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In general the energy ar.C. mati:=rial balances are a~:;licetic!: 
of the ~.:ete!":..al ar.C. ?r.erg:/ Co?:servat:.cn La·:: i~ e ::::ern.:.fe.cturing 

process. I~ey are applied partic~larly i~ ctecica: end so~e 

other ir:~ustries an~ also in cerarr1cs. T~ey ere usefull and 
unsur~assed a:~ to everybody who is concerned ~ith econocy of 

pro2uction er:.:. each C.esing or project o:"' a cere:::ic feet.cry is 

tese~ or: ttem. In the follow:..ng lecture we will discuss the 
::::eteriel e'1d energy balances frcm the point of view of a 
tec~..nolog:.st <:nho ap;;li.es t:-i.e:r~ :c!' cc~t.rcl tJ:' t~_e eccr.orr:ical 

run of e certain cera~ic =a~ufecture. 

':1.·e will !":O t pay special at ter: t2.cn to :::ee:sur:!'.er: t. ~-=cr:.i cv.e s 

which ere applied in connection w:.th the stu~y of toth the 
enerrry ar..d rr:atcrials balances since they t'.'.-.ecselves pose =:any 
questions transcending the su~ject of this lecture. ~e will 
usG "S!" syste~ of physicel units consistently. 
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As ~entioned above, t!:e essence of tt.e c.at.erie: e:..erg;; 

oa:ances is based en t!:e er.ergy ar.d ~a:erial c:nservation : ~·~ .. __ ,. 
::ow it i-: expressec ir. classical part.s o: physics a-'1::. ~o·.v 

Lavoisier an·:! E:elmhc l t.z set C.own it sc:-,e t.wo !':w:red years age. 

In or'1er to understa.-:.C. each ot'.1.er tetter, ·ne rill :.iscuss 

the energy and ~aterial balances separately. 

2. i. Fun~ame~tal 'l2~Ti!'!~lca;r in :i.aterial Eelances 

The :11r:..:.a:::er:t.sl la\·:, w:;.~C":l af:'ects t!".e ::aterial 'te.}a.:ces 

says : "The weight of ~asses of a separate~ system te~~re 

chemical reecticn e~uels to the weight cf ~esses after 

the reec":.io!"l". As Lavoisier saic : "Rier. r.e se cree. 

rien ne se perdt tout se trensfor~e". 

If there ~re no chemical reaction enc only ptysical 
processes like p!:ase trar.si tions ta:.i::e plece, tr.e atcTre 

~entioned conservatior. ?rinciple is cbviously valid as 

'Nell. 

As a seperat~c systex we consider the wtole plant where 
the observed pro~uction runs. While eleboreting balance 

tables or -:ieg:-err.s /t::ese tec!"..ni~ues we will ciscuss in 

chapters 3 an~ 4/, it is important not to forget a~y 

!!!.a":~rial ite~ belonging to the s,ysterr:. :;uantity of these 
items \e express in units of SI sy~te~ i.e. i~ kilogra~s 

sir ~etric tor:s .. 

l 
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1
ihile elaborating the energy balances, we are pri.::::.ari:y 

firing. ?urtter scrt c:' er.ergy we a::-e co~cer!':eC: eb:::t.; t 
2c!'lcerne~ at:ou t the heat e!":ergy s,;Jen t on cryi.!":g ar.d 

is ttat o~ the electr:.c power spent or. ~riving =sc~ines 
anc equip~e~t e.g. ~ills, presses, different sorts of 

fa!:s, ~urr.ps, stirrers, t::ungers etc. It ffiUst be e~ptasize::: 
tr.at. first rate ob~ect of the ir.terest ~~ a tec?".!':·~lcf<i.st 
er e c:::-..'er er:g::r:.eer s'.':c~l::: :.: t!':e ?:eat energ:,· s1!:.ce 

we have practically nc in~luence ~;on power c:r:su~pticr: 
of :;:ac!':i.nes a!':.C: equipce!'.lt. bui.J. t-in ir. 2 ;;roc·1cti:::n 2.ine. 

T!'!ere are r.urr.erous prcb::.e:::s cor.cern:ng the !:eat. ccnsur::.:;:ticn 
when ~riers an~ kilns ere pr:::jected in the cerscic~. Eut 
in c8se cf elaboreti~g e~ergy balances, a plsiner tr.~ore~ics: 
ap~ar2tus ~ill do. In solving this prot:le~ ~e cr:ly ne~C: 
to cc~pare theoretical ccnsu~ption cf the heat, w~ic~ can 

be :::eter=ine~ at least by apprcxi~ate cslc~:atior., wit~ 
the ,;Jractical cor.sumption indicatec en epprc;riete gauges. 

Ir. tis ·Nay we can find loss o! heat energy ar:,_-: ty ::.. t.s er:elys:: :=. 

wa cc:.r. take corrective measures • 
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Cc~su~:c t.:.t.:r: f:ir 

Drying process is nothing but t~e evaporetiJn 
water fro~ cer2~ic ~c~y a cert2ir. te~perat:ire. 

Theoretical consucotion of heat wi:l ------------------.................................... ...;..;;;....--~ 
sum of the heat spent on bringi~g tte to~y to a 
temperature of dryin€, the teet s;ent o~ bringi~g 

water to a ter:iperature of crying a::C. the heat spent 
on evaporaticn of water fro~ cere~ic toC.y at that 
drying te~perat~re. 

Heat censumpticn either theoretical or practical we 

always relatP. tc one kil:Jgran: of e·:a;;orateC. water enc 
call as "Soeci:'ic !-:est Consumption c~ a :rier". 

Conse4uently, amount of the heat s;ent on evaporating 

cne kilogra~ of water at a certain te~perature co~sists 
of the ~eet needed for bringi~g water to a teiperat~re 

at which e•rn;:orc: t:'..J:;. tGgir..s m:~ t>:.e evapo re tir.g r..ea t 
of water et a c:nsi~ered te~perature. :~e a=ount of 

evaporating heat cepends or. t~e te~~erature as sr.cwr. 

in the following table where the heats spent on 

trar..s:'orming one k:.logram water with th-= i!li ti el terr.per=: tu re 
of o0 c into vapou~ at different te~peretures of 
evaporation car: ':;e set::'£•. 
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Te~pereture of evap~raticn 
o,.. 

\,,. 

0 

JC 

20 

JO 
40 

50 
60 

70 
Q("\ 
'-''-' 

90 
JOC 

~vepcra~ing ~eet 

kJ/kg 

2' <187. ; 

2,46'1.5 
2,442.4. 

2,419.e 

2,J74.2 

2,357.2 

2,327.4 
2,JC4.C 
2,279.4 

2,25L.7 

Tteoretical heat consumption curing drying is net 

the really scent heet. This really spent heat :~ a 

drier is only that heat whic~ is spent on r~coval of 

mechanically bound wate~. The heat store~ in ~ried ware 

could be regained and utilized /et lec:st theoretialy/ 
for different ends but it is net done in practice since 

the te~perature of the dried ware is usually not ~igh 
enough. Strictly speeking even t~e heat accumulated in 

vapour could be utilized a~ter its ccndensetion. Eor 
this reason the really s~ent heat in the drier would te 
only a fiction and in fact it would be necessary to 

ascrite it to the account of the losses. Eowever, wit~ 
regard to the low temperature of vapour after ~ryina 
enc to its implausible contaoination, this heat is not 
utilized in industri2l practice. 

The affiount of heat ~ needed for bringing matter weighing 

m to a te~perature T2 from a te~peretu~e r
1 

is derived 
from the for~ula /1/ : 
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/i/ ~ = mc/~--T,/ where, 
~ ' 

,; .......... . heat l:.t:.J/ 

~ ........... ~eigtt /kg/ 

T 1, T2 •••••• te~pe~atures 

c ••••••••••• specific heat 

0 /deg Cl 
/J ~-<:.gC.eg/ 

Speci fie heat c,. as k!:cwr. frc!!! phys: cs, var1 es ·11:.. th 

the tel!lpera ture. In ce.se of tte er.ergy balance cslculs ti:n:, 

we need not take into eccount these changes and we 
only co~si:er its average in a giver. :nterval o! 
temperatures. Spec:fic heat of ceracic materials 

fluctuates approxi~ately fro~ 0.9 to i.O kJ/kgdeg. 

T~e accurate amount of tr.e specific heat and itsceper.C.ance 

on temperatures ~ust be ass2ssec ir. cc~crRte cases 
experimentally. ~owever it is possible tc say t~st 
influence of micros~ructure en the s~ecific heat is 

negligible but influence of palymcrphic :rer.sfcr~eti0ns is 
greeter. 
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2.2.2. ~eat Consumption et ?:rin£ 

The atove ~enticned 11/ useC. for calcula ti.en 
of ~!eat consu.!!!ption 1!1 c2se o~ drying is "":Ia2.:..C. =-or 

firir.g as well. The amount of the s~ent heet w~ich 
is calculated according to this for~ula ~ust te addec 

to the aoount of the hea~ sper.t on re~ovsl of che~ically 

bound water and on possible decorr-position of limestone 

or on other chemical reactions. Here is to say thet fer 

practical calculation only the heat spent on re~oval of 

chemically toun~ water a~~ decompcsitior. of li=estone 

is ta~er. into consi~e~atio~. Since we leek accurate data 

for ~eter~ining the accunt of ~eat spent c~ ct~er che~icsl 

reactions and si~ce this a~o1m t of heat cc...r.pareC "'~v: ~:: 

that of the above-~entioned /i.e. on re~cvel of 

ci:emically bound water and dec.omposi ticn of li::rrestone/ 

is negligible, we do not consi~er it at celcula~ion. 

T~is calculatec heat, i.e. heat according to the fcr~ula 
/1/ plus haat spent or. re~oval of ~hemically ~cunc 

water and on limestone ~~cc~position, iscallec theoretical 

heat consurr:ption et :~irir~. At the end o:' :'ir:.ng ell c!:e:r.ic2:. 
reactions and removal cf water are finisC.ed but the 

pro~uct contains the heat which was spent on the bringing 

this product tn the temperature of firing. This eccumuletec 

heat is not really spent since we can regain it by 

cooling the pro~uct to its initial te~perature, e.g. 

by ~ea~s of air. The really spent heat is c~ly t~at 

heat spent on the re~oval cf chemically anc r.ec~anically 

'cour.c water an,~ on t:.e 2ccomplis~e!lt cf all the c'.:.emical 

reactions. A nart of t'.-:e b.eat accumulate~ i.r. ;Jrocucts 
· used 

ans. kiln furniture or kiln cars cen be really for drying, 

etc. Some 20 % of heat brought to the kiln could be usually 
utilized in this way. 
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~~. t; t.,. .::: • .c:: • ..,, ••• ea .:..:asses 

There are heet lesses in ~ilns, ~riers end otter 
thern:.al ec;_uipmen ts. They equals to ::-:e ~if:~erence 

cetv;een t'.':e amcur.t of tte heat put 

equi~~ent a~c t~e amount of the real:y spe~t teat 

/both for c:;.eoical reactions and physical ,?recesses/. 
Heet losses us~al:y cli~b over 50 % . ~vRn if we ~ede 

use of res:dual :ieat fro!!: kilns /e.g. in driers/, 

the effect will be scarcely essentially better. 

The principal kin~s of heat losses in cere~ics are 
as follows 

- the flue loss 

- the ~eat containec ln goods end 
kiln furniture 

- t~e heat containe~ ln linings of 
kiln CS.!'S 

- the heat passing t~rough walls snd 
ceiling of t~e teat eGuipments. 
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The sc~rce of ~eat energy in cers~ic industry are 
cifferent kinds of fuel, either gasseous, licui~ 

or solic. A sort of f~el is chosen :n the ~reparatory 
phase of an investment cecision according to local 
conditions. Heat equipments enc their parts /e.g. 
driers, kilns, burners e.t.c./ correspond to that 
choice. For the cor:put etion of anenergy bela~ce, 
the matter of para~oun:. in:;iortance is t.te calorific 
value of fuel. I~e values cf bott the calcrific value 
an~ those of the cc~tusticn heat are give~ i~ Tables. 
The combustion heat is that heat which is yiel~e~ by 
bu!'!ling up fuel to gasseous carbon cioxi:e, nitrogen, 
sul~hur dioxice anc lic;.uid water respec ti vely

1 
on t.he 

other h~nd the calorific value is the heat released 
by burning up nel to gasseous carbon cioxi~e, sulphur 
dioxide, nitrogen anc water vacour. As liquid w2ter 
hes never been genere:.ed in incustrial turr.i~g, we can 
consider only the calorific value when we celc~late 

a~ energy balance. Eat~ the calori~ic vzlue ~r.c the 
co~bustion heat are given in kJ/kg or kJ/Nm3 according 

to physical states cf considered fu~l - either liauid 
- ' 

solid or g~sseous one. The calcri~ic value depencs on 
the content anc composition of ~larr~able pe~ts an~ 
freGuently is not fixed within tte sa~e kin~ of fuel, 
therefor~, it must b~ periodically checkec. 

-

l 
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2.J. Course of Calculation of ~.:ate:::-ial an·~ :::nerg,y ~lo'N Ea::.s~ces 

An usual way of assembling G:aterial ar..d er:ergy flc~.·.' 
. ~ 

r""P1C1,...."C ..... - ---·-\or ...... 

: s as fr J.lows : 
- a ~lcw chart is Cra~T.. 

~resupossiticns are pu~ ~o~n, 
a tase o~ calculation is chosen. 

The flow ctart should te si~plifiec to s ~axi~u~. 2nly 

tecrnolcgy blocf.s which are sub~itte~ to a change co:.cern:ng 

the balance should be d1~awn. The blocks are C.re:1.-r.. 

wi thout tec!"mology details ar.d are !'reque!'lt.ly p~r:'cr:::eC. as 

rectangles. CrienteC. arrcws indicate inputs enc o~t~u:s. 
Syste~s ccnsi~e~ed should inclu~e all the inputs ar..6 
outputs influencing the final result. T~e flo~ :hsrt s~cul~ 
also shQW w!':.at is known about t!:e gi·1er.. protl-e:::, ·::hat. s{',sll 

be solveC.r eventually w~ich are the possitilities of the 

solution. 

h~ ~entione~ above, in order to sirr.lify calculation so=e 

presuppositions ere taken into account /e.g. negligence 

of small reaction heatst ap~licati~n of approxi~zte 
v~lues of specifi~ heats and calorific values respectively, 
e.t.c./. M~tual compatibility of partial results ~ust 
be ensurec when balances are plotted. Con~equer. tly, a 
base or unit is being chosen t~e calculation relates to. 

is It usually ~ass of output concerning 3 certain balancing 

spell /e.g. net annual production/. 
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r:a ta ccr:.cerning the T.a teri.al :'lows sre put ::0•1m di.rec tly 

in :o the flow charts l::u t C!a ta ccncerni.!1g the energiJ 
consumptiorsare :requently put ::o~n i~to separate tatles 
or into so callee Senkey's diagrams. This way is not 

usually sufficiently cetailed but the er:ergy flows 
in separated phases of the +.ecr.nologiJ :J!'Ocess are easy 

to survey. Sankey's ci~grams are used in ceramic practice 
i!1 case cf the material flews as well a~c here they are 

usually a~pliec to the 'thole tecrmologicel process. 
, . . 1 The Sankey s diagra:::r.s cisp ay t?":e energy or :r:aterial 

con sur:!:.J ti on by means cf t~e wic th of t.he area 
/a corresponding scale per kJ or kg, ton etc. ~u3t te 
chosen/, which is brancheC. offinto.i11.ciiui~outputs or 

inputs as will be show1'.in the next chapter. 
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T~e !'ollowing case stucy of calculation the e!'1erg:y e!'l:::: ~ater::.al 

balar..ces in the rec tr:.(:k ::a._'11.:fac ture shall gi Ye ycu a 
better outlcak ccncern::.ng the probleis relate~. 

A decision of making 20 rnilions solid bricks per year 
close to the deposit ~as been taken. T~ere is a su:ficient 
supply of appropriate brick clay in the giver. locality anc 
t!:e local brick'.vcrks cer.. buy a tur:nel kiln r_ee.tec ty gas 
of the sar.e annual capc.c i ty ~cer favourable car.2.i tior.s. 
Geological survey and laboratory tests r_as p:::-oved the 
a»rerage natural hum::.di ty c: the trick-clay te:.!'lg 1 5 % 

anc content of che~ically tounc water en~ cclci~~ carton&te 
te:.ng 4 % anc 3 % respectively. /T~e percentage relates 
to dry trick-clay/. Since a brick-moulcing press stall be 
implecer:ted, it is reckoned on coistening dug anc mellowec 
clay in order to reach water content 20 %. .i!. box :'eeder, 
rollers for crushinp- anc fine grinc:i.ng anc a batch mill 
for ~on:ogenization are ar:ticipated :'or .implel!!entation. 
Pressed bricks shall be dried in a tunnel crier heatec by 
resicual heet from the kiln. The producer of t~e kiln and 

drier declares that t~e snecific heat consu~pticn fer 
firing ICCO bricks is 1.9~ x 107 kJ end the apprcx:.~ete 
heat consumption per 1 kg of evaporated water i~ the ~rier 
emcunts to 5oco kJ. It has teen calculated that 1.coc 
tricks weighing 4.7 tons will consume 3.3 m. cut. of the 

ciay weighing 5.9 tons. 

The i:aterial anc energy flow is displayed in the !'allowing 

flow chart. 
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----------~ 
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?ig 

::eTuwing 

brick clay 
1CC CCC t cr:"y clsy 

18 CCO t natural ~u:::.::i ty 

crushing and 
homogen1zation""""--~---- 7 OOC t water 

/r:.o is tenir-:.g/ 

pressing 

I 

·;r=l.. 51x10 1 O 

125 COO t of f:r~~~g 
mass 

i20 ace t of ~ressec 
bricks 

.--- - ------~ 
kJ ~.49x10 10 kJ o~ heat 

losses -------..;:. 
drying --- -- -- - -~ el. power i8 OCO t ~echan. 

T--- - -- .-...._~-------.------ bounc water 
I 
I 10 I 8.58x10 kJ of waste 

J _ ~e_: :_ ~~1:. ki ln .... ______ _.1 ------

! J9x10 1 O kJ of -

107 coo t Jf driec 
bricks 

-!- he...§.L ____ ._ ~r=J.4Jx10 10 

I - kJ I 1.2x 10
8 

kJ 

1 JOO t carbon dioxide .. 
4000 t chem. bcunc w£ter 
7 COO t mech. bound ·eater 

I-
~l_. _po_we_r_ __ _ firing _____ .........., _____ ......... , - -- - - - - -> 

i.;.1o"°kJ ajheQ,t eos.st.S 

94 700 t = 2C mil. bricks 

, 
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T!:ere is an ex~erience in t~e cr~ck - ~aking /si~ilar cat£ 
can te fou~~ in s;ecial ~encbooks es ~ell /ttet tte elec~ric 

;iower consum;iti~n will 2rr.oun: to ap;:rox. 65 kWh /i .CCC 

~r~cks in t~e case ~f the equip~er.t cor.s:=ere~ ~~ cu~ 

exazple. One tnirc ~f the total ccnsurr.~tion is s;ent en 

:.riving equi~r::ent for crushir!g anC tcrr:oger:i.z:at.ion, :~e 

seconc ttird drives the brick - moulcing ~ress enc t~e 

:rier e~d tte kiln ccr.s~rne t~e rest. There is ~lso kn.a~~ 

that about 22 % waste heat frorr. the kiL~ cen be utilize~ 

:'or crying •. t...cccrding to t1:ese presu!)pCS~ tior.s t the in;r- ::.s 

of energy in se?aratec phas~es of ~he p~sduction has been 

assesed snd celculatec with respect to the e~~u2l prccucticn 

/dashed lines in ciagrsrr: 1 I. Inputs of heat en erg~: :..n tc 
t'.'.:.e crier enc the kiln heve been calculateC. f!"JC. data g1 ~.-e?: 

by the equipoen~ ~rc~ucer. 
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Ccnsumntior. fc~ :ryi~~ 

1e 000 tens of mechs....~ically bound we~er ere e7a?orate~ 

fro~ 125 OCO tons of cruce pressed bricks. Ericks 
entering the drier with teoperature 15°c are ~ried at 

40°c. 7 000 tons cf water still remai~s ir. criec bricks. 

This residual moisture will be removed curi~g firing. 

According to the above - ~entiond procucer's ~eta, tte 

practical heat consumpt:on shoulc be : 

~ = 18 OCO COO kg ti~es 
5 000 kJ/kg = 9 x lClO k~ 

But actual heat consumption ~r needed fer ev&porat:ng 
18 OOC tons of mechanically bounc water e~uels to 

= i8 000 000 x /2 567.8 - 62.7/kJ/kg = 4.5: x 10
10 

kJ 

The value 2 567.8 k~/kg represent so callee total evaporat:ng 
heat of water at ~, i.e. the heat which :s necessary 

for evaporating 1 kg water at 40°c by heating this water 
from o0 c. The value 62.7 kJ/kg is the heat con:er.: in 

1 kg of water at 15°c. s.58 x 10 10 kJ o~ resicuel heat 
from the kiln will be utilized in the drier, conse~1ently 
only 0.42 x 10 10 kJ 0:'fresh heat energy ·.vill have tc 

be needed ~ere. Presupposed losses ir. the crier ';1 ar~ 

e~ual to the difference between the practical heat 
consu!l!ption and the actual heet consurr.pt:..·:m, i.e. 

('; = ~I -
1
"'1 = 4 e 49 X 1 0 

1 0 
kJ 

'""l '"" '"'r -
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3.2. ~eet Consumption fer Fi~:r.~ 

iC? CCC tens o:' :!ri.ed bricks wi t.h teC.?eratu~e 15~C, 

which contain 7 COO tons of mechanically bounc na~er, 
are put into the kiln anc are fired at the ::a:cir:.ui:. 
tefilperature 1 ooo0 c. In addition to it: there are 4 % 
of chemically bound water and 3 % of calcium carbonate 
in bricks before firing which reR"eSen t 4 OOC tons anC.. 
3 COO to11s respectively. :or rerr.oval of i kg cf chemically 
bounc water~ 2 671 kJ are approximately needE:c enc for 
deco~ position of calci~m carbonate, 1 756.5 kJ are 
spent. We can calculate the actual heat ci:nsu:a:;ition 
~r for firing as follows : 

Decomposition of calcium carbonate ; 

J 000 000 x 1 776.5 = 0.53 x 10
10 

kJ 

R~moval of chemically bound water : 

4 oco oco x 2 671 = 1.07 x 10 10 
kJ 

Removal of ~echanically bounc water 

7 000 000 x /2 672 - 6)/ = 1.83 x 10 10 kJ 

= 10.53 + 1.07 + 1.83/ x 10 10 
kJ = 

= 3.43 x 10
10 

kJ 

Practical heat consumotion according to the statement 
of the kiln produceriio be 

,.., - 1 .95 x 107 kJ 20 000 = 39 x 10 I 0 kJ; q -:- • 

22 % of heat input is to he consume~ in t!:e dri~r 

c.22 x )9 x 1010 kJ = 8.58 x 1 0 i 0 kJ; 



'. 
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Consequently heat losses in the kiln are equal ~o 

~ " 
• 1 c I \J kJ 

As ment!.oned ebove, San.key
1

s ciagrams are :frequer'lt 
way af displaying material ar:c energy flows in cer2cics. 
Fig·2 s~ows a Ss.nkey's =iagre= ccncer!'l.ing the ~a~arial 

fl~w from the fluw chert /fig.1/. 

Fig. 3 

Fig. 3 represents the S. diagram of heat fio~s in the 
kiln during firing. 

-~,. { 

~ 
2. ~--

Sca.te: I"'~ = to1°k.J 

't 
/ 

-1 
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4. Energy end Material Flows in the Manufacture of Cera~ic 
Procucts 

This chapter contains data arranged into tcbles which 
enable approximate calculation of ~aterial an~ energy 
flows in the manufacture of refractories? wall tiles? 
unglazed floor tiles,. ho u sehold china, earthel\.,ware 
and red bricks. 

We have ar~anged data into tables deliberately since 
technologies of the individual products cen ciffer from 
each other considerably anc consequently flew cherts or 
Sankey's diagrams also differ in the individual cases. 
The data are arranged in accordance with the sequence 
of the technological processes. 

The information concerning the equipment? moistu~e 
content, consumption of electric power and heat for 
drying or firing is always attached to the ap~rcpriate 
process shown in the table. 

The moisture content is expressed in percentage by 

weight, consumption of electric power in kWh/lt. Consumption 
of ~eat in kJ/kg et firing and in kJ/lkg H~O at drying 

t:: 

fl.Uentity of heat spent at firing is related to 1 kg of 
fired products and quantity cf heat spent at drying is 
related to lkg E20 eYaporeted from the green producv. 
The ttoisture content is always related. to the weight of 
final product and consuption of electric power is rel2ted 
to the weight of the n:.a~ericl entering the e.p;--ropriate 

process. 
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4. i. Yaterial and Znergy Flow i~ the 'l~anufacture of Firecla;r 

Ericks 

Fireclay bricks are made from refractory clays, which 
serve as ~aw ~aterial for making both grog anc bond. 
The moisture of refractory clays is usually in the 
range up to ~s % wt. Similarly the moisture of schistose 
clay usually amounts to 2 % wt. Raw materials with the 
moisture over 15 % wt. cannot be often utilized Qirectly 
in a manufacturing process and ~ust be predried e.g. 
in the open air. Loss on ignition of ~est of refrsctcry 
clays varies in the range 11 to 15 % wt. whereas in Case 
of schistose clays in 0.5 to 2 % wt. range. Grog ~ede 
by ~iring of refractory or schistcse clays is ~ixed 
with ceramic bond in the range 50 - 70 % w~. grog and 
50 - 30 % wt. ceramic bond. In tables I and II cata 
concerning the manufacture of grog are given. Tables 
III and IV contain in_for...,mation about the manufacture 
a'f fireclay bricks by means o~ plastic extrusion anc 

semidry pressing respectively. 
Portion of rejects which arise during drying end 
firing reaches in comn:.on 5 %. If the whole consumption 
of electric power is to be calculated, quantity of 
electric power spent on transport must be addec. 



4. 2. 'Material. an'.! Energy Flow i~ the Ma'!ufi:cture of ·Nall Tiles 

and Non2lazed Floer Tiles 

Technologies of wall tiles enc:: floor tiles manufacture 
differ substantially from eac~ ether. CcnseQuently the 
specific energy consumptions in the incivicual stages 
of production process shew also considerable dif~erencesin 

different cases.~evertheless it must be said that 
nowadays there is a prevailing ten·~ency cons is :.::.ng in 
si~plyfying of the technological process and rerr.oving 
the delicate operations within t~e framework of t~e 

_whole manufacture. 'Ihis is accomplished mainly by 

introduction of the wet milling and of sabsequent spray 
drying of the slip. In earlier times the filterpresses 
were constantly used fer this purpose but moder~ factories 

do not almost applied t~em. 
Body composi.tion varies also in a bro ad range. 5esi~es 

• "classical" raw material~ like kaclins, earthenware 
clays~ kaolin g-:ofsr limestone ~r colomite in csse of 
wall tiles and stoneware clays, kaolin slips, ~el~spare 
pegmati t~ es in case of floor tiles no·:: e.g. calcareous 
marls draw aitention with resp;~t to their application 

in manuiec tu re. 

The moisture content of plastic and Semiplestic raw 
materials is usually in the ra~ge 10 to 25 % wt. end 
their loss on ignition reaches values of 12 - 15 % wt. 
The producers r,f the wall tiles try to choose the 

body compositi,n in such e way so tr.et ~he sizing 

of the tiles can be removed. 
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Consideracle ~henges oc~~re~ also ir. the firing cf 
tiles. 'l'n~ :le sign ar.C. quality of the kiln furniture 
has also substantially char.gee ~uring recent tiwes 
net to speak of t~e kiL~ cons_truction in itself. 
Classical kilns with the large crosssecticns t.ave beer. 
replacec step by step by the 0nes hav~ng their 
crosssecti~ns rm.<ch more SI:ialler. Such kilns allow to 
accomplish the shortening of the firing process to 
several hours or even bellow an hour. In many countries 
electric tunnel kilns are used for firing of tiles which 
enable us to decrease the specific heat consumption. 

It seems t~ be obvious that it is i~possible tc give 
an exhaustiTe and unified picture of the ~aterial and 
energy flows in ~he ffianufacture of tiles. For this 
reason cate in tables V and VI are related to the 
standard contemporary production containing toth filter 
presses and spray driers. 
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4.3. Material and Snergy Flow in the Manufacture of 
Household China 

The technology of the household china is stabilized 
enough in most of factories and therefore comparative 
stucies can be relatively easily mace. ~n olcer entaprises 
where small quantities of rich decorated goods have 
been mace, l-1and forming hes been utilized as well es 
the firing in the multiple-story round kilns. In mccern 
fa~tories both the jiggering ~~d slip casting is 
auto~atizec and tunnel kilns for firing are commonly 
used. Raw materials consumption for the ~enufecture 
of 1 ton of househol~ china is approx£~ately es follows 

body /kg/ glaze /kg/ 

kaolin 560 - glaze pegn:atite 25 

9lastic clays 65 dolomite 5 
;egmati te 310 limestone 1 1 

sunc 315 zinc oxide 1,5 
kaolin 17 

sand 40,5 

The consumption of water in an average household china 
plant is approxi~ately in the range 780 to 950 kg per 
1 t of final product. Moreover a 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 
approximately twice as much as in tunnel kilns. 

Deta from Teule VI! can be also used for the manufacture 
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of earwtherv•·:are prccuct. Since both biscue :'iring 
and glost :'iring ere eccorr.plished at the lcwer 

te~peratures, the specific consumption amounts 
approximately to 38 500 kJ/kg and 34 500 kJ/kg 
respectively provided that the ordinary tunnel kiln 

is utilized. Thermal endurance of the <iln fur~iture 
is approximately in one third higher than in case of 

household china. 

Typical consumption of r·aw materials for t!'le i::anuf5cture 

of 1 t of the final ;>reduct is es follows 

bc.::y /kg/ glaze /kg/ 

kaolin 350 sand ~. 

~I 

earthenware clays 350 glaze pegmatite 32 
sand 410 boric compouncs 16 

pegI!la ti ":.e 1 3 mini um 1 2 

grog 47 soda 9 
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;tueli ty con tro::.. anc Material a.'18. .::ne!'£Y flow in ~f..anufac :ure 

of Ceramic Prcduc~s 

Quite obvicusly 1 portion of rejects results always in 

increase of ~~terial enc enerfPJ consumptions duri~g the 
manufacture process. The ratio rejects/good products varies 
in the course of time end is depeP1ent on the who~e oanifolc 
of the individual factors. Especially the changes in the 
quality of the raw materials cause often .nar:y difficulties 
in the plar.t. The most delicate precess is usually the 
shrinkaze during drying and firing. Nonuni!'or!!l distribution 
of pores in the body end o:.' ten;.peratures in dhe drier C!' 

kiln can cause serious large scale .::efec ts. ~Jewl;y built 

plents suffer often from high portions of rejects e.!1C the 

main task of the technologist is to reduce the~ to the 
minimum velues. Despite this, when ve bring together tte 
::iagrams or tables concerning the materiel an~ energ"J :'lcv.'s, 

'l!e must always ta~e into our consi.ceration that t~e a·1erage 
portion of rejects car. be us follows : 

orocuct Q.Ortion of re~ects /=/.;/ 

fireclay bricks 5 
tiles 5 - 1 0 

householc china 1 5 - 2C 
earthenware 1 5 - 20 

red bricks 2 - 3 

The part of rejects can be after crushing sometimes used 

also as grog etc. 
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G~c~ ?irec in Shaft Kiln 

fabrication 
pr~cess 

crushing anc 
disintegratic..n 

crying of cley 

grinding of 
clay 

dr·ying end 
grincing of 
clay + 

mcis tening of 
clay 

extrusion of the 

ec;uipmen t 

clay 
shredder 

drying drum 

dry pan 

shaft mill, 
pulveriser 

pug mill 

column and auger + 
cutting into clots cutter 

drying 

firing shef t kiln 

moisture 
content 
I% I 

12-1 5 

7-8 

7-6 

7-8 

16-21 

, 6-21 

1-2 

crushing Jaw or gyratory 
crusher 

grinding 

screening 

ball mill 
dry pan 

screens 

electric 
pew er 
consump
tion 
k 1Nh/t 

i -1 • 5 

1-1 • 5 

2-2. 5 

23-25 

1 - 2 

8-10 

12-20 

4 

Table I 

soeci!'ic 
heat 
C:)!:SUmp

ticn 
kJ/kg /i/ 
firing 
kJ/]rgii,.O 12/ 
dryingc:: 

J6CC-46JO 

3JG0-420C 

J2CO-J5CO 

32CC-J800 

+ in modern plent3 this process replaces ell three preceding 
processes 
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Table II 

Schistose Clays Fired in Rotary Kilns 

febricaticn equi;Jmen t moistllre electric spec:.:-:.c 
process content pcwer heat C:)r:-

cor. su:r.p- SU.!!:.Ption 
% ti on kJ/ks: /1/ 

kWh/t firiri:g 
kJ/kgE~C /2/ c . &:. 
ry~!1g 

crushing different 
kines of 
crushers o. 5-2 1. 5-! 

firing rotary kiln 11-1 5 4C00-480C 

grincing roller :r.i ll l. 5-2. 5 

screening screens 0.5 
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Table III 

~anufacture of Firecley Bricks by ~eens cf the Stiff - ~ud 

Precess 

fabrication equipz:.er: t moist~re electric specific process center.. t power heet. con-
consun:p- s~.m:pti~n 

~6 tior:. kJ/kg Iii 
kWh/t firin&: 

kJ/kgE,.,O 
drying.:: 

/2/ 

feeci!'lg rotary table 
feeder, 
belt feeder 2-J o. 1 

dry 
proporticn:ng 
of grog anc clay mixer 2-3 

wet mixing pug mill, 
wet per. 16-2~ 1-2 

extrusion and 
cut ting of tr.e auger + 
column cut'er 16-21 3-4 

repressing re-press 
mechine 16-21 l-2 

drying tunnel 
drier 1-2 10-12 3500-4200 

periodic 
kiln 12-15 4800-7000 

firing 
tunnel 
kiln 15-25 2400-4700 
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Table IV 

~.!en~facture cf Firecley Ericks by llesr:s of Semidrv Press::.!'12: 

~1ethod 

fatricaticn equip!I!en t I!lC is t.ure e!.ectric spec:..fic 
precess con te:r! t power heat con-

consucp- su.:r.pt:.~n 
% ti on kJ/kg 

kWh/t f'. . 
_1r~ng 

kJ/kgH20 
C.ry:.ng 

feeding C.ifferent 
kinds Of 
:!'eeders 2-3 0.1 

dry mixing dry pan + S-9 5-8 

pressure dif!'erent 
forming kinds of 

presses e-:: 6-12 

drying tunnel 
drier 1-2 10-~2 )5CC-42CC 

periodic 
k.iln 12-15 42CC-70CC 

firing 
tunnel 
kiln 15-25 2400-4700 

/1/ 

121 

+ in some cases /if sufficent plasticity of clays is guaranteed/ 

even light - weight mullers cen be used so that the ccnsur:pt:i.:Jn 

of energy is reduced to 1.5 - 2 kWh/t. 
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Table V 

Yar.u:':;c ture of 'Nall Tiles 

' 
fscrication e~ui;nnen t 1:tcis ture elect:-ic specif:.c 
process content power heat con-

SU!!!.Pticn consu~p-

$ tiO!l kJ/ke: /1/ 
kWh/t r~ ,...; ; _ .... ..:...•·e:: 

kJ/kgE ... C /2/ 
~ • t:. ary::..::g 

bccy prep era ti on ball ill.ill, 
with filter filter press, 
pressing 

..:I • drum, ..... ry:i:.ng 
dry pen 38-42 55 3300-4600 

tocy pre para- ball mill, 
ti on spray spray 
crier drier 38-42 95 JJOC-4600 

press different 
forI!'.ing kincsof 

presses 6-8 70 

crying tunnel 
crier 2 1 5 35cc 

bis cue tunnel kiln 
fir:lng ·11i th big 

cross sction 25-30 4050-4200 

sizing + sizing 
machines )C-35 

glazing glazing ma-
chines-1 kg 
o~ .... glaze 
1mt:. 

per 
JO 

glost firing tur.nel furna-
ces of small 
cross mtiori 20-35 4800-5200 

inspection 1-1. 5 

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

++ average consun:otion of heat energy in electric furnaces 
a~ounts to C.5·- 0.6 kWh/kg 

++ 
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T2ble VI 

:.::anufact.ure of Ur...!?laze= Floor Tiles 

fabrication equipment moisture e:.ectric spec:.fic 
precess content power heat con-

ccnsurr:p- sumoti-.:::n 
(",L ticn kJ/kg /;/ "JC 

klr'h/t firing 
kJ/kgS20 12/ 
drying 

body bell mill, 
preparation spray crier 3s-42 i20-i50 3500-47CC 

press different 
,p • ..... orn:1ng kines Of 

presses 6-e eo 
dr~ring tunr..el drier 2 20 3500 
,p. • ..._ 1r:l.ng tunnel kiln 

wit:b.. big cross 
section 35 7900-e5co 

inspection i- l. 5 
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Manufacture of Household China 

fabrication 
process 

body 
preparation 

jiggering 

casting 

drying 

bisaue 
fir{ng 

glazing 

equipment moisture 
content 

blunger, bell 
mill,filter 
press,. deeiring 
auger 

jiggering tools 
and. aut. jigge-
ring equipment 2)-26 

casting 
equipment 30-34 

different 
types of driers 

tunnel kiln 

glazing 
equipment 

2 

glost firing tunnel kiln 

inspection 

electric 
power 
consump
tion 
kWh/t 

130-1 ~o 

35-40 

20-25 

20 

70-80 

35 

35-40 

5 

Table VII 

specific 
!:eat con
sumption 
kJ/k~ /1/ 
... ~ r.; n- er 
.L.- -· 0 

kJ/~gH20 /2/ 
C.ryi!lg 

3000-3400 

7500 

21000 

The average ccnsumption of plaster mol:.s amounts to 5 % wt. 
related to the welj'lt offinal products in case of jiggering 
and 10 % wt. in case of casting. The average en~urance of 
s~ggars is as follous : 
fireclay 4 firings 
SiC - 70 firings 
cordierit - 15 firings 

j 
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Table VIII 

}.~anufacture of Red Bricks by the Soft - ~uc Process 

fabrication equipment moisture electric specific 
:;:>recess content power heat cor.-

con sump- sumo ti on 
% ti on kJ/k3 /1/ 

kWh/t firing 
kJ/kgH~O /2/ 
,, • t:. ._rying 

crushing and feeders, roll 
desintegration crushers roller 

mills, pen 
mills 12-15 1 0-1 5 

rno is tening pug mill 20-22 0.5 

forming auger 20-22 3-5 

• drying C.lfferent kinds 
of driers 2 1-2 4000-7500 

firing round kilns 
tunnel kilr.s 1-5 900-12CO 
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