
JOURNAL OF ENGINEERING PHYSICS 55 

INFRARED DRYING OF MINERAL WOOL PRODUCTS 

A. E. Klyucharev,  N. A. Tikhonov, G. A. Kardashev ,  and P. E. Mikhailov 

I n z h e n e r n o - F i z i c h e s k i i  Zhurna l ,  Vol. 12, No. 1, pp. 99-103 ,  1967 

UDC 66. 047. 355 

The laboratory drying of mineral-wool-products with a silicate-glass 
binding is described. Crust formation and the heat conditions during 
drying are discussed. The results of an investigation of the thermo- 
physical and physieoehemical characteristics of the obtained specimens 
are given. 

The fab r i ca t ion  of new hea t - i n su l a t i ng  m a t e r i a l s  is  
a ve ry  u rgen t  p rob lem for many b r a n c h e s  of indus t ry .  
One a t tempt  to solve this p rob lem was the fabr ica t ion  
of m a t e r i a l s  based on m i n e r a l  wool with va r ious  sub-  
s t ances ,  such as phenolic r e s i n s ,  as b inde r s  [1]. 

However,  the combinat ion  of the cheap raw ma te -  
r i a l  (minera l  wool) and the expensive  b inde r  ( res in) ,  
as well as the low the rma l  s tab i l i ty  of the products  
due to the organic  addit ives b u r n - u p  t e m p e r a t u r e  

i ~623 ~ K), did not provide a sa t i s f ac to ry  answer  to the 
p rob lem.  

The authors  have ca r r i ed  out inves t iga t ions  on m a -  
t e r i a l s  made of m i n e r a l  wool with a w a t e r - g l a s s  b inder .  

Minera l  wool cons i s t s  of a m a s s  of f ibe r s  obtained 
f rom a mel t  of meta l lo id  and meta l  oxides.  We used 
long- f ibered  m i n e r a l  wool, produced in the G la s s -  
F ibe r  Scient i f ic  Resea rch  Ins t i tu te ,  with the following 
average  c h a r a c t e r i s t i c s :  acidi ty modulus  2.04,  bulk 
dens i ty  116 k g / m  3, beads  m o r e  than 0.5 m m  3.4-6 .0%.  
f iber  d i ame te r  4 .6 -6 .3  # ,  t h e r m a l  conduct iv i ty  at 
318~ 0.041 k e a l / m  2 �9 deg .  hr ,  b reak ing  s t r a i n  of 6# 
f iber  116 k g / m  2, chemica l  compos i t ion  (%): SiO2, 
51.04;A1203, 11 .90 ;Fe203 ,  5 .21;  CaO, 22 .65;MGO,  
8.25; K20, 0.95; SO3, t r aces ;  H20, 0.62 [2]. 

The b inder  was s tandard  wa te r  g lass  of the follow- 
ing composi t ion:  R20. nSiO 2, where  R denotes  Na or K. 
Accord ing  to technica l  s t ipula t ions  c o m m e r c i a l  wa te r  
glass  mus t  not contain m o r e  than 1 . 5 - 2 %  Fe203 and 
A1203, m o r e  than 0 . 3 - 0 . 5 %  CaO and MgO, and i ts  
dens i ty  mus t  be 1 . 5 0 - 1 . 5 2  g / c m  ~. 

The expe r imen ta l  appara tus  (Fig. l) cons is ted  of a 
MP-2M e lec t r i c  muffle furnace  with a working  space 

of 100 • 263 >< 175 mm,  a hea te r  power  consumpt ion  
of 2 .6  kW, ma x i mum t e m p e r a t u r e  1273 ~ K, with a 
t h e r m o r e g u l a t o r  2, which kept the t e m p e r a t u r e  in the 
fu rnace  cons tan t  to within • ~ . 
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Fig. 1. Block d iag ram of ex- 
p e r i m e n t a l  appara tus .  

The spec imen  3 is  placed e i ther  on a suppor t ing  
grid or  in a meta l  box in the furnace .  The t e m p e r a t u r e  
in the fu rnace  and ins ide  the spe c i me ns  was measu red  
by me a ns  of c h r o m e l - a l u m e l  the rmoeoup les  4 con-  
nected to an E P P - 0 9  r e c o r d e r  5. Bes ides  this ,  in c e r -  
tain e xpe r i me n t s  we used an a i r  Mower  6 to ex t rac t  
a i r  f rom the fu rnace  or draw it through the spec imen .  

The spe c i me ns  were  fabr ica ted  in the following 
way. Severa l  l aye r s  of m i n e r a l  wool were  made into a 
s tack 20-30  cm high. The s tack was compres sed  f rom 
above by a mold plate  and the s ides  were  t r i m m e d .  
The b lank was weighed on a technical  ba lance  and was 
then steeped in a w a t e r - g l a s s  solut ion of fixed concen -  
t ra t ion  and af ter  i m p r e g n a t i o n  was c o m p r e s s e d  on 
g lass  to a m o i s t u r e  content  of 200%. 

The obtained wet sample  in the fo rm of a b r i ck  
10 x 20 cm of va r y i ng  th ickness  was again weighed on 
the ba lance  and then ins ta l led  in the fu rnace .  After  
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Fig. 2. T e m p e r a t u r e  T (~ in: a) c e n t e r  of s p e c i m e n s  34 (1), 40 
(2), and 85 (3) mm thick; b) in d i f fe ren t  l a y e r s  of a s p e c i m e n  85 m m  
thick ly ing  on the f loor  of the fu rnace ,  with the rmocoup les  located 
at a d i s t ance  of 3 (1), 21 (2), 42 (3), and 80 (4) m m  f rom the lower  
sur face ;  c} the s ame  for  s i m i l a r  s p e c i m e n s  with a i r  d rawn through 
them at a r a t e  of ~50 d m 3 / m i n  (1) and without a i r  d rawn through(2) .  

T i m e  t in  min.  
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the heat t rea tment  the dry product was weighed. Dur-  
ing the drying the t empera tu res  at different  depths in 
the specimen were recorded.  

Fig. 3. Photomicrographs  of s t ruc ture  of: a) wet 
specimen before heat t rea tment  (solution, white 
s t r eaks ,  is mainly dis t r ibuted along the f ibe rs ,  
forming blobs at points where they cross) ;  b) the 
same sample  af ter  heat  t rea tment  (the f ibers  a re  
appreciably  thicker ,  and there  a re  local thickenings 
at the points where they c ross ,  50 x); c) specimen 
after  heating in closed furnace at 1123 ~ K for 2.5 
hr (melting of the f ibers  gives r i s e  to a pecul ia r  

ndendrit ic" s t ruc ture ,  100 x). 

The drying temperature variedfrom 583 ~ to 1023 ~ K. 

With increase in temperature the total duration of the 
heat treatment was reduced and, in the range up to 

923 ~ K, the quality of the products was improved. 
Heating at 973 ~ K or more led to a gradual disintegra- 
tion of the mineral-wool fibers. They became soft 
and melted. This led to shrinkage of the specimens 
and to an increase in their density and thermal con- 
ductivity. 

The finished specimens (surfaces, fractures, cut 
surfaces) were examined visually and photographed 

under low magnification ("Zenit" camera with attach- 
ment rings); their microstructure was investigated by 
photography under an MIM-8m microscope. In addition, 

we used conventional methods to determine the mech- 
anical properties, thermal conductivity (steady heat- 
flow method), thermal stability, resistance to water, 
and other characteristics. 

By measuring the density and from microscopic 
observations we determined semiquantitatively the 
distribution of the binding additive within the specimen. 

As an examination of typical drying thermograms 
(Fig. 2) shows, the drying process can be divided into 
stages: heating to 373 ~ K, evaporation of moisture at 

constant temperature, and heating until temperature 
equilibrium is attained. 

The total duration of the heat treatment did not de- 

pend greatly on the moisture content of the specimen 
and was almost directly proportional to the thickness 
(Fig. 2a). 

The drawing of a i r  through the specimen,  as was to 
be expected, great ly  reduced the durat ion of the second 
stage (Fig, 2C)o Weighing of the samples  in different  
s tages  of the heat t rea tment  showed that in the third 

stage there was a reduction of weight, p resumably  due 
to the removal  of water  of c rys ta l l iza t ion .  The grea t -  
es t  loss  of weight occurred at the second stage and was 
due to mass  t ransfer ,  mainly in the liquid phase.  The 
resu l t  is that dissolved binding chemical  substances 
migra te  along with the mois ture .  Hence, if the con- 
centrat ion of the solution is sufficiently high (above 
10%) there is  an increased amount of water  g lass  in 
the 1- to 3-ram thick surface layer  and on drying it 
forms a solid crus t .  The formation of a c rus t  leads 
to a reduction in the ra te  of heat and mass  t r ans fe r  in 
the deep l aye r s  of the specimens,  to a prolongation of 
the third stage of heat t rea tment ,  and also to nonuni- 
form dis t r ibut ion of the binding mate r ia l  in the spec i -  
men. However, when solutions of low concentrat ion 
(<5~) a re  used,  c rus t  formation is insignificant and, 
as Fig. 2b shows, the ra te  of heating at different 
depths is  constant. 

The theoret ical  descr ip t ion  of the p roces s  is made 
difficult by the fact that, in addition to mois ture  t r ans -  
fer ,  there is  t r ans fe r  of the binding additive, which 
in terac ts  chemical ly  with the minera l  wool, and the 
thermal  conductivity and poros i ty  of the surface lay-  
e r s  are  great ly  a l te red .  As a f i r s t  approximation,  at 
low concentrat ions of binding solution the exist ing 
theory of heat  and mass  t rans fe r  can be used [3]. 

The exper imenta l  investigations led to the obtaining 
of hard products  in the form of br icks  with the s t ruc -  
ture  i l lus t ra ted  on the photomicrographs  (Fig. 3). 

The water  glass ,  which is dis t r ibuted along the f i-  
b e r s  and at the points where they c ro s s ,  binds them 
together  and c rea t e s  a r igid s t ruc ture .  Since minera l  
wool is an amorphous substance,  heating to more than 
973 ~ K leads to melt ing of the f ibers  and the format ion 
of a "dendri t ic"  s t ruc ture  of g rea t e r  strength (up to 
50% grea ter )  and to shrinkage of the specimen.  Heat-  
ing of one side to a t empera ture  of 1123 ~ K leads to 
shrinkage of only a thin l aye r  (2-3 ram) on the heated 
surface without des t ruct ion or  a l te ra t ion  of the pro-  
pe r t i e s  of the specimen as a whole. 

From our p re l imina ry  exper iments  we selected 
the bes t  hea t - t r ea tmen t  procedure ,  uniform infrared 
drying at 923 ~ K, and the best  concentrat ion of binding 
solution to avoid c rus t  format ion and ensure sufficient 
mechanical  s trength,  5% by volume of water  g lass  in 
water .  

An investigation of specimens  made with a solution 
containing 10% or  more  liquid glass  showed a consid-  
e rable  difference in the thermal  conductivity and mech-  
anical  p rope r t i e s  of the outer and inner l aye r s .  

The s e r i e s  of specimens  was subjected to mechan- 
ical  and physicochemical  tes ts ,  the r e su l t s  of which 
a re  given in the table. 

The obtained products  re ta in  the most  valuable 
proper ty  of minera l  wool, low thermal  conductivity; 
they differ  s l ightly in leachabi l i ty  and posses s  good 
mechanical  p rope r t i e s .  They a re  sufficiently hard and 
have a low bulk density (~0.2 ton/m3), which fac i l i -  
tates the a s sembly  of heat insulation. 

We also conducted tes t s  on the water  r e s i s t ance  of 
these products .  The specimens were  steeped in water  
until they had absorbed all they could and were  then 
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R e s u l t s  of M e c h a n i c a l  and P h y s i c o c h e m i c a l  T e s t s  of S p e c i m e n s  

Characteristic 

Water glass content, % by vol. 
Bulk densRy, T/m 3 

Tensile strength, kg/cm 2 
Bending strength 
Water absorption, % 
Leaching, % 
Thermal conductivity, kcal/m 2 �9 deg �9 hr 

0 (mineral 
wool) 

No. o.f specimen 

2B 

o Io.:o 
o. o. j8 

3 . 5 0 0 . 5  490 
3 - 9  

_ i 0.04 
t~ 

3* [ 3B 

5 �9 
0.207* 

0.113" 
1.78 

t 0,047* 

5 
0.190 

0.110 

4B 

5 
0.190 

0. 110 
0.40 

0.039 

Charact eristic 

Water glass content, % by vol. 
Bulk density, T/m 3 

Tensile strength, kg/cm 2 
Bending strength 
Water absorption, % 
Leaching, % 
Thermal conductivity, kcal/m 2 �9 deg �9 hr 

6B 

5 

4-4 
0.060 

No. of specimen 

7* 

5 5 

0 218 

4.6* 

8B 23B 

5 0.102 
0. 190 

0.140 1.0 
0.76 1.5 

0.o42 o.Ti** 

1P 

20 
0.28 

1.12 

*Data obtained in Laboratory of Physicochemical Measurements and Mechanical Tests of 
"Teploproekt" Trust. 

**Average value for specimen 32 mm thick. 
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d r i ed  at r oom t e m p e r a t u r e .  P e r f o r m a n c e  of th is  p r o -  
c e d u r e  t h r e e  t i m e s  had no s ign i f ican t  effect  on the i r  
p r o p e r t i e s .  Th is  is  due to the fact  that  hea t  t r e a t m e n t  
of l iquid g l a s s  in contac t  with m i n e r a l  wool l eads  to 
an i r r e v e r s i b l e  change and the w a t e r  g l a s s  b e c o m e s  
inso lub le .  
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