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Heat  capaci ty  is  one of the mos t  impor tan t  the rmophys ica l  p a r a m e t e r s  of const ruct ion m a t e r i a l s .  
The heat capaci ty  of industr ia l  r e f r a c t o r i e s  has  not been the subject  of much r e s e a r c h  until now. The 
data  given in the va r ious  r e f e r e n c e  manuals  differ  cons iderably  and in some c a s e s  are  repeated  without an 
indication of a l i t e r a t u r e  source  f rom which the prec is ion  of de terminat ion  can be checked.  Judging by 
some of the l i t e r a tu r e  r e f e r e n c e s ,  the heat  capaci ty  m e a s u r e m e n t s  on r e f r a c t o r i e s  were  c a r r i e d  out with 
in fe r io r  c a l o r i m e t e r s .  Informat ion  on the relat ion between the heat  capaci ty  and the t e m p e r a t u r e  is scant  
and on the h i g h - t e m p e r a t u r e  heat  capaci ty  of r e f r a c t o r i e s  a lmos t  comple te ly  absent.  

A systemat-[c invest igat ion of the enthalpy and heat capaci ty  of industr ia l  r e f r a c t o r i e s  at high t e m -  
p e r a t u r e s  has been launched at the All-Union Insti tute of Re f rac to r i e s .  It was intended f i r s t  to study the 
r e f r a c t o r i e s  which a re  used in p e a k - t e m p e r a t u r e  industr ia l  fu rnaces ,  viz. ,  magnes i te ,  c h r o m e - - m a g ~ e s i t e ,  
t a r -bonded  dolomite ,  h igh-a lumina ,  and dinas r e f r a c t o r i e s .  

The invest igat ion was c a r r i e d  out with the c o m m e r c i a l - g r a d e  r e f r a c t o r i e s  produced by the l a r g e s t  
r e f r a c t o r i e s  plants .  The select ion of r ep re sen ta t i ve  types of m a s s - p r o d u c e d  r e f r a c t o r i e s  was based  on 
State Standards  o r  on the Technical  Specif icat ions.  The chemica l  composi t ion of these products  is given 
in Table  1. 

The invest igat ion was c a r r i e d  out on h i g h - t e m p e r a t u r e  c a l o r i m e t r y  appara tus  designed at the Al l -  
Union Insti tute of R e f r a c t o r i e s  and intended for  erlthalpy m e a s u r e m e n t s  on solids at t e m p e r a t u r e s  of 

TABLE 1. The Chemical Composition of the Inves t iga ted  R e f r a c -  
to r ie  s 

type 

Magnesite 
Spinel-bonded 

magnesite 

Periclase-spinel 

Chrome-magnesite 
C~ome-ma~mesite 

tot converters 
Tar-bonded dolmite 

for converters 

High-alumina 

Dinas for coke ovens 

Product 
designa- tnormtng 
tion I document 

I GOST 
M-91 ] 4689--63 

IMRTU 
MGSh ~ 14-06-26--63 

GOST 
PShSO I0 828--64 

GOST 
KhM 5381---50 

TU/U SSR 

KK. GOST14"6"276--67 

DV-8 10381--63 
GOST 

8025--56 

MgO 

92,70 2,40 

87,80 2,70] 

62,28 2,68 

56,60 2,26 

57,21 [ 2,82 

i36 42154 71b 
-01 0,771 
- ! 2 , s81  

Oxides content, o/f 
I 

CaO CFjO, [ AltOs Si02 

- -  0,70 2,60 

4,40 2,90 

21,42 4,61 3,44 

22,14 4,87 4,50 

22,83 5,38 4,80 

1,43 1 2,60 

65,72 3~3,7 

1,00 94,05 

Fe20s 

1 , 4 0  

1 ,90  

6,03 

9,64 

7,23 

! ,94 

0,91 

1 ,32  

R~O 

u 

0,20 

0,19 

0,29 

0,27 

*Contains 1.36% TiC 2. 
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Fig. 2 
Fig. 1. The in terpola ted  mean heat  capaci ty  of magnes i te  r e f r a c t o r i e s  
com pa red  with published data: - - )  exper imenta l  curve ,  - - - - )  in terpola ted  
curve ,  �9 [3], •  [8], A) [10], +) [11], []) [12], ") [4]. 

Fig. 2. The in terpola ted  mean heat  capaci ty  of dinas r e f r a c t o r i e s  c o m -  
pared  with published data: ) exper imenta l  cu rve ,  - - - - )  in terpola ted  
cu rve ,  �9 [3], • [9], A) [10], +) [11], [3) [12], m) [4]. 

1300-2500~K. The design is  s i m i l a r  to those desc r ibed  by Chekhovskii et  al. [1] and Sheindlin et al. [2]. The 
enthalpy is de te rmined  on this appara tus  by a combinat ion method with the la rge  i so the rmic  c a l o r i m e t e r  
used in the d ia thermal  method of t e m p e r a t u r e  m e a s u r e m e n t .  

The appara tus  cons i s t s  of a h i gh - t empe ra tu r e  graphi te  furnace ,  a c a l o r i m e t r y  sys t em,  and a power 
pack (two regulat ing t r a n s f o r m e r s ,  viz . ,  an AOSK-40 and an OSU-80) with control  panel and h igh-prec i s ion  
m e a s u r i n g  ins t ruments .  

The cyl indr ica l  spec imens  23-25 m m  in d i ame te r  and 18-21 m m  in height were  se t  up in the cy l indr i -  
cal  graphi te  furnace.  The l a t t e r  was evacuated and the spec imens  were  heated in an argon a tmosphe re .  
The t e m p e r a t u r e  in the cen te r  of the spec imens  was m e a s u r e d  with VR 5/20 thermooouples  o r  with an 
opt ical  p y r o m e t e r .  

The c a l o r i m e t e r  was ca l ib ra ted  by the d i rec t  method of inducing a known quantity of  heat with an 
e lec t r i c  cu r ren t .  The ca l ibra t ion  prec is ion  was checked by m e a s u r i n g  the enthalpy of corundum as r e f e r e n c e  
s tandard.  

The theore t ica l  e r r o r  of the enthalpy m e a s u r e m e n t s  de te rmined  as the r m s  of the max imum in -  
s t rumen t  e r r o r s  was about 1.5%. 

Until recent ly ,  the t e m p e r a t u r e  dependence of the heat capaci ty  of  r e f r a c t o r i e s  was e x p r e s s e d  in the 
f o r m  of a f i r s t - o r d e r  [3, p. 332] o r  s e c o n d - o r d e r  [4, p. 457] polynomial .  This  approximat ion was just if ied 
by the fact  that  the m e a s u r e m e n t s  were  c o n d u c t e d  ove r  a compara t ive ly  na r row t e m p e r a t u r e  range (800- 
1300~ Subsequently it was es tab l i shed  that  the t e m p e r a t u r e  dependence of the enthalpy and heat  capaci ty  
of  solids ove r  an extensive t e m p e r a t u r e  range,  viz. ,  f r om room t e m p e r a t u r e  to mel t ing point, can be 
desc r ibed  by the following equations:  

C 
A H = H r  --H2,s=aq-bT~q---2-- + d, (1) 

d (AH) c 
Cv= aT = a  + 2bT ~ - ,  (2) 

where  AH is the var ia t ion of the enthalpy of a substance being heated f r o m  s tandard  t e m p e r a t u r e  (T = 298) 
to a given t e m p e r a t u r e  T [5, p. 19], kca l / kg  o r  kJ /kg ;  Cp is the t rue heat  capaci ty  of the substance ,  k e a l /  
(kg. ~ o r  k J / ( k g .  ~ 

Equation (2) is a good descr ip t ion  of the t e m p e r a t u r e  dependence of Cp, it is  nea r  l inea r  at high t e m -  
p e r a t u r e s ,  and ag rees  with exper imen ta l  data.  At medium t e m p e r a t u r e s  the function is cu rv i l i nea r  because  
the value of the third t e r m  cT -2 i n c r e a s e s  which again a g r e e s  with exper imenta l  findings. 

The p re sen t  w r i t e r s  evaluated exper imenta l  enthalpy data  for  1300-2200~ based on the heat  capaci ty  
at r oom t e m p e r a t u r e  (Cp298 } bear ing  in mind that the resul t ing  functions can be used for  in terpola t ing  ex -  
pe r imen ta l  data  in the m e d i u m - t e m p e r a t u r e  range (298-1300~ The quantity Cp2s8 of the m a t e r i a l s  con -  
cerned was de te rmined  on the R K - I  ins t rument  developed at the Leningrad Insti tute of Optical  Mechanics .  
The e r r o r  of measurem_ent was 3-7%. 

This  method has been used ex tens ive ly  for  der iv ing the equations of  the heat  capaci ty  of solid m a -  
t e r i a l s  [6, pp. 144-145]. The re  is a combined graphic and analyt ical  method of evaluat ing data for  H T -  
H298 with account taken of Cp298 [7, pp. 35-37] but it  is not p r ec i s e  enough and difficult  to use.  
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TABLE 2. The Coeff icients  of T e m p e r a t u r e - D e p e n d e n c e  Equations 
(1) and (2) 

Desigaation of 
product 

M-91 

MGSh 

PShSO 

KhM 

KK 

Tern p. range, 
~ 

1300--2200 

1300--2200 

1300--2200 

1300--2200 

0,2448 
1,0249 
0,2175 
0,9106 

0,1756 
0,7352 
0,1203 
0,5037 

Coefficients * 

b - l O  l c 

2,866 3716,6 
11,999 15561 
3,913 2030,1 

16,383 8499,6 

5,101 356,85 
21,357 1494,1 
7,177 --2301,9 

30,049 --9637,6 

--87,958 
--368,26 
~75,114 
--314,49 

~58,061 
--243,09 
--34,499 
~144,44 

Tar -bonded dolomite 

DV 

Dinas for coke ovens 

1300--2200 

1300--2200 

1300--2050 

1300--1950 

0,1378 
0,5769 
0,158I 
0,6619 

0,1865 
0,7808 

0,2567 
1,075 

6,414 
26,854 
4,302 
18,01 

5,060 
21,185 

1,198 
5,016 

--971,85 --43,508 
--4068,9 ~182,16 
--996,41 --47,602 
--4171,8 --199,3 

3964,2 

7533,97 
31543,2 

--73,368 
--307,18 

~102,84 
--430,58 

*The coefficients for determining HT - Hz9 s in kcal/kg and Cp in kcal/(kg. ~ in the 
numerator, in kJ/kg and t0/(kg.~ in the denominator. 

The method of l e a s t  squa re s  fo r  approx imat ing  Eq. (1) g ives  more  p r e c i s e  and reproduc ib le  r e s u l t s  
when the fol lowing addi t ional  condi t ions  a re  in t roduced:  

a( ml 
H29 s = 0; ~ [ r = 2 9 S  = Cp~,.. 

The min imum of the sum of the squa r e s  of the devia t ions  is  then de t e rmined  by the Lagrangian m e -  
thod of i nde t e rmina t e  m u l t i p l i e r s .  The a lgo r i thm was set  up in the "Odra- -Atgo l"  language and the c a l -  
cu la t ions  were  c a r r i e d  out on an "Odra-1204"  compute r .  

The coef f ic ien t s  HT--tt298 and the t rue  heat  capac i ty  Cp in the equations of the t e m p e r a t u r e  dependence 
of the eqthalpy of the r e f r a c t o r i e s  concerned  were  obtained by p rocess ing*  the expe r imen ta l  da ta  in Table  
2. 

The r m s  deviat ion of the individual  m e a s u r e d  en tha lp ies  f rom the approx imat ing  function was 1.32% 
for  M-91,  1.51% for  KhM, and 1.69% fo r  dinas .  

F o r  functions de r ived  in the f o r m  HT--H298 = f(T} f rom expe r imen ta l  data  ove r  a h i g h - t e m p e r a t u r e  
range with account taken of Cp2~8 , a l im i t ed  in te rpola t ion  in the range of medium t e m p e r a t u r e s  is  p e r m i s -  
s ib le .  This  is  con f i rmed  by da ta  r e l a t i ng  to the mean heat  capac i ty  

Cp= HT--H~T-- 298 kcal/(kg .degK) 

of magnes i t e  and dinas  r e f r a c t o r i e s  (F igs .  1 and 2). 
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