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The m i r r o r  hemisphe re  method with a s i n g l e - b e a m  s p e c t r o m e t e r  was used on epoxide 
r e s i n  and phenolformaldehyde r e s i n  spec imens  to obtain the hea t - r ad ia t ion  c h a r a c t e r -  
i s t i cs  and the ind ica t r ices  of re f lec ted  in f ra red  radia t ion  for  such hermet iz ing  po lymer  
s y s t e m s .  

The ex te rna l  and the in ternal  heat  and m a s s  t r an s f e r  in he rme t i z ing  polymer  s y s t e m s  cannot be ca l -  
culated without data  on the s pec t r a l  c h a r a c t e r i s t i c s  of heat  rad ia t ion  ( t ransmit t iv i ty  TT~ , r e f l ec t iv i ty  R~, 
and absorp t iv i ty  A~), because  such s y s t e m s  belong into the ca tegory  of se lec t ive ly  absorbing and s c a t t e r -  
ing s y s t e m s .  

By the m i r r o r  hemisphe re  method descr ibed  in [1-14, 17] one can de te rmine  the t r ansmi t t ance  and 
the r e f l ec tance  of a t e s t  object  with sca t t e r ing  taken into account. It is to be noted that, for  the type of 
m a t e r i a l s  cons idered  he re ,  the sca t t e r ing  of in f ra red  r ays  in he rme t i z ing  po lymer  coatings occurs  as a 
r e su l t  of in te rac t ion  between the radia t ion  flux and main ly  the pa r t i c les  of iner t  f i l le r  and dye "suspended"  
among po lymer  molecules .  

The t r ansmi t t iv i ty  and the re f lec t iv i ty  of po lymer s  under study were  measu red  with a m i r r o r  h e m i -  
sphe re  at tached to an IKS-12 s p e c t r o m e t e r .  A spec imen  was exposed to a monochromat ic  modulated r a d i a -  
tion flux during the m e a s u r e m e n t  of R~ and T~, making i t  poss ible  to e l iminate  the effect  which in t r ins ic  
rad ia t ion  f r o m  the spec imen  and f r o m  the surrounding medium would have on the ins t rumen t  readings .  The 
sou rce  t e m p e r a t u r e  was mainta ined constant  by a p rec i se  s tabi l iza t ion of the supply vol tage.  High p r e c i -  
sion in mounting the t e s t  spec imens  and the r e f e r ence  spec imen  in the s ame  posit ion during m e a s u r e m e n t s  
was ensured  by an appropr ia te  design of this in s t rumen t  at tachment .  

The optical  s y s t e m  of the a t tachment  with a m i r r o r  hemisphe re  and the ISK-12 s p e c t r o m e t e r  is shown 
in Fig. 1. F o r  measu r ing  R~ one uses  a r r a n g e m e n t  A, where  the spher ica l  m i r r o r  3 and the plane m i r -  
r o r s  2, 4 are  se t  so  that the radia t ion  flux f r o m  the s l i t  of monoch roma to r  1 pas ses  through the 20 m m  
(diameter)  ape r tu re  in the hemisphe re  5 and impinges  on the t es t  (or re fe rence)  spec imen  6 placed at one 
of the conjugate points in the equator ia l  plane of the 164 m m  in d i ame te r  hemisphere .  Radiat ion diffusively 
re f lec ted  f r o m  the spec imen  is ga thered  in the hemisphe re ,  where  it is picked up at the r e c e i v e r  pad of a 
nickel bo lome te r  7 [16]. 

Fo r  m e a s u r i n g  T~ one uses  a r r angemen t  B, where  the spher ica l  m i r r o r  3 and the plane m i r r o r s  2, 4 
a re  se t  so that  the radia t ion  flux focuses  on the spec imen  6. Radiat ion which has passed  through the spec i -  
men  is ga thered  in the hemisphe re  5, where  it is picked at the r e c e i v e r  pad of bo lomete r  7. 

The modulated signal  of in f ra red  radiat ion,  af ter  having been picked up by the bo lomete r ,  was ampl i -  
fied in a model  IMI~IK-2 low-energy  measu r ing  ins t rument  and then r eco rded  on an automat ic  model  E P P -  
09 plot ter .  W e  had modified the IMEIK-2 ins t rumen t  somewhat ,  in o rder  to i nc rea se  the s igna l - to -no i se  
ra t io .  The br idge c i rcu i t  including the bo lome te r  was redes igned  according to the p rocedure  shown in 
[15, 16]. This  made it  poss ib le  to i nc r ea s e  the signal at the p r e a m p l i f i e r  input for  the s ame  given r a d i a -  
t ion level at the bo lomete r .  
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Fig.  1. Optical s y s t e m  of the in f ra red  s p e c t r o m e t e r  for  measu r ing  the re f lec t iv[ ty  and the t r ansmi t t iv i ty  
of m a t e r i a l s  which s c a t t e r  radiat ion.  

Fig. 2. Ref lec t iv i ty  R~ of va r ious  po lymer  sy s t ems ,  as a function of the wave length ~, /~: 1) h igh-f i l le r  
po lymer  s y s t e m  1; 2) low-f i l te r  po lymer  s y s t e m  1; 3) grade  l~D-5 epoxide res in ;  4) h igh-f i t te r  p o l y m e r  
s y s t e m  2. 

The use  of a m i r r o r  hemisphe re  does not ensure ,  however ,  that the absolute values  of t r ansmi t t iv i ty  
and re f tec t iv i ty  will be obtained, as had been assumed in the f i r s t  s tudies  on diffusive re f lec t ion  in m a -  
t e r i a l s  [1, 2]. The genera l  t rend of the curves  is co r r ec t ,  but the values  obtained for  these coefficients 
a re  lower  than their  t rue values  - because  not all the t ransmi t ted  or re f lec ted  energy  is picked up by the 
r e  ce iver .  

The radia t ion  l o s s e s  through the aper tu re  in the hemisphe re  depend on the indicatr ix  of re f lec ted  or 
t r ansmi t t ed  radiat ion,  r e spec t ive ly .  The re fo re ,  for  e v e r y  tes t  object  one mus t  de te rmine  the magnitude 
of the given type l o s s e s  according to the formula :  

AIR = sl cos a IR. (l) 
l~ ~ I (0) dr 

�9 ! I (0i)  
2 ~  

The indicat r ix  of a t es t  spec imen  mus t  be plotted for  the pa r t i cu la r  incidence angle of radia t ion at the 
spec imen  in the m i r r o r  hemisphe re .  

The ef fec t  of abera t ions  in the m i r r o r  hemisphe re  was reduced to a min imum by observ ing  the con-  
dition r _ 0.1p [4, 5]. 

In o r d e r  to de t e rmine  the re f lec t iv i ty  and the transmitti~rity of the m a t e r i a l s  under study here ,  we 
f i r s t  m e a s u r e d  the re la t ive  values  of these coeff icients .  The t rue  values  of RX and T~ were  then determined 
according  to fo rmu la s  which re l a t e  these t rue values  to those de te rmined  exper imenta l ly .  

The meas u red  re f tec t iv i ty  and t ransmit t~vi ty  are ,  respec t ive ly :  

* t - -  2 ~ x ~ , ' \ S * \ r . /  Rx ~- ktRx q k2D p e p  ~--Z 

- -  ~ I ~ J ~ R ~  ) k~R~(1 k~ 2 -z ' 

Tz = kT~. (1 - -  kZRx R~Rr )-I 

(2) 

(3) 

I t  mus t  be noted that the fac tor  k, which signif ies what f rac t ion  of the ref lec ted  radia t ion  is  picked 
up by the r e c e i v e r  (some rad ia t ion  is  los t  through the ape r tu re  in the hemisphere  and by the shielding e f -  
fec t  of the r e c e i v e r  housing), depends on the indicat r ix  of re f lec ted  or  t r ansmi t t ed  radiat ion.  For  m a -  
t e r i a l s  which s c a t t e r  rad ia t ion  diffusively,  as in our case ,  k = 0.66. 

The re f lec t iv i ty  of the r e c e i v e r  over  the ent i re  tes ted band of in f ra red  radia t ion was R r ~ 4.5%. 

We analyzed the hea t - r ad ia t ion  c h a r a c t e r i s t i c s  of three  po lymer  s y s t e m s  with a h igh-f i l te r  content: 
s y s t e m  1 on a g rade  ]~D-5 epoxide r e s i n  base ,  s y s t e m  2 based on a mix tu re  of g rades  I~.D-5 add E D - L  
epoxide re s in ,  and s y s t e m  3 on a phenolformaldehyde r e s i n  bas i s ,  a lso their  compounds and bases  with a 
low f i l le r  content. It  is to be noted he re  that the quantity of iner t  inorganic  f i l ler  i n  the po lymer  s y s t e m s  
with a low f i l l e r  content was many  t imes  s m a l l e r  than in the cor responding  po lymer  s y s t e m s  with a high- 
f i l l e r  content. 
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Fig. 3. Ind ica t r ices  of rad ia t ion  re f lec ted  f r o m  po lymer  
s y s t e m s  at an incidence angle of 01 = 30~ a) with ~ = 2 p; b) 
)~ = 5 p; 1) h igh- f i l l e r  po lymer  s y s t e m  1; 2) low-f i l le r  poly-  
m e r  s y s t e m  i ;  3) g rade  I~D-5 epoxide re s in ;  4) h igh- f i l l e r  
po lymer  s y s t e m  2; 5) h igh- f i l l e r  po lymer  s y s t e m  3; 6) dif-  
fus ive ly  sca t t e r ing  r e f e r e n c e  m i r r o r ;  7) phenol formalde-  
hyde res in .  

The r e f l ec t iv i ty  s p e c t r a  of the h igh- f i l l e r  po lymer  s y s t e m  1, i ts  low-f i l le r  modif icat ion,  and of g rade  
I~D-5 epoxide r e s in ,  a lso the re f lec t iv i ty  s p e c t r u m  of the h igh- f i l l e r  po lymer  s y s t e m  2 a r e  all  shown in 
Fig. 2. The th icknesses  of the t es t  spec imens ,  except  that  of the grade  ED-5 epoxide, co r responded  to the 
th ickness  of an opt ical ly  infinitely thick layer .  

The re f lec t iv i ty  r e f e r ence  was a m i r r o r  with an a luminum coating deposited on the outside g lass  
su r face ,  consider ing that the ind ica t r ices  of re f lec ted  radia t ion  for the po lymer  s y s t e m s  under  study were  
v e r y  elongated - a lmos t  like m i r r o r  ind ica t r i ces  - as m e a s u r e d  with an IPO-12 a t tachment  to an IKS-I1  
s p e c t r o m e t e r .  F o r  this r eason ,  the rad ia t ion  losses  through the ape r tu re  in the hemisphe re  and by the 
shielding ef fec t  of the r e c e i v e r  housing were  associa ted  only with second and subsequent  re f lec t ions  of the 
rad ia t ion  f r o m  the spec imen  in a mult iple  hyper re f l ec t ion  pa t te rn  between spec imen  and r e c e i v e r .  It m u s t  
also be noted that  rad ia t ion  enter ing the hemisphe re  impinged on the spec imen  at a 30 ~ angle. Consequently,  
in this case  the fac tor  k would appear  only in those t e r m s  of exp re s s ion  (2) which account for  mult iple  r e -  
f lect ions.  

As curves  1, 2, 3 in Fig. 2 indicate,  the s p e c t r u m  of re f lec ted  radia t ion  f r o m  the h igh- f i l l e r  po lymer  
s y s t e m  1 depends l a rge ly  on the ine r t  inorganic  f i l le r .  An i nc r ea se  in the pe rcen t  f i l le r  content affects  ap-  
p rec iab ly  the magnitude of the re f lee t iv i ty  R~, as can be seen  f r o m  an analys is  of curves  1, 2 (Fig. 2), 
e spec ia l ly  within the 1-3 p range  of the radia t ion  spec t rum.  The se lec t ive  c h a r a c t e r  of the r e f l ec t iv i ty  
s p e c t r u m  is  not in evidence for  g rade  ED-5 epoxide res in ,  because  super f ic ia l  r e f l ec t ion  is always s u p e r -  
posed on diffusive re f lec t ion  along the en t i re  spec imen  layer  and it  d i s to r t s  the spec t rum.  

In Fig. 4 are  shown the re f lec t iv i ty  s p e c t r a  for  h igh-f i l le r  and low-f i l le r  po lymer  s y s t e m s  3, a l so  
the t r ansmi t t i v i t y  s p e c t r u m  for  grade  I~D-5 epoxide r e s i n  and phenolformaldehyde res in .  It  can be seen  
he re  that both r e s i n s  s t rong ly  absorb  rad ia t ion  beyond the 2.5 # wavelength.  In these  ca se s  the re f l ec t iv i ty  
r e f e r e n c e s  for  h igh-f i l le r  and low-f i l ler  po lymer  s y s t e m s  3 were:  magnes ium oxide deposi ted on a g lass  
subs t r a t e  for  the 1-2.5 p range,  where  re f lec t ion  at these subs tances  is diffusive,  and a spher ica l  m i r r o r  
made up of a g lass  plate for  the 2.5-5.0 p range  of the spec t rum.  One side of that spec ia l  g lass  m i r r o r  had 
been t rea ted  with polishing powder.  The rough side had been coated with aluminum. The re f l ec t iv i ty  of the 
plate was checked against  that of another  polished plate which had been a luminum coated together  with the 
r e f e r e n c e  plate.  The indicat r ix  of radia t ion  re f lec ted  f r o m  such a r e f e r e n c e  m i r r o r  had the s ame  shape as 
the re f lec t ion  ind ica t r ix  for  h igh- f i l l e r  and low-f i l le r  po lymer  s y s t e m s  3. 

The ind ica t r ices  of re f lec t ion  f r o m  su r f aces  of h igh- f i l l e r  po lymer  s y s t e m  3 and f r o m  the r e f e r e n c e  
m i r r o r  a re  shown in Fig. 3 (curves 5, 6). Since the r e f e r e n c e s  and the t es t  subs tances  produced identical  
re f lec t ion  ind ica t r i ces ,  hence the fac tor  k in the f o r m u l a  for  R appea r s  only with those t e r m s  in exp re s s ion  
(2) which account fo r  mult iple re f lec t ions .  
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Fig. 4. Spectral transmittivity and reflectivity of 
polymer systems, as a function of the wavelength 
~, ~: 1) T for grade ]~D-5 epoxide resin d = 3 mm; 
2) T for phenolformaldehyde resin d = 0.25 ram; 
3) Rh for low-filler polymer system 3; 4) R~ for 
high-filler polymer system 3. 

For determining the reflectivity and the t rans-  
mittivity of these test substances, the spectral width 
of the spectrometer  aperture was varied from 38 to 
8 cm -I on LiF. 

Curves 3, 7 in Fig. 3 show that the indicatrices 
of reflected radiation from grade ED-5 epoxide resin 
and from phenolformaldehyde resin are distinctly 
of the mi r ro r  type, which means that there is very 
little scatter  in these cured resins.  It is evident, 
then, that the scattering of infrared radiation in 

,polymer systems studied here occurs at particles 
of the inert  filler.  Since epoxide and phenoiform- 
aldehyde resins strongly absorb infrared radiation 
in the spectrum range beyond 2.5 p, hence the sharp 
increase in the reflectivity of polymer systems 1, 
2, and 3 within the 1-2.5 p range is explainable by 

the high transmittance of the matr ices in these systems and by the scattering of infrared radiation at par-  
ticles of the inert  filler. All this is confirmed by the spectral  character is t ics  of Rh for each of the test 
substances and by the shape of the respective indicatrices. It is to be noted further that the scattering of 
reflected radiation by high-filler and low-filler polymer systems 3 (Fig. 4, curves 3, 4) within the range 
beyond 2.5 p can, apparently, be explained by the surface structure of these systems (roughness) and by 
the more than twice as high percent  content of iner t  fil ler material  as in the other polymer systems 1 and 
2. 

In order  to check the measurements,  we also plotted the heat-radiation characteris t ics  of poly- 
ethylene. The results agree with the values of reflectivity and transmittivity obtained for polyethylene in 
[18], 
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N O T A T I O N  

are the reflectivity, ~ransmittivity, and absorptivity of a layer of finite thickness; 
is the radiation intensity reflected by a specimen under angle O, counted from the normal 
to the specimen surface; 
is the area  of the aperture in the hemisphere; 
is the distance from the center of the aperture in the hemisphere to the point at which radia- 
tion impinges on the specimen; 
is the angle between the direction of 1 and the normal to the aperture area; 
is the incidence angle of radiation on the specimen; 
is the radius of the hemisphere; 
xs the distance from the center of the hemisphere to the specimen; 
zs the solid angle; 
is the thickness of the test  specimen. 
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