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The idea! 3o0lution for r refractories fantory would be to have
2 apecial kiln unit for each particslar maliiy produced. Hovwever,
to meet the demand of the murkes sompromis:a in the form of product
mixing is necessary.

Speaific nections deal with the mix possibilities of the product
groups fireclay brisks, silica brickd, high alumina bricks, highesti
quality and btasie hricks and SpeClies Feiracéoriss and illustrate the ‘
point tha® vant pocsibilities, especially within these groups, do
exiet if factors suct n° similarity in “iring tomperature and fiving
oycle, chemical pruperties, load bearing capacity of the bricks
during firing, etc. are giver duc consideration. Practiocal cxamples
of astual product comlinations in tumel ilns are given. ¥

The setting technique and the drying of the bricks before firing
is of the utmost importance for reaching a good firing result, and
individua)l ohapters are thereforc devoted to those topics. In the
chapter concerni-g setting technique Jpecial emphacis it placed upon
the necassity to providc easy aczeso of the firing gases to all parts
of ithe Piring gcodc and practicai advice ie given on how this may be
achievad. The chapter aisc deals with ways of mavimizing the output
of a kiln und in this cortext the corbination of various products o
plays an important role. The rubsequent ohapter on drying dicousses i
gener:l aspeots of the technology and gives partioular attention to
the utilization of wasie hoat from the <iln. kY
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por
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RESUMEN
La solucién ideal para una fibrica de productos refractarios serfa oontar con un
horno especial para cada calidad producida. Ahora bien, la necesidad de atender la
demanda del mercado obliga a arbitrar soluciones intermedias, es decir, a mezclar
productos,

Distintas partes de la monograffa tratan de l2s posibilidades de mezcla que se dan
en los distintos grupos de productos -ladrillos de arcilla, de sflice, hiperaluminosos,
ladrillos de gran calidad y b4sicos, y refractarios especiales—- y dan idea de las vastas
posibilidades de mezcla existentes, especizlmentc dentro de cada grupo, si se presta
la debida atencién a factores tales como la similitud de la temperatura y del ciclo de
00c0idn, las proviadades qufmicas, la resistenoia meodnica de los ladrillos durante la

0000i8n, eto. Se dan ejemplos préoticos de ocombinaciones de produoctos realmente
splicads o hoem e il Lol,

Como la téonic. dc disposicidn er ¢l horio v 1o oneracifn de sce~do de los loadrillos
antes de 1o coccidn sor imporiantfsin s pura cue &sta sol-a bier, so les dedican sandos
oapftuloz., "M el refurentc & 1 t&onica de disporicién en el horno, =2 otiende en
espooial a la necezidad de que les mases tenz: [feil acceso a4 todos loa partes de log

oo tere s
.1/ Las opiniones que los ~utorcs exproesan en este documento nn reflejin necesariom
mente laz de la Secretarfa de 1z OMMUDI. L nresento versidin copriols oo traducnién de
un texto no revisailo.
s Ker:mische Industrio-Bedarfo-k = Paul Uaizke, Berlfa (ltepdblica Tederal do
Alemania).




productos, vy so drn conscjos préicticos jobre la muera Jo losrarls. 71 capfiulo trata
tambifn do la menera do meximizor la producciédn do un lorao, 2 loc ofectos do lo

cual degompeii: uns funcién import-nte 1~ combin~cién da los divergsos productos. M al
capftulo sijuionte, qua irate del noerdo, 3¢ exmiiinan los ospectos -~enerales de la

tecnoloz!: y ce prosta espooinl atonoién .1 reaproveciicamiento del eclor del horno,
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The theme of our talk is "optimation of produot mixing in view

of kiln and firing requirements, e.g. tunnsl kiln®, Dscades of
sxperisnce have taught us that there ars no limits to the appli-
cation of practice in the firing of ware typss; a well conceived

firing system ocan resolve any firing problem. A basic question,
of course, is whether or not the quality of the resultant pro-

duot justifies the cost of the equipment necsssary for its pro-
duction.

In the past a light oeramic plant was virtually a warehouse of
mixed ceramic produots. VWith tﬁo locally availabls rav materials
one producsd that ware which wvas in demand in the locality and
that wvare wvhich muld be relatively easily made in the firing
squipment available. An old fashioned oeramic plant always had
tve preparation lines, one refractories and one for light ceramic
produots. In the refractory section setting furniture such as
saggars or box type ocranks, supports, balts and even thimbles
and stilts wvere made together with any materials needed for the
repair of existing kilne and the erection of new ones. In the
second eectien the light ceramic body was produced and from 1t
the sanitaryware, tableware or tiles.

As imdicated previously all these products had to be fired to-
gother tm or in wvhatever kila equipment was availabls. The
firet pioture shows hov a typical production mix looked
"dn thoee days!

none

Figure Is Cembined setting on a/modern earthenwvars plant whioh
in earlier timee would have all deea in saggars. This
ocould make available because of the thickness and
velume of the saggars a censiderable temperaturs diffe-
rense, if such a differemce vere necessary, to fire
the products to lever or higher temperatures.
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Ve wish now to examine the different comdbinations of product in
a refractory production schedule.

A mixture of products is found on a refractoriss plant vhen the
different types can be fired at the same or similar tempsraturss.
Another reason to mix typss is wvhen a relativsely high production
capacity is catering for a relatively small market.

In the preduction ef refractories ve can differemtiate bstween
followving groupst

1) FPireclay qualisiee

2) Nigh Alumina qualities

3) Basic bricks

4) Acid refractories (acidic)
3S) Special qualities.

Whioch types eof kilns are availadle teday fer the coonemic pre-
duction of these refrectories?

1) Intermittent ohamber kilne
2) Continueus chamber kilms (Neffmanm ete.)
3) Tumnel kilme.

In viev of our extonsive experience vith the latter type of kila
wve wvould like nev te cemsider it,

WVhich firing conditions are meeded by the major greups eof re-
fractery preducte, fireclay., high aluninma, basie and asidie
Sricks? See the fellevimg table! (Pigure 2)




Piring conditions for the main groups of rsfractory productlj

L

1) FPiring oC
Temperaturs 1200-1300 1500-1750 | 1600-1850 1400-1%00

2) Firing
(nrs) cycle 35-80 70-120 80-140 140-240
3) Setting up to up to
(mm) height 1500 600-900 600-900 1500
&) Setting ok pack or blad pack or 1
type pe blade ade blade
B |

Pigure 2




Special quality refracteries have their owvn requirements and we
will later discuse the individual needs of the various
types.

Generally speaking there is a rule in the refractory industry
that a brick is mere resistant to failure the smaller the chemical
reaction rate te vhich it is exposed. This means that in the
sheice of preducts te be set tegether in a kiln wve must obssrve,
quite apart frem any chemical reactioam between the product and the
kiln atmosphere, that different refractery qualities will reaoct
sinply by cemtact with ene another. Thus, in many cases, it is
Receosary te warn againet the mizxing of dbasic and acidic refract-
ories in the same setting, contact must be aveided. This is a
further faoter seatrelling the degree to vhich products cam be
ained Segethor.
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I. Production mix possibilities with similar
—kofXactery products ———

A. Fireclay gqualities
In view of the previous comments eme will therefore be able teo

fire all fireclay qualities tegether im a tunmel kilm wvith ne

special nmeasures beimg mecessary. Te be mors preciee ve refer te

AO (ebb % u!o,) to A IIXI (D2 % n'oa) firsclay sateshls, acidie
and semi-acid qualities fer industrial furnaces and special brieks
made from lov irom fireclay material fer the productiona of

electric clement cupporss etc. The firing temperature of these
varieue products ehould met vary by mere thaa 30 oC. Abeve the
correct firing temperature fireclay preducts become brittle and

stars to bleat because of the excessive fused compenents in the

bedy and the gas gemerated by the reactiea taking place. Additieoanlly
the preducts may deferm due to teo lev a visceeity in the liquid
compenent of the mass. The nature of the rav matesmal used and ite
sempecition is impertant in relation te the firing method weed

and she avoidance eof exceesive shrinkage. Bodies with high alumine
content and kaelinitic clays shov am earlier onset of firing
shrinkage than siliceous and illitic clays. Quartsitic producte ,

for oxample can shev little or ne shangee ia ohrinkage behaviouwr

at tomperature for a leng time. Vith imcreased Quarss coatemt,

wever, expansieon effects appear vhich arg ‘uul upen the
- & Quarts invereiom at 3573 oC and/er the/ - [ Cristedallite
iavereien as is made clear ia Pigure 3. Lev shrimkage

materials lend themselves to fast firing.

Beth differing firing temperaturee and differing shriakage or
expansioen rates detract from a wseful preductioa mix. Acid or
somi-acid bedice, often used as casting pit refracteries ote.,

are fired at 1220 - 1295 ¢C vhereas high alumina fireclay pre-
duste are fired at betwveen 1370 ¢C and 1430 oC. The higheeot quality,
lew flux, Flintelays are fired at wp to 150 oC.







The use of periodic kilns means the existence of great temperature
differences in firing. A succeesful solution can be found in the
choice of a suitable production mix. In the hot spots (i.e. in

front of a burner) one should place the high alumina materials
and in the cooler spots the semi-acid bricks.

Differing refractory qualities can also be fired in the same

tunnel kiln wihtout the need to alter its firing curve providing
the puehing time isaltered to give suitable periods, at the various
temperatures, neceesary for the respective products. The time-
temperature relationship is, of course, very important in the firing
of ceramic as well as refractory goods. Complete sintering can be
achieved in such a vay by maintaining necessarily high temperaturee
for longer periods to ensure the equality of those temperatures.

Conversely, with mixed settings and differing qualities, it is
poseible to induce faults by puehing the tunnel kiln too fast and
hence remain at the temperatures necessary for too short a time.
This can lead to ehrinkage cracks and the incomplete burning out
of any organic components present. If the times at temperatures
are too short the product will not be clean burned and due to too
severe a temperature gradient the organic components in the pro-
duct will be reduced to carbon which will not be burned out becauee
of the prematurely eealed pores of the outside layers of the
material. Such bricks are rejected due to having brittle, friabdle
blaok cores. Another fault which can appear due to frequent alter-
ation of pushing times ie the oocurrence of epiders wedb cracke ia
the top dricke of the setting. In this case the temperature in

the preheat sone falls to below dev point and wvater condenses on
the top of the setting and the lattsr cauees cracking upon being

dried out againe Thie condensation can aleo dissolve salte in the
body vhich later cauee unpleacant diecolouration and oan even
lead to patohes of premature fusiom.



Vhat are tuansl kilns like which are suitable for firing different
fireclay qualities? The firing temperatures must lie between

1200 oC and 1500 oC., The length of the kilns is between 100 and
120 m and the cycle between 60 and 80 hours. A rule of thumbd
method is to reckon preduction in tens per day equals length of
kiln in metres. These rslatively short kilns are possidble due to
the use of setting only 1.5 to 2.5 m wide and 1.4 to 1,7 m high
wvith dirsct quick cooling immediately aftsr the main sone. This
rapid cooling can, however, oenly proceed to just above the crystal
inversion tempsrature of the glass phase in the brick, about 700 oC
to be safe. Ths subsequent ococoling must procsed slowly enough to
give a marked tempsraturs differemnce across the car setting. This
slov ceoling must alse last long enough to relieve all stresses
induced by ths previous rapid cooling.

The preheating gradieat is about )0 oC to 40 oC/heur whereas the
subsequent slev soeling gradiemt is omly 20 oC to 30 oC/heur,
Fuel consumptions of 300 te 600 keal/kg can be achieved. Setting
densities ars areund 800 kgs/m) ss that ths kilns havs amn overall
content of 130 to 230 tens and preduce bdetween 1100 and 2800 tons
menthly.

Pigured: A combimation of firing faults - black ceres, crew's
fees, flame iampingement and clumping.

Figure 35t Fireclay qualisies.
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Fireclay tunnel kilns can also be used to fire Silica products
vhich need a firing temperature of 1400 o 1430 oC. Due to the
severe and rapid volume changes ocouring with the inversionm of
Siliea to its various forms, certain definite modificasions must
be mads te the preheat and cooling curves er greas preduction
lesses will reeult because of cracking.

Nermal Silica tumnel kilms are up to 200 m long, have a setting
wvidsh of 2.00 to 2,350 m and a usoeful setting height of 1.350 te¢
1.73 u. Fuel consumption is abeut 1200 t¢ 1300 koal/kg and the
setting demsity varies between 830 to 1000 kg/m’ of the spase
availabdle. Such kilas have a capasity of abous 40 te 60 tens per
day, ceincident vith a firing eycle of about 240 heurs. A suitadle
temperature breahdowva (ourve) for the length of the whele kila

is ahewn in the fellewing pieture! (Pigure 6)

Sheuld & fireelay kila csemetines bo used for the firing of Siliea
then 1ts drichwerk muet Do suitadbly construcsted ia the sidewalle
froem goed A I or A O quality Civedrioks whilet the areh must do
made frem Silieca bdricks. The burner perts would, preferadly, deo
lined vith Silliimanite or Nigh Alwmina beiohs.

In viev of the leng firiag eoysle for Silica 18 40 impertant, abeve
all else, %o adequately inculate %he hila care and te previde then
vith a falee ceotting doch, o0 that there will be little temperature
differencse sver the wheole setting.

It shoeuld net be forgotten that the cutput of a fireclay tummel
kila will fall cencideradly vhen periedically firiag Silice éue
te the fact that the pushiag ¢4a0 10 ) % § timee oo leng.




Naturally fireclay qualities can aleo be fired in silica kilns
and providing they have euitable crushing strength they can be
mixed in with a eilica setting. Thie opens up the poeeibility of
making optimum uee of the tunnel kiln's capacity in spite of
market fluctuations. Understandably the fireclay in this case
would be fired at a rather wasteful fuel ccnsumption level but
this can be considered in relation to the cverall economical

uee of the kilan, A silica tunnel kiln is showm in Pigure 7, below.




C. gg‘g Alumina bricks

Another possidble firing oombination one finds ocoasionally is
that of various high alumina products which are firsd at about
1500 oC. To name a few we have Sillimanits, Mullite, Bauxite
and Corrundum products which vary in alumina content froms 70
to 80 %.

In planning a setting one must pay attention to the fact that the

brick oontaining the greatest quantity (%) of alumina will be
most prone to deformation under load.

Care is also necessary vhen firing Bauxite and Corrundum bricks
if the Bauxite ueed is insufficiently calcined and therefore has
& poor resistance to volumetrio change.

One can reckon on reduocing the large shrinkages ocouring in
Bauxite brioks by making small additions to the body of 0.5 to
2.0 % by veight of alkali sulphates, chlorides and fluorides,
0.8, Sodium or Potassium Nitrate or Borate at about 1 %, As a
consequence of these additions the kiln will have an alkalins
atmosphere which can be meaningful as Corrundum will convert
readily to Alumina at high temperatures in these conditions.
Therefore an approximately 23 % volume expaneion would ocour
which would render the Corrundum briole in kiln lining useless
due to exceeeive friability.

Kilns which are specially designed for the firing of high alumima
products differ in comstruction and equipment hardly at all from
fireelay kilme. Because of the higher firing temperaturss the
refractory censtructien vould be made from higher qualities, the
fireclay qualisiee deing of no further application would be re-
Placed by Sillimanite, Mullite or 8Silioa brioks. Silica bricks
oan e weed feor such kilms, hovever, only vwhen it can be guaranteed
that ne alkaline atmesphere will be present. For refractory plants
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the choice of a kiln with an high quality brickwork lining offers
great possibilities in varieties of use. Todays kiln control
equipment is developed to such an extsnt that a simple single
adjuetment to a temperature controller on the kiln control panel
wvill automatically give the desired temperature change up or down,
Fuel, drought and combustion air supply adjust themselves without
any manual attention, Occasionally it is necsssary in the firing
of refractory products to altsr the pushing time and even to push
a car of scrap to bridge the changs-over. The firing of high
alumina matsrials is carried at on cycles of 80 to 120 hours with
preheating gradients of 20 to oC/hour and cooling ratss of 13 teo
20 oC/hour. Production outputs of 60 tons/day would be achieved
vith setting densities of 900 to 1150 kg/m> and fusl consumptions
of 650 to 750 kocal/kg fired.

The following slide shows a kiln wvhich really doss fire a variesty
of products.

Pigurs 81 Combinated kiln (main sone),

This kiln would be suitadble for firing a varying programme of
fireclay of 30 to k2 % szoa. Bauxits, Corrundum, Sillimanite and
Sirconia refractories and would operate at a maximum temperature
in ths range 1400 oC to 1600 oC. Output is 50 tons/day of high
alumina matsrial of 57 tons/day of firsclay bricks. Ths kiln ie
115 = long, has & setting width of 1.50 = and a useadle setting
height of 1,10 to 1,33 a. Pushing times vary from 100 minutsse
for high slumina materials to 60 mimutss for firebrioks eo that
the wvhole range of cycles from 63 to 103 hours is poesible. The
particular part of the kilm construction which lends itself te
the firing of varying products is the firing sone with ite 358

burners. Vhen operating normally at temperaturss of about 1500 ¢C
only the 24 burners of the tvo lower rows would be in use, the 8

of the top rov being off. If the kiln then has tc gerate at 1600 oC
the upper and middle burner rows would be used. Ths reason for Shis
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change can be explained as follows: in mormal firing the setting
sheuld be se chosen and arranged as to provide 800088 to the
centre of ths pack for the products of combustion via chammels

or flues. In the lever part of the setting cross-fluss should be
left which ars at least 2 bricks high and a minimum of one lengi-
Sudinal slet sheuld also be laft wvhich is abeut 1/3 of thes eetting
height. This arrangement provides relatively unrestricted entering
te the setting feor the hot gases. It is a fact that a flame
will readily preceed wpwards vhereas it requires a great deal eof
kinetic energy te be forced dowvawvards. Vith she sort of setting
described abeve the physical maturs of the process sf combustien
and het air meovement is used te give a goed and evsn heating all
over the setting.

When firiag at 1600 ¢C sn the ene hand the product is so heavy
that the use of a smaller setting height is necessary tc hinder
defermation of the material and on the other a great deal of extre
insulation of the kilm car tsp is required. On the higher temperature
canpaign better imsulation of the car top and the longer firimg
eyele both assiet te achioving ef the higher temperature. IS is
common practice here te assist the precess by setting a 25 ome
course sf high quality fired standard squares right acress the

car top. It ie mov edvicus why the betten rev of burners can ne
lenger do ueed.

A change-ever frem a 1400 oC te a 1600 oC campaign is very casily
conducted. On the contrel instruments the required tempereatusres
and pressures are set and the kilm adjueta itself to the now oot of
conditions mere oF lees autematically. Becauee the change frem

one type of firing te ancther dees net ccour daily, it is weowal
for the lighting eor turning off of burners te¢ be carried oust
sanually. AR sutematic arrangement for the alteratien of busmer
settings ie poesible but seldem found in preactiee.




D. Highest quality and baeic bricke

If a refractory plant decidee to produce special products from the
highest quality refractory bodies, the use of an "High Fire Tunnel
Kiln" becomes necessary. In such a kiln materials can be fired at
up to 1850 oC (lct\nl product temperature). Temperatures of 1700 oC
and above are neceeeary for the firing of the highest quality
Corrundum bricks, wvhich employ alumina as a binder, direct bonded
Magnesite and Chrome-Magnesite bricks. Such kilns can also be

used to fire Spinels, Mullite, Foreterite and Chromeore products.

How do theee High-fire tunnel kilns differ from other tunnel kilne?
The weakest point in a kiln's design is ite arch., One should pre-
ferably strive for the narrowveet arch poseible, but this means a
strictly limited output from the kiln. Therefore our company
decided to design and dild kilne of euch widths and eetting heighte
that the materials, eperating at the aforesaid temperatures, wvould
Just be capable of undersaking the duty and lasting successfully.
Theee kilmns have been developed vwith a croes section of 1.00 m x
3.00 m.

The majer preblea vhem firing at high temperatures is naturally

the correct cheice of the inner lining materials of the kiln dricke
vork. Such materialeshould give the largest poeeible life when
vorking at 1800 to 1900 oC e¢o ae to reduce the chance of inter-
ruptieas in preduction and give the kiln equipment, with its very
expensive censtituent parte, an output sufficiently great to en-
sure the achievement of the plamned amortiecation (write off peried).
In accordance with the prevailing technical and economic eituatienm
in the refractory induetry,the uee of special magneeite products
and fusiem caet alumima dricke cam nev be considered for kiln con-
struoction,

The wee of a wide areh maturally means the load on the buttress
blecks will be great and im design discussions the merits of




eprung buttress blocks were considered against the more mormal
solid brickwork; eventually it was decided in favour of the
latter,

The materials used for arch, sidewall,bench and even springer
blocks must all be of the highest temperature resistant quality and
thess materials have the unfortunate disadvantage of being good
conducters of heat. This ocondition makss necessary the taking

of measures to inhibit the egress of heat from the kiln brickwork
into the supporting steelwork. This can be achieved by the use of
an "autothermic® cooling system which cools the arch, springer
blocks and kiln bench.

Aneothsr problem is that of the actual burner equipment. The demands
of an high temperature kiln are such that the burnere should

impart their heat energy to the immerwmost part of the kila car
sotting. Here the use of o0il firing wvith its flame temperature

of about 2,200 oC ie most obvieusly suitadle. Naturally gas firing
CAR al80 be used but only with the simultaneocus use of preheated
combustion air and this gives rise to more complicated pipevork
systems than are needed for oil firing and this in turn gives riee
te different problems in kiln oontrol. In both theee cases of oil
firing and gas firing the burner itself must be protected from

the intemse back radiation from the product at a firing temperature
of 1000 so 18350 oC. Through the use of the latest imsulation
techaiques the kilm wall shicknesses of these high temperature
kilns have beem reduced te about 90 cms, and therefore it has

been poseible te successfully ceol the burmer compoments which
pretrude into the kiln and protect the same from overheating and
damage.

Naturally the kiln car drickwork muet also be up to the demands
of high temperature work. Care muet bde taken to design the car
brickvork te be as well imsulated and yet as light ae possibdle
and at the same time it shoeuld bde etrong enough to maintain & smee
and even setting deck whioh will not induce deformation in the




product and hence losses.

Every kiln must operate under certain specific pressure conditions
00 as to maintain the temperature and heat balance in the kiln

and this means that the design of the sand seal must be suitabdble.
Also here it has been possible to develop a new technique giving
rise to the so called "aerodynamic sand seal”, This system main-
taine air flows suoh that there is no pressure difference across
the sand seal iteelf.

As far as fuel consumption and firing cycle at 1830 oC are concerned
it can be stated that a kg of material can be fired with 1200 to
1350 kcal in an overall cycle of 80 to 140 hours.

Kiln car dimensiems for these epecial kilns are dependent upon
the sise of the setting packs which in turm are dependent upon
the etandard brick eises of the individual manufacturer. Ve have
found that an overall pack sise of 220x70x70 ocme is the wost
useful,

The following pictures give an idea of the many types of high
tomperature refracteries availadble and it is also advisadble here
to find setting combimations which,under certaim special con-
ditiens, lend themselves to the convenient firing of those various
qualities and ehapes. This leads to the many types of setting ae,
for example, the wniferm pack fer equally dimensioned bricks,

the eetting vith wvidely varying shapee and even the setting suit-
able for hellew shapes.

Figuwes 9, 10 and 11,
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B, Special Qualitiss

These special qualities require a different heat treatment from
that described above. In this context we have to consider porous
and lightweight insulation refractory bricks. In respect of actual
firing temperature they are suitable to be fired along with
appropriate quality eolid refractories but their gross setting
density does, in many caeee, necessitate the use of a different
firing curve. Because of the additivee ueed to high fired porosity
these qualities differ in ueually requiring a very oxidising
atmosphere. In part these pore generating additives have the in-
convenient property of gaeifying. This leads, under certain
conditione, to the ignitiom of the gaees produced and increaces

in temperature in areas of the kiln where such increasee could
damage the ware. Here the mixed production of solid and insulation
bricks hae developed a useful eetting. the heavy solid refractories
absorb any extranecue heat givem out by the premature "burn out®
of the ineulation products and at the eame itme tend to help in
diluting any reducing atmosphere ¢o generated.

Carbon refractoriee, another special product, on the other hand
require a completely differeat treatment in firing. Theee products
ars sst upon conventiemal kila cars ia ecaggars and are packed
around vith coke dust er fimes which snablee them to be completely
surrounded with a continuwous reducing atmosphere. An example eof
this kind 1s shewn ian PFigure MNe. 12.

Initially carben products were fired tn this way en sagger
cars vhich were pushed threugh the tummel kila along vith nersal
rsfractory bricks and neither was affected by the ether.

The last example of a special preduct will be given in a fevw
vords concerming the use of silicoa carbide containing materiale
for tunnsl kilm construction and for kila car furniture in the
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light eeramic indussrics. 5iC materials have preved, by experienmce,
te be suitable feor firing aleag with eersain ether refractery quali.
ties which need the same temperature and kilning conditions. In
order 0 GUATORtOe success here it i merely mecessary to ensure
that cemsecutive kila cars are leaded teo oqual veights se predusing
a regular rhytha in the kila and aveiding uanecessary temperature
rices and falls which would ethervise be caused by uneven loading.
It therefere foellewe that in a werke preducing ealy 8iC materiale
ideal conditions weuld exist for ensuring this eveness of leading.

(See figure 13)

Cordiorvite and other quality setting furniture preducts bohave in &
sinilar manner to the previcusly deeerided 54C materiale and £ 1o
only necossary teo remark wet the need for different firing
temperature roquirensnts.

This last really geed onample of preduct miziag in the refrasterics
induetry concerns glass tank bleche. In the fires case we comsider
e special hila oceolely for the preduction of differing qualisy

glase tank bleche. Nere the firing conditions muet deo adjueted

te the needs of the largest bloech. In the ssesnd case vhere com-
ventional smaller refracterics avre made sleoageide glass tank bdlechs
the kila car sotting mnet o0 Yo arvanged that ence Bore a wnifesra
kiln car leading io gearentecsd. Natusrally the pregress of the ear
through the kila will bo governed By he ssnsitivity eof the glass
tank bleock and Gue thought auet Yo givea te this ia plammiag.

(See figures W4, 13).
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F. Gonoul considerations to bs p.von to _product -:lxin‘

In conclusion it can be said that the following points apply to
the mixing togsther of refractory products for firing:

Before ths actual planning of a tunnel kiln ths future market
trsnds should bs analysed in order to obtain an idea of likely
variation in quantity of the products to be made. To arrive at
suitable product quantities, it can bs more economical to plan a
tunnel kiln programms so that additional products not really lending
themselvses to tunnsl kiln setting are fired in intsrmittent kilns
of the lifting hood or car operated type. It is trus that inter-
mittent kilns generally consume twice the amount of fuel as do
tunnel kilns but ths latter type rapidly loses its sconomic ad-
vantages when small seriee products are fired and so interrupt
continuous and stable oonditions; quite apart from the fact that
single iteme are seldom fired to the desired conditions. It must
also be decided whsther or not additional invsstmsnt can be
Justified for the firing of theee small quantities in view of

the fact that these very different shapes already require additional
investment in equipment right through from body preparation to
pressing and additionally the investment needed for an intermittent
kiln oan eaeily approach the cost of a small tunnel kiln.

In arriving at product mixee on a tunnel kiln one should etrive
for leng runs and change ae seldom ae poeeibls ths shapee eet.

In arriving at such conditions one can either produce eimultan-
eously a great many different shapes and qualities or one can use
& sterage area as a buffer.,

Vhen changing ever frem ome firing curve to another the preheating
and ceeling gradient change as deo the sonal temperaturee and the
times at thoss temperatures. Ome canm often ease the situastion hers
by the use of buffer cars laden with materials having a very wvide
and accommedating range of temperature requirements. The most
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II.8BTTING TECHNIQUE

A good and thorough firing in a tunnel kiln dspends mestly -

along with the firing techniqus and gas circulation - on the sstting
techniques. An old saying goes "VWell set is half fired". This is
true not only for ths tumnel kilms, but earlier also, this was

the rule for psriodic kilns. An imadequate setting would lead

to a aumber of firing defects iR spite of having the best firing
technique and firs circulatien,

In cass of refractory products ve first have to differentiate
betveen twvo differemt firing systems vis. coatinueus and perioedic
push. The systems differentiate themselves not enly through the
pushing art of the kiln cars but specially alse threugh the burnsr
arrangement, so that the firiag can be carried out im one way
continueusly on ths settings eor under it, or in amother wvay, in the

so called firing slite.

In general, ths most suitable process ie considered to be the one
in wvhich the greea material is centinueusly pushed forvard se that
they are continueusly preheated, fired and coeled. For a therough
soaking, it is recommended to have heriseantal and vertical slite
in the setting. For coatinuweus puching ef the kilm cars, the
setting is carried eut mestly ia layere with a few big herisental
slits and accerding to the furmace creee sectien in directien of
the kiln axis, twvo or mere slite are put on near a middle slis,
The herisental slits, vhich run frem a ¢ide of the kilmn car te the
other, have the task to allev the firing gases duriang a ceatinueus
movement te eirculate right te the cere and thea flev through the
slite in direction of the kilm axis te the kiln emtrence.

Quite often, this methed cammot be used. This is moetly the case
vith a long firing time, i.0. vhen the kiln cars are moved fervard
very slovly. Here the danger exists that by a continuous process

the outer bricks of the settinge would be overfired because the
flame
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lingere over each brick a longer time. In such cases ve must go
back to the periedic movement. To give the firing gases enough
chances to carry and transfey the heat, vide slits are kept in
fixed distances betveen the setting blocks in which from both
sides the fire is directed. Setting slits alomng the axis give
further poeeibilities for the gases te oome in contact with the
material. To aveid overheating in the middle of the cross slite,
the burners are so fixed or regulated that the right and the left¢
burners exchange short or long flames,

For firing refractory preducts, occasionmally an undersetting is
used. Menoe there are enough big ohammels, through vhich the firimg
in general is easier than other practised methods, vhere the
firing material is directly placed on the kiln car platfora. While
firing with undersetting, kilm furaiture or setting heops are re-
quired whose use is limited. The undersetting should be light

so that the load cam be quickly heated up and cooled, Therefore

a goed heat-flow is required of the kiln furniture. On the other
hand they must possess enough resietance under load to fire to
eliminate deformation during firing. That means the setting height
deponds on the refractoriness of the undersettings.

Vhere are then the advantages of a load vith undersettings? As has
boon said befere, it i¢ a fact that it is easier for a flame

te fire frem bottom to top than vhea the flame is forced due to

a higher kinetic emergy to fire from top to bottom. Due to this
the undereetting has the eame function as of the roastplate of a
garden griller. If the thermal energy is allowved to flov in its
natural wvay, frem beottom to top, thea by comtinuous pushing a
therough firing is attaimned. The ideal form of heat transfer frem
bottom to top and a cemtinuous pushing are the best conditiens fer
a good firing and allev high firing epeed. Precondition is maturall
that the rav material and the formgiving allow a quick firing.

During setting, ve first have to consider the setting height, vhieh




-29 -

according to firing producte may vary a lot. Of course, the raw
material, ths compoeition, the formgiving and the firing temperature
play an impertant role. Therefore it must first be cleared what
material is to be fired in the kiln in question, the maximum firing
temperature and the behaviour of the rawv material and the com-
position,

Let ue think for example of the two opposite products, wvet pressed
fire briocke to be fired say at 1400 oC and a high pressed magnesite
brick of special compoeition to be fired at 1850 oC. In both cases
it is advisable net to have too higha oeetting height. The wet
preseed fire bricks deform due to their high shrinkage, the
sagnesits bricke due to the szxceesive temperature which brings

the material to the limit of their softening point,

An oderly kiln car setting is always chosen, vhen the firing
material can be eafely stacked with enough distance betvween the
blocke. SBuch settings can be pushed through the driers very vell
and after the necessary inteneive drying, such settings can be
eaeily heated up in the preheating some leading to a problemless
firing and cooling.

There ie ne queetion that every company strives to attain the
maxinum capacity frem their kilme. As much as poeeible material
vith a high eetting doensity (u/-’ firing space) with a quick
pushing time are te de pushed through the kilan. Theee vishes
naturelly have heir limited

1) éue to the peseible speed of heat transfer from the
firing gases te the goede to de fired

2) éue ts the fuel type and

3) éue te the methed of formgiving to the products.

A goed heat transfer poseibility from the firing gaees to the
firing goods is given wvhen the gaces can linger on the material.
Thie can be achieved Shrough a corresponding loose kilam car
setting. This meane a lover eetting demeity than is generally




practised. Omly so, after a thorough study, a higher firing speed
may bs realised, vhich results in a higher kiln capacity than that
which is possible with a densely loaded and difficult to heat up
setting.

In many cases it is not possible for refractory products, due to
the rawv-material composition,to have a high firing speed as well

as a dense setting. This is especially the case when the raw material:
contain organic substances as impurity, which during preheating

must fully burn out. If any rsst of organic substances come to ths

sintsring szone of the kiln along with the product to bs fired, then
a black core is the result.

Anyons from the refractory industry knows that such bricks with
a black core are not only ugly but may also lead to reclamation.
If under circumstances refractory material containing bitumen come
under the influence of changing kiln atmosphsre, it can lead to

a full sintering of the whole car setting.

Here only the setting technique helps, where one chooses a light
and loose setting where ths gases can flowv. The setting must de

so loose that all the organic material may fully burn out during
preheating. That means corrssponding oxygen concentration must

be able to be brought, without any difficulty, to the product to
be fired, and ths firing must allov the necsssary period of unifora
preheating.

A very good and practical help for loose setting has been givea us -
the fingerwidth, It guarantees in case of manual setting the
necessary distance that is to be kept between two bricks, without
bringing them together. In most cases this distance is enough
to lead the firing gases to the products tc be fired for an in-
tensive heat transfer (chemically bound water and sulphur pro-

ducts are given to the flue gas).




Apart from the setting technique, the kiln construction is of

immense importance for an adequats burn out of the organic com-
ponents. Good control of ths preheating and firing sone is just
as responsidbls for ths uniform firing as a clean looss setting.

Strewing sand is a further help for a good burm out in our refrac-
tory products. However, this is disadvantageous for the setting,
as during heating up and cooling the well known phase changs
oocurs, through vhich tearing and distroyance of ths car covsr set-
tings taks place. In most cases it is not possible to dispense of
this help. A packed setting on top of one another is avoided.
During manufacture, the refractory dbricks vary slightly in their
dimension, so vhile setting them cne top of another in a numdber
of layers, under circumstances, a few centimetres difference is
found. Only through streving sand 4s this bdalanced.

For refractory products, certain differences are to be kept re-
garding the setting techaigue. Ve differentiate detween stiff
plastic, dry preseed and slip cast formgiving procssses. Apart
from these manmufacturing processes, the shape of the firing pro-
duct is to be considered too. Thinking about the prodlems of burn-
ing out the organic substances, they ars maturally acute in the
products manufactured by the wet process, as in the dry pressed
prooess a high percentage of grog is present vhich is prefired.
Not only the setting is done accordiag to the products manufactured,
also the atmospheric conditione duriag preheating and firiag are
fixzed by it,

One should be careful that in case of big sised products, they
should be fired im a number of kiln cars, one after another.
Firstly due to their sise, the firing process is slower, requiring
a longer soaking period and secondly quick setting changes bring a
turbulance in every tunnel kilm which may easily cause comsiderable
temperature difference over the oross section of the kilm.
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Very often there are the running-in difficultiss for new factories
because of not having & person with emough sxperience on setting
or because of the absencs of routine of a number of years or ths
failure of overseeing capacities of the full product range to bs
fired. There is no snd to the richness of ideas that constructors
and engineers possess and similarly thsre is no snd to the demand
of the different shaped refractory bricks, It has often been tried
to standardise this variety of shapes. Even through higher pricss
for special shapes it has not been possibls to limit the assort-
ment of forms of refractory works. Due to this, very often the
sstting supervisor faces unsolvable problems, bscause he is respons-
ible for uniform loading of all the kiln cars, In spits of a number
of diffsrent forms, he has to keep a constant loading weight in
each car, keeping the slit configuation the sams.

Only in old experienced factories this problem has somevhat
stabilised, so that it is possible to programms an exact setting
plan over a long psriod. This gives the guarantse to eliminate
as far as possible the temperature difference caused by different
settings of kiln car to kiln car and ensurss a harmonic firing
progress in the preheating and firing sone,

Big changee in the setting weight have diffsrent influenc es on the
heat coneumption. But the heat input from kiln car to kilmn car
must not be changed at will, because it will require too big a
load on particular burners. This could easily lead to higher heat
input by particular burners vhich might cause overfiring for the
setting in the following kiln car, which is perhape lightly set.
The firing in a tunnel kiln is dome in combination system, in
which each sone is influenced by the one following it, becauee
mainly it ie fed from there.

From wvhat has been explained, it is clear that at leaet the last
third of the setting ehould consist of eimple forms, wvhereas the
epecials are then set on top ¢ them. However, if the largest part
of a production coneiets of etoppers and channsls then one is
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forced to use them at the lowver setting. Three channels, totalling
about 1.0 m,are set on $op of one another, which are then covered
by pre-fired setting plates. But even here the rule is to keep

air between the bricks and to keep the corresponding slits, It is
clear from this how carefully the setting should be carried out to
guarantee a good firing and to avoid crashes in the kiln.

Practically all different forms and qualities can be so set pro=-
vidéd they possess the same firing characteristics. Even insulation
bricks, with or without burn out material ,can be set at the top

of the setting without any problem.This is done because these
delicate bricks are under no load at the top. Precondition is that
the firing curve must be suitable for these special products.

Products with the same firimg characteristics can naturally only
then be set together vhen their chemistry allows it, otherwise
they must bde set in different kiln cars.

If a refractery works manages te become the supplier of a large
concern,Wich 15 satisfied with a less aesortment of fermbricks,
then perhaps a fully automatic loading and unloading machine cam
be seneibly used. There has been mo lack of ideas or projects iam
this line but regretadbly till today such equipment has not found
its wvay to the refractory sector. These loading and unleading
machines can be successfully combimed wisth mors or lese reapid
firing kilne. The term rapid firing is masurally relativs here.
The peeeidble running through time in a sunnel kila depends upon
the material rpeperties and sises. 80 e¢.g. in case of eilica
bricks, a firing time of 60 heure weuld be a rapid firing. Rapid
firing kilas are characterised shrough their lev eetting height
and their consideradle width and are therefore ideally suited feor
the operation of fully automatic leoading and unleading equipmeat.
The autematic ecetting, composed with hand setting, has the advantage
of constantly maintaining the unifermity of air and firing slite
in a very shert time. It may be comcluded here that aleo in the
refractory industry the fullyautemastic repid firing ie not a risk

T I T T T T T T S T, S i il o R T




anynere and the preconditions for a quiek and, in spite of that, o
thereough firing are given.

In caee of rapid firing & certain predblem crops wp im viev of the
necessary kiln furnitures and the refractery materials of the kiln
ears, as they have to do reeistant tsvards the quick and sften
changing temperature. In the refracstery industry, apars frea the
undersettings, imbetveon plates are required as setting helps in
order to set insulating dricks om standards or chanmels eor te get

& plame surfaece for differemt firing geeds on tsp of the relatively
shaky undersoetting se¢ that they may be fired accurately wvitheut aay
deformations. Further, spaser or oonical sesting pallets are taken
as setting helpe.
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I11. DRYING

After the body has been given a form, the moisture content,
which can be up to 18 weight % nao in case of refractory bricks,
must be sxtracted before firing. In refracteory rav materials
the meisture between the particles is relative easily removable,
It is harder with the meisture surrounding ths particles.

One has alse to face the Possibility of the presence of layer
moisture in case of clay minerals capable of expanding. If new

the formed material is brought imte an atmosphere whose partial
Vapour pressure is smaller than that of the meisture ia the

fermed material, then the formed material gives its meisture to the

atmosphers, i.e. the drying process begins. This proceeds in the
following wvays

In a bedy all the parsicles may be surreunded ia moisture. By giving
up Shis meisture, the particles come Rearer, a velume change takes
Place, it is the drying shrinkage. Lastly the particles seme to-
gother, teuching each other, reaching an ond condition. The
shrinkage has onded. In mest cases the meisture content nev is

(10 veight % se that dry pressed bedies, vhich comtain a maxioun

of 8 % meisture, shev me mere drying shrinkage. The further giving
up of water frem imnbetween spaces leads only te the fermatien of
pores. Further foreing of the drying precedure leads to the giving
up of the adbserbed and the indetween layer meisture.

At the beginning of the drying precess the meisture is uniferaly
distributed throughout the material, andthis is the case at the ond
vith the rest meisture. But inbetween there are differences and

one has teo take special care vhen the manimum differemece in moisture
content eccurs. As the meisture evaporates from the surface first,
the first shrinkage ecours also there. The surface is alse under
tension, vhieh can lead te crecks. The meist cere is at the same
time under compressien. Later the rsst meisture of the core would

be ferced ocut wnder capillar ferse. At this time the cere weuld
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be under tension and the outside undsr compression. It is known
that inhemogeneous masses easily temnd to orack along the exietimg
toxture. Therefore the drying should not be carried out very fass
which leads s cracke. Omnly when the moisture content has come
éown ss far that all im all the end stage of the shrinkage proscedure
has beoon reached, ean the drying be strengly accelsrated,

i

But in facteries ome is imterested im quick drying. I¢ can be
carriod out e fast that due te the oceuring temnsiom ne craske
take place. It is therefere imperstant that during drying a dig
differonce in meisture comtont should net come up in the maserial.
A érying process may be accelerated by reising the temperature,
thus loverimg the vissesity amnd surface tension of the water and '
rising the vapeur pressure and the accsleration of diffusion eof
the wvapour.

The drying at high temperatures is made difficult by thermediffueion.
The meisture sheuld travel frem the c¢old ineide to the het surfase.
Novever, in the water filled capillaries the tendency of Sravel ieo
frem the het te cold side. This soccalled thermediffusien is the
oppesite precedure ts drying, thus cheking is, Ons can remeve this
problem by heating the maserial up te 70 to 80 oC before drying.

Te aveid a high evaperation rate right at the beginning of the
erying precedure, the humidity of the atmesphere must bs kept high,
whioh means that during heating wp the air meisture comtent must

be very high. On reashing the required drying tempesrature, the
humidity sheuld be sunk. Vhen the shrinkage has dbeen complsted,

the tempevature is reised and the humidity strengly lowered.

In prectice this takes place im & ehamber dryer (prs-dryer) amd
sunnel dryers. Ohamber dryers eonsist of & rev of chambers neas

to ono ancther, vhich can be ontered frem one or bdeth sides and
may bo lecked by deers. The forme are set on weeden setting stiripe
and are YWeught in by transperters or fork lifters and set in
sorresponding heighte. The chamber width is nerwmally 1,20 to

1.90 a. The chambere are heated frem detton with hot air ceming
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through ocovered channels. The hot air is either sucked in or
pushed through by fane intc the chambere, goee over the material
to be dried, theredy ocollecting water vapour,and leaves the
chambers through channels existing on top. The hot dry air is
continuously circulated till it is saturated with moisture and
the drying material is hot. Then the moieture content of the air
ie leesened by blowing in dry air in doses and thus starting the
real drying process.

If the material is not sensitive towards drying then this con-
ditioned drying is not required. In such cases a eimple air
circulation by means of a fan is enough. The instruments are to
be so manipulated that the temperature increases constantly and
the relative humidity goes down while the pressure in the chambers
goee up slightly from about 0.2 tc 1.5 mm,

The semi-dried and dry-pressed products are mostly dried in
tunnel driers, becauee these products are already so hard before
drying that they can be directly set on the kiln cars at the
height required for the kiln firing. They dc not require to be
re-eet after drying.

The tunnel drier comprises a eingle or a number of single track
channels, separated by walls from each, eo that they may be
eperated separately. The other walle and the flat rocf of the
drier are set with insulating layers.

The tummel drier worke on the counter current principle, i.s.

the fresh fermed materiale firet meet the cold and moist air them
go fervard shrough different somnes of comnstantly rising hotter
and dryer air, se that their moisture is uniformly extraoted.

AR air heater may preduce the necessary hot air. Apart from it,
the wvaste heat of she kiln can also be used. The hot air enters
the drier spread out ia differemt positions in the roof arch and
from there enters the drying space thrbugh rec tangular openings




situated at the lover part of the dryer walls. The rising hot
air is intercepted by fans situated at the top of the channels
end thus is circulated throughout the cross section of the
drier. The final exit of the moist hot air takes place through
a ohimney at the entrance end of the drier. Because of these
placings, it is possible to keep the humidity at the entrance
of the drier relatively high.

The cold and moist formed material comes also first in contact
with moist and slightly hot air, then with further transport
forwvard the material is heated up according to its optimum
drying conditions and continuously looses its moisture up to ite
exit from the drier in flov of the rising hot and dry air.

A. Poesibilities of utilising the waste heat in case of
refractoriess

Due to heat economy one strives today to dry the material with the
help of the waete heat from the tumnel kiln, i.e. %o extraot the

water required for formgiving.

Here there are cases vhere a oent per cent heat requirement i
ebtainadble, not considering the drying of the rev material.

By the mamufacture of dry pressed or complicated hand preeceed
refractory shapes, one may consider the poseibility that the

tetal heat Trequirement for drying as wvell ae for the preheoating
of the forme may be obtainable from the kilm waete heat. After
fermgiving, these products are either directly set oa the kila
car or they are stered for a time at room temperature for a
unifern dietributieon of the moisture content, and then go through '
she tunmel driere oa these kilm cars, whioh eervee doth as dryer

and preheater.
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It is different with plastic products. These must be predried
in a different drier to obtain at least a sstting hardness before
they can be set on kiln cars.

With the operation of two drisrs, predrier and tunnel drier, a

heat gap may come up if the predrying is not carried out, where-
ever it is possible, in a big hall or perhaps in open air.

This gap can be closed very simply by inserting an additional
energy source (firing place) in the hot air system. It can be a
simple, under ciroumstancee, a directly heating firing chamber,
depending upon the fuel, regulated from the drier.

In caee of mixed products euch an arrangement ie strictly re-
commended ¢0 that the heat requirement for drying is guaranteed.
This 19 s0 because while firing becauee of its eise, a certain
product hae tc be fired slowly, thus giving relatively l1ittle
wvaete heat, dut during drying this material may requirs a much
larger amount cf hot air.

The combination predrier - tunnel drier - tunnel kiln sete naturally
& precondition, which is that the complete manufacturing unit

should be ae compact ae poseible so that mo heat loee is encountered,
as hot air of 80 te 120 oC semperasture should not be traneported
cver a long distance. The extra pover requirement and the unavoid-
abls heat lo8s would topple the advantagee of a combination syetem
and wvould perhaps evem put the tunnel kilm on additional strain.

It 410 also recommended not to overload the cooling sone of the
kiln, meaning one should not take cut more heat from the kiln than
it can put at disposal. The tummel kiln should not become a hot
air producer.
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IV. SIMBURX

Conclusively it may be said:s

1)

3)

It is ideal for a refractory factory, if for each special
material a special kilm unit is available. Then there will
be the best ratio between investment costs of the kiln unit
and the proceeds of the fired goods.

In practice, however, a factory has to produce according to
the needs and requirements of the market. In this regard ocome
promises are necessary in order to meet the demands of the
market. Financially these compromises will mot have any
effects or only minor effects,as the market, due to this
situation of comstreint, has tc balance the additional costs

required by the company through the prioce.

All efforts of preparation and shaping may dbe frustrated by
bad operation of drying and the firing technology,as vell as
eof the smooth setting technique im commection vith this
operational process,causing rejects.

If the setting, drying and firing techmology are takea care-
fully intc comsideration, it should not cause any diffioulsies
se oreate the most extemsive variety of product comdinations
with a viev especially to excellemt qualities and favourable
prices.






