
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/






I l'+Sé
U NID O  'Czechoslovakia Joint Programme 
for International Co-operation in the Field of Ceramics. 
Building Materials and Non-metalkc Minerals Based Industries 
Pilsen, Czechoslovakia

Distr.
urn I biv
JP /30/80  
A p ril 1980

ORIGINAL: English

In -p làn t T rain in g  Workshop
on thé E x p lo ita tio n  and B é n é f ic iâ t ion
o f  N on-m etallic M inerals

P i lse n , C zechoslovakia

8 - 2 6  A p ril I960

PERLITE AND ITS INDUSTRIAL USES

By: J .  E. U jh ely i +

r ÜÜ ' L'

'

+ I n s t i tu te  fo r  B u ild in g  Sc ien ce , Budapest, Hungary

i
The views and opinions expressed In this paper are those of the author and do not necessarily reflect the 
«dews of the secretariat of UNIDO. This document has been reproduced without formal editing.

V



1. Di f  i \D DUCI I d i

«

Ills  pap or co Hoc':- research  r e s u l t s  and in d u s t r ia l  
o rien cas ob tain ed  in  hungnsy and abroad concerning /3 0 0 —

_o£7p mining and cru sliin g -gra iin g  o f  p e r l i t e  ,  i t s  ex­
p an sion , in d u s t r ia l  and a g r ic u ltu r a l  u s e s ,  o r  more exact­
l y  a l l  p o ss ib le  u se s  o f  p a r l i t o 0 I t  i s  based cn. trie bock 
‘l  o r l i t o  C in creto  -  P e r l i t e  LI)rear11 by Dr, Jan o s Ughclyi
p ub lish ed  in  Hungary / ¡ie sz a k i I& ado, Budapest, 
t i l l s  study i s  coro  d e ta ile d  and covai u a d i i  ova 
in d u s t r ia l  exp erien ces obtained  in  tlie l a s t  17

1 36 0 /  but 
¡seats , 

years,»
P e r l i t e  i s  a v o lcan ic  g la s s  o f  high w ater con ten t, 

iie ly  crushed and ro a ste d  a c COO to  1100 °C1 Upon heat
?axecCr .y p a r t ic l e s  expand to  the rani t i p l e  o f  t i io ir

o r ig in a l  volume,,
U3.\ were th e f i r s t  in  th e  in d u s t r ia l  app ly ing per­

l i t e  by 'lie  e a r ly  9fc m  t i e s  / 1 / *  I t  soon b e c ise  popu lar, 
wanted in  the b u ild in g  in d u stry  su in g  to  it3 extrem ely
l i g h t  weight and good therm al in s o la t io n . I t  I s  among 
th e  l ig h te s t  o f  tlie  a c tu a lly  line vai porous a g g re g a te s , a 
f a c t  d e fin in g  i t s  f i e l d  o f  u se .

I t  i s  c o s t ly  ap p lied  as aggregate  fo r  c o r ta r  and
con crete to  provide fo r  therm al in su la t io n  and l ig h t  
woig h t o f  b u ild in g s . R ecently , Iiowever, i t s  p e c u l ia r i t ie s  
extend i t s  f i e l d  o f  uses i t s  g re a t  s p e c i f i c  a re a  recommend
i t  f e r  f i l t e r i n g ,  h eat mid f i r e  r e s is ta n c e  fo r  in su la t in g  
in d u s t r ia l  fu rn a c e s , d i s t r i c t  h eatin g  p ip e l in e s ,  high 
wet ear re te n tio n  In  a g r ic u ltu re  / e . g .  fo r  s o i l  exchange,
p la n t breeding e t c . / .

Almost everywhere, in d u s t r ia l  u se  preceded s y s te ­
m a tic , purposefu l r e se a rc h -te st in g  work, t e s t i f y in g  u t i ­
l i t y  o f  tlie m a te r ia l on one hand, but le ad in g  to contro­
v e r s i a l  experien ces because o f  in s u f f ic ie n t ly  known mate­
r i a l  p ro p e rtie s  and undeveloped p ro cessin g  tech n o lo g ie s .



-  2  -

riies© opposed them selves ho th e e a r ly  ex ten sion  o f  p e r­
l i t e .

P e r l i t e  in d u stry  undergoes a  m ighty  development 
throughout ’the w orld. As a g a in s t  17 p e r l i t e  f a c t o r ie s  in  
th e  USA in  19499 by I S 71 87 o f  them wore in  o p e ra tio n , 
p ro c e ssin g  about 350000 tons o f  p e r l i t e  a  y e a r . In  th e 
USSR p e r l i t e  re se arch  end u se  Logan about s iu u ltan e o u s— 
l y ,  by th e second n a i f  o f  the ^ f i f t i e s  to  produce some 
1 m illio n  cu.m o f  eiqpandcd p e r i l  t o  by 1970* S e v e ra l 
co u n tr ie s  in  Europe and o v erseas have la r g e - s c a le ,  bcoo- 
in g  p e r l i t e  in d u s t r ie s  /¿¿ ig lan d , B u lg a r ia , C zech oslovak ia , 
G reece, F ed era l Republic o f  Germany, Ic e la n d , Ja p a n , I t a ­
l y ,  e t c . / .  In  Hungary, u se  o f  p e r l i t e  s t a r t e d  in  1953 / 2 / .

P e r l i t e  f in e s  /0  to  3 ¡an/ a re  used in  tho b u ild in g  
in d u stry  r a ln ly  f o r  therm al in s u la t io n , a s  lo o se  u p f i l l  
o r  mixed with b in ders in  c a s t  iu = 3 itu  and p re fa b r ic a te d  
c o n c re te , m ortar. I'any data  r e f e r  to  i t s  u se  in  in s u l­
a t io n  ca sin g  o f  d i s t r i c t  h eatin g  p ip e l in e , r e f r a c to r y  
c o n c re te , in  concreto fu r  a wide range o f  b u ild in g  u se s  
/ g a r a g e s ,  bungalows, s i t e  b u ild in g s , power s t a t io n  sw itch - 
boxes e t c . / ,  f o r  s t i f f  Citing co n cre te , a c o u st ic  l in in g s ,  
e t c .  There a re  seme ccxmples f o r  i t s  s t r u c tu r a l  u se s as 
con crete  ag g re g a te s fo r  ro o f s l a b s ,  p a r t i t io n s ,  e x te r ­
n a l  w a l l s ,  although f o r  t h i s  l a t c e r ,  l a r g e r  expanded 
p e r l i t e  p a r t ic l e s  are  p re fe rred  / 3  = 15 to  30 mm/.
Raw p e r l i t e  can bo mentioned a s  prime m a te r ia l f o r  ce­
ram ic p a in t s ,  g la z in g  cncJ g l a s s  / 3/ .  Latent h y d rau lic  
p ro p e r t ie s  o f  g iven  types make them a  con crete admix­
tu r e  / 4 / .

In  the b u ild in g  in d u stry , p rim arily  the ex ten sio n  o f  
new b u ild in g  system s la id  claim  f o r  cheap, sim ply  produc­
i b l e ,  high grade therm al in s u la t io n s . Ilanely i n  u p -to -  
d a to  a r c h ite c tu re , in  order to  d ecrease  b u ild in g  w eigh ts. 
D iffe re n t  m a te r ia ls  are ap p lied  fo r  load  b e a r in g , therm al 
in s u la t io n ,  3ounddamping, f ir e p r o o f in g , e t c .

A ll th e se  ta sk s  were t r a d i t io n a l ly  achieved by b r ic k ; 
s tre n g th  o f  a  38 cm b rick  w a ll met requirem ents f o r  m u lti-
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3-¿оray  b u ild in g ’ s the 
a  .equ ate , rJ.ce b rick

:2l and a c o u st ic  iii3 u la tio n  wore 
qades could  bo cade w ith se le c te d

b r ic k s ,  f r o s t  r e s is ta n c e ,  f i r e  r e s is ta n c e  and d u r a b il i ty
wore s u f f ic ie n t , ,

Advent o f  b u ll ah-g in d u s t r ia l iz a t io n ,  assem bly 
ueihods req u ired  beta  ao u ib ly  la r g e - s iz e  end h igh - 
- s t r a g t h ,  end a t  tiie  cone t im e , p o ss ib ly  lig U t-w e ig it  
b u ild in g  u n it s  / v a i l s  and f l e e r s / ,  TIioco requirem ents 
Could not La co t Ly a  s in g le  b u ild in g  m t e r i a l  / b r i c k / , 
i t  was rep laced  fix itie s.ry  by re in fo rce d  co n crete ,  l a t e r  
by s t e e l  f o r  lo a d  te a r in g , h e a t in su la t io n  was provided 
by b o l l s v  b r ic k ,  l i g l l r r i g h t  c^nereto  , and q u ite  recen t­
l y ,  by sy n th e tic  m a te r ia ls . Ileal and f i r e  r e s is ta n c e  o f  
th e se  l a t t e r  i s  s t i e s  p ro b lem atic , and m anufacture i s
rather* power coasi

The recen t b u llr in g  system s a re  acroupanied by tech­
n o lo g ic a l  r e q u ire m o ts  U nits f o r  in d u s tr ia l iz e d  c e ss  
b u ild in g  m a t  be produced in  la r g e  s e r i e s ,  a t  a  h igh -grade 
noehanination and a u io u a t iz a t ic n , weafuor-indopencen. i ,
p e r fe c t ly  e lim in atin g  f in ish in g  s ite v o x u , a t  a  high pro­
d u c t iv ity , P art o f  tixese requirements can bo mot by th e  
uso o f  p e r l i t e .

B esid es o f  b u ild in g  in d u s tr y , a lso  o th er in d u s t r ie s  
l a y  claim  on perlitc<> Gnomical in d u stry  a p p lie s  p e r l i t e  
os f i l l e r ,  c a t a ly s t ,  p i гsen t c a r r i e r ,  a s  w e ll а з  f i l t e r  
a id ,  a газе common with food in d u stry  / in  зирап and boor 
production  a s  f i l t e r i n g  p e r l i t e /  in  ad d itio n  to  being 
used fo r  packaging because c f  chem ical in e r tn c s3 . In 
s id e ru rg y  i t  i s  ap p lied  fo r  keeping s t e e l  hot a f t e r  
founding, in  the u ech n iica l in d u stry  fo r  v ib r a t ic n  damper, 
a g r ic u ltu r e  такез изо o f  p e r l i t e  w ater re te n tio n  f o r  s o i l  
o.-change, p lan t breed in g , garden 3 o i l  am e lio ra tio n , w hile 
v o te r  management a p p lie s  p e r l i t e  fo r  reducing 3 t i l lw a t e r  
/ o . g .  la k e /  evaporation .

P e r l i t e  has a  sp e c ia l  im portance in  environm ental 
en g in eerin g , i t s  high s p e c i f i c  su r fa c e  enabling i t  to



n e u tr a l iz a  w ater p o llu t io n  / e , g .  o i l  p o l lu t io n / ,  in d u st­
r i a l  sew ages, e tc .

V e r s a t i l i ty  o f  c o a l i t e  i :s r a se s  sy s 'E ic n a tia a tic r .3 
im peded, however, by co n trad ic to ry  t o s t  d ata  o l t a l a r i  in  
each, f i e l d  cú use in c lu d in g  b u ild in g  ir.iuatr.y.- and in  
p r a c t ic a l  o b serv a tio n s, Cn th e  o th er  h ard , g re a t  p e r l i t e  
consumer co u n trie s have pub lish ed  numerous re p o rts  in  
m anufacture and p ro p e rtie s  th a t  h elp  o r ie n tin g  i n  the 
chaos o f  b o o k le ts , invon tion s and in c o n sid e ra te  attem pts.

2 . CUT LI N13 CF THE GEOLOGY OF PERLITE

The in d u s t r ia l  value end l i t h o lo g i c a l  c h a ra c te r  o f  p e r l i t e
was not recogn ised  u n t i l  tho n id d le  o f  t h i s  century . In
g e o lo g ic a l papers published i n  the 19w century and in  th e

thf i r s t  decades o f  the 2o a3 w e ll we may f in d  mentions 
o n ly  o f  ng la s s y  rh y o lite "  rnd "p e d it ic  r h y o l i t s ,}.

From the in d u s t r ia l  po in t c f  view we may d e scrib e  
a s  p e r l i t e  "any v i t r i c  v o lca n ic  product w ith s u f f i c ie n t  
w ater content /u s u a l ly  over 2 ;'/  to  causa i t  expend to  a 
u t i l i 3 a b le  l i g h t  w eigat m a te r ia l when heated under co n tro l­
le d  c o n d itio n s".

The g e o lo g ic a l d-r^oz s i  n a tio n  o f  p e r l i t e  i s  bound to  
more 3 t r ic t  conditions^ ha must not regard  - f o r  example -  
some expandable v o lcan ic  t u f f 3  /p u m ic ite / o r  la v a  rocks 
a s  p e r l i t e s .  For sake o f  un iform ity  i t  i s  expedient to  
u se  th is  rock name in  the sen se  o f  g e o lo g ic a l determ ination . 

G eo lo g ica lly  wo may d e sc rib e  the rock c o n s is t in g  
e s s e n t i a l ly  o f  v o lcan ic  g la s s  a s  p e r l i t e  which 
«• ta k a s  i t s  o r ig in  from a  la v a  o f  s t r i c t l y  determ ined che­

m ical com position and w ater content
-  co n so lid e s under determined p h y sic a l co n d itio n s
-  and has th e  a b i l i t y  o f  expanding from 10 ur to  20 tim es 

o f  o r ig in a l  volume in  tho cou rse  o f  h eatin g  in  k i ln s .
The average amount o f  s i l i  cium dioxide JZ10^/ in  tho 

t y p ic a l  p e r l i t e  i s  in  th e  in te r v a l  o f  70-75 w eight^ ,



while that of the alumina i s  generally between 12-15 
weight Г$ of the rock mass.

The sodium and potassium content of p erlite  i s  of 
great importance, the viscosity o f lava being in  proper- 
tonal relation with the enount of alcoline3. The escape 
o f v o la tile s , consisting mainly o f water i s  prevented by 
the viscosity o f the cooling lava. The зале v iscosity  i s  
yielding the p o ssib ility  o f the expansion of rock with* 
out disintegration into microscopic drops. The to ta l 
amount a sodiua and potassium /in  oxides/ i s  about 5-9 
weight "i of the rock.

Other components of the perlite  rock, the iron , the 
manganese, t itan , phosphor and sulphur are present in very 
small quantities, and from the point of view of industrial 
u tilization  are negligible -  somewhat greater amount of 
ironoxides however causes unwanted coloring of tha pro­
ducts and that of the sulfuroxide ha3 hamful side effects 
in  kilns.

The most important component of perlite  1з the w at.r 
bound to rock texture or "solved" in  the volcanic giai»3 
-  behaviour o f which i s  a determining factor fo r indust­
r ia l  usability  o f rock.

The water in perlite  rock is  present in two fores.
The molecules of "textural water" /o r  “water o f con­

struction"/ are set among the s ilic a te  tetrahedrons pre­
venting in this way the composition of crystal structures 
i . e .  these form of water contnet stab ilizes the volcanic 
g la ss .

The othafc part of water content may bo mentioned as 
"molecular water" /o r  zeo litic , free water/ which i s  
concentrated in  the submicroscopical cr microscopical 
fissu res of rock texture. I t  i s  easy to expel thi3 part 
o f venter content fro® the rock.

Tliere are a continuous interference between the two 
fora3 of water -  tho molecules of the la tte r  are entering 
in the volcanic g lass. ГЫз results a slow process of ro- 
crystallization .



The above d escrib ed  chem ical com position i s  charac­
t e r i s t i c  to  a c id ic  magmatic rocks / i . e .  th o se  c o n sis t in g  
riinly o f  s i l i c i u a  d io x id e / . By t h i s  way th e p e r l i t e  ae len s3 
to  the group o f  r fe y o l it ic - d a c it ic  rocks o r  -  in  broader 
se n se  -  in  to  th e  so c a l le d  " p a c i f i c "  o r  " c a lc - a lc a l in e 1' 
province o f  m agnetic ro ck s. I t  rep resen ts a  s p e c i f i c  
" f a c ie s "  / o r  rock ty p e / o f  th e se , which cones in to  Doing 
on ly  under s t r i c t l y  determined circum stan ces. The s t r ik in g  
un iform ity  o f  chem ical and t e x tu r a l  com position o f  p e r l i t e s  
in  a wide range o f  p e r l i t e  d e p o s its  throughout th e  world 
i s  a  r e l ia b le  p ro o f f o r  t h i s  statem en t.

The a d n e ra lo g ic a l c h a ra c te r  o f  p e r l i t e  rock can be 
sh o r t ly  determined a s "v o lcan ic  g la s s  w ith some amount 
/u p  to  8-10 volume 'i /  o f  cry  s t a l l !  zed m in erals and o th er 
p a r t ic le s  / e . g .  o b sid ian  fragm ents and n e e d le s / " .

The c h o r a c te r is t ic a l  f ig u r e  fo r  amount o f  g l a s s  i s  
between 90-97 percent o f  volume, th a t  f e r  th e  m inerals 
/ c r y s t a l l i z e d  f r a c t io n /  i3  between 3-10 v o l.;4 . The bulk 
o f  m ineral / c r y s t a l l i z e d /  f r a c t io n  o f  the p e r l i t e  i s  
composed o f  fe ld sp a r s  /p la g io c la s e /  and al3o  the bfetite  
i s  occuring o fte n  in  p la c e s . Other m in erals: q u a rtz , apa­
t i t e ,  m agnetite are  extrem ely r a re .

Mo3t p e r l i t e  are o f  grey co lo u r the in te n n ity  o f  which 
v a r ie s  between \fh iti3 h , s i lv e r - g r e y  and dark grey  o r  b lack . 
B lu ish  o r  green ish  shades o f  co lo u r are  frequ en t sometimes 
r u s s e t  coloured types are occurin g  to o .

A number o f  th e o r ie s  were composed concerning the 
form ation o f  p e r l i t e .  The w e ll known f a c t s  o r b e t te r  to  
s a y ,  condition '’, o f  p e r l i t e  form ation  are  a s  fo llo w s :

The occurences o f  p e r l i t e  are  always confined to  area3 
o f  volcanism , which y ie ld s  rh y o lite  o r  r o c k s 'o f  r h y o lit io -  
- d a c i t i c  c h arac te r .

The 3udden coolin g  o f  la v a  which prevents the c ry s­
t a l l i z a t i o n  o f  the molten l iq u id  i3 a precon d ition  fo r  
p e r l i t e  g e n e s is .

Luring th is  p rocess / i . e .  the " fre e z in g "  o f  la v a /  
s u f f ic ie n t  p re ssu re  needs to  prevent the escape o f  w ater



from the s t i f f e n in g  l iq u id .
Ihe c h a r a c te r i s t ic  o f  the v o lcan ic  a c t iv i t y  o r  r:oro

p re c ise ly  to say  th ose  o f  the pr 
which rale a raou fo r  the form at!c 
be d escrib ed  sh o rt ly  аз fo llo w s.

0CS33 c i  eruption  
a  o f  per l i t  o elepe

irLoC 
is  nay

Curing a  r e la t iv e ly  long period  o f  s t a n d s t i l l ,  the 
g a se s  o f  the l iq u id  la v a  a t t a in  a con sid erab le  grade o f  
enrichment in  th e  upper p art o f  tho v o lca n ic  channel. In  
th e  i n i t i a l  phase o f  ei" a t io n  the p re ssu re  o f  g a se s  breaks 
up the mass o f  o ld e r  v u lc a n ite s . With tho sudden f a i l  o f  
p re ssu re  the la v a  column "b o ils  up" and enormous n e sse s  
o f  pumice w i l l  be e je c te d , mixed v/ith rock frabmenos o r i­
g in a tin g  from sh e e ts  o f  former la v a  flew s o r  p y ro c ia s-  
t i c s .  /Che v o lca n ic  channel a c t s  a s  a  n a tu ra l k i ln  f o r
p e r .lite  expan sion /.

By t h i s  way th e f i r s t  phase o f  eruption  i  s  o f  h igh ly  
ex p lo siv e  c h a ra c te r  and produces th ic k  conpioxos c f  puni- 
oeous t u f f s  and pumice.

In  deeper horizons o f  th r ' ava column the l iq u id  con­
t a in s  sm a lle r  amount o f  g a se s  / cud w a te r / , w hile the p re s­
su re  i s  b ig g e r . During the 
th e v o la t i l e  /m ain ly  w ater/

n p id  ascen sion  o f  th is  la v a  
consent has no p o ss ib ly  to

escape from th e  l iq u id . I t  nay in trud e -  e: ding x:
th e  v o lcan ic  channel -  in to  uhe t u f f s  and punice s e r ie s  
produced by th e  i n i t i a l  s t e jo  o f  eruption  o r  cover the
su r fa c e  аз lav a-fio v ;.

In the ca se  o f  ex tru sion  the co o lin g  and co n so lid a­
t io n  o f  la v a  ta k e s  p lace  under p re ssu re . Dy t h i s  way 
l iq u id s  o f  h igh  tem perature /1000-1250 °C/  are  turn ed  in ­
t o  v i t r l t i c  m asses. This i s  tho mechanism -  in  rough out­
l in e s  -  o f  the form ation o f  th e  ex tru siv e -ty p e  p e r l i t e  
d e p o s it s .

Supposing th e weight o f  a 5 metre th ick  c o l arm o f  
molten rock being equ ivalen t to  the p re ssu re  o f  1 atmos­
p h ere , the cover /liicb y ie ld s  a  s u f f ic ie n t  p re ssu re  fo r  
p e r l i t e  form ation  must be аз the fo llow in g  t a b le  shov/з .
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SCO 0 en the su r fa c e  hr'run on. 0- 5 a v aco r  5 n
550 above 10 n between. 10-13 a unc 3 r  13 iu

1C00 above 53 n bstween 53-6-> a under 5-, rs
1050 above 51 ci between Z 1—70 n under 70 n
1100 above 60 a  between 73-75 3 under 73 n
1150 above 65 a  between ¿5-30 s' under £0 n

She ex tru sio n  talecs p lace  nsin ly  on the s lo p e s  c f
v o lcan ic con es, in  tlie  inm sdiate environment o f  the .sin
v o lcan ic channel. The p e r l i t e  hoci c s  formed by t h i s  way
a re  o f  lim ite d  ex ten sio n , up to s ever e l  handred metres
In  th e ir  h o r izo n ta l d ie;sapiens end with an average tlrick- 
n ess o f  10-50 m etres. The ^oaervss 9 however, are adequate 
fo r  mining on b ig g e r  s c a le .

In ta li cros3  se c tio n  o f  t h i s  dop osit-typ e  the aer^
I j  to f a c ie s  o f  in n er p a r t s 0 the t r s n s i t i c n a l  rack types 
and the "enveloping" b re c c ia  / o r  a "¿lone r a te /  a re  always 
d is t in g u ish a b le .

Lava-flow s with l e s s e r  re se rv e s  o f  heat /te n p era tu re  
o f  the l iq u id  about £00—951 °C / rosy be co n so lid a ted  in to  
p e r l i t e  under atm ospheric p ressu re  as w e ll,

th is  I s  the case  o f  the form ation o f  tile "lava-hart; 
type" p e r l i t e  d e p o s it s ,

the " p e r l i t iz e d "  lava-flovni b u ild  up th ic k  cor.faxes 
-  sometimes up to  the th ick n ess o f  550 m etres. In tho 
complexes banks o r  la y e r s  o f  connect v i t r i t l c  p e r i l  to  are  
a lte rn a tin g  w ith tho3o o f  puuicu handed p e r l i t e p l i t h e -  
ph ysic  p e r l i t e  o r  oven bands o r  Is  yens o f  r h y lo l l t e ,  re­
p resen tin g  the changes in  v/atcr con ten t9 tem perature and 
prc3suro con d ition s caused by subsequent la v a  flow s in  
course o f  the eruption .

P e r l i t e  la v a-ag g lo n e ra te s o r  la v a  b re c c ia s  a re  occur- 
in g  in  th ese  sequences always in  g re a t m asses, fo r  the



younger la v a  flow  breaks i t 3  way through the o ld e r  ones.
Both e l a s t i c s  and cement o f  agglom erates are  o f  p e r l i t e  
-  the l a t t e r  being o ften  pumiceous. In t h i s  d ep o sito -ty p e  
one can o ften  see  the t r a n s i t io n a l  developing o f  the per­
l i t e  in to  rh y o lite  as w e ll.

According to  changes o f  chem ical com position and phy­
s i c a l  s t a t e  o f  la v a  during the s c r i e s  o f  e ru p tio n s , a  
t r a n s i t io n a l  development may tak e  p lace  between the above 
d e scrib ed  d e p o sit- ty p e s .

In  the f in a l  sta g e  o f  the v o lcan ic  a c t iv i t y  the re­
maining la v a s  have only in s ig n i f i c a n t  remains o f  ' r  
o r ig in a l  w ater content. The l a s t  products o f  the eruption  
c y c le  a re  o b sid ian  and rh y o lite  o r  some o th e r  a c id ic  rock 
o f  the rh y o lite -d a c ite  group. A ndesites are  o r ig in a t in g  
from the r e s t  o f  the magma a s w e ll .

3 . METING GEOLOGY ASPECTS 0? PSPLITE

r-iacroscop ically , p e r l ite 3  a re  d is t in g u ish e d  by co lo u r o r  
te x tu r e , th a t 13 in s u f f i c ie n t ,  however, f o r  p r a c t ic a l  
c l a s s i f i c a t i o n .  P e r l ite  kinds d i f f e r  by morphology, 
s tre n g th  and o th er  p ro p e rtie s  /p o r o s i t y ,  g ra n u la r ity  e t c . /  
Any o f  th e se  p ro p e r t ie s  may be ap p lied  fo r  lo c a l ly  d is ­
t in g u ish in g  ty pes but th e se  lo c a l  d is t in c t io n s  a re  no 
commercial c l a s s i f i c a t io n  fo r  p e r l i t e .  There i s  no such 
s ig n i f ic a n t  d iffe re n c e  between a n a ly s is  d ata  f o r  d iffe r *-  
ent p e r l i t e  ty pes as to  perm it c l a s s i f i c a t i o n , d i f f e r s  
e n t ia t io n  between ty p es.

Water contents are  g en e ra lly  about eq u a l, th ey  a r c , 
however, o f  p r a c t ic a l ly  d if fe r e n t  e x p a n siv ity , r e su lt in g  
from the bond stren gth  o f  p e r l i t e  c r y s ta l  w ater and de­
hydration  r a t e ,  b esid es o f  c e r ta in  morphology p e c u l ia r i t ie s .

Thus, o b v io u sly , because o f  gen etic  f e a t u r e s ,  p e r l i t e  
q u a lity  may vary  g re a t ly , a t random, even w ith in  one 3 i t e ,  
along 3 tr ik e  and d ip , over a ra th e r  s n r l l  a r e a . Also dead 
rock beds have to  be reckoned w ith , th u s , q u a lity  determ i­
n ation  should be based on fre q u en t,  c a re fu l m ining-geology 
su rv ey s. T h is randomlike q u a lity  change o f  p e r l i t e  w ith in
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а s n a i l  a rea  re q u ire s in  any сазе  a s e le c t iv e  method o f 
m ining.

Decause o f  i t s  m ineral components and te x tu r e , per­
l i t e  has very a b ra s iv e  p r o p e r t ie s ,  to  be aware o f  both 
i n  m ining, and in  planning and o p eratin g  th e  p re p ara tio n  
p la n t .

P e r l i t e  i3  a b r i t t l e ,  cracked rock o f  v a r ia b le  te x ­
t u r e ,  ready to  crush  in  g en e ra l. There a r e ,  however, a lso  
com pact, high-strencth p e r l i t e  ty p e s . In mining th is  c i r ­
cumstances h as to  be kept in  mind, s in c e  f o r  th e  sake 
o f  p o ss ib ly  advantageous grad in g  o f  the end product, the 
p re p ara tio n  p lan t req u ire  p o s s ib ly  co arse  mining product.

A ll over the w orld , up to  now, p e r l i t e  i s  obtained  
from open p i t s ,  f a c i l i t a t i n g  s e le c t iv e  methods c f  mining 
p e r l i t e  v a r ia b le  by q u a lity  a t  random, over s p a l l  a r e a s .

In  g e n e ra l, to  th e  expense o f  a  r e la t iv e ly  g re a te r  
s t r i p  r a t i o ,  i t  i s  a d v isab le  to  attem pt open p i t  mining 
o f  p e r l i t e ,  even 1 to  3 s t r i p  r a t io  i s  ad m issib le  in  per­
l i t e  open p i t s .

Open p i t  mining perm its optir.uc q u a lity  t e s t s  c f  
mining geology p r io r  to  production -  to cope w ith geo­
lo g ic a l  fe a tu re s  o f  the 3 i t e  and the se le c te d  mining 
system . Thereby the maximum m ineral y ie ld  can be obtained 
a t  the l e a s t  production lo s s  and minimum barren gangue 
h an d lin g . Production lo s s e s  d e c is iv e ly  depend on th e min­
in g  method and the homogeneity o f  the product. Sven in  
th e oper. p i t  method, production lo s s  gen era lly  amounts 
to  20 to  50 ;4. P art o f  i t  i s  due to  dead rock in terbed ­
ding th a t cannot ba s ig n i f ic a n t ly  a lte re d . S im ila r ly  
l i t t l e  in flu en ce  can be exerted  on lo s s e s  due to  d ie t in g  
/с о а г з е п е з з / ,  however, s t r i c t l y  sp e c if ic a t io n s  f o r  quarry­
in g ,  m a te ria l handling and fo r  a c a r e fu l grin d in g  techno­
lo g y  are  observed.

In qu arry in g , requirem ents fo r  s e le c t iv e  production 
and c a re fu l m a te r ia l handling have to  be kept in  mind. 
Depending on the d e sire d  y early  output and m a te r ia l гаеапз,



rock  quarrying i s  ad v isab ly  made a t  the l e a s t  ch ipping 
p o s s ib le .

General quarrying methòds are  e ith e r  o f  th e  fo l ic k ­
in g  three tech n o lo g ie s :
-  break-out with excavatin g  equipment -  w ith p re lim in ary  

b la s t in g
-  d r i l l in g ,  b la s t in g  with manual lo ad in g
-  d r i l l in g ,  b la s t in g  with m echanical b la s t in g

Break-out with excavating equipment w ith pre lim in ary  
b la s t in g  i s  the most expensive mining. I t  i s  r a th e r  en er­
gy-consuming, a t  the same tim e , however, i t  g ran ts  the 
b e s t  coarsen ess and th e most core f i l l  m a te r ia l h an d lin g .

Mechanical break-out -  lo a d in g  equipment c o n s is t s  
g en e ra lly  o f  baggers with r ip p in g  b a i l e r ,  o r  in  caso  o f  
le v e l  d e p o s it s ,  rock r ip p e r s . Manual loan in g  to o ls  are  
th e  conventional ones. B la s t in g  h o le s are  a d v isa b le  d r i l ­
le d  by means o f  revolv in g  b o rers su it in g  to  d r i l l  la r g e -  
- s i z e  h o le s .

3 1 astin g  grade may ba d i f fe r e n t  according to  the 
quarrying method. Mere rock b la s t in g  should be endeavour^- 
e d , but even i f  the qu arried  m a te r ia l cannot be bu*: 
b la s t e d ,  the m a te r ia l 3hould be c a r e fu l ly  han dled , thus 
la r g e - s iz e  boreholes and def la g r a n t  ex p lo siv e  a re  impera­
t iv e .  Because o f  the g re a t v a r ie ty  o f  p e r l i t e  d e p o s it s ,  
no gen erally  v a l id  b la s t in g  technology can be su ggested  
but only d ir e c t iv e s  given fo r  lo c a t in g  the b la s t in g  bore­
h o le s , p i lo t  t e s t s  being needed to  determine geometry.

In view o f  the l ik e ly  p e r l i t e  y ie ld s ,  t ra n sp o r t  
w i l l  be p rim arily  by tru c k s . In  ca se  o f  such medium-out­
put mines with changing lo ad in g  3 p o ts , ra ilw ay  tran sp o rt 
would be u n ju s t i f ie d .  N either a re  o fte n  changing mining 
sp o ts  t ru ly  follow ed by continuous b e lt  conveyance o r  
o th er continuous tran sp o rtin g  system .

Truck tra n sp o rt  i s  advantageous by forw arding the 
mining product ra th er  g e n tly , a t  a 3 in g le  re lo a d in g , to  
th e  preparation  p la n t , namely the bucket t r a v e ls  with 
th e  product, th u s , the tra n sp o rtin g  equipment i s  not ex­



posed co the a b ra s iv e  e f f e c t  o f  p e r l i t e  and a  g re a t f l e x i ­
b i l i t y  in  fo llow in g  the changing load in g  sp o ts  an rocu irod  
i s  provided fo r .  I t  i s ,  howovor„ unfavourable by req u irin g  
good roads to  be con stru cted .

In  lo c a t in g  the n in e , power and compressed a i r  supply  
have to  be provided fo r ;  i f  t h i s  cannot be obtained from 
n e a r ly , open -pit o p eration  by e x c lu siv e  d ie se l-d r iv e n  
m echanization s a 3r be r e a liz e d .

Also w ater supply  and d rain age have to  be kept in  
mind. In  c a se  o f  inconvenient t e r r a in  f e a tu r e s ,  a  pimping 
equipment may bo needed.

k . PERLITE CRUSHING AMD GRADING

To be p rocessed  /expanded p e r l i t e t loaned g l a s s ,  e t c . /  
th e  produced raw p e r ilc e  need crush ing and grad in g , with 
a view to  produce a3 l i t t l e  f in e s  dead f o r  p ro cessin g  
/g r a in s  below 0 ,3  nso/  a s  p o s s ib le .  Main te ch n o lo g ica l 
p ro ce sse s  in  the heading o p era tio n  a re : p re -e fa sh in g , 
d ry in g , p o st-c ru sh in g , f in e - g r id in g , grad ing and s to r a g e .

P e r l ite  i s  in  gen eral an e a s i ly  b reak in g , w ell 
c ra sh in g  m in eral. These p ro p e r t ie s  prevent i t ,  however, 
from being crushed by im pact p re-cru sh ers such a s gyra­
to ry  c ru sh er , hammer cru sh er o r d e s in te g ra to r , l ik e ly  to  
produce much o f  unexpnnding d u st .

According to  th e o r ie s  on the p a r t ic le  d is t r ib u t io n  
o f  crushed heaps /em p ir ic  theory  by P.OSL'I-FAMILl£R, theo­
rem by KOIi'OGOROV’-REJ’i ' f l / ,  d is t r ib u t io n  curves are  gen eral­
l y  o f  lognorm al sh ap e , i . a .  the frequency /d i s t r ib u t io n /  
curve p lo tte d  on l in e a r  s c a le  i s  ¿tew to  the l e f t  and i t s  
peak i s  sh if te d  tow ard s the o rd in a te  ax i3  / F ig .  1 ,  a / .

S tu d ie s by LAZAR / 5 /  demonstrated th ese  ru le s  to  be 
v a l id  only f o r  a  minor group o f  c ru sh ers, such as m il ls  
and £Lnj cru sh ers /g i r a to r y  c ru sh e r , hammar, e t c . / .  Gn 
th e  other hand, p a r t ic le  d is t r ib u t io n  i s  f a r  from ir re g u ­
l a r  fo r  o th er cru sh er ty p es but fo llo w s c e r ta in  r u le s .  
Crushing p e r l i t e  rock i s  fundam entally bound to  produce 
m a te r ia l o f  a  given  grad in g . To s e le c t  c ru sh e rs , r u le s  
need t o  bo known.
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Tests by LtL^dr showed crushings by jaw and cone 
crushers to have Gaussian hence noraal partic le  d is tr i­
bution /F ig .l .  , b / f while these with ro llers Is  t ilte d  
to the right Tor a low crushing degree, hence corres­
ponds to the reflected Image o f  the lognormal distribu­
tion / F ig . l * , c/* This distribution law was proven to be 
a special case o f a law o f general valid ity* According­
ly , particle distribution character o f the crushed bulk 
/lognormal, Gaussian, or t i lte d  to the rlvht dis Cribution/ 
depends on crushing impacts*

This statement i s  supported by te sts  on different 
crashers, o f technological importance* In r o lle r s , the 
rock i s  crushed once, and in  case of a low crushing rate ,
41 i s  exposed to l i t t l e  crushing effect; passing between 
the double cylinder, the rock i s  actually exposed to cru­
shing only along the narrowest opening of the double 
cylinder* On the contrary, in  jaw breakers the particles 
are exposed to several crushing effects even i f  crushed 
once, upon sliding in the crushing jaw towards the o r ifice , 
while in hammer breakers, crushing effects number high*

Variation o f fomed slag  grading crushed in a jaw 
breaker i s  seen in  Fig. 2. based on te st  resu lts by UJ- 
H5L?I /6 /. Single, double etc. crushing means foamed 
slag  of max* 80 mm size to have been passed once, twice 
etc. trough the jaw breaker.

For the sake o f careful crushing, pre-crushing i s  
done in a jaw breaker as a rule. The p it rock i s  f i r s t  
dumped on a heavy vibrato* partly selecting partic les 
below 100 m size , partly forwarding coarse material into 
the jaw breaker. Grading of the pre-cru3hed material can 
be deprived from i t s  moisture content depending on the 
mine features but troublesome for grading and expanding 
by drying at about 150 °C /a  higher temperature would 
s tr ip  i t  from part o f i t s  crystal water o f importance for 
expansion/.

Among plant-size d riers, the revolving-drum drier 
i s  unsuitable exclusively because o f i t s  crushing effect* 
Shaft driers /F ig .3 */ may be recommended where the material
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se tt le s  by gravity, against a counter-curient o f drying 
aaii.ua /air-diluted  flue gas/ by and by aerating the 
partic les.

Heat supply of shaft driers i3 best provided by o il 
o r gas fuelled heating equipment, applying flue gas iron 
fu el burnt at a high efficiency, automaticalj7 diluted 
with a ir ,  as a drying medium.

Where e lectric  power i3  cheap, an e lectric  IR 
dryer may be applied but only for drying fin es, rather 
than coarse grains.

After preliminary drying i t  i s  advisable to separate 
partic les below 20 m  from the a ll- in  perlite  crushings, 
to  reduce dusting lo sses. Materials drier than 1 vol.,5 o f 
humidity can be screened. Only particles over 20 mm w ill 
be recrushed. Secondary crushers have to be preceded by 
buffer deposits providing a few hours o f reserve to pre­
vent minor pre—crusher breakdowns from disturbing the 
smooth operation. I f  the quarried rock contains no excess 
water /beyond 1 Vb.;</, drying may casually be avoided.

He-cru3hing purpose i s  to refine dried perlite  
cru3hings 20 to 100 mm size to max. 20 am size . Toothed 
or graticulated ro llers are the most convenient, in 
addition to sim plicity, they are advantageous by forming 
l i t t l e  fines as stated incroductorlly • The double cy­
linder has to be mechanically fed, conveniently by a 
cylinder batcher o f variable rpa.

Crushings from the toothed or graticulated ro lle r  
get in a screening machine where particles below 2 am 
size  .-¡at to fin a l fines sorting while partic les over 2 an 
get on a smooth casing ro lle r , refining 2 to 20 ma size 
to 0 to 2 am fines. The r o l l s *  i s  advisably provided 
with a mounted cylinder grinder, since without re-grid­
in g , annular wear due to prime material abrasivity impairs 
efficiency. Perlite particles over 2 mm emerging from 
re-crushing are returned to be crushed again while fines 
below 2 mm are c la ss ifie d  into fin al fractions. Separa­
tion in course of crushing I s  done by a vibrating screen, 
while the fin a l crushing i s  fractionated by a vibrating
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screen  c r  a Mogensen screen  / F i g . 4 . / .  Also winnower creen- 
in $  any be a p p lie d , but revo lv in g  cyclon es a re  not ad v is­
a b le  p a r t ly  because o f  no sharp se p a ra tio n  and p a r t ly  be­
cause o f  e x c e ss iv e  wear.

Screening should be developed with f l e x ib le  method 
s in c e  the market nay demand v a r ia b le  p a r t ic le  s i z s e .  A3 
an example l e t  u s r e f e r  to  th e  p e r l i t e  mine and m ill  in  
Palhaza /H un gary/, in  recen t years m arketing th e follow ­
in g  s iz e s  to  cope w ith demand:
-  0 -0 ,5  mn; 0 ,5 - 1 ,5  La; 0 ,3 -2  am /below  0 ,3  am max. 5 pet 

by w eight/ and 0 ,3 -2  mm /below  0 ,3  nm max. 40 pet by 
w eight/

-  0 -0 ,4  mm; 0 -1 ,2  mm /below  0 ,5  mm max. 10 'J \  0 ,8 - 1 ,6  mm; 
0-2  mm /below  0 ,3  ns max. 6 pet by w eight/

-  0 -0 ,4  mm; 0 ,4 - 1 ,2  mn; 1 ,2 -2  mm /below 0 ,3  om max. 15 
p et by w eigh t/.

F rac tio n s corresponding to  th e  a c tu a l demands are  
c o lle c te d  in  s i l o s  o f  c a p a c it ie s  smoothing i r r e g u la r i t i e s  
r e su lt in g  from the in te rm itte n t o p eration  o f  crush ing and 
grad in g equipment and from th e  e q u a lly  in te rm itte n t  mate­
r i a l  shipment.

The r a th e r  a b ra s iv e  raw m a te r ia l markedly if e a rs  out 
th e  crushing and grading equipm ents, hence p e r l i t e  cru sh - 
in g3  a re  to  be fed  in to  tran sp o rtin g  equipment to  minimize 
machine su r fa c e s  exposed to  ab rasio n  o r  to  p ro te c t  th ese  
su r fa c e s  w ith an ti-w ear l in in g  o r  e l s e .

E f f ic ie n t  du st prevention should be enchanced be­
cau se  o f  the r i s k  o f  s i l i c o s i s  due to  the aluminium s i l i ­
c a te  content o f  p e r l i t e .  According to  the in d u s t r ia l  ex­
p erien ce , m oist-ty pe  dedusters o f  low w ater demand are  
th e  b e st .

H iring lo ad in g  and t r a n sp o r t in g , the crushed p e r l i t e  
h as to  be p ro tec ted  from r a in .

For a  sy stem atic  and continous q u a lity  c o n tro l o f  
f i n a l  product / p o l i t e  grin d in g/., most cru sh in g-screen in g  
p la n ts  Include a  lab o ra to ry  equipped to  p h y sic a l and mecha- 
n ic a l  t e s t in g  o f  th e  rock o r  th e  g rin d in g , a ls o  f o r  tech ­
nology t e s t s  / expandability/. P r in c ip a l la b o ra to ry  equip­
ments a re : la b o ra to ry  Jaw cru sh er and smooth r o l l e r .
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t e s t in g  screen  s e t ,  lab o ra to ry  winnover sc re e n , labora­
to ry  e x s ic c a to r s ,  lab o ra to ry  expanding fu rn ace , implements 
to  t e s t  d e n s ity , chem ical com position , bulk d e n sity ,

5 . P2RLITE EXPANSION

The primary requirem ents fo r  e x p a n s ib i l i ty  a r e :  the ma­
t e r i a l  to  be expanded should melt a t  a  r e la t iv e ly  low 
tem perature /900-1000 °C / and p a r t  o f  the w ater content 
must be so  soundly combined th a t  I t  on ly  ev ap o rates a f t e r  
th e  m a te r ia l reached th e  p y ro p la s t ic  s t a t e .  I f  th e se  two 
con d ition s can be co n tro lle d  according to  above req u ire­
m ents, the steam  p re ssu re  expands th e  p e r l i t e  g ra in s , 
c -e rlite s  lo o se  p a rt  o f  t h e i r  w ater content on ly  w e ll 
above the b o i l in g  point o f  w ater.

By sto p p in g  the h eatin g  and a r e la t iv e ly  qu ick  cool­
in g  o f  the expanded g ra in s , th e  expanded s t a t e  can be s t a ­
b i l i z e d .

The ro le  o f  w ater I s  s t r e s s e d  a s  being most im port­
an t in  the expan sion , whereas o th er v o la t i l e  m a te r ia ls  
w i l l  be n eg lected  in  th e fo llo w in g . The w ater o f  p e r l i t e  
c o n s is t s  o f  two p a r t s :  th e  "soundly * combined w ater i s  th e  
so  c a lle d  " e f f e c t iv "  w ater having a  d e c is iv e  r o le  in  the 
expan sion , the " lo o se ly "  combined w ater, however, i s  
harm ful f o r  the expansion.

T h e o re t ic a l ly , fo r  an expansion m u ltip lie d  by 50
— presuming that a l l  the water in the perlite  i s  used for 
the expansion -  only about 0,6-0,8 pet. A>y wei ̂ ht/water 
i s  needed. In reality  th is 13 not su fficien t because part 
o f  the water escapes through pores and fissu res o f the 
raw perlite  grains without having an active phrt in  the 
expansion. In addition, on the surface o f perlite  grains
-  due to the usual outside heat impact -  a local over­
heating i .e .  melting occurs and so water near the surface 
create no foaming at a l l  or to a smaller extent than in 
the in terior o f the grain. In practice, p erlites with a 
water content le ss  than 13 have a smaller expanding ca­
pacity than p erlites with higher water contents.
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P e r l i t e s  have on optlrr.un w ater content which depends 
on th e chem ical com position , the m acrostructure , the 
p o re s , on the method o f  h eatin g  and duo to  l a t t e r  on the 
g ra in  s iz e  o f  the raw p e r l i t e .  In  general the optimum 
o f  e f fe c t iv e  w ater content i s  1 -1 ,5  * for* the b e st  known, 
s o r t s  o f  p e r l i t e s .  Should the w ater content exceed the 
optimum, i t  Í3  ad v isab le  to  dehydrate the p e r l i t e  by pre­
h eatin g  b e fo re  expansion but not always s in ce  the Improved 
j j a l i t y  obtained by th e se  means i s  e ith e r  not in  accord­
ance with the su rp lu s expenses o r  the requirem ents re­
gard in g  the f in ish e d  product do not n e c e s s ita te  i t .

To e x p e lí w ater exceeding the optimum, drying de­
v ic e s  are u sed . In p ra c t ic e  two so lu tio n s  came in to  gene­
r a l  u se : e i th e r  be fo re  crush ing o f  the raw m a te r ia l o r  
im m ediately b e fo re  expansion. Dehydration i s  c a r r ie d  out 
u su a lly  a t  a tem perature o f  250 °C  to  500 °C . The proper 
p reh eatin g  t in e  and chosen dehydration tem perature depends 
on the grad ing o f  the p e r l i t e ,  on the a v a ila b le  equipments 
and the heat treatm ent method, but fundament a l ly  on the 
q u an tity  o f  w ater presen t in  the p e r l i t e  end w ith in  t h i s ,  
on the q u an tity  o f  the combined w ater, fu r th e r  the mode 
o f  com bination. In  F igure 5 . c h a r a c t e r i s t ic  dehydration 
diagrams are  shown.

There i s  a tem perature optimism fo r  p e r l i t e  expansion* 
Below th i3  tem perature the g la s s  m ate ria l v i s c o s i t y  and 
the su r fa c e  s t r e s s  remain too h ig h , in  consequence the 
expansion i s  not s a t i s f a c t o r y ,  on the other hand no melt­
ed la y e r  forms on the gra in  s u r fa c e ,  the pores and f i s s u r e s  
are  not b locked , th ere fo re  p a r t  o f  the w ater can escape 
without doing any ’’work” . 13 th e tem perature too h igh , 
the expanded p e r l i t e  slumps c<* becomes baked.

S e le c tio n  o f  the expanding tem perature depends on 
th e  com position o f  tha p e r l i t e  and e s p e c ia l ly  on i t s  
a lk a l i  content. An optimum o f  r e su lt in g  expansion I s  
ob tain ed  a t  a lower a lk a l i  content a t  a h igh er tar.ce r-  
a tu re , in  ca se  o f  a h igher a lk a l i  content a t a lower 
tem perature. The u su a l expansion tem perature change b e t­
ween 900 and 1100 °C .
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fu ra tio n  o f  the heat treatm cn j i s  very im portant. I t  
a lso  da ponds on the p e r l i t e  s o r t s .  There are  q u ick ly  ex­
panding " l iv e "  p e r l i t e  s o r t s  and o th e rs , expanding "with 
d i f f ic u l t y '* .  L a tte r  .rust be heated  lo n ger. I t  should be 
mentioned here th a t p e r l i t e  s o r t s  expanding "w ith d i f f i ­
c u lty "  have l e s s  expanding c a p a c ity  and can be used to  
produce p e r l i t e  u n its  o f  g r e a te r  d e n sity  and g re a te r  
s t r e n 'h t .  The " l iv e ” p e r l i t e  has to  be heated  w ith in  1-3 
s e c .  In  F ig .6 .  a  c h a r a c te r is t ic  expansion diagram i s  
shewn. As i l l u s t r a t e d  in  the F ig u re , the len gth  o f  ex­
pansion tim e depends a lso  on. th e  expansion tem perature: 
a t  a  low er degree o f  heat the expansion nay tak e  lo n ger  
and v ice  v e rs  a .

The g ra in  s in e  must a llo w  f o r  the I n te r io r  o f  the 
g ra in  to  reach a lso  the p y ro p la s t ic  s t a t e  during the 
sh o rt  tim e o f  the h e a tin g , however without m elting on 
th e su rfa c e  o r  agglom eration . In  p ra c t ic e  t h i s  g ra in  
s i z e  i s  l e s s  than 3 cm, t h d ^  e x c e lle n t  r e s u l t s  can be 
obtain ed  w ith gradings o f  le s3  than 2 n s .

There are d if fe r e n t  g ra in  s iz e s  w ithin a  given 
f r a c t io n  / e .g .  1-2 che/ ,  vherea3 the h eatin g  tem perature 
i s  given. The t o t a l  bulk o f  sm a lle r  g ra in s  reaches soon er 
the ex, .n s ion  tem perature, th e  la r g e s t  gra in s -  L a te r . A 
good expansion must so lve th e problem o f  keeping the 
sm ell p e r l i t e  grain :; fo r  a 3hort tim e , the la rg e  g ra in s  
f o r  a long t in e  on the expansion tem perature.

According to  the above, n e ith e r  e x p a n s ib il i ty  o f  a 
p e r l i t e  raw m aterial can be determined unaab igously  by 
th e o r e t ic a l  means or ch em ical-ph ysical t e s t s  not the pa­
ram eters to  be used . T e sts  must -always comprise lab o ra to ­
ry  t e s t s  and p ilo t-p la n t  o r  la r g e - s c a le  in d u s t r ia l  ex­
panding expert m-ents.

Vfc th e  beginning /abou t 30 y e ars  ago/ the only type 
o f  furnace which could a ssu re  approxim ately the n ecessary  
param eters fo r  p e r l i t e  expansion was the ro ta ry  k i ln ,  
p laced  a t  an angle o f  about 5 ° - 1 0 ° .  Thi3 f i r s t  ro ta ry  
I c i l r j  functioned on a uniflow  b a sl3  and d ir e c t  h e a tin g . 
The raw p e r l i t e  was fed d ir e c t ly  in tc  the flam e. The 
p e r l i t e  g ra in s  were r o l l in g  and tum bling in  the drums
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t i l l  expanded. At p re se n t, r e la t iv e ly  few ro ta ry  k iln s  
a re  o p eratin g . They are  only used to  produce aggregate  
f o r  the b u ild in g  In du stry  end fo r  expansion o f  p e r l i t e s  
hard  to  expand. According to  some authors a  rounded o f f  
product with more c lo sed  pores can be o b ta in ed , di • to  
th e  r o l l in g  movement in  the k iln  / s e e  F I g .7 . / .

The v e r t ic a l  furnace with a s n a i l  angle o f  s lo p e  I s  
n ot ro ta tin g  and can be con sidered  a s  an advanced v a r ia n t 
o f  the ro ta ry  k i ln .  T h is typa was aeveloped in  Hungary. 
Fundamentally I t  i s  a  tu b e , lin e d  with r e fr a c to ry  c e r ­
amic b r ic k s ,  t i l t e d  a t  an an gle  o f  1 2 °. This type o f  
furnace fu n ctio n s a l s o  based on the uni flow  p r in c ip le .
At i t s  h igher p a r t  the p e r l i t e  i s  fe d  d ir e c t ly  in to  the 
flam e. Wien expanded the p e r l i t e  le av e s  the fu rn ace with 
th e gas fume flow . For h eatin g  a  s p e c ia l ly  a d ju s te d , spe­
c i a l  burner i s  u sed . The p ro d u c tiv ity  ox a  s l i g h t ly  t i l t e d  
v e r t ic a l  furnace i s  h igh er th an  o f  the ro ta ry  k i ln  and i s  
s u ite d  to  produce p e r l i t e s  o f  lower d en sity  w ith low In­
vestment c o s ts  and w ith s n a i l  s p e c i f i c  power consumption. 
The output o f  t h i s  type i3  rem arkable: 20-25 cP expanded 
p e r l i t e  per hour. The gas ftnne flow  in  the fu rn ace must 
a ssu re  th a t  the expanded p e r i l t a  g ra in s are  swept o f f  
by i t ,  however the raw p e r l i t e  should remain in  th e flam e , 
i . e .  the s e t t in g  r a te  o f  the raw p e r l i t e  must be h igh er 
than  the v e lo c ity  o f  the fume.

In the two equipments d isc u sse d  above, the p e r l i t e  
i s  heated d ir e c t ly  by the ga3 fumes or the ceram ic l in in g . 
The disadvantage o f  both i s  th a t  the expanded p o r l i t s  and 
nhe not-expanded dead m ate ria l s t ic k  on the furn ace l in in g  
and have to  be removed p e r io d ic a l ly .

The v e r t ic a l  furnace i s  the type most used and i t  
was devcLoped e s p e c ia l ly  fo r  p e r l i t e  expansion. I t  ex­
pands the p e r l i t e  in  a  v e r t ic a l  c y lin d e r , tap ered  a t  the 
low er end. The raw p e r l i t e  I s  charged through one o r  more 
openings on the ca sin g  o f  the cy lin d er above tho tapered 
p a r t .

I t  i s  c h a r a c te r is t ic  f o r  th e se  furnaces th a t  the 
raw p e r l i t e  en ters g r a v i ta t io n a l ly  the furn ace chamber
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and f a l l s  fro o ly  a g a in st  the fume flow . V ith the narrow­
i n '  o f  the c ro ss  se c tio n  d ie  v e lo c ity  o f  the f in e s  in ­
c re a se s  i:i the c o n ic a lly  narrowing space accord in g  to the 
lev; o f  co n tin u ity . in? ’"’ lo c i t y  in  the narrow est c r o s s -  
- se c t io n  -  ' i i i s  i s  the Iiln iiest v e lo c ity  o f the fun s -  
i s  c a lle d  "c lo s in g  v e lo c ity " , The dropping v e lo c ity  o f  
the p e r l i t e  g ra in s slov/s down in  t h i s  narrowing zone.

I 'h lle  dropping the expansion o f  the p e r l i t e  g ra in s
begin s th e ir  su r fa c e  in c re a se s  and den sity  d e c re a se s , in  
consequence th e " f lo a t in g  v e lo c ity '1 o f  the g ra in s  i s  
slow ing down, f i r s t  the dropping v e lo c ity  o f  the p e r l i t e  
g ra in s  be cones z e ro , then because o f  fu r th e r  expansion  
the gra in s leav e  the furnace to g e th e r  with th e g a s  fu se s  
in  the rev erse  d ir e c t io n . F lo a t in g  v e lo c ity  i s  the velo—
c i t y  a t  which the v e r t ic a l ly  blown g ra in  i s  f l o a t in g ,
i . e .  the v e lo c ity  o f  the m a te r ia l i s  zero .

The com pletely expanded p e r l i t e  g ra in s le av e  with­
out s l i p  the expanding fu m aco  p r a c t ic a l ly  a t  a  r a te  equal 
to  the fu se  v e lo c ity . The fuioe v e lo c ity  has to  be ad ju ste d  
i n  i  way th a t  th e  not-expanded p e r l i t e  g ra in s drop out a t  
th e  bottom. As sm a lle r  p e r l i t e  g ra in s are  c a r r ie d  out by
th e fane flow even a t  1 minor r a te  o f  expan sion , care  
must be taken th a t  no g re a t  tem perature drop should occur
along the furn ace.

The burner i s  in s t a l le d  in  the narrow est c r o s s - se c ­
t io n  a t  the low er open end o f  the fu rn ace. In  many ca se s 
se v e r a l  burners are used . O il o r  gas h eatin g  i s  provided. 
In  general the burners are  p laced  to be e a s i ly  swing- 
- a s id e .  The fume tem perature con be c o n tro lle d  by change 
o f  the qu an tity  o f  fu e l and a i r  in p u t, C h iefly  such turn­
e r s  are ap p lied  where the burner head i s  not “b u i l t - in  in ­
to  the con tro l dev ice  tran sp o rtin g  fu e l and a i r  input 
/pumps, v e n t i la to r ,  v a lv e s , e t c . /  and where the produced 
h eat qu an tity  can be in f in i t e ly  changed between c e r ta in  
l im it s .

In v e r t ic a l  furnaces two types can be d is t in g u ish e d  
accordin g the l in in g  used : refractory concrete and heat- 
- r e s is ta n t  stee l l in e d  furnace.
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Furnaces b u i l t  o f  re fra c to ry  concrete- c o n s is t  o f  3 
ocction 3 / s e e  ? i , ? .8 . / .  The lo v e r  p art  i s  o f  a  w ater cooled 
cone frustum ty p e , The coo lin g  v o te r  stream s upwards in  
tli-' a r s in g . the K iddle .-art i s  a lso  o f  w ater cooled  re­
fr a c to r y  c o n c re te , here the w ater flew s downwards, h 'ater 
cooking prevents s t ie k in g  o f  the p e r l i t e .  The top  c y lin d r i­
c a l  p a rt  o f  th e  furnace i s  a ir -c o o le d . In  th e bottom p a rt  
o f  the furnace 3 low -pressure burners are  f i t t e d  a t  an 
angle o f  3 3 °. The co o lin g  a i r  o f  the upper p a r t  su p p lie s  
th e  a i r  input and i s  introduced above the burner a t  2 
o p p o site  p la c e s . Gate v a lv e s  c o n tro l th e  a i r  in p u t.

The raw m a te r ia l i s  charged in to  th e top  se c t io n  
through fo u r feed in g  fu n n e ls , p laced  n ear to  each o th er 
a t  equal d is ta n c e s . The d if fe r e n t  p e r l i t e  f r a c t io n s  / l e s s  
th  ui 5 JB2if 0 ,5  to  1 323, 1-2 an and 2-3 cm/ can be charged 
through d if fe r e n t  funnels and th e  la r g e r  s i z e  g ra in s  
through the to p  fun n el. The raw p e r l i t e  f a l l s  f r e e ly  to  
th e  lower c o n ic a l se c t io n , where the g ra in s f l o a t  t i l l  
expanded, then are  driven  upwards and get in to  th e  se p a r ­
a t in g  system c o n s is t in g  o f  fo u r  cyclon s.

In case o f  the vortical heat-resistant steel lining 
tube the solution of the u su a l furnace construction i3 a s  
fo llo w s :

The furnace i3  double-w alled. The in s id e  h e a t - r e s i s t ­
ant s t e e l  3heat i s  uorrounded by an e x te r io r  normal 3teel 
cy lin d er. The e x te r io r  cy lin d er  reduces the h e a t - lo s s  and 
develops a c o n tro lle d  coo lin g  p o s s ib i l i t y  o f  the l in in g ,  
reap . The co o lin g  a i r  c ir c u la te s  in  the space between th e 
two cs3 in g3 . The top  part o f  the h e a t - r e s i s t a n t  s t e e l  
l in in g  i s  c y l in d r ic a l ,  i t s  lower p i r t  tap ered . For charging 
the raw p e r l i t e  u su a lly  two "fu n n e ls"  are  a v a i la b le .

The h e a t - r e s i s t a n t  s t e e l  l in in g  prevents s t ic k in g  
o f  p e r l i t e  on the furnace w a ll. hTan e ly , the h e a t- r e s l3 ta n t  
3 te e l  i s  cooxad f r o a  the e x te r io r  and by th i3  th e  furnace 
w a ll tem perature can be kept a t  200-300 °C  low er than 
th e  furnace chamber. To prevent s t ic k in g  a good flow 
and a smooth su r fa c e  o f  th e  furnace w a ll are a l s o  im­
p o rtan t*
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Л d isad van tage  o f  the v e r t ic a l  furnace so  f a r  i s  
th a t  p e r i l t e  s tre a n in g  out o f  the furn ace i s  su b je c t  to  
a  change o f  90° and to  c o l l i s i o n ,  r e su lt in g  in  u n d e sir ­
ab le  p e r l i t e  breaking up. To reduce t h i s  e f f e c t  and to  
develop p lan t 1 е зз  high p e r l i t e  expanding fu rn aces were 
s e t  up w ith a s lo p e  more than 3 5 °. Иге o p era tin g  p r in c ip le  
o f  th ese  fu rn ace s  can 3 t i l l  be con sidered  a s  a f lo a t in g  
o ro c a ss .

The raw p e r l i t e  g ra in s  f a l l  o r  r o l l  in  th e  furnace 
wards a t  f i r s t ,  then expansion s e t t in g  in ,  t h e i r  v e lo c ity  
d e c re a se s , becomes zero and a fterw ard s i s  re v e rse d , The 
l in in g  o f  th e  fu rn ace i s  o f  h eat r e s i s t a n t  s c e e l ,  the 
arrangement i s  s im i la r  to  th a t  in  the v e r t ic a l  fu rn aces .

I t  i s  v a l id  f o r  a l l  the p e r l i t e  expanding equipments 
th a t  a much b e t t e r  product can be processed  o f  homogenous, 
s t r i c t l y  grad ed , narrow raw p e r l i t e  f r a c t io n s  than o f  
heterogenous, mixed f r a c t io n s .  ТЫ з p re v a ils  g rad u a lly  
w ith the v e r t i c a l  fu rn aces . In  gen era l the param eters o f  
th e  furn aces can be changed fo r  expanding su c c e s fu lly  
se v e ra l p e r l i t e  f r a c t io n s  se p a ra te ly .

The development e f f o r t s  show two d ir e c t io n s : InctrLa­
mentation and au tom atization  o f  e x is t in g  equipments and 
development o f  s p e c ia l  p e r l i t e  expanding eqipment3. With 
th e  measuring and the r e g is t r a t io n  o f  param eters and 
t h e i r  change by rem ote-con tro l, even the id e a  computer 
aided  co n tro l can be r e a l i s e d .

Recently s p e c ia l  p e r l i t e  expanding equipments are  
developing but only  in  la b o ra to ry  s c a l e ,  e .g .  ro ta ry  k i ln  
w ith  v ib ra t in g  la y e r s ,  fu rn aces with moving bottoms 
/ t i e  quick h eatin g  tun n els a re  s e t  up l ik e  ceram ic fu r ­
n a c e s / ,  h o r iz o n ta l flam e-bed formed by numerous gac- 
-b u m e rs . For th e se  fu rn aces homogenous p e r l i t e  g ra in s 
o f  equal s iz e  a re  needed, a s  every gra in  s ta y s  in  the 
furn ace a t  id e n t ic a l  h eat c o n d it io n s , f o r  a  len gth  o f  
id e n t ic a l  tim e.

There a re  two so lu tio n  f o r  the lo c a t io n  o f  p e r l i t e  
expanding p la n t s :  lo c a t io n  a t  th e  p e r l i t e  quarry  and 
lo c a t io n  a t  th e  p la c e  o f  u se .
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The tra n sp o r t  o f  th e  row, crushed p e r l i t e  I s  t  r f a r  
nora econom ical tli^n th a t o f  th - expanded p e r l i t e  -  in  th e  
l a t i o r  c a se  th e  lo ad b «arin g  c a p a c ity  o f  th e  v e h ic le s  i s  
n ot f u l ly  u t i l iz e d *  th erefore  the second so lu t io n  can be 
ad v ised *

In  gen eral p e r i l  ca expanding p la n ts  can be d ev iled  
in to  3 u n it ? :
-  re c e p tio n , s to r a g e ,  handling o f  the raw p e r l i t e
-  expansion
•  se p a ra t io n , packing*

The raw crushed p e r l i t e  must be p ro tec ted  iro n  ra in  
a s  f a r  a3 p o s s ib le *  So lu tio n s sa y  be m anifold and here 
lo c a l  fe a tu re s  and economical p o s s i b i l i t i e s  must be ex­
te n s iv e ly  taken  in to  account*

From handling by mechanic sh ovels and sto ck age  in  
p i l e s  o r  com pletely mechanized m anipulation by instrum ents 
and au to m atizatio n , many so lu tion s a re  p o s s ib le *  Keans o f  
one o f  th e se  a re  / i n  the sequence o f  the h a n d lin g /: cover•  
• d  waggon, u n lo ad er, conveyer, s to ra g e  ta n k s , fe e d e r , con­
v e y e r , s to ra g e  tank par day.

For the p e r l i t e  expanding equipment the so lu tio n s  
a re  such more s t r i c t *  With t e s t s  o f  the a v a ila b le  p e r l i t e  
and the demanded product, the expending equipment s u it a b le  
f o r  tiitf given raw m a te ria l must be determ ined. The furnace 
was a lread y  d iscu ssed  p re v io u sly , here only the u n its  in  
c lo s e  connection with the furnace- are  mentioned*

For feed in g  rt.w p e r l i t e  in to  fum uce u su a lly  a  c e l l  
v ib ra t io n  ch arger / o r  a  d is c  ch arg er/ i s  employed with 
smooth v a r ia t io n  in  ar. l e a s t  2-3 tim es i t s  range.

For dehydration o f  the raw p e r l i t e  a drying drum i s  
u sed * The drying drums have d ir e c t  o i l  ¿ a s  h e a tin g  v/ith 
a  counter-flow  o r  uniflow  so lu t io n . The drying drum i s  
p laced  i n , a  manner th a t  the m a te r ia l g e ts  in to  the ex­
pansion  furn ace d ir o c t ly . fu s t  i s  exhausted from the 
d r ie r  and se p a ra te d  with the u su a l cyclon es*

Cooling o f  the p e r l i t e  which lo av es the furn ace i s  
i n  c lo s e  connection with p e r l i t e  expansion* The co o lin g  
agen t i s  m ostly  co ld  a i r *  I t s  q u an tity  and method o f  
in tro d u ctio n  must be c a r e fu l ly  chosen* I f  suddenly much
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a i r  i s  in troduced th e  expanded g r r in s  " b l r s t "  I . e .  get very  
muck crushed because o f  the g re a t  change in  tem perature. On 
th e  o th er hand, I f  not enough co o lin g  a i r  i s  in trod u ced , 
th e  co o lin g  cy lin d e r  -Taut a lso  "be o f  a defined heat r e s i s t ­
an t stc -e i, but th e  danger s t i l l  e x i s t s  that the expanded 
p e r l i t e  "s lu m p s", becomes d en ser. A good r e s u lt  i s  ob­
t a i n s !  with g ra d u a l, so c a lle d  " s o f t "  co o lin g .

The u n its  ranged a f t e r  th e  furnace should be p laced  
in  a way to  avoid as such a s p o s s ib le  d ev ia tio n  o f  d ire c ­
t io n  in  the p ro g ress o f  the ex p an d .! p e r l i t e :  the stream y 
p e r l i t e  should not c o l l id e  with w a ll su r fa c e s .  From t h i s  
p o in t o f  view the ro ta ry  k i ln  and the f ix e d  c y l in d r ic a l
furn ace with a s n a i l  angle o f  s lo p e  are  bor-h un favourab le . 
In  both system s the p o r l i t e  bumps in to  a v e r t ic a l  w all a t  
th e  end o f  the c o lle c t in g  chamber and the c o l le c t in g  
s h a f t ,  reep . su f fe r in g  m u ltip le  changes o f  d ire c t io n , 
¡’owevnr the t i l t ' d  furnace arc the- advantage th a t  th ere  
a minimum o f  change o f  d ir e c t io n  occurs in  the way o f  
th e  expanded p e r l i t e  and even th e  coo lin g  a i r  reduces fu r­
th e r  the p ro b a b ility  o f  c o l l i s io n  o f  the p e r l i t e  g ra in s 
f-nd the w all o f  the cy lin d er

The se p a ra tio n  and packing equipments are  determined 
by the requirem ents sp e c if ie d  f o r  the f in ish e d  product. 
'Though th e se  ap p lian ces are  s im i la r  because the p e r l i t e  
i s  tran sp o rted  by the a i r  f lo v  nnd consequently se p a ra t­
in g  and c la s s i fy in g  dev ices a re  a lso  ae ro tech n ica l 
equipments.

To produce p e r i lr e  packed in  sack s fo r  gen era l pur­
poses the se p a ra to r  in clu d es the fo llow in g  u n it s :
-  coarse  p e r l i t e  se p a ra to r
-  coarse  p e r l i t e  c o l le c to r  and s a c k f i l l in g  tank
-  f in e  graded p e r l i t e  s o p 'r a to r
-  fin .;3  c o l le c to r  and 3 a c k f i l l in g
-  dust se p a ra to r

e.chaustor
-  c’linney.

For separation of coarse p erlite , chamber and cyc­
lone type separators are in  wide-spread use. Advantage 
of the cyclone separator i s  that i t  does not break up the
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th e  ¡ 'o r l i t e  ;i3 much as the cha:.! 
the p e r l i t e  i s  cooled more

;er separato r , a t  
in te n s iv e ly  comp

the some 
.red to

th>

n jc
and
:-os-

her se p a ra to r s .
"or sep »rr tlon  o f  die f in e s ,  in  

Lone- fla ire  l a  euployos. For dvst : 
c o lle c t in g  bag, the f a b r ic  /d r y /

:* an crai a  m u lti-w
e^e.ration the m oist 
c o l le c to r s  are  the

t  popular, g re a t -¿van tage o f  the dry c o l le c to r s  I s
th a t  the separated  dust c^n be used and no 3 lu rry  mani­
p u la tio n s req u irin g  much p lace  and labou r / s e t t in g  appa­
r a tu s ,  t r a n sp o r t , anni i il  l a  11 on/ ere  n ecessary . Above 
-advantages and development in  th e  m a te r ia l o f  f i l t e r  
c lo th s  /polypropylene and g la s s - f ib r e  f i l t e r  c lo t h s / ,
had the r e su lt  th a t  now p la n ts  a re  always provided with
c o lle c t in g  bags fo r  fume se p a ra to r s .

The expanded p e r l i t e  gees from the se p a ra to r s  
through double a ir - lo c k s  o r  feed in g  c e l l s  In to  the c o l le c t ­
or's and from th ere  over th e  f :  l l i n g  machines in to  sa c k s .
I f  the m aterie l was f i l l e d  in to  p l a s t i c  /p o ly e th y lc n ? / 
s a c k s , i t  i s  ad v isab le  to put a f t e r  the co arse  se p a ra to r  
a fu rth e r  p e r l i t e  coo lin g  s ta g e . An in te n siv e  coo lin g  
can b 2 obtained only in  a co ld  a i r  flow . In sons c a se s  
w ater coo lin g  o f  the s a c k f i l l in g  machine might prove 
s u f f ic ie n t .

" s r l l t o  expanding p la n ts  can be considered  op en -a ir  
p i n t s ,  only the furnace co n tro l and the end product 
packing have to  *cc set up i.i  covered p la c e s .

labour denard o f these p la n ts  i s  low and power 
demands a lso  moderate. The no3t Important c o st  fa c to r  Is  
the h eating energy.

Figure Q. shows 'ketch  o f  a p e r l i t e  expanding p lan t 
.vithout the raw r s t o r i s l  handling a p p lian c e s .

i in  B u ii i in c

6 .1  Use o f  p e r l i t e  in  loo se  con dition

The simplest use o f expands*? perlite  for thermal insu­
lation i s  in form o f loose bulk. Thi3 i s  illu stra ted  on 
a wall construction of hand-size hollow masonry units
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v a- jr” au.'.arLncoaei b l:c 'c  
ara  f i l l e d  with p o r l i to .

iol-23 3 ùparVtcà hy ÒOotG.n pi lt33 
Each course in  p lace»  the per-

I t t o  vj he poured from the b ig  through a  funn el in to  th e 
h o le s . ¡lan i-sLaa u n its  being nax. 25 cm in  h e ig h t , lo o se­
ly  f i l i a l  in  p e r l i t e  w il l  l i t t l e  s e t t l e  a fte rw ard s.

According to  American d a ta , the o r ig in a l  h eat tran s­
i t  t a ic e  k^ *  1 *37  !f /a 2Ii o f  a foamed s l a g  con crete  v /all 
co n stru ctio n  2C cn th ick  o f  h an d -size  masonry u n its  de­
cre ase d  to  k^ *  0 ,35  '.7r.2!C f i l l e d  with p e r l i t e  / i . e .  tiie 
th o r m l co id ic t iv i ty  A ^ = 0 ,5 5  -«‘/-ill decreased  to  

A2 = 0 ,2 0  7 /a S / .
A 'Tun.garian. example o f  therm al in su latio n , o f  in d u s tr i­

a l  'bu ild ing ro o fs  i s  shown in  " ig .1 0 .  Jo in t s  o f  the pre­
c a s t  ro o f  s la b s  have 'seen s e a l  2 .  with ad lissiv e  p l a s t i c  
s h e e t s ,  i .a r l l t e  has le a n  sp r in k le d  with 5C-1GC l i t e r  o f  
w ater -  depending on i t s  bull: d en sity  -  n ixed in  a g ra­
v i t y  ~ ix e r ,  ¿ourad b*. tweo*ri wooden frames mounted on the 
r o o f ,  compacted with a  r o l l e r  o r  batten  and screed ad .
The ncreeded no 1 st  p e r l i t e  su r fa c e  was superposed by pre­
c a s t  foamed s l a g  concrete u n its  and jo in t s  have been

eel with a ilLe-co-aont uc V*t" lyA  V S-J. •

to ir. I
fo.'n.id s l a g  concrete s la b s  have been designed with 
... to  fo in  a  continuous clia .nol system 2 by 3 cn: in

the lev.*or sur fa c e , 
s l a g  concreto u n its  
bifcur.en f e l t  la y e r .

The rc o f  s tru c tu re  covered 
has a t  la . t  baca coated by

with foamed 
a poboxed

This channel system i s  completed by t in p la te  vent 
p ip e s 'it the nodes c f  a ns3k 3 by 3 m o r  4 by 4 s ,  a s 
shown in r i g . i l .  This i s  aimed p a r t ly  a t  perm ittin g  dry­
in g  c f  the m oist p e r l i t e  through the channel system , and 
p a r t ly ,  as the vapour en terin g  the p e r l i t e  through the 
f lo o r  to  le av e .

This method o f  a p p lic a tio n  req u ire s the w ater 
q u an tity  needed to  car.pen p e r l i t e s  o f  d if fe r e n t  bulk 
d e n s it ie s  and g rad in g s, r e la t io n sh ip  between compacting 
derreo  and in s u la t io n  d e n s ity , and the r a te  o f  drying 
through th e vent p ip e s . According to  t s 3 t s  made a t  the 
Hungarian I n s t i t u t e  fo r  B u ild in g  Science / 7 / »  th e se  
c h a r a c t e r i s t ic s  have been re c a p itu la te d  a s  fo llo w s .
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Bulk d e n sity  and grad in g  o f  p e r l i t e s  o f  id e n t ic a l  
provenance and id e n t ic a l ly  expanded a re  r e la te d  accord­
in g  to  F ig . 12 / 8 /  th u s , bulk d e n s ity , e a s ie r  t o  determ ine, 
can  be s t a r t e d  from* For the sak e  o f  s im p lic i ty ,  freshly 
mixed p e r l i t e  t o  w ater m ixture d e n s it ie s  a re  shown in  F ig . 
13 versu s bulk d e n s ity , f o r  1  vP o f  p e r l i t e  mixed w ith 
d if fe r e n t  w ater q u a n t it ie s  and f o r  d if fe r e n t  compacting 
p re ssu re s . For exam ple, m ixing a  p e r l i t e  o f  100 kg/ra^ 
bulk  d e n sity  under a  compacting p re ssu re  o f  0 ,2  MPa with 
5 0 , 100 and 150 l i t r e s  o f  w ater w i l l  r e s u l t  in  f r e sh  
d e n s it ie s  o f  250, 330 and 440 k g /v ?  r e sp e c t iv e ly . A fte r  
evaporation  o f  th e  t o t e l  w ater co n ten t, the p e r l i t e  in ­
su la t io n  d e n sity  w i l l  reduce to  about 170 kg/m^ / i r r e s ­
p e c tiv e  o f  the w ater d o sa g e /, a t  an assumed therm al con­
d u c t iv ity  o f  0 ,05  W/mX.

A ccordingly, f o r  a  g iven  compacting method, the 
w ater dosage i s  about ir r e le v a n t  f o r  th e  d e n s ity , hence 
f o r  the therm al p ro p e r t ie s  c f  th e  dry in s u la t in g  la y e r  
b u t 's ig n i f ic a n t ly  a f f e c t s  th e  d ry in g  r a te .  In  th e  c a se  
o f  ro o f  in s u la t io n  shown in  F ig s .  10 and 11 th e  drying 
r a t e  o f  p e r l i t e  to  w ater m ixes compacted by 0 ,4  MPa 
p re ssu re  i s  p lo t te d  in  F ig .  14  v s .  w ater con ten t.

L igh t m etal p la te s  / e . g .  aluminium/ a re  made in to  
c a v ity  w a lls  with p e r l i t e  f i l l  i n  th e  c a v i t ie s  f o r  
therm al in s u la t io n . T h is system  i s  encountered in  t i e  
b u ild in g  in d u stry  fo r  ligh tw eigh t s t r u c tu re s  but i t  i s  
f a m il ia r  in  th e  sh ip b u ild in g  in d u stry *

American b o o k le ts recommend p e r l i t e  f o r  f lo a t e d  .. 
f l o o r s .  The f lo o r  s l a b  i s  covered by 6  to  8  cm o f  per^- 
l i t e ,  sp rin k led  with w ater and screed ed . I t  r e c e iv e s  a  
c o a t o f  bitum inous f e l t  superim posed by a  cement m ortar 
sc re e d  about 4 cm th ic k . According to  Hungarian examin­
a t io n s ,  p e r l i t e  f lo a t in g  la y e r  has poor sound-damping 
c h a r a c t e r i s t i c s ,  hence forb idden  in  the s ta n d a rd s .

An Ingenuous system o f  u sin g  expanded p e r l i t e  
w ithout b in der i s  the so - c a l le d  " p e r l i t e  q u i l t "  developed 
a t  th e  Lightw eight Concrete and In su la t io n  Q ite rp r lse  
in  Hungary* P rim arily  i t  i s  in tended fo r  f l o o r  in su la t io n  

but i t  can be ap p lied  a l s o  f o r  in s u la t in g  a t t i c s .
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dw ellin g  s u b f lo o r s ,  sandwich sy stem s, aera ted  c ro ssw a ll 
p an els and non—lo  ad—bearin g  p late^on as o f  co ld  s to ra g e  
h ou ses. B ir d 's  eye view and se c t io n  o f  th e  p e r l i t e  q u i l t  
i s  seen In  P ig . 15. In  unloaded co n d itio n , p e r l i t e  q u i l t  
c o n s i s t s  o f  f r e e ly  arranged tu b es A i l e d  with p e r l i t e ,  
n ot co n tactin g  each o th e r , w h ile  l a i d  on th e  f l o o r  and 
coated  w ith a  cement m ortar, th e  tu b es g e t In to  co n tact 
t o  form an I n su la t io n  la y e r  exempt o f  therm al b r id g e s .
I t  I s  f i t t e d  by sp o t s t ic k in g  t o  th e  f l o o r .  I t s  su r fa c e  
r e q ir e s  a  m ortar c o a tin g  o f  3 -4  cm th ic k . B efore  f i n ish -  
in g .  I t  I s  a d v isa b le  to  compact th e  ad jacen t p e r l i t e  
q u i l t s  by p a ss in g  a  r o l l e r .  In  Bungary, p e r l i t e  q u i l t s  
a re  made in  th ic k n e ss  c f  6 ,  8  and 10 cm, In  w eights o f  
6 to  15 k g /a2 depending on th e  p e r l i t e  bulk d e n s ity , 
w ith therm al c o n d u c t iv it ie s  o f  0 ,0 4 -0 ,0 7  :J/mK. I t  i s  
made In  stan d ard  commercial s i z e s  o f  250 cm le n g th , 50 
o r  50 cm i n  w idth.

Hicknann and R a t c l i f f  / 9 /  d e sc r ib e  u se s o f  p e r l i t e  
In  lo o se  bulk form and therm al in s u la t io n  a t  subzero 
tem peratu res. They rep o rt o f  therm al co n d u ctiv ity  
c o e f f ic ie n t s  ^ «  0 ,0 4  and 0 ,0 2 4  W/mK determined f o r  lo o se  
p e r l i t e  o f  50 to  80 k g /a ?  bulk d e n sity  exposed t o  +20 °C  
and +15 °C  on tiie  w a n  s i d e ,  and 0 °C  and -190 °C  on the 
c o ld  s i d e ,  r e sp e c t iv e ly . They s t a t e  therm al in s u la t io n  
o f  p e r l i t e  I m i t a t io n  to  much In c re a se  upon vaccua 
treatm en t. As an axample i t  may be quoted th a t  p e r l i t e  
o f  96 kg/m^ bulk d e n sity  exposed to  +20 °C  on th e w a n  
s id e  and -183 °C  on th e  co ld  a id e  ex h ib ited  therm al con­
d u c t iv i t ie s  A -  0 ,0 2 3 * 0 ,0 1 4  and 0 ,0022 tf/aK a t  atmos­
p h eric  p r e s s u n ,  a t  1 am o f  mercury coition /0 ,0 0 1 4  a t /  
and a t  0 ,01  mm o f  mercury column /0 ,000014  a t /  re sp e c t­
iv e l y ,  w hile under same tem perature c o n d itio n s , a  p e r l i t e  
o f  132 kg/m? bulk  d e n sity  had a  therm al co n d u ctiv ity  

X  m 0,001  W/mK in  th e 10"*^ t o  10~^ am o f  mercury coition 
ran ge .

T h is e f f e c t  can bo en h an ced  by mixing about 20 
o f  aluminium powder to  th e  p e r l i t e ,  fo r  d ecreasin g  
r a d ia t io n . Utader the same co n d itio n s a s  b e fo r e , the p e r ­
lite-alum in ium  powder m ixture had a  therm al co n d u ctiv ity
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A « 0,0006 to  0,001 tf/sK.
Recently lo o se  p e r l i t e  h as been ap p lie d  f o r  cry­

ogen ic  p u rposes* s to ra g e  tan k s f o r  deep-cooled g a se s  
/e th y len e  -103°C, oethane -161°C  e t  o . /  a r e  co n stru cted  
a s  shown In  F ig *  16. The gap between tho two c a s in g s  i s  
f i l l e d  w ith lo o s e  p e r l i t e  / i n  a  th ick n e ss  o f  about I n / *
I t  has two ad van tages: lo o se  p e r l i t e  h a s  a  th e r a a l  in­
su la t io n  c a p a c ity  com petitive  t o  th a t  o f  p l a s t i c  foam s, 
and the lo o se  bu lk  can fo llow  tank deform ations* Aper­
t u r e s  in  the tank l i d  perm it to  observe and re p la c e  
p e r l i t e  se ttle m e n t*

6 .2  Use o f  p e r l i t e  w ith cement b in d er

One o f  the e a r l i e s t  methods o f  u sin g  p e r l i t e  a s  a  therm al 
In su la t in g  m a te r ia l was in  form o f  p e r l i t e  con crete  c a s t  
in - s i t u  o r  i n  form o f  p re c a s t  u n it s *  Relevant o b serv atio n s 
a r e  a ls o  v a l id  f o r  the m anufacture o f  o th e r  p e r lite -b a se d  
products made w ith  o th e r  b in d e rs* Let u s  begin  w ith  th e 
e f f e c t  o f  v a r io u s  f a c t o r s  on the com pressive stre n g th  
and d e n sity  o f  p e r l i t e  concr e t e ,  fo llow ed  by th e  tech­
n ology  o f  p e r l i t e  o an cre te , then v ar io u s a p p lic a t io n  
f i e l d s  w i l l  he reviewed*

Compressive s tre n g th  and d e n sity  a re  th e  two most 
im portant c h a r a c t e r i s t ic  o f  ligh tw eigh t oon cretes in  
g en e ra l amA in  p a r t ic u la r  o f  p e r l i t e  co n cre te s. Namely 
com pressive s tre n g th  i s  d e c is iv e  f o r  o th e r  m echanical 
jh & r a c te il s t le s  /ban d in g stre n g th »  e l a s t i c i t y ,  c re e p , 

ir ln k age , fT o s t  r e s i s t a n c e ,  h e a t and f i r e  r e s is ta n c e  
¿ c * /  w hile p rim o rd ia l p h y sic a l c h a r a c t e r i s t ic s  such 

a s  th e ra a l I n s u la t io n , vapour a b so rp tio n , therm al damp­
in g ,  ao o u stle  p r o p e r t ie s ,  a re  s t r i c t l y  r e la te d  to  d e n sity * 
Therefore I t  I s  norm than ju s t i f i e d  to  s c r u t in iz e  tho 
e f f e c t  on th e se  p rim o rd ia l, o fte n  co n tra d ic to ry  proper­
t i e s *  T h is c o n tra d ic tio n  c o n s is t s  In  attem pting to  
ach ieve th e h ig h e st stren gth  p o s s ib le  in  view o f  dura­
b i l i t y ,  r e s i s t a n c e  to  s t r e s s e s ,  w hile optimum th e ra a l 
and Impact sound damping p ro p e r t ie s  depend on a  p o sa ib ly  
low d e n sity * O bviously , technology param eters prov id in g
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f o r  an optimum compromise should be endeavoured. The 
n ext ch ap ter i s  in ten ded a s f a c i l i t a t in g  t h i s  problem  
p rim arily  on th e b a s is  o f  H ungarian t e s t  r e s u lt s  and 
in d u s t r ia l  achievem ents / 10/ ,

6,21 V arious e f f e c t s  on p e r l i t e  con crete  d e n sity  and 
com pressive stre n g th

L e t u s b eg in  by p re sen tin g  an e v a lu a tio n  method reco n * 
mended a s  a  d ir e c t iv e  fo r  t e s t in g  th e  e s s e n t ia l  proper^ 
t i e s  o f  any ligh tw eigh t con crete  in c lu d in g  p e r l i t e  
co n crete ,

M ixing an ag g re gate  w ith  any b in der» f o r  in sta n c e  
p e r l i t e  ag g re g a te  w ith cementv gypsum» lim e» bitum en 
e tc , » i t s  d e n sity  and com pressive stre n g th  w i l l  be do- 
term ined by th e  b in d er content» depending ob th e  compact­
in g  d egree . O bviously , making a  ligh tw eigh t con crete  s i x  
o f  a  given  cem en t:aggregate : w ater r a t io  and c a s t in g  i t  
in to  th e mould w ithout com pacting w i l l  r e s u lt  in  a very  
low -d en sity  and e v id en tly  very low -strength co n cre te . 
P lac in g  th e  same con crete mix ap p ly in g  a  g e n tle  compact­
in g  e .g . ramming w il l  In c re a se  somewhat both  th e  d e n sity  
and th e strength. G radually  in c re a s in g  th e  com pacting r a ta  
/ e .g ,  v ib ra tin g  more and more s tro n g ly  and f o r  an ev e r 
in c re a s in g  tim e» o r  com pressing a t  ev e r h ig h e r fo r c e s /  
w i l l  g ra d u a lly  r a i s e  both d e n sity  and stre n g th , S in ce  
th e  same m ixing r a t io  h as been a p p lie d  throughout» 
because o f  grow ing d e n sity » cement ob tain ed  in  a ?  o f  
compacted con crete  w il l  be h ig h e r. F o r a  le an  i n i t i a l  
con crete  mix i , e ,  a t  a  low cement to  ag g re gate  r a t io  by 
w eight» th e ceaw itj th e  cement con ten t w i l l  n ot much
vary  alon g th e  d e n sity  in c re a se . In  a  r ic h  con crete  mix

0

i . e .  co n tain in g  much cement compared to  th e  ag g regate» 
d e n sity  In c re a se  w ill  be accom panied by an enhanced in ­
c re a se  o f  cement dosage.

F ig , 17 shows r e a l exam ples f o r  th e se  v a r ia t io n s  in  
c a se  o f  '•n n creto s mad# w ith  ecpanded c la y  a g g re g a te . 
D en sity  v s . cement dosage h as been p lo tte d  in  F ig , 1 7 /a  
f o r  d if fe r e n t  com pactions and m ix r a t io s »  in d ic a t in g
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cem ent: aggregate  :w ater r a t io s  by w eight f o r  th e  d i f f e r ­
en t n ix e s . F o r in sta n c e  a  1 :4 :0  v8 m ix moulded w ithout 
com paction go t a  d e n sity  o f  1050 kg/»3 # correspon din g to  
a  cement dosage o f  181 kg/nr3.  With in c re a sin g  com paction 
th e  d e n sity  grow s; in  our example th e  maximum compact­
n e ss  was ach ieved  a t  a  d e n sity  1850 kg/n3 ,  fo r  a  cement 
content o f  319 kg/m3.

Com pressive stren g th  v s . cement content o f  th e  same 
m ixes h as been p lo tte d  in  E lg .l7 /b  w ith  a  con ti nuous 
l i n e .  The uncoopacted 1 :4 :0 ,8  con crete  /h en ce , w ith  a  
cement con ten t o f  181 kg/m3/  i s  seen  to  have a  com press­
iv e  stre n g th  o f  2 MPa w h ile th a t  o f  maximum com pactness/ 
/ a t  a  cement content o f  319 kg/m3/  amounted to  25 MPa.

These two diagram s perm it to  co n stru ct th e  r e la t io n ­
sh ip  o f  ma-ĝ T—”  in te r e s t  f o r  u s i . e .  complex v a r ia t io n  
o f  stre n g th  and d e n sity  v s . cement co n ten t,  C on stru ction  
i s  ach ieved a s  fo llo w s: f o r  a  given  d en sity  in  F lg .l7 / a  
cement con ten ts o f  co n cretes w ith  d if fe r e n t  mix in g  r a t io s  
a re  determ ined. These d ata  a r e : f o r  mix r a t io  1 :S :1 91 
a  cement con ten t o f  148 kg/m3; f o r  1 :4 :0 98 -  207 k g /*3;  
f o r  1 :3 :0 ,6 5  — 257 kg/m3; f o r  1 s2 :0 95 -  343 kg/m3 , 
r e sp e c tiv e ly . These cement co n ten ts are  p ro je c te d  on 
stre n g th  cu rves in  F ig . 17/b  and p o in ts connected. The 
connectin g curve h as been tra c e d  by deshed l in e  in  F ig . 
17/ b .

A ll d e n s it ie s  bein g c o n stru c te d , r e s u lt s  in  th e 
nomogram in  F ig . 17/b  show th e  cement content needed fo r  
th e mairtinw stre n g th  p o ss ib le  to  cope w ith th e  d e n sity  
s t i l l  m eltin g  therm al in su la t io n  requirem ents. W t u s 
have a  look  now on re la tio n sh ip  e sta b lish e d  from th e  t e s t  
method d escrib ed  in  F ig . 17 f o r  cem ent-bound**perlite 
c o n c re te s.*

6. 21.1 E ffe c t  o f  p e r l i t e  bulk d e n sity

H ungarian t e s t s  have le d  to  th e  re la tio n sh ip  accord in g  
to  F ig . 18 between d e n sity  and com pressive stre n g th  o f  
co n cre te s made w ith  max 3 mm expanded p e r l i t e ,  and th e 
p e r l i t e  bu lk  d e n sity  / 11/ .
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In  com forsdty w ith t e s t  r e s u l t s ,  f o r  In c re a sin g  
p e r l i t e  con crete  dry d e n s i t ie s ,  ev er h igh er p e r l i t e  bulk  
d e n s it ie s  a re  needed f o r  an optimum stren g th s P e r l i t e  
co n cretes f o r  m erely therm al in s u la t io n  purposes /300 to  
400 kg£p? d e n sity / a re  a d v isa b ly  made o f  a  p e r l i t e  o f  bulk 
d e n sity  ran gin g from 80 to  100 kg/m? to  ach ieve a  compres­
s iv e  stre n g th  o f  max» 2 MPa. F o r a  p e r l i t e  co n crete  
se rv in g  therm al In su la tio n  and su b a lte rn  s t r u c tu r a l p u r­
p o se s , a t  a  com pressive stre n g th  o f  4  to  5  MPa and a  den­
s i t y  o f  600 to  700 kg/m? a  p e r l i t e  o f  130 to  130 k g /v ? 
d e n sity  h as to  be a p p lie d .

I t  sh ou ld  be remarked th a t  a l l  d a ta  in  F ig . 18 refer 
to  p e r l i t e  co n cretes made In  I d e a l c o n d itio n s.

6. 21.2 E ffe c t  o f  cement dosage

H ungarian t e s t  r e s u lt s  / 8/  a re  d e scrib ed  In  com pliance 
w ith  p r in c ip le s  p resen ted  In  connection  w ith  F ig . 1 7 .
These d a ta  are  p resen ted  on F ig s  19 through 22 in d ic a t­
in g  both fr e sh  and dry  d e n s it ie s  o f  p e r l i t e  c o n c re te s.

The cau se o f  th e se  r e s u lt s  p erp lex in g  a t  th e  f i r s t  
s ig h t  i s  e a s i ly  un derstood. P ro ce ssin g  e .g .  a  p e r l i t e  o f  
130 k g /a ?  bulk d e n sity  in to  a  p e r l i t e  co n crete  o f  300 
k g /v ? dry d e n sity  by p la c in g  th e  mix w ithout com pacting 
/ s e e  F ig . 21/ i s  done by making 1 a ?  o f  p e r l i t e  con crete 
w ith  about 1 x ?  i . e .  130 kg o f  p e r l i t e ,  hence 300-130 ■
•  330 kg may be th e  t o t a l  w eight o f  cement and h ydrate 
w ater. As a  c o a rse  approxim ation , cement b in ds 20 #  by 
w eight o f  w ate r, hence th e re  I s  about 300 kg/m^ o f  
cem ent, th e  e x c e ss bein g  th e  h y d rate  w ater. Uncompacted 
p e r l i t e  con crete when hardened h as a  ndnlmum o f  stre n g th  
/max 1 MPa/,, Making again  a  p e r l i t e  con crete o f  300 kg/m^ 
dry  d e n sity , however, a t  an in te n se  com paction / e .g .  
p r e s s in g / , then a s  much a s  2 m? i . e .  300 k g /a ?  o f  lo o se  
p e r l i t e  can be in co rp o rated  in  1 nr* o f  co n cre te . In  
t h i s  c a se  th e  q u an tity  o f  cement p lu s h ydrate w ater may 
amount to  300 «* 300 -  200 k g . Now, the cement con ten t i s  
about 170 k g /a ?  but th e  con crete  became stro n g e r  owing 
to  th e  In ten se  com paction, in  s p i t e  o f  th e  cement content



-  33 -

b e in g  l i t t l e  no r e  than  h a l f  o f  th a t  in  th e  uncompleted 
co n crete . /A ccording to  F ig .21 now stren g th  amounts to  
about 2 ,5  MPa/.

Remind here th a t  p e r l i t e  co n cretes have to  be made 
up w ith ra th e r  ir'.ch m ixing w ater. According to  H ungarian 
t e s t  r e s u l t s ,  ap p ly in g  fo r  in sta n c e  a  com paction by 
p re s s in g , « ly in g  w ater requirem ent concom oitant w ith  th e  
given  cement dosage was about 20 A by w eigh t, w h ile th e 
w ater demand o f  p e r l i t e  v s . d e n sity  proceeds l ik e  F ig .23.
As a  co n c lu sio n , p e r l i t e  con crete  com position can be 
c a lc u la te d  a s  fo llo w s:

In  knowledge o f  th e  req u ired  com pressive stre n g th  
and d e n sity , cement dosage needed fo r  th e  a v a ila b le  ex­
panded p e r l i t e  can be read  o f f  F ig s  13 through 22 .
H ydrate w ater i s  about 20 % by w eight o f  cem ent, hence 
from th e  knowledge o f  cement co n ten t, th e h ydrate w ater 
q u an tity  can be determ ined. Cement q u an tity  in c re a se d  
by hydrate w ater h as to  be deduced from th e  d e n sity : 
p e r l i t e  content making 19 the d iffe re n c e .

P e r lite  w ater demand can be read  o f f  F ig . 23* Data 
have to  be checked from t r i a l  m ixes. The c a lc u la tio n  
w i l l  be i l lu s t r a t e d  on hand o f  and exam ple.

A p e r lit e  con crete  o f  500 kg/nP dry d e n sity  and 
2 MPa com pressive stre n g th  i s  w anted, to  be made w ith  
an  a v a ila b le  p e r l i t e  o f  150 kg/sP  bulk d e n sity . D esign 
s t a r t s  from F ig .2 1 . A cement content o f  210 kg/nP  h as 
to  be ap p lie d . The correspon ding h ydrate w ater content 
/ t o  be reckoned w ith a s  m ixing w ater/ i s  about 40 litr e s /m ^ . 
T hus, th e p e r l i t e  content amounts to  500-/21o+40/ -  
■  250 kg/wP th a t  i s ,  250/150 -  1 ,6 7  vP* A ccording to  
? lg .2 3 , p e r l i t e  h as a  w ater demand o f  145 A by w eigh t,
i . e .  about, 360 l i t r e s /n r * , re su ltin g  in  a m ixing r a t io :

cement dosage 21o kg/vP 1 ,00  p a rt3  p e r  w eight
p e r l i t e  content 250 " 1 ,1 9  8 " "
m ixing w ater 40+360 *  400 ■  1 ,9  " " "

adding up to  a m ixing d e n sity  o f  860 kg/uP .
To f a c i l i t a t e  d e sig n , nomograms can be co n stru cted  

to  p resen t dry to  m ixing d e n sity  re la tio n sh ip  f o r  p er-
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l i t  os of s i  von bulk densities* Fig. 24 i s  an illu stra tio n  
fo r  a nomogram made for a perlite  o f 100 kg/rn  ̂ bull: den­
s ity , based on the average water dosage in  Fig. 23*

6.21.3 Effect o f water content

v.'atsr mixed to the concrete mixture has double action: 
partly , to permit cement hydration, and partly , to im­
prove concrete workability. For ordinary concretes, 
th is  double action i s  separated and becomes contradict­
ory. I f  only the hydrate water fo r the cement i s  added 
/15-20 « by weight o f coment/ the concrete w ill be poor­
ly  workable, of a high a ir  content even when freshly 
mixed, hence, o f low strength. For a water dosage to pro­
duce flu id  concrete, the shuttering w ill perfectly be 
f i l le d  out to approach exeaptness o f a ir  occlusions al­
most without compacting, but then cement paste ’./ i l l  be 
diluted, at a high w/c ra tio , naturally resulting in low 
strength. Thus, the minimum water dosage providing for a 
pore-free placing with the given compacting means has to 
be found, to obtain the possible hi ¿host-strength con­
crete.

I t  should be mentioned that ordinary concrete aggre­
gates practically absorb no water, hence the entity of 
nixing water w ill dilute the cement paste.

On the contrary, porous aggregates are highly ab­
sorbent, at a water absorption rate o f 15 to 800 /$ by 
weight /10 tc 50 "6 by volume/. Thus, only part o f the 
water Лхег. to the lightweight concrete can be used by 
the cement, most o f i t  w ill be absorbed by the aggregate.
Therefore, with a special view on lightweight concrete

*

strength, the double action of mixing water docs net 
separate and 1з not contradictory, as the increase of 
water dosage gradually improves concrete workability, 
provides a higher nixing density, hence, a gradually 
higher strength. Figs 19 through 22 point out the s tr ic t  
correlation existing between perlite  concrete mixing 
density and compressive strength /independent of conont 
content^ Data o f these Figures have been processed in­
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dependently in  Fig. 25.
R e la tio n sh ip s p lo tte d  in  conform ity w ith  p r in c ip le s  

in  F ig . 17 a re  shown in  F ig .2 6 , e x p re ssin g  m ixing w ater 
dosage a s  a percen tage by w eight o f  p e r l i t e .  M ixes have 
been c a lc u la te d  w ith  20 p et o f  w ater by w eight o f  cem ent. 
A ccording to  th e  F ig u re , stre n g th  i s  in a ffe c te d  by th e  
w ater d o sag e , bu t I s  s o le ly  dependent on d e n sity  o f  
fr e sh  conc re te .

In c re a se  o f  w ater dosage In  p e r l i t e  con crete  i s  
lim ite d  e x c lu s iv e ly  by th e  r i s k  o f  e x c e ss iv e ly  compact­
in g  e x c e ss iv e ly  p la s t i c  m ixes, t o  a  d e n sity  to o  h igh  to  
meet therm al in su la t io n  requ irem en ts.

6 .2 .4 . Effect o f concrete admixtures

Admixtures most fa m ilia r  fo r  o rd in ary  co n cretes a re  
p la s t i c i z e r s ,  s e t t in g  re ta rd e rs  and a i r  e n tra in e r s .
Among them, p lastic izers are irrelevant in conformity 
with Chapter 6.23.3 stating mixing water increase to 
improve strength, while exsieeatlon te s ts  /see Fig. 14/ 
showed excess water to slow down drying ra ts  but drying 
i s  sooner or la te r  complete for any water dosage.

N eith er u se  o f  a  r e ta rd e r  i s  l ik e ly  to  b r in g  about 
im portant ch an ges. In  ord in ary  c o n c re te s , r e ta rd e rs  
have th e prim a 17 fu n ction  to  k3ep th e  w o rk ab ility  o f  
con crete  fo r  a  s u f f ic ie n t  tim e . In  p e r lit e  c o n c re te s , 
t h is  needs no s p e c ia l adm ixtures s in c e  th e w ater dosage 
i s  h igh  enough to  p ro te c t s e t t in g  u n t il  p la c in g  h as 
s ta r te d .

On th e c o n tra ry , u se  o f  a i r  e n tra in e rs may be r e ­
commended. In  American p r a c t ic e , p e r l i t e  co n cre te s a re  
in v a r ia b ly  admixed w ith an a i r  e n tra în e r . Brouk s ta te d  
/1 2 / a i r  é u tra in e rs  to  a c t a s  in h ib ito r  to  w ater pen etra­
t io n  in to  p e r l i t e  p o re s, reducin g m ortar w ater demand.
At th e same tim e , m icroscopie p o res improve mix cohesion  
and w o rk a b ility , and in c re a se  th e  therm al In su la tio n  o f  
th e  hardened con crete  w ithout reducin g stre n g th . A ir  
entTwimera Improve p e r lit e  con crete  y ie ld , lienee p a rt
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of the perlite  -  depending on the a ir  entrainer dosage -  
can be saved. Consequently, a porlite  concrete o f about 
4C0 kg/m3 density and 1 M?a strength can be made from 
1 a3 o f perlite  instead o f 1,5 m5 which i s  necessary 
without a ir  entraLners.

Percentage o f pores I s  inversely proportional with 
the cement dosage /13/; with increasing cement dosage 
pore volume decreases. The some proportionality seems to 
prevail between particle  size  and pore content /14/: the 
le ss  the partic le  s iz e s , the more pores there are. Accord* 
ingly, perlite  concrete i s  advantageous both by i t s  low 
cement demand and small partic le  s iz e , a ir  entrainment 
being favourable at a low admixture dosage.

6.21.5 Effect o f nixing and compacting

Concrete may be mixed in either a gravity-type or an 
impeller-type mixer, the more advantageous being that 
offering the more intensive, the core thorough mixing, 
at a le sse r  risk  o f segregation, grain crumbling, at a 
shorter nixing time. From the aspect of mixing intensity, 
impeller-type mixers are better, and so are gravity 
mixers for saving partic les. In agreement to te sts  made 
both in Hungary and abroad /11/ ,/15/ mixer type has no 
specific  effect such as to give preference to one type 
o f both.

Mixing for core than 2 nin in impeller type mixers 
risks overmixing: the mix becomes suddenly p la s t ic , flu id , 
sim ilarly as observed for cement pastes in shear /co l- 
grout/, Thi3 phenomenon can be attributed to perlite  
crumbling. Compacting perlite concretes ha3*been referred 
to in item 6.21.21 ¿'orlites being o f excessively light 
weight, compacting by vibration in i t s o l f  i s  inefficient 
/e .g . vibrating roker/. Vibration combined with surface 
loading may be succesful but the same material properties 
may be achieved by pressing or rolling.

Compacting method end concrete composition -  prima­
r ily  water dosage -  are s t r ic t ly  related; the lower the
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con pactor e f f ic ie n c y , the more w ater i s  needed to  ach ieve 
a  g iven  d e n sity  / e .g .  in  c a se  o f  a  su r fa c e  lo a d in g  o f  0 ,0 2  
Mi a ,  th e w ater deacnd i s  about AO S h igh er th an  fo r  a  
su r fa c e  lo a d in g  o f  0 ,5  Mr a / *  A ccord in gly , th e e x ac t con- 
p o s it io n  o f  p e r l i t e  co n cretes can on ly  be determ ined in  
knowledge o f  s i t e  co n d itio n s /com pactor, m ix e r/, hence 
on th e s i t e ,  based  on th e g iven  tech n ology  p ro c e ss .

6 .2 1 .6  Curing e f f e c t

s e r l i t e  co n crete  h as to  be nade a t  a  h igh  e a te r  dosage and 
d ry in g  i s  a  slow  p ro ce ss because o f  th e h igh  w ater reten ­
t io n  o f  p e r l i t e .  Thus, cu rin g  needs no w e ttin g , ju s t  
d u rin g  tike f i r s t  one o r  two days th e  su r fa c e  o u st be 
preven ted  iro n  e x c e ssiv e  d ry in g , T hus, th e  p e r l i t e  con­
c r e t e s ,  e ith e r  p re fa b ric a te d  o r  c a s t  in - s l t u , have to  be 
covered  by a  p la s t i c  sh eet o r  o th e r in p ero eab le  la y e r  
f o r  a t  a o s t  Ad h o u rs. -Thereafter th e  con crete h as to  be 
l e f t  dry in g o u t, p ro tec ted  front r a in .

H ardening o f  p re c a st p e r l i t e  co n crete  nay be acce­
le r a te d  by h eat cu rin g . In connection  w ith th e h eat 
cu rin g  o f  co n cre te s w ith  porous a g g re g a te s , t e s t s  by 
N urse / 1 6 / ,  U jh ely i / 1 7 / ,  Reinador f  /1 8 / and 3uday /1 9 / 
nay be m entioned.

In form ative d a ta  ob tain ed  by Buday in  p e r l i t e  con­
c re te  t e s t s  a re  shown in  F ig s  27 and 23 . F ig . 27 shows 
th e  r e la t io n  between 1-day r e la t iv e  stre n g th  /steam  
cured to  a i r  cured stre n g th  r a t io  a t  1 day/ and the i s o ­
th erm al cu rin g  tim e , 'o r  p e r l i t e  co n cretes w ith  d if fe r e n t  
w ater d osage, r i g . 28 shows re la tio n sh ip  between 1-day 
r e la t iv e  stre n g th  and d e n sity  a t  fa ilu r e  fo r  p e r l i t e  con­
c r e te s  iso th erm ally  cured f o r  6 , 8  and 12 h o u rs.

R esu lts have le d  the con clu sio n  th a t -  a s  agaln 3 t 
g ra v e l co n cretes -  p e r l i t e  co n creto s w ith  h igh er w ater 
con ten ts are  b e t te r  cu rin g . For the sake o f  an optimum 
cu rin g  Buday su g g e sts  to  cure p e r l i t e  co n creto s made 
w ith  a  doe m ixing w ater dosage in  h ot dry  a i r  in  th e 
f i r s t  p eriod  o f  cu rin g , then in  th e second cu rin g  period  
In  a  n an -satu ra ted  steam  chamber / a t  70 to  90 p er cent
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relative humidity/.

5.22 Eeoign of perlite  concrete composition

With a view to factor? expounded in item 5.21, making a 
p erlite  concrete of adequate grade i s  primarily depend­
ent on the agreement between the concrete composition 
/p er lite  bulk density, cement dosage, perlite  quantity 
and water cosage/ and the compacting implement, that i s ,  
a mixing ratio has to be chosen, likely  to permit or 
even demand the most intensive compaction of the fresh 
concrete, fo r the given placing conditions.

As an introduction i t  has to be pointed out that 
any specification or prescription for concrete maki ng 
cannot be but informative, namely variable plant condi­
tio n s, complex requirements and not perfectly uniform 
basic materials prevent specification of a fin a l concrete 
composition. Thu3, before any concreting work, i t  i s  in­
dispensable to make minor t r i a l  concreting and control 
specimens. Obtained results w ill permit modification of 
informative values in  specifications, and determination 
o f concrete compositions to meet requirements. Stress 
i s  la id  on the respect of the specified density, to be 
absolutely checked.

Concrete composition can be expressed by either the 
weight /kg per cu.m/  of binder, aggregate and water con­
tained in  1 cu.m o f compacted f r  silly mixed concrete, or 
by the proportion by weight /maybe by volume/ of the 
components. The former i s  termed the concrete composi­
tion , the la tte r  the mixing ratio .

Hungarian construction and design specifications 
/20/ recommend compositions compiled in Tables 1 and 2 
for making pbrlite concretes. Table 1 Is  a compilation 
o f l i t t l e  compacted perlite  concrete compositions as a 
function of perlite  bulk density and concrete density, 
while Table 2 contains the same values for intensive 
compaction.

Remind that values in  Tables 1 and 2 are only in­
formative, to fa c ilita te  selection of the mixing ratio



-  39

Гог t r ia l  mixes. After t r ia l  mixing and t r ia l  concreting, 
the actucl fresh density of the concrete hai- to be deter­
mined, that may lead to a modification of the mixing ra­
t io , For a density lower than specified , water dosage 
may be increased, in the opposite case, a higher perlite 
dosage may be applied,

6.23 Making cement-bound perlite  concrete

Perlite may be shipped to the s i te  or plant in bags or 
in  bulk. Before using, the p erlite  bulk density ha3 to 
be checked, The mixing ratio determined by t r ia l  mixing 
may be kept until a deviation not more than +10 % i s  
observed between the average p erlite  bulk density and 
that applied In the t r ia l  mix. In case of a higher de­
viation, another t r ia l  mixing i s  needed to determine the 
perlite  concrete composition.

Cement has to be dosed by weight, both perlite  and 
water may be added either by volume or by weight, Mixing 
1з normally done in an impeller-type mixer because of 
the resulting perfect homogeneity, and in sp ite  o f crush­
ing the perlite  partic les.

? ly a gravity mixer i s  available, th is one w ill 
be -ad with horizontal ax is. To make fu ll  use of
the drum capacity, the input opening should be covered.
I t  1з advisable to introduce cement and water f i r s t  and 
to add perlite to the mixed laitance. Perlite i s  rather 
dusting, a dust mask i s  needed to protect mixer operator 
from s il ic o s is .

Perlite concrete 1з le ss sensitive to transport 
than ordinary concrete because of i t s  lower“drying rate. 
Nevertheless i t  i s  advisably placed as socn as possible 
a fte r  mixing. I f  longer time /e .g . 2 h/ has to be re­
ckoned with between mixing and placing, then the water 
dosage has to be adjusted to maintain the specified after 
transport. Water excess i s  not over 5 to 3 per cent as a 
rule,

A high-grade perlite concrete i s  preconditioned by 
appropriate placing, that i s ,  pouring into a shuttering,
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a mould or on a surface and compacting» Concrete composi­
tion has to safeguard fresh density a fter vigorous com­
pacting by means of the available compactor at a maxi mum 
difference of +10 ;S. Compacting may bo either by a manual 
or mechanical rammer, a compacting ro lle r , a platform 
vibrator or a plate vibrator, a vibropresa by pressing 
o f 0,1-2 MPa or a press* lio poker vibrator can be app­
lied . Compacting by pressing i s  especially favourable from 
technology aspect for precast perlite  concrete units /pro­
ductivity, tolerance/*

In course o f manufacture, fresh density of perlite  
concretes ha3 to be system atically checked* Checking i s  
rather simple in  case o f precast units by sampling at 
random and weighing* Also in—situ  cast perlite  concrete 
i s  easy to sample by taking a sample o f specified volume, 
to be weighed for determining the specific  density*

After placing, perlite  concretes have to be protect­
ed for a few days both to rain and to drying out* Rela­
tiv e  humidity in a closed space has to be kept at 90 to 
95 per cent for max* two days, while outdoors an imper­
vious layer /e*g* p lastic  sheet/ should cover the con­
crete. Thereafter, concrete drying out has to be fo r­
warded.

5.24 Perlite concrete properties

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

Shrinkage of perlite  concrete i s  sign ificantly  
higher than that of ordinary concrete* 3ome te s t  results 
obtained at the Hungarian Institute for Building Science 
/11/ have been compiled in Table 3• Accordingly, the 
higher the perlite  bulk density, or the more vigorously 
the perlite  concrete has been compacted, the les3 the 
shrinkage* In spi'ce of i t s  marked shrinkage, perlite  
concrete i s  not liab le  to cracking, because of i t s  high 
e la s t ic ity , enabling i t  to support important deformations



without cracking, American resu lts have been compiled in 
Table 4.

Because of it3  high porosity, p tr lite  concrete i s  
not frost resistan t, i , e , , water saturated perlite  con­
crete esqposed to several freezing-thawing cycles, i t s  
surface bscones crumbly, Sim ilarly, i t s  high poro3ity i s  
accompanied by a water absorption of 50 to 70 per cent by 
vrlumes the lower i t s  density, the higher the water ab­
sorption.

Building physical properties are the most important 
characteristics of perlite  concrete, Relevant data have 
been compiled in Table 5 corresponding to the Hungarian 
Specification /21/, 'Variation of the thermal conductivi­
ty  coefficient of perlite  concretes stored in spaces at 
d i f  ferent relative humidities are shown in Fig, 23 based 
on Hungarian te s ts ,

Water vapour absorption and desorption are values 
o f 'itmost importance of thermal insulations. Data of the 
quoted te sts  /22/ have been plotted in Figs 30 and 31» 
referring to vigorously compacted perlite  concretes,

5,25 Building uses of perlite  concretes

Density and compressive strength o f parlite  concretes 
may vary in a vrlde range depending on the bulk density o f 
the applied p erlite , on the compaction degree and ocher 
conditions, recommending i t  for a multitude of applica­
tions, As an information, from published data i t  can be 
concluded that a perlite  concrete exclusively for thermal 
Insulating purposes may only be advantageous with a 
thermal conductivity of at most 0,12 v;/mK, For a poorer 
thermal insulation /X in the 0,12 -o C,3 ‘-'/alC range/ i t  
can be used for combined structural and thermal insulation 
namely for strengths ranging fro .2 Ip to 2 PPa to se lf-  
-suprcrtlng structures and for 3,5 MTa and ovor, even for 
wall structures supporting floors.

Upon further increasing the perlite  concrete strength 
i t s  density w ill regularly grown, at a certain, but not 
excessive lo ss  o f thermal insulation /e ,g , thermal cofr-



d u c t iv ity  o f  a  p e r l i t e  concrete o f  lûüOkg/nr? 3  MPa 
com pressive stre n g th  i s  not h igh er than about 0 ,3 4  W'/cK.

B u ilding in d u s t r ia l  u ses found in  the world l i t e r ­
a tu re  com prise:

riisruial in s u la t io n  c a s in g  f o r  p ip e lin e s . According 
to  Jo v ie t  d a ta  / 2 3 / ,  tem peratures in d ic a te d  in  Table 6 
have been recorded on th e p ip e lin e  su r fa c e  and on th e  
in s u la t io n  s u r fa c e . A ccordingly , tem perature recorded on. 
th e  o u ter  su r fa c e  o f  p e r l i t e  con crete  and p e r l i t e  m ortar 
in su la t io n  11 cm th ick  co a tin g  a  p ip e lin e  o f  392 °C  in n e r  
tem perature was 66 °C  in  o p e ra tin g  c o n d itio n s.

P e r l i t e  con crete  p re ca st  u n it s  a re  a p p lie d  f o r  
therm al in s u la t io n  o f  re in fo rce d  con crete f lo o r  s t r u c ­
tu r e s  ,  a s  i l l u s t r a t e d  in  F ig .3 2 . l i g h t ly  f i t t i n g  p e r l i t e  
con crete  u n its  a re  arranged on the f lo o r  sh u tte r in g , 
then reinforcem ent i s  p la c e d , and the s tru c tu re  i3  con* 
c re te d  w ith normal co n crete , u s in g  p re c a s t  p e r l i t e  con* 
C rete u n its  a s  permanent sh u tte r in g . Ordinary and p e r­
l i t e  concrete e x h ib it  adequate adhesion.

Similar principles are underlaying the préfabrica­
tion  of floor and wall structures with perlite  concrete 
insulation core. A Hungarian example i s  shown in Fig. 33 
with cross-section and jo in ts of precast wall and floor 
slabs.

A wide-range use -  perhaps in the greatest quantity -  
i s  that for thermal insulation of the roof structure of 
industrial h alls or of the top floor o f liv ing houses 
with perlite  concrete. This i s  normally cast in -situ  or 
monolith!cal, the floor may be steeply sloping, mildly 
sloping or leve l. Both precast units or monolithic con­
crete may be applied for insulation. In any^case, a due 
number of ventilation ducts o f su fficient cross-section 
are needed* to maintain continuous aeration of the per­
l i t e  concrete, or to ensure drying out in  case of an 
eventual 3oaking /or of mixing water in monolithic con­
crete/. A typical example of monolithic roof Insulation 
-  la id  over roof shell units -  I s  seen in  F ig .34. Drying 
ducts have to be developed both longitudinally and trans-
versally in  the root structures fo r a perlite concrete 
thickness o f 7 cm, a mesh o f 30 cm by cm o f ventilation
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duct3 i s  n eeded , and th e d u cts a re  to  be connected to  
v ? n t ila t io n  s h a f t s  ap p lied  in  th e nodes o f  an about 6 
3 c .a  mesh. One ou tstan d in g  elem ent o f  p e r l i t e  con crete 
ro o f in su la tio n  i s  the v e n tila t io n  and dryin g duct sy stem , 
which when om itted  o r  in c o rre c tly  a * .;1 le d  in d u ces in v a r i­
ab ly  th e f a i lu r e  o f  th e  p e r l i t e  con crete In su la tio n  /2 4 / . 
S an e ly , therm al in su la t io n  o f  th e  soaked p e r l i t e  con crete 
i s  s ig n if ic a n t ly  poorer th an  o f  th e  dry  on e, b e s id e s , 
sunsh ine may cau se  a  vapour p re ssu re  on th e co n crete  
su r fa c e  l ik e ly  to  b l . t h e  w aterp roo fin g  la y e r  and to  
detach  i t  from th e  p e r l i t e  co n crete  su r fa c e .

Glued w aterp roo fin g  la y e r  cannot be a p p lie d  but on 
p e r fe c t ly  soun d, d u st- fre e  s u r fa c e s . Although a  p e r l i t e  
con crete o f  good workmanship s u i t s  a s  w aterp roo fin g  
su p port even a t  a  300 k g /a * d e n s ity , but a  f a u l t le s s  
co n ctru ctlo n  presu pposes a  lon g  p r a c t ic e , th e re fo re  In  
g e n e ra l, p e r l i t e  co n cre te s o f  400 kg/sr* d e n sity  and be­
low a re  coated  by cement m ortar about 3 cm th ick  a s  sup­
p o rtin g  la y e r  f o r  th e  w aterp ro o fin g .

The d esign  shown in  P ig . 35 i s  encountered in  .Ameri­
can  p ra c t ic e * P e r l it e  con crete  In su la tio n  10 cm th ic k  i s  

. ap p lie d  on. a  co rru gated  m etal sh ee t supported  in  tu rn  an 
a  s t e e l  t r a s s ,  w ith  a  p e r l i t e  co n crete  suspended c e l lin g  
on Rabttm -aesh*

S o f t ,  e l a s t i c  m a te ria ls  a re  su p e r io r  fo r  sound-damp­
in g  'tíren a re  r ig id  m a te r ia ls , fundam ental f o r  th e  acous­
t i c  p ro p e rtie s  o f  p e r l i t e  co n crete  in su la t io n s  in  b u ild ­
in g s *  A ccording to  a  p u b lic a tio n  by th e  S o c ie ta  I ta lia n a  
d e lla  P e r l i t e ,  sounddamping by lo o se  p e r lit e  la y e r s  6 ,4 ; 
7 ,5  end 8  an th ic k  and by p e r l i t e  con crete la y e r s  o f  
about 300 k g /» *  d e n sity , 1 3 , 15 and 16 on th ic k  equ al 
ch at by a i r  gap s 3 0 , 100 and 150 m , r e sp e c tiv e ly .

According to  a paper In  P e r l it e  Torch ik> .2 , / o l . l . ,
3ound-damping o f  4 0 ,3  dB o f  a  p a r t it io n  w a ll composed o f  
p o r l lt e  m ortar ap p lied  on a m etal sh ee t and U and p la in  
la t h s ,  o f  a s p e c i f ic  w eight o f  50 kg/m¿  about eq u alled  
th a t  o f  a  p a r t i  ton  w all 10 ,2  cm th ic k , made o f  hollow  
b ric k s w ith sand and gypsum p la s te r in g , o f  170 kg/sq .m  
s p e c if ic  w eigh t*



These properties suggest peril ce for acou3tic uses , 
.ioise level reflected Iron the w alls hence arisin g  in 
the rcou may be reduced by sound absorbers, A far-reach­
ing elimination o f sound reflection i s  especially  impor­
tant in extended rooms /theaters, concert h a lls /  where 
sound reverberation may be beared separately from the 
primary sound. To th is a la  precast perlite  concrete dad- 
ding plates may be applied, doubling as decorative w it3 . 

Thermal insulating and structural perlite  concretes 
of 3,5 MPa and over may be processed intr partition  v a il  
s lab s , partition wall un its, roof unit>, external v a il  
units with or without frame, o f various s iz e s .

Compressive strengths o f 3,5 MPa and over require 
either perlites o f high bulk density, or e ffic ien t com­
pacting work /see  r ig . 11/. For a perlite  bulk density o f 
e .g . 150 kg/a^, then 1,65 a? o f perlite  i s  needed fo r  
1 v? concrete o f 4 I-i?a compressive strength, while 1,3 

o f perlite  o f ¿GO kg/a^ bulk density grants the same 
strength. Cement bound partition wall plates applied 
in it ia l ly  by the Hungarian building industry /25/ have 
la te r  been abandoned for gypsum as binder /see item 6 .3 /.

Exigencies o f the conventional building method /brick 
or hand-size masonry unit/ are met by partition  wall 
plates o f max, 40 by 40 by 8 cm, at a maximum weight of 
p erlite  concrete units of 8 kg a piece. For assembly- 
-type building systems with large-size wall structures 
/e .g . slabs o f 3,0 by C,3 by 1,2 mi, also partition  valla  
are to be made of slabs o f perlite  concrete, in  max, 3C0 
by 120 by 9 cm sizes weighting max, 200 kg.

Prefabricated oetal /e .g , aluminium/ framed perlite  
concrete panels are suitable for temporary buildings that 
can be assembled, dismantled and assembled again /31to 
building^, temporary 3tores, sheds, e tc ./ . This type of 
unit i s  outlined in  f i g .36. AI30 large-size wall 3labs 
have been made of perlite concrete for storeyed liv ing 
houses, single-storey family houses, weekend houses and 
garages. These wall slabs are partly self-supporting, 
without reinforeemont, with a middle hole for l i f t in g  as 
3hown in f i g .37. A two-layared wall unit applied in the



USSR, with an outer layer o f gravel concrete, and an 
inner layer about 5 ca thick of perlite concrete o f about 
500 kfjz? density, i s  shown in I'M.¿.33 /23/. Besides pei^ 
l i t e  sand 0 to 5 no particle s iz e , also perlite  granules 
5-20 aa  particle  s iz e , o f about 350 kg/a^ bulk density 
are made In the J33R. :«ix o f perlite  sand and granules 
i s  aide into single-layer wall slabs o f sax. 15 .’f a  
strength concrete, on the other hand, perlite  sand of a 
bulk density of 150 kg/a? or over i s  added to other 
lightweight aggregates /e .g . expanded d a y / as a suds t i ­
tuba fo r natural sand.

6.3 Perlite with grosun binder

Gyp sua i s  an indispensable binder of conventional finish­
ing work and becomes ever sore extended in the production 
o f  up-to-date lightweight building materials. liamely, the 
quick setting of gypsum pertolts fa st  re-using cycles of 
moulds at a high economy, i t  i s  easy to place, yields 
smooth surfaces and the products are trae to size .

Advent of gypsum-bound perlite  was simultaneous with 
that o f cement-bound p erlite . Ju st as the cement-bound 
p e r lite , the gypsum-bound one i s  qualified by strength 
and density. Gypsum-bound perlite  w ill be treated along 
the same lines as the cement-bound one.

•3ome gypsum perlite campo s i  tic  ns suggested in publi­
cations w ill be tabulated. Table 7 is  a compilation of 
gypsum perlite  compositions applied in the U33ft. Compo­
sition s applied in American practice ar recapitulated in 
Table 8. In Table 9 compositions suggested for Hungarian 
p erlites have been compiled.

Issan tia i characteristics of gypsum perlito  / i . e .  
compressive strength and density/ are very sim ilar to 
the cement-per l i t e .  Bending strength i s  about 30 ;i o f i t s  
compressiva strength, i .o .  a gyp sun perlite o f about 2 i:Pa 
compressive strength ha3 a bending strength of about 0,6 
MPa. Relationships for the modulus of e la stic ity  have 
been plotted in Fi g.39 based on Australian data /15/.

Gypsum is  known to swell soon after hardening, to a



to  a max. at 1 day of age, then begins to shrink, to return 
to original placing volume when dried. The same process i s  
encountered fo r gypsum p erlite s.

Gypsum perlite  has outstanding refractory and fire ­
proof characteri i t ic s . Steel structures coated by 2,5 cm 
o f gypsum perlite  re s is t  f ire  during 1 hour. Remind, how- 
ever, the increased importance o f architectural design 
o f  the fireproofing layer or structure fo r the f ir e  re­
sistance. Protecting the s te e l structure to f ir e  by app­
lying a gypsum perlite  suspanded cellin g , rather than a 
plastering, leaving an appropriate a ir  gap between ce il­
ing and structure may resu lt in  a floor that keeps ic s  
f ir e  resistance during 4 hours o f f ire . Besides th is the 
major fie ld s o f use of gypsum-bound perlite  are: ready- 
-aixed perlite  p laster for thermal insulation or f ire ­
proofing, suspended ceilin g , orocast thermal insulating 
claddings and partition w alls.

A method under Hungarian patent fbr prefabricating 
hellow partition wall slabs resu lts in  units shown in  Fig. 
40. These partition wall slabs penults *n iniita- ahowaf are 
o f room height and 60 to 80 mm thick. I f  applied in  a 
me 1st room /kitchen, bathroom, e tc ./  i t s  side facing the 
humidity has to be coated with a sealing layer, the other 
side aerated. Slab raarerial has a compressive strength o f 
5 ^Pa, a sound reduction o f 28 to 30 dB and a lim iting 
f ire  resistance o f 1 hour. I t s  surface i s  perfectly 
snooth, after jointing i t  can be directly painted or 
wallpapered. Besides, i t  i s  workable: can bo chiselled ,
3 iwn, d r i l l e d .

6.4 P erlite 's  using with other binders

Other binders used to peril tea ares bitumen, lime, w a t e r -  

-g la s s , ceramic, magnesia-cement, aluminium phosphate and 
synthetic materials.

The bitumen binder i s  used for decreasing the water 
absorption o f perlite . The bitumen must be heated before 
I t s  using, to the perlite  can be mixed only hot bitumen.
The warmer the bitumen the better w ill be every important
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pr'vertip^ cf the product./24/
\'e hr,Ye to n-ntion that the- too hot bitumen in com­

pacted bitucsn—perlite con cause spontaneous ign ition , 
therefore the bitumen con heated only t i l l  i t s  softening 
point +120 °C /e . ?. a biturner, with softening point of 
80°C can be heated only t i l l  20C°C/.

Besides bitumen i s  used also coal-tar pitch to pre­
fabricated bitumen-perlite products. According to the 
Hungarian experiences using coal-tar pitch increases the 
compressive strength and decreases the water absorp-ion. 
But heating of mixed binder /bitumen+coal-tar pitch/ 
claims greater care than in  the case of bitumen only.

Bitumen bound perlite  can be manufactured both in 
s itu  and by préfabrication. Bitumen heating equipments 
must assure the exact temperature of the bitumen. Over­
heated bitumen is  susceptible to spontaneous infla-nation. 
The bituner*-perilto cannot be placed irrediately  after 
mixing; a cooling storage place must be provided fo r, 
between the mixer and the compacting device. The temper­
ature of the mix Is 150—ISC °C i f  a usual quality bitumen 
/melting point 80-90 °C/ i s  used with the bitumen-perlite 
mix at 200-210 °C. For compacting however only a bitumen- 
-perlite  mix of a temperature le ss  than 100°C i3 suitable 
/advisably 30-90 °C/.

The mix may be compacted by pressing or ro llin ’ . For 
prefabricated products usually a press i s  used, the press 
load changes from 0,4 to 1,4 IP a in function of the bulk 
density, the mixing rate and the desir°d density. To com­
pacting in-situ  bitumen-perlitо usually a ro lle r  is app­
lied . The casing of the metal ro ller must be continually 
cooled while operating, otherwise the bitumen adheres to 
the metal surface. The pressing plate3 of the press have 
to be cooled in the same way. For the cooling water i s  
U3ed.

For the amount and the rate of water absorption data 
are given in F ig .41. Water absorption rates of bitur.von- 
-p erlite  products different density are plotted against 
the bulk density c f  the used perlite . This reveals that



water absorption o f elements stored for 8 hours in  water
does not exceed 10 V0l .  i and only a very lighw eight per­
l i t e  product processed to a high density unit i s  above -20 
7ol. S /proportion o f bitumen:perlite 1:1,1 -  1 :1 ,3 /.

Thermal conductivity factor changes in  function of 
the density are plotted in  Fig. 42. As design value the 
upper U n it graph should he taken into consideration.

This material i s  used f i r s t  o f a l l  for roof insula­
tion. I t s  in i t ia l  water absorption i s  slow, therefore i t  
gets hardly soaked by a long lastin g  rain. I t  may be 
used for foofs both with minor or great inclination. I t s  
colour i s  dark therefore the temperature o f the insulation 
might rise  to 70-30°C in  consequence o f long la stin g  sun­
shine. This does not deteriorate the bitumen-perlite 
cover, however i t  becomes so ft and cannot be tread on. A 
reflecting water-repellent graveled coating, eliminates 
th is  set-back.

For perlite—mortar either slaked lime sludge / both 
o f lump quick lime and crushed quick lime/ or hydrated 
lime may be used. To improve mortar strength -  sim ilarly 
as with normal rendering mortar -  beside lime also cement 
can be mixed to the perlite , lo st important in  a green 
rendering mortar i s  i t s  workability as I t  determined the 
bond the density and strength a fte r  hardening. From th is 
point of view lime sludge i s  better than hydrated lime.

Bond between the p iaster and the surface depends on 
the mixing water quantity* For a h-ghly hygroscopic sur­
face a thinner mortar i s  necessary. The surface must be 
prepared before plastering: f i r s t  of a l l  i t  has to be 
cleaned of dust and other sta in s, i f  too smooth, i t  has 
to be stippled, than sprinkled with water or.a  thin layer 
o f diluted mortar mix Is  dashed on the surface. To improve 
p lastic ity *, density and yield seme air-entrainers may be 
added to the perlite mortar.

i'he composition of lime-bound prrrlite mortar the Hun» 
garlan Coc.e proposes dr.ta to be found in  lablo 10. Perlite 
p iaster can be dashed or spread with the masons usual 
to o ls , i t  i s  easy to fin ish  and can also be applied with 
mechanic tool3.



The 3pect.1l  use o f lime-botnd perlite  Is described 
in a Sv/lss patent /23/. The dust-like- finely graded raw 
perlite  /expedient i f  '^elow 6C u. s s a l l
amount of water while intensively nixed with slaked line*
By t h i s ,  p a -t  o f  the Cl0o content o f  tho p e r l i t e  f lu e s  canu
be actived. The perlite  dust -  l ir e  mix nay he used as 
binder: diluted with v^ter i t  can he -nixed with expanded 
p erlite  and the slight 17 moist nix i s  pressed into forms. 
The raw units are autcclaved assuring intensive hydrated 
calcium formation subsequently they are cured in dry 
warn a ir . According tc data a thermal insulating and heat 
resistan t product i s  obtained with a density o f 140-210 
kg/nr*, a thermal condictivity factor o f 0,06-0,07 W/mK, 
heat resistan t up to 950 °C, and a compressive strength 
o f  about max. 0,5 MPa. This procedure -  taking into 
account also the techrical characteristics of the pr-oduct — 
i s  not a cheap method; there was no information avai table 
about I t s  circulation and use the building industry.

Water-glass i s  a binding and glueing colloid solu­
tion , the aqueous solution of either potassium c ilica te  
/:<-3i0»/ or sodium s il ic a te . The hardening goes on -'s a

tL j
result o f the precipitation of amorphous silicon  due ,0 
drying and carbondioxvds. To accelerate hardening, the 
water-glass i s  heatsd and as catalyst sodium silicon  
tetrafUoride /tta^Si?,/ ir  added.

Properties o f perlite  concrete prepared with v/ater- 
-glas3 are influenced by the bulk density and grading of 
perlite  .as well as by the binder content, sim ilarly as 
described in chapter 6.21. Processing methods resemble 
those of cement bound products /nixing, compacting/, how­
ever, the :final strength i3 obtained by drying at n tem­
perature of 160-130 °C. Drying tine: seme hours, in func­
tion o f the water-glass quality.

The thermal resistance o f thi3 product /a t leant 
+800°C/ destines i t  for-thermal insulation, chiefly for 
industrial equipments, d is tr ic t  heating pipelines, and 
other heating pipes. V.ater-glass perlites may be manu­
factured for thermal Insulation o f buildings, for wall 
cladding purposes, fo r suspended ceilings and roof-insu­
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lation as well.

-¡hells and segments of vnt-?r—f:I “iss perlite*, 
duced by the Hungarian ■ perlite industry have a den >tty 
o f 250—400 kg/nr*, the thermal conduct!vity factor is  
0,07-0,12 'v/mK, flexural strength 0,1-°,? FTa. conyressive
strength 0,4—L,2 MPa.

The weight o f refractory ceramicis can he much re­
duced by addition o f y-erlite, yielding a product vith a 
density o f  300-700 kg/'m .̂ Actually these are not burnt 
clay products nade lighter with p er lite , hut ? * r l ! t a  
products with a binder of ceramic origin. They are chief­
ly  used for thermal insulating or refractory elements.

As binder mainly clay with an i l l i t e  content, bento­
nite and marl are usee. The clay must be dried, subsequent­
ly  i t  should be passed a ro lle r  m ill, a disintegrator and 
a separating machine. The crushed material and thf per­
l i t e  3houid be dry-nixed. On the mix proportion ¿Ives in­
formation the F ig .43. The important properties o f Hunga­
rian RIOPORIT i s  shown in Table 11.

Ceraaic-bound oer.lite can ’•rectico lly  be used any­
where, but i t  i s  most economical ’’/here i t s  high therraal- 
and refractory properties are u tilized  /as thermal insu­
lating lining in chianeers or a heat-resistant pipe cas­
ing for d is tr ic t  heating pipelines o f high temperature/. 
For such purposes ceramic bound products are also nanu- 
factured in the USA, in Canada and the Soviet Union /29/ 
/30/. According to the USA extent specifications the pro­
ducts resist even a temperature of +1650 °C.

Magnesium oxyde i s  a product obtained of magnesite 
mineral /MgCO^/, burnt at a temperature of about 9C0°C
then finely ground. It wa3 f i r s t  applied by Sorel, there—•»
fore i t  i s  also known -s Sorel-cement. hTa/mccium oxyde 
with water se ts  and ha dans very slowly, therefore i t  i s  
general:y mixed with m-gnesium chloride /:','»01 -,/, magne­
sium sulphate or solirt ons of other sa lts  / e .g . ‘ CaCl,/*w
The highest strength 1 obtained by magnesium cxyde v/ith 
magnesium chloride; though magnesium sulphate has the ad­
vantage o f yielding a hardly hygroscopic magnesia-cement.

For industrial US' *s binders o f magnesium are mostly 
mixed with organic i l l  ers /wood chip pings, sawdust/. It



i s  sensible to rep?, ace then by p erlite , because perlite  
being an anorganic material i s  fungus-proof and nonid— 
—resistan t. Magnesite floors prepared with perlite  — s i— 
r ila r ly  to zagnasite floors e-ode with sawdust — must not 
bo cured with voter, the aix not being waterproof, a dry 
atsosphere i s  requested while hardening,

fTagnesia-cenent—perlite concrete can he well com­
pacted and well screoded. Instead o f nagne:>ia-co*ie:it also 
dolomite cement night be used, in which beside ragnesium 
ozyde also carbonate i s  present, as an inert f i l l e r .  Be­
cause o f the inert f i l l e r  dolomite cenent i s  o f poorer 
quality , th is oust be accounted lo r  establishing the 
mix proportions.

Aluminium phosohate i s  a technical alum earth with 
a  specific  surface of 150C0 c.t /g , ground to powder /grain 
size  max, 20 /us/, which Is attacked with 60 weight pet o f 
phosphoric acid. Used 03 binder i t s  heat and f ir e  ~esis- - 
tance are  well known; therefore perlite  concrete, <?xposed 
to high temperature are produced with aluminium phos­
phate.

According to litterary  data /31/ perlite  concretes 
prepared with a quantity of binder, depending on the 
strength to be obtained, can be used up to a temperature 
o f max. 1200 °C, Both strength and fire  resistance depend 
on the density of the psrl it  e-concrete. I f  the denrtty 
/measured on dehydra§te1 aluniniuz-chosphate-perli*e con­
crete/ Is max. 600 kg/m^, the temperature maximum reaches 
1000 °C, of the density has a max. o f 1000 kg/m^, the 
tenp-r-rature maximum may reach 1200 °C. In general perlite  
may be exposed for longer period to a temperature at 
which i t  was expanded, however aluminium phosphate deve­
loped a protecting cover around the perlite  grains, there­
fore the material re sists  also higher temperatures.

Oepending on the quantity of the binder and the in ­
tensity  o f compacting, the material with a  density of 
600-1000 <g/vs? has a  com pressive strength o f  1-15 MPa. 
They are used fo r  furn ace l in in g s ,  f i r e - r e s i s t a n t  cladd­
ing o f  s t e e l  b earin g  s tr u c tu r e s , e tc .

The po ly m erisation  procedure fo r  in c re a s in g  stren g th
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of the cement bound perlite was applied in the USA. '/ery 
detailed experiments wore carried out in the National 
Laboratory, Brookhaven /32/. For the laboratory te sts  
cement-bound perlite concretes of very different quality 
were prepared and those were saturated by different 
methods with monomers and subsequently polymerised. Che 
density of perlite  concretes /in  dry condition/ was bet­
ween 360 and 490 kg/rn ,̂ a fte r  being saturated with a mo­
nomer and polymerized, i t  increased to 1100-1200 kg/mJ .
At the beginning compressive strength of the original 
perlite  concrete was 1,2-1,3 F?a, a fter polymerisation, 
i t  reached 34-56 MPa. Other technical properties /fro st-  
-  resistance, resistance to corrosion, e tc ./  of high grad* 
polymer perlite-concrete were also favourable. As a 
result o f the te s t s , experimental break-avay lamp posts 
were manufactured.

The flexural strength of precast units can be in­
creased -  both for better handling and higher durability -  
by using fibrous materials /such as slag wool, basalt 
wool, g lass fib re , e tc ./ . The fibre reinforced perlite 
concretes can be used basically  with any binder, however 
in practice they are used mainly to manufacture water- 
-glass and cement-bound perlite products. The cost delicate 
phase of the technology is  the even distribution /mixing/ 
o f the fibrous material. The usual mixers are not su it­
able for th is purpose, therefore, the so-called beating 
drum known in the asbestos-cement production, i s  used.
The machine resu lts in further crushing the perlite  grains, 
however i t  ensures the completely homogenous distribution 
o f the fibrous material.

The Johns-Manville /USA/ corporation offers the 
licence and machinery for "Fesco Board". According to the 
■ prospectuses, the continuous production based on the modi­
fied  binder -  the object o f the licence - with r.hreddud 
fibres /e a r lie r  organic, now anorganic/ and p erlite , o ffer 
among other varieties of 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 . Accord-
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ir  2 to a faw available data, i t  i s  manufactured as follows: 
t- i perlite i s  poured into heat-resistant stee l moulds,
20 -s through an arc-light furnace where the grain surfaces 

and agglutinate. Size o f the product changes fron 
5C to 12G cm, i t  i s  Siane- and fume-proof, and has a fa ir  
resistance against chemicals. The prospectus states that 
i t s  acoustic properties are excellent.

7. UCE OF PERLITE FOR COARSE AGGREGATE AND FOAMED
GLASS

Cf crushed and graded perlite  other l i ghtweight products, 
chiefly for the building industry, can be produced oy 
some special ways, besides the usual expanding technolo­
gy, discussed in Chapter 5- The manufacture of foamed 
glass and the so-called granulated foamed perlite  / fur­
ther on: ?'iG/ are discussed below /Hungarian patents/.
Based on experiences with nunerous perlite samples, almost 
e l l  proved suitable for producing foamed glass and PHG.
The more suitable the perlite  for manufacture o f foemed 
g la js  and ĤG, the r:ore v itr if ie d  phases i t  contains, i .e .  
the smaller the proiortion of crystalline phases.

Sketch o f the •: echnology fo r the production of a de­
corative volcanic foan i s  as follows:
-  fine crushing perlite rock / le s s  than 100 m/
- mixing perlite dust wi:h chemicals
- !rying the moist dust mixture /a t  200-250 °C/
- : rushing the dried mixture /to  le ss  than 3 mm/
- 'ine grinding the pre-crushed mixture /to  le ss  than 

.00 m/
-  ’tilin g  the fine dust mixture into the expanding form 

'shutter/
-  'caning the dust mixture in the furnace / a t  80C—060 °C/
-  stripping foamed glass plates
- nutting end grinding the foamed-gl3SS plates co exact 

sizes
-  a p p lic a tio n  o f  the d eco rativ e  la y e r  /by  dxy o r  wet means/
-  curing /3 to v in g / turning-in o f  the d eco rativ e  la y e r  /d e­

pending on th e  d eco rativ e  m a te r ia l ,  a t  a  tem perature o f  
600-700 C/
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-  classify ing , packing.
Production technology sketch of granulated fouled per— 

l i t  / pHG/ i s  as follows:
-  fine crushing the perlite  rock to max* 5 no» s iz e , then 

grinding i t  to max* 100 ¡la
-  mixing the perlite  dust with chemicals
-  granulating of the moist mixture
-  drying the granulated material /below a temperature of 

500 °C /
- classifying o f the dry granulated material on a vibrat­

ing screen
-  expansion of the granulated ¿aateri.il in  a gas or oil- 

heated rotary kiln at a temperature of SGC-90C °C
-  grading of the expanded grains by mems of a vibrating 

screen, a drum screen or a swinging chute
-  storage and packing of the granulated foamed perlite

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

I ts  density /average/ i s  of 350 k g / w h i c h  can. be 
diminished t i l l  250 kg/rn̂  or increased to 450 kg/m^. V/ater 
absorption: 0-2 pet by Voi., but i t  can be increased import­
antly /e .g . to su it acoustic purposes/ even to 50-70 pet 
by Vol. The foam with a water absorption of 0-2 pet by Vbl* 
i s  frost-resistan t*

Compressive strength comes to 3-8 I-Pa depending on 
density; flexural strength: 1,8-3,5 ItPa. Thornal conduct­
iv ity  at a temperature of 20 °C, measured on sheets of 
20x20x3 cm i s  0,078-0,125 «/raK. Average coefficient of 
therm?il expansion t i l l  500 °C comes to 3 5 . 1 0 m/m°C.

temperature lim it o f use i s  max. 300 °C, beginning 
o f melting: 550-600 °C.

The units are made in Hungary in 3ize3 up to 40x40x5 
cm in plate forms. The material can be well cut, sav/n and 
ground.

Chief p o ssib ilitie s  of use for volcanic fccm and 
decorative volcanic foam are: thermal insulation layer on 
lo ad b earin g  f lo o r s ,  in  p re c a st sandwich slab s, thermal in ­
su la t in g  w a ll c lad d in g s f o r  dw ellin g-h ouses and f o r  in d u st­
ry  h a l ls  / e .g ,  f o r  c o ld -sto ra g e  p la n t s / , therm al in s u la t ­
in g  d o co rativ e  fa c e  and in t e r io r  c lad d in g  and a r t i s t i c



elements.
The main technical properties of the granulated per­

l i t e  foam are a3 follows:
Density: 100-230 kg/n^
Grain size : 4-35 ram
Porous structure: uniform, mostly closed
AoTM self-Strength /fo r  grain size 10-50 urn*/ at a 

density o f 130 kg/zr5: 1,4-1,6 r^Pa, while at a density of 
l'lO kg/rn :̂ 2,4-2,6 MPa.

Water absorption: 3-5 pet by Vol. , but i t  can be in­
creased to 50-60 pet by Vol,

According to DIN 4226/3/b the ?HG is  fro st resistan t.
The granulated foamed perlite  can be used in the 

following fie ld s :
In the concrete technology as lightweight aggregate 

fo r concretes with densities .if 400—1200 k g / a n d  with 
strengths o f 1,5-10 MPa. I t  can be associated with synthe­
t i c  foamed products, e .g . a product consisting of 70 pet 
PHG and 30 pet foamed polyurethane /by weight/ has the 
properties as follows:

Density: 175 kg/rn ,̂ thermal conductivity: 0,055 ’//mK 
/arz a temperature of 20 °C; compressive strength: 1 MPa; 
flame c i s t  ant.

8, USE OF PERLITE FOR DIFFERENT PURPOSES

Expanded perlite  was found useful not only in the build­
ing industry, but also in other fie ld s. Among others, i t  
i s  applied in  agriculture, in the food industry, the che­
mical industry, in packing techniques, in metallurgy, even 
fo r environmental protection purposes.

»•

8.1  Perlite in agriculture

Cultivated plants develop only in a so il able to yrovide 
them with water, a ir  and nutritive natter simultaneously. 
About agricultural application of perlite  the f i r s t  world 
literature  Information was Issued in  publications o f the 
Perlite Institute /USA, New-Vork/. Here the experiences



w ith  p e r l i t e  o r  th e Texas f lo r ic u ltu r e s  were d isc u sse d  
and I t  was proposed to  u se I t  f o r  ornam ental p la n ts  and 
tobacco  se e d lin g s . P e r lite  p re p ara tio n s / e .g .  tra d e  mark 
Peri-Lom e/ were a p p lie d  p u re ly  in s te a d  o f  s o i l »  to g e th e r 
w ith  h igh  d o sages o f  n u tr it iv e  c a te r s .

S in ce th e  begin n in g o f  th e  s i x t i e s  p e r l i t e  13 a lso  
a p p lie d  in  Europe f o r  h o r t ic u ltu r a l purposes» th u s a t  th e 
experim en tal p la n ta tio n  o f  th e Sw iss EL dgenO sslsche Ver- 
su c h sa n sta lt  fU r O bst-» J a in -  in d  G artenbau» o b serv a tio n s 
w ere made w ith  straw b erry , v e g e ta b le s  and f l o r i  c u ltu r a l 
p la n ts .

r e r l i t e  I s  m ost s u ita b le  f o r  v e g e ta tiv e  p ropagation » 
f o r  p la n ts  c u lt iv a te d  fre n  c u ttin g s»  fo r  c u lt iv a t io n  and 
ro o t tak in g  o f  wine c u ttin g ? . In  ^ M an y » H olland and 
Sweden I t  i s  a ls o  in  uae to  tra n sp o rt young se e d lin g ? . In  
B u lg a ria »  C zech oslovakia» Ju g o s la v ia  i t  i s  used a s  b a s ic  
m a te r ia l In  mould m ixes. In  th e  S o v ie t Union a s  a r t i f i c i a l  
medium» e .g . in  th e  S ib e r ia n  power s ta t io n s  experim ents 
w ere a lso  c a r r ie d  ou t to  u se  expanded p e r l i t e  a s  b a s ic  
m a te ria l f o r  hot-house c u lt iv a t io n .

In  Hungary th e  f i r s t  ex p erim e n t concerned u se o f  
p e r l i t e  on a ra b le  lan d  f o r  m onocotyiedonous,  d ico ty ledon ­
ous and hybrid  s o r t s  o f  p la n ts»  a lso  fo r  pot p la n ts»  fo r  
ro o t tak in g  purposes in  n u rse r ie s  and c u lt iv a t io n  o f  
v e g e ta b le s /3 3 / . The r e s u lt s  o f  la b o ra to ry  and la r g e - s c a le  
t e s t s  proved» among o th ers f o r  tobacco» th a t i f  p e r l i t e  
i s  planed 13-20 cm in to  th e s o i l  la y e r  o f  th e tobacco 
se e d lin g  beds /on  a  se e d lin g  c u lt iv a t io n  a re a  o f  23 m , 
140-200 l i t e r s  p e r l i t e / »  th e  sp ro u tin g  occu rs 4-3 days 
e a r l ie r »  th e re  a re  l e s s  w eeds» ro o t ta k in g  i s  more a c tiv e »  
p la n ts  g e t not damaged when uprooted and a f t e r  bedded out 
g re a te r  q u a n tit ie s  o f  se e d lin g s develop -  20-*28 '» -  com­
pared to  th o se  c u lt iv a te d  In  s o i l  w ithout p e r l i t e  a d d itio n .

F ie ld  t e s t s  showed th a t th e  complex e f f e c t  o f  p e r lit e  
i s  moat u t i l iz e d  when ap p lie d  during th e autumn f i t t i n g  o f  
la n d . The depth o f  th e  ploughed la y e r  I s  a t  t h i s  tim e th e  
g re a te s t  and th e  s e l l  u t i l i z e s  w in ter ra in  b e st  in  th is  
way. P e r lite  used In  any c u lt iv a t io n  branch y ie ld s  b e t te r  
r e s u lt s  when i t s  g ra in  s iz e s  a re  la r g e r  /2 -3  am d iam eter/. 
T h is p e r lit e  ty p e  should be used  f o r  c u lt iv a t io n  o f  o rn a-
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mental plants /e .g . carnation* geranium, germination of 
ch^ysanthenum* for root taking* replanting/* horticulture 
/s)il->amelloratlon* for parks and terrain  correction/* 
mixed with nutritive matters /s ta r te r  sulphur/ for meadows 
and pastures* for sowing different grasses* beet-root, 
r ice * etc. As an admixture to so il  disinfectants or e x t i r ­

pators perlite  i s  a satisfactory  carrier medium.

8.2 Perlite fo r r  ducing evaporation

Agriculture needs water and a considerable part o f i t  
comes from standing waters. On account o f evaporation 
water lo sses Increase sign ificantly  a l l  over the world, 
therefore numerous solutions were developed to stop i t .
In the United States until recently long chain acrylic 
mo no molecular fU n-like layers were applied, however they 
are easily  blown away by the wind. To replace them experi­
ments with perlite  were begun /34/.

Perlite was f i r s t  hydrophobized by silicon  /see Chap­
te r  8 .3 /. Perlite  grain 3ize 0,1-1,2 am; bulk density 
100 kg/m^. The perlite  can be dumped from sacks directly 
on the water surface at one place and the sligh test* breeze 
su ffices to spread i t *  the covering whole surface. After 
a while* small part o f the perlite  may sink in the water 
or the wind might carry i t  away* so about 0,2-0,25 
liter/m^/week perlite  i s  wanted. I s  the perlite  highly 
hydrophobic, the value o f perlite  consumption can be re­
duced to 0,07 litar/m^/week.

According to te st  re su lts , the water temperature in
summer i s  2-2*5 °C le ss  than fo r the uncovered water inmedi-
ately under the surface and 3-5 °C lower at a depth of
about 1*0 m. Not much perlite i s  carried away by the wind.
As a wind effect the perlite  cover might p ile  up on the «
opposite side to the wind direction /the covered surface 
may be reduced to 50-60 %/* a fte r  fa llin g  of the wind* i t  
forms again an unbroken layer.

With a perlite  covered water surface a long-term 
water economy was achieved In average o f about 204 accord­
ing to summer te s ts *  the cost o f the economized water was



0 ,3 8  do llar/m ^ w ater.
In  th e  USA t e s t s  i t  was a lso  in v e stig a te d  w hether 

p e r l i t e  was n ot d ana g in s to  f i s h  because •'die w ater was 
sh u t o f f  from sunshine -  in  p r in c ip le  by a  r e f le c t in g  
la y e r . I t  was found th a t in  c o o le r  w eather le n g th  and 
w eight o f  some k in ds o f  f i s h  / e .g .  t r o u t /  d id  n o t change, 
however su rv iv in g  r a t io  was b e t te r  in  p e r l i t e  covered 
w ate r. With o th er f i s h  and in  warmer w eather / e .g .  t y la p ia /  
th e  p e r l i t e  cover i s  harm ful. The cau se may probab ly  tra c e d  
back to  reduced n u tr it iv e  m atter co n ten t, becau se develop­
ment o f  a lg a e  d im in ish ed .

8 .3  Hydrophobized -perlite

In  some f i e l d s  u se  o f  p e r l i t e  h as th e d isad v an tage  o f  i t s  
h igh  w ater ab so rp tio n  /30-70  i  by V o l./ . To reduce i t  hyd- 
roph obizin g methods had been developed .

To o b ta in  a  permanent hydrophobic e f f e c t ,  i t  i s  
n ece ssary  th a t  th e  p o la r  groups o f  the deh ydratin g liq u id  
form  chem ical com binations,  a ssu r in g  w ith  th e  io n s  o r  
atom s o f  the h ydroph il s o l id  th e o u te r  o r ie n ta tio n  o f  th e  
n o n -p o lar carbo-h ydrate ro o ts . I f  such an  o r ie n ta t io n  o f  
th e  m olecules was secu red , th e carbo-h ydrate ro o ts  pre­
ven t th e  connection  between th e  w ater m olecules and the 
components o f  th e s o l id . In  c a se  o f  porous m a te r ia l, 
hydrophobization  occu rs only  i f  th e re  i s  no w ater p re ssu re .

To hydrophoblze p e r l i t e  homologous carb o x y lic  a c id s  
o r  t h e ir  s a l t s ,  bltumenous s o lu t io n s , w ater so lu tio n s  o f  
aluminium o r  calcium  soap s o r  d if fe r e n t  form s o f  o rgan ic  
s i l ic o n  compunds might be co n sid ered . Host e f f ic ie n t  a re  
bltum enous m a te r ia ls  and o rgan ic  s i l ic o n  compounds.

P e r lite  w ith a  w ater ab so rp tio n  o f  50-66 % by V ol. 
in  th e  o r ig in a l co n d itio n , reach es a t  a  maximum 3-10 % 
by V ol. i f  w e ll hydrophoblzed.

Hydrophob p e r lit e  i s  ab le  to  bind o i l  on i t s  su r ­
fa c e  th e re fo re  o i l  ad so rp tio n  i s  an o th er Im portant 
fe a tu r e . C oarse graded p e r lit e  /g r a in  s iz e  la r g e r  th an  
0 ,2  mm/ h as an o i l  ad sorp tion  o f  4-7  a l / g .

Hydrophob p e r l i t e  acqu ired  a  sp e c ia l r o le  in  clean in g
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o i l  p o llu te d  w a te rs. As p e r lito  g ra in s h ard ly  absorb  any 
v a t e r  poured on th e  w ater th ey  f lo a t  fo r  a  lon g tim e w ith­
o u t sin k in g . But a s  th e  g ra in s adsorb  o i l  on th e ir  su r fa c e »  
th e  o i l  p o llu tio n  adheres to  th e p e r l i t e . The o i ly  p e r l i t e  
i s  gath ered  by sim ple methods and l i f t e d  from th e w ater 
to g e th e r  w ith th e  o i l ,  bound to  th e ir  su r fa c e .

8 .4  P e r l it e  f o r  f i l t e r  a id  m a te r ia l

In  th e  food  in d u stry  / s u g a r - , b e e r - , canning In d u s tr ie s , 
and v it ic u ltu r e /  a s  w ell a s  in  o th er in d u str ie s  /ch e m ica l, 
p e tro l-ch em ica l and ph arm aceutical In d u str ie s  /an o rg an ic  
powders w ith a  la r g e  s p e c i f ic  su r fa c e  / e .g .  dlatom aceous 
e a r th / a re  used a s  f i l t e r s .  F o r t h i s  purpose a  s p e c ia lly  
prepared  expanded p e r l i t e  proved s u ita b le ; o fte n  l e s s  
m a te r ia l i s  needed and f i l t e r in g  Becomes q u ic k e r , a s  w ith 
t r a d it io n a l  f i l t e r  m a te r ia ls . T e s ts  c a rr ie d  ou t a t  d i f f e r ­
en t p la c e s  proved /3 5 / th a t 0 ,6 - 0 ,7  k g  r ig h t q u a lity  f i l ­
t e r  p e r l i t e  s u f f ic e s  f o r  1 m  ̂ f i l t e r  a r e a , in  c a se  o f  
su g a r  1—1 ,2  m^/m^h f i l t e r  perform ance could  be ach ieved 
w ith  th e  same f i l t e r  e f fe c t  a s  f o r  t r a d it io n a l f i l t e r  
m a te r ia ls .

In  the fo o d - , chem ical— and ph arm aceutical In d u str ie s  
o n ly  p e r l i t e s  o f  s p e c ia l q u a lity  and com position can be 
u sed  a s  f i l t e r  a id  m a te r ia ls . F i l t e r  p e r l i t e  o f  l e s s  
s t r i c t l y  sp e c if ie d  p ro p e rtie s  — th e re fo re  much cheaper -  
a re  most h e lp fb l fo r  environm ental p ro tec tio n  / 36/ .

Environm ental p o llu tio n  h as an In cre asin g  tendency, 
p o llu tio n  o f  th e  environment endangers even th e p o p u latio n . 
To prevent ru in in g  th e r iv e r s , sewage must be p u r if ie d  and 
t r e a t e d , ilso  w aste w ater f i l t e r s  have to  be ap p lie d  fo r  
c la r i f ic a t io n  o f  manure s lo p s  in  a g r ic u ltu re . F or such 
purposes In d u s tr ia l by-products were a lread y  in  u se  w ith 
more o r  l e s s  su c c e s s , f ly - a s h , o r  b re e ze , e tc . However 
th ey  have so  unsteady p ro p e rtie s  th a t th e r e s u lt  ob tain ed  
I s  a lso  m c e r ta ln .

The p e r l i t e  powder /g e n e ra lly ' o f  le a s  than 0 ,3  mm 
g ra d in g /, hanU ed a s  w o rth less m a te ria l rem aining a f t e r  
raw p e r l i t e  c ru sh in g , i s  s u ita b le  to  make an expanded
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p erlite  o f a relatively  small grain size but a large spe­
c if ic  surface.According to pilot-plant te s ts  with th is 
kind of f i l t e r  p erlite , carried out in Hungary, o ily  
sewage in a refinery could be c larified  to a le ss  than 
1 m g/liter o i l  content without any special investment 
/the original o il  content was 30-80 m g/liter/. Taking 
into account above data for a plant, letting out 10000 m̂  
sewage per day, a perlite consumption of 12-15000 vP per 
annum has to be considered*

8.5  Perlite In metallurgy

Perlite  has two main u tilization  in  metallurgy:
-  as ingot mould insulating sheet
-  as metallurgical backing sand.

Metallurgical works are Investigated since decades 
how the stee l could be kept warm fo r as long as ooosible 
a fte r  casting. The slag  Inclusions d rift upwards in the 
cast .¿teel and se ttle  on top of i t .  I f  the cast stee l i s  
cooling to quickly, the whole ingot might become unservice­
able. Sven if i t  was kept warm, 6-8 cm have to be cut o ff 
on the upper part, in many cases s t i l l  more, because of 
the slag  inclusions. I f  the height of the cast stee l could 
be increased by some centimeters, th is would be a great 
economic benefit.

The exothermal insulations applied in metallurgy so 
fa r ,  with carbon as basic material and containing iron-
-  aluminium thermite, were very expensive, instead perlite  
can be well u tilized . The mix i s :  coarse perlite  man- bo 
We l l  92 5; water-glass mixed refractory material /composed 
o f: 9C’6 clay, 8'5 water-glass, 2'j water/ volume. I f  perlite 
contains much fin es, thermal insulation and gas penetra­
tion decrease.

Prefabricated thermal insulating shells are formed 
o f the mix, their inner side , in contact with the stee l, 
i s  coated with a quickly drying material, made of water— 
-g lass  and siliceous flour, to diminish fr ia b ility  and gas 
penetration. The insulating sh ells must be dried for 2-5 
hours at a temperature of 150-200 °C.
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The mould p r o f i le s  can be made o f  th e same mix a lso  
b j \  .b ra to r-p e e sse s . Water ab so rp tio n  I s  sm all, therm al 
In su la tio n  good, no gas form ation  o ccu rs, th e re fo re  the 
s t e e l  a f t e r  g e tt in g  In to  th e  mould rem ains q u ie t . Of 
co u rse  care  must be tak en  th a t  no OO2 gas gen eratin g  agent 
sh ou ld  p en etrate  in to  th e mix / e . g . th e  r e f r a c to jr y  ma­
t e r i a l  should not co n ta in  magne s i t s  or chalk  /o th erw ise  
th e  s t e e l  b eg in s to  b o i l  In  th e  moulc^

8 .6  Other u se s o f  p e r l i t e

Expanded p e r l i t e  a s  a  ch em ically  and b io lo g ic a lly  n e u tra l, 
d ry * llg h t-v e lg h t ,  s i f t  and e l a s t i c  m a te r ia l, i s  su ita b le  
f o r  any packing where th e  tran sp o rte d  w are h as to  be pro­
te c te d  a g a in st damage due to  im pact o r  sh ock , l . e .  i t  h as 
t o  be bedded in  an e l a s t i c  m a te r ia l. I t  can su b s t itu te  saw­
d u s t , ch ip p ln g s, e tc . Compared to  them I t  h as th e  advan­
ta g e  to  be b io lo g ic a lly  n e u tr a l, does n ot r o t ,  mould and 
i s  warm r e s i s t a n t . I t  can be u t i l iz e d  to  tra n sp o rt p la n ts 
/o n io n s , b u lb s , e t c / ,  to  s to r e  v e g e tab le s and p o ta to e s 
/ i n  l a t t e r  ca se  i t s  therm al in su la t in g  c a p a c ity  i s  a fu r ­
th e r  ad van tage/.

In  en gin eerin g i t  i s  used fo r  a n ti-v ib ra tio n  mount­
in g . According to  a  Hungarian p a te n t, a  sy n th e tic  r e s in  
d isp e rs io n  i s  mixed w ith p e r l i t e ,  a p l a s t i f i e r  and an 
a n tic o r ro s iv e . When d ry in g , th e mass does n ot sh rin k . 
V ib ration  o f  la r g e - s iz e  sh e e ts f o r  waggons and bu ses a re  
damped by sp read in g  th e mass between th e two co v er sh e e ts * . 
I t  h as a lso  a  sound-proofing e f f e c t .

Fine grain ed  p e r lit e  i s  a lso  u t i l iz e d  in  powdered 
soap  and d e te rg en ts a s  rubbing and c lean in g  a g e n t, making 
u se  o f  i t s  f a in t  ab rasio n  e f f e c t .  Because o f  i t s  w ater ab­
so rp tio n  c é p ac ity  reduces c lo t t in g  and i s  easy  to  d is ­
p e rse .

Used a s a  f i l l e r  in  a s p h a lt s , p e r lit e  r a i s e s  the m elt­
in g  p o in t and reduces b r it t le n e s s *

Expanded p e r l i t e  h as a  g re a t s p e c if ic  s u r fa c e , i s  in ­
so lu b le  in  w ater and in  o rgan ic  so lv e n ts th e re fo re  su ita b le  
a s  pigment v e h ic le  in  p a in t and v arn ish  production  / J 7 / .
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Table l . t  Some compositions o f s l ig h t ly  compacted p e r l ite  concrete

1i'•C
l i

I

Bulk den­
s ity  of 
perlite
in kg/m3

Mixing ratio 
by weight 
/cementi per­
l i t e  iwater/

Deniity o f co 
crete in kg/rc 

a fte r  
fresh dry­

ing

r
with
stab i­
lized

Concrete
cement

in
kg/ra3

composition
perlite

in
kg/m3 l/m3

water
in
1/m3

20 days com­
pressive 

strength
in MPa

water 4

60 1*0,56 1,60 540 300 350 170 100 1600 270 0,1 - 0,2
1*0,46 1,35. 680 400 240 240 110 1850 330 0,3- 0,6
1iO,36 1.10 780 500 570 315 115 1900 350 0,8 - 1,2
1 *o ,3o 0,95 900 600 ‘680 400 120 2000 380 1,5 - 2,0

100 1*0,93 2,06 560 300 350 140 130 1300 230 0,1 - 0,3
1 :0,80 1,80 720 400 460 200 160 1600 360 0,4 - 0,8
1 *0,65 1,50 850 500 570 270 175 1750 405 1.0 - 1,6
1*0,52 1,24 965 600 680 350 180 1800 435 2,0 - 2,5

150 1:1,80 2,90 570 300 350 100 180 1200 290 0,2 - 0,4
1 *1,47 2,40 730 400 460 150 220 1450 360 0,8 - 1,2
1 *0,98 1,70 845 500 570 230 225 1550 390 1.8 " 2,2
1*0,80 1,40 960 600 680 300 240 1600 420 2,5 - 3,5

200 1*1,47 2,00 670 4oo 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 2G0 260 1300 370 3,5 - 4,5
1*0,75 1,11 1030 700 790 360 270 1350 400 5,0 - 5,2

1

fW
1



Table 2. : Some compositions o f strongly compacted

Bulk den­
s ity  of
p^rUtf»
in  kpjw?

Mxing ratio  
by weight 

/cement:por- 
l i t e :  water/

Density o f con­
crete in kg/m3 

a fte r  with 
fresh dry- stnbi 

ing 11zed 
water

GO 1:0,90:2,45 625 300 350
1:0,65:1,83 760 400 460
1:0,50:1,46 810 500 ’ 570
1:0,40:1,20 915 600 680

100 1:1,40:3,00 625 300 350
1:1,10:2,40 700 400 460
1:0,85:1.90 920 500 570
1:0,65:1,50 1020 600 680

150 1:3,00:4,60 600 300 350
1:1,60:2,60 725 400 460
1:1,15:1,90 850 500 570
1:0,06:1,50 970 600 680

200 1:2,10:2,70 690 400 460
1:1,30:1,75 810 500 570
1:1,00:1 ,40 920 600 680
1:0,80:1,16 1040 700 790



p e r l i te  concrete

Concrete composition 
cement perlite  water

in in in
kg/nr* kg/m^ l / n ?  l / v ?

28 days com­
press Ive 
strength
in rpa

145 129 2150 350 0,1 -  0,3
¿15 141 2350 400 0,5 - 0,9
¿95 147 2450 425 1,0 - 1,6
375 150 2500 450 2,0 -  2,5
115 162 1620 345 0,2 - 0,4
175 191 1910 415 0,8 -  1,2
245 201 2070 465 1.4 — 2,0
325 211 2110 485 3,0 -  3,5
70 210 1400 320 0,4 -  0,6

140 225 1550 ?60 1.2 -  1,7
210 240 1600 400 2,3 - 2,7
290 250 1650 <♦30 3,8 -  4,2

120 250 1250 320 2,3 -  2,7
200 260 1300 350 3,8 - 4,2
270 270 1350 380 4,8 -  5,2
350 280 1400 410 6,6 -  7.4



Table 3 .*  Shrinkage o f the p e r lite  concrete /1 1 /

Bulk den­
sity  of 
perlite
in kg/m^

80

200

Concrete composition Density of Shrinkage of concrete in mm/m 
m  ke/a3 a fte rin Kg/is in kg/m3 7 28 60 ?0 120cement perlite water fresh dried d a y sconcrete

100 176 404 680 300 0,24 0,98 1,45 1,88 2,11
160 104 226 490 300 0,36 1,25 1,82 2,56 2,85
170 184 406 670 400 0,21 0,87 1,31 1,69 1,97
240 112 290 650 400 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
310 120 330 760 500 0,26 1,02 1,44 1,79 2,02
70 310 330 710 4oo 0,17 0,71 1,04 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 0,89 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 d ît? of thermal Insulating porlite  concrete

Density Compressive Cement Y/ater Air Thermal Thermal Tensile Young
of strength content content entraîner conductivity expansion strength modulus

dried in in In in in in in in
concrete 
in kg/m3 MPa kg/m3 kg/m3 l/m3 W/mK 10"6/°C MPa MPa

575 3,1 375 302 4,2 0,111 11,0 0,53 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
304 0,9 215 268 4,2 0,074 8,1 0,21 660
352 0,7 189 263 4,2 0,073 7,7 0,14 490

Table 5. * Thermal Insulation characterfstics of p erlite  concretes

Density Specific Thermal Temperature opaci fio Heat Water vapou:
of heat conductivity conductivity heat absorption diffU sivity

dried
concrete

In in in absorption
in

in in

in kg/m3 kJ/kgtt W/mK m'V 3 3/m2s0,5K W/râ K 'kg/msPa

300 1,128 0,116 0,000342.10"3 196 1,663 0,050.1Q~9
400 1,128 0,139 0,000326.10**3 252 2,150 0,046.10“9
500 1,128 0,163 0,000309.10"3 309 2,625 0 ,042 .10“ 9
600 1,128 0,198 0,000292.10"3 364 3,100 0 ,040.10~9



Table 6 . ;  Temperatures measured In p e r lite  concrete in su lation

Pipeline Units of the insulating 
construction

Pipeline’ з ^st

diameter ■>nd
44 mm Сш

3rd
Pipeline »з ^st
diameter 3nd
133 mm 6

3rd
ц th

layer: casing from
perlite  concrete

layer: segment from 
perlite  concrete

layer: perlite  mortar
layer: casing from

perlite  concrete
layer: segment frcn 

perlite  concrete
layer: segment from 

p erlite  concrete
layer: perlite  mortar

Layer
thick­

ness
in
mm

T e m
inside 
the 

pi pe

p э r a
under
the

insu­
lation

t u r e
outside

the
insula­

tion

in °C

average

Thermal
conductivity

of
insulation 
in V/mK

50 592 550 253 402 0,127

50 592 253 89 171 0,113
10 592 09 66 77 -

50 485 450 280 365 0,113

50 485 280 169 ¿25 0,112

50 485 169 6 * 117 0,090

10 485 64 39 52 . —



Table 7 *: Composition of perlite  plasters on basis o f Soviet
data

Key to the signs:
1. : Mixing ratio by volume / piaster: perlite/
2. : MixLng ratio by weight /p laster:perlitesw ater/
3 .  : Fresh density of p laster in  kg/xz?
4 .  : Cry density o f p laster, in kg/nr5
5 .  : Gypsum content of p laster in kg/nr'
6 .  : Perlite content of p laster in kg/m"'
7. : Water content of p laster in  kg/a^
8. : Conpressive strength of p laster in 0,5 hour /MPa/
9* : Compressive strength of p laster in  28 days /IIPa/

1. 2. 3. 4. 5. D. 7. 8. 9.

1:2 1:0,2:0,96 1010 650 '5 100 445 1,5 3,0
1:3 1:0 ,3:1,20 916 550 ^66 n o 440 0,6 1,5
1:4 1:0 ,7 :1 ,57 890 480 300 120 470 0,4 1,0
1:6 1:0 ,6 :2 ,14 330 400 222 133 475 0,3 o‘,6

Table 8 . :  Composition and properties o f thermal insulating p erlite  
p lasters /The Perlite Torch,3.2, No.3./

Key to the signs;
1. Bulk density o f the expanded perlite in kg/a^
2* Perlite content o f the p laster in kfjw?
3. Gypsum cpntent o f the p laster in kg/m^
4* Density of the dry p laster in  kg/nr5 
5* Thermal conductivity in W/mK

1. 2. 3. 4. 5.
100 130 550 750 0,126
100 130 420 620 0,U 5
ICO 130 300 500 0,106

50 . 35 600 750 0,126
60 35 470 620 0,115
60 35 350 500 0,106
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Table 9. : Composition and properties of p erlite  p lasters 
on basis o f Hungarian investigations

Key to  the s i  g a s :
1 *: Bulk density of the expanded perlite  in  * g/a^
2. : Density of the dry perlite  p laster in  kg/a^
3. : Gypsum content o f p laster in kg/a^
4. : Perlite content of p laster in kg/m^
5. : Water content o f plaster in kg/â
6. : Retarder content of plaster in  kg/m^
7. t Compressive strength in  28 days /MPa/
8 . : Thermal conductivity in W/mK

2. 3. 4. 5. 6. 7. 8.

400 150 200 370 1,5 0,8 0,105
150 200 370 1,0 0,105

500 230 210 380 2*3 1.5 0,116
230 210 380 1.8 0,116

600 300 230 420 3,0 2,2 0,140
300 230 420 2,3 3,140

700 3o0 250 470 3,6 3.5 0,153
360 250 470 ^,5 0,163

400 230 120 290 .2 ,3 1,0 0,105
230 120 290 1.2 0,105

500 300 140 340 3,0 1.7 0,116
300 140 340 2,0 0,116

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

Table 10*: Composition o f perlite  mortars
Key to the signst
1 .  : Bulk density o f the expanded perlite  in kg/m^
2 .  : Liae-paste in 1 a? of perlite  / l i t r e /
3 .  : Lime hydrate in 1 o f perlite  /kg/
4 .  : Cement content /mark* ISO 250/ in  1 o f perlite  /kg/
5 .  : Water content in  1 nr* of perlite  / l i t r e /
6* Density o f the fresh mortar in  kg/m^
7. Density* o f the dry mortar in kg/m*

1. 2.
60 200

100 250
60 -

100 -
100 330
100

3.

120
150

4. 5 . 6. 7#
- 300-350 600-650 320
- 250-300 550-6C0 320
- 30C-350 500-550 320
- 250-300 450-500 320

100 240-280 600-650 420
100 240-300 540-580 420200



Table 11 .: The co st important featu res o f  Hungarian "RIOPORIT"

Feature Unit T y p e
of

measure a b c

Fire resistance °C 900 900 1350
Density kg/«^ 290 290 700
Compressive

strength
MPa min* 1,2 min. 1,2 min. 3*0

Thermal conduct­
iv ity

V/oK 0,07 0,07 0,21

Pore velia» % by Vbl. 81-69 81-98 72
Softening point 
aÉ 0,025 MPa #C 910-950 910-950 1748-1780
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Fig i . : Grain, distribution by d iffe re n t crushing

Fig. 2 . : Grading of rhyolite tuff crushed tkjatf-crusker
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fig. 5- Characteristic curve of dehydration

Pig. 6. Frpemsion. rote of НипдлгСал perlite a t  different 
temperai u rts depending cn. term* of heating a n t
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■ furnace
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Z • Feeder o f raw perlite 
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7- A.Ha  cyclones 

8 * Container o f perlite 
9■ Soaking stub 
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Fig. 9. Scheme of perlite expanding an d  separatin g workshop
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f i g . 27: Relative compressive strength, of sleam -cured perü fe concreta plotted, 
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Fig. 28 ■■ Zelati ve compressive strength, of steam -cored perlite concreli 
plotted against the density o f the dry partite concrèta
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r eie forced concrete rc f  
iodic, ùc-sìht.

prefabricated parlila и its

fig  32 : T herm al insnU edbO n. narifk. p re fa b r ic a te d  p e r lite  u n efs

*e at dating tube 
perlite concrete 

rantilating chard

roof shad tram, reinforced concrete 

• 7bernai insulation. on rcif shell

fig. 35 : Thermal insulations o f roof construction, Jl a workshop



tt/tminti/01 frtu*e -stìffenùvj sheet

______________________

/  — --------

— __ —___
" pende concrete

----------------  25V-280 ----------------- -■
-f k-
8-12

fig . 36 Prefabrieated pcrliie concrete * clLL uruìi à i aLuminxum, fran o

secàon. *A
V-V—

V%rw--rwtfV:

cocker

-*—f-

rsecurtngpin

•ahbet
formartac

*;/tc for sccuri'ng 
” v ’ lifting

tenon for rocker
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perlU e con crete
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