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manufacturers to initiate development researcn 3n th2ir raw
materials. It covers a3 great many different industrial activi-

ties starting from metallurgical, ceramic, glass ancd ouilding
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industries up to the 2raduction >f plastics, esncgine

14

sort, atc. Tne pgresant development 2f sciznce, technolsgy and

f ’

ur

. productisn nas arrid at a paradox situation - the 2nergy con=-
sumption alang with the aver growing industrial praguctiorn,
increasing world population and growing living standard spirals
ug enarmously. On the other hand, hgwaver, it is well known
tnat the energy reserves o8ing usad in today’s production arz
limited ard 2ractically unrenswable. Obtaining new energy £our=-
ces iz in the stage of resaarch ar axperimental varification.
3esides trving t3 find new types and sJurces of 2nergy and 2=
forts to minimize snergy losses the axtansive ressarch conductad
in the majority of world countrias is aimed at searching far new
.:f tyces of raw Matariagls that would ra2duce ths 2nergy csnsumztisn
in the rt2chndlogical processes withgsut 123sing ar detarisrsting
tn: utility value of products. Thars is also eandeavour ©3 inirz-
duc2 wastz2less tecnnaloagies and wutilizatioan of sccondary o
nan=balanced row=materials.,

- It is the oojactive of this Jgper %2 et acsuaintad wizn
e ‘— — T
new possibla apolication of various tvges of flux2s in ta2
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in the production of plastics and other raw amaterials in tne

drezsing pracassas firom their 2nargy demandes point of wisn is

ratnsr imzortant,

~hy

- P ! < LR -~ 3 < A ~ = - -
Z3patilic r2ik3, T2LLSZar = S1L1CZ3 JIXuWurss
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F2ldsgars and
fnzanzlinitic esyenite, phorolite and, lztaly, petalite L:zlon
anong the most important fluxss usad in the czrzmic industry,.

A numper 2f eruptivs rocks, matamarphic racik and rock=

-

W)

-forming minerals contain silica and alkalis (first 3§ all

(D]

sodium, patassium and from tne group of alkelinz zarths tharz2

ars calcium and barium). The group of faldsoars r2sreczsnts

belonging t2 the mast important rock=forming minzrals in tae

earth’s crust. Albite - (NaAlSiZOG). 57 th o -
(=
c 1 s - (KAlsi n Tt itoe - 1CaArl,31.0.
a e (KA 51308), a >r ¢ 1 ‘ 2012UL)
and, finally, ¢« 21sian - (SaA128120£) talong anon

the most imporcant members of thne faldspathic grsoug sf ainarsls,
It is an isomorphous series of minerals in which tn2 ions of
alkalis and alkalic earths can substitute each otnar in

various ratios depending upon the cnemism of tne parzntal magna
and on the thermodynamic conditions of criginating. The sub-
group of plagioclase for examnle is formed by albite rich in

sodium and a series of chemically different .nterstages up to




anortite rich in calcium, A similar serizs of chamically znd
crystallograpnically varying forms does exist also cetieen
tne orthoclase rich in potassium up to the albite. In the

artnoclase for =2xample potassium may se

[¢})

ubstitutad 2y cariua
tJ saome axtent thaugh the resulting airercls - hyzlognans and
calsian, are very rare when comparsd with tne potassium,

szdium or sodium-calcaresus fsldspars,

Apart from more or less pure feldspars - mainly ortnoclsase
and albite in some countries even feldspathic sartn such as
2.3, aplite ie used in their cesramic industries. It is a fine
-grained form of granite made of silica, so>dium and potassium
feldspar and admixtures of lignt mica - 7auscovite, The so called

“Cornish stone®™ used in tne ceramic industry of Great 2ritain

is in fact an aplitic, weakly kaolinized
mixture of flusrite occuring in the area
nosits aof Cornwall, This raw material is

cinity of St. Austell on the Isle of Man

granite witn an ad-
of large kaolin de-

gxtracted in tne vi=

and a very

simnilar

rock is extracted even in France on the locality of 3t. Yrieix,
south-west 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 tne ceramic

industry of the U.S.A.

Nephelinitic syendzite is 2 silicafree
rock formed 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 feldspars is approximately in

-1




a balance. The tha%etical chemical composition of nezhaline
is .\IaAlSiO4 but it always contains certain amount of potassium
wnen found in the nature.

D

Anortnossitae is a rocik used in sor
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a flux in the ceramic industry. It i3 a coarsz granu

3
Q

ar slutonic

¢

3

rock formed of maore than 39C i >f sodium=calcarsous fzldspars.

Phaonolite is a fine=grained ignesous rock faormad

chiefly by nepneline mineral.

Feldspars

reldspars nowadays are the mx 3ften used flux in c¢c=zramic
bodies with a prevailing component of c lhyey mass mostly, how-
aver, in the utility and technical porczlain and in sanitary
cdramics, The main rsle of feldspars as fluxes in ceramic padies
is, firsct of all, in densification 5f 3 ceramic body duriag
T

fas=%
)

the firing process s> as t3 make 3 silicatz glass pha

2
=

[13]

*
ceramic bodies of this type ars generally firsd within tnae

reange of 1473 to 1€73 K (1200 - 1400 degrees centigrade), Thea
melting temperaturs of sodium feldspar albite (NaAlSiaor)

is given at 1393 K (11209 C). The incongruant tamperatura

(&8

of disintegration of potassium feldspar artnoclas:s or sanidirnz
(KAlSiBOF) is 1423 K (1150O C)e #shen c2ramic body containing -
feldspar is fired the fzllowing procass rakes placz when bHriaf-

ly described:

Point-type 2utectic drops of molten mass are formed at the

contact between the grains of feldspar and silica as =arly as

At the temgerature of 1223 K (9503 C). ThHey are comparable witn
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spot welding of metals. It may Y2 2xplained oy tns well “<nown
reduction of melting tamgerature in case of mixturas of

cheml

3

ally varying comgzositisine, ¥he initial contact melting

¢}

(V)

p—

s3 place 3t the contact points osetwesn feldspars

[\])

taxkas

and particlas of the present clayey minerals 2ecaus2 wh2n ta2

0

thermal decompasition of the clayay minerals takass olace with-
in this temperature a very reactive silicic scid is libaratac.
Ts the contrary, howaver, no initial contact melting happens
betwsen the silica grains and the clayey mass being dis-
integrated- the respesctiva eutactic tamperature lies mucih

nigher - at 1873 K (16C0° C).

Thougn melting temperature of the gresent fsldspar is far
from being reachad a quick $ormation of the vitrification phase
takzz place as early as at the temperaturs of abéut 1273 K
(10003 C) in the ceramic body which begins to be of a more
or less densified nature. Wnen tne temperature is b2ing raised
the amount of the eutectic molten material rises, t2o.

Xt has been formed by melting of feldspar, silica and calcined
clayey minerals, The maximum atlainable amount of the vitri-
fication phase corresponds to every remperature provided that
thz appropriate chemical or molar body composition is adhered

to.

The more contact points are provided between the individual

minerals by tre foregoing dressing >f the caramic UbLody, the

quicker is the vitrification phase achieved and the quickar

the above mentioned maximum is attained. Finely grourd, tnorough-

ly mixed homogenous ceramic bodies which are even censified
by a suitable pressing process (when products are formed by

a dry-pressing method), they can vitrify faster. In sucn a case




various deformation effects are 3lso eliminated. Tha final

n

vitrifiction pnase gats faster completed when the fsldszar

melting tempsrature is reached. Zasily amovable ions of alkalins
metals get among the particlses of tne disintagratad clavey
minerals during the firing process supporting thus the for-
mation of aullite, The difussion of multivalent ions of alu-
mina and silica within the temperature of 1473 K (lZOC3 C)

is rather uninportant., Hence, mullite is formed at this tampe-
rature in such places whsere sutfficient matarial is available
for its crystallization, Its formation is chiefly concantrated
in arsas in the gisintegrated clayey mzaterial where nighly
reactive silicic acid and somz liberated aluminag ions are
availaole, Therefore also the primarily formed mullite nas

a flaky shape., very mucnh movable ions of glkalin2 me.(als activate
also the mobility of the otner ions being present, The orimary
mullite gets gradually recrystallized in a nesdle-shapsd sz=con-
dary mullite. In this stage the boundarizs of crystal growth

of the sacondary components substantially overwnelm the limits
of the érimary minerals. Primary mullite is also formed in the
contact zone of the vitrification phase (of the moltan mass).
The t2cnnological firing process is perfoarmed both thermically
and timely s5 that the requirzd final tzcinolagicsl prozertics

of a oroduct could b2 achievad,

Cristodalite, the only stadble silica msdification does
not get formed usually in porcelain products under the 2xizting
normal thermal and tnermodynamic conditions. Ceramic zroducts

containing nign amount of silica dioxidz arz an 2xception,
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Fluxing =2fficizncy of Telaspar
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first of all Gy tne formgtion of eutectic sgot a2lts at tne
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into & szcondary aullite. Suring cooling smcall acsdlas of
szcondary nullite are formsd in thz aslt, Cristozalitz iz

formad on-the surfacs oFf tn2 quartz grains wihnich n2vs oot o022

touchad by the melt in porous caramic groducts. .nils firing
ceramic bsdiss congisting of guartz, fa2ldspars znd cluyoy
matarial it is necessary to kacp in wind that tnz uzlt oF
actassiunm feldspar has 3 nigner viscoszity taan ©aat of sociunm

zldspar undar identical tnermal conditionsz., The teaparaztur:e
of a perfect melting of a body rich in silica dioxide can b2
reducad nore distinctly by using potassium fa2ldspar than oy
an anplication of 93dium feldspar.

.wnen fzldsgathic minerals are applizd 3s 2 flux in ths2
production of ceramic materials these is a rulz tnat far ra=-
ducing the firing time arnd firing temperature it is of axtra-

ordinery importance to grind tne material finely tnat should

be also achieved in grinding tha presant quartz.

w

tallization of th2 Srizary aullits
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Mepheslinitic syenite
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venits sraad oy

a nezdivm-grained homogenous mixturz of varisus 32rsportions
albite, ortnsclsse, aicrocline and, first of all, oy
nepgheline, The mineral raw material - nephelinitic syenits
contains generally a small quantity of accessory minerals

sucn as amphibols, bioxite, magnetitz, limonite, calcite,
garnst, zirconium and, sometimes, even corrundum, Deposits

2f neghelinitic rocks can be found in many countries =211

over the world; they only differ in genasis and in geologicszl
accurence, Most important deposits of nephelinitic sysnite

are2 in Canzda and in Norway owing to their high amineralogicsal
purity and homogenous petrographic composition., The raw material
from botn these regions are used in ceramic and in glass
industries, similarly as fillsrs in the paint and plastics
industries, Vast fields of nephelinitic roacks in the Nortn

of the USSR are utilized Zn the production of aluminium, Part-
land cement and some chemical compositions. Their utilization
in the glass and ceramic industries represents a smaller part

only of their industrial application.

From the point of view of industrial utilization the
nephelinitic gyenite should be coarse - or medium - grained,
frorm the petrographic point of view its composition should bpe
homagenous, the content of nepheline must not drop below
20 %, the content of feldspathic minerals must be nigher than

€0 ¢ and the coantent of accessory minerals in average must not
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xcead 5 %, Tac content of iron expressed in t2rms of Fe_C |

should be lowzr tnan C.1 ,j 2ven though it may u2 aighar for |
i
a nuazer of industrial uses, M2gnelinitic syenit2 from tn:s |

Canacdian 3Jazpo2z3it in Cntaris (3luz iiountain) znd ron tn2 22—

osit of Stj =2 izland nsar tre narthnern coast of ilioruay

O
(O]
.
3
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sre of the grzatest industrial importancz froaa ths 2oint of
view of their application in the ceramic and glass industriss,
Tre exploitation in the Canadian depossits is oerformad oy an
open=-cast mining and mostly dry dressing methods are aszliad
in its dressing such &3 2lectrostatic s2garation anc flotation

nart of the rav matarial iz supplisg wi:hout

tnough the major

any special dressing in a crushed form.

The extraction in the Norweqgian deposit is carrizd out
urnderground, tne r2w material is crusnsd, sortad and drizd
in rotary driers and supiecieu to =z aignh-intansity magnetic
sa2paration tnat enables to cut down substantiglly the contant

of csntaminating adnixtures. Though thaere is sagsle occurancs

J

of nephelinitic rocks 2ll over the world thare nas not yat

Ay

been found a deposit of na2phelinitic syenite comparanls in

T

1

{1}

purity and nomoacenity with those of Norway and Canada. I

ot

guite well known that transport costs of nephzalinitic syeni

4%

2
in many caseg are much higher than those aof its winning and

dressing. Despite the ever spiralling cost of dressad nejne=-
linitic sysnite the demand for it incrzases doth in the 51a33
and eSpecially in the ceramic industries in most of the indu-

strially developed countries.

In the future, probably, political interests will pnlay
more important role than nowadays in thz cxploitation of mineral

raw materials deonosits and it scems to D¢ surl tioat neshelini-
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tic syenite will not b2 an axc2ption in tnis contzxt., T
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the deaands for tnis mineral raw satarial are met at Zraa:
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nd ~atiznal intzras
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in tne futurse suzplias the politiceal

9]
(W)

might olay morz imreartant rolz on them than 1t nas Zez2n

Tare.

Trhe world sroduction of nephelilinitic syanits ro

(nH
w

fron 225000 t in 1261 to S5E30C0O t in 1372,

“lore than 75 73 of Canadian production of neghalinitic
syenits ara exported to the USA, morz than 35 7 of ta2 total
oroduction is exported from Norway, Just ©or tn2 saks of
comparisoan it may be stated that 1.7 milion tons of fszldsgatnic
concantrates were praduced and consumed in 1372 all over the

itz only
mi

world, The expectad consumption of nepnalinitic sye
1

n
O
® J

fraom the Canadian deposits will amount to 1.2 to
tons in the year 2C0C0. In tne cassz of Morwagian dedosits tnis
amount is envisaged to reacn 243C0C to 3900C0 tons in tne

same period,

The final industrial usz of nephelinitic syenite is de=
termined by a high content of alkalis, hign cnantent of aluminium
oxide, praectically non-exicstent silica dioxide and, due (2 tnig,
aigh fluxing effect, Producers of wrapping glass, o2oane zlass,
insulation glass fibres, some tyoes of utility porcelain and
ganitary ceramics start to use mor2 and aore naphelinitic
syenite owing to its chemical composition and nigh fluxing
ability. MNephelinitic syenite is also used in the nraduction
2f electric poarcelain as w:1l1 as in the sanufacture of daental

prothetics, Finely ground and sorted nephelinitic asyenits
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5f commercially available nephelinitic syenites

(in terme of percertage of weight)

Minerals Canada Norvizy Uszz
oyrax,typs biotit: tyJe
ampnibol.type biotitz Ttyps

albite 42.4 52.0 tracss 3.0 20.3
micracline 22,7 15,9 - 37.5
microperthite - - - - -
serthite traces traces 57.0 55.5 -

nepneline 24,9 24.1 37 .= 23~ 2€.S

piotite 0.1 2.2 traces 3.5 C.l
amphibol 3= - 1,=- - -
gyroxene 0,2 - l.- - el
magnet.te C.4 0.5 le= 1.5 -
calcite - 0.l 2. 5,- -
muscovite - 0.7 - - -
zealite - - - - Se7
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Irn case & raw matarial is specifiad for tn2 caranic
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industry the grain size composition, aslting poaint, colour
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The prossects for furthor consumpuion 2f nepsnslinitic
syanits in vi2w J7 gnergy consarvation is moare Than 2roniz-
ing. In the coming period it will undoubtedly risz the

production of glass fibres for insulation pursosss. In fnis

[$)]

raspect nepnalinitic syanit:s has 2 dsminating posgsitizn,

-
j

Jesgit2 an increzssd utilization of wzst2 glass by its

o]

recycling the use of nephzalinitic syanite will <orow u2 in
Y G Y < ;

tion of

Y]

tii2 production of wrapoing glass, too. The consun
tais aineral raw material in the production of electric
parcelzin will increase as w2ll., On the other nand, nowavar,
i may be expected that its consumption will be recuced in
the production of pane glass oy applying the FLOAT aethad
bacause a glass vatch in sucilt a case must contain less

aluninum oxide.

From tne point of view of good working conditians and
air-pollution an ext2nsioan of industrial utilization of
nephelinitic syenite is very nmucn advantageous. hamaly,

it does not contain narmful admixtures in a narmful quantity.

PN,
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Thisugh some biotit2s contain cartain amount of fluor the major
sart of biotite is removed during the crassing pracess of

- -

tils mineral raw matarial becaus2 ciotite is slmost alweys

W
v
(0]

ta2 s2arer of pigmant admixtures, aainly 3f iron.

It is understandedle that thie l2ss devaloped csountrizs
are interested in providing their own raw material bHacis,
it is supposed that there will be usad small, many a tia2
mobile, dressing plants that may enzble t3 2xploit industrial-
ly smaller deposits of mineral raw materials or at least, to win
smaller amounts of the required mineral raw matarials in the
iritial periods. The results of geological exsloratiois under-
taken in some regions of Africa and South America show
good nrospects that in these regions, toa, will saon be found
deposits of good quality feldsgathic raw matzarials i..cluding

nephelinitic syenite.

Tae consumption of faldspathic raw materials including
nephelinitic syenite is greatly influecnced Dy the growing
use of so called returnable wrapping glass and an industrial
application of used waste glass obtained by an organized col-
lection, General and laudable andeavour for energy conserva-
tion in ceramic and glass industries results in using raw
materials with lower melting point - in this case neonelinitic

syenite is literally a oright and positive axamolz,.
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ang enan2l industrizs. Patalitz

contains in averace 4.3 per cent of
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lithium oxide,

e d

zluminun oxidz zond 7¢.7 ., 3f silics dioxide.

Petalite iz used in the groduction of TV screzns (Sic
ture tugses), iluninatinc glass, t2chnical ¢los:z Lnstrumsznt
38 wall as class ovaa-wara. In ths production of Clazas 22
talite can succsssiully substitutz zvoen l22d oxig2 noving
widely sor2ad so far, 3inc2 patalits sh2ws soa2 sarinkass

hile b2ing heat2d it is suitaclz Tor ti2 procuctisa o7
;laz2s for such products having szisiler zhysical srojzriiz
Thz usc of petalitz 2nables not only reducing the ¥irir.
taapsratur2 dut alsao nigner therazl ra2sistance of caramic
and glass products. Propertiss S2ing givan by g2talit2 1o
ceramic boadies 3nd glazss 2nable to zccelsratz the t281no-
logical production cycle particularly in the firing zhza:
that, apart from 2nargy canservation, tine totesl sroacuctics
caosts g2t cut, ta2, and th2 tachinowdjical equipment L3 oy
hotter utilizzd., Zxtznsive axncrimonts nave 2rovzd tngt o

apolicatisn of pztalite in ceranic bodies remarikzoly

[aEs-

aschenical stzngth 2f ceranmic products.
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sart from the triefly zforeszcid choractaristiczs of
A

tie most imgortent fluxes for the ceramic ans ;1523
industriss therz 2xists 3till 3 numzar of 22h2r:is 2438 roois
11z omoy snabls the tInzscctur: oF Tiring or nzlting ooz
FSUUCE (ius €Trongay th2 23300y 33M5UT2Tiocn,. weorz il
2328 3r2 isa corrizes Za2tYozac u;** Jut o7 wnica thz oacet

: 2. A~ A -~ S - ' J = n -~ -
imzortant oncs zre2 celcits znd doloaitz. In racsent vaars

2ven cslcium selt af metasilicic =zcid is usad zavea os

wiollastonitsz (it occurs in naturs Sut it is aostly mzds
syntheticzlly), For some cezramic jroduction aver tale is

= P 25~ adgs i : -~ Adasg
vaersoy the coeficiznt of 2xg2nsivity is raduccg Zdistinctly,

Trne additizn of talc snablzs sven tettar adhcrsace o7 2

to the ceramic disque, The calcareous feldsiar snorthits cza-
nct 02 Tound 14 daspozits alone Sut it accurs in raciis czllad

znarthosites cnd it very oftar accompanias aven 32tassiun
feldspars. This raw matarial is gzppliad particularly ia tha
USA in caramic boadies which are to be sudject2d to quichk-~fir-
ing process. Phonolite, to0, is important for reducing thnz
nelting temperature of wragping ¢lass and reducing the firing
tenperature of building Zeramics in some regions. It is an
effusive alkaline raock with z miniaum cantent of fres quartz,
relatively nigh content of nepneline, sadalite, lzucite and
feldspathic minerals. 3ince tnis type of rocks contains

a higher amount of ferrite oxide when compared with thse
nephelinitic syenite and cannot be removeu by currant dressing

metnods easily, at high costs and to certain limits only its




sractical application is economically advantageous only to

a limi.ed range from the deposit,

L8N we try to gum ug tha today’s situatiosn in the
application of mineral raw matarials 33 fluxes in tioe
ceramic and glass industiries it is unquesticnatly obvious tuzt

the leading role can only be retainsd by f=idspers and
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feldspar-quartz mixtures evesn thoucn their 1
is lower in comparison with the nepnelinitic syenite. Orne
of the disadvantages of fledspathic conceritrates and parti=-
cularly feldspars supplied to the customers in an undressad
condition is their high variability in chamical as wsll as
minaralogical composition., In order to make ¢22d for tiis
shortcoming a flotation process is applied in the dressing
of natural faldspathic raw materials that znables t>y anrich
the final producgt with a felspatnic coamponant and magnetic
separation process nelps to remove impurities, =szscially

ferrous compositions.

First of all the shortage of industrially 2xploitaclsz
deposits pgvents a broader application of mineral raw matarials
with higher ¢ontents of lithium as fluxes., Zven though
spodumen, petalite and lepidolite occur in some gegmatites
in an exploitable guantity the geolocical reserves arz
generally small and they can in no case competa with fesldspar

or nephelinitic syenite., The same appli=s for other lithium

minerals, as well.

It i3 obvious that further development of producvion




and consumption of th2 above mentioned Aaineral Tluxas will
depgend on geolacical rssarves, on tae davalognent of ths

caramic and glass industriss (and, neturalliy, 50 ths

davelapmant of the follow-up industrial sSraagizs S21n7
the srincizal consumars 27f th2ir products) and iast sux

Aot tne least on the 2nergy cists,

Fillers for 2lazastics

~

he plastics industry, such as polyatiylane, soly=
propylensz, polyvinylchloride anc a s=2ries 5% 3tazsrs
represents a vary important consumer 2f minsral rzw bgtirials

agpliad 2ither as additicns in tha foram of fillars and
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pigments or es media for reducing infleas
of mineral raw materials as fillsrs is tae zuo
intansive research (may it be fillars in the fora of powder
or of fibrous shape with a distinct reinforcing 27fzct).
Calcium carbonate has been a famous filler into plastics

for many dyears and lately there is a ¢rowing <3aand 7or
wollastonitz, talc and 2specially dresszed kadlin. It iz
obvious that the total volume of sales of minarzl raw N2+
terials for the above applications arz su2stantially influzn-
ced by the rising praduction of plastics that is realis-
tically expected to grow still more because slastics turn

ta> be ever more an alternative for a great aany traditionszl

materials, e2.g., metals.,




In the prasent world production of polysdiephinss (pias-

tics) the filled types represent a smallar proportion oniy.

W

The rasults 2f r2search and development naving Zeen -

aighast in the USA =and Japan in the rzcent yesars, dizvar,

show that tnere ars 2aver growing demands by tne industriss
for matarials with higher strength, highar rigidity, higher

thermal resistancz, lower thermal expansivity and chezpar

at the same time (with low damands for energy) which can only
b2 met adventageously By using high concentratisns of =zinzsral
fillers., In the bSeginning of the eighties it may oo rea-
listically spoken of"thne agzs of composite matsrials”™ wharebdy
filled plastics are meant unquestionadly. It is expectad that
theres will be few cases of application of unfilled polymers
in the near future. It ensues from the prognosis publisiaad

in the middle of the seventies that the world production of
plastics in about 1990 should cover at least 20 par cent of
materials filled with mineral raw naterials having been dress-
sed by various methods. According to the latest opinion in-
fluenced chiefly by the quick spiralling of 02il costs it :Is
expacted 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 of the
saventies and it led to agreat manyachievements Dotn in tnhe
technology of the proaduction of the fillers vased on calcium
carbonate and kaolin and in the processing technology proper

in défferent industrial anplications.




Thera is 3 nunbder of advantages in introducing
tne application of fillad plastics., In the case of a manu-
facturer producing polymengeslastics rich in energy consuming
2il raw material the substitution of its part witn a ~iners
filler will prove utaost useful by sucstantial reductizsn
in enargy consumption. The o>y demand covers first o

the calorific value aof the matarisl. In case oF a poly-
sropylane e.3. ths principal cost item is represanted 3y tae
cost of washing away catalysers and reclamation of solvants.
Tie energy consumption in the aicragrinding of limastone

amaunts alpraoximately to C.43 G/t that is
in comparison wic
Theraforz, tne volume sroportion of a2 mineral filler -:i-

ced represants practically szaving af en2rjzy.

Anothner benefit by the iaplenuntstion of villad :slastics
3t the aanufacturar of polyolszphiinzs arz lover invazcinent
costs in conn2ction with an incr22se in th2 oraduction,
According to the latast infornation 7Tor instance tng Lavici-

ment costs of an incread production of polypropylanz =y

32C00 tons per year would amount to a2t lesast 12 aillion

dollars. Thz investment c2sts of t.2 2roduction of fill:zd
golvaers of 40000 tons y2ariv czpacity wauld reacn a2raly

7.5 nillion dollars.

nile processing filled plostica o an 2xisting e-uil-

nernt the volume of such a production will crow as fallows:

a) shortening of tne injection cycles by about 25 | Jwing

to tne higher thermal corductivity will be distinct

mainly in casz of large-sizz products;




b) hignsr =xtrusion speed of bLoards, foils znd shapes is

made possible by lower elasticity.of ths malt by tha

addition of a filler

An iprovement in some utility propertiss whils ks2ping
a low price will 2nable thsz apgpiication of such glastics
in new spheres of use. An incresassd flexibility mocduls and
higher surface hardness bring new spplications in the
enginearing and building industries. Lower inflammability
is also a favourable property, The improvemsnt in dimansional
tolerances of products owing t2 smallsr shrinkage is parti-
cularly important in the engineering industry when aztals
are replaced witn plastics. The improved surface aropertias
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 comparatively weak
in the amorphous organic matearials. In cuase af many products
being used e.g. for construction of transport means (aire-
planes, ships, motor cars etc.) it is important that the
material could be loaded with maximum force and its weight
snhould be ainimized at the same time. For this reason it is
necessary to compare specific flexibility modules of the in-
dividiial types of material. These valies and properties are

shown in tables No. 4 and No. 5.

From the specific flexibility module point of viaw it

can be seen that glass is squal to steel but its well known
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shortooming is its low rigidity caused by that when elastic
energy supplied to it through an outside impact is disparsad
in the glass. very slowly and is consumed oy brsaxing of tas
chemical bands in the vicinity of ths imgact.

The data shown in table Mo, 5 indicate thst 2van oy
‘introducing traniverse bridges in polar amcrphous resins
(ohenolic resins, polyesthers atc.) the flexibility module
cannogt be increased beyond 4 GPa and these az.2rials

canrost compete with iron, glass or celulose fidr2s fronm

the hardress point of viaw. Therefore, lately, the dsvelopn-

-

ment of so called reinfcorced plastics has S2en incresasszd
quickly. The anorganic phasa in them provides f2r a compo-
nent with a high flexibility module and the organic poiymer
then forms a bonding agent securing nignh regidity, i.e. quick

distribution of the supplizd =lastic
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chemical propertiss: atmospheric stavility
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1z teriagl flaxicility =maduls sS2cific flaxi-
(GPa) ZilitJ?-SCU}&
(iPz .M k7",
caroon fiore 218 -~ 42¢ oS = 17T
stzel 210 27
glass fibraz 76 - 110 20 - 4=

spruce wood:

longitudinally 13.5 33
redially 0.23 1.7
tangentially C.7C lea

fibra of polyethylene~
-terepntalate 12 Se7

pnenolic resins 2.3 = 4,2 1.3 - 3.2
hard PVC 3.0 2.1
ruoser C.ClL C.Cll
polyechylane .9 - 1.2 1. - 1.3
polyesther laminate 7 - 21 5.4 - 11
polyethylene + kaoslin

40 3 weight 2.5 2.0

)

€0 j; weignt 4.7
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At this opportunity it is useful to mantion two ways

of develoom2ant of comgposite materials:

2) laminates - in this cas2 :z aatarial with high flexizility
module forms a2 continuous phase (fabric, flesecs 2{3.)
and the bonding agent is 2 tharmoset or a thermaplastic
material. In sucn cases high flaxibility modulas are

achieved but their processing is difficult and expensive.

A compromising solution having a quick tendsncy of
development are so called "prepegies™ in which thz rein-
forcement is made by glass fibres of several centimatres
length only and the bonding agent are mostly the polyesthrer
resins. These materials can te 8haped by pressing. Tre
productivity of pressing i8 influencad first of all by tne

quickness of resin hardening

b) filled theruwoplastics - in this case the filler, i.e.
the component with high flexibility module, foras
2 dispersion phase in the continuous tharmoplastic

matrix.

it is an advantage that the filled thermoplasts retain
their thémoplastic workability. Short glass fibres are the
most effective known filler to increase the flexibility modu=-
'le; less efficient are fillers of particle shape thougn e.ge.
in case of a mixture of linear polyetnylane containing 60 3

kaolin the flexibility module was increased seven times

against the unfilled one (table No. 5).

frrma m e - ——————_ 4 e
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Unmodified particle fillers disperse badly in or-

ganic 23lymers and they mostly cannost farm firm enough
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band with the surrsunding gsolymer astrix that sy
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in low rigidity of composite materiales having so .
praparad. Taie research has focused therefore mainly to
make such boundary layers betwmeen the filler anc¢ the
polymer matrix that can scecure an effective transfer

of forcss whichis a condition for achieving hign flexi-

oility module as well as high rigidity,

From the atmospheric stability point of view zlastics
advantage is that they cannogt be sttackad with corrosion
but their atamospheric stability lays in a wide int=rval

from materials quickly deterioratinc up to thase oe2in

[{8]

o
.
[V}

long time stable. The ideal goal of the resz2arch in ti
respect will be to adapnt the pnysical duraoility ta tne
moral lifetime that is dosely connected nowadays with

the world’s problem of new utilization of wastes.

The influence of fillers on the photoaxidstion
stability of polymers is quite complicated., 3rizsfly
said there are two overlcgping 2ffacts - a photofiltra-

tion effect and a catalytic one.

Unless these two effects are separatad incorract
conclusions may often be made. The photofiltration sifect
will appear mainly at high concentration of a filler and
when thicker test pieces are used. Vhen we watch ths

exposure time influence on these bodies and their mecha-



nical properties we usually can see an iaprovement in
comoarison with an unfilled paky:er pecaus2 23 raciation
initigtirg tihe pnotooxidation will penetratz lass deep

int2 the sample being sxznined. ;
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radistion reflected from the filler pariicl
thzs presence of matters scting as catalyst 2.5. composi=-

tions of transition aetals.,

Tiald

L

The proolem how to stzoilize polymars is
in which the Czechoslovak induszstry has achieved an intar-
natizsnal level. It ensues from the sforesaid that ourjosc-
ful modification of fillers is 5 very perspsctivs way
how to increase or intentively readuce the lifs of the

polymers.,

Incombustibility is one of the main snortcomings
of most of the plastics. To achieve a real incoabustibi-
lity, i.e, a permanent resistance against the action
of flames cannog be, of course, achieved in organic ma=-
terials in view of the present level of scientific know=
ledge, Due regard is to be paid, however, to the justi-
fiad requirements of the fire safety to whicn, first »of
all, belongs a selfquenching property, i.e. no inflam=-
mation should happen from a minor source of neat (a match,
a cigarette etc.} or, when a flame is put a bit away, the

burning must discontinue. Furthermore, it is necessary



to respect the requirament of nanintoxication and noncor-

rosivity of burning products {that is a cass of piiosgene

and aycrogen chloride deing creatad when zslyvinylchlorida

is durning). For tihis reason retarders of durning of

e
-

. i

calorated and bromatsd comgositions cannat 5Se taken 2s
satisfactory.
To the contrary, a very much parspactivs 3dditisn

W

reducing the inflammability of arganic polymars are som

organic fillers out of which the most wide sprzad lately has

been aluminum hydroxide which readily eliminatces znd re-

0
leases water at temperatures above 200" C.

It ie a known fact that a pyrolysis of Jlymer to
volatile inflammables is 2 precondition of burning. The
flame cannot get wider as lsng as tne dacomposition of
a palymer reguires more heat than the flame can sunply.

In other words, wnen the flame is small =nough t2 be 3ble

[$H]

to release sufficient amount of comsustiole asszs.

Another advantage in using inorganic fillsrs ta in=-
crease the fire safety is in the fact that no dropping
of polymers occurs during burning in case 5f filled mix-
tures, It is known, for instance that when ceilings areo
lined with a foam polystyrene the burring mat2rial drogs
down to the floor wnereby the whole room becomzs a fiec-

place.

vWinen plastics are apolisd ir a corrasive 2nvironment
is neca2ssary to see that the fillars themsalves nust de

chemically resistant (from this point of view it iz ne-

it
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Agart from talc, calcius

iarge products,

2 fillzg =

ixturas tn

non-~metallic raw materials also

22long to the imoartant mineral
S i

xorld consumption of

in tne rece

nt

twventy

numaer of industrial

kaslin has

y2ars and,

3
O
V)]

drancnes and technolagical

nas increased, t20, in which the kaslin dressad

ferent ways is requirsd and at

~ paper and ceramic industries

nave increased substantially.

t

t

n

[+

n

[\]

traditional cust

demands for quality

P -

From the point of view of prscassing branches in th

o
>

wurld scale the sales of dressed kaoling may be specified

g8 follows:

kaolin
kaolin

kaslin

kaolin

for
for

for

for

paper industry - 40

ceramics

- 3C

rubber and cabla

industry

- 20

other industrial isse
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These figures are for orisntation only because tae
industrial application of this raw amaterial grows aver
sroader. Under thz existing trend of Jroduction tae g20=

ar evan ~undrecs

7]

rves #ill suffice for tan

[{}

iacicel r=zs
5f years; the geological exdoration, nowever, 5oes an

steadily in the regions of good prospects,

There may be seen two principal ways in the dresssing
of kaolins during the last 25 year peried. First of all it
is an effort to find cheap ard hignly sfficient aethods
of dressing kaolins of lower quality resting mainly on
improvements in the sorting section, dewa2tering and garti-

cularly in removing compositions of iron, titanium and alkaliss.

Furthermore, the producers try to find application
of kaolin in new processing branchss such as in the 2ro=
duction of plastics, glass and kaslin fibres, insulation
materials, insecticides carriers, various sorbznts and
catalyst carriers, Besides, the dressing plants of xaolins
mast be adapted always to the demands of the processing
industries for constant technological properties and che-
mical composition being enforced by the current proacess

of automation of finalizing production processes,

vihile comparing the kaolin consumption in various
industrial branches in Europe and in the USA we may see¢
considerable difference. In the majority of Zuropean
countries e.g. tne use of kaolin for the production of the
best quality refractory materials is very small. Kaolin

im the industrially developed cZuropean countrizgs is used

approximately in the following proportions:




Papar fillinc kaolin 3G
paper coating kadslin 25 ;5
cersnic industry 1l
filisr into rudsar,paints

slastics, inssctisgidz car-

riere, fartilizzrs, castalysts =tc. 7

Passr industry stends =130 2a tn2 first 3lac2 in taz
consumptisn 3F kasdlin in the USA. It is followsd oy tac
araductiosn 2f rafractories, rubber and czramic industriss,

It is supposed that tha grazatsst Crowth in kgooiin con-
sumation in the USA will bz in thz paper coating keolin,

filling kaolin in the rubder and plastics isdustrizz.

Taough thare amay be noted some trands towards sud-

stituting kadlin with othar raw matsrials in somz industrial

w
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Jrancnas tiaere are still amany indu

thetic matsrial and more possisls new cpzlications kas,
occuring. Kaolin is a raw matzarial which can be zdzztad

to the reqguirements of consuming crancnes ty using tae
latest dressing processes, oftan guite nontraditional ones,

to ke2p thus ever crowing production assortaent,

Trie producers of kaoslin will have to do its dressing
and adapting of its parameters much faster than thesy navs
done so far to meet the customers’ denands and to adag:

their technolngical lines to the quick changaes ir raguire-

ments for the assartment. For instanc2 the Fr22port coime

dany - Georgia, USA is said to have installzad 27 more or




less independent tachinalogical lines in their dressing

1=

Plant in Gordon to be able to produce 58 typas of ksolin

1

(95
-

ferring in quality.

=

High intensity magnatic separation bdslongs lstiz

\,I

to tin2 most progressive methods in the dreszing of %kaolin
{(znd alsa of otner non-metallic minerzl raw matarkials).

it is based on thes principle of different magnetic sus-
ceptibility of minerals and its theory and 2ractical ap-
plication change to some extent sur opinion we have had

so far about the classification of both natural and syn-
thetic materials into farrgpara -~ and diamagnetic onesz. This
process being an extraordinary step forward in the produc=-

tion of kaolin fillers for plastics resulting in reducing

the content of so called transition metals nas besn tharou:

.
-
SNE A
~

-

ly verified in our production conditions and it =nsblas to
obtain a product of remarkably high mineralogical and che-

mical purity.

As aforesaid earlier when kaolin is zdded ts the lingzar
polyethylene it may get considerably reinforced similarly
as in the case of talc. Bespite that kaolin as a filler in
the production scale has not-been applied too much. It
has been found out that aciduous centres on the surface of
the elementary particles of the majority of aluminosilicates
cause a degradation 5f polymers. They arz orotonic can:res
the acidity of which is made weaker by a layer of sorboad

water and the acidity shoots up abruptly only at tihe tempa-
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Sring about @3t pronladly ths following c.
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a) an incrzased tendancy o7 usin
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and claystonss into the refractory codias and nix
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5) an increased intarast in uncalcined
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c) an incre2ased industrial agplicatisn oF raw ag
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requiring no calcination in advence sucn a3 zandg

silimznite and adithane.

The most important consumers of rzfractory raw materials,
especially the metallurgiczl and ceramic industriss will

have to accept this tendency in the near futurz.

It may be stated without any 2xageration tnat tin2
tachnology of refractary materials has lately reached an
important ailestone, Years of an intensive raszarch and da-
velopment have led towards uptodate and rational processing

technologies as well as to tne discovery of new types of




minaral raw materials and thair mixtures., In ths $ast

grzat attention was paid to sver increasing droduction

3f various praducts ~ithin the same tise mostly without

[} '

paying due respzact to th2 consumpdtion OF 2nergy. Anstaer
situation has arisen nowadays, however. After tne OPzC
consortium has been sstablishad the stezp risz in the costs

of 2il and earth gas raquirss a revision of the tacihnolo-
sical processes used so far as well as of the choicz of

refractory mineral raw naterizls.

The industry of rafractory bodies telangs to tnos?
demaiding the hignhest amount of energy. Tne wndla ceramic
industry.is one of the la}gest consumers of 2nergy witnin
the entire processing industry of a number of industrially
developed countriss. Tnerafare, the industry o7 refracto=-
ries is affected very strongly by 2ll changes taking place
in tne field of costs of input energy sources, Znergy as
it is understood in compliance with the main aspects of
this work is meant in the sense of thermic processing of
refractory raw materials and, a bit less, in relation to
their transportation. Therefore, we shall not closely

discuss the dressing operations such as crushing, grinding,
e I B |

separation, sorting, mixing &atc.

There is a series of the existing as well as poten=-
tional energy sources wnich seem to provide foar tne indu-

strial development of the mankind till far future. It

covers radioactive raw materials and materials such as




[}
(93]
w

|

water, oil, earth gas, solar and geotnermal esnergy s

[8)
C

rca

)

3s long as we intend to mention the most familiar oJnes.

Comparatively vivid activity in the 2nerjy caservation

1.

n the refractories industry may b2 noted 2speciall
improving combustion s2quipment and systems 23 well as in

tne utilization 2f so callad waste heat.

The following tacle shows ths average values of energy
consumdtion in ths preparation {calcination) 3f a ton of
the respective mineral raw material at a standard tsapera-
ture of firing corresponding with nornal industrial condi-

tions,

L e ey e vt m———Y? A o . S p—p——
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Tzble No. B.: Energy consumption in the firing 27 various

<

tyses of minsral raw matarizl

rav aaterial 2TU X 135
per toan

nagnesite (naturzal,synthetic) £ - 52
mullite 13
Dauxite &5-9C 13
sauxite 70 33 2
synthetic corrundum 9
cauxitic kaolin 3
kaslin 7
diaspore 5

siliciumcarnide 23

claystone (snale)
perlits

vermiculits




Qut of the raw materiagls O0eing used in the produc-
tioan of refracotries requiring howsver mastly no h2at

traztaent opeforenzand b

[{"]

iong gzuartz, chromite, andalusits,

L
az:

et

sillimanits and ¢

(6]

[

It is quite obvious that 25 long as w2 Szn 2racuce

nign dzgras

refractories from raw saaterials reguiring no
of thermal tre&tment we may achizve important enercy savings
cnd, thereby, reduction of production costs in connectian

ination af

(¢
W

witn it. In many cases namely the cost of cal
refractory raw materials befoers further processing amount

tdo 5C = 75 per cent of their final selling grice.

(¢}

riclasz

Calcined mag¢nesite for refracotry purpsscs - p
- is prepared from natural magnesite as well as by 3 syn-
thetic process. In bath the cases tihn2 respectiva tecinno=-
logical processes demand large amount o27f thermal enzrgy.
In case of the calcination of natural magnesite in an zo-
solute majority of cases rotary kilns 2re ussd for itz
firing. The rotary kiln proves to be a hignly efficient
firing equipment in case a microcrystalline type of a raw
material is to be calcined. In case of a microcrystalline
natural magnesite it is usually necessary to apply 2 doubls

-stage firing process if we want to obtain the required

density of a product,

A single-stage firing process of green magnesite in
tne rotary kiln offers comparatively limited possibility

of optimizing this technological process in relation to tihe




potential savings of energy. In fact, it is necessary to use

a neat exchanger and peeheater connscted to the rotary kiln.

4}

Thege is quite a numbder of various designs of the prahastars.

f t.

-t

(&}

The @St technicians think that the main affact

s sra-
neaters rests in the utilization of waste naat from thns
combustion products and from the 2xnaust ¢ases. Tais o5inion
stems out from the experisnce that tne tampsrature of tha
exhaust gases is usually lower when oreheatar has been usad.
The aforesaid lower temperature of the combustion oroducts

and exhaust gases results directly from a much mora efficisnt

transfer of heat during the calcination grocess.

The highest ensrzy loss2s in tne rotary kilns are

caused by:

a) radiation and convection right from the kiln bocy

b) thermal gradient in the calcination zone

c) nonrecuperative cooling of tne proguct

d) heat losses through the chimney (unless tiere ar2 ©inli-
mized the losses mantionad in tha foregoing 2oints,

these losses are relatively small).

As long as tne work of the rotary “iln prehstar i3 t0 e
really efficient the calcination process sust D2 32 COn=-
trolled that no calcination shculd take plzce in the pro=-
nheating section, Ths calcination zone, howavar, aust <2
enterad by the raw @aterial the temperaturs2 of whicn ove=-
ing intermadiately lower than is th2 Jptiaus caleciration

temperaturs, A3 far as the neat from th2 matarial 22in;

-
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tha raw matsriszsl can o2 crushed so thot o Tim2 Tractionc

crazined fractions can b2 usad for otner surposzs tha uss

O

f the shaft kiln proves to be very stiractive., In t.e cgse
of application 3f tha shaft kiln racuperation is coazara-

tively 2asy ard the coambustion proaducts src of relativaly

(5
-

low temeprature. 3esides, tih2 sinaft «iln jacket czcn oz 2z2-
sily and efficiently inguglated to prevent ezt losses

- for thesz rzasons th2 heat consumstion ralated to the
same weight unit of ths calcined raw material is lowsr

than in ths case of the rotary xiln,

i

To compare the efficiency and z2nergy demanus I snJuld

like to mention the principal parameterz of thz 2bovz

discussed systems:

1. Rotary kilns without a preneatsr: consumgtion of atout

3 000 000 BTU/MT of the product

2. Rotary kiln with a preheater: about 6 COC GCO BTU/MT

of a product

3. Shaft kiln: approximately 4 500 000 3TU/MT of a product.




aroduct, IM tiais cass the raw sztariagl is first calcinec

({1}

in 3 nultistage verticsl %iln., ATtar cslcination the mag-

(3]

n

nasium oxide having been sO made is to be czlcined at the
nighest possisle tzmperaturz to prevent neat lossss snd the
finished briquetes are transparted to tne final firing. The
briqueted material is calcined 2ither in tns shaft or rota-
ry kilns. As far as the shaft kilns are usad it is nescessary
to count with still more heat consumptisn amounting t3

2 COC 000 BTU per ton of a product, Thne ratary kiin, now-

ever, congumes another 3 0C0 COC 3TU per ton of 5 groduct.

Thougn chromite is an inportant refract:ry.materiel
its consuagtion in the world scals has been drapping cown
recently., Because, however, it does not requir2 any calci=-
nation before the industrial applicatiorn its consumption
in the manufacture of refractorieg aay probably ris:z again

in the near future.

viorld reserves of bauxite usable for rafractory pur-
poses’ara considerably limited., This matarial of a cha=-
racteristic loss bty ignition within 25 to 35 ;§ is usually
calcined at the tzmperature of about 1700° c. Mo sub-
stitution of equal value for czclcined bauxite 2xists at
pregsent, It seems, tnerefore, that even t.e rassarch and
developmant work in this respect are considerably =cocnonical-

ly limited., For the calcinatbn of this raw material only

-———

[



in soa2 casas the lass snergy afficisnt rotory '“iins woy SS
raplaced with th2 snaft ones.

it is w~2ll known that 2auxits t3 o2 ussad ia ©°s insustiy
5% refractorias containing aiuainz dxid2 within t.2 ran s

£ 3 co 7 I3fea nlcinarsiar) cominc feox fags oarid

of €3 to &C I {aft2r calcimation) <oaing VO3 varIlds .or-
depoisits reguires differsnt firing t2m3oraturss.

Saome rmon=n2tallic raw fatarizls 3uch 25 2.5. 2TUXKITLIS

vasling, diazssore, kyznit (disthzn2), sillizanits, 2aCaluzizze
contain zdout 35 t3 75 par cent of alusina sxige zfter

calcinatiosn. So called bauxitic kaolins are amodstly usec in-

dustriglly at nresent.

es mi3y 92 expectad in th2 nasrast

Potential cnaan

L)

(18}

in the application of andslusit2, Tais raw material L2i3ncing
under the seme aminaralogical grouges <yanit anl si.lizanite
contains zc52wt 5C to 8C 3 of =2luminag oxids ang it .23 Cc22n
well known as zn interesting refractory raw agterizl i~ ve-
rious parts of the world for many years. 3scauss of thz 72ct
that this mineral doss not snhnow practically any caanZzs

in volume when heated (loss by ignition is delow 0.3 )

it nead not be calcined bafore industrial usc.

Andalusite is a typical exampls of possiols axprassive
change in tihe application of raw materials in the industrial
productisn of refractorfes wnera the raduction in aroduction
costs and lowering the esnergy consumption ars tne mitivatisn

nomentum. In tnhnis case the economical momentum plays 3 jsra=-

dominating rola. However, it is necessary to tak2 all
g




- 17 =

circumstancas intd considerztion to which pertazins asis?

-t

ne durability of tha final refractoryv zrodusts undzr ina-
dustrial conditisns. In the casz of ancdalusits dus r2
it to dDe peid to ths fact that 2nargy savings stand on
one side GLut the costs o7 winning and drassing thzn are on
the other, It ensues from this tnat th2 aanuiacturcr o7

refractoriés has to compare:

a) the purcnase cost of andalusite in relatioa to the otner
comparable refractories whici can replace tais minarzl
from their chemical composition and physical propertiss

noint of view;

b) the difference in the properties of the final groducts

with or without the application of z2ndalusite;

¢) changes in the life of the final products. It nay be
supposed that the aspects stated under b) and c¢c) will

speak in favour of andalusite.

In the group of refractories containing 35 [ to 70 7
aluminum oxide kyanit (disthene) and sillimanit2 are the
"close relatives™ of andalusite. Though the loss by igni-
tion of these minerals is lower than 1 ¥ and the contant
of Alzo3 ranges within 55 to 60 §j their use for refractory
purposes has been limited 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 kyanit shows .volume changes at the
temperatures of 1400 to 1500° C when it changes into the

mixture of mullite and silica oxidé. This volume change -




2xpaneion - is made uses of for eliminating tre shrinkagcs

of the other components of refractory aixtur2s, It is

absaolutely svident that the =zpplicability 27 yznit far

thz refractory purposas

a
W

sarvae {furtner detzil r=s3233rch.

doen it is wus=2d in zor t

w
W

2N

[\1]
t
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2 it will bring 23xgrzssivs

)

savings in energy since it can substitute calcired ra-

fractory grog to graat axtant.
The oossibilitiss of ensrgy consarvation in casz

:

of kaolia snd refractory claystores and clavs zrz fira: of
all baszsd cn the fzct that th2 azss for aalin raz-zsciso
refractory sroducts ig formad 5y the zixturs of

and calcined radractory claycy rzfractory raw aztorisl

[8}]

with 2 typical losz by ignition ranzin- frzoa 10 o3 15 .3
znadle in this czse the productiosn 27 shzs2s wizn 2
Consideratls volunz stability znd s.tizi~ctary 24 emzizm-l

’ pi -

tdiarances, 32m@ zanufacturars of reicactory nzt@riz.:z s:oil

ds their Jroduction based only zr a: ungfirsd ras aatsr<-ls

and their aixtur2s. Thls way th2 technslagical stzoa oF
Nigh energy <Z2mand is elimimatad o1 2r2 “znuo 2nd, a0 Ths

dther nzod, quite sutstanding quality szrauctars of ¢irzl
Froducts can ©2 a2ccoaplisined 23p2¢iztly -3 rs;ores - Lo,
porosity end nizh doasity resultins -f coocss Aaozlhatoezi

Araolongad iifs, The succasz in th
tzcanolagy (use of clayzy rafractory raw materigls sitan.t
prior caicination) depends chizfly on the twd follzuing
Areconditions: first it is the procurasent of a suitzsis

tyze of clay the chemical composition and physical

-
[ @)

por=

ties of wnich arz the presupposition of acniaving tae rzc-




ra2scsry clay or

Pyrapaylilite is an aluminosiliczte contsining a%out
of z2lusinus oxide distinct with a low content of
3lkelis its loss by ignition baing about 3 . This raw
materizal in an industrizlly important guantity 2ccurs in
czpan, Korza, the USA and, latzly, also in Australis.
Rzfractories based on pyrophyllite find their mzin 2:2slica-
tion in the lining of %iln cars, in ths sroductiosn of
tanks and ladles in tne stz2l industry. Crushzd znd sortag
pyragnyllite in a mixture witn zircon and 2 dindsr Zased
on a rafractory clay is distingquishad 5y a high rasistancz
against blast furnace slags and by a negligible zxpzasivity.
Pyrophyllite2 in green statz is used in the sroductisn of
monolyshic refractones. Since tha use of pyrophyllits does
not require any precalcination by its broaader agplicatioan

nign energy conservation can oe achieved,

Refractordies based on 8ilicem dioxide are produced from
raw materials requiring no precalcination becausz thay nave
practically zero loss oy ignition, Expressive changzs in

.
tne use of refractory materials based on silicon dioxid=z
have taken place in recent years, ithen compared with the

year 1950 their present world consumption is by 30 ;4 lower.




Trhe main reason may be found in tha fact that the stesl
industry has switched over droam cupola blasf furnaces
towards oJxygsan converters and, at the latest, aven o
a direct rsguction 2f iron ores. Gn the other hznd, -
ever, these matarials 52 not need the precalcination of
a raw material s> that win2n n2w a2pplications of thes2
matarials are found it may result in oJutstancing ansrgy
consarvation.

Clivine is 2 magn2sium silicate wnich vias used in the
production of refractories in many countries of th2 world
as early as amore than fifty years ago and ta a linitad

extent it has been used till now.

Furthermore therz still exists a small group of mi-
nzralg raw materials dzing usad in'the prctuction of re-"
fractory insulating matarials. Sentonitz wita loass by
ignition of 6 ¢, diatomite 5 %, cerlite 4 ,; and vermicullits
9 )5 are materials the refractory character of wnica in-

dicates that in the case af an intensive rzscarch and g

Y]

velopment they may odecom2 materials requiring nd enargy d2=-
manding predressing. Grzat possitilitiss in en2rgy consar-
vation are algo in the fact tiat tnese mat2rizis a2y serv2
asa source for the manufacture of highly efficient insula-

tion matarials for kilns, furnaces and ather tharmal eguip-

nant. Latzly, an increased intarest in refractory insulation

matarial can b2 noted; these materials enabls to prolong

expressively the life of furnace and kiln linings.




Certain reduction in the procduction of refractories

23 2 result of the st=229 ris2 in 2il and 22rtn 23 drices
is diffarant in variosus garts of ths world - it <az2noz aaine-

1y 53 the extant ta waich tiha indivicdual progucers nzve

is influenced by a numbar of factors: countrizs .ita chz2z)
ar2rgy sourcas earlizr producing nd revracioriss and wine

ax:ent only, will certainly think o7 iazlamentiaz or ex-
sanging this production for local industriss ard esgacially

22sibility studizs sust naturai-

~-h
<
@
—

2r 2xzort. The respecti

=

-
~\

take transpart costs inta consideration wnica of coursa
3lso depend diractly on the fuasls costs,

Normal, evolutisnary devzalopmant of the majority of
industrial branches in the viorld has bzan 2noralusly af-
facted by the spiralling prices of energy in tae rscant

years - one of the most important motivztion factors of

o
W
1

all industrial activity. Th2 production of rafractoriss
longs to those industrial branches being mast demanding
in view of energy consuamption. In @any cases, major part
5f enargy is consumed in the calcination of 2 raw mat2rial,

nore 2nergy then is consumed in the firing of gnaced products,

orepared of mixtures containing calcined naterial bpesige

(4]

the plastic binding comgonent consisting of green raw mata- .
rial. That is why so much money has besen spent lately in
the development of new types of technology and products ra=

'

quiring less energy.




eedless to say tnat expressive changas in tecanology znd
refractory praducts assortment take place all sver the
world due to the existing 2nsrgy crisis,., Thess changas of
course entail cnanges in requiremants for raw sat2rizl ssur-
ces and call for the daveloopament of new working mgssas the

most 2ssential viswpoint being the overall energy consump-

tion and production costs. The atoresaid chanzss do nn

rt

mean only the recduction in energy consump2tion and Jroduc-

atarigals

tion costs at the manufacturers of refractory raw n

and materials - thay affect in the same wiay tinzir consumsrs,

to0.

Insulation matarials based an expandad ciavay rocks

Demands for light-weight aggregate. are growing in
the building industry, first of all in the concret2 aixing
plants and in the panel plants. In mobst cases it is an
expanded granule made of clays and claystones {in many
cases the initial raw %aterial for their groduction Saing
slate rocks from coal mincs and wastes from coal wasning
nlants). Sxpanded clayey matarial is not important only
owing to its low weight but also by its high thermal in-
sulation ability. That is why its use is rathar broad and

finds its application as aggregate ints concrat2 intandad

tor tharmal insulations or in structures of light-waight

reinforced concretas.

Expansion aoility of a certain clayay material cannot

oe judged by its chemical composition only. To judce the




-

usability ot a ciay2y rock for 2xsSansion it is necessary
to know, obesides its chemigal analysis, still a ssriz2s o7
dhysical progerties and its mineralocical composition,

Raw materials t2 9e expanded should meet oarticularly ths

following requiresments:

- high plasticity
- hich proportion of the finest particles - minimum
35 7 of particles smaller than 2 micrometers,
-~ higher proportiosn of illite ¢o the account of kaolinits,
content of calcite and dolomite not exceeding 12 g,
- points of sintering and vitrification must b0e closz t»o
each other, usually below tne temperature limit of 12¢0° c,
oyroplastic softening of the body should bagin, if possicle,
at the stage of spontaneous development of gaseosus phase,

- the interval of expansion should be in the prevailing

majority of cases withiethe rance of 30 to 100° c.

A mixture of expandable clay and power station ashes
is used for the pr:=paraetion of highly strong lignt-weignt
f:llers applied in the production of light-weignt concretes

of compression strength exceeding 225 kp/cmz.

The granule prepared by various processes can be 2xpan=-
ded in different types of kilns the choice of which depends
on the charecteristic properties of the razw material and on
tne requirements to be met by the final product. In many
cases compa.atively slow preheating is used ranging fronm
400 to 600° C for which grate~type or shaft-tyne praneaters
are used, Following that a greater or smaller thermal schock
is applied. Finaly, some types of kilns for expansion pur-

00825 are@quipped with cylinder coolers or by cooling in




a fluid layer. Rotary kilns, howsver, are most often used
for the firing of expandable clavey raw materials. The
dwelling time of granules in the kiln moves betwean 3C

Ay

to 210 minutes,

On the basis of physical and structural proparties
the expanded clayey raw materials and lignt-weight concratss
may be applied in many branches of the construction ang
building industries. Among the application possibilitics
belong also thermal insulations of J5ld buildings, insula-
tion interlayers in the construction of raads, additions
to insulating plasters and mortars, structures of flat j?ofs,

tiling materials, cnimney bodies.,

The summary of all the possible zpplications of ex-~
pancded clays in the building industry can be never comdlzt:

‘since new applications are added practically dailv.

The consumption of thermal energy per 1 kz of 2xsandzc
clay drops down in an inverse proaportion td the increzasing ca-
pacity of the plant from 1000 to €30 kcal. Similar prooor-
tion applies to the costs of electric nower, water, fuel

0il, lubricants and spare parts.’

Wnhile judging the economic profitgoility of the ap=-
plication of light-weight concrete material costs anly ar2
taken often as a basis tnat may lead towards incorrect
conclusions. The material costs namely get lower in rzlation
to the thermal insulation ability of the respactive matarial,
The expensnce gained so far snows tilat when licht-weight
acgregate is used in concreta the weignt 2f products in

the case of a current type of light-weight concrete is re-
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duced as much as by 30 per cent, in the case of an insula-
tion concrete then by as much as 30 Y. Out o7 this other
possible savings result thgn further ones in assspobly and
trans3art costs,., Though the material costs are higher in
case of the light-weignt concretes the total costs if it
is applied in the project will be lowsr in camparison

with a standard corcrets,

Other types of mineral raw materials such as diato-

mite dressed in various ways, expanded perlite, vermicul-
lite and a broad variety of synthetic fibrous insulation
materials of differesnt degree of thiermal resistance amay
also‘be suitable for application as thermal insulations.
The description of their prcduction and physical pro-
perties, however, 1s beyond the range of this pzper, ‘

-

Energy costs and dressing of non-metallic mineral raw-

materials

The rising cofists of all types of energy have a di-
rect effect on the costs of the mineral-raw materials
dressing, It relates particularly to those types of raw
materials raquiring to be fired. The pnrices of cement, )
fired lime, refractory grog winich are to be calcined will
go up fasterg than for instance the prices of faldsnars, ’
glass and foundry sands and other types of ceramic raw
materials, The consumpticn of some minerals and minaral
raw materials will grow because they are used as a source
of highly efficient insulating materials. Furthermore,

it will also be glass sands and soda for the p?oduction

of glass fibres for insulatioan purposes, bdorates far




the production of boric acid being used as a media for
reducing the inflammability of celulose insulation mate-~
rials. And, finally, of kaolin and saJme 2ther raw amaterials

for the production of refractory insulation fiores,

The andeawour fo ce2t energy from non-conventional
sources there will be ever growing demand for sslcoctad
types of ceramic and glass raw materials. Glass for solar
energy collector, silicon for solar bateries or lithiua

for electric accumulators are tne example of it.

From the production costs point of view tnh2 individual

[0}

rocesses applied in the dreesinc of mineral raw Gatarigls
ok g

may be classified as follows:

1. Magnetic separation with low intensity of magnetic

(2

Se

field and separation carriad out 2n Humcrey sSgira

2. vashing, dressing on jig wasiers, concentratiosn taslus,
nydrogyclones, separation in heavy liguids and sus-

pensions,
3. Slectrostatic segaration.
4, High-intensity magnetic separation,
5. Flotation,
S, Magnetig frying wien followed by wnacretic :scparztion.

7. Hydro-metallurgical dressin¢ zrocesses znu cnenical
metnods of removing ferrous compounds and a surfacs

activagtion,
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