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~anufacturer$ to initiate develop~ent research on tha1r raw 

~aterials. It covers a great m~ny different industrial activi-

ti~s starting from metallurgical, ceramic, slass and o~ii~i~£ 

;.;ort. ate. The present development of sci~r.ce, tecnnoI:;y ar;d 

production has arr:il@!d at a paradox sitwation - t~e anar;y cor.-

sumption along with the aver growing industrial productiJr, 

i~creasing world ~opulation and growing living standard s~irals 

up eno,·r.i::>usly. On the other harid, however, it is well ;<:;own 

that the energy reserves being usad in today's production are 

liwited a~d practically unrenewable. Obtaining na•:: eneri;y sour-

ces is in the stage of research or ax~eri~ental varific~tio~. 

3esides trying tJ find new types and sources of energy and 3f-

forts to minimize anergy losses the ext9nsive research conduct3d 

in the ~ajority of w~rld countries is ai~ed 3t searchins for ne~ 

tyoes of raw materials that would reduce the energy cJ~sum;tiJ~ 

duca wast~less technologies and 

~o~-balanced r~w-materi3ls. 

!t is the objective of this ~epar :: 

possibla ~pplication of vario~s ty~es 

of s::c:rndar"'/ ....... -· 
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in t~~ ~rJductiJn Jf pl~stics and Jther raw materials in the 

rac t - .... ..... .:'! 
... """' ..... -

Fluxas f Jr cara~ic industry 
-----------------··---------

Feldspars ~nd f~ldspat~ic -""" ...... ,, -I tJ:...,,,~ I 
... 

- Sl.L.:..:3 .~:.xtur32. 

a~Jng the ~Jst irapJrtant flux8s usJd in th8 ceramic ind~stry. 

A number Jf eruptive rJc~s. ~etamJr~hic rJc~ and rock-

-fJrming ;ninarals c::rntain . 1 . 
Sl. .. l.Ca (first ::;f 211 

are calcium and bariu~). The grJup Jf faldspars r3~ra3s~ts 

SJdium-, potassium-, calciu~- and ~3rium alu~inJs~lic3tJ2 

earth's crust. A l b i t e 

clase a n J r t i t e 

<:ind, finally, c.elsian - ':'.-.:.1 ·~i·,...,) ~.oil..,,.,,. . .,,,..,~--· l-C:,,_....,;_._;,... ._..,._,,. .,J1,1 _ ••. 1..)(1·~· 
\ ., / ~ - ~ 

<- - -

t :1 e ~ J s t i m p J r c an t rn em be rs o f t i1 e f e 1 d s pa t h i c ~ r Ju ~ ::; f ;;i :i. n e ;- .J l 3 .. 

It is an isJmorphous series ~f minerals in which tha iJn3. Jf 

alkalis and alkalic earths can substitute each othar in 

various ratios depending upon the chemism of the par9ntal ma~~a 

and Jn tha ~hermodynami~ condit~ons of originating. The sub-

group of plagioclasa for example is for~e~ by albite rich in 

sodium ~nd a series of chemically different ~nte~stages up tJ 
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anJrtite rich in calcium. A similar sarias Jf cha~ic3lly ~nd 

crystallographically varying forms does exist alsJ bet~ezn 

t~e JrthJclasa rich in potassium up to the albite. In t~a 

Jrthoclase for exam~le pJtassium m3y be substitutzd jy bariu~ 

tJ sJrae extent th~ugh the ~esulting ~i~ercls - hyalJ?Mana and 

calsian, 3re very rare when compared with the potassium, 

s:dium or sodium-cAlcareous feldspars. 

Apart from more or less pure feldspars - mainly ortnoclasa 

and albite in some countries eve~ feldspethic eart~ such as 

e.g. aplite is used in their ceramic industries. It i5 a fine. 

-grained form of granite made of silica, sodium and potassium 

feldspar and admixtures of light mica - ~uscovite. The so called 

"Cornish stone" used in the ceramic industry of Great 3ritain 

is in fact an aplitic. weakly kaolinized granite with an ad

mixture of fluJrite occuring in the area of large ~aolin de

posits .Jf Cornwall. This raw material is extracted in tne vi

cinity of St. Austell on the Isle of Man and a very si~ilar 

rock is extracted even' in France on the iocality of St. Yrieix, 

south-w~st from Limoges. Similar composition has the raw 

material extracted and used in Japan under the name of •Teseki•. 

A synthetic mixture formed by kaolin. silica, feldspar and 

fluorite and named as •carolina Stone• is used in the ceramic 

industry of the U.S.A. 

N e p h e 1 t n i t i c s y e n i t e is 3 silicaf ree 

rock f jrmed mainly by nepheline and various types of feldspar 

and stands at the end of the rock series starting with granites 

rich in silica followed by granodiorites, syenite in which 

the content of silica and felds~ars is approximately in 

:1 
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a balance. The th~etical chemical composition of ne;:i.:lina 

is NaA1Si04 but it always contains cartain a~ount of ~otassium 

~han found in the nature. 

A n o r t h o s i t e is a rock used in some :asas ~s 

:3 flux in the ceramic industry. It is a co9rs~ grar•ular ;JL1t::>nic 

r::ick formed of ;;;ora than 90 _;,_; :>f s:>dium-calcarao...:s f3ljs;Jars. 

P h o n o 1 i t e is a fine-grain~d i~neous rock formed 

chiefly by nepheline mineral. 

F e l d s p a r s 

Feldspa~s nowudays are the m:a: :>ften used flux in cara~ic 

bodies with a prevailing ~omponent of c byey ~ass mostly, hJw-

aver. in the utility and technical p::ircelain and in sanitJry 

ceramics. The ~ain rJla of feldspars as fluxes in cGr3~ic b::idi2s 

is, first of all, in densification ,... r. -
.J I .;:i ceramic body durinz 

the firi~g process so as to make a silicate glass phase. T~e 

~eramic bodies of this ty~e are general~y fired witbin t~~ 

r2nge ::if 1473 to 1673 K (1200 - 1400 degrees centigrade). The 

melting temperature of sodium f~ldspar alhite (NaA13i 30s) 

is given at 1393 I< (1120'.) C). The inco.1gruent tern;Jer:nure 

of disintegration of potassium felds~ar ~rthJclasa or sa~idi~~ 

(KA1Si 308 ) is 1423 K (1150° C). ~hen cer3~ic body c~ntainins ~ 

feldspar is fired the f:llowing procass takes place when ~riaf-

ly described: 

Point-t1pe eutectic drops ~f molten mass are f~rmed at the 

contact between the grains of feldspar and silica as d~rly as 

at the temperRture of 1223 K (950° C). T~ey are c~~parable with 
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spot wsldinc Jf metals. It ~ay ba 3X~lainad by the well ~nJ~n 

reductiJn Jf melt~ng temperature in casa Jf mixtures ~f 

c~a~ically The initial CJnract rnelti~2 

ta~as alsJ ~l3ce at the cJntact ~Jints aet~een felds~ars 

and ~articles Jf the present clayey ~inArals jecausa when t:1a 

thermal ciecompositiJn Jf the •:lay·3y minerals takes plac~ wit·~-

in this temperature a very reactive silicic 3cid is liberated. 

TJ the contrary, howaver, no initial contact melting happens 

between the silica grains and the clayey xass being dis-

integrated- the respective eutectic t~mperature lies much 

ni~her - at 1873 K (1600° C). 

Though melting temperature Jf the pr2sent feldspar is far 

from being reached a quick ~ormation Jf the vitrificatiJn phase 

takas place as early as 3t the temperature of about 1273 K 

(lOOOJ C) in the ceramic body which begins to be of a more 

or less densified nature. When the temperature is baing raised 

the amount of the eutectic moltan materjal rises, too. 

!t has been forffied by melting of feldspar, silica and calcined 

clayey minerals. The maximum atlainable amount of the vitri-

fication phase corresponds to every tem~erat~re provided that 

tha appropriate chemical or molar body composition is adhered 

to. 

The more contact points are provided between the individual 

minerals by tl":e foregoing dressing of the ceramic body, the 

quicker ~s the vitrification phase achieved and the quicker 

the above mentioned maximum is attained. Finely grou~d, tnorough

ly mixed homogenous ceramic bodies which ar~ even densifiad 

by a suitable pre3!';ing process (when pror::lucts are formed by 

a dry-pressing method), they can vitrify faster. In such a case 
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various def Jrmation effe:ts are ~lso eliminated. Th3 final 

vitrific1tion phase ~ats faster com~leted when the feldspar 

~elting tamperature is reached. Easily ~Jvable ions Jf al~alina 

metals get among the particles of the disintegrated clayey 

minerals durin5 the firins prJcess supportins thus tMe fJr

matiJn Jf ~ullite. The difussion of 8ultivalent ions of a~~

~jna and silica within the temperature Jf 1473 K (120CJ C) 

is rather u~i~portant. Hence. ~ullite is formed at this tam~e

rature in such places whera sufficient matarial is available 

for its crystallization. Its formation is chiefly conc3ntratad 

in areas in the aisintegrated clayey material where hig~ly 

reactive silicic acid and some liberated alumina ions are 

available. TherefJre also the primarily formed mullite nas 

a flaky shape. Very much movable iJns of alkaline me.als activate 

also the mobility of the other ions being present. The pri~ary 

mullite gets gradually recrystallized in a neadle-s~a~sd s~con

dary ~ullite. In this stage the boundaries Jf crystal ;rJ~th 

of the sacJndary components substantially overwhel~ the limits 

of the ~rima~y minerals. Primary mullite is also fJrmed in t:1a 

contact zone of the vitrification phase (Jf the rnoltan ~ass). 

The t3chnological firing process is ~erformed bot~ t~er~isally 

and timely so that the required final t3c~nJ1J9ic3l pro~ertiJs 

of a product could be achieved. 

CristJjalite, tha only stable silica ~~dification dJas 

not get formed usually in ~orcelain products under tha ex~3tin9 

nJrmal t~ermal and thermodynamic conditions. Ceramic ~roducts 

cont3ining hie~ a~ount of silica dioxid~ ar2 Qn axception. 
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first of all by tna f JrmatiJn of a~tectic s~ot ~~lts at the 

of :il:~alinG :.ietals ~enetrate intJ t~~e dis:5.nte;ro;r:cl clG/:JY 

into ~ sGcondary ~ullite. Gurin£ cooling srn~ll ~c~dla: Jf 

s0cJndary mullite are fJr~ad i~ t~: melt. CristJjJlit3 ~s 

:i1.Jt:3rial it is necessary to '.<ac;::i in ,,iind t:-1at t:~a -.~::li: '.);-

f3ldspar under identical tMermal c:inditions. T~e te~?2r3tur~ 

af a perfect melting of a body rich in silica dioxide can bJ 

reduced ~ore distinctly by using ~otassiu~ feldspar t~a~ jy 

an application Jf sodium feldspar~ 

:.hen f2ldspathic minerals are ap;::ili::d 35 3 fh;x in t:B 

,:ir:)duction :if ceran1ic materials these is a rula tilat fJr re-

ducing the firing time ar.d firing temperature it is of zxtr3-

ordinery importance to grind the material finely til3t shciuld 

be also achieved in grinding the prasant quartz. 

.. '~ .. ' -



~ e p h e 1 i n i t i c s y e n i t e 
---------------------------------------

:f albite, JrthJclase, ~icrocline and, first :f dll, by 

nepheline. The mineral raw ~aterial - nephelinitic syenita 

contains genera!ly a small quantity of accassory minerals 

s u c n as am p h i b ::> 1 e , b i or i t e , m a g n e ti t e , l i r.i Jn i t e , ca 1. c i t e , 

£arnet, zirconium and, sometimes, even corrundum. Deposits 

of nephelinitic rocks can be f::iund in many countries all 

over the world; they only differ in genes~s 3nd in geologic3l 

occurence. Most important dep::isits of ne~helinitic syenite 

are in Can8da a"d in ~orway owing to their high rainaralogical 

?urity and homogenous petrographic c::imp::isition. The raw material 

from both these ;egi::ins are used in ceramic and in glass 

industries, similarly as fillers in the paint and plastics 

industries. Vast fields :if nephelinitic r::icks in the N::>rth 

:if the USSR are utilized ~n the production of aluminium, Port-

land cement and some chemical compositions. Their utilization 

in the glass and ceramic industries represents a smaller ?art 

only of their industrial application. 

From the point of view of jndustrial utilization the 

nephelinitic syenita should be coar~e - ::ir medium - grained, 

fr:>~ the petrographic point of view its composition should be 

hom::;genous, the content of nepheline must n::it drop below 

20 %, the content of feldspathic minerals must be higher than 

60 % and the c~ntent of accessory minerals in average must not 
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excead 5 ~. T~a cJntent Jf iron expressed in tJrms Jf Fe 2: 3 

should be lowsr t:-ian 0.1 ;~ svan thJugii it ii13Y u= :1ig:1ar fJr 

a nu.n'.Je r Jf industrial uses. ~~~nelinitic 
~ . 

syenita rr::l1:1 ~n-:; 

Canadi3n JapJsit in JntariJ (3lu: i·iJuntain) an:! frJ.";1 t:1:; :.:::-

~re Jf the gr~atast i~dustrial impart2nc2 frJ~ the ~:Jint Jf 

vi2w of their applicatiJn in the ceramic a~d glass indusrrias. 

The explJitation in the Cana~ian dapasits is perfJr~ad by an 

:Jpen-cast ~ining and ~ostly dry dressing methods ~re ap~liad 

in its dressins such 2s alectr:Jstatic s8paratian ana flJtati:Jn 

any special dressing in a crushed f:Jrm. 

The extractiJn in the ~orwe~ian dap:Jsit is carri~d J~t 

u n de r g r o u n d ,, t ;, e r: ·,'i :n a t e r i a 1 is c r u s .--: a d , s :J r t 3 J an d ci r i.::: ::.; 

in rotary driers 3nd subjecte:.i t:J E: '.1i;n-intensity r::asnetic 

separatiJn that enables t:J cut down substantially the c:Jntant 

:Jf CJntaminating ad~ixtures. ThJug~ t~ere is ~~pl8 occursnc2 

:Jf n6phelinitic rocks 311 Jver the ~o~id thore ~as not y~~ 

baen found a de~:::>sit of na;Jheli.nitic syanite CJi,1,Jar:iob in 

purity and hom:Jgenity with th:Jse :Jf N:::>rway and Canad~. It is 

~uite well known t~at transp:Jrt c:Jsts Jf ne~halinitic syanita 

tn many cases are much higher than t~Jso Jf its ~~nnin5. and 

dressing. Oa3pite t~e ever spiralling c:Jst of ciressad ne~he-

linitic syenite the de~and for it incr3asas joth in t~e ;~a3s 

and especially in the ceramic industries in most of tha inciu-

strially developed countries. 

In the future, probably, ~olitical interests will ~lay 

more important role than nowadays in tha exploitation :Jf ~ineral 

raw '!1 o t e r i a 1 s de p 'J s i t s :.:i n d i t s c 2 111 s t J o c s '.J r ~ t ; ~ .::i t 11 8 ::i ~ i ~ l in i -
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t i c s ye n i t c w i 11 n J t b 3 c.:rn e ;z c e ~ t i :Jn i r. t ~ i s c Jr. t .:; x t • r . J L' ;:- . : 

ti1e de:nands for tiiis miner~l raH ::;ateri<:il are .-n2t at ::r~:ent 

i;1 t:1e futurs su . .J;:ilias t:1e ;J:Jlitical and '1ati:Jnal int8rests 

Cli<,;ht play ·il:Jr9 ir;i:J::irtar.t r::i18 ::in t:l8:il t.:1an .:.t r:;s :.::-::~.: .::J 

far. 

T~e w~rld 9r::iducti::in ::if nep~el~nitic sysnits rJsa 

f r::i~ 2?JOOO t in 1961 tJ 5coOCO t in 1972. 

'.-lore than 75 ~b ::if Canadian pr:Jducti::ir. of re,:halinitis 

syenite are exported to the us.;, r;i:ir3 tnan J5 ,, :if "C.1;; t:Hal 

pr::iduc'::i::in is exp:Jrted fr-r.t i'!orwc:y. Just for th-: sa!c~ ::if 

c::imparison it may be stated that l.7 ~iliJn tJns ::if f2lds~athic 

c::incentrates were pr::iducad and c::insumed in 1S72 all ::iver the 

world. The expactad C:Jnsumpti::in ::if nPphalini~is syenite J~ly 

tr'.'lm the Canadian dep:Jsits will am::iunt t:J 1.2 tJ LS ,-;iili:Jn 

t::ins in the year 2000. In the ~ase of N::irwegian rie~::isits t~is 

am::iunt is envisaged t:J reach 245000 t::i 390000 tJns in t~a 

same period. 

The final industrial usa ::if nephelinitic sysnit2 is Ja

termined by a high content of alkalis, high c~ntant of alu~iniu~ 

oxide, practically non-existent silica dioxide 3nd, due t:J t~is, 

~igh fluxi~g effect. Producers of wrapping ylass, pane glass, 

i~sulation glass fibras, some types of utility porcelain and 

2anitary ceramics st~rt to use m::ire and ~::ire naphelinitic 

syenite ~wing tJ its chemical compositi::in and high fluxing 

ability. Nephelini:ic syenite is also used in the ~roductiJn 

~f electric porcelDin as w~ll as in the ~anuf~cture of d3ntal 

~rothatics. Finely gr::iund and sorted ne~halinitic 3yonit~ 
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of comraercia!ly availabls nep~elinitic syenitas 

(in ter~s of perce~tage of weight) 

-----------------------------------------------------------------
:·line ra 13 

Canada N::irn:=f U3s.=: 
pyrox.typs biotit3 ty;a 

a~pr.iool.type biJtita ~yps 
=========~========================================================== 

al'.Jite 48.4 52.0 traces 3.0 20.3 

filicracline 22.7 18.9 
37.5 

m ic rope rt hi te 

pe rthi te traces traces 57.0 55.5 

nepheline 24.9 24.1 37.- 29.- 26.9 

biotite 0.1 2.2 traces 0.1 

a:nphibol 3.- 1.-

ovroxene ' , 
0~2 1.-

:;iagnet::.te 0 .. 4 0.5 1.- 1.5 

calcite 0.1 2.- 5,-

muscovite 0~7 

c.7 
zeolite - - - - - -- - - - - - - - - - - - - - - - -
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i a~..:...:= 3. : 

CJ;:ir:iercial nephelinitic syenite (.'~ Jf ;·.3isht) 

---------------------------------------------------------------
Chei:lical CanadCl :~Jr·:.·;;. Y 

================================================================= 
::"'<ii(""'\ 

-'~""2 58.2 5S.4 52.73 -....., ""'\-

o~ • ...; I 

. .;1203 23.2 23.0 23.71 ) •') ) ') ..__,. -"'- 2:'.. .sc 
Fe

2
o

3 c.s J.7 1.9 1. l 

FeO 1.4 1.5 1.89 l.14 l. -=.c 

TiO 
2 0.004 0.004 0,51 G ,_, ......... 1.20 

i'~a,.,U S.4 
c.. 9.5 7.78 6.G7 

I( ,.. . 2u 5.2 4.9 c;.oc 3.3G 3.30 

Cao G,S2 0,64 2,54 ..... ' 1 ...; • .I. - i..::c 

l·lcG 0.04 0.03 0.24 C.25 C.77 

~'lnO 0.049 C.045 o.os ..... "Cl '-.,.. . .._,~ C.17 

0.89 p " c.c1 0.01 '"I "~ c.c~ ?'"'- v ..... o 
- 0 

'"'"' o.ss o.15 0.77 , - ,-1..,...,2 - ...... --' 

:-120 0.3 0.4 G.2C - ) r: ...... -··-
3a0 C.4C C.47 0.12 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 
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In casa a raw ~aterial is s~ecifiad f Jr t ·~~ 

··~ 

industry the grain size c~mpositi:Jn, 8elti~5 ~Jint, colJur 

scri~ed in detail in t~a bJJk " Chemistry 3n~ ?~ysics Jf 

3nci ir: a ::i'.)nJgrapny" Industrial CGi3ntics" cy 3L!Q·3r a:-id 

Singer. 

The ?rJsp3cts fJr furth~r c~nsura~~ion Jf ne~helinitic 

ins. In the cJming period it will undJubiedly rise the 

producti:Jn of glass fibres fJr insu:!.ation purposes. Ir. ::1i2 

r3spect r:aphalinitic syanit~ has a d:~inatin: p:Jsiti:n. 

Oespite an incre~ssd utiliz3ti:Jn of ~zs:a Glas2 by irs 

recycling t~e use of ne~~alinitic syenite ·::ill cr:w: uJ in 
~ . 

this ~ineral ra~ mate1·ial in the ?roduction Jf electric 

porcelain will increase as ~ell. On the ot~er ~and, ho~3v~r, 

~may be expected that its consumption will ~e reduced in 

the pr~duction of pane ;lass by ap9lyins the FLOAT ~ethod 

bacause a glass ~atch in such a case must contain less 

3 lum in um oxide. 

From the point of view of good wor~ins conditions and 

air-pollution an extension of industrial utilization of 

nephelinitic syenite is very much advantageJus. ~a~aly, 

it does not contain har~ful aJmixtures in a r.ar~Ful quantity. 
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Thoush sJme biotitas co~tain csrtain amJunt ~f fluor the ~aj:r 

part of biotita is removed duri~g the ~ressing process of 

t~is ~ineral raw matarial bec~usa biotite is al~ost alwzys 

o~arer ~f ~i;~ant admixtures, • • .c. 
.7i a i r. L y J , l. r :in • 

It is understandable that t~e lass developed c~untri~s 

are interested in providins thair o~n r8w matarial ba~is. 

It is supposed that there ~ill be usad small, ~any a ti~a 

mobile, dressing plants that may enable to explJit industrial-

ly smaller deposits ::>f !llineral raw ;naterials ::>rat least, to ..-1in 

smaller amounts of the required mineral raw materials in the 

initial periods. The results of geolo~ical explor~tio1s under-

ta!,en in some regions of Africa and South .:l;nerica show 

good prospects that in thesa regions, too, will soon be found 

deposits of good quality felds;:athic raw ::iatariaL:: i .. cluding 

nephelinitic syP.nite. 

The consumpti::>n of faldspathic raw materials includ~ng 

nephelinitic syenite is greatly influenced by t~e growing 

use ::if so called returnable wrapping gl3ss and an industrial 

application of used ~aste glass obtained by an organized col; 

lection. General and laudable endeavour for energy conserva-

tion in ceramic and glass industries results in using raw 

materials with l::>wer melting· point - in this case nephelinitic 

syenite is literally 3 Qright and positive ax3rnplJ. 
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Peta lite 

---------------
Just recently only minerals f rora the gr:>up Jf lithiu~ 

mi~erals - petalite has started tJ b~ utilized in in~ustri~i 

t:1a gr:>up af alur:1:>silicates. I.:s dis~inct :ffact ~n reo~(;i:i; .;eJ..-

ting tern?erature and sintering :>f mixtures in ~hie~ it is 

?resent enables its ever widar us2 in the glass, cera~ic 

ana anarnel industrias. Petalit3 3s a ~ineral ra~ ~at3ria~ 

contains in aver~ge 4.3 per car.t :>f lithiu~ :>xida, 17 ~ :f 

2lu:i1inui7I ::>xid.= ~nd 7C.7 . ., :Jf silica diJxidd. 

Petalite is u~ed i:i tha pr:>ducti~n Jf TV scr3~ns 

tu re t '- .-:l ~ ) ~ 1 I i ·"' ., ; ,-U.,; ..._ _ 
1 

___ ::i_ .. 3,_r..;:; 

c3n successf~lly su~stitute 

Th8 use of petalitJ anables not ~nly reducing t~8 firir· 

cera~ic bodies 3nd gl~7es anabla to ~ccelsr~ta t~c cac~n:>-

c.1J .:1:chc;:nic<Jl str-ngth :if cera.:lic products. 



'. 
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-3 ~!..l::i~er ::r 

:: ::> l las :: on it=: ( i r ::>cc u rs in n at:..; r 3 '.:l u t it is ::i ::: :3 t l y ::; .:: j s 

synthaticslly). F::>r s::>~e =era~ic )r::>duction even talc is 

to reduce the ~alti~S interval ~hil3 c~rdisrit~ is f ::>r~8d 

T~e 3dditi:::n :::f talc ana~l3s even ~etter 

felds:Jars. T:-iis ra·.·: ::tat3rial ia aiJPlied ;Jartic!...113rly i.i t:13 

USA in cerarnjc b:::idies ~·:hich are to be suJject~d tJ quic~~-fir-

ing ~rocess. Phonolite, t::io, is important for reducing tn3 

~elting ts~perJtu~e :if wra~ping slass ond reducin; t~e firing 

ter.i:-Jerature :if b•Jilding :aramics in some regi:rns. :L:t is :in 

effusive alkaline r::ick with = rai~i~um c:::intcnt of fres quart=, 

relatively nish content Jf nepheline, sodalits, l~ucit~ a~d 

feldspathic minerals. Since this type of rocks c::intains 

a higher 3mount of ferrite o~ide when c::impared with the 

nepnelinitic syenite and cannot be re~ove~ by currant dressing 

methods easily, at high costs and t:::i certain limits only its 
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pr3cti~al ap~lication is ecJnJ~ically advantageous only to 

a lirai~ed range from the deposit. 

~han we try to su~ w~ tha today's sit~ati:n i~ ~ha 

application of mineral ra~ materials as fluxes in t ·~.:> ··-
ceramic and glass industries it is unquesti:na~ly obvious t~at 

the leading role can only be retained by f~ldspars ~nd 

feldspar-quartz mixtures eva~ thoush their fl~xin; eff3ct 

is lo~er in coraparison with the nephelinitic syenite. One 

of the djsadvantagas of fladspathic concentrates and parti-

cularly feldspars supplied to the customers in an undressed 

condition is their high variability in bha~ical as wall as 

minaralogical composition. In order to maka ;ood for this 

shortco~ing a f~otation proces& is applied in tha drassing 

of natural faldspathic raw materials that enables tJ anric~ 

the final producJt with a felspathic co~ponant and uasnatic 

separation process helps to re~ove impuritias, ss;ecially 

ferrous compositions. 

First of all the shorta~e of industrially 3xploitaol3 

deposits Pwvents a broader application of mineral raw matarials 

with higher t.ontents of lithium as fluxes. even though 

spodumen, petalite and lepidolite occur in so~e p~gmatites 

in an exploitable quantity the geolo£ical reserves are 

ganerally small and they can in no case competa with feldspar 

or nephelinitic syenite. The same applies for othar lithiu~ 

minerals, as well. 

It is obvious that further development of production 
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and consumption of the aoova oentioned ~iner3l f luxds ~ill 

deoend :m ceol::>cical resarves, or. t;1e d~veJ.J,;i1.1ant :I- t:-;.;; 
I - - • 

cer3mic 2nd glass industries (and, nat:Jr3lly, J~ th3 

the principal consu~ers of thair products) and lest ~ut 

not t~e least on the energy costs. 

Fillers f o r plc;stics 

---------------------------------------

The plastics industry, suc:1 as pJly·:: t>/l~n~, poly-

propylene, polyvinylc~loride an~ a S9ries of Jt~3rs 

a??lied aither as additi:ns in the form Jf fill~rs a~~ 

?igrnents or pq media for ra due inc inf la.:L:-: aj i ~it". T 13 - ' 

of mineral raw materi.Jls :lS filbrs is t:~a 2:..J;-:;~:.;ct of =in 

intansive research (may it be fillars in t~e for~ of ?O~der 

or of fibrous shape with a distinct rei~f:rci~; ~~f~ct). 

Calcium carbonate has baen a famous filler into plastic2 

f::>r many tyears and lately there is a £ro~in; ~3~and f Jr 

woll3st::>nite, talc and especially dr3ssed :caolin. It is 

obvious that the total volume of s3les of ~inaral ra~ ~a~ 

terials for the above 3pplications ar~ substanti3lly ini"lJ~~-

cad by the rising production of plastics t~3t is realis-

tically expected to grow still more because ;lastics :urn 

tJ be ever more an altr;!rnative for ~ grat:it .nany tr8dition.::l 

~aterials, e.g. ~etals. 
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In the present ~orld production of polyaol~phi~~s (pias-

tics) the fillad ty~es represent a small3r proportion only. 

The rasults of r~searc~ and developme~c having been t~3 

show that there are aver growing demands by the industri~s 

for materials ~ith hi;her strength, Mighar rigidity, hi;har 

t~ermal resistance, lower thermal axpansivity and ~he~par 

at the sama time (with low damands for energy) which can only 

be met advantageously by using high concentratiJns of ~ineral 

fillers. In the ~eginning of the eighties it may ~e rea-

listically spoken ofNthe age of composite materials" ~hareby 

filled plastics are meant unquestionably. It is axpectaci t~at 

there will be few cases of ap~lication of unfilled polymers 

in the near future. It ensues from the prognosis publis~ad 

in the middle of the seventies that the world production of 

plastics in about 1990 should cover at least 20 per cant of 

~aterials filled with mineral raw ~aterials having been dres

sed by various methods. According to the latest o~inion in-

fluenced chiefly by the quick spiralling of oil c~sts it ~s 

expected that the introduction of mineral fillers will be much 

faster. 

The rasearch in filling plastics with mineral materials 

in our country started as early as in the beginning ~f tna 

seventies and it led t~ agreat manyachieve~ants both in t~e 

technology of the production of the fillers 0ased on calr.~um 

carbonate and kaolin and in the processing technology proper 

• in different industrial a~plications. 
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Thera is a nuiilber of advantases in ir.trJducins 

the application Jf filled plastics. In the casa of 3 manu-

facturer producing polymP.rf-plastics rich in energy c:insuiilin; 

oil raw material the substitution ~f its ~art with a ~ineral 

filler will prove ut:i:ost usGful by su0stantial raducti:in 

i~ enargy consu~~tion. T' :1S "".._ . .,y -',,~a..,-1 -riT.::J Uv111 •• ~ covers first :>f 

the calorific value of the m3tarial. In case of a p~iy-

~ll 

propylene s.;. the principal cost itera is represanted by the 

cost of ~as~ing a~ay catalysers and reclamati~n of solv~nts. 

Ti1e energy con sum pt ion in the ~icro~rindinc :if li~astona 
~ .... 

aMounts approxi~atcly to 0.43 

cied represents ~r5ctically s~vins of energy. 

Another ~enefit by t~e i~~le~~nt~tion Jf fillsd ;l~stics 

CJsts in c:mr.ecti::m ~·:i~~, an ir.cr;:;:s8 in the procuctio;~. 

According to t~e l3test infor~ation for instance t~s ~~v:st-

ment costs of an ~ncraad production of polypropylen3 ~y 

32000 t:>ns per y·~3r ·1:ould amount to 3t lea'.3t 12 ::1illi'.):i 

d o 11 a rs • T ~1 e in v e s t :.i e r. t c : s t s :::> f t : . 9 ;J rod i.: c t i :i n o f ,:; ; , , -. ,: 
I - --- ""' 

7.5 ~illiJn ~oll3rs. 

:;i1ila ~rocessir:g f; ..t." 1 e d -.1 .... -:: - i· ,- '!I J - a·- -, "" - ·· i - ~ e -, ' ·· --- - """._,. __ -- .. ,, __ ,,_~ ... ··-
the volume of such a oroducti:::>n will ~ro~ JS 

' - f 011 J".'/3 : 

a) s'.1ortening of tl1a injccti:::>n cycles by dbout 25 ;., o·.·:in£ 

to t:1e hj_£her thGr:nal conductivity ;·dll ba distinct 

raainly in c~s3 ::if larze-si~~ ?roducts; 
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b) highsr ~xtrusion speed of boards. f6ils snd sha~as is 

~ade ?ossible by lower elasticity. of tha ~el! by tha 

~edition of a filler 

An i;Jr:lvem~nt in some utility pro~erties /i;1il;; '.<a~ping 

a low price will sna~la the ap~iication of such plastics 

in new spheres of use. An iilcreased flexibilit'/ r;1odula and 

higher surface hardness bring ne~ applications in the 

engineering and building industries. Lower inflammability 

is also a favourabla property. The improvemsnt in dimensional 

toler3nces of products owing to smaller shrinka9e is parti

cularly important in tha engineering industry when ~etals 

are replaced with plastics. The improved surface properties 

will enable easier sticking and printing on the final pro

ducts. 

The flexibility module is connected with the rigidity 

of the intermolecular bonds which are comparati11aly we;;:k 

in the amorphous organic materials. In CgSC of many ?roducts 

being used e.g. for construction of transport ~eans {air

planes. ships. motor cars etc.) it is important that the 

material could be loaded with maximum force and its weight 

should be ~inimized at the same time. For this reason it is 

necessary t~ compare specific flexibility modules of the in

divid11al types of material. These val1.1es and pr::>perties 3re 

shown in tables No. 4 and No. 5. 

From the specific flexibility module point ~f view it 

can be seen that glass is equ~l to steel but its well kno~n 
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shortcoming is its l~w rigidity :aused by that when elastic 

ene~gy supplied to it through an outside impact is disparsad 

in the glass~ very slowly and is cJnsumad ~y brea~in; Jf t~~ 

chemical bJnds in tha vicinity Jf t~a i~pact. 

The data shown in table NJ. 5 indicate thst evan by 

intr:Jducin~ tran~verse bridges in polar am:r~h~us rasins 

(phenolic resins, polyesthers ate.) the flsxibility mJdule 

canno-t be increased beyond 4 GPa and these ~a-~rials 

canr.ost compete witn iron, glass or celulose fi~r3s frJo 

the hardness point ~f view. Therefore, lately, the devalo~-

;nent of s:J called reinf:rced plastics :1as oaen i:1creas~d 

quickly. The anorganic phase in them providas f :r a com?o-

nent with a high flexibility ~odule and the org3nic ~Jly~er 

then forms a b:mding agent sec•.Jring i1igh ri!gidity, 
. . I 1.a. quic.< 

di$tributiJr. of tha suppli3d elastic ener;y. 
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At this O?portunity it is ~seful to raantion t~~ ~3YS 

of davel~p~=nt of c~mposite materials: 

3) lami~atas - in t~is case ~ ~atsrial ~ith ~is~ flexi~ility 

module for~s a continuous ~hasa (fabric, flaeca, 3t~.) 

and the bo~ding agent is 3 t~srrnoset or a ther~o~lastic 

~aterial. In such cases high flaxibility modules are 

achieved but their processing is difficult and ~xpensive. 

A compromising solution having a quick te~dency of 

development are so called ~prepegies• in which the rein

forcement is made by glass fibres of several centirnatres 

length only and the bonding agent are mostly the polyesther 

resins. These materials can be Shaped by pressing. The 

productivity of pressing ia influenced first of all by t~e 

quickness of resin hardening 

b) filled ther;,roplastics - in this case the fillar, i.e. 

the component with high flexibility module, for~s 

a dispersion phase in the continuous thermoplastic 

matrix. 

It is an advantage that the filled thermoplasts retain 

their thE1riioplastic workability. Short glass fibres are the 

most effective known filler to increase the flexibility modu

le~ iess effi~ient are fillers of p~rticle shape though e.;. 

in case of a mixture of linear polyethylene containing 60 ~ 

kaolin the fl~xibility module was increased seven times 

against the unfilled one (table No. 5). 
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Unmodified particle fillers disperse badly in :>r

ganic polymers and they mostly cannost f:>rrn firm en:>ugh 

b~nd with the surr~unding poly~er ~atrix t~at res~lts 

in low rigidity of c~mposits caterials havi~S so ~a3n 

prepared. T~e research has focused therefore m3inly to 

make such boundary layers bet~een the filler and tha 

polymer matrix that can secure an effective transfer 

:>f forces which is a condition for achieving hi~r. flexi

bility module as well as high rigidity. 

From the atmospheric stability point of view ~lastics 

advantaga is that they canno-t be attac~ed wit~ corr:>sion 

but their atMospharic stability lays in a wide i~terval 

from materials quickly deterioratins LI? to th:>sa ~3ing 

l~ng time stabla. ihe ideal gJal of the resaarch in this 

respect will be to adapt tha physical durability to the 

moral lifetime that is dosely connected no~adays with 

the world•s problem of new utilization :>f ~astes. 

The influence of fillers on the photooxidsti:>n 

stability of polymers is quite complicated. Sriefly 

said there are two· over:ci:ping affects - a ;Jhotofiltra

tion effect and a c9talytic :>ne. 

Unless these two effects are separated incJrract 

conclusions may often be made. The phJt:>filtr~ti:>n effect 

will appear mainly at high concentration ~f a filler ~nd 

when thickar test pieces .sre used. '/it:sn we watcfi ~;,~ 

exposure time influence on these bodies and their ~ech~-
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nical properties we usually can see an i~proveraent in 

comparison with an unfilled pol.y·.ier because '3 r3Giat 2.0.1 

i~i:iatirg t~e p~Jto~xidation will penetrat3 lass ~ea~ 

i:it:J tha sample beins ex.Jwinej. 

To the contrary, hJ~ever, in case of very t~i~ foils 

or s~all concentrations Jf fill~rs the cat2lytic affsct 

of the -filler will occur that lilay be caused eit;1ar '-:Jy ti1e 

radiation reflected fro~ t~e filler parlicles or due t:> 

the presence of matters actin£ as cotalyst 

tions :if transition ~etals. 

The problem how to stabilize polyrnars is ~ field 

in which the Czechoslov3~ industry has achieved sn intar-

national level. It ensues from the aforesaid that pur~osa-

ful modification of fillers is 5 very perspective way 

how t:> increase or intentively reduce the life :Jf t~e 

polymers. 

Inc:imbustibility is one of the m9in shortcomings 

of most of the plastics. To achieve a real inco~busti~i-

lity, i.e. a permanent resistance against the action 

of flames cannot bE, of course, achieved in organic ~a

terials in view of the present level of sciantific know-

le,ge. Due regard is to be paid, however, to the justi-

fiad requirements of the fire safety to which, first :Jf 

all, belongs a selfquenching property. i.e. no infla~

mation should happen from a minor source of heat (a match, 

a cigarette etc.} or, when a flame is put a bit away, the 

burning must discontinue. Furthermore. it is necessary 
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to respect the requirefuent of n::inintoxicati::>n and n::>ncor-

rosivity of burning products (that is a case af ;Ji10s:;ene 

and ;1ydrogen chl:Jride ~eing created whan ,:Jlyvinylchl::Jrid~ 

is burning). For t~is raason retarders of ~urning of 

chlorated and bromated com~ositions cannot be takan 3s 

satisfact:iry. 

To the c:intrary, a very much pers~ective 3dditiJn 

reducing the inflammability of ::irganic polymars are s~ma 

organic fillers out of which the most wide spread lately has 

been aluminum hydroxide which readily eliminat~s and re

o leases water at tempar3tures ~bove 200 c. 

It is a known fact that a pyrolysis of p°l.y~er to 

volatile inflammablas is a prec::H1dition of burning. Ti1e 

flame cannot get wider as lJr.s as the dacomposition of 

a polymer requires more heat than the flame can sup~ly. 

In ::ith~r words, when the flame is small enousn to be ~bl3 

to release sufficient amount Jf co~0usti~le ;as~s. 

An::>ther ~dvantage in using inorganic fillers tJ in-

crease the fire safety is in the fact that no dr::>ppins 

of p::ilymers occurs during burning in case of filled mix-

cures. It is known, for instance that when ceilings ~ro 

lined with a foam polystyrene the burnin; mat9rial drops 

d::iwn to the floor whereby the whole room bec:.:>r:oes :i fi~e·-

place. 

~hen plastics are appljed i~ a corr~sive 3n~iron~ent it 

is necassary to see that the fillars themsalvas ~ust be 

chemi.cally resistant (fr::im this point of viaw it is ne-
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Jf using t~a fillati ~ixturas that is : d~cisiv3 crit~riJ~ 

f~r th3 langth of the inje~tiJn cycla ss~Jci3lly i~ t~a c~s3 

of large prJd~cts. 

non-metallic raw ~aterials also s~3cizlly drassed ~aJlias 

~Jrld consumption of ~aolin has ;rJ~n thrae ti~as 

' in t~e recent t~venty years and, at r:1e s.;;:.;z tii71e, 

num~er of industrial ~ranches :3i1d technolJsical ;JrJce~s~s 

has increased, too, in which the ~aolin dressed in dif-

ferent ways is required and at the traditional custo~~rs 

- paper and ceramic industries the demands for quality 

have increased substantially. 

From the point of view of processing branches in th3 

w~rld scale th~ sales of dressad kaolins ~ay be specified 

c:.s follows: 

kaolin for paper industry - 40 "' IV 

kaolin for ceramics - 30 C'! 
l.J 

kaolin for rubber and cabl3 
industry - 20 :j 

kaolin for other industrial 1998 - 10 ,J 
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T~ese figures are for orientation only bacausa t:1e 

industrial application of this raw raaterial grows avar 

broader. Unde~ th3 existing trend of )roductiJn t~e ;eo

losical reserves ~ill suffice for tens or even ~undreds 

of years; the geological exporation, n:mever, goes :rn 

steadily in the rigions of good ~rospacts. 

Ti1ere may be seen two principal ways in the dressing 

of kaolins during the last 25 year peri~d. First of all it 

is an effort to find cheap and highly efficiant ~ethods 

of dressing kaolins of lower quality resting mainly on 

improvements in the sorting section, dewatering and parti

cularly in re~oving compositions of iron, tit~nium and al~alis~-

Furthermore, the producers try to find aµplication 

of kaolin in ne~ processing branchas such as in the pro

duction of plastics, glass and k~olin fibres, insulation 

materials, insecticides carriers, various sorbents ~nd 

catalyst carriers. Besides, the dressing plants of ~aolins 

mast be adapted always to the de~ands of the procassin; 

industries for constant technologi:al properties and che

mical composition being enforced by the curr9nt process 

of automation of finalizing production processes. 

~hile comparing the kaolin consumption in various 

industrial branches in E.urope 2nd in the USA we may sec 

considerable difference. In the majority of =uropean 

countries e.g. the use of kaolin for the production ~f the 

best quality refractory materials is very small. Kaolin 

is the industrially developed ~uropean countries is used 

approximatsly in the following proportions: 
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Pap~r f illin[ kaolin 

paper c:>atin9 kaolin 

ci:ranic industry 

fillar int:> rubGar,?aints 
~lastics, ins3cti~i~~ =ar-

.:JO 
.. 

,.) 

. .,-
L..0 ,,,, 
' . 
J. '- ,.J 

ri~rs, fa;-tilizars, c~talysts 3tc. / . ., 

~rodu=tion of rafractories, rub~e~ 3~d c~ra~ic industri9s. 

sumption in the USA ~ill bo in the pa~er coating k8olin, 

filling kaolin in the rub~ar and ~lastics i~dustri32. 

T~ough t~2re ~ay be noted sJme trends to~ards su~-

stituting ka:>lin ~ith other ra~ ~a:srials in SJ~3 i~~ustrial 

~ranches t~ere are still many ind~strial fields in ~~ich 

kaolin c:>uld ba ~ardly re~laced ~y Jt~er natur3l Jr sy~-

thatic ~aterial and ~ore possijle new ~?~licati:>ns ~ai~ 

occuring. Kaolin is a rlw material w~ich can ~e 3d2~t~d 

to the requirements of consuming ~ranches by usins the 

latest dressing processes, often quite nontradition~l ones, 

to ke2p thus ever groning production assort~ent. 

T~e producers of kaolin nill ~ave to do its dressinc 

and adapt ins of it :s par ar:i e t e rs :nu ch f .:is t e r than th c y : ~av 3 

d on a s . > fa r t o me e t t he c us t om e rs ' de ::i 8 n d s an d t J ad ~ ~ :.: 

their tec~nol~gical lines to the quic~ changas in re~uire-

ments for the assortment. For instance the Fre2~ort co~-

pany - Georgia, USA is said to have installad 27 more or 
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less independent tschnological lines in their dressins 

plant in Gordon to be able to produce 58 types :>f kaolin 

diffarrir.g in quality. 

High intensity ~agn:tic se~aration oelonGS lat3ly 

to tha most progressive ~ethods in the dressiqg of ~~Jli~ 

(and also of :>t~er non-metallic mineral raw matatials). 

It is based on the principle of different magnetic sus-

captibility of minerals and its theory and practical ap-

plication change to some extent our opinion ~e have ' ... n a .... 

so far about the classification of both ~atural and syn-

thetic materials into ferr1par3 - and dia2agnetic ones. This 

process being an extraordinary step forward in the ~roduc-

tion of kaolin fillers for plastics resulting in reducing 

the content of so called transition metals has been thorou;~-

ly verified in our production c~nditions and it enabl:s to 

obtain a product of remarka~ly high mineralogical and che-

:nical purity. 

As aforesaid earlier when kaolin is added to tne linoar 

polyethylene it may get considerably reinforced ~imilarly 

as in the case of talc. lespite that kaolin as a filler in 

the production scale has not~been applied too mu6h. It 

has been found out that aciduous centres on the surface of 

the elementary particles of the majority of aluminJsilicates 

cause a degradation of polymers. They ara protJnic can~res 

the acidity of which is made weaker by a layer of sorbad 

eater and the acidity shoots up abruptly only at t:1e te::iiJ3-
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raw materials ~ust be fir3d priJr tJ a furth8r i~~ustri~l 

·-lay=t--.nr-a::: :: ... ,;,.,~ + ... 
- - ... """ - - • -·· - • • ..; I... ..J 

a) an increased tendancy of usin; grsan 1 ~on-firJ~ cl~ys 

_ u _ = = in ar3s ~n un=3 cinea ~asn2s~tJ, ~~· ) "'n i· .-. ~ r:: as .:id · t t · 1 · ' · 

c) an increased industrial application Jf ra~ ~ateri~l3 

requiring no calcination in advance sucn a3 ~~0~lusit3. 

silimanite and adit~ane. 

The most important consumers of refractory ra~ ~atsrials. 

especially the metallurgical and ceramic industries ~ill 

have to accept this tendency in the near futur3. 

It ~ay be stated without any exageration t~at th~ 

techr.ology of refractory materials has lately re3ched an 

important .nilestone. Years of an intansive rasGarch and da-

velopment ~ave led towards uptodate and rational processing 

technologies as well as to the discovery of new types of 
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minaral ra~ materials 3nd their raixtures. In the ~ast 

great attenti::>r' was ;:>aid t:> ever incre3sin:; ;Jr:;ducti:;;; 

:;f vari:ius pr~ducts ~ithin the 53~d ti~e m:>stly ~ith:iut 

paying due respact to tha cJnsu~?tion of ener;y. A~~ther 

situation has arisen il:madays, h:iwever. After tl1a .~o=:' u. _ _, 

c:insortium has bean sstablishad the stea? ris3 in tha c:ists 

of oil and earth gas requires a revision :if the tac~n~lo-

gical processes used so far as well as of t~e ch:;ic3 of 

refractory mineral raw ,.,a~erials. 

The industry of rafractory b:;dies cel:ir.gs to thosJ 

dema.1ding the !-lighest am:>unt of energy. r:;e 

industry.is one of the largest c:insurners :if energy within 

the entire processing industr-y of a number :if industrially 

developed countries. Theraf:ire, the industry :if rafract:i-

rias is affected very str:in~ly by all chan;es ta~i~g place 

in the field of costs of input energy sources. ~nergy as 

it is understood in compliance with the ~ain aspect3 of 

this wor~ is meant in the sense of ther~ic processing of 

refractory raw materials and. a bit less, in relati:in to 

their transportation. Therefore, we shall not cl:isely 

discuss the dressing operations such as crushing, grindins, 

separation, sorting, mixing etc. 

There is a series of the existing as well as poten-

tional energy sources which seem to pr:ivida for the indu-

strial development of the mankind till far future. It 

covers radioactive raw ~aterials and materials such as 



\ 

water, oil, earth gas, solar and geothermal energy sourc~s 

3s long as we intend to mention the ~ost familiar ones. 

Cowparatively vivid activity in tne :ner;y coservution 

in the refractories industry may bs noted aspecially i~ 

improving combustion equipment and systams 3S well as in 

the utilizotion of so called waste heat. 

The following table sho~s the averase values of energy 

consum9tion in the preparation (calcination) Jf a ton of 

the respective mineral raw material at a st3ndard te~psra-

tura of firing corres?onding with nor~al industrial CJ~di-

tions. 
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T~ble ~::>. 6.: Energy c~nsurapti::>n in the firin; ~f v3ri~us 

types ~f minsral raw matariel 

- - - - - - - - - - - -
ra~·1 ::; ate rial 3TU x lC~ 

- - - - - - - - - - - - - - - - - - - - - - - - - - -
~a;ne3ita (natural,synthetic) E - -., 

Oc:. 

sili.ciumcarbide 23 

,;iullita 19 

13 

9 

synthetic carrundum 9 

ba1.1xitic kaolin 8 

7 

diaspare .:::: v 

claystone (shale) 4 

pe rli te 3 

verliliculita 1 

- - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - -
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Out of ths ra~ ~atarials bsin£ used in • ~ ... 0 
L • • ...., pr:iduc-

ti:in :if rafracotries requiring h:iDavsr m:istly n:i ~aat 

treat~ent bef:ire~and balons ~uart~, chr:iraita, ondalusite, 

It is quite :i~vi:ius that as l:in; as ~~ can ;r:iciuce 

:if thermal tre&trnent ne m3y achi3ve irap:irtant energy s~vinss 

~nd, thereby~ reduction of pr:iducti:in c:ists in c:innecti:in 

with it. In many cases namely the cast 6f calcin?tion :if 

refractory raw materials befo~a furt~er ~rocassing a~:iunt 

t:i 50 - 75 per cent :if their final sellins ~rice. 

Calcined rnasnesite f:ir refr3c:itry pur~:is~s - pericl3s~ 

- is prepared fr:im natural magnesite as ~ell as by a ayn-

thetic process. In bath the cases the respective tec~n:i-

logical processes demand large amount :if ther~al enor;y. 

In case of the calcination of natural ~a;nesite in un ~b-

solute maj:irity of cases rotary kilns are used for its 

firing. The rotary kiln proves t:i be a highly efficient 

firing equipment in case a rnicrocrystalline type of a raw 

material is to be calcined. In case of a microcrystalline 

natural magnesite it is usually necessary t:i apply ~ dJublg 

-stage firing process if we want to obtain the requireu 

density of a product. 

A single-stage firing process of green magnesite in 

the rotary kiln offers comparativel1 li~ited possibility 

of optimizing this technologi.cal process in relation to ti1e 
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p~tential savings of energy. In fact. it is necessary to use 

a heat exchanger and p~eheater connected to t~e rotary ~iln. 

Ti1e~e is quite a number of vari::>us designs of t:~e pra:-:~s::ars. 

The ;;iost technicians t1in:< t:1at the :nain effact of t:~: .~r~-

heaters rests in the utilization of waste haat fr::>~ the 

co~bustion products ar.d fr~m the exhaust gases. T~is o~inion 

stems out from the experience that the temparature of t~a 

exhaust gases is usually lower when preheat~r ~as been usad. 

The aforesaid lower temperature of the co~bustion products 

and exhaust gases results directly from a much mora efficient 

transfer of heat during the calcination ~r::>cess. 

The highest ener5y losses in the rotary kilns 3re 

caused by: 

a) radiation and convection right from the kiln bo~y 

b) ther~al gradient in the calcination z::>ne 

c) nonrecuperativ~ cooling of the product 

d) heat losses through the chimney (unless there 3ra ~i~i-

mized the losses manti::>nad in tha foregoin~ points, 

these losses are relatively small). 

As l:>n~ as the \'Jork of the rotary '.~iln prehatar :.s '.:J '-& 

re~lly efficient the calcination process ~ust je s:> con-

trolled that no calcination sh~uld toke pl~ce in tha ~re-

heating section. T~a calcination zona, howaver, ~ust c~ 

entered by the raw material tha te~per3ture of ~~ich ~a-

in; intarm3diately lo~~r than is ths optiffiurn calcinoti:>~ 

temperature. As f3r as t~e heat frJ~ 
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ra~ ~atarial ca~ b3 crus~eJ so 

;r3ined fractiJns c3n ba usad f ::>r otnar purposJs t~a us~ 

::>f the shaft kiln proves t::> ba very ~t:~ractivc. In t:~c casa 

3f applicati::>n of tha s~aft ~iln racuparati::>n is co~~3rz-

tively easy and the c::>mbusti::>n prod~cts sr~ Jf ral~ti~e:y 

l::>w temepratura. 3esides. t'.1~ shc:ft :~iln jac:~et c2n 03 ~.::-

sily and efficiently i:1~u,la!ed to ~revent ~eat losses 

- f o r t hes a r a a s ::> n s t ;, e he a t c ::> n s :.i m ;'J ti ::> :1 r a la t e d t o t : ~ 3 

sarae weight unit :if th; calcined raw naterial is l:mer 

than in the casa of the rotary kiln. 

To compare the efficiency 3nd 3ner;y deraan~s I s~ould 

li~a to mention t~e principal par3meters ::>f th~ 3~ov3 

discussed systems: 

l. lotary kilns with::>ut a preheater: c::>nsurnpti::>n of about 

3 000 000 3TU/MT of the product 

2. Rotary kiln with a preheater: about 6 COO 000 BTU/MT 

of a product 

3. Sbaft kiln: approximately 4 500 000 oTU/MT of a product. 



I 
- -:..s -

The tw~ stage oathoti of a coarsely crystaili~e ~~tural 

in a ~ultistage vertic3l kiln. After calcinatio~ t~e ~3;-

nasi:.Jm oxi da having been so ::tade is t :::> be calcined at :::1e 

highest possible temperature to prevent heDt losses 3nd 

finished briquetes are transp:>rted to the final firin;. T;;a 

briqueted material is calcined either i~ the s~aft or rota-

ry kilns. As far as the shaft kilns are used it is necessary 

to count with still m:::>re haat consumption amounting t:> 

2 COG 000 STU per ton of a pr:>duct. T:1e rotary !<ilil, ;1::r:-

ever, consumes another 3 000 000 3TU per ton of a produc: • 

. 
Though chromite is an i~portant refractory illat;ri3l 

its consuraption in the world scale has been drJ~?ins ~J~n 

recently. Because, ho.vever, it does not requir~ any calc::..-

nation before the industrial applicatior. its consu~~tion 

in the manufacture of refractories ~ay probably ris~ uSuin 

in the near future. 

World reserves of bauxite usable for raf ractory pu~-

poses·are considerably limitad. This material of a en~-

racteristic loss by ignition within 25 to 35 ~ is usually 

calcined at the temperature of about 1700° c. No sub-

stitution of equal value for c~lcined bauxite exists ~t 

present. It seems, therefore, that even t:~a rasaarc:i and 

development work in this respect are considar3bly ec~no~ical-

ly limited. For the calcinat~n of this raw ~aterial only 

\ 
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raplacec wit~ t~a s~aft ::ines. 

It is ~all ~nJw~ tha: bauxita t::i ~~ usea i~ ~ = i~~uatr~ 

CJntain abJut 55 to 70 par csn~ Jf 3lu~i~a Jxi~c 3f t~r 

calci~ation. So called bauxitic kaolins ara ~Jstly ussc in-

dustrially 3t ~resent. 

Potential c~a~;es ~3Y ~e axpected in th~ ne~rast f~tura 

.::::mtains ~'.Jout 5C tJ GC :~ of ~lur.:ina ::i~ic!a ~n~ it .;J ·..::a·;n 

well ~no~n as 3n i~teresting rafractory r~~ ~ateri~l i~ v=-
rious parts Jf the world for ~any years. 3ac3use of t~3 f~ct 

that this mineral does not sh:m practically 3ny c:1~n:~s 

in volume when ~eated (loss by ignition is bsl~~ 

it need not be calcined before industrial us~. 

"""I - ~,' u • ..) . .;; 

change in the 3pplic3tion of raw materials in t~e industrial 

producti::in :>f rafractor1es wilera the rsducti:>r. in pr::>ducti::ir. 

c::ists and lowering the energy c:>nsumption are the ~::itiv3ti::in 

momentum. In this case the ec~n::imical m:>mentu~ plays ~ ~re-

d::iminating rola. However, it is necessary to ta~? all 
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circumstancss into considaration to ~hich pertains ~LS:J 

th~ durability of tha final r~~ract,rv ~roducts ~ndsr ~~-

it to be paid t~ the fact that enersy s~vi~~s stand on 

one side but the costs of w~nning and drassins t~an are ~n 

the other. It ensues from this that the ~anufacturcr of 

refractord•s has to compare: 

a) the purchase cost of andalusite in relatiJ.1 to the ot:1er 

compara~le refractories which can replaca this minercl 

from their chemical composition and physical propdrties 

p::>int :>f view, 

b) the difference in the properties of the final pr~ducts 

with or without the application of sndalusite: 

c) chan~es in the life of the final products. It ,zy be 

supposed that the aspects stated unaer b) and c) will 

speak in favour of andalusite. 

In the group of refractories containing 55 ~ t::> 7C 1 

aluminum oxide kyanit (disthene) and sillimanita are t~a 

"close relatives• of andalusite. Though the loss by igni

tion of these minerals is lower than l % and the content 

of ~12o3 ranges w1thin 55 to 60 % their use for refractory 

purposes has been lim~ted till the recent time. Kyanit is 

applied in green state as volume stabilizer in the produc

tion of refractory mortars, cement, casting, plastic and 

ramming masses. Green kyani t shows ·volume changes at the 

temperatures of 1400 to 1500° C wher. it changes into the 

mixture of mullite and silica oxid~. This v~lume chan~e -
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3xpansion - is ;ilade use of f::>r climinatin£ the slirir.~3£~ 

of the other cJmpon~nts of refractory ~ixtur~s. It is 

~~bsolutely evide~t that the =:~;Jlicaoili.ty :Jf :~y~:;it f ::; 

,/-;en it is used in ;re~:i stata it ·:.ill brine: ~x;:;r;s;iv2 

savings in anersy since it c3n s~bstit~te c3l~i~ed r3-

T\.-,0 .. _ possibilitias of ener;y cons~rvatiJn in c33~ 

of kaoli1 and rafractJry claystJnes and clavs ~r~ first Jr 

wit:i a t~1pical 

anable in t:iis c::sa ··~; ~- ..... , ··- ~ .. -

' t , 1 . . r .... ~ -. -.• , ,· -.-1 . , -. ~- .- . - .-. -. ·.· ~rJ~uc s c~r. c2 ~cco~~ isna~ ~~~-~-~--, -·- r.~~rc __ --·· 

t0c~nJ1Jgy (use Jf clayJy rofractory ra~ .~3tarisls ~it~J;t 

prior calcination) de;:iends chiafly ::rn tiie t·::o foll::•.;ir:.:i 

preconditi~ns: first it is tha procur9~ant of a 3uita;la 

ty~e of clay _t~a chemical c~mpJsi~ion and physical ;rJ~~r

ties of wi1ici1 are tha presupposition of achiavinr; c:1a r.:::-
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. , 
s:::J::c..i.y, 

.: l..; : ... ·~.: 

23 ~ Jf alu~inu~ oxida distinct ~ith a lo~ CJ~tsnt Jf 

3lk~lis its loss by ignition bain; about 3 -~· This r~~ 

:span, KJraa, the USA and, lat9ly, alsJ in Australia. 

R;~ract::>ries based on iJyrojJ:1yllite find t:-:air :;:sin :::;:,:.lie:::-

tion in the lining of ~iln cars, in the ~r::>du:tiJn Jf 

tan~s and ladles in the steel industry. Crushed 3nd s::>rt3d 

pyrJphyllite in a mixture with zirc:Jn and a bind9r basad 

Jr 1 a re f r a c t o r y c i a y is di s t in q u is he d ~ y a h is :-: res is t 3 n c .a 

against ~last furnace slass and by a ne;li~ibl~ ~x~~~sivity. 

Pyro~hyllite in green state is u~ad in the 9roductiJn ~f 

~onolythic refractones. Since tha use of pyrophyllit3 does 

not require any precalcination by its broader application 

high energy conservation can be achieved. 

Refractories basad on silicon dioxide are produced from 

raw materials requirin~ no precalcinat~on becauss they nave 

practically zero loss by ignition. Expressive ch~ns~s in 
• 

the use of refractory materials based on silicon dioxide 

have taken place in recent year9. ~hen compared with the 

year 1950 their present world consumption is by 30 ~ lower. 
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The main reason ~ay be f ~und in the fact th~t the ste~l 

industry has switched over iro~ cupola blas~ furnaces 

towards oxygen converters and, at the latest, aven to 

a direct reaucti::>n :if iron ores. On the ::it:-ier hand, h::>•:t-

ever, t~ese materials do not need the precal=ir.ation of 

a raw ~aterial so that whan new ap?lications of thesa 

mat3rials are found it ~ay result in outstancin9 er.erGY 

cons:? rva ti on. 

Olivine is a magnesium silicate which ~as used in the 

production of refractories in many countries o~ th~ world 

as early as more than fifty years ago and t::> a li~itad 

extent it has been used till now. 

~urthermore there still exists a small sroup of rni

ner311 raw materials being used in the prc~ucti::>n of re-' 

fractory insulating materials. Sentonita with loss by 

ignition of 6 S, diatomite 5 %, perlite 4 ~ and vdrrnicullite 

9 ~ ara materials the refractory character of whicM in

dicates that in the case of an intensive r~s~3rch and da

velopment they may beco~3 materials requirins nJ enargy de

~anding predressing. Grsat possibilities in enargy consor

vatiJn are al9o in the fact t~at these ~at~rials ~ay serve 

asa source for the manufacture of highly efficient insula

tion materials for kilns, furnaces :lnd ot:1er t:13rrnal equi,o

ment. Lataly, an increased interest in refractJry insulation 

~aterial can be noted: these ~aterials anabl~ to prolong 

ex~ressively th~ life of furnace and kiln linings. 
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Certain reduction in tha ?roduction of ref r3ctJ~i~s 

~33~ stri~k3n by the rising ?rices. T~e concret3 situatiJ~ 

is influenced by a number of factors: countri3s ;.it~ c~~=~ 

.-:~ .. -
ni~g no refr~ctory raw materials or, if SJ, t~ a s~sll 

ex~ent only, will certainly think ~f i~;l~m3nti~; or ex

pan~in~ this production for local industri22 ~rd esp2~i~lly 

f ~r ax~ort. The res~ective fe3sibility studi~s ~ust ~at~r3l-

ly t3~e transport costs intJ consideratiJ~ ~~ich of cowrs3 

3lso depend dir3ctly on t~e fuels costs. 

Normal, evolutionary development of t~e ~ajJrity Jf 

industrial branches in tha ~orld has bean enor~ously 3f

fsctad by the spiralling prices of enar;y in t~e recent 

years - one of the most important ~otiv~tion f~ctors of 

all industrial activity. The production of rafractories bG

longs to those industrial branches being ~Jst de~3nciin: 

in view of energy consumption. In many cgses, majJr ~drt 

Jf en~rgy is consumed in the calcinati~n :if :i raw :11atJrial, 

~ore energy then is consumed in the firing of sha~ed products, 

prepared of mixtures containing calcined ~atarial basia33 

tne plastic binding component consisting of green raw ~at3-

rial. That is why so much money has been s~enc lately i~ 

the development of new types of technology and products ra

quiring les3 energy. 
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~eedless to say that expressive chan~as in technJlogy ~nd 

refractory prJducts assortment take place ~~l Jver tha 

wJrld due tJ t~e existing anergy crisis. T~asa changas Jf 

course entail cnansas in require~ants fJr ra~ ~at31·1al s~~r-

ces 3nd call for t~e davelop~ent of new ~Jr~i~g raasses t~e 

mJst essential viewpoint being tha overall anergy CJnsump-

tiJn and prJductiJn costs. The aforesaid chan;as do n1t 

mean only the reduction in enersy consumption and produc-

tion costs at the manufacturers of refractory ra~ materials 

and ~aterials - thay affect in the same~ay t~sir consumers, 

Insulation materials based on expanded c~ayay roc~s - - - - - - - - - - - - - - - - - - - - - - - - - -

Demands for light-weight aggregate~ are gro~ins in 

the building industry, first of all in the concrat3 ~ixin~ 

plants and in the panel plants. In most cases it is an 

expanded granule made ~f clays and claystones (in many 

cases the initial raw material for their production bains 

slate rocks from coal min~s ~nd wastes from coal washing 

~lants). ~xpanded clayey material is r.ot i~portant only 

owing to its J.ow weight but also by its high tharmal in-

sulation ability. That is why its use is rather br~ad 3n~ 

finds its application as aggregate into concret9 inta~d~~ 

ior thArmal insulations ~r in structµres of l1ght-~ai~ht 

reinforced concretes. 

Expansion ability of a certain clayay ~~tarial cannot 

be judged by its chemical composition only. To judse the 
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usability ot a clayey rock for ex~ansion it is nacess~ry 

to know, besides its chemical analysis, ~till 8 series of 

~hysical pro9erties 3nd its miner3logical compositi~n. 

Raw mater·ials to be expanded should meet ?articularly the 

following requira~ents: 

- high plasticity 

hizh proportion of the fi~est particles - ~ini~um 

35 ~of particles smaller than 2 micrometers, 

- higher proporti~n of illite co the account of kaolinit9, 

content of calcite and dolomite not exceeding 12 ~. 

- points of sintering and vitrification must be close to 

each oth~r, usually below the temperaturs limit of 12COJ C, 

pyroplastic 3oftening of the body should begin, if possible, 

at the 3tage of spontaneous development of gaseous phase, 

the interval of expansion s~ould be in the prevailins 

majority of cases withiitthe r•nse of 50 to loo=> c. 

A mixture of expandable clay and power station ashes 

is used for the pr~paretion of highly strong li£ht-weight 

fillers arplied in the production of light-weisht concretes 

of compression strength exceeding 225 kp/cm 2 • 

The gr~nule prepared by various processes can be axpan-

ded in different types of kilns the choice of which depends 

on the charECteristic properties of the raw material and o~ 

the requirements to be met by the final product. in many 

cases compa.atively slow preheating is used ranging from 

400 to 600° C for which grate-type or shaft-type praheaters 

are used. Following that a greater or smaller thermal schock 

is applied. Finaly, some types of kilns for expansion pur-

pos~s areaquipp&d with cylinder coolers or by cooling in 
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a fluid layer. Rotary kilns, however, are most often used 

for the firing of expandable clayey raw materials. The 

dWelling time of granules in the kiln moves between 3C 

to 210 minutes. 

On the basis of physical and structural ~ropartia; 

the expanded clayey raw materials and light-~eight concr8tes 

may be applied in many branches of the CJnstructiJn a~d 

building industries • .Among the applicati:>n possibiliti3S 

belong also thermal insulations of Jld ~uildin9s, insula

tion interlayers in the construction of roads, additions 

to insulating plasters ar.d mortars, structures of flat roofs, 

tiling materials, chimney bodies. 

The summary of all the possible applications of ex

panded clays in the building industry can be never co~~!at3 

since new applications are added practically daily. 

The consumption of thermal energy per l k; ~f 3x;ands~ 

clay drops down in an inverse proportion to the increaain~ ca

pacity of the plant from 1000 to E50 kcal. Similar pro~or

tion applies to the costs of electric power, water, fuel 

oil, lubricants and spare parts. 

~hile judging the econocic profita~ility ~f the a~

plication of light-weight concrete material costs Jnly ara 

taken of ten as a basis that may lead t'wards incorre~t 

conclusions. The ~aterial costs na~ely get lower in rslati~n 

to the thermal insulation ability of the resp3ctiva ~at3rial. 

The experience gained so far snows tliat when lisht-;.-1eight 

aggregate is used in concrets the weight of products in 

the CQSe of a current type of light-weight concrete is re-
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duced 2s much as by 30 per cent, in the case of an insula-

tion concrete then by as much as GO ~. Out of this ot~ar 

possible sav~ngs result th•n further or.es in assam0ly ~nd 

trans~ort costs. T~ough the material cJsts are ~i3~er in 

case of the light-weight concretes the total c~sts if it 

is applied in the project .,.,ill be lo~·:ar in c-Jm;J~rison 

with a standard cor.crete. 

Other types of mineral ran matertals such as diato-

mite dressed in various ways. expanded parlite, ver~icul-

lite and a broad variety of synthetic fibrous insulation 

materials of different degree of thermal resistance may 

also be suitable for application as thermal insulations. 

The description of their production and physical ~ro-

perties, however, is beyond the range of this paper. 

Energy costs and dressing of non-metallic mineral raw· 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -
materials 

The rising co~sts of all types of energy nave a di

rect effect on the costs of the mineral~raw materials 

dressing. It relates pa1·ticularly to those types of rav1 

materials requiring to be fired. The prices of cement, 

fired lime, refractory grog which are to be calcined will 

go up f&ster• than for instance the prices of falds~ars, 

~lass and foundry sands and other types of ceramic ra~ 
I 

materials. The consumpti~~ of some minerals and mineral 

raw materials will grow because they are used as a SJurce 

of highly efficient insulating materials. Furthermore, 

it will also be glass sands and soda for the production 

of glass fibres for insulation purposes, borates f~r 

• 
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the production of boric acid being used as a m~dia for 

reducing the inflammability of celulose insulation mat9-

rials. And, f ina 11 y, of kaolin and some :Jt ii er --a~\i ;;i.::i tc rials 

for the production of rgfrsctory insulation fiJres. 

The endeaY~ur to 'et energy from non-conventional 

sources there will be ever growing de~and for sel~ct~d 

types of ceramic and glass raw materials. Glass for solar 

energy collector, silicon for s:Jiar bateries or litl1iu,:i 

for electric accumulators are the example of it. 

From the production costs poin: of vie~ th9 individual 

processes applied in the dressing of mineral r3~ oaterials 

may be classified as follows: 

l. Magnetic separation with lo~ intensity of ~agnetic 

field and separation carri~d out on Humprev spirals. 

2. ~·;ashing, dressing on ji!; i'1as'.1ers, c::rncentration t.;i::;::...;:s, 

hydrocyclones, separation in heavy liquids u~d sus

pensions. 

3. electrostatic separation. 

4. High-intensity ~agnetic separation. 

5. F 1 o tat ion • 

5. Magnet ig. f ryir.g ~ followed 'uy ::ia£r.~H ic :so para ti on. 

7. Hydro-metallurgical dressinG ~r:>cesses z.nci c;1c:1icol 

methods of removing ferrous compounds and a surf3c3 

activati:bn. 

- - - .• - I 
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