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1. I ~ T R 0 D U C T I 0 N. ----------------- ------~ 

Jlany important articles about heat consumption and fuel po­

licy in ceramic industry have been \Yri tten in the last few 
years. All this ~ne to the substantial iucrease of all types of 
:tuel price and especially due to the oil crisis which has 
burst upon many countries with a sudden shock. 

It is evident that the fuel.policy is different in individu­
al regions o-r the world in connection with fuel rGsources and 
reser1?"~s. :a.it with the exception of some few countries rich on 
£ ... ,el reserve the main part of th~ world bas to look very care­
~ully on the selection of the fuel. 

When discus,~ing the :fuel policy in ceramic industry it is 
of importance what percentage make fuel costs of total produc­
tion costs which di:r.fer&. aubstantially in heavy clay industry 
on one aide and the white ceramic industry on the other side. 

The firing process of cer~mic products is the main heat con­
sumer in every ceramic plant while the drying can be done with 
lower heat consumption and sometimes even in the open by natu­
ral air circulation at prevailing temperature. Very often the 
waste heat taken from the cooling zone of the kiln is the only 
source of the heat for drying. 

There are many ways to fire ceramic products. Some of them, 

mainly heavy ceramic products as brick, stoneware products and 
refractories and some fine ceramic products as sanitary ware, 
porcelain in~ulators and others are fired in one-fire process. 
On the other side many other products belonging to structural 
and white ceramic~ as wall tiles, tableware, some types of tech­
nical cera:nics: etc. i.e. were which is to be glazed or decorated 
may be firec twice or even many :·Jes to become the final pro­
duct. 

As to the products wlich have to be fired in two or more steps, 
Ofie of the methods is to fire the ware to a sufficiently high 

temper~ture to m'lture the body without the glaze in the so 
~alled hisq~e fire and then the glaze ia applied and fired to 
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a lower temperature in the glost :firing. 

Another method is to initially :tire the ware to a low-tempe­
rature bisque :t'ire,apply the glaze,.and th·m mature the body and 

glaze toget.11.er at a high temperature. 

Uodern tendency ie to eliminate the se•:ond ~ring in order to 
reduce the :t\!el consumption and to finish the ware in one :firing 

even tor that ware which has been traditionally twice :fired aa 
e.g.wall tiles,earthenware and porcelain tableware.To reach this 
goa1 both body and glaze composition tor this fll·ing met be 
eare~ly adjusted and the use ot homogeneous raw materials ot 
suitable proJertiee is one ot the basic conditions. 

During the riring process the ceramic body or clay mix conso­
lidate 'Ind reduce porosity due to the development ot a viscous 
liquid or mirticient mobility ot atoms in the solid state.Lfany 
ditterent reactions and changes take place during the :firing in 
accordance with the body composition,firing C'lnditions,etc .. 

, 

Wi. th the exception of some few products most ceramic bodies 
shrink on heating procees,the ehri.nlcage beine equivalent to the 
porosity decrease and varies :t'ro4 a few volume per cent to 40 
per cent depending on the tn>e of t:ody, the manu.t'acturi.ng process 
and ultimate density ot the fired ware. 

The shrinlalge proceeds mainly at an uneven rate during the 
firing process which has to be take.~ into consideration when 
adjusting the coI-rect :riring cycle to avoid excessive illternal 

stresses in the ware which can lead to tailures as warping and 
aecJd ng o:r the ware .Special care has to be taken as well in 
setting the ware to avoid the friction with material on whicil 
it is set. 

To prevent the :r'ailure ot the ware the time and te111perature 
level of the :r'iring process must be adjusted and controlled tei 

give a satis:r'actory product.A suitable d9sign and type of the 
kiln has to be selected including all electrical and controlling 
equipment to reach t.~e p1·oper result of the :firing process. 
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2 CHO!CI O!' !'UBL 
-~-------------------~--~~~-£ 

Be:tore caming 1.o the deacription of the use,design and eco­
n01117 ot individual tJPe& o:t kilns let us have acne few words 
on fuels and materials for the construction o:t kilns. 

There are ve-ey J18117 sourc9s o:t heat which can be used :tor 
:tiring in ceramic indust'l'J': 
l.Wood 
2.Charcoal 
).Peat 
4.Agricultura: wastes 
5.Lignite 
6.Coal 
7.Coke 

8 .Iatural gas 
9.Cit7 gas 
~O.Coke-oven gas 
11.Producer gas 

12.Propa.ne,butane 
13 .Liquid :tuela-oj.ls 
14 .Blectrici ty 

The selection of ,the proper :tuel :tor :tiring ceramic products 
is governed by many different conditions,the most decisive of 
which are: 
l.Availabilit7 of the fuel 
2.T71>e of the products to be fired 
).Price per unit o:t heat 
4.Investment and maintenance cost of the firing equipl!lent 

A& to the Europaen heaT1 clay industry till 1956 the main 
fuel was coal,the consumption o:t liquid fuels constituting 
on17 approximately 5 to 10 %.Then.after the popularity of oil 
steadily increased and reached its peal.: in 1970 to 1972 ~f 
arotmd 50 ~ of the total enorgy input no' only for h$9.VJ' ':lay 
industry but al.so for refractories. 

The advantage of oil fuel in improved working conditions 
and its su~erior ph:sical properties and as well as competetive 
price COlllpared with the coal in those years were the reason of 
thtjuel oil popularit7.Some disadvantages of fuel oil consis­
ting in high sulphur ~ontent and difficulty to operate oil bur­
ners at a low thermal input rate at lower temperature in the 
kilns were the reason that even mADy heavy clay and refractory 
produce:-s IJWitched to gas firing in tho~e cowitries where gas 
became available 8IJ.d of attractive price. 
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Ksny well known advantages of gaseous f'uels as 

a/ :freedom of sulphur 
b/ increase in output due V> the low t'!Ulperature coI11bustion 
e/ ~eduction in labour requirgmcnt 
d/ the potential direct use of kiln combustions for drying 

purposes 
were ;Jointed out to promote this type of fliel in heav-J clay 
industry. But the tuel price increases in recent years in 11e­
neral and of high grade fuels as gas especially have changed 
the situation in the f'uel policy of heavy clay industry in 
Dlrope and as well in Ll8IJY other ragi.ons of the world. 

Due to this situation many countries 111.1st he•, when fol­
lowing the correct fuel policy economise ano exploit other 
fuels which have previously been overlooked and use them. in 
improved and more efficient process. 

Following the conditions in ]llrope we can see :from the 
statistics that in many countries coel is the cheapest :f'uel and 
taking into consideratic6n t'1at the wo1·ld's resources are 5 ti­
mes bigge;r t~ we know in the time being there will be enough 
coal on the world for about 150 years. As to the other f'uels­
the reserves of oil and natural gas are con3idered to be tm.der 
same conditions for about 50 years. 

I.Doking at ene part of ceramic products-brick, or mate­
rials used in wslling in general-it is evident that the pro­
duction of a ceramic wall needs ro\J8hly 3 times more energy than 

a sandlima wall and 4 times more than a wall made from conc~ete 
bl~cks. Becauae of this int'luence of energy on production costs 
ceramic building materials could looae their market in case 
that ri~ improvement would be reached at tlus tield. 

rue to ~resent day fuel problems an increaJing nwnber of 
heavy clay manufacturers in »irope are looking 1.o coal in dit­
feren t :f'onl8 to solve their fuel problems. This situation called 
out a new research in coal usage for riring ot ceramic kilns 
and prC'gress has been already made by some equipment menufac­
turers in the development of firing systems which assure that 
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all previous problema of this type ot f'iri.ng as e.g.enviromen­
tal problems due to smoke,s1'0g,dust,etc.were succes:f"ul.ly solved. 

'lhe use ot milled coal in new dtveloped systems of different 
!DallufacturF.srs or ot producer gas are the ways how the coal may 

be in many countries where available, the correct &nd economic 
:tu.el ot every brick,refractories and stonewai-e pipe .manufactu­
rers. 

9Ut still it has to be taken into consideration that as the 
shortage of energy and high energy prices are attecti.n.g ceramic 
bli.lding mater·ials much more than the~r competi tors/cement~pla­
stics/the price gap between them.- and ceramics will be becoming 
bigger as energy prices as well as coal prices are increasing. 

To minimize the energy cost for brick manufacture other low 
grade fuels can be adopted as e.g.coal slurries,coke breez9, 
wood pulp and sawdust,etc.and in some countries even agricultu­
ral wastes as coconut,rice and groundnut husks,chatt and straw. 
'!he use of these ty.pes of f'ueis is unfortunatly limited to be 
applied only in internittent kilns or sometimes in moving-fire 
contL1uous ldlns.Another problem could be the collection an..! the 
tranaport of the fuel to one spot. 

That w!lat waa said here concerns mainly tl'le manuf'acture of 
heav.y clay produc:ta and a somewhat different situation is in 
tiles and white ceramic products manu.t'acture where the energy 
cost makes a substantially lower proportion of the production 
costa.Btt.- also in this neld the energy cost with increasing 
f'Uel prices starts to be one ot important itema which cannot be 
overloo.Iced.Til.eref'ore a.any e:rt'orta have been exerted in last 
years t.o improve the production process and save the energy con­
sumption especially in hee.t consuming unit.a. 

Coal or other low grade .tuela cannot be used t'or direct fi­

ring ot white ceremic kiln.Nevet.her!ess producer gas made o~ 
coal or othe· low grade tuela io one ot the ans..ver in saving the 
en.argy coat.Dua tu thu changed world's energy si t\h. ti~n during 
the p9e t tew )·ears the use of p:roducer gas has been considered 
&gttin t'or ceramic tiring in more detail as it was 15 to 20 years 
betore. 
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1'.he advantage ot ti1is tu.el ia that producer gas can be gene­

rated from many kinds o:t solid :tuels-coal,wood,peat,straw,etc. 
Th~ calorific val.ue o:t producer gas depends on the kind of the 
above materials bu.t dne to the very high nitrogen content this 
value is always low when compared with other types of' gas f'Uels 
aud therefore producer gas is classified as •poor gas•. 

On the other side producer gas is suitable for the f'irint; of 
ceramic product8 as to its chemical composition and calo~if'ic va­
lue as it creates a aof't and mild .f'lamE..J.i>reover modern type 
two-et.age gas producers can bg operated semi-automatically or 
tully automatically and can achieve with coal rates o:t efficien­

cy upto 90 s.nie :final product is then a clean gaseous f'Uel which 
can be piped without the tar 4eposi tion associated with the old 
type of' gas producer. 

It is therefore general opinion that coal mey in many coun­
tries be the surest source >J:t fuel. especiall.3 for brick,ref'rac­
tories and stoneware pipe manu:tacturers and with new two-stage 
process techni.qt..ie of' gas producing also t:or all. other branche~ · 
of' ceramic industry. 
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). REFRAC'IORI]S AND INSULATING MATERIAI.S FOB ICilllS 

_______ <X>NS~TIQ!-..• --

'lhe durability and econo&Dics of any kiln depend largely 
on the suitable choice of correct qUt.li ty an~ the installation 
of the refractory and insulating materials as main parts of 
the kiln masonry. We give in few words just a short description 
as to the quality of different materials tor designing and con­
structing of kilns for ceramic industry. 

'lhe :first re:tractory bricks were manufactured pro!>ably by 

the Chinese :md wG"e probably made of c~ra.mic clay. 'lhe refrac­
toriness and otter qualities c:Jf these bricks were rather poor 
but auf.ficient to meet the requiremeats for the construction 
of modest type furnaces for melting of glass and I or metal. 
During the centuries co.ming the techni~al progress of thermal 
processes required further development of the refractories 
used. It was necessary to use ra~ materials of better quality 
and to develop• wider range of re:fractory products suitable 
for specific purposes as iron and steel industry, glass indus•­
ry, gas works, boilers, etc. 

Small workshops with manual methods of manufacture were 
changed step by step to factories with more mechanisation or 
manufacturing proc~sses. The increasing dee.and of consumer in­

dustries after the first world war and particularly after the 
secon~ world war on the icproved quality of refractories urged 
a acienti:fic research on this field which led to the develop­
ment of high quality products. 

The main property of ref'ractoriee is their re:r.i:-actoriness 
sometimes expressed as P.C.E./ pyrometric cone equivalent/. 
Those materials having the refractoriness higher t.>ian 1500° c 
are called refractory materials. This temperature corresponds 
to Seger cone No. 26 or Or·ton cone No. 23. Other properties de­
termined and linJ.ted by different Standard Specifications which 
are also of importance for the qualification of refractories are 
mechanical strength, re:tractorines~ undur load, therm.r.il con-
cu cti vi ty, etc. 
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Various production methods are nowadays employed in 
refractocy industry but it is not the purpose of this course 
to describe the manufacturing processes of refractories -
just let us have a review of di. tterent types of mste~ial used 
for the construction of ceramic kiln.s in brief. 

Constructional refractory materials are subdivided 
according to their ret'ractoriness, chemical nature or kind 
of industrial use. 

Firec!!z~ric~ 

The main refractorieE: applied in the construction of kilna in 

ceramic industry are fireclay bricks. From the chemical point 
of view they consist of two main components-alumina and sili­
c-iumdio:ride. The raw materials for the manufacture of fire­
clay bricks are refr~~tory clays with clay minerals and up to 
5-6.1 impurities mainly quartz, iron oxid, feldspar, etc. 
i\lrther constituents of mixtures for the mar1ufacture of fire­
clay bricks are kaolin, shale and ret'ractory grog /chamotte/. 

There is a wide variety of firecl ay products suited to 

particular applications in accordance with the origine of the 
raw .materials, their treatment, sha?ing method and other par,ta 
of the manufacturing process. 

Firing.J)epending on the raw material and the final product. 
the firing temperatures of fireclay bricks are generally in 

the range of l25o0c to l500°c. Those f'iraclay bricks with appli­
cationcfor higher temperature processes made with raw materials 
low in fluxing agents require firing temperature of 1500°c and 
above. 

'nle fireclay refractories are classified ditf'erently i_n 
iLdividual Standard Specifications. The conventional And still 
mainly used clasoit'ir:ation is according to alumina content and 
re:rractoriness. The refractory products with alumina content 
upto 44 pe~ cent are conventional fireclay products and with 
alumina content above 44 per cent are called hiclh-alumina 
prodv.cts. 

tiigh-alWilina bricks require for their manut'acture different 
raw-materials as e.g. silliJDanite,kyanit~, andalusite and 
bauxite. Due tc the lack of these natural raw materials so~e 
synthetic materials as sintered mullite, calcined alumina and 
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adjusted production process these types of products exhibit a 
higher refractoriness as well as all other improved characte­
ristics. 

In the construction of kilns for ceramic industry the fireclay 
brick is the most use\! materitl and for kilns with firing tempe­
rature upto 1300°C(as most ceramic products require with the ex­
ception of porcelain tableware,insulators and sane spec:ial tech­
nical ceramic products)is the only material: for the construction 
of refractory masonry of these kilns. 

For porcelain firing kilns the fireclay refractories make up­
to 95 ~ of refractory lining,the ccmbustion chambers of burners 
being made of high-alumina bricks with A12o3 content above 44~. 

Some types of refractories related to fireclay brick where alu­
mina is parially or ccmpletely replaced by other refractory ma­
terials as zirconium,carbon,graphite,etc.have·practically small 
use in the c1Jnstruction of cOI!lDlon kilns for ceramic industry. 

On the other hand refractories with silicGn cRrbide are of im­
portant use for some parts of kilns as muffle tiles and kiln fur­
ni ture as slabs,bats,saggars,etc.Silicon carbide refractories ha­
ve a high thermal conductivity and a slight thermal expansion 
which results in an exceptionally high thermal shock resistance. 
In order to decraaee the oxidation of silicon carbide the prG­
du~ts are covered with a protec~ive coating. 

!!s!!!!!!_E~!g!~· 

This group of refractories includes magne.sia bricks,magu~sia­
chrane bricks with 5 to 15% of chromic oxide,chrome-maenesia 
bricks with 15 to JO% chromic 0Xide,ch:t'ome-ore bricks and sinter 
dolomite bricks.These types of ,roducts have high refrsctcrinese 
and good resistance to basic slags.Due to these properties they 
become increasingly important especially f o~ iron and steel in­

dustry. 

As to their use 1n ceramic industry these refractories make 
the inside lining of sane kilns for high temperature use,burning 
chamoers and also as the lini~.g for rotary kilns for firing 
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high-temperature grog or ointer !!lB.gllesite. 

Silica bricks. -------------
Silica bricks consist mainly of siJicon dioxide-Sio2-whicll 

in the origine material is present as quartz,quartzite,etc. and 
during firing is transt'ormed irreversibly in to other f'orms of 
silica which results in volume expansion of bricks during firing. 

Due to special behaviour of this material consisting in revcr­
sibie volWlle chang~s especially under ~o,~ these bricks are ve­
ry rar~ly used for construction of ceramic kilns their applica­
tion being in glass melting furnaces,coke and gas producing units 
and electric furnaces roofs i.e.in thoee continuou~ly working 
units where no temperature changes especially its decrease bel­
low 8J0°c occur. 

Nevetherless in spite of the above mentioned behaviour some 
designers and manutacturers of ceramic kilns make use of silica 
bricks tor the construction o~ continuously working kilns vaults 
in order tu make advantage of the superior refractoriness under 
load of this .:!l&t~rial. 

Refractory insuleting bricks with the porosity between 40 to 
75 % are determined mainly for thermal insulation purposes of 
a!.l types of kilns and :furnaces. 

The following groupes of insulating materials are used in the 
con5truction of ce~amic kilns: 

-in&ulating tirebricks/subdivided-fireclay,diatomaceous earth, 
vermiculite,cordierite,zirconia/ 

-insulating castablea/with similar subdivision/ 
-insulating plastics 
-mineral wool 
-ceramic fibre 

Th~ common insulating bri~ka are generally used as back-up 
brickwor~ due to their refractorinese.aut some types of uroducts 
which are described as light-weight i-irebricks have a retractori-
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nesa upto Seger cone l9/l.520°C/ SI>d can be installed as the in­
side lining >J"r kiln walls providing there is no mechanical stress, 

:f'lyi.ng dust or slrg attack.Like that especially modern types of 
ceramic intermittent kilns as bottom-~ar kilns,top-ha~ kilns,etc. 
are inside lined with light-weight f'irebriclcs of different kinds 
in order to decrease the total mass o"r the kiln. and thus save on 
:f'Uel. 

In addition to conventional ref'racto~ brick materials and mo­
re developed insulating brick .materials there is a wide range of 
insulating products nowadays used in construction of ce~amic kilns. 
From many of them especially ceramic :ribres with extremely low 
thermal conductivity,low density and specif'ic heat are ideal ma­
teri~l for many applications.Insulation with ~eramic f'ibre has 

au «aed increasing importance with the reappraisal of the question 
o! fuel conservation in all. energy-consum._ing industi.•ial kilns 

and fUrnaces.It incl.udes such secondary products as blanket,board, 
shapes,sprays,etc. 
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i.1-l-~-~-!_!_~_!_!~ __ !_!_~_!_!1 

Let us illustrate the principles und.crlpug the firing in 
ceramic industry and the construction and operation of some ty­
pes of kilns employed in this industry. 

i~i-~!!!'!!~!!!:-!_!~· 

The earliest type of kiln was the intermittent or periodic 
kiln in which t~ process consisted in ware sfittillg in the ld.l:i, 

firing to the tmperature,cooling and then the ware drawing'fran 
the kilD.Pireboxes for 41ff erent types of fuel were left bellow 
the ware and hot gases generated in.the fireboxes 'rlsed through 
the setting upward by natural draft to the top where they eacapeci. 
through installed nues.This type of kiln is called_ the updraft 
kiln. 

The temperature unifomity in these kilns is very poor and the 
proportion of under.tired ware normally very high.Almost any type 
of fuel can be used for fl.ring in this kiln as coal,~11,wood and 
even agricultural wastes as coconut or rice husks.As the heat eco­
nomy when using sane of the cheapest fuels in large kilns of this 
type could be fairly good still some up~t kilns are being con­
structed.In some regions the7 can have a number of points to their 
favour as lower capital investment and maintenance cost in new 
small ceramic plants whenever no enough capital is available and 
the labour is cheap. 

The lack of temperature unifonnity of ~pdraft kilns was correc­
ted to some extent by introducing downdraft kilns in whic~the 
hot combustions passed horizontal or down through the ware and 
then up a stack.There are many types of these kilns tor firing 
ceramic products.One of the most used 1n Europe for firing bee.VJ' 

ceramic products as well as pottery was the Xasaeler kiln(see 
Fig.Ho 1) .This kiln was normally 5 to 8 m lcmg,2 to 3 ,5 m wide 
and 2,5 to 3 ,4 m high. 

Another typical example of a downdraft kiln is the double-de­
cker round kiln which has been used for man7 J'ear& in porcelain 
industry in many countries in Europe.This kiln represents a par­
tial progress as it fires the ware at two different temperatu­
rea(see Fig.No 2). 
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ibe bis'.l'le firing o-r porcelain ware at Seger cone No 010 
/approx.900°c/occurs in the upper deck of this lciln,whereas 
the glcist ti.ring in the lower decic at Seger cone No 12 to 15 
/approx.1350 to 1430°ct.Many types ~r t'uels especially coal, 
oil,wood 1 etc.have been used in these kilns.The porcelain wsre 
when gloat ~.....red has to be set in re:fractocy saggars to prevent 
direct contact o"t unburnt particles o:? thtJ :tuel in combustions 
with the ware and thus to prote:t t.he ware aga.'.nst dirt. 

As the downdra:tt kilns have been imp::-oved in a number or ways 
during last years in the semi-automatic and automatic control 
or draf't and tempP.rature, these kilns are still in operation in 
many ceramic plants. 

Some downdraft kilns of large size are suitable for firing 
or heavy ceramic ware as stoneware and eert-actories of special 
shape and large pieces.With some advantage these kilns are also 
suitable to fire tb.e ware in the manufacture or a ~!l and Va­
ri.able output and the ware which needs special conditions of 
atmosphere and firing cycle.Large downdra:tt kilns are still being 
used for t"iring of silica and basic bricks. 

Besides the above mentioned conventional types of periodical 
kilns which are today in spite of their improvement technically 
obsolete and uneconomical as they consume ncrmally 2 to 5 ti­
mes ae much :f"uel as a continuous Jdln~there are many modern. ty­
pes or intermittent Jc.lns &S csr bottom kilns, top-hat kilns, 
etc.the use or which is growing steadily ror some special rea­
sons in last ye11rs.These kilns are described in an other chap­
ter bellow. 

!~~-22~~~!!-e~-~~-
In order to save fuel and labour ~ erforts were made to 

develop kilns ~~-th improv2d :f"uel economy and labour conditions 
i.e.continuous kiln.a reducing he•t consumption through: 
a/tJtilizin.g the heat of combustion gases by drawing them through 
the ware still to be fired 

b/tJtilizing the heat content or the ware after :f'5 ring either 
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tor preheating the air for combu!!Stion of the tuel or for drying 

purposes. 

'.lbere are two main methods of continuous firing: 
a/'.lbe ~~st with stationary ware in an annular ring or in a se-­

riea ot interconnected chambers where the fire moves round the 

circuit 
b/In the second the kiln maintains the temperature distribution 
in a tunnel and ware moves through the tunne1 

Bnth methods haYe in common that the firing is never interrup­
ted and the beat losses reduced to the conduction through the 
kiln walls and subsequent radiation.These losses can be mini.mi.­
zed by insulating the walls etticienUy or even by using this 
heat partially tor drying.This type of heat losa can be deal_t 
with solely through the 4esign of the kiln i.e. the type of ref­
ractory and insulating material applied, the thickness an proper­
ties of insulation of kiln wall and ducts,etc. 

i!g=!-~--~!!~!-~E!-~!!!!· 
This type ot kilns came into general use firs~ with the ware 

in an annular ring or ina series of interco~t!cted chambers and 
the :f"ire progres.eing round. the circuit. 

The tirl!I t successful kiln of this type was the hof'fmann Jciln 
/see Gig.No)/wbich was invented round the middle of last c~ntu-
ry. The original Hof'f'mann kiln had 'l circular :f"iring ci but 
this original design has often been changed substai1 ;.., 
that we have had many types ot so called hoff'mann kilns with cir­
cular,ann:..ll.ar,oblong and other ditf'erent shape of firing cham­
ber/Fig.No 4 and 5/as e.g.zigzag,Belgian,Ideal ld.ln,etc. 

These kilns were d.Bsigned mainly to fire engin&ering bricks 
and many ot them are still iz_ operation throughout the world. 
FUel feeding holes 'lt'e situated in the root ot the chamber and 
any type ct tuel may be used,coal being used still most widely, 
following by oil,wood and agricultural wastes. 

The design of a modern Hoffmann kiln/see Fig.No 6/consista ot 
two straight aeries ot chambers joined at the ends by rectangu­
larly placed chambers or by connecting tl.ues only.The chambers 
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have a rectangular shape with straight suspended rcof so that 
the whole cross section is a door for brick setting and dra,ring 
purposes. This is more econo~ical as the chambers are easier to 
set as the inside of the kiln is accessible to the fork_lif't 

truck. 

In principle i~ could be S3id that a Hoffmrum. kiln can be 
built more cheaply than any other co~tinucus ~iln as e.e.tunnel 
kiln, the s~ving of investmznt cost bei:ig round 30 ~. It is 
b~ilt of ordinary red bricks i.e. the sane type of bricks to be 

fired later in it • 

. Another type of continuous ooving-fire type kiln "·:hich v.·as 
developed in .ZU.rope also during the middle of l~st cent1U"J is a 
continuous kiln wit!1 chambers joined side by side v:ith \•.•all par­
titions, and connected ·;;i th flues/see Fi,g.N'o 7 I .Th.:..s ccnnection 
permits drm·:ing the e:-~haust gases free the cha::"c er be in.::; :fired. 

to the C~dmber to be fired next and thus preheating the c~arge 
of this ch2mber close to the finnl ~emperature. ?urther thP. se-
ses after passing throu;;h this chamber can be used to preheat 
several ~ore chambers ahead of the fire. At t~e sa=.e ti~a the cha~­
bers on the other si::'!.e of the fired ch2.nber are c.:oling, and by 
dr2\•!ing the air through ther::, preheat can be provideC. for co:nbus-

tion. 

Thus, the firing =aves 3long froa ct~~ber to c~~nber in a re­
gular m.e:.nner. In some cases these ~ilns •sere ccnstructed \';i th so 
mi;ny chambers that two or even three firing points could !'.'.c~1e 

aroi..:.ld the ring simultaneously. 

T~e firing is carried out either by drop;in6 the fuel throu6h 
holes in the reef of the ct~:aber under fire or by fireboxes v;i th 

oil or ges burners. 

Thi type of kilns ha3 been used. ~<=.inly fer :'iring of firc­

clay refractories and stoneware tut also ~as fi~ed for techni­
cal porcelai~ especially l~rge apparatus insul~tors. 
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The decona type, and t~e nost inport~nt in firing all kinds 

of ceracic products, is the kiln ~ith fire re~aininz in one pl&ce 
and the •.•:e.re moving continuously throi.lgh a heated t:mnel. In prin­

ciple this type of kiln, celled tunnel kiln, has t~c ~in advant~-

l/First,the kiln parts at any cne point stay at t~e sace te~­
~ersture 3nd are free of strain cnusad ty 3 ;8riocic~l t~~-

per2.ture c~snge 
2/Seccnd, L1e \•:are r;:;;;y be set en cars or ether t~·pe c~ tr~nsr;crt 

e-:;.uiptr.ent and ·.mlo3.dej outside t:ie kiln in a cor.ve~i~nt -12.-

ce. 

~hus in 

c .:.::;:~letely aa posi 'ble d;;.r-io.; t::--.8 ecol:.~:. 

3s~aral ~~~~el ~il~ ds~cr~~tic~. 
--------------------------~-----

t
-"'::. ... ,.e r...:-.. .::.':""".si· r""".~~-·:·.':\. , ~-:.~ ·~t , ..... -:::.: l""'- :-.::t·.·t::.~~.· 2 _:---_ t .. - "' _ _,,_,: :--_ ,... ___ . ___ = ~·-~"" .. '-
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•.-·"r:=! ':"r •. -' "- ·d; ,...!"'T''.I -f'i" rr..r 1 -~T "''- -:"':. ""1.
0 

t\. -'~.-=" ~ - _,.:.. ... ·- .Jl. _ ..... ·4.._,j - - ---·'-, ' ,_...,,,,,_ \::;; •• a .. Vl..--' 

1 ~ r ... t .. ~ .; ~ ·' 1 
- u -·'- 1 .....,, .... --~- - ?.n.:. 
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No lC-A/snd t'."~a ccW1ter cur:-ent of 3ir -:.:;...: cr,::-.b:.is~i:>Es/:/. 
ds~cribed kiln i~ Fi;.No lC is of 1~5 ~ :.~ cve~~ll lsn~~h to hol~ 
2 ~Jtal of 35 kiln c~rs tc fir~ ~~fr~ct~ry ~=ceuc~s. It cn~:ists 
of J ~3in 2ones, t:1a co.'.lstr.lcticn a!".·: i:.:::-;:;r-;;t:..:~. c-f t~_e: .. '.Je:.~~<-- .::.s 

follOV\'~: 

a/ Pr8heat ~cna h:::irLed FI. 
3ta:-tiG~ just ~eyo~d tLe er: t:c::: cc '

·• -. c.. _..., ,. : .: • r- ~) ,.~ :=. (.· + ]. · · ·, r. 1~ I -- ' .... v.1.- ,_ \#-..,-"" ·•·-"'--' .-
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These dears are of insulated steel con~truction and of vertical 

lift type. The vestibule chamber acts as an air lee~ for the in­

troducing of kiln cars to the kiln ~ithout up~~tting the pressu­

re balances t,·!i th.in the kiln. T:C.e casonr:y cf this p~rt cor:sists of 

com.:non brick and block construction. 

The other part of the preheat zone is co~structed near the 

vestibule of coIIll:l.on bricks, then partially frcm. low heat dut~T fi­

rebrick and partially from high hec:.t duty firebrick as the fur­

nc:ce zone is approached. The -;·ralls can be insul:::;ted either with 

insulating pc.?der near kiln entrance or with insulating brick near 

the furnece ~cna. 

Hollow walls ~.re designed on each si:ie of the preheat-offtake 

~one /2/. These cc:'..:J.unicate from the kiln interior throu:~ reirac­

tory dampered exhaust flues located at car ;latfcrm le~al and are 

connected with a sheet metal duct to the co;r.bustions e):~~ust fan/J/. 

Scme other 2 or 3 fans are mounted on the top of t~e kiln for re­

circulation of C·:::ibustions /4/ to ~eap the heat down in t:t.e l.::>ad 

fer better unifcrcity of !lea't distribution in all p.:irts of the 

kiln. 

In the follov:ing pc;.rt of the preheat ~one botto.:il burners po:-ts 

are provided ~ith burners suitable to the kind of ~uel applied 

and of required out~ut of heat. The first lo~er burne~s-so called 

preheat butners-are of the high velocity, jet exceas air type to 

oaintain the oxidi~in6 atncsphere in the ~~eheat ~one 15/. 
Furnace zone /F/. -----------------

The design of the furnsr;e zone is such as to ;,:1~ovid.e ~or .fi­

rine tqe lc~:er and upper pdr t of tr.e i':are set tine.; sp..;;.ce and the­

re'f'ore lower and upper t.u!'ne...:-s a.re inst.alled in t:·ds zone. 

Nur.iber of burners depends on the si~e of the t~nn~l ~iln­

for the tunnel kiln in the Fig. r:o 10 six lower burne:"'S e.nd four 

upper burners are installed per side /6/. nish pressure lnns or 

turboblowers serve f.:ir air supply to the ir.dividual t;rcu:;:>s cf 

bllrners. 

The control of burners is ::.crr..:2lly thr'.)u,;h re.c:..:L. ticn cf the 

f11el. only, thus :-.:ini;ni:dn~ ;;ressure :fl 1!ct·1ation i:1. t> .. e :i:iln. The 

~uel :~e~:1lator i~ cross con::ect2d t0 tt'.e air line. 'i.'he te:.:::-ei.~~tu­

re control can be :i.itcr..~tic o::- :\,r :i.~n·.:.al ad~ustment. 
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!rhe masonry of furnace zone is constructed !ran correspO!l­
ding high heat du1'7 materials and walls are backed up with ia­
sulating bricks and insulating powder or la7ers of ce!"8Jllic f i­
bres. 

~g~l~S-.!..<>!!i9.l• 
The cooling zone is divided in two sections-the first being 
the rapid cooling zone(7)provided to produce a rapid drop in 

temperature to the critical cooling range.Thia zone is !urn!­
shed with inner lining of thin wall pannel brick and enables 
a combination of direct cooling and/or regulated indirect coo­
ling of the load of the car. 

!rhe other portion of the ware ~ooling zone can have first 
the cooling done ind1rectl7 b7 means of jM>Cll &.i.· drawn from the 
outside into hollow walls and then through aheet metal duct 
with ware cvolillg fan(S)to the deyer.At the end of the cooling 
zonG is air exit fan(9)and air curtain re~lacing the exit end 
door.The air i"rom this fan flows through the ware cooling zo~e 
and is exhausted at least partially through the 1'8%'e cooling 
zone tans. 

The masonry of this zone is constructed from low heat duty 
bricks backed up with insulating material. 

Thin is a description of an open-flame tunnel kiln for fi­
ring of fireclay refractories. 

In Pig.Bo 11 _ . . are sections through the furnace zone of 
direct fired open-flame kiln,indirect fired muffle kiln and 
semi-muffle kiln.In the muffle kiln the burners discharge into 
chambers separated from the car load by refracto17 walls.The 
heat in this kiln is transmitted through the mu!fiea mainl.7 
by conduction and raliation and subsequentl7 by convection. 
This heat transfer necessitates higher combustion temperature 
and insulation and due to greater heat losses the fuel consl.311-
ption is higher.,The onl7 and main advantage of muffle kilns 
is that no proteetion of t4e ware with saggara is required when 
fired with fuel oil and when without saggara more wa1•e can be 
placed on each car. 
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Semi-mti:tfle kiln represents a type of kiln to reach the fol­
lowing results: 
a)To decrease the tuel consumption due to the partial heat tran­

sfer by convection in direct contact of ccabustions with the 
ware. 

b)To keep the character19tica of the muffle kiln as to no con­
tavdnntion of the ware especially when fired with fuel oil. 

c)To rec1#i homogeneous temperature throughout the entir:! kiln 
section. 

-,or illustration see the furnace zone cross sections of mu:f'­

ne and semi-muffle tunnel.kilns of main manufacturers and/or 
suppliers of kilns in Fig .ll o 12 and 13 • 

In Tables lo 1,2 and 3 are given the characteristics of con­
ventinal tunnel kilns const~ted in last 10 7ears !or firing 
of stoneware pipes(Table No l),re!ractories(Table No 2) and 
tiles(Table !f o 3). 
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Charact,ri~tic~ of tU?Ulel kilns for firing of ston~ware pipea. 

Output 
_tons/year 

Length of 
the kiln 

I 

Tunnel section 
width height 

JI iring 
cycle 

Table No l 

:ruol consumption 
llJ/kg kcal/kg 

------~-----~--!E2~2!i-------!-----------~!--------!----~b2!H-:!---------------~--------
• raotory I 25.000 107 3,07 l,90 42 - 60 ) .)5 800 

Paotory II 48.000 135 ?100 2.05 62 4,20 i.ooo 
:raotory III 15.000 114 2,44 2,45 50,5 ) ,35 800 

:raotory IV 20.000 114 2,44 .3 ,oo 6? 3,27 780 

-----~------------------------------------------------------------------------------~-

I 

N 
I\) 

I 



Table N• 2 

Characteristics of tunnel kilns tor tiring ot refractories. 

Type of the ware Fireclay _refrao- high-alumina 
tories upto 45% ret~aotories 

silica refrac­
t oriea 

basic ret­
raotoriea 

Al20~ 
----------------------------'--------------------------------~---------------------------
T)l>• of kiln 
Piring temp~rature 0o 
Piring cyole hours 
Output tons/year 
Dimensions of the kilns 
Length metres 
Width metres 
Heif;ht 
:ruel 
Bw:uers 

metres 

~uel consumption JIJ/kg 
kcal/kg 

T u n n e 1 
1.350-1.460 

30 - 100 
16 - 19.000 

a t r a i g h t k 1 l n 1 o p • n t l am e 

1.600-1.050 
80 - 140 

20 - 50.000 

65 - 180 
1,4 - 3,2 
1,1 - 2,1 

G a a o r t u e 1 
Low. pressure or jet 

2,51 - . 2,93 
600 - 700 

1.450-1.600 1.400-1.500 
70 - 80 120 - 240 
35 - 60.000 3 - 50.000 

100 - 160 
l,4 - 312 

l - 1,2 
0 i 1 
with cold 
3,8 - 5,8 

900 - 1.400 

120 - 200 
1,4 - 3 

l - 1,6 

or preheated air supply 
4,1 - 6,7 
1~000 - 1,600 

100 - 160 
1,4 - 3,2 
0,1 .. 1,1 

411 .. 7,1 
i.ooo - i100 

---------------------------------------------------------------------··--------------------

I 
N 
\.,.) 

I 



Characteristics of car tunnel kilns for firing of tiles. 

(Twice fired technology) 

'fable Bo ) • 

~ype of ware Wall tiles . :Ploor tilea(f,lazed) 

Type of :lirina bisque gloat· bisque .gloat 

output aq.m./year l,455.000 920.000 506 .ooo 46~.ooo 

Type of the kiln aemi-mutne muffle ope11-flam• muffle 

D1.mensions of the kilns 
Length metres 107 84 94 ag 

Width metres 0,92 0,92 0,92 0,92 

Height metres 1,10 1,07 1,31 l,31 

Setting width mm 760 760 730 770 

Setting height DUil 960 930 940 920 

!'iring cycle hours 45 17,6 50 18 

Puel consumption 
kJ/kg ) .768 4.815 ) .)50 5.440 

kcal/kg 900 1.150 800 1.)00 

I\) ... 
I 
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There is no doubt that in some branches of ceramic industry 
t..'1.e rapid-~ing tunnel kiln has recently becoma more important. 
Tl".is concerns especially the tiles and some :tields ~f white cera­
mic pr--duction. 

The.proper pert'ormance of a continuous Jci.1n depends on the re­
lation of the static and dynamic mass of the kiln, to the mass of 

the ware.The. static mass consists of the fixed parts of the kiln 

i.e.the kiln body,metal parts and outer insulation.The dynamic 
mass comprises the moving components such as kiln cars with kiln 
f'Urn.iture and in rapid-firing Jcilns clitterent types of cocveyors:­
slabs,netting,etc.including the :fired ware and moving atmcsphere. 
Both the: static and dynamic mass should be kept at a minimum with 
the exception of the part of the fired ware. 

And f'rom this point of riew the rapid firing kiln has some ad­
vantages as regards the fuel ef:riciency.Besides small-section tu­
nnel car kilns the schaes of different transport system.a applied 

in rapid-firing k:ilns can be seen in Fig.No.Lt. 
l.Kiln car 
2.Transport on rotating rollers with or without refracto-

ry batts. 

J.Ref'ractory batts sliding on sled. 
4.Ditto sliding on balls. 
5 .Transport on metal screen or wire belt. 
6.~ansport on air cushion. 
7.'l'ransport on step-wise walking beam.. 

a.suspended chain conveyor. 

But even under these transport systems in rapid-firing kilns 
there is a difference, the first of which 'being the transport on 
cars or other carriages and the second in which the ware is carried 
without any su~porting material a~ e.g.the tiles on rollers,air 
cushion or on walki1l8 beam.Thi~ second system may be considered 
as ::iore energy saving as no heat is removed from the furnace zo-
ne in the respective lciln transport equipment. 

In gener&l the following aspects may be considered in favour 
of rapid-firing kilns: 
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l.:&lergy saving due to short. firing cycle,less kiln furniture 
or none at all 

2.Better work conditions due to the possibility ot shutt.ing-­
-dmm the kiln over the week-end or enn during the night-

-shi:tt. and thus keeping the kiln in the saaLe No.of shitts as 
other factory departments 

].Ea.97 start-up and shut-down due to the light .weight of all 
parts of the Jciln especi£ll. when ligtlt :fibre insulating mate­
rial is used tor the insulation. 

But there are still some ttisadvantages of these kils: 
l.Limi ted range 0£ product~ 

2.Requirements on better quali ~y and homogeni ty ot raw materi&ls, 
prepared body sud glaze compc.sition 

).l!ainly no utilisation of hot air recovered from the cooling of 
the ware for di--ying purposes. 

Some comparisions of the efficiency ot rapid-firing kilns with 
other kilns are listed in last chapter of this paper ... 
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1bis article concerns t.1£e intermi tteD.t kilns of modern design 
applied mainly for firing of pottery,sanitaryware and technical 

porcelain ware. 

UD.ti.l 1930s the intermittent kilns of different design domina­
ted for firing of practicelly all cerami.:: products in many European 
cowitries.It was only after this time that tmmel kilns were built 
in significant numbers replacing the old fashioned intermittent 
kilns w;. th th:.;.i.r disadvantages consisting in bad quality and uni­

formity of the ware,poor working conditions,higher f'uel conaum­
ption,etc. 

But with the improved quality of lightweight bricks and better 
control instruments and especially in recent years with introduc­
tion of low-thermal-mass materials the intermittent kilns have 
benefited and their use in ceramic industry has grown steadily. 
Moreover the reluctance of kiln operatives in developed countries 
to wo~k over week-end 24 hourn day week on tunnel kilns has in­
creased t..lie attraction of intermittent kilns. 

The suppliers of these kilns emphasize the following ad...mta­
ges when. compared with continuous tunnel kilns: 

l.The accurate temperature control obtAinable throughout the pro­
gramme controlled firing cycle ensures the correct time-tempe­
ra ture schedule for first quality results and elimination of 
firing losses. 

2.The changing of firing curve only takes a short ti.me whereas 
changing the firing curve of a twmel kiln is a slow operation 
which can not be carried out without some losses. 

).The :f'lexibity of operation is of great advantage when market 
demand varies,as only the required output needs to be fired and 
there is not the high running cost of a tunnel kiln operating 
beneath peak capacit\Y. 

4.VeI-y litUe labour is required for setting,:f'ire and empty the 
kiln and the ware once placed is not subject to vibration and 
cov6ment.Placing and emptying can be carried out during the day· 

shit't only and not night work is needed. 
5.week-end run and week-end work. can be cut out completely which 
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starts to be a basic condi:t.ion in many co'lm.triea. 

6.Due to the decreased labor especially at night shirt and week­

-end normal rates of pay are applicable which results in redu­
ced labour cost. 

7. tta.e kilns are also of considerable use to t'i.rms who fire the 

bulk of their output in tunnel kilns.Their installation allows 
the ditticul t re-firing to be tabn from the tunnel kiln and 
fired separately under more controlled conditions. 

1be modern intermittent kiln are ottered today as bottom-car 

lcilns,top-hat kilnB,shutUe k:ilns,etc.in a wide range of stan­
dard sizes wi J guaranteed operational etticiency for all main 
kinds of f'uel i.e.gas,oil and electricity. 
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S. F tr E L E C 0 N 0 IC Y A N D C H 0 r C E 0 F T H E 

IC I L ii. 
------------------------------------~----------------

'.lhe most. important point tor correct minjmi zing the energy 
cost on the :field of tuel whether in developed or denloping 
countries is that all the attention should be given to energr 
conservation in all. existing plants or plants to be constructed. 
One of the way to reach this goa1 is to use the adequate type 
and design of all heat consnming units especially Jci.lns. 

As the whole ceramic industry has an enormous interest in 
f'tl.el econo.._, many measures have been settled to save and minimize 
the energy cost in existing brickworks and ceramic planta,tb.e 
DK>st important o~ which are: 
l.Uae optimal cperational cycle and firing curve by applying 

automatic burning systems. 
2.Uoderni.ze the old kiln design and construction. 
).Optimize hot air recovery when improving kiln insulation and 

keep heat acenrm1lation of kiln cars. 
-t.Aa\lpt other low grade and chea;>er tu.els. 
5.rn brickworks moreover: 

-Use exhaust gases for drying whenever possible or use the kiln 
as dryer to remove the last moisture as e.g.in case of stiff 
extrusion process. 

-Incorporate carbonaceous additives in clay mix. 

As to the brick manu.f'a.:ture it is evident that in modern plants 
the tunn.el kiln has many advantages against ti.re-moving kiln con­
sisting in firing uniformity,less reject,lesa supervision labour 
and in recently constructed kilns better :f\.lel econo~.But from the 
dataa in Ttd>le No.4 bellow it can be seen that under some special 
conditions when taking just the f'Uel consumption as a ceas~r.e for 
comparision the tire-moving kiln could be a correct economical 
solution. 
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Beat consumption in brickworks. Table No.4 

Characteristics: 
Brickwork I - Brickwork with open air drying and fire-moving 

Hofimann ki.ln. 
Brickwork II - Briclcwork with chamber dryer and .fire-moving 

Ho:ttmann Jci.ln 
Brickwork III- Brickwork with chamber dryer and tunnel ld.ln,con­

structed in 1930s till 1960s 
Brickwork 'IV - Brickwork with tunnel dryer and tunnel kiln of 

recent years wi~ fully automatic production 
---------------~!!!_ _______________________________________ _ 

Specif'ic :tor 

drying 

kcal/l kg of 

water 

calculated for 1 kg o:t ware 

drying :tiring t o t a 1 
kcal kcal --------P# ____________________________________________________ __ 

Bri clcwork I· 400 400= 1,67 

Bricbrork II 1800 500 350 850 = 3,.55 

Brickwork Ill 1400 300 250 550 = 2,30 

Brickwork 'IV 1000 150 200 350 = 1,46 
-------~--------------------------------------~-----------------
§!~_!'!2.!!£!___ ___ ~ ---~------!L---------~l _________ Jl _______ _ 
Notice: 

l/Thia Talue is the input o:t heat :tor drying purposes incl. the 

recovered waste heat.For Brickwork IV this heat is in total re­
covered :tram t.b.e tmmel kiln. 

2.'lhi.s value meana heat consumption tor firing purpoeee after re­
duction o:t waste heat. trana:t'ered to the dryer. 

).nil.a value ia the total consumption o:t heat :tor drying and :fi­

ring given in kcal and l&1 :tor l kg o:t :finished ware, 

-----------------------------~----------------------~---------
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Tiew of fuel saving the application of open air drying improve 
the energ balance.l'urthenaore taking into consideration the 
lower inTestment cost in favour of fire-moving kiln,availabi­
li t7 of cheaper low grade fl.'el and most probably local chea­
per labour,there is no doubt that in scae regions of develo­
ping countries this manufacturing process could be selected 
as the most econcmical jnd that moreover especially when no 
sufficient investment capital is at disposal. 

Pran the last development of firing system in briclt'W'orks 
it is apparent that the design of modern brick tunnel kilns 
is directed to provide all hot air for drying as recovered 
waste heat from the kiln.There are Dl&nJ' factors which influ­
ence the results in this matter as e.g.the moisture content of 
extruded bricks,!iring temperature,range of products,etc.In 
brickworks 1rl.th stiff-extrusion system nth 10 to 13 ~ moistu­
re content of green bricks this goal is normally reached.But 
with 20 ~ or more Aoisture in soft-extrusion most tunnel kilns 
do not :proTide the heat in sufficient amount. 

2.g_~!!!!_!:ag_!~l!-2!~2!_!~~!2~~!· 

!here is today probably no sub~ect in the tiles and white ce­
ramic industry more discussed than the problems of merits of 
indiTidual types of kilns to be introduced in new plants.I' 
concerns the continuous tunnel kilns of modern design in cam­
pariston with rapid-firing kilns on one side and continuous 
and intermittent kilns on the other. 

As far as the pure ene%'g7 cost is concerned the tunnel 
kiln has certain disadvantage ccapared to the rapid-firing 
kiln and are sanetimes d18Dlissed b7 their oponents as unsui­
table in terms ot theirs intlexibilit7 in the production and 
work over week-end.On the other hand,others emphasize the poor 
fuel economy of all tJPe8 of intermittent k~lna and theirs 
high maintenance costs.As the last experience ahOW',there is 
still a need of all the above types ot kilns in the ceramic in­

dustry, the final choice of the suitable type being dictated 
in accordance with many local factors. 

What were the average conditions in white ceramic irldustry 
in Europaen countries in l&st years? 
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:Breaking the total amount of !uel consumed in this 1ndus­
t17 into processes we find that about 
50 to 60 ~ are used in high tem1lerature firing process 
20 to 25 ~ in drJing 

8 to 10 ~ in space heating 
5 to 8 ~ for operating machiner.r 
i.e.75 to 85 ~ of the total fuel used in the drJing and firing 
processes. 

Looking at the split in the wa7 of fuel tJPe there are d!f­
ferencies in individual countries but in general the main fuel 
has been the natural gas with its consumption reaching 60 to 
75 ~ of the total amount,followed bJ oil,LPG,electricit7 and 
coal. 

The aim to save energy in this industrr in man1 countries 
in last 1ears was first of all to cut out as much as possible 
all tJPe of waste in the pr.oduction.Purther step was to impro­
ve kiln efficiency by introducing new equipment and methods 
on existing heat consuming units.The main steps were the waste 
heat recovery from the kilns which was Tery often previousl1 
in white ceramic industr,r neglected. 

In inteimittent kilns of older design the reduction of heat 
consumption has been followed b7 the use of low themal mass 
fibre insulation and introducing of recuperative burners.Up­
to 50 ~ fuel saving has been reached b7 the combination of re­
duced firillg c7cles in reconstructed kilns with fibre insula­
tion and high velocity recuperative burners. 

These burners incorporate a high performance recuperator 
and simple flue cambined in one compact unit.Hot combustions 
products issue from the burner head at 80 metres per second 
which results in good recirculation and improve heat transfer 
rates and temperature unifo:rmit7 throughout the whole kiln sec­
tion. 

Proper energy recove17 by waste heat has been ala~ the main 
task in plants with tunnel kilns.Moreover the objective was to 
raise the ware to the maximum temperature as quickly as possi­
ble and to 1n8ul.ate the preheating and furnace zones of kilns 
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to &ini•ize heat loss by conduct1on.J.ddit1onal insula~ion has 

been applied to the outer walls and roof of existing kilns 
&Ld in SOile cases even at the hot face inside the furnace zone 
with low thermal mass fibre. 

~urther heat loss !rClll tunnel kilns represent the hot kiln 
cars COiling out from the kµJl.!he cars are heated and cooled 
everJ time the7 pass through the kiln which ae&Jl& a cyclic in­

put and output of heat energJ".The cars in most tunnel kiln8 
are of massive structures for loadbearing qualities and need 
a lot of heat amounting to 5-10 ~ of the tutal heat supplied 
to the kiln to raise them to operating temperature. 

'l!o date,there are two W&1'8 of reducing this heat require­
ment: 

l)Insul.ate the hot top of the car base and thus lower the 1i8m­
perature of the refractoey mass. 

2)Reduce the mass of the car lining so that less heat is re-
quired to raise it to operating temperature. 

Both steps are achieved with ceramic fibre insulation of the 
kiln c&.ra.Depending on the kiln cycle,operating temperature 
and fibre thickness a reduction in the kilns fuel consumption 
of about 5 ~ or eTen more can be expected.Due to the improved 
firing conditions in some cases,the firing cycle can be shor­
tened and the output of the kiln increased which me&L.s genera­
lly further heat saving and reduction of fuel consumption. 

Staying with the problem of fuel consumption in firing.dif­
ferent tJPes of ceramics let us see some datas in Tables Bo. 
5 and 6 bellow. 

~IE!_2r_l~!-!~~-------------~!!!-~E!!!l1!~l!~-~~~!~L!! ___ _ 
Bisque-muffle tunnel kiln l.J00kcal/lcgs5,44 llJ/kg 

-open-name tunnel kiln 850 .3 , 55 
Gloat-muffle tunnel kiln 1.500 6 ,28 

-open-!lame tunnel kiln l.OOO 4,18 
_____ ::tRiS=t!r!ng_~!J:~----------------22Q ________ g~7g _____ _ 
Once-fire technology 
-~----~E!~=~!nes __ ~!~~---------------1QQ ________ ~i2l ______ _ 
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in spite ot the :tact that still mmv ot tiles producers r'!­
main. on the twice-tired technology the trenda tC'r s~e-ft.:.•ed 
wll tiles are increasing which is comprehensive :t'rom. ma?Q" points 
ot view especi~ when. taldng into consideration the actual 
wrld energs situatic~ and growing :t'ut:l coat.AS there ie to~ 
practically no ditterence between wall tiiea and glazed :t'loor 
files tor the uae in interiors and exteriors in ~ countries 
the oame conditions are more or lHa Talid tor glazed :t'loor ti­

les manu.t'acture. 

'l'!le heat consumption tor :firing ot 1 kg tiles in clitterent 

kilns can be seen from Table No 5.'l'he heat consumption tigurea 
in this table are in tavour ot rapid-ftring kilns in general an d, 
no doubt,in :t'aTOur ot once-fired teclmology. 

When comparing the heat requirements in Table No 5 it has to 

be noted that there is no utilisation ot waste heat recovered from 
the rapid-firing ti lna which makes in case ot other tunnel kilns 

about 20 % ot total heat input and is used :tor drying ot pressed 
tiles. 

Dl spite ot the above conclusions SO.Ille tiles manu.t'acturers pre­
tere the firing ot glazed tiles in gas-fired open-:t'lame tunnel 
kilns ot modern design and large cross section getting very good 
results as to the quality of' ware as well as :tuel econo~. 

'?he heat consumption in tiring sanit.aryware in clitterent types 
ot kilns is given in the :tallowing Table No 6. 

Sani. taryware manu:tacture/rl treous quality/. Table No 6. 
--~------------~~--------------------------------------

Type ot the kiln Heat consumption 

- -- - ~~-----------~~!!~----------l'l~------
IAl:tt'le tunnel kiln 

Open-t'lame tunnel Jciln 

Rapid-tiring tunnel kiln 

4.200 
1.900 to 2.200 

1.500 
IDw-thermal-maea intermittent kilna: 

-gas nred 3.oco to 4.200 
-elect~ically heated 1.000 to 2.000 

17,52 
7,95 to 9,20 

6,28 

12,6 to 17,5 
7,5 to 8,4 

-----~--------------------------------------------------------
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1rom the Table No 6 it is apparent that even in the field o-r 
sanitaryware the heat saving is in :tavour of rapid-tiring kiln.a 

of modern. deaign.;The rapid-:tiring cycle in aanitaryware manufac­
ture ia considered the cycle of leas ~ 18 hours which is achie­
ved in modern-type tunnel kilna with ware placed in one l~er on 

cara or mrlng slabs. 

l'a. order to illlpron the work condi tiona together with tuel 
et'ticieney Tarying degrees of automation of kiln-car railway tra- · 
ckage have been succea:t\J.lly introduced in the production of sani­
tdryware together with rapid-f"iring kilns to solve the problema 
over week-end in reducing the labour in this period to a mini mn•. 
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6 S U K K .l. R Y. 
-i-~----~~------~ 

!he following ia of indivi-
dual kilns to be introduced in ceram19 plante. 

It ia obvious that first of all it is neceBd&rJ' to distin­
guish be~•een the existing plant and the setting-up of a new 
plant .Thenatter the choice JDS)" be influenced by m&l1J' other 
factors taking into consideration especiall7 the following: 

l)The large-scale production of more or less fixed output is 
unlikely to b~hieved efficiently without application of a 
continuous kiln which holds a nt:mber of advantages oTer the 
intend ttont kiln: 
a)Lower fuel consumption 
b)Lower maintenance costs 
c)Kore consistent quality of products 
d)Easier integration of the kiln in a process flow-line 

2)Rapid-firing kilns which represent a further step in fuel 
saving wil.1 be introduced when setting-up a plant with a fixed 
range o. products.When making this choice the following has 
to be taken into consideration: 
a)With the exception of some t1PeS of products manufactured 
in small scale and fired in small-section rapid-firing kilns 
(as e.g.laboratory and electro-technical ceramics)the intro­
duction of rapid-firing kilD.3 requires a large- or semi-scale 
production of a fixed range of products.This can be achieved 
only in tiles production and for firing of a definite type of 
product in pottery industrJ. 
b)Bef ore making ~he final choice the saving of fuel in rapid­
-firing kilns has to be compared with other factors influen­
cing the ecOJlamy as amount of second-class ware,re-fired ware, 
co1t of kiln furniture,etc. 

).The inte?mittent kiln of modern design would be installed 
in a ceramic plant under the following conditions: 
a)In existing plant 
-ei~her to increase the output with the minimum of disrup­
tions to nonrial work r~utinea especially when not enoUgh 
apace is available for accom~dation of a continuous kiln 
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-or to enlarge the fiuibilit;r of the production to cover 
various demands of the market 

b)Por amal-scale production in whiteware industrJ.lfo conti­
nuous kiln •ill be costructed 1n a cer&mic plant for an out,ut 
under the limi ta bellOYr· which such a kiln would be unnecessa-
17( aa. e.g. the output of 300 to 400 tons of sanit&rJW&rfl per 
1ear). 
c)In case of limited capital due to lower coat of intermittent 
ld.l.n.But it 4as to be carefull;r reeonsidered in advance whe­
ther cost savi.Dg when constrw.1Cti?lg the intermittent kiln is re-

_allJ such as to maintain the econan1 of the whole production. 

!he above conclusions are valid only in generalities.As,in 
practice,everJ' manufacturing unit is different,the final choi­
ce of heat consuming units will depend on local factors which 
will continue to have the basic infiuence on the final decision. 
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:Pig.Bo 1 Dl!_I!!!!~!~-~· 

1 - :f iriDg chamber 
2 - wickets 
3 - :flues 
4 - ch1mne1 stack 

5 - fire bmes 
6 - per:torated or solid 

fiash wall 

7 - accessor;r :tlues 

Pig.lo 2 Double decker round kiln 
.....-----~-----------------

l - gloat firing chamber 
2 - bisque firing chamber 
3 - :fire boxes 

l - setting of ware 

2 - 4 preheating 
5 - 7 firing 
8 - 11 cooling 
12 - drawing of ware 

iig.Bo 4 

l - firing chamber 
2 - wickets 
3 - :flues 
4 - smoke collecting channel 

4 - nues 
5 - chimne7 

.l - entrance 
B - firing chamber 
C - movable fiue 
D - ohimne7 stack 

5 - dampers 
6 - firing holee 
7 - chimne1 stack 

:Pig.lo 5 Hoffmann annular kiln 
---------------~-----

:Por description see Fig.Bo 4 

iig.lo 6 

l - firing chamber 
2 - doors 
J - flat suspended roof 
4 - flues 

5 - smoke c~llecting chainel 
6 - firing holes 
7 - movable partitions bet­

ween chambers 

:Pig. Bo 7 Continuous chamber kiln Kendheim 
------------------------------~-

ir - stack 
2 - firing holes 
J - hot air nue 

4 - smoke nue 
5 - hot air exhaust 
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!echnological scheme of a tunnel kiln tor firing 

of high-refractory- ware 

Jl!g.?lo 9 Technological scheme of a tunnel kiln !or firing 

of sanit&rJW&re 
Fig.Io 10 Technological scheme of a tunnel kiln !or firing 

of ordin&rJ !ireclay :mre 
Fig~o 11 ~!!_i~_!gr_~!E!2l-~-~g!r!gl-~!~ 

1 - pl"'!heating section 6 ~ regulating damper 
2 - firing section-burners 
3 - air for burners inlet 
4 - regulating valve 
5 - burner 

Fig.Io 12 

l - Dressler muftle 
2 - Swindell-Dressler mu!f'le 

3 - Allied muffle 

4 - Sacmi-Poppi mutfle 
5 - Kerabedart mu:ff1e 
6 - Sacm.1-Poppi sead-mu!tle 
7 - Prerov semi-muffie 

8 - Direct firing tunnel kiln 

7 - ca11bustions exhaust 
8 - kiln car 
9 - ceramic mu!f1e 
10 - sem.i-mu:tne 

Fig.B'o 13 

11g.1lo 14 

'?unnel kiln with SiC mutne of Carborundum co. ---------------------------------------------

1 - kiln car 
2 - rotating rollers 
3 - sliding bata(aled) 

4 - sliding bata(on balls) 
5 - met&l screen or wire belt 
6 - air cuahion 
7 - stepping c011Te7or 
8 - suspended chain conveyor 

1ig.B'o lS i2R:Yi-~ 

l - burner 
2 - cooling nozzle 

11gJo 15 

3 - smoke nue 
4 - kiln car 

1or description see Fig.No 16 
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