazo e 0,07 :—.1203 e 3,33 SiO2
he ninimum ratic of SiO2 to A1203 in the body

must oe J or 4 : 1, The higaer is this ratio, the

lower iz the vitirification point o the gleze on tae

3 earthenware pro@ucts.

. To the contrary, nowever, when earthen glazes

techmology is applicd the glazing by dipping is quite

currently used, In this piocess a low viirification

point of the gleze can be achieved by adding non-conveniional

fluxes or glasses and frits.

7) Ceramic flcor itiles either glazecd or non-glazed represent

. airother example now the Tiring temperatures can be reduced

i vy using non-metellic raw materials witn fluxing effecis.
Tae classical tecnnology agein is based on the processing
or keolinite raw materials, kaolins and low;fitrifying
clays. Wnen feldsper is added taeir vitriiication point
ranges from 1200°C to 1250°C. Fast developmen: of Tiring
tilns and, mainly, the implementation of single-layer
Tiring process both enable a considerable reduction of
{iring temperatures both in case of unglazed and vitrified
Tloor tiles and particularly at the glazed and semi-

vitrified floor tiles.
Table No., 5 shows practical examples.

———-—  ——————
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Reducing the Firing Temperatures in the Productvion

of Ceramic Floor Tiles

"point, %

Conventional Blend
blend wiih phonolite
Sody composition,$%
Cley A 35,0 40,0
Rew kaolin 10,0 30.0
Vlasiied kaolin 25,0 -
Phonolite - 30,0
i
Feldspar 30,0 : a
Total percentage 100,0 ? 100,0
: -~
Vitrifjcetion |
point ~C 1250 | 1120 I
T ; H
: | '
‘Total shrinkage g !
jat vitrification 13,4 l 12,2

The above examples demostrate the possibilitiecz and the
technologist‘s responsibility in composing new ceramic bodies
at which he can teke quite a distinct shnare in the energy

conszexrvetion.
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In the process of proc2ssing, refining and indusirial
application o non-metallic raw materials there are many
cases waen they are o ve dried or firede. Zn‘the following
pari briefly mentioned are some examples of a choice of
suitable thermal unit and optimization of thermal processes.

The contemporary situation in the tecianical development
of thermal equipmmet for tne field of non-metallic raw

naterials can be cheracterized by

- 2 considerably increased capacities of theirmal equipment
wnile using substantially higher taermal inputs,

nakins the heating systems more perfect with perfect
iuel combustion, automated regulation aid with feedback
conirol system and temperature regiatration,

- improved transfer of heat into the materizcl to ve neated,

- light structures of the equipment while using high
quality insulaticn materials,

a development of entirely different systems oi tae
thermal equipment to be used universally within e certain

range of thermal processes and designed to quite a air

technical standazrd.

It may seem, therefore, that mastering oi tihe thermal

processes can be achieved unambiguously oy the existiing
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techanical siandard and assortment oi the thermal
ecuipments.

-The present world enersy situatvion has brought a new
sirong impuls into the thermal equipment designing. It
is the minimizing of specific neat consumption in the
existing tecimology which predominates even at vhe account
of more demanding structures of thermal equipment and
investment costs.

This new trend has compleiely changed the general
opinion on the existing technical standards of thermal
equipment and has forced both the manufacturers and the
technologists to revise the present laboratory tests B
leading them thus towards new reszearci to determine
linits of thermal conditions and to verily all the neat
transfer methods,

The optimelization of all the three ways ol heat
trans’er, i.e. conduction, radiation and convection, was
the common denominator for different granulometric
conditions of raw materials, different sizes and shapes
0f pre-processed materials and for their different
pnovement in the thermal field,

These researches resulted in entirely new views
on the optimal solution of thermal processes. They ensue
from new dressing technologies into small particle sizes
of clays and other earthen materials prior to their ieat
treatment and their movement in the not field at maximun

heat transfer by convectione.
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irinzs of refractory shales are a classical exanple
o7 this development. It reflects both the deveiopment oX
firing kilns and optimal reevaluation in compliance with
the new requirements for minimizing the energy consumption.

Shaft kilns represent the classical tecimmology of
sucir firing process as well as kiln. Their development has
resulted in certain improvements derived from various
types of burners and automated firing process obut the
principle of heat transfer proper could not have been
changed in transferring the heat into an immovaoble nass
of material whereby the convection ¢ neet transier nas
notv enabled to make more use of the heat.,

Rotary kilns saow some bettermentv in tals respaci.
Tne nmaterial in these kilns proceeds graduslly in a 3low
rolling mation through the individual zones of the xiln
vhereby a partial utilization of all the ways of heat
transfer is made. The use of rotary kilns for these
purposes was motivated first ol all due to tne nign
production capacities of these rotary kilns but mostily
to the detriment of the uniform quality and regardless
the fly-losses,

The use of tunnel kilng for the firing of pieprocessed
extruded shapes means a mere improvement in gquality on the
account of increased energr demends.

An entirely new progressive method of firing thnese

relatively fine-grained materials appears to be the quick

firing process during which the particles are hovering and

. [N | |
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noving Tor a very short time in a fluid layer being
exposed o an intensive necat transier in ail 1Us ways.
The basic reseerch resulis coniirm not only tiae optimelitly
of this type of firing vut also the absolute mininizing
the enerzy requiremenis wnile all the comobusiivle
components of the raw maieriel being so processed are
coopletely utilized.

Conseguently, it is obvious that the development
of the ithermal systems in the processing of non-neiallic
raw materials is far from bdeing finished and that tae
contenporery thermel units of equipment derived and
improved ifrom tiae conventional ones are yet to undergo

considerable changes.




Vo I0L-COIVELTIONAL SOURCSS OF SERGY COLSSRVATION

Ton-meieliic raw materials may vake a sigaificant

e in energy conservation eitiker by using them alone

or as Filiers they may suvstitute part of crude oil products
used ir the produciion oi large variety of products in zne
forn of various polymers or, to the contirery, they may be

subjected to the effects of a non-conveniional energy to.

A S PANE YR

ve dried, fired ox even melied.

T JEeE

l. Kzolins end limestones when suitably ground and dressed

s

iy

constitute an excellent raw materiel Ior filling purposes

into organic polymexrs such as polyeihylene, polypropylene,

[E—
o AW VY

) polyuretnane, etc. These non-metallic raw malerials ney
sudstitu te as auca as 50 to G0 per cent of scarce polymers
produced from crude oil in the petrocnemical indusiries,

By using suitably dressed non-metallic raw materials
as £illers not only crude oil can be saved but tne
utility value o the producis is improved and the
asaortment of packing materials in food iIndustry is made
broader, new coatings are being developed in rubber
industries and in cable production, new typ=s ol paper
are made having special properties, metallic components
can ve substituted by plastics in car industry and in
other branciiecs of the engineering industry., Fcr instance

when 1 metric ton of plastics is used in the enginecring
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industry instead of metals the power savings in

» -
el o o sepn v wed S0 :-al N R BT mounit to R
working wiaen compared wila nmev worlking amounv ©

3 00C or 4 000 kiars,

2. Anplication of microwave vower sources in tihe technology

of drying, firing and meliing of non-metalilic raw

naterials and products will bring revolutlonary chages
yet in this ceniury. Practicel use ol nicrowvaves is
really versatile and advantegzeous Ior tae drying; of

ron-netallic raw materials and producis, Tor quicker

ct
|-

solidification of concirete, foxr vitrilicetion crocesses,
E Tiring, melting as well as for blasting of rocks. ;
| It is necessary to use a suitaole form of a
microwave energy for a particular purpose. Practically,

one of the two following ways mey come into questiocn:

s

a) use of a large-spacc applicator of non-reforming
caaracter using low temperatures for drying,
b) use of cavity reformers operating with hish tempera-

tures for sintering, firing and melting,.

The principle of hizh-Irequency heating has been
already knovm for a number of yéars but all its
possivilities have not been utilized so far, The world
energy crisis will tnus expedite thne application of

. nicrowave energy sources for a wide practical usc as

early as in eighties of this century,

|
P U B ! I ‘




- 38 -

3roadexr application of licueifying asents in ihe Tiald

of non-metallic raw materials, ceresmics and refraciories
enzoles $0 use less water in the bodies while their
worlrability remains unchanged. It reduces thus the
requirements fn: thermal input necessary Ior ivs
evaporation and for drying the semiproducis.

In the raw material dressing section sucih a classical
example of spray drier process of wasned kaolin drying
may be mentioned, uae ratio of dry subsience and water
being 60 : 40 is usually indicated es e fundamentel
criterion of economically advantagecus application of
tne spray drier in ceramic industry. hen suitable
liquefying agents are applied the content of dry
substance in a slip can be increasec to 66 per cent
while the slip ccnsistence remains unchanged. In suci
a case the thermal energy saved is eguivalent o & der
cent of water, In case of e spray drier of the capeciiy
of 2 000 kg of evaporated water pexr hour fhe heat zaving
enounts to about 120 000 kcal/ihr while tae spray drier
output is higher at the same time-

When refractories are manufactured by plastic zrocess
the hody moisture content ranies from 14 to 18 per cent.
3y using properly chosen liquefying agents the bodyr
workability remeins samé while its noisture content can
be reduced as low as 10 to 12 per cent. It results in

expediting and often even in highexr quality of the
entire drying process.

1o — —
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Sclar enersy

“Me problem of utilization of solar eneryy rewadays

i1 the world is concentrated to the direct neet transier

b~

vy radiaition into accumulating ereas and media as well

as into tae field of ikermocouples to get eleciric energy
sources. Tne nresent scientiiic experience proves 5ae
practicability of solar energy utilization and its
advantages within the worldwide energy balancc.

The extent to which it nes been utilized so faﬁ,
hnowever, is influenced consicderably dy several factorse.
First of 211 it is the high invesiment cost of esfablishing
suci a systven, tne heat so devcloped is ratliler liniijed
and tae capacity of such installati is very low Irom
the energy point of view, Climatic condivions are tae
decigive Factor having yet e distinct limiting impact
on tne ftvwo above mentioned ones,.

Under these conditions leepins in mind fthe consideradly
nigh energy losses the »odaJ 3 thermal processes aie
suffering in the industry as well as their Imperiect
utilization sometimes even due to labour Incapaviliiies
the utilization of solar energy may seem utopistic whizch
can never play a significani role in the world en:ryy
balance.

This opinion, however, cannot be accepied, Liuc
present methods, systems and possibilities of utilizing

this energy are to be considered as a mere initial staje

! [ PO




. o7 an entirely new enexsy sysvem wiicn cannot ve nejlected
T solely Irom itne point of wview oI e nreselt nun? energy
reguirementis, It iz to be viewed undar (e nowcdays

conditions as a supplementary energy source the

ficance oX walica will rise vwaile the srysvems of

™

R R IR ST R

-

$.1lization,cost reducing of invesinents and widening
vie fields of 1ts use will talke place at th2 same tine.
It is therefore fundamental to study the local
conditions o sclar energy incidence, to optinize its
collection and vo aim its development towards its

combination with other natural enexgy sources Ioxr itne

L

EUN

inlprove:lent ol Tue living condition oI inhaditants of
our planet as well as for its indusirial exploitaiion,.

~

There are many countries where tue condifions To:

4

this Field of science and tecinology sre favourable and

witicn can e and will have to be uiilized earlier or later.

e

5¢ lion~Tired products

Aelractory ouilding materials and insulasions are
indispensable Jor meking linings of thermel cquinmens
in waith the tecianological procesces nostij taxe place
under high temperatures. Sieel, cement, glass and otier
similar indugtrial products cannot ve made witiout
refractoriezc,

Until recently co called "classical building method"

' predominated in the linings techmique., They were made
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o7 fired shapes vased on reiractory clays,

";o

cnesive,

[
m

4]
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chronenia;mesite, alumina cnd bigh-alumine sod
“uey are produced oy a siandard tecinciojgical process
stariting from tae raw naterial preparation, nixing,
nressing, drying as far as to Yiring at temperaiures
Seing higner than those maxinume ones under which they
are to oe gpplied. Their production represenis large
energy consumption and reessons ave always at aand 1o
insist on taeir processing in all the usual siages

in walch tae product gains its Tinal thermal and
vecianical properties, Under tiesce conditvions laeavy

reZractory snapes are siill manulactured nowadays for

vie first layers of linings and light-weignt ones Lo

>

5
tie transition layers and Jinal iasuletion lsyers %o

Al

prevent excessive neat losses into ambient atmosphere,
Tne processes of neat flow in linirgs indicate
rasner tne marginel conditions for the properiles these
naterials saould nave »ut in no way tihey could streas
thelr necessity in the whole volume o a refractory siepe
in view of the welllmown linesr heat flow in linings,
They neither specify wmenbiguously tunat tie properties
nust oe necessarily gained through the {iring procesc,
Tre developments in the field of linings are
inifluenced by tae endeavour towards industrialization

and expediting the construction of kilns and furnaces

ac well as by an unpleasant necessity of the considerably
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srced varieiy of shapes needed ror e classical siruciurce

T3 5 -~ 3
Thcrelor re, 1, &153

ct

o tae fieldé ¢f noa-rired bodies
waich cen be made of relractory concrete based on a
Gyéraulic binders, ramming masses in plastic state
cienically prevonded and with cerazmic binders and masses
0 ve applied by gunitinge. These masses made eiiner
monolitically in tieiurnace siructures straighiiorward
or in the form of dried up prefabs or gunited layers have
Tound gredually a ccnsiderable epplication caiefly due vo
their versatility in use, moovile storage possipilily as

well as for iine increased life of linings and enhanced
furnace and kiln capacities. Tie contempo

Tery world
oroduction share o these non-szaped refractory rmasses
nas risen to one tnird oi total produciloxn.

Teir contrioution may ve feli not only in tae
aloresaid advaniages dSutl from thne erergy point of view
their applicatioun has completely removed the necessity
o enerygy consumption being indispesaovle for the Iiring
of the classical shaped metexriels, The {firing of the
nonolitic oxr prefabricated linings made of shapeless
vuilding materiels talies place directly ac late as
during the drying or heating cycles when the kilns are

.

re-commissioned and to sucn temperatures only wiich

exiszt in the particular thermal zone.
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The presented paper hec pointed out soume exanples
srien the odrainch of non-metallic rew materials nay tale
a reasonable share in solving the world energy crisis
and contrioute to energy comservaiion., Due to vhe
linited time it was impossible o deal in detail with
2ll examples but, neveriheless, it pinpointed sone of
a series of possibilities waich every technologisi,
designer, design engineer and expert must keep in mind ‘
nowadays i he wants to achieve minimum enezgy demands ?k

in the processing o non-retallic raw naterials,

3decause of tahe Tact that energy becomes a limitirg
factor in furtiher developneirt of thne maniind the precdlen
oz ener;y conservation aust lLe ygiven en uitmost attention

in any undertaxing, )
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