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Cer&lliot1 and ltu1141Dg materialJI iDduriri•• are •cmc 
-jor conalmeN ot energJ" 'because ot lleat prooessea nece•a&rJ 
to build up pro4ucta. 
Sc, in &Terap 86 per cent ot total aero conauaption 1Jl the 
cenaica production 1e ta'ten up 'by direct te.::bnological con-
81.lllptian Gil cb71Dg and fir111c while the left 14 per cent 1a 
spat on 4riri.ng machin•r.r and overhead•. 

Ia oatac14enoe with •oaring prioea ot tuela oona14era'ble 
Naearcll m4 ._..rial ettmthu lteen pat to aolriDg the pro

blem of •n•ra 1D oeraaic•. ••technological prooeaa••• raw 
-t•riala ancl pro4uotion equipemt haTe lt"n 1Jltrocluoe4 which 
han re8Ulte4 1.Jlto lonring the J>117•ioal coll8Ullption of tuela 
per 111lit of output • .At th• •- tme an •tho4a o:t enera -..-t a4 au41t llaTe lMten applied. wllioh han ltrought 
Miler aero OGD8ernticm 1t7 re4'to1ng 141.e OOD8Ullptiona. 

Jor •..,...t• the introcluction of Mtho4a of rapid a1Dgle tiri.Dg 
1D the production of ceramic tiles, ezp101alll.7 tlomi tile• 
•ant a 1aportaat retuotion of tuel oonauapticm. BORTer, 
thi• tecbnoloa can H uecl onl7 1D cue ot a ... plant _. it 
:requ1N1 a ocaplete reoonatruotioa. Iaportant enera oonaenat
iou ou ai.o H atta:bl•4 lt7 uai.Dg raw •teriala requir1Dg 
lower :tirina t•peratureaf! 'b7 llOclemisiag firina eqllipment, 
lt7 utilisation at wute beat, iilter alt.a, ftich are all •uu
rea that 4o not require a l.&rge oap11~Ml outlq. 
ill the•• MUU1'9• to retluce n•ra ocmnapticma of eziatiag 

oenaio 1n4uatr1•• are ault~ect to J)t'msnent oonoun of -
gen -4 teohnioiw mn&ging tuae iJldutri•• in 4rnloping 
oouatri•• who al.80 often appl7 to un:oo fe relOYaDt illq1l1r1••· 
ID ol'Ur to n•pm4 to th19 omoem thta 1Dtomat1oa i-once 
wu ooap11e4 Which ltrinp a conoiae prel:la1D&17 1n:tomat1oa 
011 th• w1-3ect. !he paotage u lt&9•4 OD tour pg'lioatiou e41t• 
~" -.,.r .~~.M. tJ.lq':rJlC·-O~~nhoe) 1'Y"rak~.a .Joint Prog1•1u1• for !:t;t.r;.:7.''."lf~.1; · · 

nal Co-operation in the Pield of Ceraaic•, Building Materials 
s.n4 •on--tallio Mineral• Bue4 In4uatr119 in P1lan, Cseoho
•lontia which ••re it• reapoue to tu requinMDt• tr• 4•
TelopiJll ocnmtr1•• :In the oour11e ot •enfal put 79an. 
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D oonta1Da a ltrief 4••criptian of princtplea ot enero --.a
pMll't 1Jl oeras!.o•, a -1a part u dented to th• .aero au41t-
1Jag in ceraioa amt equS.pemt ae••••U'J' to ocmd.uot ncoeuful 
enero dt.gaoatioa in the plant• producing ceramic•, glu• aad 
'111.ldillg •t•riala. 

ft• 1Dtomatioa caa:ta1Jle4 in thia packag9 1a lt7 no •m ez
bauatin nor ahoald it ~· oouidered a replao-t o'f teolmo
loO protil•. JJq ocmtrintiOD rrca our rea4a11 tor up4atmg 
ot, or illolWliOll ill the package would, of oourae, ~e w1o~. 

•or 'further 111toiwat1oa pleu• ccmtaot1 

UJIIDO 
Ia4uatri&l IJl:tormtion Section 
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I. D.t:~Y COSERVATIOlf AND llAHAG~ SYSTlll Ill CERAJIIa> 
(Rdereo• 1) 

Baerg Mcanageaat Jl9pre•enta a Wide, orsanisation- and 

control-demncl1Dg ocmplex of aot1Tit1•• M8e4 cm the cletaile4 
anal.J8e• ot aohal oonclit:'.ou, •tm4i•• Oil techaioall7 teuible 
target• and detemination ot gracbial. n•i- tor their real:lsa -
tion. 

Bllerg llamgemnt in the Cerudo ill4uatr7 18 obaNOtcr:!s
•4 b7 the following tielcla ot aotiTiti••: 

1. ••-traditigp.J teobnoloe1•• with 1 .. ret ••ra ct=p4 

!he application ot low fluxf ng raw •teriala or ot fi'llX89 
u .uoh lOftZW the tiriDg teaperature. the tochnolOIJ' can lte 
aiapl1:t1e4, raw •terial• requiremllt• oa 'H ziie4uoe4 llll4 pro

gre•1T• opentiou appl'!.et. 

2. DemJ. proog1 oUtr1pt1m 

!G reach the optima heat ocmauaption during the t1r1ng 

a) lli&Sill..tk.111 lsmAitiaH ot the produota, whioh clepen4 
oa 41tterat·at1'Ut11Nl cha 118•• of the •1•4 duriiS their 
heat treament, auoh u lo•• ot cheld.oal water, cleocmpoait
ion ot taolmite, orJ1Jtallograph10 chage• ot •ilioa J104i
t1eation, ouag.a of al1•1na atl'UOhft, eto. SaD7 of thoa• 
change• ml8t be N•pected clu.rDg 4rJ1Jag anc1 tiri.ag to aToicl 
G7 cl••ge to the grc.· "1l produot•. 

lt) UJA-D!m It 18 oltTioua that the spec1fio heat oouuaptica 
pun :lt tbe Jdl.D 1a ~ paril.1' loaded with 417 pro4uota. , 
laoh kilA • output •hon a optima ot enea omauapti• 
aince oYerloe.•Ung of tu kU.. will wute the en•ra again. 

). lanv ''vnoatio• ot ... ., woo•••• 
!he olt~eotiT• 4ata ot the actual 1tq of the kiln or 

4ri•i ~J.-c- D.t;·c.•••&rJ u tbe ltuia fox· i;hfj l.ll;Provemnt of pr~··· 

c•••1Dg. !o o'btau these data, the 4iegnost1o ••uremnt• 
an perfom•4 ltJ a Mo1'11• Diagnostio Unit, Which 1• equippel 
witll iutrmenta, reoo2'Cl•N a4 naluatiJlg unit• ena'!>linc to 
pertom the mal.JW•• of thezml proo••••• u wll u tu beat 
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'Mlanoe of p%'04uction unite. !he main oontrintion ot 41ag
no•t1o aeuurwnt• 1Ja oeraic• aa4 retraotori.•• are 

a) energy ccmaerntion, 
'It) output 1Jloreue, 
c) :re4uot1on ot reject•, 
4) qual.1t7 iaproY8Mllt 

4. !h!1W]. eguimept ao4emisati• •m the atep 1n whiola a 
oapital mpd ta alreaq neo•••ar:r. !Jlftefore, th• mtuat
saticm ta to lte oou14ere4 1n two 41ttermt lnei.: 

a) IKUl!-9~..mialla 11hioh 1a U1l&ll7 nal.1se4 accorcling 
to a te .. i\111t7 atut17. It ooTera, tor ezaaple the change 
ot burllera, inoreublg the oooliDg oapaoitJ'1 1utallat1oa 
ot wiring tana to th• preheating •••• etc. fte :baoreuel 
ettioieno7 ot t!ut tila Will OOTer tile oo•t• apat m the 
partial ao4U'llisat1cm. 

•> 2anll& &amSI• of th• 'llllit.whiob. require• high inn•t
aent• an41 tureto1'9 1 thia atep ta applid when tile 1noreu
e4 output 1a nqueate4 •4 it .. t 'H ltue4 on a teuiltili• 
t7 atuq. !he tra41t1cmal lining u :replaced. ltJ' nn iuulat
Dc •ter1ala, the kiln om lte ezta4e4, th• &11t~te4 n
galaticm app11e4, eto. 

5. •vt• Jaeat !lliliytica 

Wute lleat 1a tile llilat rv~ .. t•• tz-m tlut t ... zml proo••• 
at tlae tapent11ft Ja1P acnagh altO'ft the ••tat t_,.ratme 
to pe:nd.t the utraot1on llll4 utilisation of a441t1cmal T&lue 
~NM it. Unal •om-o• ot wane 1leat 1D tile ouuio .a re• 
:tziaotorr 11l4uatrie• are oo--t1m IU••• the au troa tile 
oooliJlc soa•• ot tilm a4 411.•N outlet. 81l01l laeat u utilis• 
•4 either 41rectlJ' ~ :ln4iftctlJ', u.n.:terrea 1a a heat ex
changer. 

6. Q'•tt ooa4111w whioh 41tfer aooe'tillg to the geopaph1• 
cal looat1Ml m4 wh1o1l, thereto1'9, WO 1Dtluaoe the heat 
coa•api;iou ~t • ¥: .. an.,., ·!h1; ~qpsz•a"tu-•., presa\11'"9 en4 relative 
•1-tur• oontat o~ the air muat lte reapeotecl. 
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II. lfOlf-•rftADITIOlfAL TECHNOLOGIES WITH LOWJ!:RJ!al> ENERGY DDUlfD 

- ua• of np-traclitioaal :tlm• 

to which al'bite (·~~o3.6 81~), tuft•, tuttit••• neplae
lia••• pbonolit•, '-alt•, oalc1tea (Caco3), marl.a, pi.gio
clue felupan. mcn••iua nw •ter1als. glu•••· light 
uh•• an4 •1- '•long. file opiDal •• ot each tn-e o:t noa
traclitianal :tlae• mat M 4etenin•4 lt7 plapioo-ohadoal 
teat• ot the nu. !Jae tn1oa1 eaapl•• ot applioat101l8 of 
oaloit• an.4 -.rl8 tor the Ompo81tiou ot lme-.111oeo118 
ncm-ritr1:ti•4 earthemrare ltocli•• •how that in OOllJMlri8on 
with haditicmal taolmitio 1toQ th• 1t18que t1ring teapera
tun u rHlloed. '7 200 u te:r u Joo0c, ill a441tioa, •ta~l• 
&~iam are reaohe4 •o tllat :tmther c08t• in ca111tration, 
•terial md en•ra are aaYed.. 

- •1Jlplifioat1• of Pro4uot1• teohpol011 

1a charaoterise4 lt7 •iJlgl• tiring. Up to 40J of en•ra cm 
'It• •aYed 'b7 tke application o:t •iDgle firlDg tilillg -.teri• 
ala. !he•• technologies are tull7 applied. for the produetica 
ot ••itU'J' ware, tlle7 are tnieal tor all atonawara pro4uot• 
ad tllq ltegill to 4m1nat• th• production ot glue4 :tloor 
til•• nsd ••leote4 type• of wall til••-

- pn419t1qa 114 tppligti• of ••:f1n4 ntnotori•• 

who•• •hare in the total produotion of retraotori.•• uount• 
to 30 - 4<* 111 the 1n4U1trialise4 oountrie• • .A.bout 6~ of 
total ••1'0 oouumpticm 1a llavecl lt7 the &pplioatlcm of 
non-tire4 refrt0tori.•• teobllologi••• 

- 1i 11m11t1911t tin4 RM •b'n 
m 'bo47 ooapoaitiou of oeNaio•. !he natural pop ue ••4 
148tea4, •• I• qu&ns tor the pro4uoticm ot tia• oe~o' 
m4 •111oeoua :tueolap. Suitaltle ohoio• of 'bin41q oca.po
amt• 1Dtluenoe•.posit1Tel7 the eaount ot tind. grog ill tinL 
produo'ia. Some techllologi•• are known, u tor •D11ple, •bale 
bond in tinolqm wh1oh reduce• the ab.are of fiftcl P9C in 

the tinolq product• to u tar u 10.S fr,. total or even 
•11•1nat•• fift4 ll'oC at .:Ll. 
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- wse ot proper 1naulat1ou 

tor th• oonatziuotion ot heat oonaua1Dg appliance• ancl their 
parta, 1. •· proper inaulation ot ltriotware of tUDDel :til.D.a, 

iaprOTecl ooutnoticm. ot kiln oan, their 11ning8, eto. !he 
higheat illproftmnt oan \e achi•n4 ill periodio kilm 1 whe-

2"9 l01Nre4 .... o~ the ltriolcware \7 ih• application of auit
altl• 1Daulat1Dg -t•riala RDp about ••ro -rillp lt7 
20 - 25 per oet m4, aonner, due to the re4uoe4 heat 
acClmllation the firl.Dg 0701• oa uau.all7 l»e •hortened. 

III. LDII!rDIG DRYIIG ilD l'IRDG COIDI!rIO!S 
(Reference 2) 

nil• elaborating the energy 'balanoea, w are pr:blaril7 oon
oeme4 about th• heat ••ztQ spat on clrJiDg an4 tir1ng. 
hriher aort ot cero w are ocmoeme4 about 18 that ot tu 
eleotrio power •pent on 4riring mobinH ancl equi.-it •· g. 
ailla 1 press••• 41tterent •ori• of tana, puapa, •tifteN, 
blanpn etc. It 11Ut •• •pbuise4 that tint ate oi.~eot 
ot th• iater••t of a teobnologiat oi- a power 911g1Jleer alloul.4 
M the heat nn-g a:llloe we b&Te praotioall.J' no iJltluenoe 
upon pow~ oonnaption of mohia•• m4 equipment ftilt-:ID 1Jl 

a procluotion liae. 

fbeft are mmerou proltl- ooaoemillc tu he~t ooumptioa 
Wh• 4ri•N ancl kilu are pro~eot•4 1D the oenmio•. But 1a 
oue of elabo:NtiDg •ft'IJ' ltalmoe•, a plailler tlaeoret:ioal 
appuat. w11l 4o. Ia aolri:lg tbU proltl• w Olll1" •••4 to 
ccmp&ft theozietioal ccmaaptioa of the Jaeat, 111aioh oan la• 
4eten1Jle4 at leut b7 appronmt• oaloalatioa, with the pn~
tioal oouaption 1J14ioate4 on appropriate 1&111••• 
In th18 .., •• om f1114 l•• ot Jaeat •ec mt 1J7 it• mal.J
•18 • oa take oorreotin •umie•. 
l•~t f.s'!QEti• tor Prr'p• 

Dr71Dc proo••• 18 nothiJlg 'but th• napontioa of water tro11 
oenaio bot7 at a oeriaiD tnp9Ntme. fUon11911 tom-U• 
aim ot la••* Will lt• tl:ae •illpl• •• ot th• heat •pent on 
\J'iDliDI the 'boQ to a teapentve ot ~. tlle ~at •peat 
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on eTaporation ot water :t!"O• 6eraic body at that clry1ng tea
perat'U1"9. 

Heat ccmnmption either theoretical or practical we altlqm 
relate to one Jcllograa o:t eT&porate4 water an4 call u 
•Speoi:tio Beat Ccmauaption ot a Drier!.. 

Couequent}71 mount ot the uat spent on eT&porating one-Jcilo
graa of water at a oerta!D teaperature couuta of ti.. heat 
neecle4 tor \rillgillg water to a t•pera'ture at whioll eT&porat• 
icm '9gina m4 tlla naporatillg heat or water at a ocma14ere4 
tapeziahre. ft• •cnm.t o:t eT&poratblg heat 4e,..U on th• tea
peratuzre u alaown 1D tJae tolloring table 1'119re tile heat• spent 
on tl'llU:toming om tilopa water with th• '1Jl1t1al t•peratu
re ot o0c mto T&pour at dtt:terent temperature• ot eTaporat-

ian can H •••· 

~emperature ot evaporation 
OC 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

2,487.1 
2,464.5 
2,442.4 
2,419.e 
2,J9?.2 
2,374.2 
2,351.2 
2,.321.4 
~ • .304.0 
2,219.4 
2,254.T 

!heoretioal heat ccmnapticm 411riDg clr7Da 18 not '\hi netl1 

1pept Mat. !hill reallJ apet beat :lJl a clrier 18 oal.1 that 
heat which 1e apent on Nmoval of •ohanioall1 bound water. 
~he heat stored in dried ware could be rega1ne4 and utilized 
(at leut theoret1call7) tor 41tte1'ent ends but it 1• not done 
:ln practice aince the temperature of the 4rie4 ware 1a uauall1 
not high enough. Striotl1 •peakillg nen tu heat accumlat•4 
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in Tapour oan 'H utilised after it• condeuation. :Por this 
reuon the reall7 •pent heat 1D the 4ri•%' would \e ODl7 a 
tiotion and 1n tact it would lte neo•&•&rJ' to ucri\e it to the 
account of the louea. Bowe•er, with regard to the low teai:•
rature ot Tapour after 4r71Dg and to 1ta undesirable contwinat
ion, thia heat 1a not ut11~•4 in 1n4utrial practice. 

th• aount of heat Q needed tor 'H'iagiDg •tter wigb1ng • to 
a tmperature ! 2 from a t•peratun t 1 18 derived troa the 
:tormala ( 1 )2 a 

(1) Q • 11e (!2-'f1 ) Wilen, 

Q •••••••••••••••• heat (kJ) 
••••••••••••••••• wtight (kg) 

t 1, ~2 ••••••••••• teaperatU%'9• (4eg.°C) 
o •••••••••••••••• •peoitio heat (J/kgteg) 

Speoitio heat o u Jmowa troa p)Qsic, n.riea with ti!• teapera
ture. ID cue o:t th• aero Alamo• oaloulation w neecl not tat• 
:lllto account th••• olumge• and we onl3' oou14•r it• aTerage 1D a 
g1Ya inteTal o:t teaperaturea. Specil'io heat of cenmo •t•
rtal• t:Luotuat•• approx:iat•l.7 frca o.g to 1.0 kJ/tgcleg. 

!he accurate -OUDt of tile apec1t'io heat an4 it• 4epaclano• 

on t~nture• 11Ut M -•••.. 1D oonuet• ouea exper1ma
tall7. BOll9Te%' it 1a poaai\le to •&7 t!aat iJatluenoe of noro
atraotme on tla• apeoitio beat :la neglig1•1• ht Satl.uao• 
o:t polJaorphio traatol'ationa 18 pwat•r. 

IMS Cp•wpSi• at !1r!pr 

!Jae uan Mllt1one4 fol'mla ( 1) me& :tor oaloulattoa ot uat 
ocmamptica ill-• of '17ms 18 Ta1i4 ta tiz'illg u wll. 
!he -.cnmt of tbe eped llMt wlaiola u oalnlat .. •90J'41Bs to 
tJda f--1& ..S 'M ... to tlle • ..t ot tlae Mat •peat cm 
r••Dftl of oMal.oal~ huD4 •t• _. • .-•1•1• 4eompNit-
1ca o:t 11M•toae or • other oMaioal nactiou. Be.re 1• to 
•87 that tor pn.otioal caloulation ODl7 the IMtat •pent Oil 

rWftl ot oh•ioallJ' \cnad •t• aa4 4H-.•it1• ot liM• 
atone 19 taken iato o .. iderati•. 81Jlo• •• lack aoomate 4a-.a 
f • 4etenSn1DQ tile ma-' of IMn apmt • otba' •Mm.Ml 
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reaoticma ucl amce thia -ount ot heat ccmparecl with that ot 
the abon-.en.ticm.ecl (:;.. •· OD rellOTal of chemicall7 'om:ul wa-ter 
and dHoapoaition or liaeatODe) Sa negligible, .. do no'C ccma14-
•r it at oaloulation. 
!h1a oaloulatecl heat, 1 •. •• heat according to the fo:mula (1) 

plua lleat •pent on reaon.l of oh-1call7 'o\Dld water and oa 
liaeatone decoapoaitiou, la oallecl th!oretlcal heat ow-n1• 
at f irbag. .lt the eD4 ot f1rfllg all ohellioal reaction ancl 
reaoTal of water are tin!ahed. but the produot oontailul the heat 
which - spent OD 'RtDgiJag this pro4uot to the t19P'trature 
ot tiring. Thia aoo1m•latecl heat 1a not reall7 apmt a:lnce .. 
can regain it b7 oooliJag the product to ita initial t..,erature, 
•· g. 'bJ' •au of air. !he real.11 apep.t heat 18 anl7 that heat 
apent on the rellOftl. of ohm.oall.7 and aecbanioal.17 boun4 water 
and on the acocapliahllent of all the cha:ical reaotiou. A part 
of the heat accUllUlated in product• and tiln furniture or kiln 
can oau M reall7 uae4 for 4r,r1ng, etc. Soae 2()J of heat 'rought 
to the kiln oould 'be unal.17 ui.ilisecl in thi* W&J• 

Beat Lolls•• 

!here are heat loa••• in Jcillla, clriem and other thenal equip
•nta. !he7 equal.a to the clitterenoe '"1r••n the IUIOUJlt ot th• 
heat put in a thermal equipMDt and the UIOUJlt ot the real.17 
spent heat (\oth tor oheaical reactiona and pb7111oal proce••••l
Beat l•••• .. 117 olill'b onr 5°"· IYa it we -4• •• ot 
reaidual heat froa kilna ·<•• I• in 4r1.en), the •tteot will lt• 
aoarcelJ' eaaent1&117 ~etter. 
!he princ1P9]. k1Dcla of heat loa••• in ceraica are u follon1 

- the flu 109• 
- the heat containe4 1Jl goo48 8llcl kiln :tumiture 
- the heat oanta11le4 1n 11D:lng• ot kiln oan 
- the heat puaing through wall.a and oe111Dg of '11e laeat 

equipMnta. 

btl! 

The •ource ot beat enera 1J1 ceramic indu.strJ' are 41tf erent 
tin48 ot fuel, either gu1eoua, ·liquid or •0114. A aort at fuel 
1a ohoaen in the preparato191 phaae of an iDVest.ent deci•ion 
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according to local oonclitiona. Heat •quii:aents and their part• 
(e. g. driers, kilml, 'burners eto.) correepond to that choice. 
Jor the computat1cm ot an •n•ra 'balance, the •tter ot para
mount iaportance t. the calorific "t'&l.ue at :tuel. !he Talue. ~ 

both the cal(tritio Tal.ue ancl those ot the coabustiaa.»at are 
given 1Jl !a'blea. !he o•buaticm heat 1a that heat which ill 
71.elded b1 blU'llillg up tuel to guaeoua carltGR cliozide, nitrogen, 
aulphur dionde and liquid water :reapeot1n}7, on the other hand 

the caloritio Tal.ue 18 the heat releued b7 bum1ng up tuel to 
guaeoua carbon dioxide, •ulphur dioxicle, nitroga and water 
ftpour, As liquid water hu nenr bem generated in 1Dcluab'1al 

'buniDg, • can cr·naid•r onl.7 the oaloritio Yalu Wilm• cal
culate an enezia balance. Both the oalorit:lo Yalu• ad the coa
'bution bat an given iD U/q u- tJ/k1 acoorcling to plqwical 
state• ot coll8idere4 tuel - either liquid, •olid or gaaeeou. 
one, !he calorU1o value depend on the caatat and cmpoaition 
ot tleeable part• an4 fftquentl.7 18 not :tiDcl w1.th1Jl th• aw 
k1n4 ot tuel, theretore, it 11Ut be pe:r1oclioall7 oheoked. 

IV. EYERGY DIAGNOSTICS OF HEAT PROCESSES_ (Reference)) 

!here are two tJ'p•• ct cliagnoetie MUUre-t•, either tooue4 
on th9 tecbnolog1cal proo••• optildzation or on the en•l'l1 cOD
aerYation. Inerthele••• the ooaplu •uure~t•, •· g, oom
b:lnat1oa of the teclmological ud energetical t7pe• of •uure
Mnt•, an the moat a4rl.8a)le tor the purpcae of aero una
g~t. 

Regar41.e•• ot the tne of •uuraent• (en.ergetical or 
teclmologioal) the aotiTiti•• pertone4 c1m1Dg the ....-are
Mnt• ooaprt.e three tund~tal •tas••s 
- atatement ot the1'1181 unit operation con41t1on., perf Ol'llaDOe 

ot o'bjectiYe test• and functional .. 88urellmlt•, 

• evaluatiOD of te•t• and MuuteMllt•, 

• working out propo•ala tor technical, enft'getical and operat-
1.onal and C1;c-gan1za'\1on ar..-ang"ments or :recomaendatiom on 
heat -•lance or recoJ18truot1on purpoa••· 
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technological ••aaure1191lt• 

!he teolmologioal tJPe of MUUNMDt after ita naluation 
forll.8 the •••ential "-111 tor working out propo•al.8 of anage
•nt• in tile f1el4 ot thermal teclmologi~al proc••• opt1•1ut
ion. !he •••ential :Information 1n thill cue ta the co'LU'9e ot 
thel'll&l treatment of the ware and the t•peratu:re diatribution 
1n the cro••-.eoticm of the unit. !la••• data are •XJN••e4 
graphicall7 b7 firing ounea, •uure4 in •en1'81 points in the 
croa•-eecticm. the •uurillg point• maat n locate4 ao that the 
•aaure4 temperature• giYe the ntti•i•t Urromatia •'out tlle 
temperature di•tribution in tJae oroa•-.ection of the unit. !he 
•uurwnt mut intom alMnlt tile t~ture 4ittereno• in 
the horismtal u well u 1n nriioal 4:1.rectiou ancl altout the 
~iff erencea 'between the 1mler part an4 aurtaoe ot the aetting. 

~or the firing CUl"Y• inTeatigatian in a tmmel killl, a 
•aauring kiln oar 1e ue4. the kiln oar l:lnillg 18 c1rille4 
tbzaough and theraoooupl•• _.. puahe4 thrcn.agh th• holes an4 tix
•4 in the M'8Uring positions. Cold 3UDotiou of the theraocoup
les are f1D4 under the •teel 'boggi• of the aeuuriDg kiln oar. 
!h•J are connected with a reoorcler or a data logger through the 
1napeotioa tunnel of the kiln. While the •anriDg kiln oar 
proceeu tb:rouch the Jtila, t-.perature• ill the •uuring point• 
are Muure4 and recorded.. !hWI th• firiJlg oun• md taperatu• 
re 418trint1cm in ihe oroaa-aeotion of the killl are obtained. 
1••14•• the firiDI cune, the preanre of the kiln atmoap)lere 
18 •uure4 au4 ooDuation gaae• analJwe• are 4cme u well. 

A drier 'Hing teste4, the aoat illportant data are u 
tollons 

- ooune ot teaperature 
- coune of the dew point 
- 4rJ'.rc -41• now nlooit7 

A pro~•, uuuring the 4r.J1Jlg •411'• 4.. point, 1• •ent 
tlu:·u~). '1r!h .-:.~~~r tog~th&r with the1 4r:l•4 •terial to invo,•ti
gate the drJing conditiom. !hia probe couut• of a teapera
ture resistance aeuor and of a d" po1Dt eeuor. !he ~ 

CUJ'Y• reeultatea t:roa this •ar~t. !he 4rJ1llg •41• flow , 
T•loo1t7 18 •uure4 either \7 ...,..ten d \7 fttot • tu'••· 

' ' 
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ill the technioal clata gathered b7 •uuremnta together with 
the :bato:rmti•"'•Rd the looaticm of nplating •leMDt• at 
tJae 111l1t1 ocm41ticma ot the Jaeatiag Qat-. lenl ot ocmlnlst
ion prooea•••• Jaeat haat'er 1n the mit an4 the aomt a4 
q1alit7 ot pro4uotiaa u-e eYal.uated. u1Jlg a ooaputer. 

!he real tiriDg (trnmg) nm o\tamed b7 aeuuraent• 
1a the ooapare4 with the opt:lmal cme of th• mit at th18 pha

•• of work. the Net 1 tn4atiom • the .a~utaeat o:t regulating 
elwnta are worke4 out to •in1"'•• the 41tterenoe 'Mtwen the 
real mcl opt:l.ml tir:blg (drJDg) ourna. fla1UI the opt:laal 
tll•mal treat.at ot tU.4 ( drie4) -t•d.&1 ta ftMMA. !Ida 
1ntederenoi with the a4~uriMDt mnaall.J' oauea the pro4ucticm 
1ntmU1oat1an 11114 qaalit7 i&proYaellt. 

file aoat im;ortaat :IDtormatiClll tor •n•ra oomaption 
ld.rd.msation ta the Jaeat Mlanoe of th• teate4 •t\d.i-nt. It 
1nolucl•• all it- et heat •n•ra entering ad. le&Tbg the 
unit and ahow the poaai'bUit1•• ot enera conaerntion. 

the 110at •1gnit1oant 1t... of heat 'balance ot a kiln are 
U foll-I 
Beat ap.pgt 

- 1a 4ete1'111ne4 fl"Oll the calorUio ftlue and allOUD.t of the 
fuel OGU1a84 

P • • • B (kW) 

• ••• •ouat ot fuel oomuae4 (kg.•-1) 
R ••• oaloritio Yalu ot the fuel (JcJ.2c-1) 

to reach a '•tter preciaion of the beat input 4etel'llillat• 
1on an4 to obeet th• renlta o)ta1D.e4 b7 the 41ftot •tho4, 
the in41reot Mtbo4 :la ue4 Y•rJ fftquentlJ'. the heat :Input 1a 
calculated froa the ooabution gaaea mlJsea and fl'Oll tu 
aaount of oomltuaticm au•• ctrawn troa tu unit b7 th1• Mtbo4. 

A. •-11 portion ot the beat enera enteriDg the mit 1a 
fome4 \7 •peoitio heat of the fuel (unall7 1 to 2J). 
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flu• 1•• 
- 19 4•t•l'ld.n•4 fJ'oa the T011m91 temperature and. 1peo1tio bat 

of oaanation saa•• 
P1 : Y • t • o (JLW) 

Y • • • • • • T01188 of ocalnaatica su•• 
t •••••• taperature of ooal»ution guea (It) 

c •••••• apecitio heat of cOllbution guea (tJ .-3 K-1) 

!he Tol~ ot omlnwtion -·• 1a calculated froa the now 
Telocit7 m4 the oro.1-11eot1..i area of the duct. !he n.. 
loaa 1a the neo••Mr7 ph•n-- of a firilag prooe••• It oazmot 
be lowre4 mider a oertaa lildt wur1Dg pzoper pn•aure ccm-
4it1ou 1D the kiln. 

tu flue loaa ot a tmmel kiln with open tire f01'M anal• 
~ a'lacnlt 25' troa tile iapgt. 

l•• bz heat ocp4110t.1oa of lpriotwork 

- tor ccmt:bmal.17 operating killla it oan be 4eri'ft4 troa the 
tila ataoapbere teaperatun, Jaeat ooacluot1Tit7 ot wiokwoft, 
aurtaoe area of lmillg and t..,.n.ture ot the .. tat 

12 • t • t • s (JLW) 

t ... ,, i.at ~er ooettio:Len'S (tJ .-1 K-1 a-2) 
t • • teapvatm-e 41tterenoe between 

tnner &4 alt1ent t•peratUN (It) 

• .. • • 1:1a1ng area ~·2) 

!he 108• 'b7 heat con4uot1Tit7 of lill1Dg tons unal.17 
altoat 15' troa the iapd ot a oontimllJ opeating kUu 
with the cl.U•ioal tne ot lining <•· g. oombinatioa ot tift
olq ara4 1'94 bioki) m4 1••• tlml 1 OJ trm the input ot a 
tila 1mulate4 ltJ up-to-4ate Smulating •t•ria18 (•. g. 
11aht-n1ght retaotorie• and fibre•). 

lo•• bi heat &eOJlll!llat•4 1p ti]p Ol2'J! 

- to uoertam thi.9 10811 1 th• &Tenge temperature ot th• kiln 
oar linillg m4 av•NP teape~tun ot iron 'boggie muat lt• 

4etem1u4 t~ •neal. •---t•. !be losa b7 aoo,..late4 
' 
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beat 18 than caloulatecl troll the aTerage temperature and apeoi
tio heat of material. 

Pl • K • t. o (kW) 

• • • • -· fl• ot •terial 
t • • • anrage teaperature ot •terial 
o ••• apecUic heat ot -terial 

(kg • -1) 

(I) 
(kJ kg-ix-1, 

the l•• bJ beat aoc1m1latecl 1Jl kiln can to:ma a'Hat JI 
tr• tlle illput of a kila with prope:rJ.7 acl~uate4 cooling sou. 

l•• b1 Mat aoo•late4 ip !!E! 

- the proc••• t. •Dilar to that of tilla can. !hu loa• form 
about 5• tram the illput. 

lo!a •1 beat ccnducticm ot togpc11tiap! 

- tb18 la.a 19 T•l7 d:l:ttioult to uoenam due to the ooapli
oate4 ocm41tioa8 of heat ccm4uoticm. !he it• ot heat oon-
4uction ot toun4aticma in the heat )alanoe :lJI uaual.17 lOft:r 
than 5 - 10'-' tram the tbuml mit beat :In.pat. !be:refore, 
thill loa• 1a uuall.J ooaprehe4e4 :In. th• •o calle4 UllClete:r
wl•)le lo•••• together with tm l•• '1 leabp m4 tbat 
through tJae iaapeotiOD tmael. 1.11 theae loaaea f01'9 a•cnat 
,,_ t:roa the tbenal. UDit heat 1Dpat. 

t•obllologioa]. 1911 

- ooapreheu all lu••• to:r p1Q81oal an4 chaioal trautomat
iou ill the •te:rial of ware. It alterD&t•• b-oll 3 to about 
S troa tile thermal unit heat 1Jlpat acoo:rd1Dg to the tJpe 
aa4 oompoaitioa ot t!ae tire4 •te:rial. !he aount ot heat 
ll90•••&17 to:r ea4otbel'llic :reaotioaa Otlll '8 4•t•1'11iae4 b7 
laboratOrJ teat• of a oel'llllio bod7. 

lw •x Mate4 W fmrM (lw tlat oool'P' lop! 

- 18 oalcnalate4 boa the aaouat ot Mated a1:r mltipl1oate4 •1 it• teaperatme aD4 apeoitic heat 

v •••• 
t •••• 

r4 • V • t 

amount ot heated au 
t_,.l'llt\lft of a1:r 

o • • • • apeoitio Jaeat ot au 

• 0 (k'I) 

c-3 • -1> 
(I) 
(kJ a·.3 K•l) 
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!o 4eterafn• th• -ount o:t heated ai:r, th• aftrage au 
flow nlocit7 11Ut H maltiplicate4 b7 the oroaa1ectional 
area of the duot. 

Despite of the ue of heated air from the cooling sane 
ill the tecbnologioal proo••• (e. g. tor 4rJing or preheating 
ot the a terial) 1 tor the purpoae of heat \alanoe ot a tunnel 
kiln 11110U11t• troll 20 to 35~. 

production of tilla 
- the lmowleclge of thf.8 Yalu• 1a neoe•&ar'J' tor the purpose ot 

the epoc1tlc enera conauaption 4ete:rll1Jlat1on. !he •era 
o0Ulm8d during the ••uring period 4eri4ecl b7 the pro4uot
ian Yolae 4urig this period fo:m thill Dportam :la4ez aal»l
fng the ccmpariacm ot ftriou kilna mituall71 from the ope
ration eoonam:r point of rt ... 

!he other test•, performed. during the energetice.l .. uure-

!he ••plea of the kiln &biosphere tor the purpose ot the 
ccabuation gue• anal78•• are taken through the sight holea ot 
the kiln. !he econcmr_r of ccabation 1a 4eteraille4 b7 the•• 
analpea. !he air exceaa coetticient 1a calculated froa the 
portion ot co2 1n the coaburiion produoi• and ezpreasea the 
ezce88 of burn1.Dg au aboYe the theoretical Y01Ull8e fte fuel 
ccm8Ullption ot a kiln can be calculated trm the portian of co2 
:ID the coabuation pro4ucte, from the aaount of the•• product• 
8D4 from the theoretical poriian ot C02 in the ooaburiiOD 

product•. 
ltvt clr!rs'!S 

J. auttioient ftlae of the •tack cll'avght enables th• opeat
ion of a kiln 1D opt:1Ml preann oon4itiou. 

D! tii!r being the ob~eot of testing, following Tal.u•• wt 
'be 4etuaine41 
- heat input 
- heat lo•••• - b7 ettioiency ot heat exchanger 

- tlue lo•• 
- b7 exbauat•4 ch71ng nsedium fl'Oll drier 
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- b7 beat canclucticm ot brictwort 
- b7 heat aoouwalated ill 4r1•4 -terial. 
- h7 heat aocuml"te4 1n rHidaal water 

- produoticm of 4r1er 

- ocmbmticm 8116•• ~·· 
- relatiYe aoiature ccmtent ot allemte4 4r7ing MCliua 
- relative 901.atuft content ot •t•riDg •t•ri&l 
- nlatin :miature conteni ot 4rie4 •terial 

file a4Tllll't-.po• arrangeMDt ot a.auring :lnatruMnt• and 
ot m naluatian oentre ill a •bile 41eg1uetio an:tt 'bringa 
about m etteotin m4 operational utiliu.tim of the eq111p-
8m!t 1ll 41.tterent procluctica plmt•. file partial eTal.uation 
ot •uuremnt• on the apot wtn1w1s•• 111l4ea1ra'ble pro4uotion 
can41t1cma. '!he ccmtriwtiou nache4 b7 the realisaticm ot 
propoae4 recom:1n4atiaa. are direct 8114 :lncliz'ect on•: 

Dinot ccm!£1)!diopa 

1Um.2n11mtill 
realised b7 

- acJJuatM!lt ot lnmU.llg con 4it1ona (a4~uaamt of optiml 
ail" •••••, adjuat.ent of the outlet t•perature of '1anen, 
etc.) 

- acljuament of preesure ocm4itiona (recluotian ot too high 
pn•aure in the f1.ring zca• br1llga a'bout nduo•4 penetrat
icm of kiln ahoapher. to iupeotion hml•l) 

- adjuab!ent of fir1Dc curY• (it the teaperature :lJl some part 

of the ~iln 1a higher then ••-••U7t it• :reducticm \ringll 

about lower 1•••• bJ oon4110t1cm ot briokwort) 
- a4jutmnt ot entl'lllloe an4 exit air loco, etc. 

Qmlitz.mm!llllLIH..DDUl..AllEIM1K 

aoocmpl19he4 unal.17 '7 
- f 1r1Dc oun• opti•isation 
- temperature equalization in the oro••--•otion (b7 ihe ua• 

ot aixing tlm9, b7 pre••ure curY• a4jwst•nt, bf eettillg 
optimization, etc.) 
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21llllLillml! 
can be realised bf: 
- optDalisatlon. of ••tting (with opt:lal heat tranafer to an4 

tram th• t1recl -t•rial) 
- taperature equalisation in the orosa-aection o1 the mit 9 

tirbg c""• opt'•lbaticm (it .Ul•• iD aw cue• to 
ahorien the firillg 0701• acl t!ma SD.creu• the output) 

s•n1sm1• 's -"ti •14 
Detailed bolJleclp of •t•rial themal tre&twt gdae4 ~ 

tJae clhpoatio wu;.; 1e at ma'bl• a nooe•dal. ni.tituticm 
for tile hel 11M4e toptlaer with tlle •eocm4 Muuramt9 • ..,.... 

illg for oJ'~ ~-•at of tile unit, flrmg the ... hel. 

Iadf.r!ct ocmtr11rpt1W 

BM14• the 41"et ocatrilnd1cma1 a in«Hnct ~it oaa 
ai.o '8 gamed. J. 4ria:Ue4 teclmioal :lntomatioa about the 

bat co.uua1Dg md.t ••ma u the 'buia for 
- oomuaotioaal tapronmnt• 
- 4eo1a1cm uoat the •tap of ll04emisat1cm 
- reocmmndationa Oil wute heat utllisaticm. (utilisation of 

the heat ••oapiDg tr• the ooolSDg sOD•1 lt;r ombuation pro
duct•, etc.,) 

V. IODBBllIZATIOI 01 BJUT IJllITS (Reference 4) 

!he tJ'P8• of tilu orig:bl&llJ' 1apleMDte4 SA the production 
c7cle were comtNcted pren111Dgl.7 tor low qualit7 tuela, 
-inl:r coal, producer gu and the apace• aloft the kilne of 
higher teaperatun were uae4 for drJing. !he cbaractert.tio 
f eat\11"8 of th••• kilDa either 1111Dular or cha11ber or tUDnel 
one• wa their robust atructure and the 'build;;.ug •terial med 
tor thea were ••tlJ' ooapact refrecto~ ltricta an4 red-brick 
... onr;r. Couide:ra1'1e wight of th••• kilm of a low etfectin 
utilisation of tu nppl1•4 enera were and •cmett.• •till 
..re the cau• ot high conwaption of heat enero, time- con .. 
•uming thermal c7ul•• and the:r are rather l~ while ·~he 
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relatiTe p:roductiTitJ of auoh kilu a.re too low. 

The deTelopment of llft types of tilna in ceramic• wu 
st:lmllated pr1-ril7 b:J an accent giTen to :lncreue capacitiea, 
, higher qualitJ of products and to mate a quiet change 1n 

u•ortMnt feasible. Hand in band with thiJI trend a requiraent 
for ltetter qualit7 ot aero (power, natural pa and gu auppl1-
e4 b7 lcmg-diatance pipeline•) bu becom aore diriinct. ftere
lt7 it also lMcwa 1Jl41apeu-Ule to cut the present •peoitiG 
•U"O' ocmnaption which• llllcler the ccmtemporar.J crit1cal 
•U'O •ihation :la the worli9 hu grOllJl 1Jlto a need ot tu.t 
priorit7. 

•• 4•ipa 11114 tnee ot tilm TUT cau14eraltl.7 rrcm the 
cODY•ticmal ... olddl.7 Sa the Held ~ oenmo 1nd.l.4iJIC 
-t•r1al firiJlg prooe•••· ~. tmuael t1ln8 ue4 ao ta mate 
pl&o• step 1t7 nap to liM •1Jtgl-t0r7 kilu1 maltipl..to17 
k1lm1 roller kilm, rot81'1-laearth kilu or fakir t1m1ao .. , 

4oultle ttriag PNO••• of ltiaqae firiJlg aa4 gl&s• f irillg Sa two 
0101•• 1a 'MDI nplace4 lt7 oae-t:lriJlg oicl•. trac!itioaal ir:r
iD& prooeuea &1•• wq to iuat ·~ clrien ·1Jl th• prepoo4uot-
1on •tag• wll8N the lto41•• are Pl'9PR94 a4 to roller drier 
lill•• bl case of procluot•• etc. !he preset poeitiml of 4•T•
lopmeat bu euuff. froa a detail reaearch of heat tranater 
•tho4 proper ancl it goea ~tlaout aqiDg tut it will keep 
it• JNIO• henoetonard. 

BuioallJ, the cenm.o product• properti•• ere pre4eter
siu4 firat lt7 a choice of 1Dit1al raw •t•ri&l.8 m4 &clwix
tvea all49 aeooadlJ atgn1ticatl7 enough bJ a nitable thenal 
proceaa-ttriag during wh.1.oh therllo-ohaioal reaotiou take 
place Whereb7 the .... atmoture olumgea :lJlto the fiDal •tat• 
po•••••inc the required propertie•. !he theiwal prooesa mat 
.. et the tecbllological requireMDt• u ta u the time m4 
thenal CCN1'8e 1n the atftotual and phase clleDse• :lD ma••• 
are concerne4. It Jau to tollow neceaarill:y the buio l&bora
torJ reeearch wort. It 18 •olel7 the laborator)' testing of the 
thf>rmal proc••• tor the firing of a ce1'8111c bod7 which can 
determine, in it• ••quen·tial alteJ'D&tiT••, ao called "limiting 
CUl"Y•• ot heating and coolADg• at the fiDa:l re••~h phaa•. 
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The cum• ahow the conditiom uncler which the reapectin chan
ge• 1n the buic bocl7 will take &>lac• so thAt the product rea
ch•• its tinal properti••· !he quicteat heating and cooling ~o
o••••• are tound out at the soae tiae at which a Jd.niaua ther
mal en!rgJ coD11U11Ption per cycle 1111.7 be expected troa the durat
ion point ot n. ... ~he firiDg process proper in the tilml can
not be dete1'1111lecl according to th.; limiting OUrYea. !be l:blit 
therml process ~ 'be too ria.Q' ainoe it could oaua• too 
.aD1' rejeota 1n the production. but the process 1n the kiln 
should onl7 co• to the TioinitJ ot thia cum and a certain 
aaf et7 taotor 111111t 'be adh~ to. 

•either a W&J' ot heating proper nor a tne of kiln can 1te 
determined bJ •re laltorator;r dete.rld.nation ot f1ring condit
iou • 

.Another step 1D the research work taku it• tun \y a:lml-

lat'P' the thUWl proo•••• 1n th• tilm, it i• simulating the 
heat tramter troa th• heat aoarcea into the ceramic }U'Oduot• 
under certain ccmditiona. 

While the apace 1n which the products are situated 18 known 
the •imlating •tho4 of research &houl4 em1•e and verit1 the 
opthal 41mnaiona of the •pace, the WQ' how the produota are 
place4 there:lll, aise and abape ot the tiln turnituzie UllCler 
which the detemined thftmal achedu1• can be reached 'bJ aeana 
ot Teri:ti•d both thermal iaput ud flow ot combustion product•. 

!he ezigencJ of the •11mlat1Dg Mthod ot reaearch ot the 
thel'Ml proceaaea 1D the tiln bu \een •Toted ):" e:ttori• to 
lliniah• the aero con.-ption u nll u bJ requireaenta tor 
the tiring proo••• to lte 111litonl.J •pread OT•r the entift oro•• 
••otion ot the tilna at all th• charged product• giTiDg thea 
thua a equal qualit7. the UDiton ttrillg pzioo••• in the tiln 
could. haT• MG achined aol•l.7 'bJ obuging tu oharaot•r of 
heat tauter ued ao tar bJ • tlaM 1. •· 'bJ radiation an4 b7 
heat conduction tor tiriDg utilising thu oonnnion ot hot com
bustion produots tor llaX1Jlull heat conduction 111 the t11n space. 
!be aillulating aethod of zieaeuoh tor a g1Ten apace reaul ta 
then in th• •&J how th• ceruiio prod' .et• are pi.ea, 4~ct1on 
of ooabuation pro4uot• now, •1•• and UTSDCeMD.t ot 'bumer11, 

' ' ' 

etc. 
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Out ot 'the a111al.ating researoh •tho4 the nowadq • • 
deaigu and t)'P6a of kilns and t'urnacea haft lteen clerind. 
!heir •in Piri• are new tne• of burnen, at gu-tired k1lna 
or auitabtt aituated heating reaiator element• at the electr1o 
reailltanoe kiln8. 

Baaed upon the alton witioned trencla of developaent p .. 
tue• ot kilp• bave H!Jl 1Dvente4 the apec11'ic heat OOD81Dlpt-
1on 1D whioh baa 'Hen out clown to ccma14eablJ' lower Y&luea 
tlum tho•• at the claaaio on••· Suoh tJpee of k1lna ued tor 
ceraio til•• are •· g. illproncl tn-• ot tUDJlel kilu tor 
the tiriJag ot b:laqu proper, electrio re•btan.oe obannel kilu, 
roller-t7pe kODftJ'OJ" ltilu, electric reaietance lcilna with 
wire carrien, rot&17 hearth kilns and kilu with~ 
piJ:la at which the b:lllque firing 1a pa.riiall7 combined with 
tiring ot glaze. 

J.pari froa illtensiticatioll of heat U..ter at theae kiln.I 
first of all the weight• and aise• of these kilna have been 
Jd.nbd.secl owing to the Ulle of new bigblJ 1Daulati11B retrecto
riea, the considerable wef&ht of kiln furniture bu 'been cut 
down. ~e kiln furniture is essential for a a19tematio plaoe
:aent of products into the firiJag apace. A reduced 4aand for 
enero wu th• c~ 4eno11inator of all th••• chlmgea. 

fhe intenain aodemisation ot kilna ad tamaoea 8J8te
-tical.1J' a:IM4 at a reduction of enera conn11ption :Ill th• 
cerate 1ndust17 :In induatrUJ.17 deYeloped countries baa reault
•4 in reduomg the total a•ra connaption per 1 sq. •· of 
oe.raic tiling •teriala 'bJ' 30 to 35 per cat in the recent 
10 7ean. 

It 1a a •tter of cOUl"lle that the enera aaringa are m
tluenoe4 b7 the overall exteDt to wtaioh the plant• b&Ye be• 

aodernised and what aort of Ge:l"O' 18 require4. nm •l~nri
o1t7 1• applied the heat cOD8Wlption oa H reduced u much u 
bJ' 75 per cent but another queaticm aria•• i~ •· the price 
difference between eleotricit7 ad fuel. ID CSSR •· g. 'b7 
ao4ernuillg the orig1Dal ceraic vorb about )0 per oat of 

.nergy •aYing9 baY• been achieved at floor tile• produotion 
while the preaent conauaption per 1 aq. moD amounts to 100.103 
kJ-a4 at the wall tile production 29 per cent ot •n•ra oon-

, naption 1A the pr•••t produotion ot 8).4x10) tJ. ~· plant• 
, newl7 recoutnote4 baT• out clon the comuaptioa of iapleMDt• 

' ' ' 

iDg aew tne• ot kilu and new teolmologioal, 
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Jll"OC••••• aa dOWD. aa to 22,75.103 kJ/•q. a. 

S•ller aoclitioatiom ban been applied ai.o tor tilna 1n 

•hioh retractor!•• an.4 1naulating product• are fire4, the oon
t•porar;r tmmel kilu Which are rather aatufaotorJ ch1efl7 
due to their capacit7 haft theiJ" proce•• rather accelerated 
both in the •tage of heatiq 'b7 connotion of ocmltuaticm pro

ducts troll the high-epeed bum•n and b7 quick circulatin« 
cooling. Baai4ea, oar-hearth chamber kilne and. hoo4-tfpe tilna 

'begin to 'be ••d. in ou• of special, demanding heaT7-c1ut7 re
traot0"r7 •teriala. 

!he present trend. :1D the manufacture of •Ter more pertect 
knn. and c1rien w1ll go on neo•••itat•4 b7 the aero ortau. 

In cue ot d.oultle-tired tiling -teriala the origin&l va
lue of biaqu• tiring teaperature ill shown 1D the f ollawiDg 
tables 

'11DP-tidaL1.euELtm..2L~m&J!l!~kd-ftl.l.lil!I 

biaqu• tu~-· 
teaperature C 

flue tir1ng0 .. perature C 

after the World lfar II 1280 - 1300 1180 
, 

beginnillg of 60 • 1120 - 1200 1080 - 1120 

at present 1040 - 1060 960 - 1020 

proapeot• b7 the lower than 
-rear 2000 1000 900 - 960 

UAder this tred of deYelopaent in the C.S.S.ll there 
baTe &l.rea47 'been Teritied. n .. type• of bodies and glase1 tor 
wall til•• at which the two present thermal c7clea - bisque 
tiring and glue tiring can 'be aubatituted bJ' a •ilacl• tin 
at lower t•peratuft• act duriq a Y•rJ ahort tiM illtenal. 
!op lnel rewlt• are achined ill the gla&ed tloozt til•• 
Mnutaoture real:ls•4 by a single f1r1Dg teclmoloa with the 
tiring temperature ot 1 o;o0 c and ·with th• kiln 0101• of 60 
minut••• Th••• 1'9ault1 of 1'9aearoh h&Ye enabled erection of 
n .. t1pe• ot kilna of conaiderably aaller •is•• tban 'before 
ad han 1•4 to a a:1cn:J,fioantl7 re4uce4 enera ooauapt ion 

' ' 
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because the firiDg without biaque repre•ent• about 55 per cent 
of total enero comnm.ption :ln the 4ouble f1ring wall tile• 
produotion. 

billque tiring glue f 1.riJlg 
llN. hn. 

after the World War II 60 - 120 24 - 48 

at tht beginning 
of 60 • 24 - 48 3 - 24 

at pre•ent 1 - 24 0,5 - 24 

prospect• b7 the lonr than 
79ar 2000 0,5 0,5 

Along with thi• trend a research of MW tma ot bodie• 
and gla1•• for building ceram.oa 1'111 go f nward which, due to 
their new properiiea, Will facilitate further reduction in ther
mal proceaaiDg daancla and, t~ereb7, further enera aaTiDp. 

l•fractori•• and ip!lalat1ng .. teriala 

!he general op:ln1on on the qualitJ of l1n1nga which l'equi
re a ma1mlla dura'bilit7 and 1Jl8ulat1Jag capacit7 hu been gradu

all7 uprooted tro• the oonoeption ot laeaT1 :refnotorr ltlooa 
and red ..... Om'J' owing to the nolution llDCl hu pu••4 th1-ougll 

two dnelopment •taa••· 
!he tint etage hu atteote4 iM»lat'P' lann proper :In 

the other cme the nolution bu Bought light .... ight 1'9-

traotorie• up to 1000°c and other tne• ot perlite, nnd.culite 
and retnotorJ' concrete -ter1al•. Dae to thi.8 dneloimmt th• 
11Jl1ng• haft been gracluall7 ftduoe4 ill th1obe•• m4 wight
while 11eat loa••• du to uat ,...... to altient atllollphe:N 

baT• been reduced •imlt-OU81J'. 

hen the•e· lilli.DP, ho9ever, 414 not •et fullJ the r..w 
requil'eMDt• 'beoaue their weight a4 tu aeo•••arJ heat aoou
JIUlat 1011 414 not tao111tate the thermal t19Zibilit7 of kilDa, 
:1.. •. fut t•peJ;&tu:N obm&M 4m1Dg JaeatSnc u well u clar11lg 
ooolmg u requin4 )J the ... teclmologioal proo•AH Sa tu 
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kilna. 
!he 1Jlcliapeuabilit7 o-r further improv-nt of the imlu

lating propertie• hu affected even the tirat insulating 1.Q
era -4• ot heaTy materiala for te111peratun• up to 1500°c 
while their TOlUM weight hu been up to 1 tg/cu. da., light 
weight retractori•• at voluae weight 0,5 kg/cu. da. tor tua
peraturea up to 1 Joo0c and highJ.7 1naulating fibre Jab and 
boards tor the 1naulatblg laJera. A Wide Tu1.et1 ot t:neae pro
duct• hu been recentl.7 81lppleaented with ti~re produot• tor 
the t-perature• of 1100 to 16oo0c. 

!he present kiln pd f°'A"DAOe 11n1pp therefore are oom
pl•t•l.J different troa the original caea their tot*1 thick
ness are cut down to a quarter and their weight• u much u to 
1/5 of the weiaht• of the original cluaical 21n1nga. It re
sult• in an effective considerable saving of energ. 

!he ditf erence 1D opinion on the reall7 oluaical and 
up-to-elate kiln lining under sillilar conditiou, i. e. simile 
imler and ambient temperature• ~d aimilar heat losaea to --
bient at110aphere 18 demonstrated bJ the reduction of 
11D1Dga. A oluaioal l:fn:Jng of 
o,625 a total thickn••• made of a 0,5 a tireola7 laJ•r and 
0,125 a diatOllit• la79r 18 the1"1all7 equal to au up-to-elate 
lining made of ceraaio ti're .-t• of 0,175 •total thickness 

la7er. 
A.part fro• a diatinct difference 1n total thickne•••• 

i. e. o,625 •and 0,125 •a •:lmilarl7 diatillct 1a the diffe
rence 'between weight• which •· g. tor 1 aq. •· ot oluaioal 
l:ln1q 1a 1080 )l;g and 2) kg per aq. m. ot the up-to•te one. 
Bence, the 41tferenoe total.a 1057 kg. !he weight 18 being cut 
don u low u to 1 /50 of the orig:lnal weight. 

Purther trend rill tend towarcla • optimal utilizati0J1 
of retractoJ'J iuulatinc •teriala 1D 11Dinga tint of all to 
theu teclmilogical o• erection and repaift ahould minild.ze 
the kiln tall-outa. 

Plutio ma n•1ng •••••· C!!PPiM •••• and r1tpc
ton oopont•• repreaent an entiftlJ' •peoial group ot ntrao- , 
ton•• which all oontziibut• to •era aari'Dg b1 their uae 1D : 
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the 11n1np since th•7 do not require energy tor tiring at the 
producer while the t:l=.e required at the couumer tor their 
applioaticm 1a reduced couiderabl7 and the lit• ot auch lin
ing• 1a 2 to ) ti.Ma longer in anrap. 

'lh••• maaea intended prevailingl.7 tor tumac• lininp 1Zl 
a metallurgical 1ndustl'J' '!or teape:ratuna up to 1600°0 in hr
ther developaent will be aupple•nted with new tJ1Mta at which, 
too, ettori• to cut their weight and to ~rove their 1D.eulat

ing properties trill be aeen, tiret of all bJ using light
••iaht tn-e• ot retractorJ filler. tor high temperatures. 

The aigniticance ~ refractory re-1ng w••• grows enr 
more and in the world production re~t• of retractori•• these 
DUI••• represent.about JO per cent nowad&J9. 

It --r be enTiaage4 tbat the production ot theae t1pea 
of retractor)' -••• will go on growing and will u:oeed 50 
per cent bJ' the 79ar 2000. 

VI. EQUIPllEB'r ·OP JllERGY DliGKOSTia> (Re:t'erence ))" 

A !eaperature ••~ta 

MRH!i!!!_:_l!llS 

lleaiatanoe Pt the190couples 
••rcurJ theraocoupl•• 
Ki-J11Cr thermocouple• in protective 
ceruio tube• 

B1-111Cr tle%ibl• jacketted 
thermocouple• 

Pt-PtRh the:raocouple• 

PtRh6-PtRh)O tha:rw"'oupl•• 

Digital thenometer •1 ... 1cr tor ltoth 
ataoapherio ad aurtac• t•perature 
contaot •aaure•nt• 

Radioaete~ Thermopoint tor aurtace 
temperature meuureMnta 

I 

Total radiating PJl'Ometera 

up to 600°0 
up to 450°c 

up to 1200°c 

up to 1200°c 

up to 1400°c peman!Bt-
1.J, paata up to 1600 C 
up to 16oo0c pemanent-
17 peaks up to 1eoo0c 

up to 1200°c 

-Jo - 11 oo,,,c 

15'J - 2000°c 
I 
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Mecbanical 1111 .. oaeter 
••obanioal-electrical 
anemometer 
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Kechanical-electrical 
anacmeter With two ranges 

Set of P&tot 'a tul»e• With 
direct :l:ndioaticm ot gu 
flow nlocit7 

C ll!•!ure Keug£eael!t• 

!ElZll'!:lH 

ma 

0 - 15 •••• 

0 - 15 ••• 
_, 

0 - 5 ••• 
_, 

0 - 30 ••• -1 

length froa 
0,5 to 2 a 

E&8l 

_, 

D~ital lli.cromnometer With 
a4 itional direct illdication of 

0-120 Pa_, 
0-14 ••• 

gas flow velocitJ with 3 rang•• <>-500 Pa 
0-28 ••• - 1 
0-2500"Pa 

Micromanometer with changeable 
aensitirit7 lllUiaum 

0-2450 Pei. 

Set of preciae 11&nometer• -100 kPa -
0,5 •Pa 

jzuJular balance with r-r,order •xi ll1.1lll 
and changeable aeJU1itivit7 - 200 - 200 

D Dew ;Eomt •euureMnt1 

!DKl111! EIHI 
Digital relative hUll1.dit7 

5-9-MUlDillg iMtnment With 
temperature indication rel. !?e• 

0 - 70 c 
Dew point MUuring aet 
"1eutron" cODJ11ating ot 
thre~ probes and one plotting 
recorder, each probe •uurea 

0-10~ the temperature ot 41!1 thermo• 
meter a4 the temperature ot wet rel. h!.19• 
th•l'llOll•ter I 0 - 150 c I 

BU! 

2 

2 

2 

4 

»Hi! 

1 

2 

5 

Pa 1 

RHRI 

1 

2 
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B Coabuation Gaaes Anal.1aea 

'»RIE!tH £1!!£1 

'f1'8118portable an&l7Z•r ·~rel.Tt• 
with two range• 

tor co2cantent 

tor Co content 

tor so2 content 

'P Gu Qua1it7 Keasureaenta 

62amb! 
,,. 

Wobbe a nuaber meter with 
built-in recorder 

0 - 1()J o- ~ 

0 - 2#,5'fo 
0 - 5 

0 - 0,5. 
0 - 1.~ 

0 - 1~ 
0 - 2~ 

" Wobbe • nuaber 

a.ea 

2 

1 

1 

1 

ot generator sa-1 
town gaa, natural. 
gu and propan 1 

G Recorcl1gg and Bnluation 

Df&ita1 data logger with 
bu1lt-1n printer an4 
automatic tiwrlng 

Coapenaation recorder, 
writing width 250 -

6 :lJlputa tor 
.1 ... iCr 
then10CO'L1 ple8 
6 :lllput• tor 
Pt-ptRh 
theDlOCOUple8 
6 ., input• 1 

12 iap11t1 tor 
•1-11cr thenlo
ooapl•• e ft-ftRh 
tbel'llocouple• or 
av obang .. ble b7 
range 1104ulea 3 

Small coapater with built-in 
thel'll&l printer tor 21 41git• 
a4 16 digit• 41apl.&7, •tore4 
propw apt• with 1024 •t•P9 
Sn Min rout1D• ad two leT•lll o'l 
•v.lt:roatine• of tbe oapao:lt7 1024 
•t•PI •aoll, ld•naal •tonce of 
the Pftll'W OD •P•tio oucla. 
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B Acoeeorie• 

Hlters tor gu cleaning 
Calibrating gu tor aaa}7sen and Wobbe'• nuaber •ter 
Cab lea 
Coapeuating lead rirea 
nc pipe• 
Set of tool.a 
Protectiye a1c1a 

Co-.micaticm eet-three piece• ot ahort .. a'ft tranaceiTen 

VII. SBLBC'!BD WORLD SUPPLIERS CJ BIBRGY -~liCafOS~~cs ~o~ 

A1IR Hol.UiroheD PRG 

ilRPLOI Rheinbach, PRG 

AGJ. Infl'U'ecl S111te•, 
Dancle17cl, Snclen 

Ari Industri••, Parnborough, 
Great Brita:ln 

BBC Brown Boveri, PBG 

COll&l'k lleotronio• Ltd. 
Rwltington, 
Great lrita:ln 

Hewlett Packard, 
Palo Alto, 111.A. 

ROD•JWell Inc. 
Phoenix, Arisou., USA 

leitble7 Inatrumenta, Inc. 
Cleveland, Ohio, USJ. 

leotronio• Ltd., Takele7, 
Great Britain 

teaperatve •U11l"emnta, 
relatin hum4it7 -~t•, 
loe•e• through the briobrork, 
gu flow Yelooit7, 
recorders, 
data loggers 

gu flow nlooit7, 
preaeure •uunmnte, 
relat1Ye Jnm14it7 •~ta, 
t•perature ••ureaenta, 

teape:rature Huuremnta, 
thermOYilliOD 8711te .. 

thel'llOcouples, resistance 
thermometers 

electric 11Ult1metera, 
recorclera 

temperature data logger8, 

data loggers, ooapute19 

reeorden, ail ticbannel recorien, 
flow •uvrnent• 

digital thermometer• 

electronic digital aicrommio-
.. tenl combu•tion saa•• aa&lJS•rll 

' ' 
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Philipa Eindhoven, 
the IetherlAmu 

Sen~x Ltcl., 
Crowborough S1111aex, 
Great Britain 

teetotem l~
Lenskiroh, PW 

takecla Riken Co., Ltd. 
lfo]qo 176, Japan 

!Q'lor Ltd.! 
Great Britain 
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UltraJcuat, Rn!mennafelden, 
nG 

VDO ••••- und Regelteclmik 
GllbH, Hannover, l'RG 

VEB J'mkalor Deaaau, GDR 

YBB Themomete.rwerk, 
Geraberg, GDR 

Wilhel.ll Lambrecht, GmbB, 
Gottingen PRG 

tapere.ture •uureaent•, 
bm11d1tJ ....uremnts, 
gu anal;r:en, 
recordere 

t•perature •UUftmlllt•, 
gu flow nlooitJ, bmltit7 
-~t•, preseure 
•uurementa, n.ue guaes an&l7Sera 

data loggere, :recorders, 
coaputing data loggers 

t•perature •aaure•n.t•, 
gu now TelooitJ, 
recorden and 4ata loggers, 
relatiTe huld.41 t7 •asu*9•nta 

recorders 

gu anal,zera, prea11ure 
•uu.reaenta, Wobbe a nuaber 

thermocouples 



• 

- )0 -

Re:terencee 

1 Bn•ro llaMgemnt and !ecbnolop in the Ceramic Industries, 
z. A. Engelthaler (UlfIDO-CSSR Joint Pre>gTW 194/84) 

2 Bn•ra Plan :ln Ceraaioe, J • .UU.er (tmIDO-CSSR Joint Progra

• 195/84) 

) Ko'bile Diagnoat» um.t for Developing Countries, •· •ovt 
(lJIDKM:SSR Joint Prosr- 199/84) 

4 Baerg Sari.Dg Po9s1'bil1ti•• 1n •on-aetallic Jlinerala Based 
Induatri•• at Pftaent and 1n the Long lbm, L. ~una, •· Grotte, 
(UIIDO-CSSR Joint ~e 6/78) 

Bibliograplq 

Caap'bell I. B., Sherwood B. •·, High lf•perature kteriala and 
lfechnolog, Jobn Tile7, Inc. In York 1967 

Cheaten J. B. ..tractori•• for Irm- ancl StHlmking 
lfhe •etal Societ71 Lon4oa 1974 

Bngeltbaler z. A. et al. Bnera Couenation ill Ion-me'tallio 
Kinerala Bue4 Induatri••• UIIDO-CSSR Joint 
Progre I 27/80 

Bngeltbaler z. A. •on-tra41tional CerCUlic - .. terial•, Source 
ot Bllero Conaenation, UIIDO-CSSR Joint Pro-

cr- 80/81 

Bngeltbal•r z,. A. Bn•ra Saring :1D CoapoaiDg Ceramic Bodi•• 
mrmo-cssR Joint Progre • 128/82 

Hartnell J. P., Rouenow W. •·, Ranci'book of Heat !ranaf•r, 

•ew York 1973 

:lout J. lurft:ll P., Beat COUUlliDg Ullit• in Ceraic Indut17 
mmo-css• Jo:blt Prosr- 55/80 

•llle!ek •·• Simulating of lfher11&l Proc••••• 1a Silicate In4U8t
r1••• UIIDO-csSR Joint Progn r 128/82 

~. lfbecek "·• Waat• Heat, un:oo-cssa Joint Programme 13.3/82 

•OT"J •• Heat Diagnoaea llacle on TUDDel giln an4 on 
Belt Drier, UBIDO/IO 572, 1982 



- )1 -

•arl ••• Diagnoetica, UJIIDO-CSSR Jo:lDt Pr~• 88/81 

Stanit J., CaloulatiOIUI 1D Cera.ice, UWIDO-CSSR JoiDt Prosr-
• 129/8) 




