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\R  APPARATUS  FOR  FIRING  CERAMIC  MATERIALS  PARTICULARLY  USEFUL 

3R  FIRING  GLAZED  TILES" 

This  i n v e n t i o n   r e l a t e s   to  an  a p p a r a t u s   for  f i r i n g   c e r a m i c  

a t e r i a l s   p a r t i c u l a r l y   u se fu l   for  f i r i n g   t i l e s   and  e s p e c i a l l y  

lazed  t i l e s .  

Glazed  t i l e s   are  t i l e s   which  have  been  s u b j e c t e d   to  a  f i r i n g  

reatment   at  a  t e m p e r a t u r e   h i g h e r   t h a n   1 1 0 0 - C .  

In  th i s   case,   g lazed  t i l e s   are  f i r e d   in  r o l l e r   f u r n a c e s  

eated  by  a  p l u r a l i t y   of  b u r n e r s .   The  t i l e s   are  t r a n s p o r t e d  

hrough  the  furnace  by  p l u r a l   i n d e p e n d e n t l y   r o t a t i n g   r o l l e r s .  

This  type  of  r o l l e r   fu rnace ,   while  a f f o r d i n g   high  p r o d u c t i o n  

rates ,   has  a  t y p i c a l   d i s a d v a n t a g e   of  some  impor tance :   some  of  t h e  

: i l es   are  d i s t o r t e d   by  the  f i r i n g   p r o c e s s .   The  d i s t o r t i o n   t y p i c a l l y  

:urns  a  square  or  r e c t a n g u l a r   raw  t i l e   in to   a  f i r e d   t i l e   o f  

: r a p e z o i d a l   s h a p e .  

A  t r a p e z o i d a l   t i l e   cannot  be  l a id   even  though  i t s   d i s t o r t i o n  

nay  be  r e l a t i v e l y   small ,   because  dur ing   i n s t a l l a t i o n ,   in  p a r t i c u l a r  

»ith  the  I t a l i a n   l a y o u t   m e t h o d ,   t h e   f a u l t   of   any  t i l e   w o u l d  

add  to   t h e   f a u l t   of   a  s u c c e s s i v e   t i l e   y i e l d i n g   an  e n d  

f a u l t   w h i c h   i s   q u i t e   showy  and  u n a t t r a c t i v e .  

Thus,  it  has  become  common  to  p rov ide   a  s o r t i n g   a p p a r a t u s  

at  the  furnace  o u t l e t   to  par t   t i l e s   having  an  a c c e p t a b l e   amount 

of  d i s t o r t i o n   from  those  e x c e s s i v e l y   d i s t o r t e d   and,  t h e r e f o r e ,  

to  be  r e j e c t e d .   The  p r a c t i c e   of  t i l e   m a n u f a c t u r e r s   shows  t h a t  

a c c e p t a b l e   t i l e s   must  vary  by  less   than  0.4%  from  the  r e f e r e n c e  

sample  which  has  p e r f e c t l y   squared  or  in  any  case  r e g u l a r   c o r n e r s .  

Tile  m a n u f a c t u r e r s   demand  anyhow  even  sma l l e r   v a r i a t i o n s   f o r  

more  va luab l e   p r o d u c t s ,   so  that   v a r i a t i o n s   l o w e r   t h a n   0 . 2 5 $  

a r e   d e s i r a b l e .  
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Leaving  aside  t r ie   t i l e   d i m e n s i o n a l   r e g u l a r i t y   ,  a n d  

c o n s i d e r i n g   d i r e c t l y   the  conformat ion   of  the  furnace  c h a n n e l  

to   t r e a t   t i l e s   accord ing   to  the  present   s t a t e   of  t h e  

a r t .   I t a l i a n   patent   a p p l i c a t i o n   No.  28352  A/77  f i l ed   by  Welko 

5  I n d u s t r i a l e   S.p.A.  on  October  7,  1977  d i s c l o s e s   a  channel  t y p e  

furnace  which  has  a  p l u r a l i t y   of  muf f le -chambers   la id  s e r i a l l y  

along  the  path  for  the  ceramic  m a t e r i a l .   According  to  said  Welko 

a p p l i c a t i o n ,   connec t ion   between  each  chamber  and  the  next  i s  

accomplished  through  pa i r s   of  upper  and  lower  t r a n s v e r s e   wal ls   which 

LO  form  b o t t l e   n e c k e d   p o r t i o n s   w h i c h   f o r c e   t h e   h o t   g a s   s t r e a m  

to   sweep  as  c l o s e   as  p o s s i b l e   to   t h e   m a t e r i a l s   to   be  f i x e d .  

Such  b o t t l e   n e c k e d   p o r t i o n s   a r e   a d j u s t a b l e   a c c o r d i n g   t o  

s a i d   p a t e n t   a p p l i c a t i o n   t o   a c c o m o d a t e   d i f f e r e n t   s i z e s   of   t h e  

c e r a m i c   m a t e r i a l ,   s u c h   t h a t   t h e   u p p e r   w a l l   can  be  l o w e r e d   t o  

L5  skim  t h e   m o v i n g   c e r a m i c   m a t e r i a l .  

It  has  been  a s c e r t a i n e d   tha t   such  t r a n s v e r s e   walls   forming  b o t t l e  

n e c k e d   p o r t i o n s   a f f o r d   i m p r o v e d   c o n t r o l   on  t h e   l d n g i t u d i n a l  

d i s t r i b u t i o n   of  the  t e m p e r a t u r e s   along  the  furnace .   In  fact   the  b o t t l e  

n e c k e d   p o r t i o n s   p r a c t i c a l l y   d i v i d e   t h e   f u r n a c e   i n t o   v a r i o u s  

>0  success ive   chambers,  enable  e a s i e r   con t ro l   of  the  t e m p e r a t u r e  

of  a  s ing le   chamber  with  r e spec t   to  the  cont iguous   o n e s .  

However,  that   c o n f i g u r a t i o n   has  not  overcome  the  a b o v e -  

mentioned  problem  of  the  t i l e   d i s t o r t i n g .   A p p l i c a n t   h a s   in   f a c t  

a s c e r t a i n e d   that   d i s t o r t i o n   dur ing  f i r i n g   is  not  due  to  t h e  

>5  l o n g i t u d i n a l   d i s t r i b u t i o n   of  the  t empe ra tu r e s   along  the  f u r n a c e ,  

but  is  c l o s e l y   r e l a t e d   to  the  cons tancy  of  the  t e m p e r a t u r e  

d i s t r i b u t i o n   in  a  c r o s s - s e c t i o n .   Appl ican t   has  found  in  f a c t  

that  the  v a r i a t i o n   of  the  t empera tu re   ins ide   the  furnace  a l o n g  

a  c r o s s - s e c t i o n   de termines   c o r r e s p o n d i n g   d i s t o r t i o n s   in  the  t i l e s  
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and  t h e r e f o r e   tha t   the  d imens iona l   r e g u l a r i t y   of  the  product  can  

only  be  achieved  if  the  furnace  t e m p e r a t u r e   is  cons tan t   w i t h i n  

accep tab le   l i m i t s   along  the  c r o s s - s e c t i o n   in  the  t i l e   passage  a r e a .  

It  is  c o n s i d e r e d   that   the  t e m p e r a t u r e   v a r i a t i o n   along  t h e  

5  c r o s s - s e c t i o n   f a l l s   w i th in   a c c e p t a b l e   l i m i t s   if  it  is  less  t h a n  

0.25%  &T  =  2 - 3 ° C   )  in  the  c e n t r a l   area  of  the  furnace  and  l e s s  

than  0.5%  (^F=5-6°C)  in  the  end  s i d e   p o r t i o n s   c l o s e   to   t h e  

w a l l s ;   t h e   t e r m   end  s i d e   p o r t i o n s   a p p l y i n g   to  t w o  

s e c t i o n s   of  a b o u t   5 - 1 0   cm  of  t h e   c r o s s - s e c t i o n   a d j a c e n t  

10  t he   w a l l s ,   l o c a t e d   in   t h e   t i l e   s l i d i n g   a r e a .  

Thus,  it  is  an  ob jec t   of  th i s   i n v e n t i o n   to  achieve  the  a b o v e -  

s p e c i f i e d   cons tancy   of  the  c r o s s - t e m p e r a t u r e   to  produce  t i l e s  

having  an  a c c e p t a b l e   v a r i a t i o n   with  r e s p e c t   to  s t anda rd ,   t h e r e b y  

15  a  pe r f ec t   i n s t a l l a t i o n   is  a f f o r d e d .   A  f u r t h e r   objec t   of  t h i s  

inven t ion   is  to  reduce  r e j e c t s   and  in  the  extreme,   to  avoid  t h e  

need  i t s e l f   for  the  a b o v e - d e s c r i b e d   s o r t i n g   appa ra tu s   placed  a t  

the  furnace  o u t l e t .  

A  not  l e a s t   ob jec t   of  t h i s   i n v e n t i o n   is  to  allow  u t i l i z a t i o n  

20  of  the  whole  inner  space  of  the  channel   as  a  f i r i n g   zone,  t h u s  

dec reas ing   the  channel   dimensions  and  i n c r e a s i n g   thermal  o u t p u t  

c o r r e s p o n d i n g l y .  

App l i can t   has  s u r p r i s i n g l y   found  tha t   the  a f o r e s a i d   o b j e c t s  

are  achieved  by  an  appa ra tu s   for  f i r i n g   ceramic  m a t e r i a l s   c o m p r i s i n g :  

25  a  channel  hea ted   by  a  p l u r a l i t y   of  b u r n e r s ;   a  p l u r a l i t y   o f  

r o l l e r s   placed  on  a  plane  for  t r a n s p o r t i n g   the  ceramic  m a t e r i a l  

along  the  channe l ,   c h a r a c t e r i z e d   in  that   the  crown  of  said  c h a n n e l  

has,  at  l eas t   in  the  high  t empera tu re   f i r i n g   zone,  a  p l u r a l i t y   o f  

d o w n w a r d l y   e x t e n d i n g   r e l i e f s   a r r a n g e d   t r a n s v e r s e l y   t h e  
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d i r e c t i o n   of  a d v a n c e   of  t he   c e r a m i c   m a t e r i a l ,   s a i d   r e l i e f s  

b e i n g   s e p a r a t e d   a p a r t   o v e r   f r o m   one  a n o t h e r   by  a  d i s t a n c e  

not   e x c e e d i n g   one  m e t e r .  
It  has  been  a s c e r t a i n e d   in  p a r t i c u l a r   that   if  the  a f o r e s a i d  

r e l i e f s   are  s epa ra t ed   from  one  ano ther   by  a  d i s t a n c e   in  t h e  
25  to  75  cm  r a n g e ,   t h e   t i l e s   y i e l d e d   have   a  p a r t i c u l a r l y  
r e d u c e d   v a r i a t i o n   f rom  s t a n d a r d .  

This  i nven t ion   wi l l   be  b e t t e r   unde r s tood   from  the  f i g u r e s ,  

appended  he re to   by  way  of  i l l u s t r a t i o n   and  not  of  l i m i t a t i o n   o f  
:his  inven t ion   where :  

Figure  1  shows  the  t empera tu re   graph  along  a  channel  c r o s s -  
sect ion,   at  the  r o l l e r   p l a n e ;  

Figure  2  shows  a  l o n g i t u d i n a l   s e c t i o n   through  the  c h a n n e l ;  

Figure  3  shows  a  p a r t - s e c t i o n a l   plan  view  of  the  channel  o f  

figure  2; 

Figure  4  is  a  c r o s s - s e c t i o n a l   view  of  the  channel  taken  a l o n g  
:he  line  IV-IV  of  Figure  2; 

Figure  5  is  a  p e r s p e c t i v e   view  of  the  e l e v a t i o n   accord ing   t o  
:he  i n v e n t i o n ;  

Figure  6  is  a  c r o s s - s e c t i o n   through  the  channel  accord ing   t o  
mother  embodiment.  

With  r e f e r ence   to  Figure  1,  the  curve  p a t t e r n   is  i n d i c a t i v e   o f  
he  c r o s s - d i s t r i b u t i o n   of  t e m p e r a t u r e s .   As  ment ioned,   that   curve  i s  

ptimal  if  in  the  s ec t i on   2-3  the  maximum  t empera tu re   v a r i a t i o n ,  

rom  the  set  average,   is  less  than  2-3°C  and  if  over  the  s e c t i o n s  

-2,3-4  the  maximum  t empera tu re   v a r i a t i o n ,   from  the  set  a v e r a g e ,  
s  less  than  5-6°C  (0.5%  of  the  furnace  t e m p e r a t u r e ) .   The  s e c t i o n s  

-2 ,3 -4 ,   have  a  length  of  about  5-10  cm. 
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With  r e f e r ence   to  F igures   2 , 3 , 4 ,   the  ceramic  m a t e r i a l   f i r i n g  

appara tus   comprises  a  channel   10  heated  by  a  p l u r a l i t y   of  b u r n e r s  

11  arranged  in  the  p rox imi ty   of  the  crown  12  and  by  a  p l u r a l i t y   o f  

burners   13  arranged  in  the  p r o x i m i t y   of  the  sole  30. 

5  The  appara tus   comprises   a  p l u r a l i t y   of  r o l l e r s   14  which  convey 

the  t i l e s   20  in  a  l o n g i t u d i n a l   d i r e c t i o n   along  the  c h a n n e l .  

The  crown  12  has  a  p l u r a l i t y   of  r e l i e f s   16  accord ing   t o  

the  i nven t ion   e x t e n d i n g   t r a n s v e r s e l y   to   t h e   d i r e c t i o n   o f  

a d v a n c e   of   t h e   t i l e s .  

10  Each  r e l i e f s   J6  ex tends   downwards  from  the  crown  12  of  t h e  

channel  to  the  base  18  of  the  r e l i e f s   16. 

P r e f e r a b l y ,   that   e x t e n s i o n ,   when  measured  v e r t i c a l l y ,   exceeds  

1/6  and  even  more  p r e f e r a b l y   exceeds  1/4  the  d i s t a n c e   from  the  c r o w n  

12  to  t he   b e a r i n g   p l a n e   of  t h e   t i l e s   20  on  t h e   r o l l e r s   1 4 .  

15  Cons ider ing   just   the  bu rne r s   11  l oca t ed   a b o v e   t h e   r o l l e r  

p l a n e   w i t h o u t   t a k i n g   i n t o   a c c o u n t   t h e   b u r n e r s   13  l o c a t e d  

b e l o w   t h e   r o l l e r   p l a n e ,   a c c o r d i n g   to  t h i s   i n v e n t i o n   t h e r e  

a r e   i n c l u d e d   a t   l e a s t   two  b u r n e r s   11  b e t w e e n   two  c o n t i g u o u s  

r e . l i e f s   16.  P r e f e r a b l y ,   b e t w e e n   two  c o n t i g u o u s   r e l i e f s   16  

20  t h e r e   a r e   p r e s e n t   t h r e e   to   s e v e n   b u r n e r s   11  l o c a t e d   i n  

the   p r o x i m i t y   of  t h e   c r o w n   1 2 .  

Making  r e f e rence   to  the  p r e f e r r e d   embodiment  of  th i s   i n v e n t i o n ,  

i n d i c a t e d   in  Figure  5,  the  r e l i e f s   16  h a v e   c o u p l i n g   m e a n s  

c o n s i s t i n g ,   for  example,  of  the  de ten t   r ibs   22,  adapted  to  engage 

25  with  the  suppor t ing   s t r u c t u r e s   23  of  the  crown  of  the  channel  10. 

A l t e r n a t i v e l y ,   wi thout   d e p a r t i n g   from  the  scope  of  t h i s  

inven t ion   making  r e f e r e n c e   to  Figure  6,  the  r e l i e f s   40  f o r m  

a  u n i t a r y   c o n s t r u c t i o n   with  the  s u p p o r t i n g   beams  of  the  crown  12 

of  the  channel  and,  a c c o r d i n g l y ,   they  form  s u p p o r t i n g   beams  by 
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themselves  . 

It  has  been  a s c e r t a i n e d   that   the  appara tus   accord ing   to  t h i s  

inven t ion   a f fo rds   glazed  t i l e s   which  are  free  of  d i s t o r t i o n s   i n  

excess  of  0.2%  with  respec t   to  the  s t andard   p rese t   form,  p r a c t i c a l l y  

5  without  r e j e c t s ,   thus  c o n c l u s i v e l y   so lv ing   both  the  i n s t a l l a t i o n  

and  thermal  e f f i c e n c y   p r o b l e m s .   T h i s   i n v e n t i o n   a l l o w s   i n  

f a c t   t h e   w h o l e   s u r f a c e   of  t h e   t r a n s p o r t   p l a n e   d e f i n e d  

by  t he   r o l l e r s   to  be  u t i l i z e d   w i t h o u t   l e a v i n g   d e a d  

s p a c e s ,   t h e r e b y   r e d u c i n g   t h e   v o l u m e s   and  i n c r e a s i n g  

10  the   o u t p u t .  
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a l e x i a   uua  xo r   u n n g   c e r a m i c   m a t e r i a l s  

a  v. i iai i i ici   u e a i e u   Dy  a  p l u r a l i t y   or  b u r n e r s ;  

^ i u i a j . x u j   ui  I ' u i i e r s   a r r a n g e d   on  a  p l a n e   f o r  

^ o i i o ^ u i   o iug   m e   u e i ' a i n i c   m a t e r i a l   a l o n g   t h e   c h a n n e l ,  
6  c h a r a c t e r i z e d   in   t h a t   t he   c r o w n   of  s a i d   c h a n n e l   h a s ,  
7  a t   l e a s t   in   t h e   h i g h   t e m p e r a t u r e   f i r i n g   z o n e ,   a  
8  p l u r a l i t y   of  r e l i e f s   a r r a n g e d   t r a n s v e r s e l y   o f  

9  e x t e n d i n g   r e l i e f s   a r r a n g e d   t r a n s v e r s e l y   to  t h e   d i r e c t i o n  
LO  of  a d v a n c e   of   t h e   c e r a m i c   m a t e r i a l ,   s a i d   r e l i e f s   b e i n g  
.1  s e p a r a t e d   f r o m   one  a n o t h e r   by  a  d i s t a n c e   n o t   e x c e e d i n g  
.2  one  m e t e r .  

1  2.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

2  s a i d   r e l i e f s   a r e   s e p a r a t e d   by  a  d i s t a n c e   in  t h e   25  t o  
3  75  cm  r a n g e .  

1  3.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m s   1  and  2 ,  
2  w h e r e i n   e a c h   s a i d   r e l i e f s   e x t e n d s   d o w n w a r d s   f r o m   t h e  
3  c rown  of  s a i d   c h a n n e l   by  a  d i s t a n c e   g r e a t e r   t h a n   1 / 6  
4  t he   d i s t a n c e   f r o m   s a i d   c r o w n   to  t h e   b e i n g   p l a n e   o f  

5  t he   c e r a m i c   m a t e r i a l   o n t o   s a i d   r o l l e r s .  

1  4.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   3,  w h e r e i n  

2  each   s a i d   r e l i e f s   e x t e n d s   d o w n w a r d s   f rom  t h e   c r o w n   o f  
3  s a i d   c h a n n e l   by  a  d i s t a n c e   g r e a t e r   t h a n   1 /4   t h e  
4  d i s t a n c e   f r o m   s a i d   c r o w n   to  t h e   b e i n g   p l a n e   of   s a i d  
5  c e r a m i c   m a t e r i a l   o n t o   s a i d   r o l l e r s .  

1  5.  An  a p p a r a t u s   a c c o r d i n g   to  any  of  t h e  
2  p r e c e d i n g   c l a i m s   w h e r e i n ,   in   t h e   c h a n n e l   s e c t i o n   b e t w e e n  
3  two  s u c c e s s i v e   r e l i e f s ,   t h e r e   a r e   i n c l u d e d   a t   l e a s t  
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4  two  D u r n e r s   a r r a n g e d   o v e r   t n e   r o l l e r   p l a n e   in  t h e  

5  p r o x i m i t y   of  s a i d   c r o w n .  

1  6.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   5,  w h e r e i n  

2  in  t h e   c h a n n e l   s e c t i o n   b e t w e e n   two  s u c c e s s i v e   r e l i e f s  

3  t h e r e   a r e   i n c l u d e d   3  to  7  b u r n e r s   a r r a n g e d   o v e r   t h e  

4  r o l l e r   p l a n e   in   t he   p r o x i m i t y   of  s a i d   c r o w n .  

1  7.  An  a p p a r a t u s   a c c o r d i n g   to  any  of  t h e  

2  p r e c e d i n g   c l a i m s ,   w h e r e i n   e a c h   s a i d   r e l i e f s   h a s  

3  c o u p l i n g   means   a d o p t e d   to  e n g a g e   w i t h   t h e   s u p p o r t i n g  

4  s t r u c t u r e   of  t h e   c h a n n e l   c r o w n .  

1  8.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   1  to  6 ,  

2  w h e r e i n   e a c h   s a i d   r e l i e f s   f o r m s   a  l o a d - b e a r i n g   b e a m  

3  a d a p t e d   to   o v e r t a k e   t he   c h a n n e l   c r o w n .  

1  9.  An  a p p a r a t u s   as  d e s c r i b e d   and  c l a i m e d .  
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