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This paper gives the results of measurements of the spectral emissiv- 
ity of concretes, soil concretes, gypsum, and plaster in the wave- 
length region 2.5-25.0 p. These measurements are used to calculate 
the integral emissivities of these materials. 

The p r o g r e s s i v e  rad ia t ive  method of heat ing is 
be ing more  and more  widely adopted in the h e a t - t r e a t -  
ment  plants  of the bui ld ing m a t e r i a l s  indus t ry .  The de-  
s ign of such plants  neces s i t a t e s  a knowledge of the op- 
t ical  p rope r t i e s  (p r imar i ly  the e m i s s i v i t y e )  of the m a -  
t e r i a l s  to be t rea ted .  

Most authors  who have c a r r i e d  out inves t iga t ions  of 
the e m i s s i v i t y  of bui ld ing m a t e r i a l s  [1-3] have p ro -  
eeeded f rom the a s sumpt ion  that these  m a t e r i a l s  emit  
and abso rb  rad ia t ion  l ike g ray  bodies .  However,  the 
change in the in t eg ra l  r e f l ec t ing  power in re la t ion  to 
the t e m p e r a t u r e  of the r ad ia t ion  source  [4, 9, 10] ind i -  
cates  that mos t  m a t e r i a l s  have se lec t ive  opt ical  p r o -  
pe r t i e s .  

The shor t comings  of methods of d e t e r m i n i n g  the in -  
t egra l  optical  c h a r a c t e r i s t i c s  of m a t e r i a l s  have a l ready  
been ment ioned in s eve ra l  papers  [5, 6]. Another  point 
that should be noted is that the d i r ec t  m e a s u r e m e n t  of 
in teg ra l  c h a r a c t e r i s t i c s  does not r evea l  the wavelength 
range  in which the m a t e r i a l  absorbs  bes t  and, hence, 
the bes t  t e m p e r a t u r e  of the in f ra red  rad ia to r  f o r t r e a t -  
merit of the p a r t i c u l a r  m a t e r i a l .  

In [13] data r e l a t i n g  to the spec t r a l  d i s t r ibu t ion  of 
the e m i s s i v i t y  of bui lding m a t e r i a l s  were  obtained by 
m e a s u r i n g  the i r  r e f l ec t ion  coeff ic ients  R x. Since these  
m a t e r i a l s  a re  p r ac t i ca l l y  opaque, 

e~ = 1---]~x. (1) 

A fault of this method is that the radiation detector 
receives not only the reflected energy, but also the 
characteristic emission of the investigated specimen, 
and this must lead to some error in the measurements. 
Since building materials contain a large amount of SiO4 
or $04 groups, which possess the property that the re- 
flection and absorption coefficients vary sinusoidally 
with the orientation of the plate relative to the incident 
radiation (the variations reach 40% [7]), the results of 
the measurements vary very considerably with change 
in the angle of inclination of the specimen. Moreover, 
in [13] the spectral range of the measurements was very 
small (0.5-9.0 p). Hence, interpolation of the obtained 
data to a radiation source with a temperature of 300~ 
is not valid, since at 700 ~ K more than 40% of theemit- 
ted energy is outside this range. These difficulties can 
be overcome by using an integrating reflecting hemi- 
sphere, but in the case of diffuse or mixed reflection 
it is impossible to make an accurate allowance for loss 
of reflected radiation through the hole in the hemisphere 

or for the s c r e e n i n g  effect of the r ad ia t ion  de tec tor  
holder [9]. 

Fig. 1. Holder and specimen : 
I )  specimen; 2) screens; 
3) heater ; 4) heat insula- 
tion; 5) ehromel-copel 

thermoeouple. 

The above considerations induced us to investigate 
the measurement of the spectral emissivity of building 
materials by comparing the intensity of the emission 
of the investigated material (I x ) and that of an ideal 

black body (IX0): 

ez=I~/lzo. (2) 

This method has been success fu l ly  used for m e a s u r e -  
ments  of the e m i s s i v i t y  of me ta l s  [15]. 

The m e a s u r e m e n t s  were  made on an IKS-12 i n f r a r e d  
spec t rograph .  The sens i t i v i ty  and r e so lu t i on  of the in -  
s t r u m e n t  were  grea t ly  i n c r e a s e d  by u s i ng  a bo lome te r  
as the r ad ia t ion  de tec to r  and a spec ia l  amp l i f i e r  [11]. 
The output s ignal  of the ampl i f i e r  was recorded  on 
the graph paper  of an E P P - 0 9  po t en t i ome te r .  Rock 
sa l t  l enses  were  used  in the wavelength range 2 . 5 -  
15 # and potassium bromide lenses in the 15-25 # 

range. 
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The m a t e r i a l s  s e l e c t e d  for  i nves t iga t ion  w e r e  o r d i -  
n a r y  heavy conc re t e ,  k e r a m z i t  conc re t e ,  so i l  conc re t e ,  
gypsum,  and l i m e  p l a s t e r :  

S~0ecimen Composition of specimen 

Concrete C e m e n t - +  Sand + rulable +wa te r  
1 :1 .9 :3 .9 :0 .48  

soil concrete Slag + sand + 20% soda potash solution 
1 : 1 : 0 . 4  

Soil concrete Slag + sand + 20% caustic soda I solution 
1:1:0 .36 

Gypsum , Building gypsum 
Keramzit concrete , Cement + sand + keramzit + water 

1 : 2 : 1 : 0 . 4  
Piaster Milk of lime + sand 

1 : 2  

did not p roduce  any a p p r e c i a b l e  change in their,~spec - 
t r a l  c h a r a c t e r i s t i c s .  Hence,  f u r t h e r  e x p e r i m e n t s  w e r e  
conducted  at  the  m a x i m u m  p o s s i b l e  t e m p e r a t u r e s  fo r  
the p a r t i c u l a r  s p e c i m e n s  (mainly  at  100 ~ C),  s ince  
th is  enabled  us to r educe  the  a mp l i f i c a t i on  f a c t o r  and 
thus r educe  the ef fec t  of ex t r aneous  r a d i a t i o n  s o u r c e s .  

F r o m  the obta ined  s p e c t r a l  e m i s s i v i t i e s  we could 
ca l cu l a t e  the i n t e g r a l  e m i s s i v i t i e s  for  d i f f e ren t  t e m -  
p e r a t u r e s  of an idea l  b l a c k  r a d i a t i o n  s o u r c e .  

The amount  of ene rgy  e mi t t e d  by the s p e c i m e n  is 

oo 
~oT~= J' ex l~0d ~,. (3) 

0 

Spec imens  of d imens ions  45 x 50 x 12 m m  w e r e  p r e -  
p a r e d  f r o m  t h e s e  m a t e r i a l s .  In the  p r e p a r a t i o n  of the 
s p e c i m e n s  c h r o m e l - c o p e l  t h e r m o c o u p l e s  of 0 . 5 - m m  
w i r e  w e r e  a t t ached  to the  s u r f a c e  of the spec ime ns �9  

I .,"" 
I 

�9 ~ - "  .... "~" " } ( - ' ~ . / -  : "l ] 'xil" ; 
.:" J * "~ J~.' "" r . . . .  I .~:/ 

�9 " , II ""4 mJ,Nl 
I I::' 

a zt 2 a /o /4, /8 .22 

F i g .  2. S p e c t r a l  d i s t r i b u t i o n  of  e m i s s i v i t y :  
1) for  c o n c r e t e  and k e r a m z i t  c o n c r e t e ;  
2) s o i l  c o n c r e t e s ;  3) g y p s u m ;  4)  p l a s t e r .  

The s p e c i m e n s  w e r e  p l aced  in a s p e c i a l  ho lde r  with 
a h e a t e r  (Fig.  1).  The t e m p e r a t u r e  of the s p e c i m e n s  
du r ing  the e x p e r i m e n t s  was m o n i t o r e d  by a KP-59  po -  
t e n t i o m e t e r .  The t e m p e r a t u r e  was r e g u l a t e d  by chang-  
ing  the  vo l t age  on the h e a t e r .  The e m i s s i o n  of the  s p e c -  
imen  was  d i a p h r a g m e d  by a t h r e e - l a y e r  s c r e e n  of an-  
od ized  a l u m i n u m .  The d i a m e t e r  of  the  a p e r t u r e  (8 mm)  
in the  s c r e e n  was  equal  to tha t  of the  idea l  b l a c k  body.  

In the  e x p e r i m e n t s  we used  an idea l  b l a c k  body with  
a d i a p h r a g m  cooled  with  f lowing w a t e r .  The des ign  of 
the  mode l  was s i m i l a r  to that  d e s c r i b e d  in [8]. 

The r e s u l t s  of the  e x p e r i m e n t s  (Fig .  2) showed tha t  
a l l  the  i n v e s t i g a t e d  m a t e r i a l s  e m i t  s e l e c t i v e l y .  The s e -  
l e c t i v e  n a t u r e  of the  e m i s s i o n  s p e c t r u m  of bu i ld ing  m a -  
t e r i a l s  can  be  a t t r i bu t ed  to the  p r e s e n c e  of s i l i c a t e s  con -  
ta in ing  the SiO4 group.  The au tho r s  of [9, 10] c a m e  to a 
s i m i l a r  conc lus ion .  

The c o n c r e t e  and k e r a m z i t  c o n c r e t e  s p e c i m e n s  had 
the s a m e  s p e c t r a l  c h a r a c t e r i s t i c .  This  can  be a t t r i bu t e d  
to the  fac t  tha t  the  e m i s s i o n  of the  bulk  of the m a t e r i a l  
is  a b s o r b e d  in the v e r y  thin ou te r  l a y e r  and in both 
s p e c i m e n s  the  thin ou te r  l a y e r  c o n s i s t s  of c e m e n t  s o -  
lut ion.  A s p e c i m e n  of pu re  c e m e n t  so lu t ion  wi l l  o b v i -  
ous ly  have the s a m e  s p e c t r a l  c h a r a c t e r i s t i c � 9  A s i m i l a r  
e f fec t  was  o b s e r v e d  in the  s p e c i m e n s  of d i f f e r en t  so i l  
c o n c r e t e s .  

The f i r s t  e x p e r i m e n t s  showed that  changes  in the  
t e m p e r a t u r e  of the  s p e c i m e n s  in the  r a n g e  5 0 - 1 0 0  ~ C 

F r o m  f o r m u l a  (3) we find 

| I f' ~ f ' -  3 a (~ T). 

o 

(4) 

,~T 

I~o d(~T)  f r o m 0 t o  The va lue  of the i n t e g r a l  - ~  

0 
kT is  shown in the g raph  in F ig .  3, p lo t ted  f r o m  the  
da ta  of [14]. These  va lues  r e p r e s e n t  the  p a r t  of the e n -  
e r g y  of an idea l  e m i t t e r  be tween  0 and X, ~ ,  fo r  t e m p e r -  
a t u r e  T, ~ 

Since the va lue s  of ek cannot  be d e t e r m i n e d  in the  
whole r a n g e  of in tegra t ion ,  we have to eva lua t e  the  e r r o r  
in the c a l c u l a t i o n s .  F o r  in s t ance ,  for  a t e m p e r a t u r e  o f  
800 ~ K, l e s s  than 1.5% of the  to ta l  r a d i a t i o n  e n e r g y  l i e s  

b e l o w  2.5 p (XT = 2000). A p p r o x i m a t e l y  4% of the  e n e r -  
gy l i e s  above 25 p (XT = 20 000). The  to ta l  e r r o r  does  
not  exceed  5.5%. 

To r educe  th is  e r r o r  we a s s u m e  tha t  the e m i s s i v i t y  
of the s p e c i m e n  f r o m  2.5 p to 0 is  equal  to the  e m i s s i v -  
i ty in the  r eg ion  2 . 5 - 3 . 0  #, and f r o m  25 p to inf in i ty  is  
equal  to the e m i s s i v i t y  in the  r eg ion  24 -25  ~. H o w e v e r ,  
s i nce  the s p e c i m e n s  cannot  be abso lu t e ly  white  a t  the 
ends of the i n t e rva l ,  the ac tua l  e r r o r  of the ca l cu l a t i ons  
wi l l  be wel l  be low the c i t ed  f igu re .  

S i m i l a r l y ,  fo r  400 ~ K the e r r o r  wi l l  be l e s s  than 17%, 
fo r  600 ~ K l e s s  than 6.5%, fo r  1000 ~ K l e s s  than 9%, 
and fo r  1200 ~ K l e s s  than 12%. 

The r e s u l t s  of ca l cu l a t i ons  of the i n t e g r a l  e m i s s i v i t y  
of the  i n v e s t i g a t e d  m a t e r i a l s  fo r  t e m p e r a t u r e s  of the  
i dea l  b l a c k  r a d i a t i o n  s o u r c e  f r o m  400 ~ to 1200 ~ K a r e  
shown in Fig .  4. This is  the t e m p e r a t u r e  r a n g e  of op-  
e r a t i o n  of the  c o m m o n  i n d u s t r i a l  i n f r a r e d  r a d i a t i o n  
s o u r c e s  ffor ins tance ,  TEN and gas  r a d i a t o r s  have a 
t e m p e r a t u r e  of about  450-950  ~ C). 

An a n a l y s i s  of the r e s u l t s  of the  i nves t i ga t i on  of the 
op t i ca l  p r o p e r t i e s  of s e v e r a l  bu i ld ing  m a t e r i a l s  showed 
tha t :  

1. Bui ld ing  m a t e r i a l s - - c o n c r e t e s ,  so i l  c o n c r e t e s ,  
gypsum,  and p l a s t e r - - h a v e  d i s t i n c t l y  s e l e c t i v e  o p t i -  
cal  p r o p e r t i e s  in the wave leng th  r a n g e  2 . 5 - 2 5 . 0  p.  

2. The op t i ca l  p r o p e r t i e s  of t h e s e  m a t e r i a l s  do not 
depend on the t e m p e r a t u r e  of the m a t e r i a l  i t s e l f  in the 
r ange  50 -100  ~ C, but  depend  on the  t e m p e r a t u r e  of the 
r a d i a t i o n  s o u r c e .  
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Fig. 4o Integral  emiss iv i ty  as a func- 
tion of t e m p e r a t u r e  of ideal black r a -  
diation source:  1) for concrete  and 
k e r a m z i t  concre te ;  2) soil concre te ;  

3) gypsum; 4) p las te r .  
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3. The maximum values of the in tegral  emiss iv i ty  
of building ma te r i a l s  a re  attained at a source  t empera -  
ture  of 900-1100 ~ K and, hence, inf rared rad ia to r s  op- 
e ra t ing  at such t empera tu res  a re  best  for  heat t r e a t -  
ment of these ma te r i a l s .  

NO TA TION 

e is the in tegral  emiss iv i ty ;  e X is the monochroma-  
tic emiss iv i ty  at wavelength 7~; R X is the monochroma-  
tic ref lec t ing power at wavelength 7t; I X is the intensity 
of emiss ion  of invest igated ma te r i a l  at wavelength M 
IX0 is the intensity of emiss ion  of ideal black body; ff is 
the Stefan-Boltzmann constant;  T is the t empera tu re  in 
oK. 
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