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DESARROLLO DE HORNOS PARA PRODUCTOS REFRACTARIOSl/

K. Prabhu*

RESUMEN

En la industria de los productos refractarios se utilizan hornos de las tres grandes
categorfas, es decir, hornos de funcionamiento intermitente, semicontinuo ¥ continuo,

pero los de mayor uso en la actualidad son los hornos de tinel, los hornos de campana
¥ los hornos periédicos.

La eleccibn del combustible para la coccién depende de varios factoresy a fin de
facilitar la evaluacibn de las posibilidades, se incluye un capftulo con datos sobre
108 principales tipos de combustibles: gas natural, petrfleo, propano, gas de
gasbgeno y carbén o coque. Estos datos se refieren a la dispomibilidad, el poder

calorffico, el tipo de quemador necesaric, etc,

La coccién de productos refractarios comprende las siguientes etapas: recalentar
los productos hasta alcanzar casi la temperatura de maduracién, someter a los productos
a la temperatura m&xima deseada, manteniendo esa temperatura por un perfodo determinado,
¥ enfriar los productos hasta alcanzar casi la temperatura ambiente. Tl ciclo de
coccibn depende del tipo de horno (siendo considerablemente més corto en un horno de

tfnel que en un horno peribdico), la naturaleza del producto y la naturaleza decl
combustible.

* Swindell-Dressler Company, Pittsburgh (EE.UU.).

_l/ Las opiniones quc el autor expresa en estc documento no reflejan necesariamente

las de la Secretarfa de la ONUDI. La presente versifn espafiola es traduccifén de un
texto no revisado.
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En el capftulo principnl cde 1. monorr-ff.. sc¢ describen los itipos de horuos dc uso
mfs comén para la coccién dc nroducton refr.ctarios. Respecto ce cads tipo de horno,
se proporcionnn detclles sobre su construccifn, esf come infToraccifn sobre los tipos
de quemadores que requiercn, los ciclos normcles de coccifén y otros aspectos pertinentes,
¥y Be enumeran claramente l-s ventejas do e $ipo de horno. Se lleza o lo conclusién
de que cl de tdncl es el m%s econémico para le coccifn de procuctos re~"ractarios, en

visto de que eonsume relativomente poco combustihle.

“n el copftule Tinal, se resume 1o inTormacién sohre los tipos de hornos utilizados,

la temperaturz y el ciclo de coccidn y el consumo de combustible, bzs&ndose en

clasificaciones cde productos.
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Kilns used in iin refractory inlustry are of all three broad
categories, that is inieraitient ilns, semi-continuous kilns and
sontimious kilns, tut the mest scmmonly umed today are tunmel kilns,
shuttle kilng and pericdic kilns,

Tae choice of fu2l tor the firing cepends on a rmumber of factors
and in order to facllitatc the evaluation of the possibilities, a
chapter is deveted to tlie prascntation of data for the main types of
fuel: natural ges, oil, propars, producer gas and conl or coke,
These data include availability, calorific value, burner arrangements,

2to.

Firing of refractoriee cowprises of the following stages, pre-~
hoating of the products almost up to the maturing tesmperature, bringing
the product to the deaired raximum temperature and maintaining it at
this tempereture for & mpecified period and cooling of the product umtil
“ha temperatvrs dron: almoet to the smbient temperature. The firing
cycle depende ou tha type of the kiln (being comsiderwbly shorter
in & tonne) kiin tien in o periodic kiln), the nature of the product
ond the nuture of tiae fuel,

Tha major chrpter ¢f the peper describes the most commonly used
iypes of kilno for firing of refractoriss, For each type conrtructional
details are provided 28 well us information on burner arrangements,
normal firing syclcs wnd olhor relevant acpacts and the advantages
of ench kiln typs ar» clenrly erumsrated. It 3u concluded that the
tunnel kiln ig the nost economical method of firing refractories in
view of ite relativsly low fuel corsumption,

In a finz) chopter the informaticn on type of kilns used, firing
tenperaturo, firing cycle ani fuel consumption is summarised based
on prodnct cleassifications,
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INTRODUCTION

Vhetreas, drying of ceramic products can be done, if nead be,

in the open by natural air circulation under ambient temparature

conditions, it is essential to have sn enclosed structure for

the firing of these products with the application of heat --

these structures are known as kilns,

Kilne of some eort or the other ara knovn to have existed

thousende of yeare ago; these vera genarally the updrafte

type heving a perforated floor and & wall, with s make shift

srramgement for the troof, MNovever, some of the early Chinese

kilne eoneioted of & series pf chamdere having a permanent type

of reef. Surprieingly, theee kilne wera similer {n principle

to the chomder kilne in operation today and voad o hl;ﬁ degree

of recuparative prineiple ae the fire edvanced from one chamber

te enether,

Kilae ueed {a the Refractory Industry are mere apeciclised

. thon theoe uvaed {n the allied high volume ceremic industry

1ike the Neavy Cley Industry snd the White Wares Induetry,

The temperoture of firing te ganerally higher and the etmosphere

¢ontrel mere precisa; today seme of the kilns {m the baatce

refraetory {adustry are fired to & tempecature ¢o high ee

3400°F, (1070°C.) wvith an atmosphere control dorderiag

towerdes redueing atmoephere, bdut not totally reducing. 1In

the least dacede conaideredle advance hes been mede in thio

dicection,



INTRODUCTION - Continued

Bafrectoriss coan be broadly clasaifisd into the foelloving threas
(3) categoriea:
(8) Acid Refractories - Like sflice bricks,
(b) Desic Refractoriuvs- Magnesite, Chrome, Chrome-
Magnesite combination end Dolomits type refrectories,
(e) MNeutrsl snd other specias]l refractories.
(1) Mullite,
(11) Fire clay and high elumina (even though
thoss are not strictly neutral, these may
be classified in this group). Theee include
lov heat duty all the wey up to supar duty
type of refrectories, high saluminae as vell
as semi-silicas,
(111) Special refractoriee, grophite, silteen
cardide snd fused cost refractoriae,
Refsoetories are further classified based on their physicesl forms.
Por exomple,
(o) Standerds,
(d) Shapes.,
I1a the former coteagory dricks of cartatn definite dimansiens ond
veletivel> simple dosign which ore usuaslly produced in mass
quentity, These earve generdlly 9" x 4" x 2 1/2" and 9" x 4"
2 3" etreights and the corresponding series of arche, wedges,

heya, ete. 1In the metric system the dimensions arve 230 e =

119 s x 65 @s and 230 m® x 115 a8 x 76 mm series,
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(e)

KILNS

Kilas used in the Refractory "ndustry are of ell three (3)

broad categories, that ins:

Intermittent Kilns - Here the green btricks or shapes
are sct, fired sccording to &« definite time-tempereture
schedule to the desirud fintshing tempereture, cooles
end then unloaded, The proceas is then repeated
with @& fresh charge of green bricks,

Semi-Continuous Kilns - These are generally e group
of intermittent kilns or chambers butlt together with
& common ltru;turl and ervranged in ¢ way that the
géses pilo from one chember to another, MHere the
first chember is fived the same vay se the periodic
kiln, hovever, the kiln gases (products of combustion
or PC gases) instead of eecaping through the stack

or chimney psse through the second snd subaequent
chambers, By the time the first chembder hea
Schiaved the meturing tempereture, the second chamber
is 8t & fairly high tempereture. The process {»
repeated until the lest chember s fired,

Continuous Kilne - Thease are kilns where the were {is
being fired continuoualy, green ware being loaded in
one part of the kiln snd fired ware being withdrawa

frem snother part, These are further classified into

two (2) main types:
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K1L§§ -~ Cont inued

et N o MOt

(¢) - Cuontinued -
(1) The moving wiore or car tunnel type known
as tunncl kiins,
(11) Moving fire or annular type; {for example, ;

chamber kilna,

Bven though refractories are fired in a1l of the above type of

Rilne, the most commonly used today are:

(s) Tunnel Kilns - These are the most economical
type of kilns and lend themselves to preciss
control and distribution of heat throughout
the load,

(b) Shutcle Kilus - These sre car bottom type of
periodic kilns and are used where the volume
of production is not high enough foi. & tunnal
kiln and vhere the products are so diversified
(both size a8 well as product mix) thet the
tiring treatment has to he altered very !
frequently,

(¢) There arxe seversl old operations thzoughout

the wvorld where conventional downdraft type

of periodic kilns as well as chamber kilns

sre being used, Round (sometimes rectangular)

periodic kilne are quite common in the old




KILNS - Continued

(e¢) - Continued -

refractory operations (these are particularly
useful where the sizes are very varied end need
slow and long treatment)., However, theee are
not very economical type of kilns as the fuel

consumption is very high,

PUELS

The following fuels are used in verioue perts of the world for

firing of refractoriee:

(a) MNatursl Gas,

(») ot1,

(e) Propene,

(d) Producer Gas or Town Gea.

(e) Coal or Coke,

The chotce of the fuel ie dependent upon:
(1) Availability and cost per unit of heet

and/or output,

(11) Capital ae well ae maintenence cost of the

squipment required to use the fuel,

(11¢) Labor required to operdte the esquipament,
(iv) Whether the refractory operation is an
existing operetion or whether it is a

brend nev operation,




m - Continued

Natural Gas

This {8 a mixture of several paraffin hydro carbons
along with nitrogen and oxygen; has a high calorific
value ranging from 950 to 1150 BTU's/cu, ft. (8500 -
10,250 K.Cal/cu., m,) and has a low sulphur content,
Tha stoichiometric ratio for perfect combustion ig
10 to 1. Unfortunately, this type of fuel is not
svailatle in all parts of the world. Where svailsble,
this is the best and most economical type of fuel;
is very clean and does not require high capital
invastment for storage. .In the United States and
several other areas of the world this is the most
common type of fuel used in the refractory industry,
Temperatures as high as 3400°F, (1870°C.) are fairly

easily achieved in well designed tunnel kilns,

There are meny types of natural gas burners svailabdble

today,

(1) The simplest being the raw §8s type wherain
the rew gas is introduced into the kiln under
pressure through specislly designed burner;
this mixas with the hot ai{r within the kiln
csusing combustion,

(11) Pre-mix type of burners wharein the

primary air and ges are pra-mixad at some
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FUELS - Continued

{ A, Natural Gas - Continued

(11) - Continucd -

point upstream of the burner port, The
burner proper acts as & flame holder
maintaining the fleme in s dssired

loestion,

i (111) Noszle mix type of burners - Here che gss
! and the combustion air do not mix until

; they leesvc the burner port. A more recent
development in this cetegory i{s the jat
type of burner where partial combustion
takes place in the durner block itself and
¢reates & jet action accompanied by high
velocity, The transfer of heat from the
souree to the ware could thus be achieved

over a longer distence,

i e

e

.. o‘l

0il 1o used for achieving high temperatures ia the

refrectory industry, Next to naturael gas, oil is

the bsst and most videly uaed fuel in the world,

Thie fuel is relstively more expensive than natural

840 and L3 not as clean en operation,




FUFE§ - Continuer

B, Oil - Continucd -

0il is available in a number of different grades;

the three (3) main categories being:

(1) Light o0il - No, ! oil; gasoline and diesel oil
fall in this category. Has a viscosity of 45
Engler degrees (120-160 Redwood No, 1 Seconds)
at 50°C, (122°F,) and a calorific value of
125,000 - 135,000 BTU's per U,S,. gallon (144,000
- 154,000 BTU's per Imperial gallon),

(14) Medium o1l - No, 3'lnd No., 4 oil, MHas a higher
viscosity of 8 - 10 Engler degrees (280 - 300
Redwood No, 1 Seconds) at 50°C, (122°F,) and a
calorific value of 140,000 BTU's per U,$8, gallon
(161,000 BTU's per Imperial gallon).

(iii) Heavy o0il - Also known as No. 6 or Bunker "C"
oil., This 1s the cheapest oil of the three
(3) categories; is very viscous with & viscosity
of 350 - 100 Engler degrees (1500 - 3000 Redwood
No. 1 Seconds) at 50°C, (122°F,) and s calorifiec
value of 145,000 - 155,000 BTU's per U,S, gallon
(168,000 to 180,000 BTU's per Imperisl sallon),

A wide variety of burners are savailable for

firing with oil; {n principle, they all




PUELS - Continued
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; B. 0il - Continued .-
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(111) - Continued -
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atomize (or breskup) the o0il into a spray

of fine particles and intimately mix them
with the combustion air, 1In the mechsnical
atomizing type of burners the otl i forcad
through a8 fine orifice at high preseures,
However, theea type of burners become laas
efficlent at low capicities eince the orifice
has to be very ti&y snd i3 liable to be clogged,
In the other type, air or steam under high -
Pressure is used to inject the oil into tha
kiln and at the same time break it into s

é very fine miet,

Whila using medium and heavy gradae oils, they have to
be preheated and kept hot to & specified minimum tamperature
a until thay reach the burner, A good continuous type of

filter 1o requirad and for schieving good results o

good oil recirculating system {6 desirable, Pigure No.

l ehows a typical layout for s heavy oil tank farm,

C. DPropene (Also Butane)

These ate hydro carbons ond are eaeily liquified under
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FUELS - Continued
Propane (Also REutane) - Continued -

Proper conditions of temperature and pressure and trans-
ported in that state, They are relatively more expensive

and are often used only as a atandby fuel,

Propane (or butane) is transported in the 1iquid state

in specially designed trucks or railroad wagons, A
typical installatior consists of a liquid propane

storsge tank with the necessary valves, trim and inter-
connecting piping; a tank/truck unloading system transfers
the liquid propanc to the storage tank, A pumping scation
downstream of the storage tank pumps the liquid propane

to & vaporizer comprising of a waterbath system and a
network of pressure tubes through which the liquid proplni
Ls pumped and is vaporized to a gaseous state, This gas
{s then passed through a nozzle which also inspiratss

8ir in regulated proportions and mixes with the propane
888 80 that the calorific value of the mixture fs brought
to the desired state which is then stored in a suitable
tank under nscessary pressure. This pressure tank is {n
turn connected to the combustion system of the kiln and
the switchover from natural 888 to this mixture {s easily

accomplished through a switch,
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FUELS . ConC1nugd

Producer Gas

Producer gas which {s used as fuel s, in fact, a semi-
vater gas which is produced by blowing air and steam
through either coal or coke., A gas producer is normally
used for generating this type of gas; this comprises of a
vertical shaft with an air tight mechanism at the top to
Supply solid fuel; steam gaturated air injection device
is located at the bottom of the vurtical shaft and a

B8a drawing off device is located near about the top.

Cosl or coke ia fed from‘the top and the air entering
at the bottom becomes preheated as it passes through
the ash layer, As there is a possibility of melting
the ash, thereby, forming clinker and obstructing the
working of the Producer, steam is introduced along with
the air under regulated conditions depending upon the
nature of the ash, thus cooling the ash enough to
prevent clinkaering, This preheated air/steam then
Passes through the fncandescent Carbon to form Carbon
Dioxide in the next immediate adjacent higher zone.
This hot Carbon Dioxide and steam reacts with Carboa

to form Cerbon Monoxide and Hydrogen, At the very

top of the fuel layer the hot g8ses distill cthe volatile

matter out of fresh coal and are drawn off along with the

hot gaaes.
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PUELS . Continued
Producar Gas - Continued

Since the tar in the distileate 18 liable to clog

the cowbustion piping, the hot gases ave scrubbed

and cleaned of this pitch, Any accompanying dust

ia cleaned with an electro-static precipitator,

The calorific value of this cleanad gas is of

the order of 125 - 150 BTU's per cu, ft. (1100

to 1500 K, Cal, per cu. m,). The flama temperature

of the gaa is only 1700°C, (3100°?,) as compared to
2035°C, (3700°P.) for natural gaa and 2090°C, (3soo°r,)
for oil, On account of this, kilas vaing producar gos
cannot attain the temperatures required today to bura
basic refractoriea and cartain high slumine typa of
rafractories, Producar gas kilns ara usually for
lower tamperstura fived, that {s, Cone 16 or lVll.

Cone 18/20 burns,

Since thia typa of fuel {s the cheapeat gasaous

fuel per BTU that can be obtained from solid fual
this is very widely used tor providing lowar quelicy
rafractories and places vhare natural g§8s 1ia not

availabdble, Producer gas haa s diatinct advantage

over solid fuels on account of tha absence of temperature

and draft veristiona, ash deposits on tha ware aa well as the

absenca of localised overhesting,
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PUELS . Continued

—— —— i

Producer Ges - Continuesl

Burners for firing producer Kas (especially raw
producer gas) arc specialized items a8 tuere ia
a tandency ior the tivr in the g4s to clog the

burners; the burners are so Gexigned that 1¢ will

lend itself to cleaning during use,

Coal or Coke

In eome parts of the worild refractoxies are fired, aven
today, using cosl as 3 fucl doth in the intermittent as
vall as in the con.ianvous type of kilns. This solid fual
ls used on sccount nf fra very low cost and ss th?
refractories are uot rensitive to the impurities in

the resulting kilr gsses,

Coel 1s usually hurned {n furnaces using aithar a
tlar or a sloping grate. Tha eir for combustion
Partly passes through the “uel bed and parcly ovser
the bed., 1In » thirty (30) foot diameter downdraft
kiln thare are usually about 8 to 10 fira boxas
situsted all eround the kiln for fchieving even
hest dietirubtion., A good grada of bituminmous cosl
hevimg & long tlame, lov ash content and high seh
fusion tempareturs 1 normally used, Both manuslly
lid 88 well a2 mechanicelly operated stokarr era

used tor feeding the fuel.
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FIRIKC OF RLFRACTOPIES

As im the case of most other ceramic products, firimg of

refrsctories comprices cf :he toliowing stoges:

(8) Heating the products under specified condltions
of time and temperature .lmost up to the maturing
temperature of the ware . This is also known ss
the preheating period wherein the initisl deiving
of the mechanical water, organic and inorgenic
Teactions, vater of crystalization and other
ssvociated resctions im the product take place,

(db) Bringing the product to the desired moximum temperature
and msintaining the product at this maximum temperature
for a specified period; also known as the sosking
ef the product. Thias is the matin firing period
vherein the neceseary reactions have 4lready tahen
Place snd the volume change has also Leen completed,

(e) Ceeling of the product under defined rates of
temperature drop until the product is nssrabout
the ambient temperature, Thie period s the
coeling period of the product when the glessy phaee
fermed during the maturing of the ware {9 set
witheuwt cracking of the ssme. The total time
(84d4c) 18 refexred to ag the cycle for the

firing ef the product,

The fiving tempersture and the cycle required to fire the

refrastorics depend upon;
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FIRING OF REFRACTORIES - Continued

Type of kiln used for firing the product, i,e,, the
cyele required for firing a FPire Cley Refractory in
& downdraft type of Pecriodic kilrn is uf the order of
S to 10 days (120 - <40 hours); whereas in & tunnetl
kiln the cycle runges from 50 to 75 hours, This 4»
Primarily on account of better and more rapid haat
distribution achieved in a tunnel kiln as compared
to & downdraft kiln. In the latter, considerable
time is lost in unloading of the vare, heating up

6( the messive structuce of the kiln as well o5

echieving unfform heat distribution throughout the

load,

Neture of the Produce - The total cycle, the maximun
maturing tamperature as wvell as the soak time for
Products burned in the same type of kiln is further
dapendent upon the nature of *~he refractory; i.e¢., @
Moderate and Righ Heat Duty Refractory ts usually fired
to Cone 12 burn in 50 to 75 hours; a bauxite based
Product is fired to Cone 14 burn and a mullite based
product to Cone 22 burn, 1In case of ${lice refractories
vhere c¢rystaleographic phase changes take place eccompenied
by dimensional changes the cycle in a tonnel kiln {g
between 120 - 130 houra vith & Cone 18 burn and with

8bout 8 . 10 hours of scak, In the case of Basic Bricks
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FIRING OF REFRACTORIES - Continued

I1., « Continued -

somc of the products are fired to 2 temperature es
high as 3400°F, (1870°C.) having & roak of 6 - 8

hours and a cycle varing from 50 hours to 72 hours,

IIXI. Neture of the Fuel - This is true especially in e
Downdraft type of periodic kiln when firing with
a solid fuel as compered to other fuels, On account
of the lsck of finer control there is ususlly a lag

while using solid fuels,

TYPE OF KILNS

]

As explained esrlier, The Refrsctory Industrcy uses intermittent,
semi-continuous es well 8s continuous types of kilns, Ths mest
common being, Tunnel Kilns, Car Bottom Shuttle Kilns es well as
Top Net typs of Kilns., Round Downdreft type Beshive Pertodic
Kilas (sometimes rectengulsr) sre also used where the shapes

and sises are diverse snd veried in neture, Description of
these kilns {s given herebelow with an esphasis on the more

recent developments and most commonly used kilns,

A, Intermittent Kilns
(1) Dovwndreft Type of Kilna -

These kilns are usuelly round (circular)

or sometimes rectengular. The round or

l
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TYPE OF KILNS - Continued

Intermittent Kilns - Continued

Downdraft Type of Kilns - Continued

circular kilns are generelly preferred
on account of the lower construction and
maintenance costs as wcll ss better end
more even temperature distribution as

compared to that of a rectangular kiln,

The round kiln most commonly used in the
industry vary in diameter from 28 ft, to

35 ft.; 30 ;t. diameter kilna being the

most popular, They usuelly are 12 ft,

from the floor to the springer block
(skewback) level resching about 20 ft¢,

to the apex of the crown which is ueually
donc.nhapcd. Fireboxes are arranged all
e¢round the kiln and are usually 8 or 10

in number, »Gcncrllly, there ere two (2)

doors (known ea wickets) locsted diemetrically
oposite each other, The wsll conetruction

is rather massive and is as much ee five

(5) feet thick. The hot fsce lining of the
kiln is either high heat duty or super duty
refrectory lining depending upon the temperature

to which these are required to be fired, The
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TYPE OF KILNS - Continuzd

A, Intermittent Kilns . Conttrued
(1) - Continued -

srch is usually constructed of a high fired 12"
thick key fire brick covered with suitable
insulation, The most common flue arrangement
is & radiel type of flue; there being a series
of openings in the kiln base (floor) leading
into radial flues sbout 2 ft, to 3 ft, deep,
9" to 12" wide which in turn connects to a
main central flue lecading to the chimney
(stack), For both economy and for producing
better draft conditions, usuelly a group of

4 to S kilns are connected to a single stack

vith separate flues connecting to esch kilnm,

The setting of the ware ususlly depends upon

the size and shape of the product being fired,
Where there i; & varisd range of productes, the

big blocks are set at the bottom end are usuelly
boxed using fired tiles. The rest of the setting
18 in a checkerwvork pattern forming benches running
across the kiln and about 3 - 5 fc, wide, Therze

is e gap of adbout 6" to B" betwesn benches, To
prevent aticking of bricks to one another fine

silica sand ie sprinkled on each layer of bricks,

.
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TYPE OF KILNS - Continued

A, Intermittent Kilns - Continued

(L)

- Continued -

After cvery 10 tc 12 courses set an edge, a fired
brick or tile 1s flat set and the setting pattern
continued extending all the way to within one (1)
ft., of the crown and following the contour of the
c¢town (however, in the case of silica bricks {t

18 not set that nigh Lo ailow for expansion of

the brick), Basic brick and other special products

which cannot support themselves are usually boxed

in fired silica tiles,

fhe capacity of a 30 ft, diameter kiln is
&pproximately 100,000 equivalents (9" x 4 1/2"

x 2 1/2" or 230 mm x 115 um x 65 mm equivalent),

The cycle for burning fire clay products in this
kiln 1ie vsually 10 to 12 days (1 to 2 days loading

or setting of the ware; 4 to § days heating including
1 day soak; 4 days of cooling and 1 to 2 days of
unlosding), 1In the case of the silica bricks the

cycle is as high as one (1) month,

By using combustion blowers and ’C fans, and
therebdy, accelerating the burning and cooling

Periods the cycle has been drastically reducad,
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TYPE OF KILNS - Coatianved

A, 1Intermittent Kilns . Continued

(1)

(i1)

- Continued -

The most commonly used fuel was bituminous type

of coal using either manusl or mechanical stokers,
Subsequently, most of these kilns have been changed
to eithar producer gas, oil or natural gas type of
fuel., In the United States these kilns are usually
fired with natural gas using plain raw gas type of

burners,
Improved Version of Downdraft Kiln

Over the last few years considerable progress has
been made in the design and construction of the

kiln with the view to achieve fuel e:onomy and
improve temperature #and heat distribution throughout

the load as well as reduce the firing cycle,

This kiln s shown in Figure No, 2, The aide-
walls ara built on & concrete curb slab, The
kiln is lined with o 9" hot face insulating brick

covared with a 2" . 3" thick layer of insuleting

cestadble or blanket,

Exhaust of the gases is through a series of under-

ground longitudinal secondary flues which are
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TYPE OF KILNS - Continued

A, Intarmittent Kilns - Continued

(11) - Continued .«

connectad et either end to the primery flues

running underground ell sround the kiln, The

Primary flue in turn i{s connected to a chimney

1 or stsck,

For proper balancing of heat in the kiln the
secondery flues heve a vartical damper et ecach
i and end the primery flue hes also s vertical

demper to control the amount of exheuet from

tha kiln as well es to maintein the rcquirad
pressure {neide the kiln, With this typs
of flue arrengement even heet distribution
1s achieved both from side to side end from

top to bottom,

The burners are usually locatad et the
skevback (springer block) leval end fire

over tha top of the load, Uaing this burnar
arrangement end combdined with the flue syatam

8 high prassure top firiag principle ie echiaved
which:

(a) Produces anough pressure for exhauating

the kiln without using e large stack or

P.C. exhaust fsn,




TYPE OF KILNS - Continued

A, Intermittent Kilns - Continued
(i1) - Continved .

(b) Keeps the crown cool &and not overheated;
thereby, *he escape of heat from the crown

is practically negligible,

The cooling of the kiln 18 accomplished using
& small cooling blower situasted beside the

exhaust stack, The blower forces cool ambient
air down the stack and through the flues into

the kiln,

This air exits through cooling ports provided

in the sidewalls nearabout the burner ports,

The entire firving and cooling could be
programmed and thereby, automatically

controlled,

This kiln is A& coneiderable improvement over

the conventional periodic kilns and hast

(a) Reduced the firing cycle,.
(d) Tamproved fuel efficiency,

(e) Produced better and more uniformly burned

product,
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TYPE OF KILNS - Continued

Intareittent Kilns - Continued

(1i1)

Shuttle Kilns and Top Hat Kilns

This type of kiln is used normally for firing
special shapes and larger size pieces und also
where rhe volume of production is not very great,
Por larger volumes of production, tunnel kilns
&re most economical and convenient to use,
However, some refractory manufacturer's use
shuttle kilns also for large volumes of
production mainly on account of the wide

variaty of product mixes requiring varied

heat treatments and in some instances nﬁcctal

heat treacment,

In the shuttle kiln (also known as car bottom
periodic kiln or trolley hearth kiln) the green
ware 1s placed on top of the kiln cars and the
cérs are placed inside the kiln, After cloaing
the door (sometimes two (2) doors located on
either end of the shuttle kiln) the firing
operation {a sterted, A spare set of kiln

€are ore usually provided for setting of the
vare vhile the kiln is being fired; thereby,

the loading and unloading time is practically

eliminated from the total cycle.,
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TYPE OF KILNS - Continued

A, 1lIntermittent Kilns - Continued

(111)

- Continued -

The top hat kiln is very simniler to the shuttle
kiln in operation except that the entire kilm
structure could be raised or lowered usually

by synchronized hydreulic cylinders, 1In soms
of these kilns the setting base itself {s
statfonery and the kiln structure is moved

from one base to snother, 1In others, the
setting base (4 o kiln car (as in the case

of the ahuttle kiln) and could be moved,

Pigures Nos, 3, 4, 5 and 6 shovw the deteils

of ¢ two (2) car shuttle kiln together with

¢ layout and a typical setting pattern, As»
these kilns are intermittent in nature and

are constantly heated up and cooled dowa

the lining of these kilns is usually & hot

face insulating dbrick backed with suiteble
quslity insulacing brick, block and/or bdleasket,
The entire structure is enclosed in ¢ steel

shell so thet there is a minimum loss of heeot.

The arch is also constructed of insulatiag

brick backed with suitedls inavulation, This

can be either a sprung type of srch (figure
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TYPE OF KILNS - Continued

A, Intermittent K{ilns - Continued

(111)

- Continuad -

No, ) or espacially designad flat srah
(Pigure No, 4) depending Upon the width
of the kiln and the tamperature to whieh
these sre sudbject=d to, The flat sgch
1s & specislly designed type of arch
vherein the bricks ere suspended dy

special elloy hangers and rods.

Shuttle kilns for tempersturas es high

88 3200°F. (1760°C.) have been designad.
Por sush temperaturas eithar s bubbla
8lusine type of insulating refractory eor
& mulliice bondad light weight alumine
tefractory 1s usually usad es the hot
feee 1iaing, This 1s backsd with suitedle
Quelity lov tempareture insulating brick,
In the refrectory industry thsse kilns ers
ususlly of the downdraft type wherain the
products of combustion are exhsusted
through opanings in the kila csr and

then through spaciel openings lined with
pProper quality refractory matariel in

the floor snd finelly te the stsck through

8 PC exheust fen controllad dy ¢ suitedle




TYPL OF KILNWS . Continucd

A, Intermittent Kilme - Continied

(111) - Centinued -

damper, Durners are located (usually jet
ot high velocity Lype) at the four (4) cormera
of the hiln and at different elavationa ss ashewn

in Pigure No, 3 and Figura Mo, 4, Thia system

ereatas a turbulence inside the kiln, therebdy,
schieving the ne-essary uniform heat distzibution
throughout tie load Ddefore axhaustiang the goosss
through the openings. Usually thesa kilne have

o capadility of having the entire cysle, both
hesting and cooling, on sm Aautomatic sontrel

eperetion.

Pigure Ba, I shuvwa a typical aetiing pattera
ond traek layeut for suah a kiln, The deudls
oot of unlesding traeks are provided for the !

entee aot of kilm cars that era generally weed,

Pigures Mo. 7 and Ne. 8 shovw & vidar and lenger
shuttle kiln, This 1s a tve (2) car wide shuttle
hiln ond is aleven (1l1) cars long., The durnmes
agzongenent is somevhat different, ia thet,

theas are loeoted on the sides at fined

lesotions and ot variecus elevatians,
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TYPE OF KILNS - Continued
A, Iatermittent Kilns - Continued

(1141) - Continued -

The burnere fire into index spaces (firtng lanes
provided in the setting pattern) for proper
¢ombustion, On account of higher temperature
copability the kiln has & eprung arch instead
of a conventional flat arch normally used for

these types of widthe,

Figure Mo, 9 shows the croas section of e
typical top hat kiln, The general wall
senstruction and combustion system is
similar to the shuttle kiln, However,

the deosign is such that the kiln structure
ean be raised or lovered by means of o
hydraulic lifting mechanise., These type
of kilas have limited dimensions ss the
hydravlic mechanise decomes very expenaive

with larger and heavier kilns.

Beth the shuttle and top hat kilne are used for
fiviag various types of vefractories like fire

cleys, high alumine refrectories, silics bricke
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TYPE OF KILNS - Continued

A, Intarmittant Kilns - Continuecd

(111) - Continued -

including coke oven shapes ns well as various

baeic type of refractories up to 3 temperature

of 3200°F, (1760°C,)., The limitation of the
top tampersture is due to the non-availedbilicy
of suitable higher temperatura insulating

refractory brick,

Usually an extsrnal hot air recuperetor is
usad for echieving temperatursa bayond 3000°F,
(1650°C.) both for achieving fual aconomy - {

es well as for fastar cycles,
The main advantages in such kilne are:

(e) Plexibilicy of firing,

(b) Cepability of firing wide range of
shapés and sizes,

(e) Ability to fire small bstchss,

(d) Achieving faster firing cycles as

compared to & periodic kilnm,

Rowever, the disadvantageas as compered to &

tunnal kiln arxe:

(a) MNigher fusl conaumption; at 3200°F, (1760°C.)

the fual consumption in this type of kila 18




TYPE OF KILNS - Continued

A, Iatermfttent Kilns - Continued

(111) - Continued -

(e) - Continued
2 1/2 to 3 times that of s tunnel kiln,
Higher maintenanca coate on account of
the severity of abuse of the kiln structure
oving to constent hesting and cooling,
Higher initial capital investment for

larger volumee of production,

B, Comtinuous Xilns

(1) Continuous Chambar Kilns

Thesa are o sorias of chembers vith common
structure and arranged in s vwey that tha hot
§80080 move from one chamber thst fe being fizad

to the next chember; and thersby, transfarring

tha hsat to the ware that s siag prehaeted,

The principle is the eoame in the casa of
ehambars that are bdeing cooled -- hers cold
@ir is forced into the coldest chamber that is
gotting ready for unloading snd than pssses
through the adjoining chambsrs thet ere also

baing cooled. By the time this air reschas




TYPE OF KILNS - Continued

B. Continuous Kilns
(1) . Continued -

the chsmber that {s being fired the air hae

already achieved a sufficiently high temperature

for combustion and thereby echieved the tacupeutton,

There are very few chamber kilne for firing
refractories in the United States, but in
many parts of the world chember kilns were
used extensively Lefore the tunnel kilns came
into operation, Most of the cheamber kilpl

have blowers and esuction fans which aid in

repid firing, thereby, reducing the cycle,

As compered to a periodic kiln, the fuel
consumption in & chamber kiln is considerably
less. However, the hest distribution through

the load is not as good ss that of & tunnel

kiln, .
(11) Tunnel Kilns

Today tunnel kilne are most videly used in the
refractory industry. In fact, moet nev refractory

plents are designed around & tunnel kiln for the

msjor percentage of its production, In some




TYPE OF KILNS - Continued

B, Continuous Kilns - Continued -

(11)

Tunnel Kilns - Continued -

instances, the leyout provides for a

shuttle kiln for specialized items of

production,

Some of the advantages of 2 tuannel kiln ere:

(o)
(b)

(c)

A better oand more uniform quality product,
Faster tiring cycle on account of repid
penetrestion of heat,

Bast fuel economy not only on sccount

of faeter cycle, but aleo due to -lxulun
recuperstion of heat,

Lov meintenance cost as most of the kiln
structure 1s under stesdy temperature
conditions, Car decke are the major
replacesble {tems ond with proper deck
dasign thie too can be minimised coneiderebdly,
Ability to achieve repetitive firing
trastment over extended periods,

Economical in overall operation. Even

- though the {nitial cost is ot times high,




TYPE OF KILNS - Continued -

3., Continuous Kilns - Continued -

(iL) Tunnel Kilns - Continued -

(f) the sctual capital investment per unit

of production (s in most instances no

higher then that ot & periodic kiln,

B P R R e A WA

Tunnel kilns usually consist of an elongatad 3

tunnal comprised of various zones, that is,

(a) Prehest Zone,
(b) Purnaca Zone;

(e) Cooling Zone,

Staady temperature conditions are maintained in

differant parts of these tones, OGraaa wvare set
in a definite pattern on top of kiln cors {s
moved continuously through thesa kilns by meons
of & hydraulic pusher and st & pra-determined
rata, Thus, the ware 19 conotlnily subjected

to & dafinad heat trestment pattarn,

Pigures No, 10 through No, 135 shov the dataile

of typical gunaol kilne showing the loagitudinel
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TYPE OF KILNS - Continued

Continuous Kilns - Continucd

(11)

Tunnel Kilans - Contlnued -

plan, typical cross sections and setting

pstterns.

Figures No. 10 snd No, 11 ahow the details of
@ tunnel kiln used fcr firing high alumina
type of fire clay refractories; the low
setting height being governed by the nature
of the product ttself, Pigure No. 16 shows
thu netting pattern of & regular fireclsy
brick (moderate and high duty refrectory)

and the setting helght shown 1ia approximetely

72 inches,

As the kiln is subject to comstent tempexature
conditions in various sones, the hot face
lining 1s @ herd refrsctory brick backed up
vith suitable quality ineulating brick
followed by block insulation or bleaket,

The entire structure is enclosed either in

& steel shell or lined with face brick,

The quality of the hot face kiln liniag depending

upoani




TYPE OF KILNS - Continued

B, Continuous Kilns - Continued -

(11) Tunnel Xilns - Continued -

(e) The temperature to which the perticvler
gone is subjected,

(b) Neture of the products of disassoclation
from the ware (known &8s cookoffs) and its

affect on the kiln lining.

Thus, the serly part of the prehest szonas s
voually lined with low heat or moderste heat

¢uty ctype of refractory followed by super duty

tefractory in the lactter part of this sone. In

the United States where the silics refractorias

are leas expensive than the super duty typs of
vefractories the furnace sone in most instences

fo lined with either silice or supar silica type

of refractories up to a tesperature of approximstely
3000°P, - 3100°Fr, (1650°C, - 1705°C.). 1In bdasice

beick kilne the lining is moatly a basic refrectery,

A In kilss vhere the temperature requiremente sre

8o high es 3300°P, - 3300°F, (1803°C., - 1923%°C.),
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TYPE OF KILNS - Continued

Continuous Kilne - Continued -

the furnace zone lining is a spacialized refractory

like the Pused Cast Aiumina,

The refractorics used in the cooling zone also follow
the same puttern depending upon the temperature to
which this zone is aubjected to. As the atmosphere

ia usuelly clesn, reaction of the gases with the lining
is of minor importance, The last portion of the
cooling zone is ususally lined with e moderate hesat

duty or low hest duty type of refractory,

The hydrsulic pusher is locsted at the start of the
kila (Figurs No, 10) or in the vestibule area (Figure

No, 12),

The early part of the prehest znne (Figure No. 10) or
the entire preheat zone has ofStake ports for exhsusting
the kiln gases from any desirad portion of the kiln and
thus shape the firing curve, The dcsign provides for
exhasust flues in the sidewsalls of the kiln which ere
connected to the exhaust ports mentioned above in the
inside wall of the kiln and to the intake side of the
exhaust fan and then to the stack throgh suitsble sheet

metal ductwork,

The beact distribution throughout the losd in this




Continuous Kilns - Continued -

portion of the kiln is achieved by:

(o)

(»

(e)

(4)

- 3% -

TYPE OF KILN. - Continued

Designing high teaperature special slloy re-
circulating fans in the sprung arch located

ot convanient positions (Figure No. 10); some
of these water cooled fans can be used for
temperetures up to 2000‘F, (1100°C.).

Providing a flat arch instesad of a sprung

otcﬁ, coupled with hot air nossles vhich

will push down the hot geeses to the bdottom

of the load (Figure No, 12),

Withdraving geres from the cooler portion of
the preheat sone and puehing it into the hotter
ports, thereby, creating necsssary recirculetion,
Providing burners vwith venturi dblocks to creste

the desired turbulence.

Piguree No, 11 and No, 1) shov typical croee
sectione of a furnace sone. The atch in the
sene i ususlly a sprung type of arch to previde
sdequete ospice on top of the vare for the

expansion of gases and achieve proper combustion,

The durners sre locisted in the asidevealls et
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TYPE OF KILNS . Continued

Continuous Xilns - Continued -

(d) - Contipued -

variocue elevations and fire into the fire lenes
(known es index spaces) provided in the eetting

pattern (FPigures No, 11, No. 14 and No. 18),.

The kiln ehown in Figure No. 11 uees the dowa the

tunnel type of recuperstive principle whsrein fuel s
introduced under pressure through the burners, whieh

in turn mixes with the stream of heated air pessing

dewn the leagth of the kiln from the cooling sone tewerds
the entrance of the kiln, This air by the time it rseches
the furnece zone is preheated by the recuperation of

heet from the cooling ware,

The other type of recuperetive principle is the flue

type of recuperetion as shown in the kiln in Tigure Ne,

13, 1In this design ¢ high tempereture secendery eir

flue 190 provided 1n the furnece zome kila wall, Thie

flue 10 comnected with the interior of the furneee sene

8t the burner poeition and eleo et ¢ point at the deginning
of the cooling sone using epecielly deeigned bdurmers

with veaturi throete. The hot eecondary sir is thus
iaspireted from the hot eir fluss by the injecting foree

of the primory fuel eir mix, Thie type of recuperetive
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Centinvous Kilas - Contlnued -

ptineiple is especiclly des!rable where a closed

etmesphere control conditions Aare required as in

the ecase of the fiviang of some ot the basic refractocies, j

The ceeling sone is designed in several wvaye deopending é
wpon the characteristics of the product, Usually,

fomedintely following the furnsce sone and at the

T T .

beginning of the ceeling zone there is o rapid coel
sene wherein the ware is rapidly cooled frem the
seohing temparature devn to spprominmacely 1200°?,

te 1400°F. (650°C, te 750°C.). This cvapid ceeling 1o |
seconpliahed by the jet cooling principle vherein
jota of cool smbient alr entraine the hot gases fram
instde the kiln end then recizculates the dlended oir,
The vapid coeling zone is felloved by slow cooling er
contrelled coeling of the ware sicher by the indirect
seeling method or by direct contsct of the cocling
ely ferced inte tha kilan threugh & dDlover lecatad

ot the exit end of the kiln,

Vatformity of cooling 19 achieved by previding

reeizculating fans ia the oareh,




The following is & brief summary of the firing prectices
employed for firing refractories bossed on preduct class-

itications:

A. Low Neat Duty, Moderate MNeat Duty, Nigh Hest

Duty end certoin Super Duty products,

(i) Type of Kilns Used - Mostly Tunnel Kilne,

Periodic Xilne and Shuttle Kilns,

(L) Temperaturs of Fizing - Cens 12 to Conme 14,

(111) Cycle - 30 to 73 hours tm Tumnel Kilms; 120 .
140 hours in Periodic Kilns (Semetimes ao
high as 240 hours),

(1v)  Puel Censumption - The fuwel consuaption in o
tunnel kiln Ls 295% te IO thet of o pertedic
kilm,

3. Swper Duty snéd Righ Alueinss fncluding Nullite and

Tobular Alumtias preducte.

(1) Type ef Kilas Ueod - Neeotly Tuanel Rilne sad
Shuttle Kilne depending uper ths velume of
preduetion; Periedic Kilns eors slee empleyed,

(14) Toapesaturs of Piring - Ususlly Cene 19 durs;
Cene 23 durm {n the cose of Nullits based
Ptoducts snd Cone 10 teo 31 bdura fer Tebuler
Alumine bosed products,

(111) Cysle - 45 te 40 hours in Tumnel Kilns snd

Shuttle Kilns, 120 - 130 houre in Pervriedic Kilne,




B, - Coatinued -

(iv)

C, 8t1lica Refractories

(1)

(14)
(111)

(iv)

0

SUMMARY - Continued

Fuel Consumption - Fuel consumption depending

upon the temperature of firing, The fual
cunsumption 1n the Tunnel Kiln is 1/2 to

1/3 that o a2 shuttle kilnm, !

Type of Kiln Used - Mesr commonly used hilns ;

are the Periodic Kilns; howavar, the prasent
trend is towards the vse of ahuttle kilna ae
well as Tunnal Rilas, Tunnel Kilns are merse

and mors being used for firing of silics brichs,

Tesperature of Tiring - Cene 15 te 18 bdurn, i

Cyele - 120 to 130 hours in & Tunnel Kiln and i
Shuttle Kiln as cempared to thrae ()) weeks te |
one (1) moath in & Perindic Xiln

Juel Consumption - Filgures uet svailable, HNewever,

sonsunption in & Tuanel Kiln will ba gensideradly

1e0s than that of a Shuttle cr Periodic Kilnm,

|
Rete: 1t is to be noted thoat im the past when
Pariedic Kilns wera emploved for the firing of
silica bricka, the temperature raise had te bde

demna very gradually om saccuwunt of the invereton

of silice minersl, Tha vate had te de sleow




SUMMARY . Continued
C. S1lies Refractories - Contimued -
(1v) Puel Consumption - Continued -

at !trﬁt 88 the uniformity of tempereture
distridbution had to be schieved at every

stage., VWith the use of Tunnel Kilns ond

Shuttle Kilns the cycle has been drastieelly
brought down, Today aven some of the complicated
silica coko oven shapes are being fired tn

the Tuanel Kilns veory suecessfully,

Beoie Relracteriss

(1) tzpn of Kiln Used - Tumnel Kiln is the sest

oenmenly veed kiln; aleo Shuttle Kilas where
veluae ef preduction 1o lov.
aperstyre of Pi - 2000°F, (1430°C.) te

3400°r, (1870°c.) depending vpen the type of
bssic refrectory boing fired.

(114) Syele - 48 te 73 Nours,

(iv) Zye) Conovaption - In o Tuanel Kiln 1t ts odost
1/ thet of o Shuttle Kila ot 3200°F, firing

teaperoture (1870°C.).




SUMMARY - Continued

Tuanel Kiln is the most economical method of firing refractories
as is evidenced from the above informetion, The minimum tonnége
that can be econmically iired in a Tunnel Kiln is 400 tons per

menth or approximately 5,000 tons per yedr. For higher tonnages

the economy improves considerably.

Per the production of groy and for dead durning of besic rew
seteriel like Dolemite and Magnesite, both Rotary end Shafc
Rilne ere used in the Refractory Industry, Wherees, the

Shaft Kiln is more economical and the initiel capital favestaent
fe leess then that of the Rotery Kila, the quelity of the finel

preduet is not as uniforam,

Retery Kilne vere initislly used enly for producing greg ond
for the celeinatien of kyenite, MNewever, these Kilne eve |

sev boing vsed feor the dead durning of Deleaite es wvell ae

Negneoite,
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