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In o r d e r  to boost  the product iv i ty  of coke ovens, i t  is  impor t an t  to i n c r e a s e  the t h e r m a l  conductivi ty of 
the p i e r  ( separa t ing  wail), which i s  made  of dinas.  Two approaches  a r e  known for solving this  p roblem.  In 
some c a s e s  [1, 2] we t ry  to i n c r e a s e  the apparen t  densi ty  of the r e f r a c t o r i e s  to ! .9 g /cm 3 and more  with an 
open po ros i ty  of about 18%; and in o thers  [3-6] we use addi t ives  main ly  of va r ious  me ta l  oxides.  It was 
p rev ious ly  shown [7] that  with a reduct ion  of 5-7% in the open po ros i t y  of dinas goods made by the P e r v o u r a l s k  
and Kra snogo rovsk  f ac to r i e s ,  we should expect  a s t a t i s t i c a l  i n c r e a s e  in the i r  conduct ivi ty of 15-25%. The 
p r e s e n t  p a p e r  g ives  the r e s u l t s  of s tudies  of the effect  of addi t ives  on the t h e r m a l  conductivity of dinas.  

M e a s u r e m e n t s  were  made on l a b o r a t o r y  spec imens  of two s e r i e s  made on the bas i s  of product ion batch 
f rom the Kra snogo rovsk  fac tory .  In the spec imens  of the f i r s t  s e r i e s  toge ther  with l i m e - - i r o n  s l ip  we in-  
c o r p o r a t e d  addi t ions of ammonium molybda te ,  copper  sulfate ,  f inely d i s p e r s e d  powdered  i ron,  * and t i tanium. 
The spec imens  were p r e s s e d  at 80 MPa,  and f i red  in a c ha m be r  furnace at 1400~ with a soak of 50 h. We 
p r e p a r e d  two iden t ica l  batches ,  one of which was f i red  in a carbon  fi l l ing.  The composi t ion  and p r o p e r t i e s  
of the f i r s t  batch a r e  shown in Table  1. 

The second s e r i e s  was p r e p a r e d  to solve the p r ob l e m  of i nc reas ing  the s t rength  of f r e sh ly  p r e p a r e d  
a r t i c l e s .  At the same t ime,  we checked the poss ib i l i t y  of i nc rea s ing  the i r  t h e r m a l  conduct ivi ty ,  for  which, 
in addition to addi t ives  made  to s t rengthen the s i l i ceous  g reen  br ick ,  we added, in acco rdance  with r e c o m -  
mendat ions  s ta ted  in [3-5] var ious  oxides (NiO, CuO, TiO 2, FeyO3). The composi t ion  and p r o p e r t i e s  of the 
second s e r i e s  a r e  shown in Table 2. 

The t h e r m a l  conduct ivi ty was m e a s u r e d ~  by the cy l inder  method [8]. The equipment  e r r o r  was �9 l(YTo. 
The r e s u l t s  for  the t e m p e r a t u r e  r e l a t ionsh ip  with conduct ivi ty  for  the f i r s t  s e r i e s  a re  shown in Fig.  1. F o r  
convenience,  the smoothed-ou t  va lues  for k a r e  shown in Table  3. The concent ra t ion  of i m p u r i t i e s  did not 

* In this  case  the batch was wetted only with l ime  slip.  
~With  the pa r t i c ipa t ion  of D. B. Glushkova,  M. L. Li tvin,  and T. A. Pozdnyakova.  

TABLE 1. P o r o s i t y  and Densi ty of Dinas Spec imens  in F i r s t  Se r i e s  

Specimen Additive 
No. 

I 
2 NO (NH4) a 

3 CuS04 

4 Fe 

5 Ti 

, u  

Amount 
of ad- 
.. Iopen ait ive,  I " ._ 

- -  I 19,6 
1 22,9 
3 20,6 
1 24,1 
3 22,9 
I 17,6 
3 17,6 
1 1 8 , 6  
3 21,9 
5 19,6 

Properties of specimens fired 
inaU _ _  in__ __carbo___nn ~ g  

de ity, I a y, open a parent e "t 
porosity, density, i 

density, g /cm~ % g /cm3 1 g / c m  
g / c m  3 

1,85 2,40 2 ,3 
1,86 2,34 20,5 1,9I 2,41 
1,80 2,37 21,6 1,89 ~,4' 
1,83 2,37 24,6 1,78 2,36 
1,94 2,35 20,0 1,94 2,42 
1,94 2,35 19,7 1,93 2,40 
1,93 2,37 19,4 1,97 2,44 
1,88 2,41 19,1 1,93 2,38 
1,90 2,36 20,5 1,89 2,38 

* H~re and subsequent ly  ind ica t e s  weight p ropor t ions .  

Ukrain ian  S c i e n t i f i c - R e s e a r c h  Inst i tute  of R e f r a c t o r i e s .  T r a n s l a t e d  f rom Ogneupory,  No. 10, pp. 16- 
21, October ,  1981. 
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Fig. 1, Tempera tu re  relationship of thermal  conductivity h of 
specimens of f i rs t  se r ies  dinas, fired in air  (a) and in carbon 
filling (b): 2-5) numbers  of specimens (see Table 1); e) 17o ad- 
ditive; +) 370; �9 5%, ver t ical  sections --  deviation + 10%. 

affect the conductivity, within the l imits  of experimental  e r r o r ;  the exception were specimens containing 
Mo(NH4)3 whose thermal  conductivity with a r ise  in the amount of additive from 1 to 370 increased  by 20-40% 
(depending on the tempera ture  and a tmosphere  of firing). 

The conductivity of the specimens increased  l inearly with r i se  in t empera ture ,  with the exception of X 
for composit ions containing CuSO 4 and Ti after firing in the reducing conditions. These mate r i a l s  had a sharper  
t empera ture  dependence, approximating to a square function. 

Reduction firing had a significant effect only on the composi t ions containing Fe impuri t ies .  Fir ing in the 
carbon reduced the conductivity of these specimens by 35% at 600~ and by 25% at 1200~ In the specimens 
containing Mo(NH4) 3 after  reduction firing the conductivity was somewhat reduced (by ~ 15% at high 

TABLE 2. Poros i ty  and Density of 
Second-Series  Dinas 

Amount ofaddltiw,% Open 
Densi poro- 

CaO H~PO r , N .o airy, g/cm 
% 

I 5 18,4 2,39 
2 3 - 5 1 - u  22,2 2.36 

2 .9 2,3  

7 19,42,37 
8 - -  3,5 17,8 2,40 

I 0 9 2 , 5 5 3 , 5  I I___[~ 25'42'3419,7 2,34 
l I 23, l 2,38 
12 ~ 5 22,5 2,40 
13 - -  3,5 21,8 2,39 

* To all specimens,  except Nos. 11 
and 12, we added 1% each of Fe203, 
and excep tNos .  2 and l l  and 1 2 - -  1% 
each MgO; to No. 11 we added meta l -  
lurgical  slag, to specimen No. 12 -- 
slag obtained from the production of 
f e r roch romium (3~/~ each). 
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TABLE 3. Thermal Conductivity of Dinas Specimens in First Series 

Additive 

Without additive* 11 3 -- 
M~ 

CuSO 4 1 ; 3 
Fe I" 
Ti , 3; 5 

t 

Mo (NH4)a 

CuSQ 
Fe 
Ti 

Amount of [ ~ W/(m �9 K) at temperature, ~7 
additive.% [ 600 [ 6oo I ,ooo [ i.oo I ,3oo 

Firing in air 
1,50 1,75 2,00 2,30 2,40 

1,10 1,35 1,65 1,90 2,05 
1,35 1,65 1,95 2,25 2,55 
1,35 1,50 1,80 2,15 2,40 
1,95 2,10 2,25 2,35 2,45 
1,25 1,40 1,55 1,70 1,75 

! 
3 
1;3 
l ; 3  
1;3; 5 

Firing in carbon filling 
1,00 1,20 1,40 
1,45 1,65 1,85 
1,45 1,60 1,75 
1,30 1,45 1,65 
1,50 1,50 1,65 

1,60 
2,05 
2,00 
1,80 
1,95 

1,75 
2,20 
2,20 
1,90 
2,25 

1, W / m  

1610 
1930 
1320 
1540 
1500 
1780 
1240 

'1t40 
1430 
1440 
1330 
1410 

* In n u m e r a t o r  - -  b e f o r e  s e r v i c e ;  in d e n o m i n a t o r  - -  a f t e r  s e r v i c e .  

t e m p e r a t u r e s ) ;  in s p e c i m e n s  con ta in ing  Ti ,  on the o t h e r  hand,  t h e r e  was  an i n c r e a s e  os about  the s a m e  o r d e r ;  
the  conduc t i v i t y  of s p e c i m e n s  with  a d d i t i o n s  of CuSO 4 r e m a i n e d  p r a c t i c a l l y  unchanged.  

C o m p a r e d  with s p e c i m e n s  without  the  a d d i t i v e s ,  not  one of the c o m p o s i t i o n s  s t ud i e d  showed an i n c r e a s e  
in conduc t iv i ty ,  e x c e p t  s p e c i m e n s  con ta in ing  i r o n  and f i r e d  in a i r .  Judg ing  f r o m  the a b s o l u t e  v a l u e s  of ;~, 
c e r t a i n  a d d i t i v e s  can  s i g n i f i c a n t l y  a l t e r  the  conduc t iv i t y  of d inas  at  m o d e r a t e  t e m p e r a t u r e s .  Thus ,  adding 1% 
Mo(NH4) 3 r e d u c e s  k of d inas  at  600~ to 1-1 .1  W / ( m  �9 K), and the c o n d u c t i v i t y  of  s p e c i m e n s  con ta in ing  i r o n ,  
f i r e d  in a i r ,  i s  a l m o s t  double  the  va lue .  C l e a r l y ,  such  c h a n g e s  a r e  not  connec t ed  with the conduc t iv i t y  of the  
add i t i ve  i t s e l f ,  o r  the  c o m p o u n d s  f o r m e d  on i t s  b a s i s ,  s i nce  the  m e c h a n i c a l  i m p u r i t i e s  in such  s m a l l  amoun t s  
(the v o l u m e t r i c  c o n c e n t r a t i o n  of the m e t a l  i s  8 -10  t i m e s  l e s s  than i t s  weight  concen t r a t i on )  do not m a r k e d l y  
in f luence  the t h e r m a l  c o n d u c t i v i t y  of the  c o m p o s i t e  m a t e r i a l  [9]. 

I t  i s  t y p i c a l  t ha t  the  l e s s  t h e r m a l l y  conduc t ing  s p e c i m e n s  have  the h i g h e r  t e m p e r a t u r e  coe f f i c i en t  of 
t h e r m a l  conduc t iv i ty .  Thus ,  the va lue  b in the  equa t ion  k = a + bT for  s p e c i m e n s  with Mo(NH4) 3 i s  about  2.5 
t i m e s  g r e a t e r  than  fo r  s p e c i m e n s  conta in ing  i r o n  add i t ive .  T h e r e  i s  a m a r k e d  change  with v a r i a t i o n  in t e m -  
p e r a t u r e  in the conduc t iv i t y  of s p e c i m e n s  con ta in ing  CuSO 4 and Ti  (in c a r b o n  se t t ing) .  Since d i n a s  r e f r a c t o r i e s  
in the  p i e r s  of coke  ovens  s e r v e  in the  r a n g e  1100-1400~ an i n c r e a s e  in the  t e m p e r a t u r e  c o e f f i c i e n t  fo r  
s p e c i m e n s  with  a l o w e r  a va lue  should  have  been  e qu iva l e n t  to the  t h e r m o p h y s i c a l  p r o p e r t i e s  of the  m a t e r i a l s  
be ing  s t ud i ed  (see  T a b l e  3). H o w e v e r ,  i t  m u s t  be c o n s i d e r e d  tha t  c h a r g i n g  the f u r n a c e  with  co ld  and m o i s t  
c a r b o n  ba tch  l e a d s  to a r a p i d  r e d u c t i o n  in the  t e m p e r a t u r e  of the  w a l l s  on the  s ide  of the coke  c h a m b e r  ( some  
2-3  h a f t e r  load ing  the t e m p e r a t u r e  i s  r e d u c e d  to 600~ A f t e r  3 -4  h i t  i n c r e a s e s  to 700~ and then in a 
p e r i o d  of 7-8 h - -  to 900-950~ and at  the  end of the  coMng p e r i o d  to 1050-1100~ [10]. Thus ,  the  op t imum 

T A B L E  4. P h a s e  C o m p o s i t i o n  and P a r a m e t e r  J fo r  D inas  S p e c i m e n s  

Specimen 

Without additives 
With( addition of 3~. 

Mo(NH4) s fired in air 
Same, fired in carbon filling 

With addition of ~or Fe, fired 
in air  

Same fired in carbon filling 

Pervonralsk factory 

Krasnogorovsk factory 

After service 
Same, according todata in 
[LI] 

Open 
p(~osity, % 

qolume pr oportion of phases, ~ J, W/m 
~idymim :ristobalite 1_ quartz 

40--50 
12--18 

(15--19) 
10--15 

47--53 

19,6 
20,6 

20,5 

17,6 

19,7 

19,5 

20,7 

19,0 
N25 

15--20 

43--49 
(44--48) 
25--29 

(28--32) 
85--95 
N95 

40--45 7--10 
70--73 9--1l 

(72--76) (9--11) 
35--40 30--33 

32--37 9--11 

30--35 30--33 

26--30 8--10 
(31--33) {7--9) 
27--31 23--27 

(32--34) (28--32) 
not detectedl 1--3 

not detected 

1610 
1540 

1430 

16805 

1330 

1370 

1500 

1930 
2000• 

* In p a r e n t h e s i s  we show the v o l u m e  of p h a s e s  in the  i n s o l u b l e  r e s i d u e .  
t Va lue  c o r r e c t e d  for  open p o r o s i t y ,  %. 
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Fig. 2. Thermal  conductivity k of dinas r e f r ac to r i e s  
(eight specimens) after  30 y e a r s  service  in the p ie rs  of 
coke ovens at Zaporozhe Coke-Chemical  Factory.  Ver t i -  
cal and horizontal  sections -- mean- squa re  deviations of 
experimental  values. Curve drawn for calculated equa- 
tion. 

Fig. 3. Relationship between the thermal  conductivity A 
of dinas and the content of t r idymite,  C, in it. �9 at 
600~ e ) a t  900~ ver t ica l  sections -- •  

heating cycle for working coke ovens can be attained by using dinas r e f r ac to r i e s  having the highest thermal  
conductivity in the range 600-1400~ In the general  case we should give preference  to mate r ia l  in which the 
p a r a m e t e r  

T 2 = 1 4 0 0 " C  

T =  ~ ~ ( T ) d t ,  
T, ~ 600"  C 

proport ional  to the heat flow is maximum. The computed values of J (see Table 3) show that f rom this point 
of view the best  of the ma te r i a l s  studied is dinas containing iron additive, f ired in air. 

Apparently,  the differences in the thermal  conductivity are  due to the modifying effect of the ma te r i a l ' s  
composit ion on the s t ruc ture  and phase composition. We should mention that the absolute value of the open 
porosi ty  cannot completely cha rac te r i ze  the s t ruc tura l  sensit ivity of the specimen to the p roces se s  of heat 
spread. 

The most  significant are differences in the s t ruc ture  and phase composit ion of specimens containing 
additions of i ron and ammonium molybdate ,*  whose conductivity values are also very  different. The speci-  
mens  with iron additives f ired in air  appear dense; the bond is uniform and consis ts  of ra ther  coarse  (40- 
100 ttm) c rys t a l s  of t r idymite  and uniformly distributed i somet r ic  grains  of magneti te;  the g lassy  phase is 
completely absent. After  firing these specimens in carbon filling as a resul t  of which their  conductivity is 
significantly reduced, the concentrat ion of t r idymite  is sharply reduced, and in the bond we detect a large 
amount of f l -er is tobal i te  and glass.  In the specimens containing Mo(NH4) 3 the bond is heterogeneous;  cer tain 
par t s  of it consis t  of c rys ta l s  of t r idymite (10-50 t~m) surrounded by f ragments  of glass;  in other sections 
there  is a predominance of metacr is tobal i te  and quartz.  

These data confirm the ideas expressed  in [11] on the predominant influence of the amount of t r idymite  
and its excellent crys ta l l iza t ion on the thermal  conductivity of dinas. A s imi lar  s t ructure  contributes,  
especial ly in the absence of glass ,  to the creat ion of di rect  bonds between the c rys ta l s  and to an improvement  
in the conditions of heat t ransmiss ion.  This is supported also by the resul ts  of studies of dinas r e f r ac to r i e s  
af ter  prolonged se rv ice  in coke ovens. 

The repor t  [1:2] gives information on the increase  in conductivity of coking dinas during service;  special  
studies were made in work repor ted  in [11]. Specimens taken f rom the MMK coke bat tery after  10 yea r s  
serv ice  contained in the hot zone (open poros i ty  24.9%) about 95?o t r idymite  with c rys ta l  lengths of 0.8-1.5 
mm,  and in the coking zone (open poros i ty  16.6%) 75-80% c rys t a l s  of t r idymite  of length 0.17-0.20 mm. The 
conductivity of the specimens  in the range 250-1200~ was 2.0-2.8 W / m .  K. 

*Pe t rograph ic  stuc~[es ca r r i ed  out by N. V. Gul 'ko and Z. D. Zhukova. 
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Fig. 4. Relationship between thermal  
conductivity k of specimens of dinas in 
the second ser ies  and the open porosi ty  
P, O) at 600~ o) at 1200~ vert ical  
sections - -  �9 Sdf. 

Measurements  were made of the conductivity of dinas after  service  over 30 yea r s  in coke ovens of the 
Zaporozhe Coke-Chemical  Fac tory  (ZKZ). F r o m  two bat ter ies  we selected wall brick at a height of 2-3 m 
from the hearth. Specimens were cut so that we could determine the conductivity in the direction of heat 
flow through the wall lining. On the side of the coke region in the re f rac to ry  a cer ta in  amount of small  gra ins  
of quartz and cr is tobal i te  had been preserved.  The bond consis ted mainly of t r idymite  with c rys ta l  s izes of 
up to 0.2 mm, pseudowollastonite and co lor less  g lass  (up to 5%). There  was no detectable decomposition of 
the graphite.  The open porosi ty  of the coking zone about 20 mm thick was 12-14%, and apparent density 1.91- 
1.96 g / c m  3. On the hot side, the specimens had a uniform s t ruc ture  made of coarse  (from 0.2 to 1 ram) t r i -  
dymite c rys ta l s  with uniformly distr ibuted sect ions of brown glass  and a -CaSiO 3. Quartz  and cr is tobal i te  
were not detected. The open porosi ty  of the hot zone about 20 mm thick was 19%, the apparent density 1.86 
g / c m  3. The proper t ies ,  s t ructure ,  and composit ion of coke and hot zones are  close to those descr ibed in [11]. 

The specimens used to determine the conductivity, cut f rom the coking and hot zones, were charac te r i zed  
by an open porosi ty  within the range 16.4-20.5%, the apparent density 1.81-1.86 g / c m  3. We measured  the 
conductivity of eight specimens (four f rom each battery) and using subsequent s tat is t ical  process ing  s imilar  
to that descr ibed in [7]. The relat ionship k = f(T) proved to be curvi l inear ,  and the experimental  data ap- 
proximated to a parabola of the second order.  The best  approximation was determined for the minimum value 
of the residual  dispersion Sdi s charac te r iz ing  the spread in experimental  points relat ive to the approximating 
curve: 

n 2 

where ~i and k i are ,  respect ively ,  the calculated and experimental  values of thermal  conductivity at t em-  
pera ture  Ti, W / m .  K; n is the number  oi measurements ,  and m is the number  of coefficients in the approxi -  
mating multiple. 

This condition is satisfied by the curve ]~ --- 1.68 + 7.0. 10 -7 T 2, which is i l lustrated in Fig. 2. That also 
shows the averaged values for J\ for three samples ,  grouped close to 600, 900, and 1200~ The mean-  
square deviation of thermal  conductivity in each sample does not e~ceed + 7%. This means  that within the 
l imits of experimental  e r r o r  the conductivity values of coke and hot zones coincide, possibly as a resul t  of a 
cer ta in  compensating action of porosi ty  and phase composit ion,  affecting the thermal  p roper t i es  of dinas in a 
contradic tory  fashion. 

Data [11] and resul ts  obtained in the presen t  work suggest  that it is  p rec ise ly  the s t ructure  of the dinas 
r e f r ac to r i e s  after  service  -- approximating to a monophase composit ion f rom the large direct ly  bonded 
c rys ta l s  -- which governs  their  essent ial ly  higher thermal  conductivity compared  with those produced at the 
presen t  time at the Pe rvoura l sk  factory and Krasnogorovsk  factory [7], and the specimens  studied ~ith ad- 
ditives. Compared with industr ial  products  with a poros i ty  of about 20% the conductivity of dinas after  serv ice  
is 40-55% higher. We disagree with the viewpoint expressed in [11] to the effect that the maximum possible 
t r idymit izat ion of dinas contributing to the growth of t r idymite  c rys t a l s  is the mos t  effective factor  contributing 
to an increase  in the thermal  conductivity. To a less  degree this contr ibutes to a reduction in porosi ty  [7]. 
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The combination of the above data provides  evidence that the conductivity of dinas should cor re la te  with 
its phase composition. To establish this corre la t ion,  we determined the concentrat ion of crys ta l l ine  phases 
in cer ta in  labora tory  specimens with additives, for dinas r e f r ac to r i e s  after service ,  and specimens of r e -  
f rac to r ies  f rom the Pe rvoura l sk  and Krasnogorovsk fac to r i e s  (Table4) using the x - r ay  phase method. * The 
conductivity of these specimens~ cor re la t e s  l inearly with the content of t r idymite  (Fig. 3). Fo r  the pa ra -  
mete r  J (see  Table 4) the r eg res s ion  equation takes the form: 

. I = 1 . 3  �9 I03+7.0 �9 c, 

where C is the volume proport ion of t r idymite,  %. The corre la t ion  coefficient is 

[ r iffil i l l  _ ] 1 / 2  

o2 ,,)2 
i = 1  iffil  

which is close to umity (r = 0.93) which indicates the presence  of a strong and pract ical ly  l inear  relationship 
between J and C for  the composi t ions studied. 

The specimens of the second se r ies  in which, together  with the additions of the oxides CuO, TiO2, NiO, 
Fe203, we added strengthening additives to the green  brick, showed a marked  difference in porosi ty  (from 
17.8 to 25.4%). Between the conductivity and the poros i ty  there exists  pract ica l ly  a functional relationship, 
shown in Fig. 4, for 600 and 1200~ The equation for the s traight  lines for this function takes the form 

)~6oo.c = 3.34--0.089 P, 
Ll2oo.c = 5,00--0.135 P. 

The corre la t ion  coefficients found by the l ea s t - squa re s  method equah r600 = 0.89, r1200 = 0.95. 

As for the dinas made by industr ial  methods [7] with a r i se  in t empera ture ,  the relationship X = f(P) 
for  specimens of the second se r ies  is re inforced (rt200 > r600, and in equation X = ~ + ~P the coefficient ~1200 > 
fl600~ Fo r  all t empera tu res  the function for conductivity and porosi ty  in labora tory  specimens made on the 
basis of production batches of the Krasnogorovsk  factory proved to be s t ronger  than for industr ial  products  
[7]: f l l ab /Pfac t  ~ 1.60, and the absolute values of k with equal P values is somewhat higher (when P = 20%, 
by about 10%). 

Apparently,  fc,r specimens of the second se r ies  the open porosi ty  is the mos t  s tat is t ical ly significant 
pa ramete r ,  determining the change in the rmal  conductivity. The effect of the additives on thermal  conductivity 
was not established by the authors. 
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