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Resul ts  a r e  shown of t he rm a l  diffusivi ty m e a s u r e m e n t s  made on res in -bonded  r e f r a c t o r i e s  
of  var ious  composi t ions  and s t r u c t u r e s .  

In o rder  to study p r o c e s s e s  occu r r ing  in r es in -bonded  r e f r a c t o r i e s ,  to calcula te  t e m p e r a t u r e  fields,  
and to se lec t  the mos t  appropr i a t e  heat ing modes ,  it is n e c e s s a r y  to know the the rmophys ica l  p rope r t i e s  
of  these  ma te r i a l s .  

The mos t  impor tan t  t he rmophys ica l  p r o p e r t y  of a ma te r i a l  is its t h e r m a l  diffusivi ty a .  

According to avai lab le  published informat ion,  no study was eve r  made concerning the t he rma l  d i f -  
fus ivi ty  of r e s in -bonded  r e f r a c t o r i e s ;  in [1-5] a r e  given t e s t  data  on the i r  t he rma l  conductivity.  Its va l -  
ues sugges ted  in these  r e f e r e n c e s  di f fer  apprec iab ly  - by up to 100%. It is difficult  to c o m p a r e  them 
p r o p e r l y ,  because  the authors  do not desc r ibe  the comple te  c h a r a c t e r i s t i c s  of the i r  t e s t  spec imens .  

In this s tudy the authors  p r e s e n t  the r e su l t s  of the i r  m e a s u r e m e n t s ,  name ly  the t he rma l  diffusivi ty 
of f r e sh ly  molded,  of heat  t r ea t ed ,  and of coked res in -bonded  r e f r a c t o r i e s  (dolomite,  magnes i te ,  and 
d o l o m i t e -  magnes i t e  g rades)  over  the 200-1600~C t e m p e r a t u r e  range.  

The t e s t  m a t e r i a l s  exper ience  s t ruc tu r a l  and phase  t r an s fo rma t ions  during heating and, the re fo re ,  
t he i r  effect ive t h e r m o p h y s i c a l  p r o p e r t i e s  as a (t), for  example ,  mus t  be de te rmined  under t e s t  conditions 
as c lose  as poss ib le  to actual  opera t ing  conditions.  The method used in this study was one of monotonical ly  
heating flat  spec imens  [6] in an appara tus  which had been descr ibed  ea r l i e r  [7-10]. Each  spec imen  con-  
s t i tuted two ident ical  p la tes  90 • 90 • 13 m m  in s ize .  The t e m p e r a t u r e  was measu red  with t tmgsten 
- r h e n i u m  the rmocoup les .  The expe r imen t  was p e r f o r m e d  in a n i t rogen a t m o s p h e r e  with a t he rma l  con-  
duct ivi ty c lose  to that  of a i r  or  carbon dioxide. The theore t ica l  pr inciple  of this method is based on a 
l i nea r  t e m p e r a t u r e - d e p e n d e n c e  of the the rmophys  ical p r o p e r t i e s  within the range  of t e m p e r a t u r e  drops  
a c r o s s  a spec imen .  In view of th is ,  the heat ing ra t e  was se lec ted  so as  not to exceed a 50-70~ t e m p e r a -  
tu re  drop.  All our  a s sumpt ions  could be  a s s u m e d  valid within this range  of t e m p e r a t u r e  drops ,  except  a t  
points where  the monotonici ty of an a(t) cu rve  would break .  At those  points the e r r o r  of this method was 
above the es t imated  10-12% leve l ,  the cu rves  then indicating only quali tat ive t rends .  The ve ry  concept  
of t h e r m a l  diffusivi ty b e c o m e s  r a t h e r  tentat ive within the range  of s t rong ly  nonl inear  thermophys  ical 
c h a r a c t e r i s t i c s .  

The spec imens  for  our t h e r m a l  diffusivi ty  t e s t s  we re  p r e p a r e d  f rom as identical  as poss ib le  in-  
dus t r i a l  ba tches .  The  raw m a t e r i a l  was roas t ed  dolomite  f rom the Stylsk depos it and roas ted  magnes i te .  
The chemica l  composi t ion and the p r o p e r t i e s  of these  m a t e r i a l s  a r e  l i s t ed  in Table  1. "Solid n coal t a r ,  
a common ingredient  of conver t e r  r e f r a c t o r i e s ,  was used as the res in  binder .  Its p rope r t i e s  a r e  l i s t ed  
in Table  2. 

The spec imens  w e r e  p r e p a r e d  as follows. The raw m a t e r i a l  was ground in c r u s h e r  ro l l s ,  t h e n  
s i eved  into 5-3 m m  and 3-1 m m  f rac t ions .  The fine fract ion <0.088 m m  was col lected in a spher ica l  
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TABLE 1. Chemica l  Composi t ion and P r o p e r t i e s  of Raw MateriaJls 

Material 

Roasted dolomite 

Roasted magnesite 

Chemical corn )osition,% 

MgO ! CaO I Fe20~ AlzOa 

I _  

92,77 1,68 2,0 0,66 

Icalci-/mois- 
sio~ Inationl 

Iloss I ture 
f 

2,4 0,5 I 0,1 

2,24 0,5 / 0,5 

o ~ Apparent 
~ ~o porosity, % 

3,08 4,6 

TABLE 2. 
T a r  

Composi t ion and P r o p e r t i e s  of Anthraci te  

Density at 20~ g/cm 3 
Water content,% 
Viscosity 10 CsOOC , see 

Coke number,% 

170 ~ 
270 ~ 
360 ~ 

Yield of volatile fraction,% 

1,23 
<0,5 

43 

42 

5 
26 

r ecep t ac l e ,  with only 1% res idue  remain ing  on the 0.088 m m  s ieve .  The ground ma te r i a l  and the res in  
w e r e  heated up to 100-120~C. The c o a r s e  f rac t ions  w e r e  then mixed with the r e s in ,  fine ma te r i a l  was 
added, and mixing was continued until the m a s s  had become  homogeneous .  Specimens  were  molded f rom 
this  m a s s  a t  a 50-80~C t e m p e r a t u r e  under  a p r e s s u r e  of 1200 k g / c m  2, The weight and the d imens ions  of 
a spec imen  w e r e  checked during molding, for  the purpose  of maintaining a uniform appa ren t  dens i ty .  P a r t  
of  the spec imens  was then e i ther  heat  t r e a t e d  or  coked in a coke bed accord ing  to cycles  l i s t ed  in Table  3. 
The f inished spec imens  were  held in de s i cca to r s  for not longer  than 1-2 weeks.  

Four  spec imens  of each type of r e f r a c t o r y  were  examined.  Each f r e sh ly  molded spec imen  was 
heated up to 1600~ twice during each test .  Evident ly,  data obtained a f t e r  the second heating would p e r -  
ta in to coked r e f r a c t o r i e s .  In o rde r  to ve r i f y  this hypothes is ,  spec ia l  t he rma l  diffusivi ty t e s t s  w e r e  p e r -  
fo rmed  on precoked  spec imens  and a s a t i s f a c t o r y  a g r e e m e n t  was found he re  with the data for  f r e sh ly  
molded spec imens  a f t e r  the second heating.  

The  p r o p e r t i e s  of  the t e s t  spec imens  a r e  l i s ted  in Tab les  4 and 5. The m e a s u r e d  t h e r m a l  di f fu-  
s iv i ty  of th ree  r e s in -bonded  r e f r a c t o r i e s  is shown in Fig. 1. 

The total range  of values  is: (0.5-1.0) �9 10 -~ m 2 / s e c  for f r e sh ly  molded r e f r a c t o r i e s ;  (1.0-1.8) �9 t0  -6 
m 2 / s e c  at 200~ and (0.5-0.8) �9 10 -~ m 2 / s e c  at  1000-i600~ for  heat  t r ea t ed  and coked r e f r a c t o r i e s ,  r e -  
spec t ive ly .  

The  a(t) curves  (Fig.  l a ,  b,  c) indicate tha t  the t h e r m a l  diffusivi ty of r e s in -bonded  r e f r a c t o r i e s  
p a s s e s  through a c h a r a c t e r i s t i c  drop within the 200-1000~ t e m p e r a t u r e  range ,  while at higher  t e m p e r a -  
t u re s  it r e m a i n s  a l m o s t  constant .  The var ia t ion  in the t he rma l  diffusivi ty  of f r e sh ly  molded spec imens  
does not exceed 20-30%. The t he rm a l  diffusivi ty  of coked and heat  t r ea t ed  r e f r a c t o r i e s  is much more  
s t eep ly  t empe ra tu r e -dependen t .  The drop in the t h e r m a l  diffusivi ty at low and modera t e  t e m p e r a t u r e s  is ,  
evidently,  re la ted  to the phonon mechan i sm of heat  conduction in the component  ca lc ium and magnes ium 
oxides.  

We will now cons ide r  the effect  of ce r ta in  phys icochemica l  p r o c e s s e s  which occur  during the heat ing 
of r e s in -bonded  r e f r a c t o r i e s  on the t e m p e r a t u r e  c h a r a c t e r i s t i c s  of the i r  t h e r m a l  diffusivi ty.  According 
to a spec ia l  t h e r m o g r a p h i e  ana lys i s  of t a r ,  its decomposi t ion  in an iner t  a t m o s p h e r e  within the 200-400~ 
t e m p e r a t u r e  range  has a prolonged endothermal  effect  not capable  of causing sha rp  changes in the t rend  
of the a(t) c h a r a c t e r i s t i c .  Instead,  this effect  causes  the a(t) cu rve  to shif t  (downward) within the 200- 
400~ range  (Fig. 1). 

It  is well  known that  in r e s in -bonded  r e f r a c t o r i e s  the re  fo rms  an admix ture  of ca lc ium hydroxide ,  
which becomes  dehydra ted  at  550~ This  is the t e m p e r a t u r e  at  which the monotonici ty  of the a(t) c h a r -  

a c t e r i s t i c  of  f r e sh ly  molded and heat  t r ea t ed  r e f r a c t o r i e s  b reaks  (Fig. la ) .  In r e s in -bonded  dolomite  
- m a g n e s i t e  r e f r a c t o r i e s  this effect  is v e r y  weak (Fig. l e ) ,  while in r e s in -bonded  magnes i t e  r e f r a c t o r i e s  
it  does not appea r  a t  al l  (Fig.  lb) .  
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T A B L E  3. Modes  o f  Hea t  T r e a t m e n t  and  Coking  

I  ea g_  eatme   .[• c0 _g 
Time, h Itemperature, _ I. C moae ~eml~rature, i. C mode 

200 
400 
400 
400 
400 
350 
300 
250 
200 

200 
Hold 500 

. 800 

. 800 
- 800 

Cool 600 
._~ 500 
�9 450 
7 400 

Hold 

Cool 
n 

t 

T A B L E  4.  C o m p o s i t i o n  and P r o p e r t i e s  of  S p e c i m e n s  

Substantial and fractional content of batch,% 

roasted magnesite roasted dolomite 

52 13 35 
50 15 35 
28 7 65 
40 I0 50 
40 ,0 o 
40 IO 
15 20 
50 15 
_ _ ~ 

i - -  50 40 
40 

v 

10 50 
10 50 

5,5 2,79 
5,5 
5,3 2,76 
5,3 2,85 
5,3 
5,3 
5,5 2~0 
5,5 2,68 
5,5 2,74 
5,5 
8,5 250 
6,0 2,70 

Prope.~ties of test speeimem 

RDc 

11 
12 RM 

apparent density, 
g/era 3 ~. 

2,68_ 2 ;412'252.80 
2,65 --  2,17 
2,74 2, 17 
2";6 2 ;4  2,66 

2,0l 
2,68 2,18 
2,56 2,10 
2,61 2,00 
278 2;7 4,103,50 
2 59 2,20 

*IL resin, c, coked; D, dolomite; M, magnesite; h, heat treated. 

T A B L E  5. C h e m i c a l  C o m p o s i t i o n  of  S , e c i m e n s  % 

I I ] 

1,40 

0,97 

1,13 

2,55 
2,33 

2,42 

l~sin -bonded magnesite 90,30 1,75 
I~e~in -bonded dolomite 
-magnesite (batch No. 7) 71,57 ] 20,07 L 1,81 

4,3 
3 

I t  is to  b e  n o t e d  tha t  an a n a l o g o u s  ( e n d o t h e r m a l )  e f f ec t  a t  900~ m a y  be  r e l a t e d  to  the  d e c o m p o s i t i o n  
of  c a l c i u m  c a r b o n a t e .  The  e f f e c t  of  CaCO~ d e c o m p o s i t i o n  is  m o s t  p r o n o u n c e d  in h e a t  t r e a t e d  r e s i n - b o n d e d  
d o l o m i t e  r e f r a c t o r i e s ,  w h i l e  it  i s  a l m o s t  a b s e n t  in e o k e d  s p e c i m e n s .  E v i d e n t l y ,  d u r i n g  h e a t  t r e a t m e n t  a t  
400*(3 t h e r e  f o r m s  a c e r t a i n  a m o u n t  o f  CaCO~ [1]. 

W i t h  r e s p e c t  to  t h e i r  t e m p e r a t u r e  c h a r a c t e r i s t i c s ,  h e a t  t r e a t e d  r e s i n - b o n d e d  d o l o m i t e  r e f r a c t o r i e s  
a r e  s i m i l a r  to  f r e s h l y  m o l d e d  o n e s .  F o r  e x a m p l e ,  t he  m o n o t o n i c i t y  of  t h e i r  a ( t )  c u r v e s  b r e a k s  a t  500 and  
a t  900~ The t r e n d  of t h i s  c u r v e  for  h e a t  t r e a t e d  r e s i n - b o n d e d  m a g n e s i t e  r e f r a c t o r i e s  is  s i m i l a r  to  t ha t  
of  coked  o n e s .  

N o t e w o r t h y  is the  r a t h e r  s i g n i f i c a n t l y  h i g h e r  t h e r m a l  d i f f u s i v i t y  of coked  and h e a t  t r e a t e d  r e f r a c -  
t o r i e s  a b o v e  t h a t  of  f r e s h l y  m o l d e d  o n e s ,  of ten 50-100% h i g h e r .  A c c o r d i n g  to  F ig .  l a ,  b the  t h e r m a l  d i f -  
f u s i v i t y  of  h e a t  t r e a t e d  s p e c i m e n s  is  s i m i l a r  to  t ha t  of  c o k e d  o n e s ,  o r  is i n t e r m e d i a t e  b e t w e e n  the  l a t t e r  
and  tha t  of  f r e s h l y  m o l d e d  o n e s .  

T h i s  change  in t h e  t h e r m a l  d i f f u s i v i t y  ( t h e r m a l  conduc t iv i ty )  of  r e s i n - b o n d e d  r e f r a c t o r i e s  d u r i n g  
h e a t  t r e a t m e n t  can  be  e x p l a i n e d  on the  b a s i s  of  t he  fo l lowing  a n a l y s i s .  L e t  us  r e p r e s e n t  the  t h e r m a l  m o d e l  
of  a c e r a m i c  b y  a s e r i e s  c i r c u i t  of  t h e r m a l  r e s i s t a n c e s :  t he  r e s i s t a n c e  o f  r e s i n  (o r  t h e  coke  r e s i d u e )  and  
the  r e s i s t a n c e  of  p o r o u s  d o l o m i t e  g r a i n s  (F ig .  2a).  The  e f f ec t i ve  t h e r m a l  c o n d u c t i v i t y  of  such  a s y s t e m  can  
be c a l c u l a t e d  a c c o r d i n g  to  t h e  DulTnev f o r m u l a  [11]: 
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Fig. 1. Thermal  d i f fus iv i tya  (m2/sec) 
of res in-bonded  r e f r a c t o r i e s :  a) dolo-  
mite; b) magnes[te;  c) dolomite 
- m a g n e s i t e  [solid l ines) f resh ly  molded 
specimens;  dashed-dot ted lines) heat  
t r ea t ed  specimens;  dashed lines) coked 
spee imens] ,  as a function of the t e m -  
pe ra tu re  t (~ 

I ~ ~bin~ ide . 

~o12 I I Rbi-nd-" ~bind 

-~i~~ i~ ~I~ ~oxide 
~oxide o' P'skel:X-oxid e 

,r162 1 

a b c 

Fig. 2. a, b) Thermal  model; c) equivalent c i rcu i t  d ia-  
g ram of a res in-bonded ceramic :  1) unit cell; 2) pore;  3) 
r es in. 

~" = ~skel f (P, v). 

The foIlowing express ion  (Fig. ~.b, c) can be re l i ab ly  used for the the rma l  r e s i s t ance  of the , skele ton . 
(mater ia l  without the pores) :  

(1) 

i . e . ,  
Rskel = Rbind@ ]?oxide' 

__ 6 bind_~_ ~oxide (2) 

~'skel )~ bind %oxide 

F r o m  this we have 

1 
~ skel - 1 6bind4_ ' _ _ l  6oxide ' (31 

~bind 6 )~oxide 6 

with Xskel , Xoxide, kbind denoting, r espec t ive ly ,  the the rmal  conductivity of the solid phase ("skeleton") ,  
the component oxides (CaO and MgO), and of the binding res in;  5, 5oxide, 5bind denoting thei r  respec t ive  
th icknesses  in a trait cell  and propor t ional  to the i r  volume concentrat ions;  and f(p,  v) calculated by the 
Dul 'nev formula  [11]. 

Since the res in  concentrat ion is smal l ,  hence 6 = 5oxid e. Then 

loxide (4) 
~'skel = ~oxide_6Mnd i§ 

~-bind 6 

The thermal conductivities of MgO and CaO do not differ by more than a factor of 5.0 [12], and their ef- 
fective thermal conductivity can be calculated according to the formula in [13]: 

;~"f~o )"MgO. (5) 
~'skel = cao -~ ~mgo, 
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TABLE 6. Relat ive Thermal  Diffusiv-  
i ty a(b,  t ) / a ske i ( t )  as a Function of 
the Heating Rate  

bs 

deg/min 

1 

3O 

400 

0,81 
0,54 

t ,~  

800 

1,0 
0,76 

1600 

1,0 
0,95 

with n c a  O and nMg O denoting the volume concentra t ions  of 
these  oxides in the skeleton.  The final formula  for  the ef -  
fect ive the rmal  conductivity of res in-bonded r e f r a c t o r i e s  be-  
comes  thus 

~ncao nMgo 
c~o ~'Mgo f (P, v) 

~ =  ~nc~o ~nMg o (6) 
I + -cm -MgO fibind 

~bind 5 

We will specify  values of the various p a r a m e t e r s  at 200~ The the rmal  conductivity of the com-  
ponent oxides with a ze ro  poros i ty  is ~CaO = 10 W / m  .deg and ~MgO = 28 W / m  "deg [12]. On the a s sump-  
t ion that the volume concentrat ions of both oxides a r e  equal, formula  I5) yields Xoxid e = 17 W / m  .deg.  
According to the data in [14], the the rma l  conductivity of t a r  is 0.~4 W / m  .deg.  Since t a r  is p r e s sed  into 
the pores  during the molding p roce s s ,  hence 5bind is a lmos t  equal to the height of the granular  m i c r o -  
asper i t i es .  L e t  5bind/5oxid e ~ 0.01. Then formula  (4) yields ~skel = 7.7 W / m . d e g .  The poros i ty  of 
coked and of  f resh ly  molded specimens  may be assumed  the same and equal to ~14%. 

Finally,  the effect ive conductivity of f resh ly  molded specimens  is 

: 7.7.0.62 = 4.8 W/re. deg. 

�9 accord ing  to formula  (1). 

In coked r e f r a c t o r i e s  the binder  const i tutes porous graphi te .  Its thermal  conductivity at 50-60% 
poros i ty  may become as low as 5-10 W / m .  deg [15]. Never the les s ,  es t imates  have shown that in this 
case  ?~skel = 13-15 W / m .  deg, i .e . ,  its t he rma l  conductivity is c lose to that of the oxides ?~oxide. Then 

~ =  15.0.62 = 9 3  W/m'deg. 

These  es t imates  show that the the rmal  conductivity of f resh ly  molded r e f r ac to r i e s  is much lower 
than that of coked ones.  This ag rees  with t es t  data. 

It has also been shown that a change in the the rmal  conductivity and in the the rmal  diffusivity of 
specimens  as a r e su l t  of heat  t r ea tmen t  is assoc ia ted  with the formation of a graphi te- l ike  binder at the 
contact  between gra ins :  in heat  t r ea ted  specimens  the formation of binder  is not yet  complete ,  whUe in 
coked specimens  it is a l ready  complete .  

One purpose  of this study was to detect  a re la t ion  between the the rma l  diffusivity and the fract ional  
distr ibution (Table 4). The f ine- f rac t ion  content was var ied over  the 35-65% range.  No such re la t ion could 
be establ ished.  The total sp read  of averaged  and smoothed the rma l  diffusivity curves  is indicated in Fig. 
1. The tope r  l imi t  of this sp read  cor responds  to 65% fine fract ion and its lower  l imi t  cor responds  to 50% 
fine fract ion.  Within this band l ie  the data for  specimens  with 35% fine fract ion.  The total spread  of curves  
does not exceed 20-25%. 

In Fig. 3 we compare  the the rmal  diffusivity of specimens  with the same fract ional  composit ion 
but d i f ferent  substantial  composit ion.  Among the f r e sh ly  molded specimens with a low f ine-fract ion content 
(Fig. 3a), the thermal  diffusivity of res in-bonded magnesi te  r e f r ac to r i e s  is highest.  This is, evidently,  
re la ted  to the high content of c o a r s e - f r a c t i o n  magnesi te ,  whose thermal  conductivity is higher than that of 
dolomite.  Among f resh ly  molded specimens  of the same composit ions but with a higher  f ine-fract ion con- 
tent  (Fig. 3b), the the rmal  diffusivity of res in-bonded dolomite,  magnesi te ,  and d o l o m i t e - m a g n e s i t e  r e -  
f r ac to r i e s  is a lmos t  the same.  This can be explained by the la rge  contribution of the contact  r e s i s t ance  
between fine par t i c les  to the total t he rma l  r e s i s t ance ,  ,overshadowing" the effect  of the thermal  con-  
ductivi t ies of the component mate r i a l s .  

As has been shown here ,  the the rmal  r e s i s t ance  of in te rgranu la r  contact is lower in coked than in 
f resh ly  molded spec imens .  The the rma l  diffusivity of coked r e f r a c t o r i e s  is de termined mainly by the 
p roper t i e s  of the component oxides and, t he re fo re ,  the curve for  res in-bonded magnesite  specimens l ies 
far  above the curve  for res in-bonded  dolomite spec imens ,  r ega rd l e s s  of the fractional  composition (Fig. 
3c). The d i f ference  dec rea se s  at  higher  t empera tu re s .  This agrees  with the differences between the t h e r -  
mal conductivi t ies of the component oxides [12] : 

t = 200 ~ ~,Mgo ---- 28 W/m. deg, ;~CaO = 10 W/rn. deg; 

t=600~ ~.go= 12 W/m.deg, ~,cao----- 7 W/m.deg; 

t = 1600~ ~,~go ~ 7 W/rn.deg, XcaO ~ 7,8 W/m.d~g. 
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Fig. 3. The rma l  diffusivity a (m2/see) of res in-bonded r e f r a c t o r i e s  with various 
f ine-f rac t ion contents,  as a function of the t empera tu re  t (~ a) f resh ly  molded 
with 35% fine fraction; b) f r e sh ly  molded with 65% fine fraction; c) coked with 
35% and with 65% fine fraction; 1) magnesite;  2) dolomite; 3) d o l o m i t e - m a g n e s g e .  

Fig. 4. The rma l  conductivity X ( W / m .  deg) of res in-bonded r e f r a c t o r i e s ,  as a 
function of the t empera tu re  t (~ a) dolomite; b) magnesi te;  c) d o l o m i t e - m a g -  
nesi te :  1) t e s t  curves;  2) data f rom [4]; 3) data f rom [3]; 4) data f rom [5]; 5) data 
obtained by the s tandard method of de termining the thermal  conductivity [solid 
lines) f resh ly  molded specimens;  dashed lines) coked specimens] .  

In o rde r  to study the effect  which the amount of res in  binder  has on the thermal  diffusivity,  we 
p repa red  res in-bonded magnesi te  specimens  with the res in  content varying f rom 6 to 8.5%. According 
to measu remen t s ,  the thermal  diffusivity remains  a lmost  independent of the res in  content within the tes t  
range.  This has apparent ly  to do w ith the ea r l i e r  hypothesis  that the amount  and the p roper t i e s  of res in  
at  the in te rgranular  contacts ,  r a the r  than of the res in  in the pores ,  affect  the the rmal  conductivity and the 
the rma l  diffusivity mostly.  

As has been mentioned ea r l i e r ,  the effect ive thermophys ica l  p roper t i e s  of mate r ia l s  undergoing 
physicochemical  t rans format ions  depend not only on the composition and the s t ruc tu re  but also on the mode 
of t e m pe r a tu r e  variat ion.  It was of in te res t ,  t he re fo re ,  to es t imate  how the effective thermophysica l  p rop -  
e r t i e s  of the t es t  mate r ia l s  depend on the heating ra te  in the rma l  diffusivity measurement s .  Such an es t i -  
mate could be made on the basis of avai lable  tes t  data. 

The apparatus for measur ing t h e t h e r m a l  diffusivity of res in-bonded r e f r a c t o r i e s  had not been de-  
signed for  low heating ra tes  and, t he re fo re ,  all tes ts  were  pe r fo rmed  at a ra te  of ~30 d e g / m i n .  The val -  
ues o fa ( t )  for low ra tes  were  then obtained in the following manner.  F i r s t  the specimens  were  heat t r ea ted  
(up to 400~ or  coked (up to 800~ at heating ra tes  of 1-2 d eg /m in .  Then the the rmal  diffusivity of these 
specimens  was measured  at 400 and 800~ respec t ive ly ,  a f te r  fast  heating. One could evidently assume 
that the specimen composit ion and s t ruc tu re  had remained a lmost  without change during the fast  second 
heating to the p re l imina ry  heat  t r ea tmen t  t empera tu re .  Moreover ,  the values of the t h e r m a l  diffusivity 
could be r e f e r r e d  to heating ra tes  of the o rde r  of 1-2 d eg /m in .  The tes ts  have also shown that the ra t io  
a(b, t ) / a ske l ( t )  (a(b, t) denoting the the rma l  diffusivity of f resh ly  molded specimens  when heated to t e m -  
pera t t t re  t at the ra te  of b deg /min ;  and askel( t)  denoting the the rmal  diffusivity of eoked specimens of the 
same mater ia l )  does not  depend on the substantial  composit ion of specimens  but, essent ia l ly ,  on the t h e r -  
mal h i s to ry  of such specimens .  The t es t  data obtained he re  and shown in Table 6 indicate the c h a r a c t e r -  
is t ic  dependence of the the rmal  diffusivity on the heating ra te .  The values h e r e  r e p r e s e n t  averages  of 
10-20 readings.  The maximum deviation f rom these values did not exceed 5-10%, r ega rd l e s s  of the com-  
position of specimens.  
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TABLE 7. Specific Heat of Resin-Bonded Refractories ,  J / k g .  deg 

Spedmen 

Resin-bonded dolomite 

Resin-bonded dolomite 
-magnesite 

ResinTl~-0nded magnesite 

200 400 

876 .936 

1038 l l l l  
1080 1158 

600 

1006 

1169 
1201 

t, ~ 

800 1000 

1073 1140 

1199 1237 
1253 1295 

1200 1400 

1207 1273 

1273 1308 
1335 1374 

1600 

1341 

134~ 

1412 

As has been mentioned ear l ier ,  the thermal diffusivity of resin-bonded ref rac tor ies  was never  mea- 
sured direct ly before.  In order  to compare the test  data with published values, we converted the thermal 
diffusivity into thermal conductivity. The necessary  values of the specific heat were obtained experimen- 
tal ly by the mixing method for resin-bonded dolomite refractor ies ;  for resin-bonded dolomite-magnesi te  
and magnesite re f rac tor ies  they were calculated according to the additive law on the basis of the chemical 
composition of the specimens, as given in Table 5 (the specific heat of component oxides was taken from 
the handbook [16]). The values of the specific heat are  listed in Table 7. 

In the compilation we have included data for ref rac tor ies  with compositions close to those of indu- 
s tr ial  grades (items 4, 7, 9 in Table 4). 

Values calculated from our test  data and those published in the technical l i terature  are  compared 
in Fig. 4a, b, c. The graphs indicate that our test  results lie within the same limits as in [3-5] and with- 
in  the same limits as results obtained by the standard method. 
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