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©  Rotary  kiln. 
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©  The  present  invention  is  directed  to  a  rotary  kiln 
in  which  fire  bricks  with  which  a  shell  is  lined  at 
positions  corresponding  to  tires-arranging  portions 
are  coated,  on  the  free  surfaces  of  said  bricks,  with 
fire  insulating  brick  layers  or  fire  insulating  castable 
material  layers,  and  it  is  also  directed  to  bricks  used 
in  the  rotary  kiln. 
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Rotary  Kiln 

3.  OBJECT  AND  SUMMARY  OF  THE  INVENTION 

In  recent  years,  however,  an  attempt  has  been 
made  to  curtail  the  above-mentioned  preheating 

5  time  from  the  viewpoint  of  a  thermal  economy,  and 
the  main  burning  is  often  commenced  after  a 
preheating  period  of  6  to  12  hours.  As  a  result,  a 
temperature  of  the  shell  is  raised  before  the  heat 
has  reached  the  tires  sufficiently,  and  therefore 

io  the  expansion  of  the  shell  is  greater  than  that  of  the 
tires,  so  that  the  space  between  the  shell  and  the 
tires  becomes  small.  In  consequence,  the  shell  is 
fastened  tightly  by  the  tires,  and  the  creep  of  the 
kiln  cannot  be  obtained  any  more.  If  the  rotary  kiln 

75  is  rotated  forcibly  in  this  state,  the  supporting 
blocks  will  shave  the  inner  peripheries  of  the  tires, 
the  shell  will  be  deformed,  and  the  mechanical 
breakage  will  occur  easily. 

The  inventors  of  the  present  application  have 
20  found  that  these  phenomena  take  place  in  a  spe- 

cific  time  zone  after  the  firing.  Fig.  2  shows  a  6 
hours'  preheatinng  process.  As  exhibited  in  this 
drawing,  the  rotary  kiln  is  driven  discontinuously 
and  the  preheating  process  is  simultaneously  car- 

25  ried  out  after  the  firing,  and  during  this  period,  the 
creep  of  the  kiln  decreases  continuously  (see  the 
dotted  line  in  Fig.  2).  However,  after  the  feed  of  a 
material  to  the  rotary  kiln  and  after  the  commence- 
ment  of  a  continuous  operation  of  the  rotary  kiln, 

30  coating  does  not  adhere  sufficiently  to  the  burning 
sections  for  a  period  of  1  to  2  hours.  During  this 
period  of  time,  in  the  burning  sections,  the  heat  is 
liable  to  be  transmitted  to  the  shell  through  the  fire 
bricks,  so  that  the  shell  expands  and  the  creep  of 

35  the  kiln  decreases  noticeably.  As  a  result,  the  me- 
chanical  breakage  of  the  rotary  kiln  occurs.  How- 
ever,  when  this  time  zone  has  elapsed,  the  coating 
adheres  to  the  burning  sections,  and  the  tires  are 
also  preheated  to  an  enough  degree,  so  that  the 

40  creep  of  the  kiln  increases  and  is  stabilized  at  a 
suitable  value. 

The  present  inventors  have  found  that  the  re- 
markable  decrease  in  the  creep  of  the  kiln  which 
occurs  in  a  specific  time  zone  alone  after  the  firing 

45  can  be  eliminated  by  improving  the  structure  of  the 
bricks,  and  the  present  invention  has  been  com- 
pleted  on  the  basis  of  this  knowledge. 

That  is,  an  object  of  the  present  invention  is  to 
provide  a  rotary  kiln  in  which  each  brick  comprises 

so  the  combination  of  a  fire  insulating  brick  and  a  fire 
brick,  and  a  shell  is  lined  with  the  bricks  at  posi- 
tions  corresponding  to  tires-arranging  portions  of 
the  rotary  kiln  so  that  the  fire  insulating  bricks  may 
face  to  the  inside  of  a  kiln  furnace  and  so  that  the 
fire  bricks  may  face  to  the  side  of  the  shell. 

2.  FIELD  OF  THE  INVENTION  AND  PRIOR  ART 

The  present  invention  relates  to  the  burning  of 
a  cement,  more  particularly  to  a  rotary  kiln  which  is 
constituted  so  as  to  prevent  the  mechanical  break- 
age  of  the  rotary  kiln  itself  from  occurring  easily  at 
a  firing  time  of  an  operation  beginnig. 

As  shown  in  Fig.  9  attached  hereto,  a  rotary 
kiln  is  provied  with  one  shell  a,  fire  bricks  b  with 
which  the  shell  a  is  lined,  and  3  or  4  ring-like  tires 
c  disposed  at  certain  intervals  around  the  outer 
periphery  of  the  shell  a.  The  thus  constituted  rotary 
kiln  is  supported  on  a  pair  of  rollers  d.  Strip-shaped 
iron  plates  e  which  are  called  supporting  blocks  are 
loosely  interposed  between  the  shell  and  the  tires. 
In  other  words,  the  shell  is  slidingly  brought  into 
contact  with  the  tires  with  the  interposition  of  these 
supporting  blocks  e. 

Now,  when  the  rotary  kiln  is  rotated  together 
with  the  tires,  a  small  deviation  takes  place  be- 
tween  the  shell  and  the  tires  every  one  rotation  of 
the  rotary  kiln  owing  to  a  difference  between  the 
outer  diameter  of  the  kiln  and  the  inner  diameter  of 
the  supporting  blocks.  This  deviation  has  the  unit  of 
"mm/rpm"  and  is  called  "a  creep  of  the  kiln". 

By  allowing  this  creep  of  the  kiln,  the  mechani- 
cal  breakage  of  the  rotary  kiln  can  be  prevented. 
For  this  reason,  the  inner  diameter  of  the  tires  must 
be  designed  to  be  a  little  larger  than  the  outer 
diameter  of  the  rotary  kiln,  taking  a  thermal  expan- 
sion  due  to  a  temperature  difference  into  consider- 
ation,  when  it  is  intended  to  obtain  the  suitable 
creep  of  the  kiln  by  bringing  the  supporting  blocks 
into  contact  with  the  tires  in  a  lower  portion  and 
separating  the  supporting  blocks  from  the  tires  in 
an  upper  portion  of  the  kiln  even  at  a  high  tempera- 
ture  at  which  the  rotary  kiln  is  driven  as  well  as  at 
ordinary  temperature.  However,  an  allowable  de- 
gree  of  the  inner  diameter  of  the  tires  is  limited. 

In  general,  at  the  time  of  the  firing,  the  tem- 
perature  difference  between  the  shell  and  the  tires 
is  great,  and  therefore,  in  the  case  of  a  usual  way, 
it  is  necessary  that  prior  to  main  burning,  a  fuel  is 
burnt  at  a  feed  rate  of  1.0  to  2.0  kiloliter  per  hour 
(in  terms  of  heavy  oil)  for  a  period  of  24  to  72  • 
hours  in  order  to  preheat  the  rotary  kiln  and  its 
ancillary  parts  to  an  enough  degree.  Fig.  1  shows  a 
relation  between  the  creep  of  the  kiln  and  a  time  in 
the  case  that  the  preheating  is  carried  out  for  48 
hours.  As  understood  from  this  drawing,  the  me- 
chanical  breakage  of  the  rotary  kiln  does  not  take 
place,  in  so  far  as  the  above-mentioned  way  is 
exmployed. 
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Another  object  of  the  present  invention  is  to 
provide  a  rotary  kiln  in  which  fire  bricks  with  which 
a  shell  is  lined  at  positions  corresponding  to  tires- 
arraging  portions  of  the  rotary  kiln  are  coated,  on 
their  surfaces  facing  to  the  inside  of  a  kiln  furnace, 
with  a  fire  insulating  castable  material. 

Still  another  object  of  the  present  invention  is 
to  provide  bricks  for  a  rotary  kiln  which  comprises 
the  combination  of  fire  insulating  bricks  and  fire 
bricks. 

A  further  object  of  the  present  invention  is  to 
provide  bricks  for  a  rotary  kiln  in  which  fire  bricks 
are  coated,  on  their  free  surfaces,  with  a  fire  in- 
sulating  castable  material. 

The  fire  insulating  brick  portion  1  has,  for  ex- 
ample,  a  refractoriness  of  SK  40  or  more  and  a 
thermal  conductivity  of  0.6  to  1.2  cal/mhr°C,  and 
the  fire  brick  portion  2  has,  for  example,  a  refrac- 

5  toriness  of  SK  40  or  more  and  a  thermal  conductiv- 
ity  of  1.8  to  2.4  cal/mhr°C. 

A  shell  of  a  rotary  kiln  is  lined  with  these 
combined  bricks,  and  in  this  case,  it  is  most  effec- 
tive  that  the  combined  bricks  are  disposed  at  posi- 

io  tions  on  the  shell  corresponding  to  tires-arranging 
portions  for  supporting  the  rotary  kiln,  particularly 
at  shell  positions  corresponding  to  tire  portions  in 
burning  sections  of  the  rotary  kiln. 

The  disposition  of  the  combined  bricks  on  the 
75  shell  is  carried  out  so  that  fire  insulating  bricks  1 

may  face  to  the  inside  of  .the  rotary  kiln  and  so  that 
fire  bricks  2  may  face  to  the  side  of  the  kiln  shell.  If 
the  relation  of  this  disposition  is  inversely  taken, 
the  fire  insulating  brick  will  be  easily  broken  during 

20  the  operation  of  the  rotary  kiln  because  of  a  poor 
strength,  which  fact  leads  to  the  peeling  of  all  the 
combined  bricks  disadvantageously.  When  the  fire 
insulating  bricks  are  arranged  on  the  innder  side  of 
the  rotary  kiln,  an  excessive  heat  at  the  time  of 

25  firing  can  be  shut  out,  so  that  a  creep  of  the  kiln 
can  be  prevented  from  extremely  decreasing  until 
coating  has  adhered  sufficiently  to  the  tires-arrang- 
ing  portions  in  the  rotary  kiln.  After  this  time  zone 
has  elapsed,  the  coating  adheres  thereto  and  the 

30  creep  of  the  kiln  is  kept  in  a  normal  state.  There- 
fore,  in  the  event  that  the  fire  insulating  brick  is 
broken  afterward,  any  serious  trouble  will  not  take 
place,  since  the  tires  have  already  been  heated 
and  expanded. 

35  In  the  present  invention,  the  combined  bricks 
are  disposed  on  the  shell  positions  corresponding 
to  the  tires-arranging  portions  in  an  ordinary  man- 
ner,  so  that  a  desired  effect  can  be  obtained. 
However,  these  combined  bricks  may  be  disposed 

40  at  different  positions  than  the  tires-arranging  por- 
tions.  If  such  a  disposition  is  employed,  an  initial 
heat  spoiling  at  the  firing  can  be  inhibited  conve- 
niently,  which  fact  is  effective  to  prolong  a  lifetime 
of  the  bricks. 

45  A  castable  material  used  in  the  present  inven- 
tion  is  a  kind  of  monolithic  refractories. 

A  fire  insulating  castable  material  means  a 
castable  material  having  a  smaller  thermal  con- 
ductivity  than  the  fire  bricks  to  be  coated. 

so  As  an  example  in  which  the  fire  bricks  with  that 
the  shell  is  lined  are  coated  with  the  fire  insulating 
castable  material,  there  is  an  integrally  formed  arti- 
cle  composed  of  the  fire  insulating  castable  portion 
4  of  15  to  75  mm  in  thickness  and  the  fire  brick 

55  portion  5  of  200  to  230  mm  in  thickness,  as  shown 
in  Figs.  5  and  6  (which  is  a  sectional  view  in  the 
case  that  Fig.  5  is  seen  from  side). 

4.  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  shows  a  relation  between  a  creep  of  a 
kiln  and  a  time  in  the  case  that  preheating  is 
performed  for  48  hours  in  a  conventional  preheat- 
ing  mannner; 

Fig.  2  shows  a  relation  between  the  creep  of 
the  kiln  and  the  time  in  the  case  that  the  preheating 
is  performed  for  6  hours,  the  solid  line  being  con- 
nected  with  the  rotary  kiln  which  is  lined  with  bricks 
improved  by  the  present  invention,  the  dotted  line 
being  connected  with  the  rotary  kiln  which  is  lined 
with  conventional  bricks; 

Fig.  3  is  a  sectional  view  of  the  combined 
brick  used  in  the  present  invention; 

Fig.  4  is  a  sectional  view  in  the  case  that 
Fig.  3  is  seen  from  side; 

Figs.  5  and  7  are  sectional  views  of  a  brick 
coated  with  a  fire  insulating  castable  material  re- 
garding  the  present  invention; 

Figs.  6  and  8  are  sectional  views  in  the  case 
that  Figs.  5  and  7  are  seen  from  side; 

Fig.  9  (I)  is  a  schematic  view  of  the  rotary 
kiln,  and  a  part  thereof  is  cut  out;  and 

Fig.  9  (II)  is  a  cross-sectional  view  of  the 
rotary  kiln. 

5.  DETAILED  DESCRIPTION  OF  PREFERRED  EM- 
BODIMENT 

As  shown  in  Fig.  3  and  Fig.  4  (which  is  a 
sectional  view  in  the  case  that  Fig.  3  is  seen  from 
side),  a  brick  3  comprises  the  combination  of  a  fire 
insulating  brick  portion  1  having  a  thickness  of  15 
to  75  mm  and  a  fire  brick  portion  2  having  a 
thickness  of  200  to  230  mm. 
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In  this  case,  for  example,  the  fire  bricks  5 
having  a  refractoriness  of  SK  40  or  more  are  coat- 
ed  with  the  fire  insulating  castable  material  4  hav- 
ing  a  refractoriness  of  1,800°C. 

The  most  effective  positions  where  the  fire  5 
insulating  castable  materials  are  arranged  are  posi- 
tions  on  the  shell  corresponding  to  tires  portions  for 
supporting  the  rotary  kiln,  particularly  positions  cor- 
responding  to  tires-arranging  portions  in  burning 
sections  of  the  rotary  kiln,  and  positions  which  are  10 
2  to  3  meters  away  forward  and  backward  from  the 
centers  of  the  tire  portions. 

When  the  fire  bricks  5  are  coated  with  the  fire 
insulating  castable  material  4,  the  excessive  heat  at 
the  firing  can  be  shut  out,  so  that  the  creep  of  the  rs 
kiln  can  be  prevented  from  extremely  decreasing 
until  the  coating  has  adhered  sufficiently  to  the 
tires-arranging  portions  in  the  rotary  kiln.  After  this 
time  section  has  elapsed,  the  coating  adheres 
thereto  and  the  creep  of  the  kiln  is  kept  in  a  normal  20 
state.  Therefore,  in  the  event  that  the  fire  insulating 
brick  is  broken  afterward,  any  serious  trouble  will 
not  take  place,  since  the  tires  have  already  been 
heated  and  expanded. 

In  the  present  invention,  the  operation  of  coat-  25 
ing  the  bricks  with  the  fire  insulating  castable  ma- 
terial  may  be  carried  out  by  blowing  or  casting  the 
fire  insulating  castabie  material  4  all  over  the  sur- 
faces  of  the  fire  bricks  5  with  which  the  shell 
portions  corresponding  to  the  tires-arranging  por-  30 
tions  are  lined  in  an  ordinary  manner.  This  opera- 
tion  permits  obtaining  the  desired  effect,  but  it  is 
also  possible  to  coat  other  portions  than  the  tires- 
arranging  portions  with  this  fire  insulating  castable 
material.  In  such  a  case,  an  initial  heat  spoiling  at  35 
the  firing  can  be  inhibited  conveniently,  which  fact 
is  effective  to  prolong  a  lifetime  of  the  bricks. 
Further,  as  shown  in  Figs.  7  and  8,  even  the  fire 
bricks  which  have  been  thinned  to  a  wall  thickness 
of  100  to  200  mm  owing  to  the  operation  can  be  40 
recovered  up  to  a  desired  wall  thickness  by  coating 
these  thin  bricks  with  the  fire  insulating  castable 
material,  with  the  result  that  the  effect  of  the 
present  invention  can  be  built  up. 

By  lining  the  shell  positions  corresponding  to  45 
the  tires-arranging  portions  of  the  rotary  kiln  with 
the  combined  bricks  of  the  insulating  bricks  and 
the  fire  bricks  so  that  the  fire  insulating  brick  por- 
tions  may  face  to  the  inside  of  the  rotary  kiln  and 
so  that  the  fire  brick  portions  may  face  to  the  side  50 
of  the  kiln  shell,  or  alternatively  by  coating,  with  the 
fire  insulating  castable  material,  the  whole  surfaces 
of  the  fire  bricks  facing  to  the  inside  of  the  furnace 
with  which  the  shell  positions  corresponding  to  the 
tires-arranging  portions  are  lined,  an  extreme  dim-  55 
inution  in  the  creep  of  the  kiln  can  be  prevented 
and  the  mechanical  breakage  of  the  rotary  kiln 
which  easily  occurs  at  the  firing  can  be  inhibited. 

In  consequence,  the  preheating  period  of  time 
of  from  firing  to  main  burning  can  be  shortened 
remarkably,  so  that  an  energy  loss  necessary  for 
the  preheating  can  be  decreased. 

Furthermore,  even  the  fire  bricks  which  have 
become  thinner  than  their  orignail  wall  thickness, 
i.e.,  which  have  become  so  thin  as  to  be  thrown 
away  owing  to  the  operation,  can  be  recovered  and 
reused  by  coating  these  thin  bricks  with  the  fire 
insulating  castable  material. 

Claims 

1.  A  rotary  kiln  in  which  each  brick  comprises 
the  combination  of  a  fire  insulating  brick  and  a  fire 
brick,  and  a  shell  is  lined  with  said  bricks  at  posi- 
tions  corresponding  to  tires-arranging  portions  of 
said  rotary  kiln  so  that  said  fire  insulating  bricks 
may  face  to  the  inside  of  a  kiln  furnace  and  so  that 
said  fire  bricks  may  face  to  the  side  of  said  shell. 

2.  A  rotary  kiln  in  which  fire  bricks  with  which  a 
shell  is  lined  at  positions  corresponding  to  tires- 
arranging  portions  of  said  rotary  kiln  are  coated,  on 
the  whole  surfaces  of  said  bricks  on  the  inside  of  a 
kiln  furnace,  with  a  fire  insulating  castable  material. 

3.  Bricks  for  a  rotary  kiln  in  which  fire  bricks 
are  formed  on  their  free  surfaces  with  fire  insulating 
brick  layers. 

4.  Bricks  for  a  rotary  kiln  in  which  fire  bricks 
are  formed  on  their  free  surfaces  with  fire  insulating 
castable  material  layers. 
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