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" BON=UBTALLIC RAY MATERIALS, SOURCE OF SNSPGY CONSZRVATION

Zdenéx A, Engelthaler, X.Sc., Pa.D.

Director, Research Institute for Ceramicr, Refraotories and Raw liaterials, Pilaea

Chief Exeoutive, UNIDO-Czechogluvakia Joint Programme for Internationel Co-operation
in the Meld of Ceramics, Building iaterials and Xon-metallioc
Kinerals Based Industries, Pilsen, Czeocnoslovakia

The energy wmanageament plays an impcrtant role in the ceramio industry wisica is
one of the viggest energy consumers amcng non-metallic industries. The ohoice of proped
technology and the application of non-traditional non-metallics iato different vatones
can decrease energy requirements distinotly.

Traditional ceramic raw materials areo based on tne content of Kaolinite, Quarts
and Orthoolase, Tae application cf non-traditional non-metallio raw materials contein-
ing other types of fluxing oxides creates new euteotio combinations of components of a

‘minimum gyetem having the lowest melting point. If godium fluxes are conocerned, defox~
wation interval is to bo observed. Howevor, new types of modern kilns with uniformly
distributed temperatures acrves their cross~section and one layer firing kilns onable
, Yhe epplication of non-traditional technologies for many products.

The practical utilization of the following minerals and rooke is digoussed:
Tuffs, Tuflites, Nepheline Syenite, Zhonolites, Perlites, Caloiles, liarls, Beralts and
- Albite. Non-garinking oceramic vodies and single-firing technologies are ot'..r cxamples

showing the poseibiiity to save the thermal emergy during the firing process up t2 40
. 0f total,

The new technological development witin its influence to energy conservation in tae
tieid of ceramio building materials is docwiented by specific energy consumptions of
differenty products related to different firing processes. Summary tables are psessnied
with the estimates on the development of gelected ceramio products until the year 2000,

The paper sunmarizes that non-metallic raw materiaie are oné of tihe vital faotoxs
of the cnergy oongervation as bwing an important parv ol energy management.
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The ¢nergy aupply and utilization has become one of the most important world
proovlems for the next two decades not only in terms oi competition for scarce
resources between the industrialized and developing wurld or between particular
couniries but also in teims of allocuting these resources among the dircct consumer
gector, transport, agriculture and indusiry. Scientific, technical and manufacturing
capacities are being mobilized in order to discover non-iraditional energy resources
and to develop new ways for energy conservation. Energy management has bacone one of
the important activities of any enterprising.
The application of basic precepts of energ: management for the siiicate
indusiries has resuited into main steps which are important in view ol energy
consexrvation:
l¢ Development of non-traditional technologies with the reduced eaergy requirements
2. Optimum of heat processges according to limit ing conditicns of the produots and
according to the output of the thermal unit

Je Bnerpgy diagmosticg of thermal units related to the energy coueervation. inten=
sifying of the kilns and driers output, lowering the r9jeot and increasing the
quality grades

4. Thermal uniis, their technical level and modernization

5. Secondary heat resources, their exploitation within the manufaotwring proocess

6. Climate conditiong related to geograpnical position as well as to the seasonal

inrluence.

- This paper analyses the first foregoing way showing that the non-metallic raw
naterials, if properly considered and exploited, can be a valuable resource for
energy conservation in the non-metallio manufactures, as they can be utilized for
tho developament of non-sraditional tecanoiogies. The application has been made fox
tae ceramio industxry, one of the biggest energy consumer among tae non-metallie
industriea.

IX. Encrpy Requirement of the Ceremic I dugt};x

The ceramic indugtry belongs to those industrial branches im whioh tihe proper=
ties of final products are acnleved by heat treatmont. Table io. 1 enowa & review
of the specifio heat consumptions in selected ceramio technologioas processes.

The following oonolusions are made {rom Table No. 1t ’

1. Coramio producte of the same nature can be produded in variadle firing tewmpera=
.tures which differ even by 240°C.
- 2« The specifin heat consumption of the same product differs up to 1l00% irom totale
3¢ DifZerent producers manufacture tne seme ceramioc produots consuming diffoxent
emounts of heat.

In the oeramio industry, the energy conservation can be achieved by lowering
the firing tempersature, by snorsenning the f£iring oycle, by simplifying the tecuno=
logical processing, eto, 7ae development of firing temperatures and oyoles of tie
double fired wall tiles is presented in Table Nos. 2 and J.




Specific leat Congumption in Vaerious Ceresmic Reghnolopical Processeg

'; Table Noe 1
(o ]
- Firing XJ/kg of |
2roduct temperatu;e, °¢ ! products |
!
Wlall tiles ;
bisque, non-traditional composition 1040-1070 3150-6300 |
bisque, tradivional composition 1250-1260 6000-10100
glaze, gas-fired tunnel kiln 1020-2060 i 2900-5200
gleze, elecirioc tunnel kiln 1020-1060 : 1250-1730
single firing technology 1040-1100 i 3560-4800
b
Floor tiles E
semigres bisque 1100 ' 3350-5000
glaze 1050 2500-3800
single Iiring, glazed 1100 3800~4600
single firing, glazed mozaica 1180 7100-8000
unglazed - 1090 . 3800-5G00 i
I :
Building brickg
common bricks 960 1700-2900
Pireclay
normal brioks 1350-1450 2700-5000
v ]
Stoneware
pipes, traditional composition 1260 5100=3000
pipes, non-traditional composition 1180 4200-5800

Table lio. 2

[ Bigque, C Glaze, %g
After the World War II. 1250 = 1300 1120 -« 1160
Early 60° 1230 ~ 1250 1190 « 1120
Contemporary 1050 = 1080 1020 ~ 1040
Progpects till the year 2000 1000 - 1020 900 - 980

Tablo ¥oe. 3

Development in the Piring Cycles of the Double Pired Vall Tileg

Bisque, nrs Gleze, hrso
Aftex the VWorld War II, 60 - 120 24 = 43
Zerly 60° 26 - 68 3 - 24
Contemporary 1 « 48 A - 24
Progpects till the year 2000 0,5 0.5
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The revolutionary cdevelopment in the ceramio technological processes is
subjeot to two fundamenial factors: .
a) modern firiaz unitg that provide uniform temperatures, hign flexidility and
firing in a single layer,
b) pon-treditionel blendg in waich moXe eificient Iluxes are applied.

IIl. Zhe Role of Pluxeg in Ceramic Technologies

In ceramics, the traditionally epplied raw materiale are based ou the {ollow=

ing minerals:
Kaolinite A1203.25i02.2320
Quarts Sio2
Orthoolase K20.11203.63102

Table No. 4 ehowg their main properties and appliocations.

Table No. 4 Iraditional liinerals in Ceramicg

Keolinite
41,05 « 2 5i0, . 2 K,0 - tecimological spplicgtion
characteristic_preaeriies Boor tites
- binding component ggggngize
= formability vihite weare
- : artigtic cercmioca
skrinkage sanitary vare
- refractoriness &lazes
fireclay

; refractory insulation

Silicg
5i0, technologicel _gpalicgtion
characteristis propertic Thoor 1108
- ciuina ware
grog otoneware ' :
= control ghrinkege ' white vare |
- artiotic ware
sxpansion nanitn;y ware !
i = refraotoriness claves |
: oilica bricks
L acid fircclays
Orthoclase
€0 . A1,0, . 6 Si0, technolopical appiication
charactoristio_propertics enina ware
sanitary ware
=~ grog o stonoware
=~ fluxing agent ~ 1280°0 glazes
~ ghrinkage
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IV, Selected Non-metallic Raw Materialg

1. Tufs end Tuffites

2-»

Tuffs are bulx or gecondarily consolidated sediments of volcanic asu or
small sized Ifraegments of material o2 neovoicanioc orxigin. Waen tuiie nave been
transferred and mixed wita admixtures of nonvoicanic material they are called
tuffites. In tecanical routine under the nama ol tulfle we understand tvuat there
are also volcanio agglomerations of foamed, porous basalt, phonolite and ande-
zite materials. Aocording to the hardness scale tulls belong eamong relatively
saofv minerals being thug easy for grinding.

Yhougn tuffs and Vuffites may be expioited in many indusiries, e.C. ag
light-weight gravel, expanded material in the prnduction of mixed nydraulio
mortars, they beocome an important fiuxing admixture in body composgition in
ceramics. Stoneware body, for instance, may reduce its sintering temperature due
10 the addition of finely ground tufrs as follows (Tabie No. 6):

Table No. 6 Lowerinz the Piring Temperatures in the Stonewere Pije
Production with the Addition of Tufig

fBody compogition, % 2raditional composition r Compogition witu tn9?
; | addition of tuff
! . re |
i clay & 50.0 f 33.0
clay 3 ; 45.0 ; 33.0
tur? i - 26.0 ;
fired rejects { 5.0 ! 6.0 ‘;
total ! 100.0 100.0
sintering temperature | 1260°C 1140°C

epaeline

“lepheline is an aluminum-sodium~-potassium silicate the ¢hemical comwosition
of which i@ very olose +to that one of aibite (sodium feldspar) but its 5i0,
content ia lower. Vhen having 45% of 510, aad 340 of Al 0, nepheline may ocontain
ag muoh as low of 18,0 and ¢ ~ 5% of K;0.

Nepholine i3 a very efificicnt gubstitute of feldgpars because it can reduoce
the firing temperature with the minimum Y¥isk of deforwntion of the body bocause
it has & sufficiently broad intexrval of siuntering. it begins to act as a fluxing
egent alreudy at low temperatures, Wnile melting takes pla~e at about 1260°C in
cage of potassium feldspors it etarts as eariy eo av about 1100°C temperature in
cage of nephelines.

In the aature, repheline frequently ocours in tiie form of pepheline-ayenitg
containing no free 8102, oomposed mainiy of feldapars, biotitee, amphibole and
pyroxenes. “he proportion of nepheline proper xuzo.A1203.28102 - xaA15104
weprecents 28 to 33%, Hign content of iron oxide otems Ifrom the bHiotite and can
be removed by o magnetio separation process to maximum ointenty of 0.1y that io
the grade of the best fuldspars.

lately, tne industriel utilization of =epheline attraots conasiderable
attention in the world, Tue natural rew material conteining usually large amount




of iron must be ireated by a magnetic separation. The coiicentrate so obiained
containing less than 1% of iron and about 16 to iSw of alkalis repregents a
non-traditional but progpective raw material whicvh not only subestitutes leldspax
but makes further reduction of the firing temperasures Ileasible. iepheline in
the foxm of Zinely grouad Zluxing agent acts on tihe sintering of the vody as
early as at low temperatures within e relatively wide sintering interval so taat
there is no risk o deformation of & product,

When potassium faldspar is gimply replaced oy nepheline the {iring tempera-
ture of & ceramic product can be decreased by 2 to 3 p.c.e. Partioularly
digtinot reduction in the Iiring temperature may be achieved by a combination oi
the nepheline conoentrate with the other fluxing agents, especially with talo,
Such bodles then are the basis for introducing the single firing technology iatvoe
different ceraaic processes.

The addition of 15%, 20% and 30% of the nepheline concentrate into ine
bodies for glazed wall tiles ired at 1040°C to 1140°C temperature in a single
layer firing process at tihe total &Q-minute cycle of the kilm proves tuat

&) 15« addition of nepheline reduces the water absorption of the products

©) 30% asddition of nepheline reduoes vie water absorption of the finisaed

T
t0 4-2 - 5-4%.
produots below 1%,
J. Ehomolites

Zhonalites are efiusive alxaline rocis corresponding %o nephelinitie
syenite wita foids, i.e, with aluminosilicates containing iess SiO2 taan {eld=
8pax.

Puonolites can furtier be clussiiied according to their ooutenis of tae
wain rocka into:

a) nephelinitic phonoliites - containing high amount ol uepneline

b) trachivio phonolites ~ convaining little nepueline

¢) leucithic pnonolites - containiag leucite

d) tephritic and trachitio phonolites - presence of piagioolase, poor in Foids
and nepaeliines

Table lo. 7 shows that the types of phonolites contain a relatively iow
coutent of iron so that they can be applied in the ceremio and glass indusixies
oven without magnetic separation. Whe content of alkaline oxides ranges from 12
%o 15% while the CaO and Lig0 oxides content boing ebout 374 so that it congti-
tutes & non-traditional and, at the same tiue, o prospective raw material Zox
reduoing tne Iiring temperaturea in-ceraaica.

Table No, 9 proves clearly that the non-traditional compogition of the body
witn phonolite not only mey Tesu.t in reduoing tue Liring temporasure but also
in « sharp drep of material coste whon wasied kaolin and feldeper are eliminated
£rom the body et all. ’




Taole do. 7 Chemical Composition of Selected Czecioslovaitian
Rephelinitic Pnonolites

r n
! Content of compoaents,® Phonolite A Pronciite B Phonolite € |
$i0, 56.41 56.13 55.61 g
1.1203 20.70 23.01 23.02 |
710, ¢.26 0.81 0.40 |
Pe203 0.96 0.80 2,04 I
Pe0 ; 1.60 0.26 0.83 |
E no X 2.29 0.18 0.18 ;
bigo . 0.87 1.88 0.13 '
Ca0 j 2.30 1.98 2.73 !
Naao 8.47 8.67 10.02 i
K0 3.76 3.57 5624 [
}{20 ; 2.22 2.22 0.00 l
] i
| 1’205 1 1.14 0.03 0.12 J
Table ilo. & owering of Firing Temperatures in the Earinenware Production
with the Addéition of Phionolite
: i
Sody composition,% i Traditionel .composition Composition with
' pachiolite
Clay & ! 47.0 32.0
Clay B E 47.0 31.0
Pionolite | - ; 31.0
1 Tired rejectg ' 6.0 6.0
!
P __Totel i 100.0 100.0
| Sintering_temperature, °C 1230 1080
LIotel surinkege, & 13.9 12.8
Table No. 9 Lowering of Firing Temperguurcg in the Cerwnic Floo
2roduction with the Addition of Pihonoliitg
- --1
l Body composition,f Zraditional composivion ComPosition witi :
r piionolite ;
t Clay A 35,0 40.0
| Raw keolin 10.0 30.0 ,
5 Washed kaclin 25.0 - ,
Pnonolite - 30.0 '
‘ Feldapar 30,0 -
i T o0t.al f 100,0 100,0 .
_Sintering tempersture, 2¢ 1250 1129 ;
Lzoted_shrinkesss 3 1.4 12:2




4 Perlites

Derlites are effusive rocks confaining voicanic glass and 2 1o 5% of
combined water. After grinding whem heated guicxly to a suitable vemperature of
950 ~ 1200°C these rocks expand in volume 8 to 20 times whereby theixr volume
weignt is reduced irom 2.23 to 2.40 g/cn? dowvn to 0.06 - 0.20 G/°m3- The hard-
negs of perlites fluctuaies between 5.5 and 7.0 according to uohag.

Expanded perlite suows & good sorption capacity, low volume weignt, very
low ooericient of thermal conductiviiy and excellent sound absorption capacity.
Due to 5 ~ 6% of alkaline oxides content and up to 6% of Ca0 and kg0 oxides

'content and a relatively low lontent of iron, perlite may be used as a suitable
raw material for reduoing tne Tiring Vvemperatures of ceramic produota.

Expanded perlite is an excellient insuiating material the role of winich nas
not yet been fully sppreciated. Table No. 10 shows the volume weighis and
coei¥icients ol thermal conduotivity of pome materials produced on the tasis ol
expanded perlite.

Table Yo. 10 e Velichs Thermal Conductivity of Selected Product

pade of Perlite

Nane Volume weight ! Coeificient of fhermal !4

lxgen=3/ i conductivity /W.m-l.Kk=1/ |
| !
' Exsanded periite | 50 ! 0.047 1
i 100 f. 0.052 :
200 , 0.070 ;
I ! i 1
| feramoperlite i 250 0.076 '
: 350 ! 0.059 :
; : 450 ! 0.136 ;
I

Berlite ooncrete 300 i 0.115
400 1 0.120 :
| 500 : 0.i51 l

1

l Perlite paacter ¥ | 400 : 0.116 !

| i 500 ! 0,140
| | 600 } 0.161 {
| ! 700 l 0.185 :

¥ 1 om of Perlite plaater is of !dentical insuleving capacivy as
16 om of stone masonry
10 cm o2 reinforced councrete
7 cm of Brizolit (commercisl name for cemont~baged plaster)
5 cm of brick masdury

Porlite may successfully replace nephelino concentrate in the coramioc wall
tile bodies manufaoture. The fluxing effect may be inoressed ik combination with
ground glass.

5¢ Limeotone and larlg

- s = 0 0 e 0 L1

Limepntong as a sedimented raw naterial conteine very often lnpurities our
o2 which magnesium carivonate and a proportion of olayey compore..to are impoxrtant,
In relation %o olayey minerals oontent & oontinuous ceries of mixed sedimented
nateriale is formed whioh, in a teolulcal routine, may be olaseified according
to Table No. 1l.




Tavle »o. 11 MVixed Sediments of Limestorne - clay
Iy et + = r Yooy € i
i : ¢ content of CaCO3 | clay, W 1
-
uigh-grade limestone 100 - 93 0-2 !
chemically pure lixestone 58 ~ 95 2=5 !
limestone 95 = 90 - 5-10 !
’marlcua limestone 90 - 75 19 - 25 !
! limestone marl 75 ~ 40 25 - 60 f
| mayl 40 - 15 60 ~ 85 ‘
; lime siay - 5 85 - 55 |
(ol 5- 0 95 - 300 |

41l the above mentioned types of limestone - olay combination can be used
in ceramics. It "3 t0 Ve noted that nigh-grade and ciemically pure likesione
may ve suitably dressed as fillers into polymers. ol c¢able insulations and otner
organic matters where they may save as muon as 50% of fundamental material waich
is the product of orude oil.

Fiuxing effect of calcium oxide in a ceramic vody based on kaolinite and

P gilice is explained in the ternary diacram CaO..\1203.Si02 /7able ‘2. 5/,
2 ;iq' Zhe principle of usinz marls as a fundamental ceramic raw material vas

Xnown as ef-ly &8s in antiquity when the primitive firing metinods repultod in
fairly good mechanical properiies of pottery products. The main favourable
feature of the limy maris ig the finoly dispersed caicium carvonate oo that
morls aot not only as & Tewmperature lowering ocomponent but as a plastic
, component, too. Tiis principle nas veen applied azain, on the baszis of the

ietest research results, in the development ol lime-siliccous eartuenwaru vody
cnd enaoles to achieve distinct energy savings in tho bisque firing process.
Becauge of the fact that wmaric and limy maria, due vo their asedimentalry cia-
racter, show expreasive fluotuation of the fundaimental componenis, i.oe. 0 lile-
stone and olay the large producers prefer microground limestones wihich arealgo
vory much favourable from the econowical poiiiv of view. It has been proved tuat .
identical results can be achieved by using marls wnen houwogenized after winning.

Good economical suitability of the microground limestones lg alego the
readon way our country is not oriented to the caleiwn gilicate, i.e. to
wollastonite waich 1g more advantageous Ifrom the technolosical point ov view
tiian . arbonates becauge while ita moleoule i9 being decomposed N0 gaseoiud phuge
is rol nged enabling thus a quicker firing procesg. Under the present conditions
the cost of wollaatonite is as much as 10 to 20 times higher than taat of microw
ground limestones. Thereforc, wollestonite is added mostly to giazes but rerely
into bodies.

Table Noe. 12 shows the different firing temperatures of o traditional vody
and the Ca-5i body in relation to tiho different raw material cowmposition.

The non~traditional wall tile technology nas not ouly lowered the firing
temperature but alee enavled the tedhnologist to apply cheap and low (rade Yaw
%a0ling instead of expengive wasned and bwrnt kaolins.




Temperatures in the VWell Tile Production

Qabie fo. 12 Lowering of Piring
with the 24dition of Limestone cnd Liari

r ToeTmee———— o memmes
e matertal, 5 | <eeliniie | lmeoiliosousbory |
13 . H
|01ay A | 20 15 ~ 20 10 = 315 ‘
iCluy B ; 20 15 - 20 10 = 15 o
| Yashed kaolin l 30 = 15 0-10 0~ 10
' Raw kaolin |- 30 - 40 30 - 40 E
Burat keolin | 38 - 43 - - ‘
sarl - - . 30 ‘
Limesione i - ' i5 -
Pired rejects | 6 -8 | 6- 8 6- 8
Piring temperature,®C | 1280 i 1050-1080 1050-1080 !

0. Jasaltg

Basalts are volcanic rocks oceurring in she nature in a earies ol various
compositions. ali vypes of basalt, however, contain meguetitve and augite. From
the petrographic point of view they aleo may coniain Giiferent amounts o other
minerals such as olivine, plagioclases, nepnolines, leuoites and gless.

242 chemical composition of a suituwdle basali, i.e. basalt wish good
fluxirg elfeotv is ghovm in Jeble No. 13.

Yaole No, 3 verafre Coupositior of Bamoalt ipwlicable in the Non-metallig

andugtries
i -3
) .(-_; ~ !
5i0, ' $3.5 = 47.0
Ti0, 2.0 - 3.5 :
! 4'51203 ll.O - 13.0 ’ l
t
0 . - .
| Fe?_ 3 4.0 7.0 i
i Pel 5.0 = 6.0 a
; o 0.2 ~ 0.3 ;
i K-:CO 8.0 bl llao I
j Ca0 l 10.0 == 12,0
i a0 ; 2.5 = 3.5 i
| v -
L_. n20 1.0 2.5 J

It ensues {rom vhe chemical ocompoosition that the fluxing effect iu a
ceramic body must be achieved mainly by higiu content of Cad and ;0 oxides in
combinavion with iron oxides and alkalis. :ipgh content of ii'on and conoidexrable
toughness are the reasona winy ine uge of bavalt in ceranios is limited.

A priority as glven to voloanic rocks which isave not such e atrong ocolouring
Zfect on tho body as basalt. lonoe, the main uso o2 vasalts is in the pro-
duotion of fused bagalts, wineral wool and aggrogates fox buiiding purposes.
The uge of basalts in the gless industry is llmited by o series of limiting

‘faotors similaxly es in the oceramios.




The ceramic techholo;ical processed are undergeing a violeant developuent at
present whick, on omne Land, enables and, oa the other hand, it demands & diversion
from itraditional raw materials. The up-to-date firing kilns of ever shorter firing
time and lower firing temperatures need new types of raw materiels waica were un-
applicadle in the traeditional technological. processes and ara often the condition
oi a succesaful operatioa.

In addition to the aforesaid examples I siould like to point out also to
nlbite, enorthite and plesivclages. These raw materials are indispensavle in
ocompoaing glazes for quick firing processes.

The gingle firine technology of wall tilej enables to save about 40 ol
thermal energy wuen compared with the douwdle-firing process giving taus furtaer
poesibilities of application of a series of non-traditional raw waterials.

Therefore, each raw materiel with fluxing effect in the given phase balance
may be applicable in the ceramic technology either directly or after having bacn
properly dressed. Some of ceramic producers give preference evem %o ironese olays
which are good For fagt firing in lower firing vemperatures but whioh result into
dark vodies of ceramio producis.

' Non-metallics, however, may take share in enexrgy congervation algo in othex
ways. Having bem properiy dressed they may becosie good insulating materisls to
prevent heat losses by conduction or, as filleras into polwvmers, the latter being
orude oil products, in which they may substi’ute as much as 50% of the polymexr and

infiuence its properties in the desired direction at the same time.

Hence, to conclude witn I wish to sum up:

don-metallics are one of tie nost imporitent gources of energy congervation

and suey also heed %o be teken into acoount Jrom tais point ol view,
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