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In general the energy end materizl balances are gsrnlicztiicn

of the Mazterial and iIrergy Conservaticon Leaw in & zmenufzcturing
process. lhey ere applied particularly in chermicsl enéd sorce
other 1ndustrie

s 2né also in ceremics. They are usefull znd
c

unsurpassed i to everybody whe 1s concerned with eccnomy of
roducticn 2rnd each desing or project of a2 caremic fzeciory is

o ol
tesed on trnem. In the following lecture we will discuss the
b .

reterigl gncé energy balences Ifrcm the point ¢f viasw of g

tecnnolcgist who epclies them for contrel of the eccnomical

run 0f =z certain cerexic zanulacture.

Ye will nct pay special zttenticn to mezsurment Technicues '
whicn 2re zpplied in c¢eonnection with the study ¢f toth the

J t
enargy znd materials belences since they themselves po
cuestions trenscending the suhbject of tnis lecture. Ve will

use "SI" systex of pnysiczl units consistently.
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2. -tundgmentsl I2rDinciogy

As mentioned above, the essence of the materiel and erergy

helances is tased cn the energy and mzterizl ccnservation law

ow it i~ expresse¢ in classical parts of physics and how
Tavoisier end Helmhcltz set Zown it scme two hudred yesrs agc.
in order to understand esch other tetter, vwe +111l Ziscuss

the energy end materizl balences seperately.
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The fundazentzl lzw, which a2ffects the zaterizsl talznces
seys : "The weight of messes of 2 seperasted systiem Ttelor
chemical reacticn ecuals to the weight of messes efter
the resction". As Leavoisier seid : "Rien ne se crée,
rier ne se perd, tcut se trensforme”.

If there sre no cnemical reaction end only prysical
orocesses like prase transitions taixe plzce, the atcve
~entioned conservetion principle is obviously velid as
well.

is 2 seperat2edé sysztem we consider the wrole plant wnhere
the observeéd producticn runs. While elzborating talence
tables or “iegresme /tnese technicues we will discuss in
cnapters 3 and 4/, it is important not 1o forget any
material item belonging to the system., Quantity of these
items v e express in units of SI sye<ter i.e., in kilogremxs

or nmetric tons.
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hil 1 t3
*hile elaboreting the energy belances, we zre prizzpils

es
acneerne?d : he ! rerzy vl
cnecern atout the hest ererzgy spent on Crying and

s
€3 - Ty wm ) =~
c=Tng. rurirer scrt of enersy we
1s that of the electric powe e
anc eguizment e.g. mills, pre s
fars, rumps, stirrers, tlungers ote,
thet first rzte obiect o€ the e
Cr 2 plwer ergineer shoulsd ke the =
we nave practically nc influence 120N powar corsumntic
= IS L~ Ll O iy [N e)0t
n c

0f mechi

T = o} ;
-78re are rurerous protlezs concerning the hezt e
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appearatus will do. In solving this problem we only nesd
) ; s v . . esd
LC ccmpare theoreticel ¢ensuxption of the reszt
bey ~ ™ 3
Ce determined a2t least by eprroximate czleulatior with
n, with
r

the cracticzl consumption indiczted con 8pprecriate gauces
2 ri-s o = = .

in tls way we can find loss of hezst erergy and ty iits srnalwvs:

]

w2 czn take corrective

zeasures.
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Theoretical cons

unption of v

sunn of the hest
temperature of &

water tc z temperaiure of dryin
on evaporaticn of

drying temperstu

Heat censumpticn
)

always releste tc
call as "Specifi

stent on bringing the btody %o a

drying, the reat spent on bringing
ng anc the hest spent
waler froz cerzmic tody 2t that

o

- T e

c
one ¥xilograsm of evaporeted water =and

Conseguently, smount of the h

cne kilogram of
of the ne2t neede
at ch evacore

of water gt 2 con

eveporating heat
in the following
transforming one

of 0°C into vapour st 4i

svaporation can

watler at gz

nt on eveporating
perature consists

c em
ed for bringing weter to 2 temperzture

tion tegins 2nd the svaporati ng rhest
siiered temperaturs. ine azcunt oF
depend n the temperature es sncwn

De seesqn.

zture
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Temperature of evapiration Zvescrating nest
°¢ kJ/xg

0 <, 4E7.
1C 2,454.5
cC 2,442.¢
30 2,416.¢€
40 €,357.2
5C 2,374.2
60 £,351.2
70 2,327.¢
256; 2,3C4.0C
2,275.4
1CC 2,254.7

Treoretical hest consumption during drying is not
lhe reslly spent heet., This really spent neat in

m

drier is only that hest which 1s spent cn recoval of
Zechanically tound water, Ihe heat stores 1

23

Zried ware

~

cculd bte regained angé utilized /2t lesst theoretidly
for different ends but it i1s not done in practics since
the temperature of the dried ware is usually not high
enough. Strictly speeking even the hrezst accuriulated in
varour could be utilized a<ter its condensztion. for
this reason the really soent heat in the drier would te
orly a fiction and in fact it would be necessary te
ascrite it to the account of the losses. Zowever, with
regard tc the low temperature of vapour efter drying
end to its implausible contaninetion, thnis hest is not
utilized in industrial bractice.

The amount of hneat § needed for tringing matter welghing
T to a temperature T2 from z tempersture I] 1s derives
from the fermula /1/




Specific heat ¢, as knecwn from physics,

the tempersture. In

. o)
. temperatures ,deg ¢/

.specific heat /J/kgleg/

veriss with

case of the ernergy bzlance ceslculsztion

we need ncot take into esccount these cheanges erni we

only consier

tempereslures.

fluctuates aoproxi

The accurete

on temperztiures must be zssessed in
experimentally

influence of

negligible but

greater.

its averzge in 2 given intervel of
Specific heat of cersmic meterials
gtely from C.9 to 1.C kJ/kgdeg.

-

amount of tre specific hest znd itsdependence
cnerete cases

v ZOowever it Is possible te sey thet
micros*tructure cn the sge

cl
influence of pclymerchic crmztions 1is

’
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cve menticned Tormuls /1/ u
£ hest consumption in case ©

g3 well. The zmount ¢f the
n £

on remcvzl of chemicelly

'
8]
0 ¢ O

omposition of limestcne

s
or on other chamiczl rezcticns. Here is to say thet fcr
o) r

s
practical calculation only the heat spent on rerovzl of
chemically tound water and decompcsition of lirestone
1s taxen into consideration. Since we lackk zccurste dats
for Zeterzining the amcunt of heat spe
reactions and sicce this amount of heat cempared with
thet 0 the abovee-menticned /i.e. on remcvel of
cremically bound water end decompositicn of limestone/
is negligible, we do not consider 1t 2t czleculs
Tnis celculsted neat, i.e. neat according tc the formula
/1/ plus heat spent on removal of chemically tcund

weter end on limestone ceccmpositicn, iscalleé theoreticsal

heat ccnsumption st firing. At the end of firing ell cherxicsl

rezctions and removal of water are finisned but thne

product conteins the neet whicn was spent on the bringing
this procduct to the temperature of firinz. This eccumulated
heat is not really spent since we cen regzin it by

cocling the product tc its initial temperature, e.g.

ty means of air. The really spent nest is only that

heat spent on the removal c¢f chemically and mechanicelly
tournd water and on tre 2ccomplishment of 211 the chemical
reactions. A part of the heat accunulated in Egoducts

and ¥iln furniture or kiln cars cen be reall;D?Sr drying,
etc. Some 20 % of heet brought to the kiln could te usuzlly

utilized in this way.
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equipment gné trhe amcunt of the r
/both for chemiczl reactions and
ezt losses usually clizb over 50 % . Zven if w

1

use of res:dual nest frow kilns /e.g. in driers/,
the effect will be scarcely essenti ally better.
The principal kinds of heat losses in ceramics are
as follows :
- the flue loss
- the heat contained in goods end
kiln furniture
- lhe heat conteined in linings of
kiln cars
- the heat passing tnrough walls znd
ceiling of the heat ecuipments.
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The scurce of heat energy in cersxic industiry are

different kinds of fuel, either gasseocus, ligquid

or solid. A sort of fuel 1is chosen in the pregerstlory
phase of an investment Cecision =ccording to local
cenditions. Heat equipments snd their parts /e.g.
driers, kilns, turners e.t.c./ correspcnd to thet
choice. For the computl ation of znenergy telznce,

the matter of parazount importance is the ceslorific

value of fuel, The values ¢f toth the czalcrific valusa

sn? those of the ccmbusticn neat are givern in Tables.

Tne combustion heet is that heat which 1s yielded by
turning up fuel to gasseous certon dioxile, nitrogen,
sulphur dioxide =néd licuid water respectively, on the
other nznd the celorific velue is the nest re
by burning up el to gasseous carbon 2ioxide
dioxide, nitrogen zné water vepour. As liguid wate

has never been genersted in industrizl turning, we cen
consider only the calerific value when we czlculate

an energy balance. Botn the calorific velue z2nd the
corbustion reat are given in kJ/kg or kJ/Nm3 according
to physicsel states cf considered fuel - either liquid,
solid or gesseous one. The celerific value depencs on
the content and compesition of flemzable perts ani
frequently is not fixed within the seme 4Ziné of fuel,
thereforc, it must be pericdically checked.




2.3. Course of Calculation of laterizl and znergy Ziow 2

[\
. 4
[
1]
O
®
7]

-

An usual way of zssembling meterial end snergy flo
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el
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- 2 flcw chart is Zdraswn,
- presupossiticns ere put 2own,

base 0f calculation is cnosen.

|
(Y

(]

he flow chart should te simplified to = meximum. Inly
technolegy tlocks which ere submitted 1o & change ccrncerning
tne balznce shoul? bs drewn. The blocks zre crewn

without technology details and ere freguently perIc rmec 2s

rectangles. Crienteé errcws incicate inputs anc outjuis.

t4,

Systems consiferad should include 21l the Inpuis end
outputs influencing the finel result. The flow crhert srould
2lso show wnat is known sbout the given protls s

he solved, eventuelly which are the possitilities cof the

soclution.

4ic mentioned sbove, in order to simlify calculaticn soze
presuppositions are texen intc sccount /e.Z. negligence
of small rezction heats, apnlicetizon of approximete

y)
)

velues of specific heats and celorific values respe ctivel
s.t.c./. Mutual compatibility of partial results must

be ensured when bzlances are plotted. Consequerntly, 2
bese or unit is teing chosen the czlculation relates 12,
Itﬁfsually rass of output concerning 2 certzsin belan ncing
spell /e.g. ret annuzl production/.




Lata ccncerning the material flows zre put Zown directly
inzo the flow chartis tut data ccncerning the energy
consumptiors are Irequently put down into separate tatles
or into so celled Senkey' s diagrems. This way is not
usually sufficiently Zdetailed tut the erergy flows

in seperated phases of the technclogy process are easy

10 survey. Senkxey s dizgreams sre used in ceramic practice
in czse cf the material flcws as well ané here ihey are
usuzally arplied tc the whele technclogicel preccess.

The Sankey s diazrarms Aisplay the energy or Tateriel
censumntion by means ¢f the width cf the area

/s corresponding sczle per kJ or kg, ton etc. Tust te
chosen/, which is brancheé offinto (adividual outputs or
inputs as will be shownin the next chapter.




The following case study of calculation th r end Taterial

‘3
J

kralances in the red brick zaznufscture shell give jycu 2

tetter outlcek ccncernin

0Q

the croblems relatec.

A decision of making 20 milions solid bricks per yeer
close to tne depcsit hes teen taken. There 1s e sufficient
supply of zppropriete brick cley in the givern locslity and
the locel brickworks czrn buy z tunnel kiln reated by ges
of the szre znnual cepecity under favourable conditiens.
Gsologiczl survey and laboratcry tests hes croved th

D

aversge natural humidity ¢ the trick-clay teing 15 %

nd content of chemicelly tound water end cclclur cartonate

[O)

4 % and 3 % respectively. /The percentsge rel

n O

n

b

o

e

+

to dry brick-clay/. Since 2 brick-moulding pres

D,

s
implemented, it is reckeonad on roistening cug and

P

clay in order to resch water content 20 %. & bex T
rollers for crushing end fine grinding and 2 baztch mill
for homogenizestion are anticipsted Tor .implerentation.
Pressed bricks shall bte dried in a tunnel drier heated by
residual heet from the %iln. The producer of the kiln and
drier declares thet the specific heest censumpticn for
firing 1CC0 bricks is 1.%5 x 107 kJ endé the arprcxizete
T

4]
b

neat consumpticn per 1 kg of evapcrated water in th
emounts to 5080 kJ. It has bteen czlculated that 1.C00
tricks weighinz 4.7 tons will consume 3.3 m. cubt. of the
ciay weighing 5.9 tons.

The material and energy flow is displayed in the following
flow chart.
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Tig 1
zelowlng
brick cleay
1CC CCC t éry cley
18 CCO0 t nstural nuzility
8, .
14.4x107 kJ crushing and
———————— homogenizaticnjee———— 7 00C t water
el. power /coisteming/
125 C0C t of forming
mass
18x10% xg .
__________ —>| Pressing
el. power
i2C CCC t of crescsed
bricks
—————————— -
e 10 . . 10, - _
8 r=4.51x10 xJ 4,49x10 kJ of hest
T.2x107 kdJ losses
e m—_—_———— e — = o
el. power crying 1€ GCO t mechan.
T - - bound water
|
l 10 :
| &.58x10 k¥J of waste 107 €00 t of dried
| heat from kiln bricks
i 39x1010 kJ of 10 1 300 t carEEB dicxide
W ar=1, .
_]_ae_a_‘g_______.)_ T 43x;1<3 4000 t chem, tcunc water
e ]
| 7.2x108 xJ 7 C0C t mech. bound weter
el. power firing e

— - — . —— —— t— —

— e — o — e — —

94 760 t = 2C mil. bricks
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T
can te foun? in scecizl hendreocks gs well /ihst the electirie

e
power ceonsuxmption will amount to eptrox. &5 zWn /1.C0CC
nricks in the case of the ecuiprent consilered in cur
example. One third of the total ccnsumpticon is sgent on
driving ecuipment for crushing =né nomogenization, the
seconé third drives the btrick - moulding press ané tne
Arier end the kxiln cornsume the rest. There 1s zlso mowm
that about 22 ¥ waste heat fromr the kiln can be utilized
for érying. fLccerding to these presudzesitions, the inpuils
of energy in separated phas:es of the prccduction has been

assesed =nd celculated with respect toc the ennuel preducticn
/3ashed lines in diagrzam 1/. Inputs of heat energy intc

(o))

the érier and the kiln heve been calculeted from detz given

by the ecuipmen* orclucer.
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Eeat Consumption fer frying

12 000 tons of mechenicelly bound wetier zsre evaporated
from 125 000 tons of cruce pressed bricks. Ericks
entering the drier with tenmperature 15°C are Zried a2t
40°C. 7 000 tons cf water still remasins in éried bricks.
Tris residual moisture will te removed curing firing.

According to the stove - mentiond producer's Zata, the
practiicel heatl consumption sheculd te :

o = 18 0CO CCC kg times

5 000 kJ/kg = § x 16'°

ko
But actual heast consumption :r needed fcr esvaporating
18 00C tons cof mechenicelly bound water equels 1o

10 ,

Qr = 18 000 0G0 x /2 567.8 - 62.7/kJ/xg = 4.51 x 10 kJ

The velue 2 567.8 kd/kxz represent so called totzl eveporsiling
heet of water at AQEQ, i.e. the hest which is necessery

for evaporating 1 kg water at 40°¢C by hesting this water

frem 0°C. The value €2.7 kJ/kg is the hest conzent in

1 kg of water at 15°C. 8.58 x 1010 kJ of residuel heet

from the kiln will be utilized in the drier, conseguently
only 0.42 x 10'0 kJ of fresh heet energy will heve to

be needed rere. Presupposed losses in the Zrier Cl are

equal to the difference between the practical heat
consurption en? the actuel hezst consumption, i.e.

=Q-Q, = 4.49 % 10'0 kg

I
1




3¢2. Heat Consumption for Firing

iC7 CCC teons o 2ried bricks with temperature 15:C,
wnich contzin 7 C00 tons of mechanically bouné watler,
are put into the kXiln ané are fired at the Raxicux
temperature | 0ce®c. In eddition to it, there z2re 4 %
of chemiceally bouné water and 2 ¥ of celcium cartcnete
in bricks before firing which repesent 4 CCC tons and.
2 CO00 tons respectively. For removzl ol | kg ci chemically
bound water, 2 671 kJ are approximetely needec znié for
decom positicn of celcium carbonate, 1 75€.35 %J are
sgent. We can calculeste the actuzl heat consumption

<p for firing as follows :

Decomposition of calcium carbona}e :

3000 000 x 1 776.5 = 0.53 x 10'° xJ

Removel ¢cf chemically beund water :

4 000 000 ¥ 2 671 = 1.07 x 10'° xJ

Removel of mechenically bound water :

7 000 000 x /2 672 - 63/ = 1.8 x 10'9 &J

¢

/0,53 + 1.07 + 1.83/ x 10
3.43 % 1010 kJ

Qr kJ =

Practical heat consumption &ccording tc the statement
. 1
of the kiln producer %o be

2= 1.95 x 107 kJ . 20 000 = 39 x 10'0 kJ;

22 % of heat input 1s to he consumed in the drier

0.22 x 39 x 100 %7 = 8.58 x 16'0 xJ;




Consecuently heat losses in the kiln are ecugl o0

13
= e 107 %S

T - /Q. + 8.58 x 107 %a/ =

n
~3

~
<1
P
As mentioned ebove, Senkey’'s diagrams are frecuent
way of displaying meterizl ané energy flows in cerscics.
- ~ - ” . - - - -
Fig.2 shows a Senkey s dizgrer ccncerning the malerizl
flow from the flow chert /fig.1/.

Fig. 3

Fig. 3 represents the S. dizgrem of heat flows in the
kiln during firing.
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4. Fnergy and Material Flows in the Manufsctiure of Cersmic

Procducts

This chapter contains data arrsnged into tezbles which
enable zpproximate calculation of meterial zné ernergy
flows in the menufzc¢ture of refractcries, wall tiles,
unglazed flocr tiles, ho usehold china, ezrthen ware
and red bricks.

Ne have arranged data into tables deliterately since
tecknclogies of the individuzl products can Ziffer frecm
each other considerably ané consecuently flcw charts or
Senkey s diagrams a2lso differ in the individuel cases.
The date are arrenged in accordence with the seguence
of the technologicel processes.

The information concerning the equipment, moisture
content, consumption of electric power anc heet for
drying or firing is always attached to the 2pprcpriate
process shown in the table.

The moisture content is expressed in percentage by

weight,consumption of electric power in kWh/it. Consumption

of heat in kJ/kg et firing and in kJ/1kg H,O at drying
Quentity of heat spent at firing is related to 1 kg of
fired products anéd quantity ef hest spent at drying is
related to kg EZO ewaporated from the green producV.
The moisture content is slways releted to the weight cf

final product and consuption of electric power is related

to the weight of the mailerizl entering the aprropriate

DIrocess.
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Vaterial and Znergy Flcw in the ‘znufacture of Fireclay

Bricks
SIXCXS

ireclay bricks are macde Irom refractory cleys, which

y

-

serve zs raew meterigl for making both grog and bond.
The moisture of refractory clays is usually in the
ange up to '5 % wt. Similerly the moisture of schistcse

2}

clay usuelly amounts to 2 % wt. Rew materiels with the
moisture over 15 % wt. cennot be often utilized directly
in e manufscturing process and must be predried e.3.

in the open air. Loss on ignition of mest of refracicry
clays veries in the rangs 11 to 15 % wt. whereas in Case
of schistose clays in O.5 to 2 % wt. range. Crog mede

by Siring of refractory or schistose clays is mixed
with ceramic bond in the renge 50 = 76 % wt. greg end
50 - 30 ¥ wt. ceramic bond. In tebles I and IT date
concerning the manufecture of grog are given. Tables

TIT znd IV contain in_for_mation sbout the menufacture
of fireclay bricks by means o7 plastic extrusion anc
semidry pressing respectively.

Portion of rejects which erise during drying end
firing reaches in common 3 %, If the whole consumption
of electric power is to be celculeted, quantity of
electric power spent on transport must be added.
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2.2. ¥ateriel and Inergy Flow ir the Yanufacture of ¥a2ll Tiles

and Nonglazed Flocr Tiles

Technclogies of well tiles end floor tlles manuiacture
differ substentially from each cther. Ccnsecuently the
specific energy consumptions in the indivicdual stages

of prcduction process show 2lso considerable differencesin
different cases.Nevertheless it must be seid that
nowadays there is & prevailing tendency consisting in
simplyfying of the technological process and removin

the delicate operations within the framework of the
_whole manufacture. This is accomplished mainly by
introducticn of the wet milling and of smubsequent spray
drying of the slip. In eerlier times the filterpresses
were constantly used fcr this purpcse but medern factories
do not almost applied them.

Body composition varies alsc in a bro ad renge. Eecgides
"classical” rew materials like kaclins, eesrthenware

cleys, keolin grogs, limestone or dolonmite in case of

wall tiles and stonewere clays, kzsclin slips, feldspare
pegmatit.es in case of floor tiles ncw e.g. calcareous
merls drew attention with resp2ct to their applicaticn

in menufecture.

The moisture content of plastic and Semiplastic raw
materials is usuelly in the range 10 to 25 % wt. 2nd
their lcss on ignition reaches velues of 12 - 15 % wt.
The producers cf the well tiles try to choose the
body compositi.n ° in such a way so theat the sizing
of the tiles cen be removead.




Consideratle chenges oceured elso irn the firing cf

es. Tn2 design arnd cquality of the kiln furniture
has slso substentially changeé Zuring recent tices
nct to speak of the kiln cons_truction in itself
Classicel kilns with the lerge crosssecticns have been
reglaced step by step bty the cnes having their
crosssecticns much more smaller. Such kilns zllow to
accomplish the shortening of the firing process to
severzal hours or even bellow en hour. In many countries
electric tunnel kilns are used for firing of tiles which
enable us to decrease the specific heat consumption.

It seems tc be obvious that it is irpossible tc give

an exhaustiwve 2nd unified picture of the material and
energy flows in the menufacture of tiles. Fecr this
reeson Zeate in tables V and VI are related to the
standerd contempcrary procduction ccntaining totn filter
presses and spray driers.
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¥eterizl and Energy Flow
Household China

The technology of the household china is stabilized

enough in most of factories and therefcre comparative
studies cen te relatively easily macde. In clder enteprises
where smaill quantities of rich decorasteé goods have

been made, hand forming hes been utilized as well &s

trhe firing in the multiple-story rounéd kilns. In mocdern
fastories both the Jjiggering =2néd slip castiing is
autoratized and tunnel kilns for firing are commonly
used. Raw meterizls consumption for the mznufacture

of 1 ton of househcld china is approximately ss follows :

boéy ‘keg/ glaze /kg/

kaolin 560 glaze pegmatite 25

plastic cleys 65 dolomite 5

regmatite 310 limestone "

send 315 zine oxide 1,2
kaolin 17
sand 4C,5

The consumption of water in en average household china
plant is approxirmately in the range 780 tc 950 kg per
1 t of final product. Moreover 2 small quantity of
deflocculants /several tenths of the total weight of
the slip/ e.g. soda and water glass are also needed.
Total specific heat consumption in round kilns is
spproximately twice as much as in tunnel kilns.

Deta from Tavle VII can be also used for the meanufacture

!
!
.




£ egr tnen_ ware prcduct. Since becth biscue firing
and glost firing are esccomplished at the lower
temperatures, the specific consumption amounts
approximately to 38 5CC kd/kg and 34 500 kJ/kg
respectively provided thet the ordinary tunnel kiln
is utilizeé. Thermal endurance of the %iln furniture
is approximately in cne third higher than in case of
household china.

{1}

Typicel consumption of raw materiels for the menufscture
of 1 t of the final prcduct is s follows :

bedy /xeg/ glaze /kg/

kaolin 350 sand et
earthenwere clays 350 glaze pegmatite 32
gand 410 boric compounds 16
pegratite 13 minium 12
grog 47 sods 9




uelity control ané Materizl and Znerzy flow in Manufsciure
of Ceremic Prcducts

Quite obvicusly, portion of rejecis results alweys in
increase of meterial ané energy consumptions during tne
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renufacture process. The retio rejects/good products var
in the course of time and is deperdent on the whcle manifold
of the individuel factors. Especially the changes in the
cuality of the rew materials cesuse often many difficulties
in the plant. The most delicate prccess is usuelly the
shrinkare curing drying and firing. Nonuniform distritution
of pores in the tody end ol temperziures in dre drier cor
¥iln can cause serious large scele Zefects. Newly built
plents suffer often frcm high portions of rejects and thre
main task of the technolcgist is to recduce thexr tc the
minimum velues. Lespite this, when we bring together the

0

diagrems or tables concerning the materizl ané energy ficws,
we Tust always ta¥e into our consideration that the sversge

portion of rejects can be us follows :

product portion of reijects /%/
fireclay bricks 5

tiles 5 =10
household chine 15 = &C
earthenware 15 = 20

red bricks 2 -3

The part of rejects can be after crushing sometimes usecd
also as grog etc.




Table I
Grcg Fireé in Shaft Xiln
fabricetion ecuipment moisture electric specific
process content pcwer heest
/ %/ cornsump- consump-
ticn ticn
kWh/t ¥J/ kg /i/
firing
kJ/kgi.C /2/
érying
crushing and cley
disintegration shredder 12=15 i=1.5 -
érying of cley drying drum 7-8 1=1.5 36CC=-4€00
grinding of
clay dry pen 7=5 é=2.5 -
drying end shaft mill,
grinding of pulveriser
clay + 7-8 23-25 330C=-¢2CC
mcistening of
clay oug mill 18=21 1T =2 -
extrusion of the
colurn and auger +
cutting into clots cutter 16=21 2+5 -
drying dryer 1=2 8-1¢ 22C0-235C¢
firing shaft kiln - 12=20 32CC~-3800
crushing Jaw or gyratory
crusher - 4 -
Y ball mill - 3 -
grinding dry pan _ z _
screening screens - 0.5 -

+ in modern plents this process replsces 2ll three preceding

processes
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Schistose Clays Fired in kotary Xilns

fazbricaticon

orocess

screening

equipment

different
kinds of
crushers

rotaery kiln

roller zill

screens

moisture
content

%

0.5=2

Teble II

glectric
pCwer
consump-
icn
k%h/t

specific

hezt con-
surption
kd/kg  /1/
firing
kJ/kgHzc /e/
érying

4C00-48CC




Menufacture of Fireclev Bricks by mesns of the Stiff - mud

Process

febricztiion
process

feeding

dry
proporticning

of grcg andé clay
wet pixing
extrusion znd
cutting of the
column

repressing

drying

firing

Toisture
content

equiprent

%

rotary teble
feeder,

belt feeder 2=3
mixer 2=3
pug mill,

wet pan 16=21
auger +

cuter 16=21
re-~-press

mechine 16=21
turnel

drier 1=2
periodic

kiln -
tunnel

kiln -

electric
ocwer
consuxp-
tion
K%h/t

O

—a

specifi

heet con-

sumption
/i/

kd/kg
firing

kJ/%gE..0 /2/
érying©

3500-4200
4800-70CC

240C-47CC
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Table IV

Mgnufecture of Firecley Bricks by mesrns of Semidrv Pressing

¥ethod
czbricaticon equipment ncisture electric specific
process content Dower hezt con-
consunp- surpiion
Z tion : XJj/kg /1/
kWh/t firing
kJ/kgH2O /2/
érying

feeding different

kinds of

feeders 2=3 Je 1 -
dry mixing éry pan + €-6 5-€ -
pressure different
forming kinds of

presses g-2 €-12 -
drying tunrel

drier =2 10-12 35GC=-42CC

periodic

kiln - 12=15 48CC=-7CCC
firing

tunnel

kiln - 15=25 2400-4700

+ 1in some cases /if sufficent plasticity of cleys is guarasnteed/

aven light - weight mullers can be used so that the censumption

of energy is reduced to 15 - 2 kWh/t.




Table V
Yarufzcture of Well Tiles
fstrication ecuipment ncisture eleciric specific
preocess content power hezt con-
censuTp- sumptic:
% tion kJ/kg /1/
k¥h/t firing
kJ/ggHZC /2/
drying
bedy preperation ball mill,
with filter f£ilter press,
pressing drying drum,
dry pen 38-42 55 3300-46C0
toéy prepara- tell mill,
ticn spray sprey
drier drier 18-42 95 320C-4€00
press different
. forming kindsof
presses 6-8 7C -
arying tunnel
drier 2 15 3sCe
biscue tunnel %xiln
firing with big
cross setion - 25-30 405C-4200
sizing + sizing
machines - 3C-35 -
glazing glezing ma-
chines=l kg
ofzglaze per
1m 1 30 -
glost firing turnel furna-
ces of small
cross setion - 20-35 4800=-520C ++
inspection - 1-1.5 -

+ in case of siliceous - caleareous tody the process is
unnecessary

++ average consumption of heat energy in electric furnaces
agounts to C.5 - C.6 kWh/kg




Yenufacture of Unglazel

*loor Tiles

fezbricetion
prccess

body
preperetion

press
forrTing
érying

firing

inspection

equipment

bell miil,
spray dérier

different
kinds of
presses

tunrnel drier

tunnel kiln
with big cross

section

moisture
centent

.
%

3E-42

Teble VI

electric
power
ccnsumt-

.~

Licn

kWh/t

specific
heat con-
sumpticn
kJ/kg
firing

KJ/kgd 0 /2/

drying

3500-47CC

35C0

79CC-£5C0
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Yernufzcture of Household Chine
fabricaticon equipment moisture
process content
%

becdy blunger, cell
preparetion mill,filter

nress, deeiring

auger
jizgering iiggering tools

and sut. jigge-

ring ecquipment 23-26
casting casting

ecguipment 30-34
drying different

types of driers 2
tisque ]
firing tunnel kiln -
glazing glazing

egquipment 1

glost firing

inspectiocn

The average

tunnel kiln

suggers is as follous :

fireclay
SicC

cordierit -

firings

4
0 firings
5

firings

electric
power
consump-
tion

xXWh/t

70-80

35
35-40

censumption of plester molds smounts
related to the weght offinal pro
end 10 % wt. in case of cesting. The aver

ducts in case of

Teble VII

3000-3400

7500

2100C

to 5 % wt.
_ jiggering
ege endurance oT
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Table VIII

Yaznufacture of Ged Bricks by the Scft - mué Process

fsbricetion ecquinment moisture electric specific
prccess content power heat con=-
’ consump- sumption
% tion kdJ/kz /1/
kWh/t firing _
kJ/kgHZO /2/
drying

crushing and feeders, roll

desintegration crushers roller
rills, pen

mills 12=15 10-15 -
moistening pug mill 20-22 0.5 -
forming auger 20-22 3=5 -
drying dafferent kinds .
of driers 2 1-2 4000-7500
firing round kilins

tunnel kilrs - 1=5 900=12C0
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