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1, INTHODUCIICW

ach: rascarch rosults id industrial o=
& nod in agary ad abroad concerming fco-
_UEY, 2ining and cruciiingeayolilng of neorlite, its ei=
trial and egricoiiural uvses, or zore ciacte
S ¢ uses of worlito, Lt 10 baged cn the bock
U orlite Ciacrece = Per_lite luroar® Ly Cr.Jdziius Ujhelyl
sublisued in Heagary flidszalis Kiaddé, Sudapesc, 1933/ but
viis syudy s Tore devalled Ll covard achicvinents,
iunduatrlal experlenccs cutaied in tiie lase o7 years,

Perlite is a wolcanic glacs of hiza waver contezt,
2inely cyished and ycasted ac 50 Yo 156D O¢. Uzon heat
elfect, viiy parciclced expaad vo the multiple of taelr
vilzginal voluae,

U3 were thwe firxse 2a the industyial applying zor=-

~
-
~

lite by the early *fcurcies /i/. It Zoca beczoe vopular, hi
wated 1o e tullding incustiy owing Lo 1t3s cxtrencl;
izt wolzat zad good thiermal insi:lavion, LU is emong

the ldgicest of tie zecually Imown porous agiregates, a
-y

It i3 wostly applicd as oz wegzic Loy novtar cad
couerete o provide for therwal insuvlacion and ligat
wvolpht 02 vulldings, Recoatly, lowever, its peculiazities
gxeand 13 £leld of use: its gyreat spcclfic area recormend
iv Por fiitering, heat «id fire resigtzuce for insulating
iadustrial furnaces, district heating pipelines, hish
witew rovciclon 1 agyleulture /o.g. for Soil exchange,
ploat byceding etc./. -

Aroste averywhere, liadustilal use precaded syste-
niitle, purposeful rescarcr-testing worl, testifying utl-

Lity of the naterial on one hand, but luading to contro-
versial oxperlences because of insufflciently known nmate-
rial properties and undeveloped p-ocessing techndlogles,

~
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Ynese obposed themseives to the eariy coxtension of pere
lite.

repiice industry uadergoes a mimicy developaent
caroughouc the world, A3 ggainst 17 porilite factories in
cue USA in 1949, Ly 1971 87 of thiem woyo in operation,
processing about 350000 tons ¢ perlite a yecy, In the
USSR perliite reseasil caxd use bogan about sizultanesuse
iy, by tne second nalil of the ?fifties to procuce scac
1 nilllion cu.m 0f expasidcd periiite by 1970, Scveral
countried iln Suropa and ¢verscas have largeescale, bigoe
ing perlite industrles /fiagland, Bulgezla, Czechoslovakia,

Greece, Federal Republiilc of Cerzny, Iccland, Japan, Lta=-
1y, ete./. In Hungary, use of perlito started in 1333 /2/.

Perlite fines /0 to 3 mnf are uscd in tro building

industry ralnly foir thermal iasulation, as lcose upiill
oy mixed with birders in cast in=3itu az=d prefabricated
coxcrete, mortar, icny data reley to its use in insul-
atcloa casing of disirlce neating vipoline, rofiractory
concrete, in concreto Zuy @ wlice range of building uses
/ zarages, Lungalows, site bulldlngs, pover station switche
boxes etc./, for stifZailng ccncrete, acoustic linings,
gtc. Thexo are scme c=oples foz its ctructural uses as
concrete aggregatesa fue roof slabs, partitions, exter-
nal walls, although for this latter, larger expanded
perlite parcicles are preferred /Dmax = 15 to 30 mm/.
Raw perlite can %o renclcaed a3 prime material for ce-
ranle paints, glazing col glass /3/. Latent hydraulic
oroperties of givean tyge3 make them a concrete admixe
ture /4/.

In the oullding industerm, piimarily the extension of
ncw bullding systems lald claim for cheap, simply produce
ible, nigh grade thernal insulatlons, ilanely in up=to-
dato architecture, i order to decrease building weichts,
Different materials are applied for load bearing, thermal
insulation, 3ounddamping, fireproofing, etc.

All these tasks were traditionally achieved by brick;
gtrength of a 38 em brick wall met requirements for muiti-




storey tuilding~, thoom2l and acoustic insulation were
acoquata, ilece brick Iagades could bo pade with selogeed
Dulcks, £.03% rosistoace, fire resistance and durability
vore suiilcient,

Advont of buillli:: induscrializcotion, assombly
s.oihods zejudred Lol o Ussibly large-size zid high-
sourngeil, cad at tie oo tine, possibly Milut-weiont
sullding welts fwalis «:d flcazs/. Tiece requirements
cuuld ot L2 met Ly o slugle tuilding caterial fobrick/,
i3 wag s2placed iniiic ly by veinforcad concrete, ilzter

> steel rTor load bLoauliif, heat instlaiion vuas provided
oy w0l urick, Lisluiolgat concreto, wud quite yecct-
Ly, Dy syochetlc catc:lols, lect and flyxe resistance of
Tilese lavter is SULLL Livblewatic, and ranufacture ig
»athe> Loucy coasuig,

The ecent vulliil] SYS‘..GJ are accoupanied by teche

aologlcal requircoonis, Uadts v indusirialized mosc

bullding st be piodcocd in Lagge selcesy at a higr-grade
aochanizavlon end cueowatlzaticily woads.or=indosendeniy
nerdectly eldminating Zinishing 3itewoidy, at a2 high pro-
ductiviiy, Part o ticese requrcuents ¢y bo wuec by lie
use of parlite,

Besides of bLulidlig indusiiy, clso other Indusciies
lay clain ca perlite, Clemical indusisy apglicd perlita
23 2Zilicy, catalyst, pirzent caivier, =3 woll a3 filtexr
ald, a use common Wit Zcod inltustry /iu sugar and beer
sroduccicn as £flltering perlite/ in addition to being
used for packaging Lccwuse ¢f chcmlcal ineriess, In
siderurzy it is anplicd for keeplng sécel hoc arter
Zounding, in the wechciical industry foyx vibratvica daaper,
agriculture makes use ¢f perlite water yetentlon for soll
clichange, plant breciing, gaiden soil cuelioration, while
vuceyr manogement applics perlite for reducing stillwater
/0.8. lake/ evaporaiilun,

Perlite has a gpeclal importance in environmental
engineering, 1ts high gspecific surface enabling it to

‘,,:




hde ol e

neutralize water pellution /e.g. oll pollutiorn/, indust-
rizl 3ewagcs, ecc,
Versatllily o goolile inyposes gysiicazcizaclen,

-
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ded, hocuever, Dy contracdictery tast data ovtainrid in
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ach fleld ¢3 use ircluding tallding ixnlastsy. and in

practic"" observations, Ca the other hond, grezt nerlite '
corsumer ccuntries hove published nuosrsus reverts bn

manufacture and properties that help orieniing in the

ch203 of booklets, iaventions and inconziderata attem:ts.

2. OUTLINZS C? TiI= GEOLOGY OF PZRLITE

The industrial value and lithological character of nerllite
was not recognised \mtid tho midcle of this century, In
geologlcal papers publisked in the 194‘:h entury and in the
2irst dacades of the 23th a3 well we mey f£ind zmencions
only of "glzssy rhyolite" rnd "zocditic rhyolits®,
Frea the iadustrizl poiab cf view we may degscrite
as perlite "any vitric veleanic procduct with sufficient
wrateyr context /usually over 2%/ %o causc 1%t erpend to a
utilisadle light welzat material whon heated umder concrole
led condlitions®,
The zeolozgical d¢rvnriination of perlite £s bound to
ore 3trlict conditions. . zust not regzrd -Icr exzople -
some exgardable volcanic tuf?s /pumicite/ or lava rocks
as cerlites, For sake of wmiforzity it i3 expedient to
use this rock name in the zense of zgeological determination.
Geologically wa may describe the rock comsisting
essentially of volcanic glass 23 perlite walen e
« takaes 1ts origin frca a lava of stricily deformined chee |
mical composition and water content -
- consolldes wder doteruined physical conditions
-~ and has tae 2abllity of expanding from 10 up to 20 tines
of original volume ir: the course of heating in kilns,
The average amount of siliciumdioxide /3102/ in tho
typical perlite is in the interval of 70~75 weightil,




walsht % of th2 rock nass,

Tie sodium and potassium cantent of perlite is of
great inpofrtance, the viscosity of lava being in prozor-
tonal relaticn with thz emount of a2lcalines, The escagpe '
of volatiles, consisting mzinly of water 13 prevented by
the viscosity of the cooling lava, The sapme viscoadlty is
yielding the possibllity of the exgansion of rock with--
out disintegration into microscopli~ drops, The total
amount 3 sodium and potassium /in oxides/ 1s about 5=9
welsht 4 of the rock,

Other components of the perlite rock, the iroa, the
mangancse, titan, rhoschor and sulphur are present in very
small quantities, and from the soint of view of indusirial
utilization are negliglhle - somewhat greater amount of [

|

wiile that of the alumina 1s generally between 12-15 1

irnoxides however ccuses unwantad coloring of the 7roe-
ducts and thnat of the sulfuroxlide has hamful sldezifects
in kilns,

The most importat componzsnt of gerlite i3 the wat.r
bound to rock texture or "solved" in the volcanic zlaus
= bchaviour oY which 13 a detarmnining factor for indust-
rial usability of rock.

The water in perlite rack 1s present in two forcs,

The moleculas of "texturai water" forfwater o2 conue
ztrction"/ are set among the silicate tetrahedrons pre-
v2n*ing in this way the composition of cryatal structures
i,2, these £ammm of water contnet 3tabilizes the volcanise
glass,

Tha otaap part ol watar centan®t may be mentioncd as
"molacular water" /or zeolitic, free water/ which is
concentrated in the submicroscopical cr mitmscopical
fissuvres of rock taxture, It is 2asy to exrel this part
o2 water céntent from the rock,

There are a continusus interference between ths two
form3 of water - the mwlecnlzs ol the latter are entaring
in the volcanic glass, Thia results a slow process of o=
crystallization,

. e ————




The avove dascrived chemical composition is charaec
taristic to acidic magmatic rocks /i.e. thosc ccnaisting
zinly of silicivn dloxida/. By this way the perlite delcngs
to thz 3rouy of rhyolitic-dacitic rociis or - in broader
sanse = in to th2 so called "pacific!" or "calc-alcaline®
crovinee of magnmatic rocks, It represents a specific
#facies" for rock type/ of these, which comes into ba2ing
cnly under strictly detarmined circunstances, The striking
uniformity of chemical and textural ccaposition of serlites
in a wide range of perlite d¢posits throushout the world
is a reliable proof for this statement,

The mineralogical character of perlite rock can be
shortly dstermined as "voicanic glass with =ome amount
/up to 8«10 wvolume % / of crystallized minerals and other
particles /e.z. obsidlian fragments and needles/"%, |

The choracteristical 2igure for a2mount of gliass is
bYetweeon 90=97 percent of volume, that for the minerais
/crystallized fracticn/ is beotweea 3-10 vol,¥. The bulk
02 minaral /erystallized/ fraction of the perlite i3
compssed o2 feldspars /plagioclase/ and also the bbtite
15 occuriag often in pizeces, Jtasr ainerals: quartz, apa-
tite, magnetite are extremaly rare,

Most perlits are o2 grey colour the intenoity of wnich
varles between vwhitish, 3ilveregrey and dark grey or black,
31uish or greenish shades of colour are frequent donetines
russet coloured types are occuring too,

A number of theori2s were composed concerning the
formation of perlite, Th2 well known facts or vetter to
say, conditions of perlite formation are as followa:

The occurencas of jerlite are always confined to areas
of volcanisn, which ylelds rhyolite or rocks of rhyolitice
-dacitic charactar,

The sudden conilnz ef lava which srevents the cryz-
tollization of the molten liquid i3 a precondition for
perlita gonaslis,

Luring tals zrocess /i.,e. thae "freezing" of lava/
sufficient pressure needs in prevent the escape of water




be described shortly os follows.

Turinz a relaiively long period of standstill, the
gases of th2 liquid lava attoin a considerable grode of
enrichment in the upper part of the velconic chanuel, In
the initial phase of sr stlon the prescure of zaseld breaks
up the nz83 of older volcanites. With the sudden T hi
pressure the lava colurs: "bolls up? and enormous rassz3
of rumice will be cJecred, mixed wlth rock frzbmeuis ori-
ginating from shecis of faormer lava flows or pyrociss-
tics, /The volecanic channel acta as a natural kxila for
serlite expansion/.

3y this way the first chazz of eruption 13 of hizhaly
axplo3ive character and produces thick complexzes cf unle
ceous tivifs and pualca,

In deeper horizons of thre "ava coluan the iiculd cone
tainz szaller amcunt of ga.-s'es /1d vator/, wiille the rregde
sure is biazer, Curing the rapil ascanctisa o this lava
th2 volatile /mainly water/ conzent hos no zessibly to
esgape from the iquid, it —ay intrude - extroding £rca
produced by thz initial steds oI erupticn or cover the
surface a3 lava-Lloil,

In the case of extrusion tinz cooling and consolida-
tion of lava takes place under sressurz, 2y tais way
1lqulds of high temparature /1C00-1250 °C/ are turned ine
to vitritic masses, This is the mechanisn -« in rourh out=
lines « of the formation of the extrusive-tyre perlita
deposits,

Supposing the weight of a 5 metre thlck colum of
molten rock being equivailent to the pressure of 1 atocs-
phere, tha cover /hich ylelds a sufficient pressure for
perlite formation must be as the following tabl: shows,




Jrnner- Tesths of forancion T lhie shinIzs [in notio
avure suaica comiee cod ST.o3ses -lass

On : -

c

230 on the surface Lzluouwn O- H o vadIr o

G2 csove 10 . bziveen 12-430 n mier &3 n
1220 Zhove 33 n bzurcen Io-Ch o vacer Sionm
1050 hove 51l o behwzan Cl=30 1 rmicr 72
1120 atove G0 m beireon C)=Y5 M unier T3 n
1150 arova 65 n belwreon £5<80 unézr £3 o

The extrusioa Takes place moiniy on the slcpes cf
voleanie conss, in the immeclate cavirvoncenc of the 2in
volcanice channel, The perli‘e bodica Dormed vy this wa
are of lialtad extenzion, un o scveral undrad meyrss
in thelr horizontal dimsasicns zad with en avercge tiic
ness of 10=50 aotres, Tha ~23erves, QQWwevweT, ar: adciusie
2o9r ining on higger scole,

In toh cro33 section o this Jderocii=tyzZ2 the por-
lite Jaclas oZf lroner parts, tho trzmsiticnal reock tyues

and iae Penveloping! broccia /Jor agziomerate/ are aluays
distinzulshable,

Lava=21lows with lesser veserves of heat /ucoperature
of the ligquid about {O08-320 ®c/ oy L2 consolidated into
perlite uvader atwoszaeric syessure wolle

This 1s
tyne! zerlite derosiis,

Zhe “perlitlzed" laova-ilowd 1uild up tiuick cominxes

the czze ol the DZoruztlcea o he Wlava~-bonk

s

- sometlmes up to the thiciess ¢of 350 mecres. In the
coaplcxes barts or lovers of compecy vitritle perl
aiternating with thoso of tunlcu
payslc perlite or even bands or leyo:d of rhyLo*ite, re-
preseating the changes In water ccateat, teaperature and
pre3dsure conditlona caused by subzequeat lava flows in

=) P-
o
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vanded perlite, 1litho-

course of the eruptlion,
Perlite lavaeaggloiierates or lava breccias are occur-
ing in these sequences always in great masses, for the




younger lava flow breaks its way through the older ones.

3oth clastics and cement of aiglomerates are of perlite

- the latter heing olten tuniceous, In this deposite-type

one can ofien see the transitional developing of the per-

lite into rhyolite as well, .

According to changes of chemical ccmpozition and phy=
sical state of 1lava during the series of eruptions, a
transitional development may take place between the above
described deposit-types,

In the final stage of the volcanic activity the re-
raining lavas have only insignificant remains of +-~'r
original water content, The last products of the eruption
cycle are obsidian and rhyolite or some other acidic rock
of the rhyolite-dacite group. Andesites are originating
from the rest of the magma as wvell,

3. MIIING GCOLOGY ASPECTS OF PLITE

#acroscovically, perlites are distinguished by colcur or
texture, that iz insufficient, however, for practical
claszsification, Perlite kinds diffar by morphology,
strength and other ;rorerties /porosity, granularity etc./
Any of these progerties may be aprlied for locally dise
tinguishing types but these local distinctions are no
commercial classification for perlite. There is no such
signiZicant differvorice between analysis data for diffcere
ent perlite types as to permlit classification, differ-

entiation between tymes,

Water contents are generally about equal, thew aro,
however, of practically differmmt expansivity, resulting
Zrom the oond strength of perlite crystal water and de- f
hydration ratae, besides of certain morphology peculiarities,

Thus, obviouily, because of genetic features, porlite
quality may vary greatly, at randon, even within one site,
along 3trike and dip, over a rather sm-~1l area, Also dead
rock beds have to be reckoned with, thus, quality determi-
nation should he based on frequent, careful mining-geology
surveys, This randomlike quality change of perlite within
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a snall area requires in any case a selectlve method of
aining,

Because of its mineral coamponents and texture, per-
lite has very abraslve propertics, to be aware of toth
in mining, and in planning and operating the preparaticn
pliant,

Parlite is a brittle, cracked rock of variable texe
ture, ready to crush in general, There are, however, also
compact, high-streunth perlite types. In mining this cir-
cunstances has to be kept in mind, since for the sake
of posaibly advanidgeous grading of the end product, the
preparation plant require possivly coarse mining groduct.

All over the world, up to now, perlite is obitained
from open pits, faciiitating seiasctive methods cf mining
perlita varicble Ly quallty at random, over small areas,

In general, to the expense of a relatively gzreatasr
strip ratio, it is advisable to atticeopt open pit mining
of periite, even 1 to 3 strip ratio is admissible in per-
iite oven pits,

Cgen pit mining sermits optirum quality tests cf
nining geology prior to zsrocuction - to cope with geo-
loglcal features of the 3ite and the selected mining
sysier, Thereby the masdizum mineral yla2id can be cobtained
at the least production loss and minimum darren gangue
handling. Froductior losses deciszively depend on the min-
ing method and the homogeneity of the product, Zven in
the oper. pit method. production lcss generally amounts
to 20 to 5C 4, Part of it i3 due to dead rock interbed-~
dirg that cannot be significontly altered. Cimilarly
ilttle influenczs can be exerted on loszes due to disting
/coarseness,/, howevar, strictly ssecifications for quarrye
ing, materizl handli .g and for a careful grinding techno-
logy are oovserved,

In quarrying, requirements for selective production
and careful matcrial handling 1ave to be kegt in mind,
Depencding on the desired yearly output and material means,

|
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rock guarrying is advisably made at the least cnipjsing
cossible,

General quarrying metndds are either of the follew-
ing three technologics:

- break-out with excavating equiovment - with preliminary
blasting

- drilling, blasting with manual loading

« drilling, blasting with mechanical blasting

Break-out with excavating egurment with vreliminary
blasting is the most expensive nining., It is rather ener-
gy-consuming, at the sare time, however, it graants the
bast coarseness and the most carzful naterial handlinz,

Mechanical break-out - loading equipment consists
generally of baggers with riopinz bailier, or in casc of
level deposits, rock rippers. Manual leacing tools are
the conventional ones, Blasting holes are advisable dril-
led bty means of revolvinz borers suiting to driil large=
~size holes,

Blasting grade may ba different according to the
quarrying method, Mere rock blasting should be endeavoure
ed, but even 1if the quarried material cannot be bu*
blasted, the material should be carefully handled, thus
larze-siza borehoies and defizpgrant explosive are impera=-
tive, Beceuse of the great variety of perlite deposits,
no zenerally valld blasting technolopgy can be sug-ested
but only directivas given for locating the blasting tore-
holes, pllot tests being needed to determine geometry,

In view of the likely perlite ylelds, transport
will be primarily by trucks. In case of such medflum-out-
put mines with changing loading 3pots, railway transgort
would be unjustified, leither are often changing mining
spots truly followed by continuous belt canveyance or
other ccatinuous transporting system,

Truck transport is advantageous by forwarding the
mining product rather gently, at a single recloading, to
the rreparation plant, namely the ‘bucket travels with
the product, thus, the transporting equipment i3 not ex=-




E»..“:_.. p———

[lexX'.--

H

p232d o the abrasive effcct of perlite znd & reat
bility in following the caaaging loading spois a3 racui
13 providad for. It is, howoror, unfavourable by regquiri:
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cood moads to ba constructed,

In locating the wdns, powsr and ccoprassed alr sudply
hav2 to be providzd for; if this camot be obtained from
nearly, open=pit oweration by exciusive dissel-driven
mechanizatisn may be reallzed,

Also wvater suppliy and drainage have to be kept in
mind. In case of inccavenieat terrain features, a pmping
equipment may be necdad,

L, PERLITE CRUSHTIG AND GRADING

To be processed /expanded perlite, foared glass, eotc./
the produced raw rerlice need crushing and grading, with
a view to oroduce a3 little finzs dead for nrocessing
/er2ins below 0,3 ma/ as possible, rain techrelozical
processes in the heading opsratiaon are: pre-cfusiing,
drying, postecrushing, fine=griiing, gradirg and stcrage.

Perlite 1s in general an =os3ily breaking, weil
crushing mineral, These cioperties prevent it, howevar,
f£rom baing crushad by izpact pre=c¢rushers such as gyrae
t3dry crusher, hammsr crusher or desintegratory ilkely to
produce rmch of wexcanding dusi,

of crushed heaps /eapiric theory by FOSIDI-RAMILUER, theo-
rca by XOLIGOROV-RENTI/, distribution curves are generale
1y of lognormal shape, i.c. the frequency /distritution/
curve plotted on linear scale isgkew to the left and its
peak 1s shifted towards the ordinatz a:is /Flg. 1, 2/.
Studies by LAZAR /5/ demonstrated these rules to be
v21lld only for a minor group of orushers, such as mills
and find crushers /giratory crucher, hamaar, etc./. Cn
tha other hand, particle distribution is far from irregue
lar for other crusher types but follows certain rules,
Crushing perlite rock is fundamentally bound to i roduce

naterial of a given grading. To select crushers, rules
need to be known,




Tests by Li=4r showed crushings by Jaw and cone
crushers to have Gaussian hence normal particle distri-
bution /Fig.l., b/, while these with rollers is tilted
to the right for a low crmshing degree, hence corres-
poads to the reflected image of the lognormal distribu-
tion /Fig.l., ¢/. This distribution law was proven to be
a speclal case of a law of general validity. According=
ly, particle distribution character of the crushed bulk
/lognormal, Gaussian, or tilted to the right distribution/
depends on crushing impacts,

This statement i3 supported by tests on different
crushers, of :echnological importance, In rollers, the
rock i3 crushed once, and in case of a low crushing rate,
1t is exposed to little crushing effect; passing between
the doubie cylinder, the rock is actually expoesed to cru-
shing only along the narrowest opening of the double
cylinder, On the contrary, in Jaw breakers the particles
are exposed %o several crusking effects even 1f crushed
cnce, upon sliding in the crushing Jaw towards the orifice,
while in hammer breakers, crushing effects aumber high.

Variation of fomed slag grading crushed in a Jaw
breaker 13 seen in Fig.,2, based on test results by W=
HELYI /6/. Single, couble etc. crushing means foamed
slag of max, 30 mm size to have been passed once, twice
etc, trougzan the Jaw breaker,

For the sake of careful crushing, rre-crushing is
done in a Jaw breaker as a ruls, The pit rock is first
dumped on a heavy vibratof partly selecting particles
below 100 m size, partly forwarding coarse material into
the Jaw breaker., Grading of the pre=crushed material can
be deprived from its moisture content depénding on the
mine features but troublesome for grading and expanding
by drying at about 150 °C /a hizher temperature would
strip 1t from part of its crystal water of impotince for
expantion/,

. Among plantesize driers, the revolving=drum drier
is unsuitable exclusively because of its crushing e fect.,
Shaft driers /Fig.3./ may be recommended where tho material




settles by zravity, agzainst a counter-current of drying
zetum /air-diluted flue gas/ by and by asrating the
particiles,

Teat supzly of shalt driers 13 best providad by oil
or 125 fuslled zeating eguipaont, apslying flus gas {rom
fu2l burnt at a hizh efficiency, zutomatical¥y diluted
with alr, as a drying medium,

Where slectric powzr i3 cheap, an electric IR
dryer may be apnlied but only for drying rines, rather
than coarse grains,

After preliminary drying it is adviszble to separate
particles below 20 ma from the all-in perlite crushings,
to reduce dusting losses. Xaterials drier than 1 vol..5 of
humidity can be screened, Only carticles over 20 mm will
be recrushed, 3Secondary crushers have to be precaded by
buffer denosits providing a few hours of reserve to pre-
vent minor pree~crusher breakdowas from disturbing the
smooth operation, If the quarried rock contalns no excess
water /Yeyond 1 Vo.¥/, drying may casuzlly be avolded,

le=crushing purpose 1s to refine driad parlice
crashings 29 to 100 mm size to max, 20 am size, Toothed
or graticulated roliers are the most convenlient, in
adRition to simplicity, they are advantageous by forning
little fines as stated incroductorily . The double cy-
linder has to be mechanically fed, conveniantliy dy a
cylinder bhatcher of variable ream,

Crushings from the toothed or graticulated roliler
et in 2 screening machine where particles ba2low 2 om
ize jet to final finas sortin; while particles over 2 anm
zet on a smooth casing rolier, refiaing 2 to 20 ma size
to 0 to 2 mm fines, The rollee i3 advisably provided
with a mounted cylinder grinder, since without re-3rid-
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ing, aanular wear due to prime naterial atrasivity inrairs

efficlency, Terlite particles over 2 mm emergin; frem
re=-crushing are returned to be crushed again while Lfines
below 2 ma are classifiod into final fractions., 32varae
tion in course of crushing 1s done by a vibrating screen,
while the final crushing 1s fractionated by a vibrating
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scraen ¢r a ilogonsan scresn JFiz.4./. Alzo winnowaer creen-

175 mzy be aprlied, tut revolving cyclones are not advis-

able partly because of no sharp separation and partily be-

c2use of excessive wear,

Sereening should be develoged with flexible xecaod
since th2 market 3y demand variable particle sizse, is
an exsmple lat us refer to the perlite mine and aill in
34lhiza /Hungary/, in r2cent years marketing the follow-
1nag siz2s to cope with demana:

- 0-0,5 m; 0,3-1,56 u; 0,3-2 nx /below 9,3 nnm max., 5 pct
by weight/ and 0,3=2 mm /below 0,3 mm max, 40 pct by
welght/

- 0-0,4 mm; 6-1,2 mm /below 0,3 m max. 10 :4/; 0,8-1,5 mm;
0-2 pm /below 0,3 mm max. 5 dct by weight/

- 0-0,4 rm; 0,4=1,2 mn; 1,2-2 mn fbelow 0,3 mm max, 15
pct by weight/.

Fractions corresconding to the zctual demands are
colliact2d in silos of capacitics smoothing irregularities
resulting fiom the intsrmitteont ojeration of crushing and
grading equirment and from the equally intermittent azte-
rial shioment,

Th2 rather abrasive raw matarial markedly wears out
thae crushing and grading equipments, aence perlite crusa-
ings are to be fed into Etransporting squipment to mininize
machalne surfaces =xposed to abrasion or to protect these
surfaces with anti-wear lining or el.sa.

Zfficient dust prevention should be a2nchanced be-
causae of the risk of silicosis cue to the aliminium sili-
cate content of perlite, According to the industrial ex-
oerience, moist-~type dedusters of low water demsnd are
the best,

During loading and transporting, the crushed porlite
h2s to be »rotectad from rain,

FPor a systematic and continous quality control of
final product /palite grinding/. most crushingz-screening
plants include a laboratory equ;ped to physical and necha-
nical testing of the rock or the grinding, also for tach-
nology tests /expaﬁhbinty/ « Principal laboratory equip-
ments are: laboratory Jaw crusher and smooth roller,

.




testing screen set, laboratory winaover screen, labord-
tory exsiccators, laboratcry expanding furnace, implements
to test density, chemical composition, bulk density.

S5e PIALITE =XPAISICN

The primary requirements for expansibility are: the ma-
terial to be expanded should amelt at a relatively low
temperature /900-1000 °C/ snd part of the water content
must be so soundly combined that it orly evaporates after
the material reached the pyronlastic state. If these two ‘
conditions can be contrclled accerding to above require-
ments, the steam pressure exsands the perlite grains,
reriites loose part of thelr water content onlty well
above the boiling point of water,
By stopping the heating and a relativeiy quick cool-
ing of the expanded grains, the exjandad state czun be sta-
bilized, ‘ |
The role of water is stressed as beinz zost import-
ant in the expansion, wihereas other volatile materials
will be neglected in the following. The water oZf perlite
consists of two narts: the "soundly” combined water i3 the
30 called "effectiv" watar having a2 decisive role in the
e..pansion, the "loosely" combined water, nowever, is '
harmful for the expansion,
Theoretically, rfor an expandion multiplied bv 30
-~ prasuming that all the water in the perlite is used for
the axpansion = only about 0,6-0,8 pct. by welsht/water
is needed, In reality this 13 not sufficient because :art s
of the vater escapes through pores and fissures of the
raw perlite gralns without having an active part in the
expansion, In addition, on the surface of perliite gr2ins
-~ dur to the usual outside heat impact « 2 local over-
heating i.e. melting occurs and so watar near tha surface
creatz no foaming at all or to a smaller extent than in
the interior of the grain, In practice, perlites with a
water content less than 1% have a smaller expanding ca-
pacity than perlites with higher water contents,




Darlites have mn sntizum water content which degends
on tae chemlcal compositien, the macrostructure, the
pores, on ta2 method ¢f h2ating and due to iatlar on the
grz2in zize of the rav 327llte. In general the opticum
of eftactive water content is 1-1,5 % fo> th= best known
sorts of porlites, Should the water contant axca=d the
ostimun, it 13 advisable to dchydratz the perliis by pre-
"eating before sxransion but not always since the faproved

Mality obtained by these means is either not in accord-
aace with the surplus expenses or the requirements re-
garding tha finished zroduct do not necessitate Lit,

To expell water exceeding the osptimum, drying de-
vices are used., In practice two soluticns czme into gene-
ral use: elther bhafore crushing of the raw naaterial or
inmediately before exnonsion. Cehydration is carried out
usually at a temperature of 250 ¢ to 520 Oc, The srozer
preheating tine and choseil dehydration teaperature depends
on the grading of the perlite, on the available 2quioments
and the heat treatment cethod, but fimdamentally on the
guantity of water oresent in the zerlite 2nd witiia this,
on the quantity of the combined water, furtaer the =ode
of combiaation, In Flgure 5, charactaristic dehydration
diagrans z2re sShown,

There 15 a temterzature olntinum for rerlite exgansion,
Beiow this temperature the glass material viscosity and
th2 surface stress remain toe Mzh, in consequence the
expansion 13 not satisfactory, on the sther hand no zelt-
ed layar forms on the grain surfzce, the zares and fissures
are not blocked, theref:rs part of the water can escape
without doing any "work", I3 the temperature too hiza,
the exranded perlite slumps or becomes baked,

Seleckion of tke expanding teaperzture depends on
the couposition of thz rerlite and especifally on its
alkall content, An optimum of resulting expansion is
ottained at a lower alkall content 2t = nigher tarrer-
ature, in case of a hi‘her alkall content at a lower
teaperature, The usual expansion temperatute change bet-
ween 900 and 1100 °cC.




Turation of the heas treatzment is vory important, It

also depands on the periite sorts., There are quickly exe

anding "ive" nerlite sorts and othors, expanding "with
difficulty”. Latter aus: be heated longer. It cheuld be
asntiscnad here that serlite seorts exsanding "with diffi-
culty" have less expandiag capacity and can be used to
Croduce perlite units of greater density and grez2cer
stren-ht. The Mive"” serlite has to be heated within 1-3
s2c, In Fia.6, a saaracteristic exransien diazram is
shovm, As l1llustrated in the Fizure, the lensth of ex-
pansicn tine derends also on the exgansion temperature:
at a lower dezree of se2at the expansion may take longer
and viceversa,

Tha grain size aust allow for the interior of the
zr2in t9 reach 2lss the pyroplastic stzte during the
short time of the heatirnj;, however without melting on
tho surfsze or acgloxzr-tion, In zracztice this zrain
size 5 less than 3 mm, thdh excellont results con be
abtzined with zrzdings of less taan 2 .

Thers arz diferent zrailn sizes within a givan
fraction /2.8. 1~2 mm/, whareas the heating temperature
is zlven, The total bulk of smaller grains reaches Soonsr
the 2¢ msion temperzture, the larzest ~rains - later, A
acod mgmansion must solvz the arclem of kueering the

‘u

rlite grains for 2 3hort tinme, the larsge zrains
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3 tiaz oan “he cxpainsion tomaerature,
Acecording te the above, neither =xpansibility of a
serlits raw matarial can be determined unambigously by
thcoretical means or cnenical-nhysical teosts not the sa-
rzaet2rs to ve usad, T23ts aust 2lways combhrise lzaborato-
r7 tests and pilot-piant or large-scnle Industrial ex-
panding experiments,

*t the beainniag /ahout 30 y22rs ago/ the anly tyve
of furaicae which could assure anproximately thoe necessary
varmaters for perlite 2xponslion w23 tha rotary kiln,
placed at an angle of a%out 5°-10°, This Zirst rotary
%ilr3s functioned ovn a uniflow b»asis and dlrect heating,
The raw perlite was fed directly intc the flame, The
perlite grains were rolling and tumbling in the drums




till expanded, At presant, reiativ.ly few rctzry kiins
are onerating. They ar: oniy usai to ctroduce aggregate
for the vuilding ladustry cnd For exransion of periites
haprd to expand. aAccording to some authors a rouncded off
procuct with more closed pores can be obtainedy dt * to
the roiling movemsnt in the kiln /see fg.7./.

The vertical fumace with a small angle ol sloge 13
not rotating and can b2 considered as an advanced vcoriant
of the rotary kiln, Tkis typa vas ceveloped in liungary.
Ffundamentally 1t is a tube, lined with refractory cer-
amic tricks, tilted at an angle o2 12°, This type of
furnace functions aliso based on the uniflow principle,

At its nigher part the perlite is fed directly into the
flame, When expanded the perlite leaves the Juimmace with
the gas fume flow. For heating a speciaily adjustad, sre-
cial burner is used, The productiviiy of a slightly tilted
vertical furnace is hicher than of the rotary kiln and is
suited to produce perlites of lcwer density with low in-
vestment costs and wit:: small specific power consumicion,
The output of this type 13 remarkabvie: 20«25 m3 exyp<cnéed
perlite per hour, The gas fume Liow in the furnace zust
assure that the expanded perlita grains are swept ofif

by 1t, however the raw perlite should remein in the fiaze,
1.e. the setting rate of the raw gerlite must be nigner
than the velocity of the fume,

In the two equipments discuzsed above, tie poslite
is heated directly by the gas fumes or the ceramic liniag.
The disadvantage of bota is that the expanded perlite and
the not=expanded dead azterial stick on the furnacce iining
and have to be removed periodically,

The vertical furnace i3 the type most used and it
was developed especiaily for periite expansion, it ex=-
pands the perlite in a vertlczi cylincder, tapcred at the
lower end, The raw gerlite is charged through one or more
openings on the casing of the cylindar above thie tepered
part,

It i3 characteristic for these furmaces that the
raw perlite enters gravitationally the furnace chamber

.




and falls fraczly azalast tas fumz flow. wiith Thé nariow-
{2 of the cross sockticn the velocily of Thse fuzes in-
~ ]

croases in th2 conically narrowin? sS«ac2 according to the
12w of continuity. Ili: ‘mlscity in thl narrcwest cross--
=s2ctia - iz i3 tho iihest velocity of the fume -
is callad "c¢lozing veloscicv?, The drosping veloclty of
th2 parlita grzips slows down in this narrowlng zona,
"ile drouping thi2 expansion of the parlite grains
berins their surface increases and density decreases. In
conszcuenc2 the "floating vaelocity™" of tae grains 1s
sloving down, first the dro.ving velocity ol the periite
arains becomes zero, tien because of furtaner expansion
the graings leove the urmace together with the gzs5 funes
in the reverse directisn, Floating velocity is the velo-
city at whlch the vertically blown grain is floating,
i.2, the relocity of the material is zero.
The :ompletelv gxzand2d nerlite grains lz2ave withe
sut 31in the expanding furmace practicaliy at a rate equal
o tha fume va2locity. The Due valocity k83 to de agdjusted
in 2 way that the not-oxpanded periite grains drop out at
r periite srains are carried gut by
the fume flow even at 1 ainor rate of expansion, care
aust be taken that no great teuapseorature droy sShouid occur
plong the furnace.

-vs

th2 kotton. As sm2

Taz bwrner is instolled in the narrcvest cross—isece
tion at the lower oren end of the fumace. Ia many cases
several burmers are uscé, Cil or gas heatiag 13 provided,
In zeneral the burners are placed to be eeasily swing=-
=a2s51de. The fune ta2rperzture can be controlied by cahange
ol the quentity of 2fu2l and air input, Cuiefly such btum-
ers are applied wnere the burner head is not built-in in-
to the control davicz transporting fuel and alr faput
/oumps, ventllztor, v-lves, etc./ and where the produced
neat aquzntity can be i:finitz2ly changed beiween czrtain
lizits,

In verticel furnoces two types can be distinguished
according the lining used: refractory concrete and heat-
~rosistant steel lined furnace,
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Surnaces bhuilt 5% refractory cencrzta consist of 3
section3 [see F1:.8./. The lower part 18 02 a water coolad
corie frustum type. Ine cooling water streams upwarcs in
+h: cosing. The middl: qart is slso of water ccoled re-
frzctory concrete, here the water {lcws dewnwards. vater
cooling prevents sticking of the perlite. The top cylindri-
cal nart of the furmace is zir-cooled, 1In the bettea part
of the fNirnace 3 low=pra2ssure hurners are fitted at an
anyle of 350. The cooling air of the unger pert suprlies
the air input and is introduszed above the burner at 2
o>vosite places, Onte valves control the air input,

The rawv material is charged irto the top section
through four feeding lunnecls, zlaced near to each other
at equa’ distznces., The different verlite fractions /less
thir 5 mm, 0,5 to 1 mm, 1-2 mm and 2-3 mm/ can be charged
through &ff%crent fNumels and the larger size grains
throuszh the top funt=2l, The raw perlite falls freely to
the lower conleal section, where the gralns float till
xpandad, then are driven upvards and y2t into the separ-
ating system consisting of four cyclon

a2 case of the vertical hca;-resistant 3t=zel lining
tubz the soluton of the usual furrace construction i3 as

[}
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folinss:

The furmace 13 doubla2-walled, Tae inside 12at-resist-
ant steel sheat 15 sormundad by a exterior normal 3tzel
sylinder, Th2 exterior cyliader reduc2s ths heat-loss and
develops a contiolled cooling possibility of the lining,
re3n, The cooling alr circulates in th= 3nace between the
two <231ings. The top sart of tha h2at-resistant stesl
lining 1s cyiindrical, 1ts lower pirt tagerad. For charging
the raw perlite usually two "funn2ls"™ are availablas,

The heatercsistant steel lining prevents s+tickiag

o? re*lite'on the furnace wall, MNamely, the heat—resistant
3te2l 13 coniad from the exterior and by this the furnace
wall temperature can ke k2pt at 20C-%270 9C lower tam
the furnace chamber, Tn srevent sticking a good flow
and a smooth surface of the furmace wall are also in-
portant,

MY
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\ disadvantage of the vertical furmace so far is
that rarlite streaning out of tho furnace is subjzct to
a change of 99° and to enllisinn, resulting in undesire
able perlite breaking un, Ta veduce this effeet and {o
d2v2lop vlant leas hish perlite expnanding furnaces wers
set up with a slope more than 35°. The overating srinciple
of these fumaces can 3till be considered as a fleoating
DTOCass,

The raw perlite grains fall or mll in the furnace
wards at first, then sxoansion s2tting in, their velocity
decreases, becomes zerm and afterwards is reversed, the
lining of the furnace is of heat resistant sceel, the
arrangement is similar to that in the vertical furaces,

It is valid for all the pe-lite expanding equijpzents
that a much better nmduct can be nrocessed of homosenous,
strietly graded, narrow raw perlite fractions than of
acterogenous, mixed fractions, This prevails gracdually
with the vertical furmaces., In general the narameters of
the furnaces can be chanzzd for oxpanding succesfulliy
several zerlite fractions seonarately,

The davelopment efforts show two dir:ctions: instrue
mentation and automatization of existing equipments and
devzioment of speclial p2riite ex-andiang eqinments, Vith
the neasuring and the re;sl.stration of parameters and
their change by remote-cintrol, =2ven the idea computer
aided control can be realised.

Recently spnecial perlite exmanding equipments are
develoning but only in laboratory scale, 2.3, rotary kila
with vibrating layers, furnacas with moving bottoms
/*1e quick h2ating tunnels are set up like ceramic fure
naces/, horizontal flame-bed formed by numerous gas-
-hurners. For these furmaces homoganous perlite pgrains
of equal size are n:eded, as every grain stays in the
furnace at identical heat conditions, for a length of
identical time,

There are two solution for *he location of periite
expanding plants: location at the nerlite quarry and
location at the place of use,




The transport of the raw, crushed perlite is Lt r far
mor2 economical tacn taat af th- expanded periite - in the

latier casa the loadscaring cupneity of the vehicles is
not fully utilized, ‘Lerefore tiie secoad solution can be
advised,

In genoral perlice expanliag plaats caa be devided
into 3 units:

- recapgtion, storage, aandling of the raw perlite
- expanslion
= gegaration, packiag.

The raw crusizd zsrlite wucst be protacted from rain
as far as possible., Zolutions may de nmanifold and here
loczl features and ecouomical possibllities pust be ex-
tensively tasea into account,

rrom handliag by mechanic :zhovels ard stockoge in
21123 or completely i2chanized manipulation by instrumsnts
and automatization, many solutions are possitle, ¥2ans of
oce of t.esa are /in the ssquance of tk2 handling/: covere
ed waggoa, unloader, conveyer, storags tanke, feecer, con-
veyer, storage taak isr day.

For the perlite =xpznding equipnent tae solutions
are much more strict. wWitah tests of thz available perlite
and the demanded product, the expsnding cquipzent suitable
for the given raw mcterial must be deteriinsd, The furnace
was aiready discussed previously, here only tie units in
clos: connection witi: the furnacc are mer.tioned,

Jor feeding rew perlite into fwmnuce usualily a cell
vibration charger /or a disc churger/ is exzployed with
smooth variation in an least 2«3 timez it3 range.

Jor dehydratiun of the raw periite a« drying drum 1s
used, The drying druss have direct oll zas heating with
a counter-flow or wnillow solution, The dr-;ing druz is
placed in 2 mauner that the material gets into the vx-
pansion furnace di:octly. Dust 1s oxhausted fronm the
drier and separated with the usual cyclones,

coollng of the perlite which leavas the Zurnace i3
in close connuction with perlite expansicn, The cooling
agent 1s mostly cold aix, Its quantity and method of

introduction must be carsfully chosen. If suddenly much




ir 1s introducad the sxpandad grrias "blost" i,e. Z3zU very
ucl: crushad beczuse of the great ciuarge in teapzsrature. On
h2 otaer hend, 1f not enough cocling 2ir is intrciuced,
tke cooliag cylinder mu:zt also be of 2 defined azat resist-
ant stcel, but the dengar still oxizts that the exgznded '
revlite "slumps”, tecomss denser, & S00d resulit 13 ob-
tainsc with graluzi, so czlled "sgfth" cooling.
The units renged aftor ths fummace should be placed
in o way to svoid &s much as possible deviation of direce-
ion in the progress of the expanld-d perlite: the streanmy
per;iue snould not collide with wall surfaces, From this
point of view the rotary kiln and the fixed c¢yiindrical
furnace with a smail unzle of slcpe are both unfavouradble,
In both svstems tk2 porlite bumps into 2 vertical wall at
the and ol the collecting chanbor and the collzcting
shaft, resp. suifzring cultiple changes of direction.
ilovever tha tiltqd furmzce nzoe tac advantzge thot there
a sinitun of chonge of dirsction occurs in the way of !
the exponded neriite ond even the cocling air recduces fure
ther the crobzhility of collision of ihe perlite ;rains
#nd the wall of the cylinde
“he sesarntion and packing cculpments are defermined
by the ruquirenents snocified for the ’*ni“n"u rroduct,
Though thes2 appiiances are siniinr becauce tho serlite
is truns;orted by tke air flow snd consequently scparate
ing and eciassiying devices are clso asrotechnical
aqui zn2nts,
7o nroduce serilcts sacked in sacks for general pure
=2523 *he sepurator includes the Lollowing unita:
- coarse 2eriiie seprravor
- coarse perlite collector and sackfilling tank
- £lne zraded :-li%e sepzrator
- £1n:3 collector and sackfilling
- Jqu3t zevarztor

a

ﬂ'f}
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’

- chstor
- cdrney,

For separation of coarse perlite, chamber and cyc-
lone type separators are in wide-spread use, Advantage
orlthe cyclone separator 15 that it does not break up the

| f ‘\ a[
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or seoarstion ol ‘hie fines, in zaneral a multii-

nrelone Llant 15 uplaryes. For Iust sep-ration the noist
and sollecting bag, the fabric /dry/ collectors are the
25t pomular, Y oreet -dvamtage ol the dry coilectors 1is
that the sesarated Aust cen be used and no slurry narnle-
ulations requiring much ploce and lzbour Jcetting apna-
vatus, trensiort, anihilation/ zre necossary, Above

dvontages and develeimeant in the matorial of filter

clothe /oolysropylzne =md glass-fibre filter cloths/,
iiad tha result that new plants are alvays yrovided with
coliacting hnss for fume separators,

The expandod eriilte goas Jrom tha separztors
througa doudle a2ipr-locks or f22ding cells into the collect-
ors 24 from there gver the 2-1iiaz »achines Into sacks,
I the motarial was f11lad Invo plastls /polyataylon:/

s Lt 13 advisable to put aftar th? coarse separator
urtazr p2riitse cioling staze, fa 1ata:sive cooling

0

a fa "
¢ 322 b2 nhtainzd only in 1 S0ld air flow. [ So0:me ca3es
water cooling of the sackllling nacnine aiht prove

arlite axHading lants can be considersd >joneair
nlints, enly the fumac: coatrel wmd the 2nd jroduct
gncling hive +9 ke 3et up 1a covared places
razonr “emard of these'plwnts 13 2ow and Jow=ar

Ad2mands also aodarete. Th2 nost imjostank cost fuctor is
ze heatlag enaray,

Tlaare G, shows skotch of a farilte 2xpanding o>lant
slthout the raw roterisl handline agpliances,

Do ZFDANTTD FiTLITZ INM BUIL-INC

6,1 Us2 nf nerlite in lo932 condicicn

The slmplest use of exzandad perllte for thermal {n3u-
lation is in form of loose bulk, This is 1llustrated on

a wall construction of hand~size hollow masonry units




vasre siseriaposed blarst holas sejirited by boltes ciates

-

ap: filled with .orlite. Z2ch course in plac2, ta2 per-
140 117 De goured from the 23 throaga a funa=l Lato the
Isml—sl:’.a uni’cs soing aax. 25 ca ia aeight, loose-
.ccordlng, to e\mevican data, thc original asat trans-
wttanee ¥y = 1,27 /= 2_‘ of 2 f£yun2d slaz coacrete wall
construction 20 ca thick o hand-size wasonry units de-
creased Lok, = 2,35 ::ZK S131ad with paclite /i.e. the
warl eodictivity Al 5,53 «faX dacreasad to
A = 9,29 I/ak

A ‘kmgorian example of thermal insuiztion of industri-

.s
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21 bullding mofs is skown in Fig.10, Joiats of the ore-
223t rosf 313 vave Dem seal2l with adh”i ve »iistic

shi2zta, Favliite has “eom syrlinklzd with 5C-1CC liter of
water - dopernding on its bull deusity - uixed in a gra-
vity Tixa, zouwred »otwesn wooden Srawes rouhled on the
omnacted with a rollur cr Latizn ond screeded.

['v)

?
sereadad melst Lerlite suringe wal Superposed DY pre-
2
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cast fommed sla 3 and Joli:ts have been

3

Toomed .,13, concrata sl2bs lizve been designed with
a continuous cha.nel systew 2 by J cr: in
he lewvor surface, The peof struciure covered Wit soaued
oncrete units has at oot bzoa coated by a pebulied
hiturmen 2elt Tayer,
™15 cheinel system is complzted by tinplate vent
pipes <t the nodes ef amesh 3 by Smeor & by 4, as
stowm in Tlg,ll, Tris iz admed purtly at .;ermitting, dry=-
ing -2 the moist [erlite tihreugh tliz channel systom, and
Fartly, as the vapour eutering the perilte through the
floor tc lzavea,
™:s mEthod of uoplicztion reculres the water
cuantity needed to cCannpen zerlitas of different bulk
entities snd gradings, relztlicnsnl; Letwzen compactlag
degree and insvlation deonsity, and the rzate of dryiagz
through the vent zipes, According to tzsts made at ths
Hunzarian Institute for Building Science /7/, these

characteristics have been recapitulated as follows,

[
Nod
o

Q
O




Bulk density and grading of perlites of idontical
provenance and ideatically expanded are related accord-
ing to Fig.12 /8/ thus, bulk density, easier to determine,
can he started fron. For the sake of simplicity, feshly
nixed perlite to water mixture densities are shown in Fig.
13 versus bulk density, for 1 P of perlite mixed with
different water quantities and for different coapacting
pressures, For example, mixing a perlite of 100 kg/m3
bulk density under a compacting pressure of 0,2 MPa with
50, 100 and 150 litres of water will result in fresh
densities of 250, 350 and 44O kg/m® respectively. After
evaporation of the totel water content, the perlite in-
sulation density will reduce to about 170 kg/m> /irres—
pective of the water dosage/, at an assumed thermal con-
ductivity of 0,05 Y/mX,

Accordingly, for a given compacting method, the
water dosage is about irrelevant for the density, hence
for the thermal properties cf the dry insulating layer
but ‘Significantly affects the drying rate. In the case
of roof insulatioa shown in Figs. 10 and 11 the drylng
rate of perlite to water mixes compacted by 0,4 !fPa
pressure 1s plotted in Fig.l4 vs, water content.

Light metal plates /e.g. aluminium/ are made into
cavity walls with perlite f11l in the cavities Zfor
thermal insulation, This system 1s encountered in the
building industry for lightweight structures but it is
familiar in the shipbuilding industry,

Amaricen booklsets recommend perlite for floated
floors. The floor slab 1s covered by 6 to 8 cu of per-
lite, sprinkled with water and screeded, It receives a
ccat of bituminous felt superimposed by a cehent mortar
screed about 4 ca thick, According to Hungarian examin-
ations, perlite floating layer has poor sound=damping
characteristics, hence forbidden in the standards.

An ingenwous system of using expanded perlite
without binder 1s the so=called "perlite qullt" developed
at the Lightweight Concrete and Insulation Enterprise
- in Hmngary., Primarily it is intended for floor insulation
tut it can be applied also for insulating attics,
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dwelling subfloors, sandwich systems, aerated crosswall
panels and non=load-bearing plate“orms of cold storage
houses. Bird’s eys view and section of the perlite quilt
is seen in Mg.15. In unloaded condition, reriite quilt
consists gf freely arranged tubes filled with perlite,
not contacting each other, while laid on the floor and
coated with a cement mortar, the tudes get into contact
to form an insulation layer exempt of thermal bridges.
It 1s fitted by spot sticking to the floor, its suriace
reqires a mortar coating of 3-4 tm thick., 3efore finish-
ing, it 18 advisable to compact the adjacent perlite
quilts by passing a roller. In Hungary, perlite quilts
are made in thickness c¢f 6, 8 and 10 cm, in weights of

6 to 15 kg/nz depending on the perlite bulk density,
with thermal conductivities of 0,04-0,07 %/mK. It is
made in standard commercial sizes of 250 cm length, 50
or 50 cm in width,

Hickmann and Ratclif? /9/ cdescribe uses of perlite
in loose bulk form and thermal insulation at subzero
temperatures, They report of thermal conductivity
coefficients A = 0,04 and 0,024 ¥/mK determined for loose
perlite of 50 to 80 kg/m° bulk density exposed to +20 °C
and +15 °C on the warm side, and 0 °C and <190 °C on the
cold side, respectively. They state thermal insulation
of perlite inswbstion to much increase upon vaccum
treatment, As an axample it may be quoted that perlite
02 96 kg/m> bulk density exposed to +20 °C on the warm
side and =183 °C on the cold side exhibited thermal cone
ductivities A = 0,023, 0,014 and 0,0022 Y/mK at atmos-
pheric pressure, at 1 mm of mercury colum /0,0014 at/
and at 0,01 ma of mercury column /0,000014 at/ respect-
ively, while under same temperature conditions, a perlite
of 132 kg/n’. bulk density had a thermal corductivity

A = C,001 W/mK in the 107 to0 10°% m of mercury column
range,

This effect can be enchanced by mixing about 20 %
of aluminium powder to the perlite, for decreasing
radiation, Under the same conditions as before, the per-
lite-aluminium powder mixture had a thermal conductivity
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A = 5,0006 to 0,001 ¥/=X.

Recently loose perlite has been applied for cry-
ogenic purposes. Storage tanks for deep—cooled geses
/ethylene --103°C, methane =1G1°C et :./ are constructed
as.shown in F132.16. The gap between the two casings is
filled with loose perlite /in a thickness of about 1 n/.
It has two advantages: loose perlite has a therxzal in-
sulation capacity competitive to that of plastic foams,
and the loose bulk can follow tank deformations, Aper-
tures in the tank 1lid perait to observe and replace
perlite settlement,

6.2 Use of perlite with cement hinder

One of the earliest methods o using perlite as a thermal
insulating material was in form of perlite concrete cast
in-situ or in form of precast units, Relevant observations
are also valid for the manufacture of other perlite-based
products made with other binders, Let us begin with the
effect of various factors on the compressive strength
and density of perlite concrete, followed by the tech-
nology of perlite ocmcrete, then various application
f£ields will be reviewed.

Compressive strength and density are the two most
important characteristic of lightweight concretes in
geneTal and in particular of perlite concretes, Namely
conpressive stremgth is decisive for other mechanical
snzracteristics /bending strength, elasticity, creep,

irinkage, frost resistance, heat and fire resistance
. 4./ wille primordial physical characteristics such
as thersal insulation, vapour absorption, tlermal damp-
ing, acoustic properties, are strictly relatad to density.
Therefore 1t 1s more than Justified to scrutinize the
effect on these primordial, often contradictory proper-
ties, This contrediction consists in attempting to
achieve the highest strength possible in view of duro-
bility, resistaance to stresses, while optimm thermal
and impact soumd damping properties depend on a possibly
low density. Obviously, technology parametors providing
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for an optimm compromise should be endeawoured, The
next chapter is intended as facilitating this rroblea
primarily on the basis of Hungarian test results and
industrial achievements /10/.

6,21 Various effects on perlite concrete density and
compressive strength

Let us begin by presenting an evaluation method recom-
mended as a directive for testing the essemtial proper-
ties of any lightweight concrete including perlite
concrete, :

Mixing an aggregate with any binder, for instance
perlite agaregate with cement, gypsum, lime, bitumen
etc., 1ts density and compressive strength will be de-
termined by the binder content, depending ob the compact-
ing degree. Obviously, making a lightwelght concrete nix
of a given cement:aggregate: water ratio and casting it
into the mould without compacting will result in a very
low=density and evidently very low=strength concrete,
flacing the same concrete mix applying a gentle compect-
ing e.g. ramming will increase somewhat both the density
and the strength, Cradually increasing the compacting rate
/e.g. vibrating more and more strongly and for an ever
increasing time, or compressing at ever higher forces/
will gradvally raise both density and strength, Since
the same mixing ratio has been applied throughout,
because of growing density, cement obtained in = of
compacted concrete will he higher, For a lean initial
concrete mix 1.e, at a low cement to aggregate ratio by
weight, the—csment; the cement conten: will n,t much
vary along the density increase, In a rich concrete mix
i.e. coutaining much cemant compared to the agzregate,
density increase will be accompanied by an an.anced in-
crease of cement dosage.

748,17 shows real examples for these variations in
case of ~cretes made with erpanded clay aggregate,
Density vs. cement dosage hias been plotted in Fig,17/a
for different compactions and mix ratios, indicating




cementsaggregate:water ratios by welght for the differ-
ent mixes., For instance a 1:4:0,8 mix moulded without
compaction got a density of 1050 kg/:n’, corresponding to
a cement dosage of 181 kg/m’. With increasing compaction
the density grows; in our exampla the maximum compact- '
ness was achieved at a density 1850 kg/m>, for a cement
content of 319 kg/w°.
Campressive strength vs, cament content of the same
nixes has been plotted in Fig.17/b with a continucus
line, The uncompacted 1:4:0,8 concrete /hence, with a
cement content of 181 kg/n’/ i3 seen to have a compress-
ive strength of 2 “Pa while that of maximum compactness/
/at a cement content of 319 kg/n3/ smounted to 25 ifPa,
These two diagrams permit to construct the relation-
ship of maximum interest for us i.e, complex variation
of strength and density vs, cement content, Construction
1s achieved as follows: for a given density in Fig.l17/a
cement contents of concretes with different mixing ratios "y
are determined. These data are: for mix ratio 1:5:1,1 '
a cement content of 148 kg/m’; for 1:4:0,8 - 207 ka/m’;
for 1:3:0,65 = 257 kg/w’; for 1:2:0,5 - 343 kg/w,
respectively, These cement contents are projectad on
strength curves in Fig.17/b and points connected, The
connecting curve has been traced by deshed line in Fig,
17/%.
All densities being constructed, results in the
nomogrem in Fig.17/d show the cement content needed for
the maximum strength possible to cope with the density
still melting thermal insulation requirements. let us
have a look now on relationship established from the test
method described in F1g.17 for cement-bound perlita
concrates..

6.21,1 Effect of perlite bulk density

Hungarian tests have led to the relationship according
to Fig. 18 betwsesen density and compressive strength of
concretes made witk max 3 mm expanded porlite, and the
perlite bulk density /11/. |
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Tn comformity with test results, for increasing
periite concrete dry densities, ever higher perlite bulk
densities are needed for an optimum Strength, Perlite
concretes for merely thermal insulation purposes /300 to
400 kg‘énj density/ are advisably made of a perlite of bulk
density ranging from 80 to 100 kg/n3 to achieve a compres-
sive strength of max, 2 MPa., For a perlite concrete
serving thermal insulation and subaltern structurai pur-
poses, at a compressive strength of 4 to 5 MPa and a den=-
sity of 600 to 700 kg/m> & perlite of 130 to 150 ka/m
density has to be applied. |

It should be remarked that all data in Fig.l8 refer
to perlite concretes made in ideal conditions.

6.,21.,2 Effect of cement dosage

Hungarian test results /8/ are described in compliance
with principles presented in connection with Fig.l7.
These data are presented on Figs 19 through 22 indicat-
ing both fresh and dry densities of perlite concretes,
The cause of thsse results perplexing at the first
sight is easily understood. Procassing e.g. a perlite of
150 kg/m> bulk demsity into a perlite concrete of 500
kg/m> dry density by placing the mix without compacting
/see Fig.21l/ is done by making 1 m’ of perlite concrete
with about 1 > i.e. 150 kg of perlite, hence 500-150 =
= 350 kg may be the totsl weight of cement and hydrate
water. As a coarse approximation, cement binds 20 % by -
weight of water, hence thera is atout 300 kg/m” of
cement, the excess being the hydrate water., Uncompacted
perlite concrete when hardened has a ednimum of strength
/max 1 MPa/, Making again a periite concrete of 500 kg/m3
dry density, however, at an intense compaction /e.g.
presaing/, then as much as 2 m 1.8, 300 kg/n:3 of loose
perlite can be incorporated in 1 n3 of concrete, In
this case the quantity of cement plus hydrate water may
amount to 500 «~ 300 » 200 kg, Now, the cement content is
about 170 kg/u’ but the concrete became stronger owing
to the intense compaction, in spite of the cement content
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being little more than half of that in the uncompactad
concrete. /According to Fig.2l now strength amounts to
about 2,5 MPa/.

Remind here that perlite concretes have to be aade
up with rather r:ch mixing water. According to Hungarian
test results, applying for instance a compactlon by
pressing, mixing water requirement concommlitant with the
given cement dosage was about 20 X by weigat, whil: the
water derand of perlite vs, density proceeds like Fig.23.
As a conclusion, perlite concrete composition can be
calculated as follows:

In knowledge of the required compressive strength
and density, cement dosage needed for the available ex-
panded perlite can bde read off Figs 13 through 22,
Hydrate water 18 about 20 ¥ by weight of cement, hence
from the knowledge of cement content, the hydrate water
quantity can be determined, Cem2nt quantity increased
by hydrate water has to be deduced from the density:
perlite content making up the difference,

Perlite water demand can be read off Fig. 23, Cata
have to be checked from trial mixes, The calculation
will be illustrated on aand of and example.

A perlite concrete of 500 kg/n3 dry density and
2 MFa compressive strength 1s wanted, to be made with
an available perlite of 150 kg/m° bulk density, Desigzn
starts from Fig.2l1. A cement content of 210 kg/m3 has
to be applied, The corresponding hydrate water content
/to be reckoned with as mixing water/ is about 40 litres/md.
Thus, the perlite content amounts to 500=/210+40/ =
= 250 kg/w’ that 1s, 250/150 = 1,67 u’. According to
71g.23, perlite has a water demand of 145 4 by weight,
f.e. about 360 litres/m, resulting in a mixing ratio:

cement dosage 2lo kg/m 1,00 parts psr weight
perlite content 250 ¢ 1,1 v " "
mixing water 40+360 = 400 1,9 " " n

adding up to a mixing density of 850 kg/m .
To facilitate design, nomograms can be constructed
to present dry to mixing density relationship for per-

]
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ites of given bulk densities, ©i3,24 is an illustration
or a nomogram made for 2 perlite of 100 kg/a’ bulk den-
ity, basad on the average water dosaze in Fig. 23.

=

0 My

0e2le3 Effect of water content '

“ater mixed to the concrete mixture has double action:

partly, to permit czment hydration, and partly, to ia-

prove concrete workability, for ordinary coneretes,

tkis double action i3 separated and becomes contradict-

arye. If only the hydrate water for the cement i3 added

/15=-20 4 by weight of cement/ the concrote will be poor-

1y workatle, of a high air conteat even when freshly

zixed, hence, of low streagth., for a water dosage to pro-

duce fluid concrete, the shutterinz will parfactly be

fiiled out to ag:roach exemptness of air occlusions ale

nost without compacting, but then cement paste will be

diluted, at a hign w/c ratio, naturally resulting in low i
strength, Thus, the mirizum water dosage providing for a

zore=free placing with the given compacting means has to

be found, to obtain the pessible nishestestrensth cone ‘
craete,

It should be montionad that ordinary concrete aggre-
gates practically absorb no water, hence the entily of
ni:dng water will dllute the cement naste, |

On the contrary, porous arsrezates are hichly abe
sorbent, at a water absorption rate of 15 to 80C 4 by
welght /12 tc 50 § by wlume/., Thus, only part of the el
wataruxer. to the ligshtwelsht concrete can be used by
the cement, most of it will be absorbed by the azaregate.

Therefore, witn a s'pecial view on lightwelght concrete
strength, the double action of mixing water does nct
separate and 13 not contradictory, as the increase of
water dosage gracually improves concrete workabllity,
provides a higher mixing density, h2nece, a graduclly
higher strength, Flgs 19 through 22 roint out the strict
correlation existing between perlite concrete mixing
density and coupressive strensth /independant of cinunt
content, Data of these Fizures have been progessed ine




dependently in Fiz.25. .

Relationshins plotted in conformity with principles
in Fig,17 are shown in Fig,26, expressing mixing water
dosage as a percentage by weight of perlite, :lixes have
been calculated with 20 pct of water by weight of cement.
According to the Figure, strength is inaffected by the
water dosage, but 13 solely dependent on density of
fresh concrete,

Increase of weter dosage in perlite concrete s
limited exclusively by the risk of excessively compact-
ing excessively plastic mixes, to a density too high to
meet thermal insulation requirements,

5.,2.4, Effect of concrete admixtures

Admixtures most familiar for ordinary concretes are
plasticizers, setting retarders and air entralners.
Among them, plasticizers are irrelevant in conformity
with Chapter 6.21.3 stating mixing water increase to
improve strength, while exsiccation tests /see Pig,14/
showed excess water to slow down drying rat: but drying
i3 sooner or later complete for any water dosage.

Neither use of a retarder is likely to bring about
important changes, In ordinary concretes, retarders
have the primary function to k:2ep the workability of
concrete for a sufficient time, In gerlite concretes,
this needs no special adaixtures since the water dosage
is high enough to protect setting until placing has
started,

On the comntrary, use of air entrainers may be ro=-
commended, In Americen practice, perlite concretes are
invariably admixed with an air entrainer, Brouk stated
/12/ air éutrainsrs to act as inhibitor to water rponetia-
tion into perlite pores, reducing mortar water demand,
At the same time, microscopic pores improve mix conesion
and workabdlity, and increase ths thermal insulation of
the hardened concrete without reducing strength, Alr
entraimers improve perlite concrete yield, hence part




of the perlite - depending on the alr entrainer dosage -
can bhe saved. Consequently, a perlite concrete of about
420 kg/m density and 1 Ma strength can be made from

1 a’ of perlite instead of 1,5 m’ which 18 necessary
without air entralners,

Percentage of pores is ianversely proportional with
the cement dosage /13/; with increasing cement dosage
pore volume dacreases, The scme proportionality seeams to
prevail between particle size and pore content /14/: the
l28s the particle sizes, the more pores there are, iccord-
ingly, perlite comcrste is advantageous both by its low
canent demand and small particie size, alr entrainment
‘being favourable u«t a low admixture dosage,.

6.21.5 Sffect of mixing and ccampacting

Concrete nay be mixed in either a gravity-type or an
impeller=type mixer, the more advantageous being that
of®ering the more intenaive, the more thorough amixing,

at a lesser risk of segregation, grain crumbling, at a
sherter mixing tize. From the aspect of aixing intensity,
impeller-type amixers are better, and so are gravity
mixars for saving particles, In agreement to tests =made
both in Hungary and abroad /11/,/15/ mixer type has no
svecific effect such as to glva preference to one type
of both.

Mixing for rore than 2 min in iapellier type mixers
rizks overmixing: the mix becomes suddenly plastic, fluid,
sizilarly as observed for cement rastes in shear /col-
grout/, This rhenomenon can da zttributed to perlite
crumbling. Compacting perlite ccncretes has-been referred
to in item 6.21,2, vorlitas being of excessively ligat
weight, compacting by vibration in 1tseif is inefficient
/2.g8. vibrating rokar/., Vibration coobined with surface
loading may bs succesful but the same material properties
may be achieved by pres3ing or rolling,

Compacting method and concret® composition - prima-
rily water dosage = are strictly related; the lower the




cozpactor efilciency, the more water is needed to zchleve
a givea density /e.s. 1a case of 2 surface loadiag of 0,02
%Za, the water duaznd is about 40 ) higher than for a
surfice loading of 0,5 ¥ra/. sccoidingly, the exact con-
position of perlita coacr=tes can only be determinad in
knowledge of site concitions /compactor, mixer/, hence

on the site, basad ox the given tecunology process.

6021.6 mﬂ effect

seriite concrete has to be made at a highwater dosage and
drying 1s a slow process because of the high water reten-
tion of perlite, Thus, curing needs no wetting, Just
during the first one or two days the surface must be
prevented from excessive drying, Thus, the perlite con-
cretes, either prefabricated or cast in-situ, have to be
covered by a plastic sheet or other impermeadble layer

Zor at mo3t 43 hours. ‘hereafter the concrete has o be
left drying out, protected from rain,

Hardening of precist perlitz concrete nmay be ucce=
lerated by heat curing, n connzction with the heat
curiiig of concretas witia porous aggragates, tests by
Nurse /16/, Ujhelyi /17/, Reinsdorf /18/ and Buday /15/
may be mcntioned,

Informative data ovtained by Buday in perlite cone-
crote tests are shown in Figs 27 aad 28, Flg.27 shows
the relation between l-day relative strength /steam
cured to alr cured strength ratio at 1 day/ and the iso=-
thermal curing time, for perlite concretes with different
water dosage, 13.28 shows relationship between l-d:y
relative strength and density at failure for perlite con=-
crotes isothermally cured for 5, 8 and 12 hours,

Pesults have led the conclusion that « as against
gravel concrstas « perlite concretes with higher water
contents are better curing, For the sake of an optirmm
curing Buday suggests to cure pe:rlite concretes mzde
with a due mixing water dosage in hot dry air in the
Zirst period of curing, them in the second curing period
in a non-saturatsd steam chamber /at 70 to 30 per cent
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5.22 Tesign of perlite coacrete ccmposition

relative humidity/.

¥1th a view to factors expounded in item 5,21, making a
rerlite concrete of adaquate grade is primarily depsnd-
ent on the agreement between the concrete cocmposition
/perlite btulk dsansity, cement dosage, periite quantity
" apd water cosage/ and the compacting implement, that is,
a nixing ratio has to be chosen, likely to peramit or
even demand the most intensiv2 compaction of the fresh
ccacrete, for the given placilag conditions,
As an introduction it h2s to be pointed out that
any specification or prescription for concrete making
cannot b2 but informative, naumely variable plant condi- [
tioas, complex requirements and not perfectly unilorm !
basic materials prevent specificatica of a final concrete (
conposition, Thus, before any concrsting work, it is ine !
dispensable to mak2 minor trial concreting and control
3pacimens, Obtained results will peormit modification of
inlormative values 1n specificaticns, and determination
of concrete compositions to meet requiremeants, Stress
is laid on the respsct of the szecified density, to be
absolutely checked,
Concrete coaposition can be expressed by elther the
weight /kg per cu.n/ of binder, agsregate and water cone
talined in 1 cu.z of compacted fr-shly mixed concrete, or
by the projortion by weight /maybe by volume/ of the
conponents, The former 13 termed the concrete coaposi-
tion, the latter the mixing ratio.
Aungarian construction and design sgpecifications
/20/ recommend compositions compiled in Tables 1 and 2
for making pbrlite concretes, Table 1 Is a comgilatlion
of Uittle compacted perlite concrete compositions as a
function of perlitz bulk density and concrete density,
walle Tabla 2 contains the same values for intensive
coapaction.
Remind that values in Tables 1 and 2 are only in-

formative, to facilitatas selection of the mixing ratio

| | | _L




for trizl mixes., After trial mixing and trial concreting,
the actu:zl fresh density of the concrete hzs to be deter—
rined, that may lead to a modification of tke mixdng ra-
t1lo. For a density lower than speclfied, water dosage
nay be increased, in the opprosite case, a hizher perlite
dosage may be applied,

5.23 Making cement-bound perlite concrete

Ferlite may be shipped to the site or plant in bags or
in bulk, Before usinz, the pe.~lite bulk density has %o
be checked, The mixing ratio determined by trial mixing
may be kept until a deviation not more than +10 ¥ 1s
observed betwzen the average perlite bulk density and
taat 2pplied in the trial mix. Tn c2se of a hisher de-
viation, another trial mixing is needed to datermine the
perlite concrete composition, .

Cement has to be dosed by weight, both zerlite and
water may be added either by volume or “Hy weight, Mixing
is norm2".1ly done in an impellar-type mixer tecausz of
the resulting perfect homogeneity, and in spite of crushe
ing the perlite particlos,

? 1y a gravity nixer is available, this one will
be oy. .¢2d with horizontal axis, To make full use of
the drum capacity. the input opening should be covered,
It is advisable to introduce cement and water first and
tc add perlite to the mixed laitance, Terlite is rather
dusting, a dust mzsk i{s needed to protect mixer operator
fiom silicosis,

Perlite ccnerete 15 less sensitive to transpvort
than ordinary concrete because of its lower-drying rate,
Neverticless it is advisably placed as 3ocn as rpos3ible
after mixing, If longer time /eo.g2. 2 h/ has to be re-
ckoned with between mixing and placing, then the water
dosage has to be adjusted to maintain the specifiad after
transport, vater axcoss {3 not over 5 to 8 ner cent as a
ruls,

7 high=grade perlite concrete 1s r—econditioned by
appropriate placing, that is, pouring into a shuttering,




a aould or on 2 surface and compacting, Concrete couposie-
tion has t¢ safeguard fresh density after vigorous coa-
pacting by means of the avauilable compa-tor at a maxizum
difference of +i0 4. Compacting may be either by a mznual
or mechanical rzmmer, a compacting rollar, a platform o
vibrator or a plate vibrator, a vibropress by pressing
of 0,1=-2 MPa or a press, o poker vibrator can be app-
lied, Compacting by pressing is especialiy favourable from
technology aspect for precast perlite concrete units /pro-
ductivity, tolerance/.

iIn course of manufacture, fresh density of periliite
concretes has to be systematically checked. Checking is
rather simple in case of precast units by sampling at
random and weighing, Also in-situ cast perlite concrete
is easy to sample by taking a sample of specified volume,
to be weighed for determining the specific density.

After placing, perlite concretes have to be protect-
ed Tor a few days both to rain and to drylng out. Rela- ,
tive humidity in a closed space has to be kept at 9J to
95 per cent for max, two days, wihile outdoors an imper-
vious layer /e.g. plastic sheet/ should cover the con-
crete, Thereafter, concrete drying out nas to be for-
warded,

5,24 Perlite concrete properties

Density and compressive strength are the two most iuporte
ant properties of perlite concrete; relevant data have .
been compiled in Tables 1 and 2.

Shrinkage of perlite concrete 13 3significantly
hisher than that of ordinary concreote, lome test results
obtained at the Hungarian Institute for Duilding Science
/11/ have Beeu compiled in Tabl: 3, Accordingly, the
higher the perlite bulk density, or tne more vigorously
the perlite concrete has been compacted, the less tha
shrinkage. In spice of its marked shrinkage, perlite
concrote 1s not liable to cracking, because of its high
elasticity, enabling it to support important deformations




without cracking. American results nave been compliecd in
Table &4,

Because of its niza cgorosity, szrlite concrete is
rot frost resistant, i.e., water saturated perlite cone-
crete exposaed to several freezing-taawing cycles, its
surface becones crumbly, Similarly, Lts high porosity is
accompanied by a water absorption of 50 to 7C per cent by
vrlume: the lower its density, tae higher the water abe-
soption.

Bullding physical propertics are the most important
characteristics of perlite con:rete, Relevant data have
bz22 compiled in Table S5 corresponding to the dungarian
Specification /21/, Tariation of the thermal conductivi-
ty coefficient of perlite concretes stored in spaces at
different relotive humidities are shown in Fig,22 based
on Hlungarian tests,

Vater vzpour absorption and desorption are vealues
of 'rtmost importance o tliermal insulations, Data of the
quo:ed tests /22/ have beoen plotted la Figs 30 and 33,
reforring to vizorously compacted pzrlite concretes,

5.25 Bullding uses of cerlite concretes

Density and compressive strength of perlite concretes
may very in a wide range depanding on the bulk density of
the applied perlite, on the compaction degree and ocaer
concitions, recommending it for 2 multitude of apslica-
tiors, As an information, from rublished data it can be
concluded that a perlite concrets exclusively for thermal
insulating rurposes may only be advantageous with a
thermal conductivity of at most 0,12 '/mK. For a poorer
thermal insulation /X 1a the 0,12 .o C,3 v/al range/ it
can be used for cembined structurzl and tiermal insulation,
nemely for strengths ronging froa 35 to 2 ifa to s211-
-suprerting structures and for 35,5 ii'a and over, &ven for
wall structures supiorting flonrs,

Upon further increasing the perlite concrete strength,
its density will regularly grovn, at a certain, but not
excessive loss of thermel insulation /e.g. thermal con=




ductivity of a periite concrete of 1000kg/m§ 3 iPa
CoasTossive strongth i3 not aigher than about $,34 4W/eX,

Suilding industrial uses found in the world liter-
ature ccaprisa:

Thaeraal insulation casing for pivelines, According
to Joviet data /23/, temperatures indicated in Table 6
have been recorded on the pipeline surface and oan the
insulation surface., Accordingly, temperature recorded on
the outer surface of perlite concrete and pérlite mortar
insulation 11 cm thick coating a pipeline of 592 °C imner
temperature was 66 °C in operating conditions.

Perlite concrete precast units are applied for
thermal insulation of reinforced concrete floor struc-
tures, as illustrated in Fig.32. Tightly fitting perlite
concrete units are arranged on tae floor shuttering, 1
taen reiniorcement is placed, and the structure i3 cone
creted with normal concrete, using precast pariite cone~
crete units as permanent shuttering, Ordinary and pere |
lite concrete exhibit adequate adhesion,

Similar principles are underlaying the prefabrica=
ticn o floor and wall structures with perlite concreta
iasulation core. 4 Hungarien exaumple is shown in Fig.33
with crossesection and joints of precast wall and fioor
slabs,

A wide-range use = perhaps in the greatest quantity =
is that for thermzl insulation of the roof structure of
incustrial halls or of tane top floov of living houses
with perlita concrate. This i3 normally cast in-situ or
monolithical, the floor may be stseply sloping, mildly
sloping or level, 3Both pgrecast units or monolithic con-
cr2ta may be applied for insulation., in any-case, a due
nunbar of ventilation ducts of sufficient cross=~section
are naaded’ to meintain continuous aeration of the per-
lite conerete, or to ensure drying out in case of an
evantual 3saking /or of mixing water in monolithic cone
cra2ta/. A typleal example of monolithic roof insulation
- iaid over roof shell units -« is seen in Fig.34, Drying
ducts have to be developed toth longitudinally and transe

vorsally in the mmof structure: for a perlites concreto
thickness of 7 cm, a mesh of 30 cm by cm of ventilation




ducts is needed, and the ducts are to be connected to
s=ntilation shafts applied in the nodes of an zhout 6
3¢.m mesh, One outstanding elzment of perlite concrete
roof insulation is the ventilation and drying duct system,
which when omitted or incorrectly a:;'ied induces invari=-
ably the failure of the perlite concrete insulation /24/.
Namely, thermal insulation of the soaked perlite concrete
is 3sjgnificantly poorer than of the dry one, besides,
sunshine may causc & vapour pressure on the concrete
surface likely to bl.:; the waterproofing layer and to
detach it from the perlite concrete surface,

Glued waterproofing layer camnot be aprlied but on
perfectly sound, dust-free surfaces. Although a perlite
concrete of good workmanship suits as waternroofing
sv.pwort even at a 300 l:g/n3 density, but a fzultleas
conctruction presupposes a long practice, taerefore in
general, perlite concretes of 400 kg/::3 density and be=
low are coated by camant mortar about 3 ca taick as sup-
porting layer for the waterproofing.

The desipgn shown in Fig.35 1s encountered in Ameri-
can practice, Ferlits concrete insulation 10 c¢m thick is
. applied o a corrugated metal sheet supported in tum on
a steel truss, with a verlite concrete suspended ceiling
on Rablita-mesh,

Soft, elastic materials are superior for sound-damp-
ing then are rigid materials, fundamental for the acous-
tic progerties of perlite concrete insulations in build-
ings, According to a publication by the Socleta Italiana
della Perlite, scunddemping by oose perlite layers 6,4;
7,5 and 8 sz thick and by perlite concrete layers of
about 50C ke/m’ density, 13, 15 and 16 mm thick equal
taat by air gaps 50, 100 and 150 ma, respectively.

According to a paper in rerlite Toreh ilo.2, Yol.l,,
sound-damping of 40,3 dB of a vartition wall compos~ed of
nerlite mortar aprlied o a metal sheet and U and plain
1aths, of a specific weight of 50 ka/m° about equaile.!
that of a partifon wall 10,2 ca thick, made of hollow
bricks with sand and gypsum plaatoring, of 170 kg/sq.m
specific weight,




These properties suggest parlice for acoustic uses,
~oise ievel reflected from the walls aance arising in
ths rcou may be reduced by sound absorbers. A far-reach-
ing elimination of sound refiection is especially iagor-
tant in extended rooms ftheatsrs, concert halls/ whore J
sound rovarberation may de heared seporately I{roa tihe
primary sound, 0 this aim precast perlite concrst: dade ‘
ding plates aay be applied, doubling as decorative umits,
Thermzl insulating and structural perlite concrutes
of 3,5 MFa and over may be processed inte partition wall
Slab3, partition wall umits, roof units, external wall
units with or without frame, of various sizes,
Compressive 3trengths of 3,5 HPa and over require
either perlites of high bulk density, or efficlent com=
pacting work /see rig.11/, For a perlite bulk density of
8.3. 150 ka/l3 s then 1,65 2 of gerlite is needed ior
l m3 concrete of 4 lFa compressive 3t:-ength, whilie 1,3
2’ of yverlite of 200 k.«,/m3 bulk density grancs the same '
3trength, Cement bound partition wall plates applied
initially by the lwngarian buliding indusiry /25/ have
latsr been abandoned for gypsum as binder /sece item 6.3/.
ixigencies of the conventional building nethod /brick
or hand-size masonry unit/ are met by partition wall
plates of aax, 40 by 40 by 8 cm, at a maximum weight of
porlite concrete units of 8 kg a piece, For assembiy-
-type bullding systems vith large=size wall structures
/e.3. slabs of 3,0 by C,3 by i,2 m, also partition walls
are to be @ade of slabs of perlite concrete, in max, 3CO .
vy 120 by S cm sizes weighting max, 20C kg.
Prefabricated zetal /e.g. aluaminiun/ framed periite
concrete panels are Suitable for temporary buildings that
caa be asgembled, dismantled and assembied again /site
bulldingd, temporary stores, saeds, etc./. This type of
unit 13 oirtlined in Fig.35. Also large-size wall 3labs
have been made of perlite concrete for storeyed living
houses, single-storey family houses, weekend Louses and
garages, These wall slabs are partly self-supporting,
without reinforcement, with a middle hole for lifting as
shown in 7Fig.37. A two=layarcd wall unit applied in the .
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USSR, with aa outer layer of gravel concrete, and z2n
inner iayer about 5 ca thick of gcriite concrute of adcut
530 kgf) deasity, Ls shown in ¥1g.33 /25/. Besides :ore
lite send 9 to 5 =m particle size, also ,e ~aite gracules
5-20 m= particle size, of about 330 kJa bulk density
are 2ad2 In the U557, FIx of cerlite samd and granules
is nazade into sia;le-layer wall slabs of max, 15 'Ta
strength concrcte, on the othar hand, perlite sand of a
oulk density of 150 %g/a’ or over i3 adled to other
lightweight aggregates /e.g. expanded clay/ as a supstie
tute for aatural sand,

6.3 Perlite with sypsunm binder

Gypsua is an indispensable bindar of conveational Ifintshe
ing work anc becomes ever more extendad in the ;rocuction
uf up-to-iate ligutweignt bullding matarials, Hamely, the
quick setting of gypsum serklts fast re=using cycles of
moulds at a aizh scoromy, it i3 easy to place, yiells
smooth surfaces aud the products are true to sizo,

Advent of gypsume~bcund szorlite was simultaneous with
that ol cement-bound perlite. Just as the cement-oound
perlite, the gyrsume~bound one is gualified by strength
and density, Gyvsum-bound perlite will be treated along
the same lines as the ccaent-bound ons,

Some sypsum uerlite compositicns su.zested in Jubli-
cations will be tabulatad, Table 7 is a compilation of
gyosum perlite coapositions agppyliad in the USSR, Coilpo=
sitions applied in smerican practice ar recapltulatad in
Table 8, “n Table 9 compositions suggested for Hunzarian
;er;iteu have been compiled, .

IZszential characteristics of gypsum perlite /i.=.
conpressive strength and density/ are very similar ¢>
the cewmzntegerlitce, Conding strempth is about 30 [ of its
comgreesiva strenith, 1.2, 2 zypsun perlite of about 2 i'Pa
corpressive strength has a bending strencth of adout 9,6
i?a, Relationships for the modulus of elasticity have
been plotted in Ffn,39 based on Australian data /15/,

Gypsum is known to swell soon after hardening, to a




to 2 max. at 1 day of age, then begins to shrink, to retum

20 orizinal placing volume when dried., The same process ia
encawntered for synsum perlites,

Gynsum perlits has outstanding refractory and fire-
rroof characteri stics, Steel structures coated by 2,5 ca
of qypsum perlite resist fire during 1 houvr, Remind, how-
ever, the increased importance of architectural design
of the fireproofinz layer or structure for the fire re-
sistance. Protecting the steel structure to fire by app=-
lying a gypsum nerlite suspanded celling, rather than a
?lastering, leaving an appropriate alr gap between cell-
irz and structure way result in a fioor that keeps ics
fire resistance during 4 hours of fire, Besides this the
najor fields of use of gypsum~bound perlite are: ready-
-mixed perlite plaster for thermal insulation or fire-
nroofing, suspended ceiling, orecast thermal insulating
claddirgs and partition walls,

- A method under Hungarian patent for crefabricating
hcllow partition wall sla®s results in wmits shown in fig.
45, These rartiton wall slabs psaults—in—mits—showr
o? rooxn height and 60 to 80 mm thick, If applied in a
mecist room /kitchen, bathroom, etc./ its side facing the
humidity has to be coated with a sealing layer, the other
side aer=ated, Slab marerial has a compressive strength of
5 MPa, a sound reduction of 28 to 30 dB and a limiting
fire resistance of 1 hour, Its surface is perfectly
srooth, after Jointing it can be directly painted or
wallpanered., Besides, it 1s workable: can be chiselled,
3iwn, dri’led,

5.4 Perlite’s using with othor binders -

Other binders nsed to nerlites are: bitumen, lime, water-
-glass, ceramic, magnesia-cement, aluminium phospiiate and
synthetic materials,

The bitumen bincder {8 used for decreasing the water
absorption of perlite. The bitumen must be heated before
its using, to the perlite can be mixed only hot bitumen.

The warmer the bitumen the better will be every fmportant
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pmoerties of the product./24/
e have to nzntion thzt th: too hot bitumen in come
pacted biturmen=jerlits can cause2 spontaneous igaition,
therefore the bitumen cza neated saly t1ll its softealng
noint +120 °C /e.z. a bltumer wiia softening point of
89°C con he heated only t11l 220°%¢/.

Besides bYitumem is us2d 2lso cozl-tar pitch to pre-
fabricated bitumen-perlite products., Accorting to tae
Hungarian axperiances using coal-tzr pitch increases the
comressive strangth and decreases the water absortiion.
But hoating of mixad binder /bitumen+coal-tar pitckh/
claims zreater care than in tae case of bitumen only.

Bitumen bound perlite c¢2n be manufzctured both in
situ and by rrefabrication, 3itumen heating equipments
aust assure the 2xact taaperature of the bitumen, {vere
heated hitumen i3 suscertible t9 socntaneous inflarmation,
The bitumon-jnerlite cannot be plac=d Inmadiately after
mixing: a cocling storcge plagce must be previded for,
between the mixer ond the ~0ﬂ“°~txng da2vice, The teacere
ature of the mix *s 150-15C °C if 2 wsuzal guality Litunen
/aslting noint 80-00 92/ is used with the bitumen-;2rlite
mix at 200210 °C, Fo- compacting however only 2 ditumen=-
~neriitz mix of a temperature less than 100°C i3 suitable
/advisably 80-2c %c/,

The mix m2y be coaracted by pressing or rollini. For

prefabricatzd products usually a press is used, tie yress
lo2d changes from 0,4 to 1,4 1Za in function of thke bulk
density, the mixing rate and the des..e? dinsity, To com=
racting ine-situ bitumonererlite usually 2 rollzr {5 appe
lied. The casing of the metal roiler aust bdbe continually

cooled while operating, otherwise the bitum2zn adheres to
the metal surface, The pressing slates of th2 rress have
+5 be cooled in the same way. For the cooling water i3
used,

Por the amourt and the rate of water absorntion data
are given In Fig.41, Water abscryption rotes of bitunicne
=perlite products difforent density are plotted against
the bulk density cf the used perlite, This reveals that

c
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water absorvtion of elcments stored for 8 hours in water
does not exceed 1C ¥ol, ) and oniy a very lightwelgh® per-
lite roduct procesdsed to a nigh density unit is above 29
Vol. § /orogortion of bitumen:perlite 1:1,i - 1:1,3/.

Thermal conductivity factor cuanges in function of
tae densitiy are plotiad in Fig.42. As design valua the '
upger iimit graph saould be taken into consideration,

Tals matedal is used first of aill for roof insula-
tion. Its iniltial water absorption is slow, therefore it
gets hardly soaked by a long lasting rain., It may be
usad for foofs both with minor or great inclinatioun, Its
colour is dark therefore the temperature of the insulation
mizht rise to 70-80°C in consequence of long lasting sun-
shine., This does not deteriorate the bitumen-perlite
cover, however it bacomes soft and cannot be tread on. A
reflecting water-repelient gra-eied coating, elimirates
this set-back.

Jor werlite-—uortar either siaked lime sludge ,both
of lump quick lime and crushed quick lime/ or hydrated |
lime may be used, Yo improve mortar strength - similarly
as with normal rendering aortar - beslde iime aiso cecaent
can ve alxed to the per.ite, 05t important in a green
rendering mortar is its workability as it deterwined the
bond the density and strength after hardening. “rom tiis
point of view lime sludge is betier than hydrated lime,

Bond between the p.astzr and the surface deperds on
the mixing water quentitye For a h.ghly hygroscopic sure
face a thizner mortar is az2cessary. ithe surface must be
prepared before plastering: first of ali it has to be el
cleaned of dust and other stains, if too smooth, Lt has
to be sti:pled, thern sprinkled with water or_a thin layer
of flluted mortar mix 1is dashed on the surface, To improve
plasticity,. density and yield scze air-entrainers zay be
added to the perllite mortar,

ihe compocition of lime=bound peilite mortar the Hune
garian Coce praposes d:ta to be found in Table 13, Yeclite
plastar can be dashed or spread witin the masons usual
tools, it 18 easy to finish and can also be applied with

mechanic toola,




The special use of lime-bound merlits ls descrihed
in a2 Siss cvatent /28/. The dust-likc finely graded v
perlite fexradient if helow A2 uw/ 1s nazdad with 2 small
arount of water while intansivaly atxed with sizked lime,
By this, pa~t of the {10, content of the zerlite glass can
be 2ctived. The nerlit2 Eust - lime mix may e used as
binder: diluted with v-ter it ezn he miwed *7ith exoanded
perlite and the slightly moist pix 1s pressad int> forms,
The raw units are autcclaved assuring intensive hyd-2ted
c2lcium formation 3n¥:equently they 2re curad in dr-
warm alr, Accordiny tc data a therm:l insulating and heat
resistant product is chtained with 2 density of 14n..210
ka/m’, a thermal condctivity factor of 2,06-0,07 /oK,
heat resistant up to 550 °C, and 2 compressive strensth
of about max, 0,5 MPa, This procedure - taking into
account also the tachrical charactaristics o2 the product -
{3 rot a cheap method; there was no infarmeation 2vaf lable
about its circulation and use the Mmdlding industry,

Waterwnlass {3 a 5indine and glueing coliold sclu-
tion, the aqueous solutisn of efther rotassium cilicate
/;’1.23103/ or sodiur silicte. The hardesning roes on =3 a
result of the pracisitation of ancrrhous silicon cdue .o
dryins and carbondioxvds. To accelerate hardening, the
watar=3lass is heatad and as catalyst scdium 3ilicon
tetrafuoride /Na,S1%,/ i adced.

Properties of perlite conceretzs »repared witih veterw
=nlas3s 2re influenz2d dy the bulk dAmsity and pradiang of
perlite as well as by the binder content, 3imilarly as
describzd in chapter 6.21. Processing methois reserble
those of cement bound Jroduets /mixing, compacting/, howe
ever, the 2inz) strensth i3 obtained by dryinz at 1 tonme
periture of 160-180 °C. Dryins time: scme héurs, in func-
tion of the -w2terwglas3 quality.

The thermal resistance of this sreduct /at least
+800°C/ destines 1t for thermal insulatiom, chiefly for
industrial equipments, district heating ninelines, 2n2d
other heating pipes., iiater-glass perlites may be manu=
factured for thermal insulation of buildings, for wall
cladding purposes, for suspended ceilings and roof-insu-




lation as well,

snells and sesmenis nf waloreriiss navlits, nmo-
of 250=400 ka/m”’, the thermel conductivity factor is
0,37=0,12 %/mK, £lexural strensth G1-Y,5 1Ta, conrressive
strength 0,47 ,2 iire,

The welight of re’ractory ceramicis cen he much re=
duced by addition of terlite, yieldins a rnroduct vith a
density of 300=700 kz/m’. Actuallv these are not immt
clay rreducts macde lirhter with ne=lite, hut J-rlit2
orocucts with a binder of ceramic arigin, They are chief=-
1y used for thermz2l insulating or refractory el=sments,

As binder mz2inly clay with an 111lite content, dento=
nite and marl are user, The ~lay mist be dried, subsequent-
ly it should be passec a roilar mill, 1 desintegrateor and
a seznarating machine, the cruchsd meterial and the rar-
lite shouid be dry-mix=d, On the mix uroTortion rives ine
formation the Fig,43, The immoxtnt cronevties ~f fungae
rian ®X0-ORIT 1s shown in Table 11,

Ceramic~bnund nerlite c2rn —roctic2lly he usad any-
wha2re, but it is most ecoromicnal vhere its hizh thornale
and refra>tory proparties are ntilized /as thermt) insu-
latinz lininz in chimnevs or 2 h2ateresistant "ine cise
ing for district heating pirelines of high tempersture/,
For such purnoses ceramiz bound nroducts are zlsc Nanue-
factured in the USA, in Canada and the Soviet Union /29/
/33/. According to the USA votent srecifications the =roe
duct3 resist even a temrerature of +1550 Cc.

Magnesium oxyde 15 a product obtained of mamesite
mineral /MgC0s/, burnt at a temcersture of about oco®c
then finely sround, It vos first anrviied by §orel, there=
fore it i3 also known 3 Sorglecement, "Mamaosium Hxrie
with water sets and ha dens very slowly, therefore it is
generzl.y mixed with m snesium chloride /#nCl./, mame=
3ium sulrhate ar solirt ons of othar salts /e.g. ‘CaCl,/.
The ni ghe:st strength 1. obtained by magnesium cxrde '.Tlith
magnesium chloride; thcugh magnesjium sulphate has the ade
vantage of yielding a 'ardly hysroscopric maznesia-cement,

For industrial us's binders of magnesium are mostly
mixed with organic fil ers /wood chippings, sawdust/. It

?
duc=d by the Fmgari=n nerlits irn vstry have 2 donsity




is sonsible to replace them by parlite, because perlite
na an ~norsmic nxterial 15 Sungus-rroof and rould-

2
seing

~ros_stant., Mamasite flooxs oraoored with porlite - si-
=ilarly to a2;12:ite floors made with sswdust - must not
be sured with water, the nix not being water»roof, a dry
atzosphere 1s roquested while hardsning,

Magnesiz-cencnt-perlite concrete can e well come-

act2d and well screcded, Instead of magne:iia-couent also
dolomite cement oight he used, in which beside ragmesium
oxyde a21so carbonzate 1s present, as an inert filler, 3e-
causae o the inert flllier dolozite conent is of poorer
quality, this must be accountad .or establishing the
nix proportions. ‘

Aluminium thoschate 13 a technical alum earth with
a speclific surface of 150C0 cmzig, ground to powder /grain
size mex, 20 un/, which is attacked with 50 w2izht oct of
phosphoric 2cid. Used as binder its heat and fire resis--
tance are well known; therefor2 serlitz concrz2te, xjosed
to hish temperaturs are produced with aluminium phos-
~hate,

According to litterary datz /31/ verlites coneretes
~redared with a guantity of binader, dz2nending on the
strength to he obtained, can be used up to a temnperature
of max, 1200 °C, Both strength and fire resistance depend
on the density of the prlits-concrete, If the donrity
/meesured on dehydmagtel aluminiuz-vhosthate-perlite cone=
srate/ is max, 620 kg/mj, the temparature maxinum reaches
1000 °C, of the density has a mex. of 1000 kg/=’, ths
temparature maximum may reach 1220 °c. In general perlite
may be evpos2d for longer period to a temperature =t
which 1t was expanded, however aluminiim phosphate deve-
lozed a protecting cover aromd thz parlite grains, there
fore the muterial resists also higher temperatures,

NDepending on the quantity of tke binder and the in-
tensity of conpacting, the material with a density of
600-1000 “g/m’ has a compressive strensth of 1-15 iPa,
They are used for furnace linings, fire-resistant cladd-
ing of steel bearing structures, etc.,

The polymerisation procedure for increasing strength




of the cerent bound perlite was annlied in the USA., Very
detailed exveriments wore carried sut in the National
,aboratery, Brookhaven /32/. For the lzboratory tests
comant=beound verlite concretes of very diffarent quality
waere prenarad and these were sz2turated by diflerent
methods with monomers and subsecuently polyaerised. Che
density of perlite concretes /in dry condition/ was bet-
ween 3560 and 490 kg/ms, after being saturated with a mo-
nomer ané polymerized, it increased to 110C=1200 kg/m’.
At the beginnina conmpressive strength of the originai
verlite concrete was 1,2-1,3 V’a, after polymerisation
it reached 34-56 MPa. Other technical procerties /frost-
-resistance, resistance to corrosion, 2tc./ of high srade
nolymer perlite-concrete were also favourable, As a
result of the tests, experimental break-away lamp posts
were narmufactured.

The flexural strengzth of trecast units can be in-
creased - both for better handling and higher durabllity -
by using fibrous materials /such as slaz wool, basalt
weol, gzlass fibre, =tc./. The fibre reinforced perlite
concretes can be used basically with any binder, however
ir practice they are vsed mainly to manufacture water-
-glass and cement-bound perlite products., The most delicate
phase of the technology is the even distributfon /mixing/
of the fibrous materisal, The usual mixers are not suit-
able for this purpose, therefore, the so-callsd t.ating
drum known in the asbestos-cement oroduction, is used.

The machine results in further crushing the vperiite grains,
hewever it ensures the completely homogenous distribution
of the fibrous material,

The Johns-Manville /USA/ corroration offers the
licence and machinery for "Fesco Board", According to the
nrospectuseq, the continuous production based on the modie
fi=2d binder = the nbject of the licence - with chredd.d
tibres /earlier orrzanic, now anorganic/ and perlite, offer
among other varieties ol the product also fireproof and
hydrophobic types. They can be manufactured in storey-
high boards with different widths and thicknesses,

For acoustic purposes the American firm CELOTEX has

a new product, the so-called glass-ceramic slab, Accorde l
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ir * to a faw available data, it is marufactured as follows:
£ » perlit2 i8 nourzd into heat-resistant ste2i mou.ds,
zn s throuzh an zrc=-lipght furnace where the grain surfaces
fus2 and agglutinate, Size of the product changes fron

50 to 12C em, it is fSanme~ and fume-proof, and has a fair
resistance against chemicals. The zrospectus states that
its acoustic nroperities are excellent,

7- UCZ OF PZRLITE FOR COARSE AGGREGATE AND FOALZD
GLASS

Cf crushed and sraded nerlite other lightweight products,
chiefly fcr the building irdustry, can be produced oy
some speciil ways, besides the usual excanding technolo-
gy, discussed in Chapter 5. The manufacture of foamed
olass and the so-called granulated foamed perlite /Ffur-
ther on: TG/ are discussed oelow /Hungarian patents/.

21
Ih
gl-_-s and 7HG, the rore vitrified phases it contains, i.e.
the smaller the projortion of crystalline ghases,

Sketca of the " echnology for the production of a de=-
corative volcanic foan is as follicws:
- fine crushing perlite rock /less than 100 w/
-~ ~idng perlite dust wi:h chemicals
- rying tae moist dust misture /a2t 200-250 °c/
- :rushing the dried mixture /to less than 3 mm/
-~ “ine gsyinding the pre-crushed mixture /to less than

a0 n/

- M1ling the fine dust mixture into the expanding form
~ ’'shutter/
- ’anming the dust mixture in the furnace /at 8CC-359 oC/
- gtrianing foamed pglass plates
- rutting nd grinding the foamed-glass plates co exact

31izes
- application of the decorative layer /by dry or wet means/
- curing /stoving/ tuming-in of the decorative laysr /de-
pending gn the decorative material, at a temperature of
600~700 C/
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- classifying, pack

“roduction technology skatcir of granulated fowaed pere
1it /HG/ is as foliows:

- firne crushing the perlite rock to max, 3 mm 3ize, then
grinding it to max. 1C0 pnm

- mixing the veriite dust with chemicais '

- sramulating of the moist mixture

- drying the granulatzd materlal /helow a tecperature of
z00 ¢/

- classifying of th2 dry granulated material on a vitrat-
ing screen

- expansion of the granulated aatorial in a gas or oll
heated rotary kiln at a temgerature of 80C-9CC °c

- prading of the expanded grains by nmezns of a vibrating
screen, a drum screen or a awinging chute

- storage and packing of the graaulatzd foamsd perlils

The chief technical features of tae decorative volca-
nic foam can be summed a3 follows:

Its density /average/ is oI 350 ky/ 2 , which c.u 2 i
dinin’shed till 250 ke/m’ or increased to 450 kg/=°. Water
absorotion: 0«2 pct by Voi., but it can be increased importe- .
antly /e.g. to suit acoustic purroses/ even to 30-70 pct
by Vo.. The foam with a water absorption of 0-2 pect by Vol,
is frost-resistant.

Compressive strength comes to 3-8 i“Pa deperding on
density; flexural strengtan: 1,8-3,5 iFa, Tacrncl conduct-
ivity at a temperature of 20 °C, measured on shsets of
20%20%x3 cm is 6,078=0,125 ../nu(. Average coefficient of
tnerm:l expansion till 500 °C comes to 35.10 =7 a/s°z,

lemperature limit of use is max, 3700 C, beainning
of meltiny: 550=500 ° _

The wnits are made in lungsry in sices ’u;: to Ox40x5
cn in plate forme, The material can be well cut, savn and
around,

Chief possivilitles of use for volcanic fczm 2ad
decorative volcanic fcam are: thermal lfasulatioa layer on

. loadbearing floors, in precast saadwich slabs, thermal ine
sulating wall claddings for dwelling-houses and for induste
ry halls /e.g. for cold-storage plants/, thermal insulat-
ing docorative face end interfor cladding and artistic
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2lenents,

The main tacnnical pronerties o2l the rronulated per-
lita fozan are as foliows:

Pensity: 100-250 kg 33

Grain size: 4-35 m

Porous structure: wniforn, mostly closed

ASTM self-8trength /for grain size 10-30 me/ at a
density of 130 kg/m: 1,4~1,6 FPa, while at a density of
140 kg/m}: 2,4=2,6 M©2,

Water absorption: 3-5 pct by Vol., but it can te in-
creased to 50-60 pct by Vol.

According to DJIN 4226/3/b the -HG is frost resistant.

The granulated foamed perlite can be used in the
following fields:

in the concrete technnlogy as li:zdhtweight agar-iate
for concretes with densities of 400-1270 kg/:!l3 and with
strengths of 1,5-10 MPa. It can be =2ssoclated with synthe-
tic foamed products, e.g. a product :onsisting of 79 et
PH3 and 30 vet foamed tolyurethane /oy weisht/ has tae
oroperties as foliows:

Density: 175 kg/m°, thermal conductivity: 0.055 #/mK
/a< a temperature of 20 °C; compressive strangth: 1 Pa;
fizme esistant,

8, USE OF PZRLITT FOR DIFFERENT PURPOSES

Exyanded perlite was found useful not only in the bullde
in;; industry, but also in other fields. Jimong others, it
is applied in agriculture, in the f7od industry, the che-
mical industry, in packin; techniques, in metallursy, even
for envirormental protectinn purposes,

8.1 Perlite in asriculture

Cultivated plants develop only in a s0il able to Trovide

then with water, alr and nutritive nmatter simultaneously,
About agricultural application of perlite the first world
literature information was issued in publications of the

Perlite Institute /UBA, New=York/, Here the expuriences




with perlite of the Texas floricultures were discussed
and it was proposed to use it for ormamental plants and
tobacco seedlings. Perlite preparations /e.g. trade mark
“erl-Lome/ were applied purely instead of soil, together
withk high dosages of mutritive naters.

Since the beginning of the sixties perlite 1is also
applied in Europe for horticulturel purposes, thus at the
experinental plantation of the Swiss Eldgendssische Ver-
suchsanstalt fir Obste-, Jein- und Gartenbau, observations
were mde with strawberry, vegetables and floricultural
plants, .

cerlite is most suiteble for vegetative propagation,
for plants cultiwvated from cuttings, for cultivation and
root taking of wine cuttings. In Gefmeny, Holland and
Sweden it is also in use to trénsport young seedlings. In
Bulgaria, Czechoslovakia, Yugoslavia it 1s used as basic
material in mould mixes, In the Soviet Union as artificial
medium, e.g. in the 8iberian power stations experiments
were also carried out to use expanded perlite as basic
material for hot<house cultivation,

In Hungary the first experimerts concerned use of
perlite on arable land for monocotyledonous, dicotyledon-
ous and hybrid sorts of plants, also for pot plants, for
root taking purposes in nursexries and cultivation of
vegetables /33/. The results of laboratory and large-scale
tests proved, among others for tobacco, that if perlite
is planed 15=20 ca into the soil layer of the tobacco
seedling beds /on a seedling cultivation area of 25 mz,
140-200 liters perlite/, the sprouting occurs 4«5 days
earlier, there are less weeds, root taking is more active,
plants get not damaged when uprooted and after bedded out
greater quantities of seedlings develop - 20«28 4 - com-
pared to those cultivated in soil without perlits addition.

F{eld tests showed that the complex effect of perlite
is most utilized when applied during the auturm fitting of
land, The depth of the ploughed layer is at this time the
greatest and the soll utilizes winter rain best in this
way, Perlite used in any cultivation branch yields better
results when its grain sizes are larger /2-3 mm diameter/.
This perlite type should be used for cultivation of oma-




mental plants /2.g. camation, geraniun, g2raination of
ch~ysanthenum, for root taking, replanting/, horticulture
/s>il-amelioration, for parks and terrain correction/,
mixed with nutritive matters /starter sulphur/ for meadows
and pastures, for sowing different grasses, beet-root,
rice, etc, As an admixture to soil disinfectants or extis~
pators perlite is a satisfactory carrier medium.

8.2 Perlite for r ducing evaporation

Agriculture ne2ds water and a considerable part of it

comes from standing waters, On account of evaporation

water losses increase significantly all over the world,

therefore numerous solutions were developed to stop it.

In the United States until recently long chain acrylic
monomolecular rilm~like layers were agplied, however they

are easily blown away by the wind. To replace them experi- [
ments with perlite were begun /34/. |

Perlite was first hydrophoblzed by silicon /see Chap-
ter 8,3/. Perlite grain size 0,1-1,2 ma; bulk density
100 kg/m3. The perlite can be dumped from sacks directly
on the water surface at one place and the slightest, breeze
suffices to spread it, the covering whole surface., After
a while, small part of the pverlite may sink in the water
or the wind might carry it away, so about 0,2-0,25
liter/m’/week periite is wanted. Is the perlite kighly
hydrophobic, the value of perlite consumption can be re-
duced to 0,07 litar/m’/week.

According to test results, the water temperature in
summer is 2«2,5 92 less than for the wncovered water irmedi~
ately under the surface and 3-5 °C lower at a depth of
about 1,0 m, Not much perlite is carried away by the wind,
As a wind effect the perlite cover might pile up on the
opposite side to the wind directidn /the covered surface
may be reduced to 50-60 %/, after falling of the wind, it
forms again an unbroken layer,

With a perlite ccvered water surface a long-term
water economy was achieved in average of about 20 accord=-

ing to summer tests, the cost of the economized water was




0,38 dollar/m> water.,

In the USA tests it was also investigated whether
cerlite was not damaging to fish because ‘he water was
shut off from sunshine - in principle by a reflecting
layer., It was found that in cooler weather length and
weight of some kinds of fish /e.g. trout/ did not change,
however surviving ratio was better in perlite covered
water, ¥ith other fish and in warmer weather /e.g. tylapia/
the perlite cover is harmful, The cause may probably traced
back to reduced nutritive matter content, because develop-
ment of algae diminished.

8.3 Hydrophobized perlite

In some fields use of perlite has the disadvantage of 1t=
high water absorption /30-70 % by Vol.,/. To reduce it hyi=-
rophobizing methods had been developed.

To obtain a permanent hydrophobic effect, 1t is
necessary that the polar groups of the dehydrating liquid
form chemical combinations, assuring with the ions or
atoms of the hydrophil solid the outer orientation of the
non-polar carbo-hydrate roots., If such an orientation of
the molecules was secured, the carbo-hydrate roots pre-
vent the connection between the water molecules and the
components of the solid. In case of pcrous material,
hydrophobization occurs only if there is no water pressure,

To hydrophobize perlite homologous carboxylic acids
or thelr salts, bitimenous solutions, water solutions of
alumin{um or calcium soaps or different forms of organic
silicon compunds might be considered. Most efficient are
bitumenous materials and organic silicon compounds.

Perlite with a water absorption of 50-60 ;5 by Vol,
in the original condition, reaches at a maximum 3-10 %
by Vol, if well hydrophobized,

Hydrophob perlite i3 able to bind oll on its sure
face therefore oil adsorption is an other important
feature, Coarse graded perlite /grain size larger than
0,2 mw/ has an oil adsorptien of 4=7 ml/g.

Hydrophob perlite acquired a special role incleaning




oil polluted waters. As perlite grains hardly absorb any
+.ater poured on the water they float for a long time with-
out sinking., But as the gralns adsordb oil on their surface,
t2e oil pollution adheres to the perlite, The oily perlite
is gathered by simple methods and lifted from the water
together with the oil, bound to thelr surface,

8.4 Perlite for filter aid material

In the food industry /sugar-, beer-, canning indust:ries,

and viticulture/ as well as in other industries /chemical,
potrol-chemical and pharmaceutical industries /anorganic

powders with a large specific surZace /e.g. diatomaceous

earth/ are used as filters, For this purpose a specially
prepared expanded perlite proved sultatle; often less

material is needed and filtering necomes quicker, as with
traditional filter materials, Tests carried out at differ- {
ent places proved /35/ that 0,6-0,7 kg right quality fil-
ter perlite suffices for 1l mz filter area, in case of
sugar 1l-1,2 m5/m2h filter performance could be achieved
with the same filter effect as for traditional filter
materials, '

In the food~, chemical- and pharmaceutical industries
only perlites of special quality and compositiaon can be
used as filter ald materials, Filter perlite of less
strictly specified properties - therefore much cheaper -~
are most helpful for envirommental protection /36/.

Environmental polluticn has an increasing tendency,
pollution of the environment endangers even the population.
To prevent ruining the rivers, sewage must be purified and
treated, .d1so waste water fllters have to be& applied for
clarification of manure slops in agriculture, For such
purposes ihdustrial by=-products were already in use with
more or less success, fly-ash, or breeze, etc, However
they have so unsteady properties that the result obtained
18 also uncertain,

The perlite powder /generally of less than 0,3 mm
greding/, handled as worthless material remaining after
raw perlite crushing, is suitable to make an expanded




parlite of a relatively small grain size but a large spe-

cific surface.According to pllot-plant tasts with this

kind of filter perlite, carried out in Hungary, oily

sewage in a rsfinery could be clarified to a less than

1 mg/liter oil content without any special investment ,
/the original oil content was 30-80 mg/liter/. Taking

into account above data for a plant, letting out 10000 o

sewage per day, a perlite consumption of 12-15000 m? per

anmum has to be considered,

8.5 Ferlite in metallurasy

rerlite has two main utilization in metallurgy:
- a3 ingot mould insulating sheet
« as netallurgical backing sand,

“etallurgical works are investigated since decadas
how the steel could be kept warm for as long as "oosible
after casting, The slag inclusions drift upwards 1in the |
cast .;teel and settle on top of it. If thie cast steel is '
cooling to quickly, the whole ingot might become unservice=-
able, Even1if it was kept warm, 6-8 cm have to be cut off
on the upper part, in many cases still more, because of
the slag inclusions, If the height of the cast steel could
be increased by some centimeters, this would be a great
econo:ic benefit,

“he exothermal insulations applied in metallurgy so
far, vith carbon as basic material and containing iron-
~aluminium thermite, were very expensive, instead perlite
can be well utilized., The mix 1s: coarse perlite men=b%
weil 92 %; water-glass mixed refractory material /composed
of: 9C'6 clay, 8% water-glass, 2% water/ volume, If perlite
contains much fines, thermal insulation and gas penetra-
tion decrease,

?refabricated thermal insulating shells are formed
of the mix, their inner side, in contact with the steel,

13 coated with a quickly drying material, made of water-
=glass and siliceous flour, to diminish friability and gas
penetration. The insulating shells must be dried for 2-5
hours at a temperature of 150-200 °C,
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The mould profiles can be made of the same mix also

3 % .brator-peesses, Water absorption is sm2ll, thermal
irsulation good, mo gas formation occurs, therefore the
steel after getting int> the mould rezains quiat, Of
course care must be taken that no CO2 gas generating agent .
should penetrate into the mix /e.g. the refractojry ma-
terial should not contain magnesits or chalk /otherwise
the steel begins to boil in the mould{

8.6 Other uses of perlite

Expanded perlile as a chemically and biologlcally neutral,
dry, light-welght, sift and elastic material, is suitable
for any packing where the transported ware has to be pro-
tected against damage due to impact or shock, i.e. it has
€0 be bedded in an elastic material, It can substitute saw-
dust, chippings, etc. Compared to them it has the acvan-~
tage to be biologically neutral, does not rot, mould and
is wamm resistant, It can be utilized to transport plants
/onions, bulbs, etc/, to store vegetables and potatoes
/in latter case its thermal insulating capacity is a fur-
ther advantage/.

In engineering it is used for anti-vibration mcunt-
ing. According to a Hungarian patent, a synthetic resin
dispersion is mixed with perlite, a plastifier and an
anticorrosive, When drying, the mass does not shrink,
Vibration of large-size sheets for waggons and buses are
damped by spreading the mass between the two cover sheets,
It has also a sound-proofing effect, '

Fine grained perlite 1s also utilized in powdered
soap and detergents as rubbing and cleaning -agent, making
use of its faint abrasion effect, Because of i{its watsr abe
sorption cdpacity reduces clotting and is easy to dis-
perse, ,
Used as a fillsr in asphalts, perlite raises the melt-
ing roint and reduces brittleness,

Fxpanded perlite has a great specific surface, is in-
solulle in water and in organic solvents therefore suitable
as pigment vehicle in paint and varmish production /;7/.
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Table 1.t Some compositions of slightly compacted perlite concrete

Bulk den~ Mixing ratio Dendity of cog- Conerete composition 28 days com~
sity of by weight crete in kg/m cement perlite water pressive
perlite /cement: per- after with in in in strength
in kg/m> 1itoswater/, fresh gry- stabl- s 3 kg/md /w3  1/m] in FPa
ng 1ized
water
60 1:0,56:1,60 540 300 350 170 i00 1600 270 0,1 - 0,2
1:0,4631,35 680 400 240 240 110 1850 330 0,3- 0,6
1:0,36:1,10 780 500 570 315 115 1200 350 0,8 = 1,2
| 1:0,30:0,95 900 600 ‘680 400 120 2000 380 1,5 = 2,0
S 100 110,9312,06 560 300 350 140 130 1300 280 0,1 -~ 0,3
' 1:0,80:1,80 720 400 460 200 160 1600 360 Oyl = 0,8 775
1:0,65:1,50 850 500 570 270 175 1750 405 1,0 = 146
1:0,5211,24 965 600 680 350 180 1800 435 2,0 = 2,5
150 1:1,80:2,90 570 300 350 100 180 1200 290 0,2 = O,h
1:1,47312,40 730 400 h60 150 220 1450 360 0,8 - 1,2
1:0,98:1,70 845 500 570 230 225 1550 390 1,8 = 2,2
110,80:1,40 960 600 680 300 240 1600 420 2,5 = 3,5
200 1:1,47:2,00 670 400 460 150 220 1100 300 1,3 - 1,7
1:1,25:1,70 790 500 570 200 250 1250 340 2,5~ 3,5
1:0,93:1,32 910 600 680 280 260 1300 370 3,5 = 4,5

1:0,75:1,11 1030 700 790 360 270 1350 400 5,0 = 5,2




Table 2,: Some compositions of strongly compacted

Bulk dene
s8ity of
perilite

in kg/m3

G\

100

—EE

150

200

M. xing ratio
by weight
cementipor-

lite:water/

1:0,90:2,45
1:0,65:1,83
1:0,50:1,46
1:0,40:1,20

1:1,40:3,00
1:1,1032,40
1:0,85:1,90
1:0,65:1,50

1:3,00:4,60
1:1,60:2,60
1:1,15:1,90
1:0,86:1,50

1:2,10:2,70
1:1,30:1,75
1:1,00:1,40
1:0,80:1,16

Density of con-
erete in ke/m3

after

fresh dry-
ing
625 300
760 400

810 500 °
915 600
625 300
780 400
920 500
1020 600
600 300
725 400
850 500
970 600
690 400
810 500
920 600
1040 700

with
stnbl-
11 zed
valer
350
1)
570
€80
350
4L50
570
680

350
460

570
680

460
570
680
790



perlite concrete

Concrete composition
perlite

cement
in

ke/m>

145
215
295
375

115
175
245
325

70
140

210

290

120
200
270
350

in

water
in

ke/m?> 1/m> 1/m°

129
141
147
150

162
191
201
211

210
225
240
250

250
260
270
280

2150
2350
2450
2500

1620
1910
2070
2110

1400
1550
1600
1650

1250
1300
1350
1400

350
400
b5
450

345
415
465
485
320
350
koo
430
320
350

410

28 days come

rressive

strength

in }Pa
0,1 = 0,3
0,5 =~ 0,9
1,0 - 1,6
2,0 - 2,5
0,2 = 0,4
0,8 - 1,2
l,4 = 2,0
390 = 3,5
O,4 - 0,6
1,2 - 1,7
2,3 - 2,7
3,8 = 4,2
2,3 = 2,7
3,8 4,2
4,8 - 5,2

6,6

74




Table 3,3 Shrinkage of the perlite concrete /11/

Bulk den= Concrete composition Density of Chrinkage of concrete in mm/m

8ity of 3 coucrete after
in kg/m -
per ite3 o/ in kg/m3 7 28 60 90 120
in kg/m cement perlite water fresh dried davas
concrete y
80 190 176 4O4 680 300 0,24 0,98 1,45 1,88 2,11
160 104 226 430 300 0,36 1,25 1,82 2,56 2,85

170 184 406 670 40G 0,21 0,87 1,31 1,69 1,97
240 112 298 650 400 0,31 1,19 1,68 2,38 2,59

! 250 190 470 910 500 0,18 0,75 1,12 1,37 1,59
Y 310 120 330 760 500 0,26 1,02 1,44 1,79 2,02
' 200 70 310 330 710 400 0,17 0,71 1,06 1,16 1,31

150 220 250 620 400 0,25 0,97 1,32 1,56 1,87

130 340 370 840 500 0,13 0,54 0,78 0,33 1,07
220 230 280 730 500 0,18 0,81 1,11 1,32 1,49
190 370 410 970 600 0,08 0,26 0,44 0,62 0,73
300 240 300 840 600 0,15 0,62 0,85 0,92 0,99




Table 4,: American data of thermal insulating pcerlite concrete

Density Compressive Cement Vater AMr Thermal Thermal Tensile Young
of strength content content entrainer conductivity expansion strength modulus
dried in ‘ in in in in in ‘* in in
concrete 3 3 3 -6,0
in kg/m3 MPa kg/m kg/m 1/m W/mK 107°/°¢c MPa MPa
575 3,1 375 302 4,2 0,111 11,0 Go53 1740
488 1,9 302 295 4,2 0,092 9,9 0,35 1110
432 1,3 251 268 4,2 0,084 8,6 0,28 840
384 0,9 215 258 4,2 0,074 8,1 0,21 650
;3 352 0,7 189 268 4,2 0,073 7,7 0,14 430
I
Table 5.: Thermal insulation charactedstics of perlite concretes
Denslty Specific Therm2l Tamperature 3pacifio Haat Weter vapour
of hecat conductivity conductivity heat absorption diffusivity
dried in in in absorption in in
concrete in
in kg/m>  kJ/kgX W/ mK n?/3 I/m2a09 5k W/m2K ‘kg/ms
300 1,128 0,116  0,000342,107> 196 1,663  0,050.107°
400 1,128 0,139 0,000326,1077 252 2,150 0,046,10"°
500 1,128 0,163 0,000309,10~> 309 2,625 0,042,10~2

600 1,128 0,198  0,000292,10™ 364 3,00  0,040,10"°
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Table 6,: Temperatures measured in perlite concrote insulation

Pioveline Units of the insulating  lLayer Temp2raturce in 9% Thernal
Constmction t:}l{..g];" inSide under outside \ Condggtiﬂty
in pfng 1§23. 1n§g§a- average insulation.
mm lation tion in W/mK
t
Ptpeline’s 1% layer: casing from
diameter 4 perlite conercte %0 592 550 253 402 0,127
. 2" 1ayer: segment from
v 46 m perlite concrete 50 592 253 89 n 0,113
» 3rd layer: perllte mortar 10 592 89 65 77 -
t .
Pipeline’s 18 layer: casing from
diameter 4 perlite concrote 50 hes h30 280 365 0,113
279 jayer: sogoont fren = < -
133 mm ) Ceriite concrote 50 s 250 169 :2% 0,112
r L3
37 layer: segment from 50 405 169 68 117 0,090

perlite concrete
4th layer: perlite mortar 10 485 64 39 .52 | -
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Table 7.: Composition of perlite plasters on basis of Soviet
data

Ley to the sigas:

1.: ¥ixing ratio by volume /plaster:perlite/

. 2.3 “Axdng ratio by welgat /plaster:gerlite:water/
3.: fresh density of plaster in kg/m
4,: Cry density of plastar, in ks/m’
5.: Cyssum content of plaster in kg/m3
6.: Ferlite content of plaster in kg/m3
7.: Vater content of plaster in kg/m>

8.: Conmpressive strength of piaster in 0,5 hour /MPa/
9.: Compressive strengti of piaster in 28 days /iPa/

1. 20 3. [‘. 5. 6. 7. 8. 9.

1:2 1:0,2:0,96 1010 650 .3 100 445 1,5 3,0
1:3 1:0,3:1,20 915 550 J66 110 &40 0,6 1,5
1:4 1:0.7:1,57 830 480 300 120 470 0,4 1,0
1:6 1:0,6:2,14 330 400 222 133 475 0,3 0,6

Table 8,: Composition and oroperties o? thermal insulating perlite
plasters /The Perlite Torch,3.2, No.3./

. . Key to the signs:
. 1, Bulk density of the expanded cerlite in kg/m5
. 2. Perlite content of the plaster in kg/m

‘ 3. Gypsum cpntent of the plaster in kg/m3
. 4, Tensity of the dry plaster in kg/m’
5. Tharmal conductivity in W/mK

1. z. 30 h. 5.
100 130 550 750 126
100 130 420 520 0,115

170 130 320 500 3,106




Ny -
- ¥/
’

Table 9,.: Composition and properties of perlite plasters
on basis of Hungarian iavestizations

K=y to the signs:

1.: Bulk density of the expanded .erlite in " Jm

2.: Density of the dry perlite 0113t°r'in.k£/a

3.: Gypsum content »f plaster in kg/.'n3

4, : Perlite content of plaster in k,,/m

5.: lWater content of plaster in I{Jm

6.: Retarder content of plaster in kg/ul3

7.t Compressive strengtk in 28 days /Mra/

8.: Thermal conductivity in W/mK

l. 2‘ 3. l’. 5. 6. 7. 8.
1% 4o 150 20 370 1,5 0,8 0,105
150 200 370 - 1,0 0,105

500 230 210 380 2,5 1,5 0,116
230 210 380 - 1,8 0,15

600 300 230 420 3,0 2,2 0,10
300 230 420 - 2.3 0,140

700 350 25 470 3,6 3,5 0,133
360 250 470 - 45 0,163

60 40O 230 120 290 2,3 1,0 0,105
230 120 290 @ - 1,2 0,105

500 300 140 340 3,0 1,7 0,li6
300 140 340 - 250 0,115

600 350 130 430 3,5 2,4 0,140
350 180 430 - 3.0 0,140

" Table 10,: Composi%ion of perlite mortars
Key to the signss
1.: Bulk density of the expanded perlite in kg/m’
2.: Lime-paste in 1 © of perlite /litre/ ..
2,: Lime hydrate in 1 = of verlite /xg/ '
4,: Coment content /marks ISO 250/ in 1 w of perlite /kg/
5.3 Water content in 1 w of perlite /utref {
6. Density of the fresh mortar in kejm
7. Censity of the d4ry mortar in ke/md

1, 2, 3. 4, S e 6. 7.
60 200 - -  300-350 600-650 320
100 250 - - 250=300 550-6C0 320
60 = 120 = 30C-350 500-550 320
100 - 150 -  250-300 450500 320
100 330 - 100 240-280 600-650 420
100 - 200 . 100 240=300 540-580 420 .

e Sy S— —
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Table li.: The most important features of Hungarian "RIOPORIT"

Feature Unit Type
of

measure a b c
Fire resistance °¢ 900 900 1350
Density ke/a’ 290 290 700
Compressive MPa mn, 1,2 min.1,2 nin.3,0

strength

Thermal conduct- /oK 0,07 0,07 0,21
ivity
Pore volume Z by Vol, 81-89 81-98 72

JeLtening point °
sk 0,025 MPa c 910-950 310=950 1720~1780
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