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1. INTRODUCTION.

Many important articles about heet consumption and fuel po-
licy in ceramic industry have been written in the last few
years. All this due to the substential iucrease of all types of
fuel 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 of the world in connection with fuel resources and
reservas, But with the exception of some few countries rich on
fuel reserve the main part of the world has to look very care~
Zully on the selection of the fuel.

When discusi3ing the fuel policy in ceramic induétry it is
of importance what percentage make fuel costs of total produc-
tion costs which differs. asubstantially in heavy clay industry
on one side and the white ceramic industry on the other side.

The firing brocess 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 taem,
mainly heavy ceramic products as brick, stoneware products and
refractories and some fine ceramic products as sanitary ware,
porcelain inuulators and others are fired in one-fire process.

Cn the other side many other products belonging to structural
and white ceramics as wall tiles, tableware, some types of tech-
nical ceramics, etc. i.e., ware which is to be glazed or decorated

may be firec twice or even many .’ ies to become the final pro-
duct.

As to the products which have to be fired in two or more steps,
one of the methods is to fire the ware to a sufficiently high
temperzture to mature the body without the glaze in the so
called bisque fire and then the glaze is applied and fired to




& lower temperature in the glost firing.

Another method is to initially fire the ware to a low-tempe-
rature bisque fire,apply the glaze,and then mature the body and
glaze together at a high temperature.

Uodern tendency is to eliminate the se:ond firing in order to
reduce the ftel consumption and to finish the ware in one firing
even for that ware which has been traditionally twice fired as
e.g.wall tiles,earthenware and porcelain tableware.To reach this
goal both body and glaze composition for this firing mst be
carefully adjusted and the use of homogeneous raw materials of
suitable pronerties is one of the basic conditions.

During the riring process the ceramic body or clay mix conso-
lidate and reduce porosity due to the development of a viscous
liquid or sufficient mobility of atoms in the solid state.Many
different reactions and changes take place during the firing in
accordance with the body composition,firing conditions,etc.

With the exceptiocn of some few products most ceramic bodies
shrink on heating process,the shrinkage being equivalent to the
porosity decrease and varies from a few volume per cent to 40
per cent depending on the type of tody, the manufacturing process
and ultimate density of the fired ware.

The shrinkuge proceeds mainly at an uneven rate during the
firing process which has to be taken into consideration when
adjusting the correct firing cycle to avoid excessive irternsl
stresses in the ware which can lead to failures as warping and
ceacking of the ware.Special care has to be taken as well in
setting the ware to avoid the friction with material on whien
it is set.

To prevent the failure of the ware the time and teuperature
level of the firing process mst be adjusted and controlled to
give a satisfactory product.A suitable d2sign and type of the
Xiln has to be selected including all electrical and controlling
equipment to reach the proper result of the firing process.




2, CEOICE OF FUEL,

Before coming to the description of the use,design and eco-
nomy of individual types of kiins let us have some few words
on fuels end materials for the comstruction of kilns.

There are very many sourcss of heat wkich cen be used for
firing in ceramic industry:

1.¥ood 8 Natural gas
2.Charcoal _ 9.City gas

3.Peat : 10.Coke~oven gas

4 JAgricultura’l wastes 11 ,Producer gas
5.Lignite 12 ,Propane,butane
6.Coal 13 JLiquid fuels-oils
7.Coke 14 Blectricity

The selection of .the proper fuel for firing ceramic products
is governed by meny different conditions,the most decisive of
which are:
l.,Availability of the fuel
2.Type of the products to be fired
3Price per unit of heat
4 .,Investment and maintenance cost of the firing equipment

As to the Europaen heavy clay industry till 1956 the main
fuel was coal,the consumption of liquid fuels constituting
only approximately 5 to 10 %#.Thenafter the popularity of oil
steadily increased and reached its peak in 1970 to 1972 of
around 50 % of the total enorgy input not only for hsavy slay
industry but also for rofractories.

The advantage of o0il fuel in improved working conditions

and its superior physical properties aund as well as competetive
price compared with the coal in those years were the reasom of
thqﬁuel 0il popularity.Some disadvantages of fuel oil consis-
ting in high sulphur content and difficulty to operate o0il bur-
ners at a low thermal input rate at lower temperature in the
kilns were the reason that even many heavy clay and refractory
producers awitched to gas firing in those countries where gas
became availahle aud of attractive price,




Many well known advantages of gaseous fuels as
a/ freedom of sulphur .
b/ increase in output due tn the low temperature combustion
¢/ veduction in labour requirement
d/ the potential direct use of kiln combustions for drying
purposes
were pointed out to promote this type of fuel in heavy clay
industry. But the fuel price increases in recent years in ge-
neral and of high grade fuels as gas especially have changed
the situation in the fuel policy of heavy clay industry in
Burcpe and as well in ueny other ragions of the world.

Due to this situation many countries must hcw, when fol-
lowing the correct fuel palicy economise and expleit other
fuels which have previously been overlooked and use them in
improved and more efficient process,

Following the conditions in Burope we can see from the
statistics that in many countries coel is the cheapest fuel and
taking into consideratién that the worid’s resources are 5§ ti-
mes bigger than we kaow in the time béing there will be enough
coal on the world for about 150 years. As to the other fuels-
the reserves of oil and natursl gas are considered to be under
same conditions for about 50 years.

Iooking at eéne part of ceramic products-brick, or mate-
rials used in walling in general-it is evident that the pro-
duction of a ceramic wall needs roughly 3 times more energy than
a sandlimz wall and 4 times more than a wall made from concrete
blucks. Because of this influence of energy on production costs
ceramic building materials could loose their market in case
that no improvement would be reached at this field,

Due to present day fuel problems an increasing number of
heavy clay manufacturers in Burope are looking to coal in dif-
ferent foriis to solve their fuel problems. This situation called
out a new research in coal usage for riring of ceramic kilns
and progress has been already made by some equipment menufac-
turers in the development of firing systems which assure that




all previous problems of this type of firing as e.g.enviromen-
tal problems due to smoke,smog,dust,etc.were succesfully solved.

The use of milled coal in new dc¢veloped systems of different
manufacturers or of producer gas are the ways how the coal may
be in many countries where available,the correct and economic
fuel of every brick,refractories and stoneware pipe manufactu-
rers,

But still it has to be tsken into consideration that as the
shortage of energy and high energy prices are affecting ceramic
building materials much more than their competitors/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 breezs,
wood pulp and sawdust,etc.and in some countries even agricultu-
ral wastes as coconut,rice and groundnut husks,chaff and straw.
The use of these types of fueis is unfortunatly limited to be
aprlied only in internittent kilns or sometimes in moving-fire
contiauous kilns.Another problem could be the collection anl the
transport of the fuel to one spot.

That what was said here concerns mainly the manufacture of
heavy clay products and a somewhat different situation is in
tiles and white ceramic producta manufacture where the energy
cost makes a substantially lower proportion of the production
costs.But also in this field the energy cost with increasing
fuel prices starts to be one of important items which camnnot be
overlooked.Titerefore many efforts have been exerted in last
years to improve the production process and save the energy con-
sumption especially in heet consuming unsts.

Coal or other low grade fuels cannot be used for direct fi-
ring of white cersmic kiln.Nevetherless producer gas made of
coal or othe low grade fuels is one of the answer in saving the
cnergy coat.lue to the changed world ‘s energy situs.tion during
the past few years the use of producer £a8 has been considered

aguin for ceramic firing in more detail as it was 15 to 20 years
before.




The advantage of tnis fuel is that producer gas can be gene-
rated from many kinds of solid fuels-coal,wood,peat,straw,etc.
The calorific value of producer gas depends on the kind of the
above materials but due to the very high nitrogen content this
value is always low when compared with other types of gas fuels
and therefore producer gas is classified as "poor gas™.

On the other side producer gas is suitable for the firing of
ceramic products as to its chemical composition and calorific va-
lue ga it creates a soft and mild flame.loreover modern type
two-stage gas producers can be operated semi-automatically or
fully automatically and can achieve with coal rates of efficien-
¢y upto 90 ¥.The final product is then a clean gaseous fuel which
can be piped without the tar deposition associated with the old
type of gas producer.

It is therefore general opinion that coal may in many coun-
tries be the surest source of fuel especially for brick,refrac-
tories and stoneware pipe manufacturers and with new two-stage
process techaique of gas producing also for all other breanches
of ceramic industry.
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3. REFRACTORIES AND INSULATING MATERTALS FOR KIINS
CONSTRUCTION.

The durability and economics of any kiln depend largely
on the suitable choice of correct quality anG the installation
of the refractory and insulating materials as main parts of
the kiln masbnry. We give in few words Jjust a short description
as to the quality of different materials for designing and con-
structing of kilns for ceramic industry.

the first refractory bricks were manufactured probably by
the Chinese and were probably made of ceramic clay. The refrac-
toriness and other qualities of these bricks were rather poor
but sufficient to meet the requiremeats for the construction
of modest type furnaces for melting of glass and / or metal.
During the centuries coming the technicsl progress of thermal
processes required further development of the refractories
used. It was necessary to use raw materials of better quality
and to develop: wider range of refractory 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 of
manufacturing processes. The incressing demand of consumer in-
dustries after the first world war and particularly after the
seconG world war on the improved quality of refractories urged
a acientific research on this field which led to the develop-
ment of high quality products.

The main property of refractories is their refractoriness
sometimes expressed as P.C.E./ pyrometric cone equivalent/,
Those materials having the refractorineass higher than 1580° ¢
are called refractory materials. This temperature corresponds
to Seger cone No. 26 or Orton cone No., 23. Other properties de-
termined and limited by different Standard Specifications which
are also of importance for the qualification of refractories are

mechanical strength, refractoriness under load, thermsal con-
cuctivity, etc.
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Various production methods are nowadays employed in
refractory 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 fferent types of material used
for the construction of ceramic kilns in brief.

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

Fireclay bricks.

The main refractoriec applied in the construction of kilns in
ceramic industry are fireclay bricks. From the chemical point
of view they consist of two mein components-alumina and sili-
ciumdioxide. The raw materials for the manufacture of fire-
clay bricks are refra~tory clays with clay minerals and up to
5-6.% impurities mairly quartz, iron oxid, feldspar, etc.
Further consiituents of mixtures for the manufacture of fire-
clay bricks are kaolin, shale and refractory grog /chamotte/.

There is a wide variety of fireclay products suited to
particular applications in accordance with the origine of the
rew materials, their treatment, shaping method and other parts
of the manufacturing process,

Firing.Depending on the raw material and the final product
the firing temperaturee of flreclay bricks are generally in
the range of 1250 C to 1500 C. Those firaclay bricks with appli-
catloﬁszr higher temperature processes made with raw materials
low in fluxing agents require firing temperature of 1500°C and
above.

The fireclay refractories are classified differently i _n
individual Standard Specifications. The conventional and still
mainly used classifi~ation is acecording to alumina content and
refractoriness. The refractory products with alumina content
upto 44 per cent are conventional fireclay products and with
alumina content above 44 per cent are called high-alumina
prodvets,

High-alunina bricks require for their manufacture different
raw-materials as e.g. sillimanite,kyanite, andalusite and
bauxite. Due te the lack of these natural raw naterials some
synthetic materials as sintered mullite, calcined alumina and
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adjusted production proncess 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 used materizl and for kilms with firing tempe-
rature upto 1300°C(as most ceramic products require with the ex-
ception of porcelain tableware,insulators and some special tech-
nical ceramic products)is the only material for the comstruction
of refractory masonry of these kilns,

For porcelain firing kilns the fireclay refractories make up-
to 95 % of refractory lining,the cambustion chambers of burmers
being made of high-alumina bricks with A1,0; content above 44%,

Some types of refractories related to fireclay brick where alu-
mina is parially or completely replaced by other refractory ma-
terials as zirconium,carbon,graphite,etc.have practically small
use in the construction of cormmon kilns for ceramic industry.

On the other hand refractories with siliccn carbide are of im-
portant use for some parts of kilns as muffle tiles and kiln fur-
niture as slabs,bats,saggars,etc.Silicon carbide refractories ha-
ve 8 high thermal conductivity and a slight thermal expansion
which results in an exceptionally high thermal shock resistance.
In order to decrease the oxidation of silicon carbide the pro¢-
ducts are covered with a protective coating,

This group of refractories includes magnesia bricks,maguesia-
chrome bricks with 5 to 15% of chromic oxide,chrome-magnesia
bricks with 15 to 30% chromic oxide,chrome-ore bricks and sinter
dolomite bricks.,These types of nroducts have high refractcriness
and good resistance to basic slags.,Due to these properties they
become Iincreasingly important especially for iron and steel in-
dustry,

As to their use in ceramic industry these refractories make
the inside lining of some kiins for high temperature use,burning
chamoers and also as the linirg for rotary kilns for firing




high-temperature grog or sinter nagnesite.

Silica bricks.

Silica bricks consist mainly of silicon dioxide-SiOz—wnich
. in the origine material is present as quartz,quartzite,etc. and
during firing is transformed irreversibly into other forms of
silica which results in volume expansion of tricks during firing.

Due to special behaviour of this material consisting in rever-
sidie volume changas especially under 800°:: these bricks are ve-
ry rarcly used for construction of ceramic kilms their applica-
tion being in glass melting furnaces,coke and gas producing units
and eleciric furnaces roofs i.e.in ithose continuously working
units where no temperature changes especially its decrease bel-
low 800°C occur.

Nevetherless in spite of the above menticned behaviour some
designers and manugfacturers of ceramic kilns make use of silica
bricks for the construction of continuously working kilmns vaults
in order to make advantage of the superior refractoriness under
load of this material.

Refractory insulating bricks and materials.

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

The following groupes of insulating materials are used in the
construction of ceramic kilns: ’

~-insulating firebricks/suocdivided-fireclay,diatomacecus earth,

vermiculite,cordierite,zirconia/

-insulating castablee/with similar subdivision/

-insulating plastics

~-mineral wool

-ceramic fibre

The common insulating bricks are generally used as back-up
brickwork due to their refractoriness.But some types of uroducts
which are described as light-weight firebricks have a refractori-
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ness upto Seger cone 15/1520°C/ ard can be installed as the in-
side lining of kiln walls providing there is no mechanical streas,
flying dust or slszZ attack.Like that especially modern types of
ceramic intermittent kilns as bottom-car kilns,top-ha® kilns,etc.
are inside lined with light-weight firebricks of different kinds
in order to decrease the total mass of the kiln and thus save on
fuel.

In addition to conventional refractory brick materials and mo-
re developed insulating brick materials there is a wide range of
insulating products nowadays used in construction of ceramic kilns.
From many of them especially ceramic fibres with extremely low
thermal conductivity,low density and specific heat are ideal ma-
terial for many applications.Insulation with seramic fibre has
aasumed increasing importance with the reappraisal of the question
of fuel conservation in all energy-consum_ing industiial kilns
and furnaces.It includes such secondary products as blanket,board,
shapes, sprays,etc.
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4, FIRING ARD KILSXS,

Let us illustrate the principles underlying the firing in
ceramic industry and the construction and operation of some ty-
pes of kilns employed in this industry,

4,1 Intermittert kilms.

The earliest type of kiln was the intermittent or periodic

kiln in which thg process consisted in ware setting in the kiln,
firing to the temperature,cooling and then the ware drawing from
the kiln. ,Fireboxes for different types of fuel were left bellow
the ware and hot gases generated in the fireboxes rised through
the setting upward by natural draft to the top where they escaped
through installed flues.This type of kiln is called the updraft
kiln,

The temperature uniformity in these kilns is very poor and the
proportion of underfired ware normally very high.Almost any type
of fuel can be used for firing in this kiln as coal,s2il,woo0d and
even agricultural wastes as coconut or rice husks.As the heat eco-
nomy when using some of the cheapest fuels in large kilns of this
type could be fairly good still some updzét kilns are being con-
structed.In some regions they 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 aveilable and
the labour is cheap,

The lack of temperature uniformity of updraft kilns was correc-
ted to some extent by introducing downdraft kilns in which, the
hot combustions passed horizontal or down through the ware and
then up & stack.There are many types of these kilns for firing
ceramic products.One of the most used in Europe for firing heevy
ceramic products as well as pottery was the Kasseler kiln(see
Fig.No 1).This kiln was normally 5 to 8 m long,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 many yeers ia porcelain
industry in many countries in Europe.This kiln represents a par-
tial progreess as it fires the ware at two different temperatu-
res(see Fig.No 2).




The bisque firing of porcelain ware at Seger cone No 0l¢
/hpprox.goooc/bccurs in the upper deck of this kiln,whereas

the glest firing in the lower deck at Seger come No 12 to 15
/approx.1350 to 143o°c/.uany types of fuels especially cosl,
oil,wood,etc.have been used in these kilns.The porcelain were
when glost fired has to be set in refractory saggars to prevent
direct contact of unburnt particles of the fuel in combustions
with the ware and thus to protect the ware aga‘nst dirt.

As the downdraft kilns have been imp-oved in a number of ways
- during last years in the semi-automatic and automatic control
of draft and temperature,these kilns are still in operation in
many ceramic plants.

Some downdraft kilns of large size are suitable for firing
of heavy ceramic ware as stoneware and pefractories of special
shape and large pieces.With some advantage these kilns are also
suitable to fire the ware in the manufacture of a ams!! and va-~
riable output and the ware which needs special conditions of
atmosphere and firing cycle.Large downdraft kilns are still being
used for firing of silica mnd 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 as mch fuel as a continuous kiln,there are many modern ty-
pes of intermittent kilns &s car bottom kilns,top-hat kilns,
etc.the use of which is growing steadily for some special rea-
sons in last yesrs.These kilns are described in an cther chap-
ter bellow.

4.2 Continuous kilns.

In order to save fuel and labour many efforts were made to
develop kilns vith improvad fuel economy and labour conditions
i.e.continuous kilns reducing hemt consumption through:

a/Utilizing the heat of combustion gases by drawing them through
the ware still to be fired

b/Utilizing the heat content of the ware after firing either
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for preheating the sir for combustion of the fuel or for drying
purponses.

Thers are two main methods of continuous firing:
a/The first with stationary ware in an annular ring or in a se-
ries of 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 tunnel

Both methods have 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 minimi-
zed by insulating the walls efficiently or even by using this
heat partially for drying.This type of heat losa can be deal t
with solely through the design 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.

4.2-1 Yoving-fire type kilns.

This type of kilns came into general use firs! with the ware
in an annular ring or ina series of intercoanected chambers and
the fire progressing round the circuit.

The first successful kiln of this type was the hoffmann kiln
/see Gig.No3/which was invented round the middle of last centu-
ry.The original Hoffmann kiln had a circular firing c’ but
this original design has often been changed substaat i
that we have had many types of so called hoffmann kiins with cir-
cular,annilar,oblong and other different shape of firing cham-
ber/Fig.No 4 and 5/as e.g.zigzag,Belgian,Ideal kiln,etc.

These kilns were designed mainly to fire engineering bricks
and many of them are still ir. operation throughout the world.
Fuel feeding holes are situated in the roof of the chamber and
any type of fuel may be used,coal being used still most widely,
following by o0il,wood and agricultural wastes.

The design of a modern Hoffmann kiln/see Fig.No 6/comsists of
twvo straight series of chambers joined at the ends by rectangu-
larly placed chambers or by connecting flues only.The chambers
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have a rectangular shape with siraight suspended rcof so that
the vhole cross section is a door for brick setting and draving
purposes. This is more economical as the chambers are easier to
set as the inside of the Xkiln is accessible to the fork_1lift
truck.

In principle it cculd be sa2id that a Hoffmann kiln can be
built more cheaply than any other corntinucus %iln as e.g.tunnel
kiln, the saving of investaenti cost being round 30 w. it is
built of ordinary red bricks i.e. the same type of btricks to be
fired later in it.

Another type of continuous moving-fire type kiln which wes
developed in Zurope =lso Guring the middle of last century is a
continuous %iln with chambers Jjoined side by side with wall par-
titions, and connected with flues/see Figz.No 7/.Tnis ccnnection
pernits drawing the exhaust gases fron the chanter being fired
to the crnamber to be fired next a2nd thus preheating ihe charge
of this chember clese to the final temperature. rurther the sa-
ses after passing throush this chamber can be used to preheat
several Tore chambers zhead of the fire. At the same time the chan-
bers on the other siie of the fired chamber are ccoling, and by
drawing the air thrcough them, preheat can be provided for combus-

tion.

Thus, the firing moves 2long from chomber to chember in a re-
gular mcnner. In some cases these ¥ilns were ccnstructed with sc
meny chambers that two or even three firing points could mcve
arow:d the ring simultanecusly.

The firing is carried out e2ither by dropping the fuel through
holes in the rocf of the chamter under fire or by fireboxes vwiith
0il or gas burners.

Thi type of kilns ha3 been used maéinly fcer ?iring of fire-
clay refractories and stoneware tut also as fired for techni-
cal porcelain especially large apparatus insulctors.




4,2-2, Tunnel kilns.

The second type, and the most important in firing 2ll kinds
of ceramic products, is the xiln with fire remainingz in one pleace
and the ware moving continuously through a heated tunrel. In orin-
ciple this type of xiln, celled tunnel kiln, has two czin advanta-
ges:
1/First,the kiln parts at any cne point stzy at the same tem-
serzture snd are free of strain caused ty a reriodicsl teo-
perature chzinge

2/Seccnd, tae ware mzy be set on cars or cthier trpe of transcert
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These dcors are of insulated steel conatruction eand of vertical
1ift type. The vestibule chamber acis as an air loclk for the in-
troducing of xiln cars to the kilrn without upsetting the pressu-
re balances within the kiln. The masonry cf this part consists of
comaon brick and block construction.

The other part of the preheat zone is constructed nezr the
vestibule of common bricks, then pzsrtially frem low heat duty fi-
rebrick and partially from high hezt duty firebrick as the fur-
nace zone is appreached. The walls can be insulzted either with
insulating pcwder near kiln entrance or with insulating brick near
the furnece zcna.

Hollow walls zre designed cn each side of the preheat-offiake
sone /2/. These cczsunicate from the kiln interior throu-h refrac-
tory dampered exhaust flues located at car platfcrm level and are
connected with a sheet metzl duct to the ccmbustions exhzust fan/3/.
Scme other 2 or 3 fans are mounted on the top of the kiln for re-
circulation of cczbustions /4/ to keap the heat down in the load
feor better unifeorrmity of heat distritution in all parts of the
kiln. ,

In the following part of the preheat zone boitom burners ports
are crovided with turners suitable to the kXiné of fuel applied
and of required outrut of heat. The first lower burners-so called
preheat butners-zre of the high velocity, jet exceas air type to
nzintain the oxidizing atmcsphere in the zreheat zone /5/.
Furnace zone /F/.

The design of the furnace zone 1s such as to rrovide for fi-
ring the lecwer and upper part of tre ware setting spzce and the-
refore lower and ugper burners are installed in this zone.

Number of burners cdepends on the size of the tunnsl %iln-

Tor the tunnel kiln in the Fig, Ko 10 six lower burners and four
upper burners are installed per side /6/. Hish pressure 7ans or
turbotlowers serve for air supply to the individual grcuns of
burners,

The control of burners is ncrr2lly throush resuloticn cf the
fuel. only, thus minimizing gressure fluctuation in the kiln., The
fuel re;ulator ic cross cennected to the air line. The temner2tu-
re control can be aatcrmatic or Zur a.nual adjustment.




The masonry of furnace zone is constructed from correspon-
ding high heat duty materials and walls are backed up with in-
sulating bricks and insulating powder or layers of ceramic fi-
bres,

Cooling zome(C).

The cooling zone is divided in two sections=the first being
the rapid cooling zone(7)provided to produce & rapid drop in
temperature to the critical cooling range.This zone ia furni-
shed with inner lining of thin wall pannel brick and enables

a cambination of direct cooling and/or regulated indirect coo-
ling of the load of the car, '

The other portion of the ware cooling zone can have first
the cooling done indirectly by means of poom &i.' drawa from the
outside into hollow walls and then through aheet metal duct
with ware cooling fan(8)to the dryer.At the end of the cooling
zorns is air exit fan(9)and air curtain replacing the exit end
door.,The air fram this fan flows through the ware cooling zore
and is exhausted at least partially through the ware cooling
zone fans,

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

Thir is a description of an open-flame tunnel kiln for fi-
ring of fireclay refractories,

In Fig,No 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 refractory walls.The
heat in this kidn is transmitted through the muffles mainly
by conduction and radiation and subsequently by convection,
This neat transfer necessitates higher combustion temperature
and insulation and due to greater heat losses the fuel consum-
ption is higher ,The only and main advantage of muffle kilns
is that no protection of tne ware with saggars is required when
fired with fuel 01l and when without saggars more ware can be
placed on each car,




Semi-muffle kiln represents a type of kiln to reach the fol-
lowing results:
a)To decrease the fuel consumption due to the partial heat trun-
sfer by convection in direct contact of combustions with the

ware,

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

¢)To rech homogeneous temperature throughout the entirs kiln
section,

For 1llustration see the furnace zone cross sections of muf-
fle and semi-muffle tunnel .kilne of mair manufacturers and/or
suppliers of kilns in Fig.No 12 and 13,

In Tables No 1,2 and 3 are given the characteristics of con-
ventinal tunnel kilns constructed in last 10 years for firing
of stoneware pipes(Table No l),refractories(Table No 2) and
tiles(Table No 3).
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Table No 1
Characteriaticas of tunnel kilns for firing of stonsware pipes,
/
Output Length of Tunnel section Firing Fuel consumption

tons/year the kiln width height cyocle MJ/kg koal/kg
............... 8PProXe B BB BOWNB e
Factory I 25,000 107 3,07 1,90 42 = 60 3,35 800
Pactory 11 48,000 135 5,00 2,05 62 4,20 1,000 '
Faotory III 15,000 114 2,44 2,45 50,5 3,35 800 N
Factory IV 20,000 114 2,44 3,00 62 3,27 780 '
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Table Ne 2

Characteristics of tunnel kilns for firing of refractories.
Type of the ware Fireclay refrac- high~-alumina silica refrac- basic ref-

tories upto 45% refractories tories ractories
________________________ e S
Type of kiln Tunnel straight kiln, open flame
Firing temperature °C 1,350=1,460 1.,450=1,600 1,400-1,500 1,600=~1,850
Firing cyole hours 30 - 100 70 -~ 80 120 - 240 80 =~ 140 '
Output tons/year 16 - 19,000 35 = 60,000 3 - 50,000 20 - 50,000 o
Dimensions of the kiln: \:'
Length metres 65 = 180 100 - 160 120 - 200 100 ~ 160
W;idth metres 1’4 - 3.2 1'4 -~ 3.2 1’4 .- 3 1." - 3.2
Puel Gas oxr fuel oil ’ : "
Buxners Low.pressure or jet with cold or preheated air supply .
Fuel consumption MJ/kg 2,51 - 2,93 3,8 - 5,8 4,1 - 6,7 4,1 - 7,1

kcal/kg 600 - 700 900 ~ 1,400 19000 - 1,600 1,000 - 1700
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Table NHo 3.

Characteristics of car tunnel kilns for firing of tiles.
(Twice fired technology)
Type of wWATe Wall tiles . Ploor tiles(glazed)
Type of firing bisque glost - bisque .gloat
Output 8q.m./year 1,455,000 920,000 506 ,000 463 ,000
Type of the kiln semi-muffle muffle open~flame muffle
Dimensions of the kiln: '
Length metres 107 84 94 a9
wWidth metres 0,92 0,92 0,92 0,92
Height metres 1,10 1,07 1,31 1,31
Setting width mm 760 760 730 770
Setting height mm 960 930 940 920
®iring cyocle hours 45 17,6 50 18
Fuel consumption .

kJ/kg 3.768 4,815 3.350 5+440

koal/kg 900 1,150 800 1,300

- 92 =




4.2-3 Rapid-firing tunnel kilns.

There is no doubt that in some branches of ceramic industry
the rapid-firing tunnel kiln has recently becomz more important.
This concerns especially the tiles and some fields uf white cera-
miec pr-dauction.

The proper performance of a continuous kiln depends on the re-
lation of the statiec 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 kilmn cars with kiln
furniture and in rapid-firing kilns different types of corveyors.
slabs,netting,etc.including the fired ware and moving atmcsphere.
Both the static and dynamic mass should be kept at a minimm with
the exception of the part of the fired ware. ‘

And from this point of view the rapid firing Xiln has some ad~-
vantages as regards the fuel efficiency.Besides small-section tu-
nnel car kilns the schemes of different transport systems applied
in rapid-firing kilns can be seen in Fig.No.l4.

1.Kiln car

Z2.Transport on rotating rollers with or without refracto-
ry batts.

3.Refractory batts sliding on sled.

4.Ditto sliding on balls.

5.Transport on metal screen or wire belt.

6.Transport on air cushion.

7.Transport on step-wise walking beam.

8.Suspended chain conveyor.

But even under these transport systems in rapid-firing kilns
there is a difference,the first of which being the transport omn
cars or other carriages and the second in which the ware is carried
without any supporting material as e.g.the tiles on rollers,air
cushion or on walking beam.Thia second system may be considered
as 1ore energy saving as no heat is removed from the furnace zo=
ne in the respective kiln transport equipment.

In general the following aspects may be considered in favour
of rapid-firing kilns:




l.Bnergy saving due to short firing cycle,less kiln furniture
or none at all

2.Better work conditions due to the possibility of shutting-
-down the kiln over the week-end or even during the night-
-shift and thus keeping the kiln in the same No.of shifts as
cther factory departments

3.Easy start-up and shut-down due to the light weight of all
parts of the kiin especisll when light fibre insulating mate-
rial is used for the insulation.

But there are still some disadvantages of these kils:

l.Limited range of producta

2.Requirements on better quality and homogenity of raw materials,
prepared body aad glaze compcsition

J.Mainly no utilisation of hot air recovered from the cooling of
the ware for drying purposes.

Some comparisions of the efficiency of rapid-firing kilns with
other kilns are listed in last chapter of this paper.
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4.3 Modern low-thermal-mass intermittent kilns.

This article concerns tLe intermittent kilns of modern design
applied mainly for firing of pottery,sanitaryware and technical
porcelain ware.

Until 1930s the intermittent kilns of different design domina-
ted for firing of practicelly all ceramic products in many European
countries.It was only after this time that tumnel kilns were built
in significant numbers replacing the old fashioned intermittent
kilns with th.ir disadvantages consisting in bad quality and uni-
formity of the ware,poor working conditions,higher fuel consum-
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 xilns have
benefited and their use in ceramic industry has grown steadily.
Moreover the reluctance of kiln operatives in developed countries
to work over week-end 24 hour/7 day week on tunnel kilns has in-
creased the attraction of intermittent kilns,

The suppliers of these kilns emphasize the following adwenta-

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-
rature schedule for first quality results and elimination of
firing losses.

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

3.The flexibity 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 capeacity. '

4.Very little labour is required for setting,fire and empty the
kiln and the ware once placed is not subject to vibration and
novement.Placing and emptying can be carried out during the day
shift only and not night work is needed.

5.Week-end run and week-end work can be cut out completely which




starts to be a basic condition in many countries.
6.Due to the decreased labor especially at night shift and week-
-end normal rates of pay are applicable which results in redu-

ced labour cost.

7.The kilns are also of considerable use to firms who fire the
bulk of their output in tunnel kilns.Their instaellation allows
the difficult re-firing to be taken from the tunnel kiln and
fired separately under more controlled conditions.

The modern intermittent kiln are offered today as bottom-car
kilns,top-hat kilns,shuttle kilns,etc.in a wide range of stan-
dard sizes wit‘guaranteed operational efficiency for all main
kinds of fuel i.e.gas,0il and electricity,




5. FPUEL ECONOMY AND CHOICE OF THE
KILKN.

- - - -

The most important point for correct minimizing the energy
cost on the field of fuel whether in developed or developing
countries is that all the attention should be given to energy
conservation in all existing plants or plants to be constructed.
One of the way to reach this goal is to use the adequate type
and design of all heat consuming units eapecially kilns.

As the whole cerasmic industry has an enormous interest in
fuel economy many measures have been settled to seve and minimize
the energy cost in existing brickworks asnd ceramic plants, the
most important of which are:
l.Use optimal cperational cycle and firing curve by applying
automatic burning systems.

2.Modernize the 0ld kiln design and construction.

3.0ptimize hot air recovery when improving kiin insulation and
keep heat accumlation of kiln cars.

4s:4avpt other low grade and cheaper fuels.

5.In brickworks moreover:

-Use exhausi gases for drying whenever possible or use the kiln
a8 dryer to remove the last moisture as e.g.in case of stiff
extrusion process.

-Incorporate carbonaceous additives in clay mix.

5.1 Brick manufacture.

As to the brick manufacture it is evident that in modern plents
the tunnel kiln has many advantages against fire-moving kiln con-
sisting in firing uniformity,less reject,less supervision labour
and in recently constructed kilns better fuel economy.But from the
datas in Tgble No.4 bellow it can be seen that under some special
conditions when taking just the fuel consumption as a neasvre for

comparision the fire-moving kiln could be a correct economical
solution,
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Heat consumption in brickworks. Table No.4

Characteristics: -

Brickwork I - Brickwork with open air drying and fire-moving
Hoffmann kiln.

Brickwork II - Brickwork with chamber dryer and fire-moving
Hoffmann kiln

Brickwork III- Brickwork with chamber dryer and tunnel kiln,con-
structed in 1930s till 196Cs

Brickwork IV - Brickwork with tunnel dryer and tunnel kiln of

' recent years witia fully automatic production

process

Heat consump¢tion

Specific for calculated for 1 kg of ware
drying drying firing total
kcal/l kg of kcal kcal keale WS
water
Brickwork I - - 400 400= 1,67
Brickwork IT 1800 500 250 850 = 3,55
Brickwork IIX 1400 300 250 550 = 2,30
Brickwork IV 1000 150 200 350 = 1,46
See notice l/ 2/ 3/

Notice:

1/This value is the input of heat for drying purposes incl.the
recovered waste heat.For Brickwork IV this heat is in total re-
covered from the tunnel kiln. |

2.This value means heat consumption for firing purposes after re-
duction of waste heat transfered to the dryer.

3.This value is the total consumption of heat for drying and fi-
ring given in kcal and MJ for 1 kg of finished ware.,
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The datas iz ths Tabls B¢ 4 prove that froam the point of
view of fuel saving the application of open air drying improve
the energy balance.Purthermore taking into consideration the
lower investment cost in favour of fire-moving kiln,availabi-
l1ity of cheaper low grade fvel and most probably local chea-
per labour,there is no doubt thad in some regions of develo-
ping countries this manufacturing process could be selected
as the most econcmical ,And that moreover especially when no

sufficient investment capital is at disposal.

Prom the last development of firing system in brickworks
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 many factors which influ-
ence the results in this matter as e.g.the moisture content of
extruded bricks,firing temperature,range of products,etc.In
brickworks with stiff-extrusion system with 10 to 13 % moistu-
re content of green bricks this goal 1s normally reached.But
with 20 % or more amoisture in soft-extrusion most tunnel kilns
do not provide the heat in sufficient amount.

There is today probably no subject in the tiles and white ce-
remic industry more discussed than the problems of merite of
individual types of kilns to be introduced in new plants.I¢
concerns the continuous tunnel kilns of modern design in com~
parision with rapid-firing kilns on one side and continuous
and intermittent kilns on the other.

As far as the pure energy cost is concermed the tunnel
kiln has certain disadvantage compared to the rapid-firing
kiln and are sometimes dismissed by their oponents as unsui-
table in terms of theirs inflexibility in the production ard
work over week-end,.On the other hand,others emphasize the poor
fuel economy of all types of intermittent kilns and theirs
high maintenance costs.As the last experience show,there is
still a need of all the above types of 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 industry
in Buropaen countries in last years?




Breaking the total amount of fuel consumed in this indus-
try into processes we find that about
50 to 60 % are used in high temperature firing process
20 to 25 % in drying
8 to 10 % in space heating
S to 8 % for operating machinery
1.2,75 to 85 % of the total fuel used in the drying and firing
processes,

Looking at the split in the way of fuel type there are 4if-
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 by oil,LPG,electricity and
coal,

The aim %0 save energy in this industry in many countries
in last years was first of all to cut out as much as possible
all type of waste in the production.Further 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 very often previously
in white ceramic industry neglected.

In intermittent kilns of older design the reduction of heat
consumption has been followed by the use of low thermal mass
fibre insulation and introducing of recuperative burners.Up-
to 50 % fuel saving has been reached by the combination of re-
duced firing cycles in reconstructed kilns with fibre insula-
tion and high'velocity recuperative burners.

These burners incorporate a high performance recuperator
and simple flue combined 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 uniformity throughout the whole kiln sec-
tion,

Proper energy recovery by waste heat has been als> 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 insulate the preheating and furmace zones of kilns




-33 -

to minimize heat loss by conduction.Additional insuiation has
been applied to the outer walls and roof of existing kilns
and in some cases even at the hot face inside the furnace zone
with low thermal mass fibre,

Purther heat loss from tunnel kilns represent tne hot kiin
cars coming out from the kiln.The cars are heated and cooled
every time they pass through the kiln which means a cyclic in-
put and output of heat energy.The cars in most tunnel kilns
are of massive structures for loadbearing qualities and need
a8 lot of heat amounting to 5-10 % of the total heat supplied
to the kiln to raise them to operating temperature.

To date,there are two ways of reducing this heat require-
ment:
1)Insulate the hot top of the car base and thus lower the t&m-
perature of the refractory 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 cers.Depending on the kiln cycle,operating temperature
and fibre thickness a reduction in the kilns fuel consumption
of about 5 % or even 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 means genera-
1ly further heat saving and reduction of fuel consumption.

Staying with the problem of fuel consumption in firing dif-
ferent types of ceramics let us see some datas in Tables KNo.
5 and 6 bellow,

Wall tiles manufacture, _____________________ Table No 5 ____
Type_of the kiln __________ Heat consumption kcal=MJ/kg ___
Bisque-muffle tunnel kiln 1.300kcal /kg=5,44 MJ/kg
-open~flame tunnel kiln 850 3,55
Glost-muffle tunnel kilm 1,500 6,28
-open-flame tunnel kiln 1,000 4,18
e————cFopid=firing kiln _______________ 620 ... 2,72 _____




In spite of the fact that still many of tiles producers re—
main on the twice-fired techmology the trends for single-fi:red
. wall tiles are incressing which is comprehensive from many points
of view especially when taking into consideration the actual
world emergy situaticn and growing fuel cost.As there ie today
practically no difference between wall tiies and glazed floor
tiles for the use in interiors and exteriors in many countries
the same conditions are more or lesa valid for glazed floor ti-
les manufacture.

The heat consumption for firing of 1 kg tiles in different
kilns can be seen from Table No 5.The heat comsumption figures
in this table are in favour of rapid-firing kilns in general an 4,
no doudt,in favour of once~-fired technology.

When comparing the heat requirements in Table No 5 it has to
be noted that there is no utilisation of waste heat recovered from
the rapid-firing kilns which makes in case of other tunnel kilns
about 20 % of total heat input snd is used for drying of pressed
tiles.

In spite of the above conclusions some tiles manufacturers pre-
fere the firing of glazed tiles in gas-fired open-flame tunnel
kilns of modern design and large cross section getting very good
results as to the quality of ware as well as fuel economy.

The heat consumption in firing sanitaryware in different types
of kilns is given in the following Table No 6.

Sani tarywdare manufacture/vitreous quality/. Table No 6.

Type of the kiln Heat consumption
keal/kg ________Mi/kg _____
Miffle tunnel kiln 4,200 17,52
Open-flame tunnel kiln 1.900 to 2.200 7,95 to 9,20
Rapid-firing tunnel kiln 1.500 6,28
Low-thermal-mass intermittent kilns:
~gas fired 3.000 to 4.200 12,6 to 17,5

-electrically heated 1.800 to 2.C00 7,5 to 8,4




-35 -

From the Table No 6 it is apperent that even in the field of
sanitaryware the heat saving is in favour of rapid-firing kilns
of modern design.The rapid-firing cycle in sanitaryware manufac-
ture is considered the cycle of less than 18 hours which is achie-
ved in modern-type tunnel kilns with ware placed in one layer on
cars or moving slabs.

In order ta improve the work conditions together with fuel
efficiency varying degrees of sutomation of kiln-car railway tra-
ckage have been succesfuliy introduced in the production of sani-
taryware together with rapid-firing kilns to solve the problema
over week-end in reducing the labour in this period to a minimum,
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6, SUMMARY,

The following is a brief summary to the subject of indivi-
dual kilns to be introduced in ceramic plants.

It is obvious that first of all it is necessary to distin-
guish between the existing plant and the setting-up of 8 new
plant.Thenafter the choice may be influenced by many other
factors taking into consideration especially the following:

1)The large-scale production of more or less fixed output is
unlikely to bqbchieved efficiently without application of a
continuous kiln which holds a number of advantages over the
intermittent kiln:

a)Lower fuel consumption

b)Lower maintenance costs

c)More consistert quality of products

d)Basier integration of the kiln in a process flow-line

2)Rapid-firing kilns which represent a further step in fuel
saving will 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 types 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 kilns 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 industry.

b)Before making the final choice the saving of fuel in rapid-
-firing kilns has to be compsred with other factors influen-
cing the ecomomy as amount of second-class ware,re-fired ware,
coat of kiln furniture,etc.

3.The intermittent kiln of modern design would be installed
in 2 ceramic plant under the following conditions:
a)In existing plant
=either to increass the output with the minimum of disrup-
tions to normal work routines especially when not enough
space is available for accomodation of a continuous kiln




~or to enlarge the flexibility of the production to cover
various demands of the market
b)Por smal-scale production in whiteware industry.No conti-
nuous kiln wili be costructed in a ceramic plant for an output
under the limits bellow which such a kiln would be unnecessa-
ry(as e.g.the output of 300 {0 400 tons of sanitaryware per
year).
c)In case of limited capital due to lower cost of intermittent
kiln,But it has to be carefully reconsidered in advance whe-
ther cost saving when constructing the intermittent kiln is re-
.ally such as to maintain the economy of the whole production.

The above conclusions are valid only in generalities.As,in
practice,every manufacturing unit is different,the final choi-
ce of heat consuming units will depend on local factors which
will continue to have the basic influence on the final decision.
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PICURES,

7.
48

PigJo 1l The Kasselez kiln.

l - firing chamber 5 « fire boxes

2 - wickets 6 = perforated or solid
3 - flues flash wall

4 = chimney stack T - accessory flues

Pig. JNo 2 Double decker round kiln

1l - glost firing chamber 4 - flues
2 -~ bisque firing chamber 5 = chimney
3 - fire boxes

Pig.Jo 3 Piring cperation_in a Hoffmann kiln.
1l - getting of ware A = entrance
2 = 4 preheating B - firing chamber
5 = 7T £iring C = movable flue
8 - 11 cooling D =~ chimney stack

12 « drawing of ware

Pig.No 4 Hoffmann annular kiln
1l - firing chamber 5 « dampers
2 - wickets 6 - firing holese
3 = flues 7 - chimney stack

4 - smoke collecting channel

Pig.No 5 Hoffmann annular kiln

Fig.No 6 Modern_type_of Hoffmann kiln
1l = firing chamber 5 = smoke cnllecting chainel
2 = doors 6 = £firing holes
3 ~ flat suspended roof 7 - movable partitions bet-
4 - flues ' ween chambers

Fig. No 7 Continuous_chamber kiln Mendheim
2 - stack 4 = smoke flue
2 - firing holes 5 = hot air exhaust

3 - hot air flue




Fig.No 8

Fig.,No 9

Fig.Fo 10
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0 -3 0Wwnm e+ WP
]

Fig.No 13
Pig.No 14
1 -

Technological scheme of a tunnel kiln for firing
of high=refractory ware

Technological scheme of a tunnel kiln for firing
of sanitaryware

Technological scheme of a tunnel kiln for firing
of ordinary fireclay ware

prehcating section 6 - regulating damper
firing section-burners 7 - combustions exhaust
air for burners inlet 8 « kiln car
regulating valve 9 - ceramic mu®fle
burner 10 = semi-muffle

Dressler muffle
Swindell-Dressler muffle

= Allied muffle

Sacmi-Poppl muffle
Kerabedarf muffle
Sacmi-Poppi semi-muffle
Prerov semi-muffle

Direct firing tunnel kiln

- D D D D D D D D R D D D D D G @b G P P D D G D D G G S W e D - -

kiln car

2 = rotating rollers

3 -
4-

sliding bats(sled)
sliding bats(on balls)

5 = metal screen or wire belt

6 =

air cushion

7 - stepping conveyor
8 = suspended chain conveyor

Pig.No 16 Top-hat kilg
1 = burner 3 = smoke flue
2 = cooling nozzle 4 =« kiln car
Pig.Ho 15 Bottom—car(shutile) kiln

Por description see Fig.No 16




I ' Fig. 1

THE RASSELER KILH (cross secrion aup pian)
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DOUBLE DECKER ROUND KILH

(GROUHD PLAN AUD CROSS SECTION)
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THE FIRING OPERQTION IN A ANKULAR
HOFFMANN KRILN

Fig- 3
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ng.G |
MODERN TYPE OF HOFFMAUN KlI.IJ (PLAN D GROSS SECTION)
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F\'o, 1n

TURKREL KILN WITH DIRECT HEATING
1 (4

7

RS

4\4/-\\" .
TUNMEL RILH WITH WHOIRECT FIRING
FULLY MUFLE  SEMI-MUFFLE
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WAYS OF INDIRECT AUD DIRECT HEATING THE TUMMEL KILHS
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SECTION OF TUNKEL KILN
WITH $iC HUFFLE OF CARBORUNDUM Co
~ (ENGLAND)
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|  TRAHSPORT OF THE WARE TROUGH THE KILU
1 2 3
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