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BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  chromium  containing  refractories  and,  more  particularly,  it  concerns  an 
improved  burned  refractory  with  low  levels  of  soluble  chromium. 

5  Chromium  in  its  various  oxide  forms  is  a  useful  constituent  of  refractories  because  of  its  high  melting 
point  and  its  relative  inertness  when  in  contact  with  corrosive  slags,  gases,  and  molten  metals.  The  main 
forms  of  chromium  used  in  refractories  are  the  mineral  chromite  --  a  complex  oxide  consisting  of  about  30- 
60%  Cr2  03  --  and  pigment-grade  chromium  oxide  (Cr2  03).  Under  certain  conditions,  the  acid  form  of 
chromium,  chromic  acid  (Cr03),  can  form  from  these  materials.  After  use,  routine  disposal  of  these 

io  refractories  is  of  concern  since  Cr03  (chromium  VI)  can  be  dissolved  by  water.  Simple  leaching  of  used 
chrome-bearing  refractories  by  rain  water  or  ground  water  may  dissolve  Cr03  present  in  the  refractory. 

The  U.S  Environmental  Protection  Agency  has  issued  test  methods  to  determine  the  level  of  water- 
soluble  chromium  from  various  materials  and  has  specified  a  current  (Yr.  1990)  maximum  allowable  level  of 
total  water-soluble  chromium  (all  valence  states  of  chromium)  to  be  no  more  than  5  mg/1  (or  5  ppm).  The 

75  test  methods  used  to  determine  soluble  chromium  have  evolved  from  the  earliest  method,  the  EP  Method 
(Extraction  Procedure),  to  the  present  method,  the  TCLP  Method  (Toxicity  Characteristic  Leaching  Proce- 
dure  -  Method  1311). 

Since  the  EPA  guidelines  were  announced,  producers  and  consumers  of  chrome-bearing  materials  have 
been  involved  with  determining  the  level  of  soluble  chromium  in  their  products.  It  is  now  apparent  that 

20  different  products  containing  similar  levels  of  total  chromium  products  containing  similar  levels  of  total 
chromium  can  differ  in  their  soluble  chromium  levels.  Therefore,  a  good  correlation  between  total  chromium 
and  soluble  chromium  is  not  immediately  apparent. 

In  light  of  the  foregoing,  there  is  a  need  for  an  improved  refractory  and  method  having  a  decreased 
level  of  soluble  chromium,  and  in  particular,  a  burned  refractory  having  a  level  of  soluble  chromium  reduced 

25  to  below  5  ppm. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  a  principal  object  of  the  present  invention  is  to  provide  a  burned  refractory  with  low  soluble 
30  chromium.  Another  and  more  specific  object  of  the  invention  is  the  provision  of  a  method  of  reducing  the 

soluble  chromium  levels  of  burned  refractories.  Other  objects  and  further  scope  of  applicability  of  the 
present  invention  will  become  apparent  from  the  detailed  description  to  follow  in  conjunction  with  the 
accompanying  drawings  and  tables. 

In  accordance  with  the  present  invention,  it  has  been  unexpectedly  discovered  that  minor  additions  of 
35  fine  zirconia,  silica,  zircon  and/or  molybdic  oxide  to  burned  chrome-containing  refractories  are  effective  in 

lowering  the  soluble  chromium  level  of  these  compositions  to  acceptable  values.  This  discovery  is 
noteworthy,  since  it  allows  control  of  soluble  chromium  in  a  variety  of  chrome-bearing  products.  For 
example,  products  containing  unacceptable  levels  of  soluble  chromium  may  now  be  made  to  contain  low, 
acceptable  levels  of  soluble  chromium. 

40  For  reasons  given  below  various  forms  of  other  elements  theoretically  could  be  used  to  decrease  the 
levels  of  water-soluble  chromium.  These  elements  are:  S,  W,  U,  Ba,  V,  Nb,  Ta,  Fe,  Eu,  Mn,  Tc,  N,  CI,  Se, 
Br,  I,  Re,  Ru,  Os,  B,  D,  P,  As,  Sb,  Te  and/or  Bi. 

Thus,  in  accordance  with  this  invention,  an  additive  is  used  which  is  a  form  of  an  element  selected  from 
Zr,  Mo,  Si,  S,  W,  U,  Ba,  V,  Nb,  Ta,  Fe,  Eu,  Mn,  Tc,  N,  CI,  Se,  Br,  I,  Re,  Ru,  Os,  B,  D,  P,  As,  Sb,  Te  and/or 

45  Bi  to  lower  the  soluble  chromium  content  of  a  burned  chromium-containing  refractory  to  less  than  5  ppm 
total  soluble  chromium  as  defined  by  the  Environmental  Protection  Agency's  Test  Method  1311.  Preferably, 
the  additive  is  selected  from  one  or  more  of  zirconia,  silica,  zircon,  molybdic  oxide,  siliceous  clay  and  a 
siliceous  additive. 

In  accordance  with  a  particularly  preferred  embodiment  of  the  invention,  the  additive  is  one  or  more  of 
50  zirconia,  silica,  zircon  and  molybdic  oxide.  Therefore  in  accordance  with  a  particularly  preferred  embodi- 

ment  of  the  invention  an  additive  is  used  which  is  fine  zirconia,  silica,  molybdic  oxide  and/or  zircon  to  lower 
the  soluble  chromium  content  of  a  burned  chromium-containing  refractory  to  less  than  5  ppm  total  soluble 
chromium,  the  additive  being  used  in  amounts  of  up  to  10  wt.  %. 

The  additive  may  even  be  used  in  amounts  less  than  3  wt.  %,  or  even  less  than  2%.  Generally  the 
55  additive  will  be  used  in  amounts  of  at  least  0.05  wt.  %. 

The  additive  is  preferably  one  or  more  of  fine  zirconia,  zircon  and  molybdic  oxide,  most  preferably 
being  zirconia  and/or  molybdic  oxide. 

The  refractory  may  be  any  refractory  composition  but  is  preferably  a  magnesite-chrome  or  chrome- 
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magnesite  refractory. 
The  invention  also  includes  a  method  for  lowering  the  soluble  chromium  content  of  used  chromium- 

containing  refractories  to  less  than  5  ppm  total  soluble  chromium  as  defined  by  the  Environmental 
Protection  Agency's  Test  Method  1311  comprising  crushing  the  used  refractory,  adding  to  the  crushed 

5  material  a  form  of  an  element  selected  from  Zr,  Mo,  Si,  S,  W,  U,  Ba,  V,  Nb,  Ta,  Fe,  Eu,  Mn,  Tc,  N,  CI,  Se, 
Br,  I,  Re,  Ru,  Os,  B,  D,  P,  As,  Sb,  Te  and/or  Bi,  blending  the  crushed  material  and  firing  to  a  sufficient 
temperature  to  react  the  above  additive  with  the  soluble  chromium  compounds  present  in  the  used 
refractory. 

The  invention  also  includes  the  novel  chromium-containing  refractories  obtained  by  this  process  and 
io  having  reduced  total  soluble  chromium  content  of  less  than  5  ppm  as  defined  by  the  EPA's  Test  Method 

1311. 
In  accordance  with  an  exemplary  embodiment  of  the  present  invention,  a  burned  60%  magnesite/40% 

chrome  ore  brick,  which  otherwise  could  have  soluble  chrome  levels  well  in  excess  of  5  ppm,  has  a 
reduced  soluble  chromium  level  below  the  mandated  5  ppm  maximum  by  either  adding  less  than  2  wt.  % 

is  zirconia,  less  than  0.5  wt.  %  silica,  or  less  than  5  wt.  %  molybdic  oxide.  These  amounts  are  meant  to  be 
illustrative  rather  than  restrictive  since  it  is  readily  apparent  that  compositions  with  higher  amounts  of 
soluble  chromium  may  require  larger  amounts  of  these  additives  in  order  to  reduce  the  level  of  soluble 
chromium  to  acceptable  levels. 

20  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  graphical  representation  of  the  influence  of  lime/silica  ratio  on  soluble  chromium. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 
25 

Some  commercially  available  magnestie-chrome  bricks  have  levels  of  soluble  chromium  that  exceed 
the  EPA  guideline  of  5  ppm  or  less.  In  accordance  with  the  present  invention,  it  is  possible  to  produce  such 
a  refractory  with  an  acceptable  level  of  soluble  chromium  by  adding  minor  amounts  of  zirconia,  silica,  zircon 
and/or  molybdic  oxide  to  the  base  mix. 

30  As  shown  in  Table  I,  as  little  as  0.5%  zirconia  was  quite  effective  in  preventing  formation  of  soluble 
chromium  in  a  shape  containing  1.3%  CaO  +  Si02.  An  addition  of  2%  zirconia  was  sufficient  to  decrease  the 
level  of  the  soluble  chromium  to  under  1  ppm  in  a  shape  containing  2%  CaO  +  Si02. 
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Table  II  illustrates  the  effect  of  0  to  3%  fine  zirconia  in  a  burned  60/40  magnesite-chrome  shape, 
icreasing  the  zirconia  level  to  amounts  greater  than  1  %  had  a  dramatic  effect  on  decreasing  the  level  of 
oluble  chromium.  The  relative  fineness  of  the  zirconia  addition  did  not  appear  to  be  as  important  as  the 
uantity  of  zirconia. 
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Table  III  shows  the  effect  of  fine  silica  additions  to  the  base  mix  on  the  level  of  soluble  chromium.  Small 
55  additions  of  silica  in  amounts  less  than  0.5%  were  effective  in  significantly  decreasing  the  amount  of  soluble 

chromium. 
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The  influence  of  the  lime/silica  ratio  on  the  level  of  soluble  chromium  is  diagrammed  in  Figure  1. 
55  To  determine  if  other  oxides,  such  as  molybdic  oxide  would  produce  a  similar  effect,  additions  of  fine 

M0O3  were  made  to  the  mix  ranging  from  0  to  2%  (Table  IV).  It  is  apparent  that  molybdic  oxide  was  also 
effective  in  decreasing  the  level  of  soluble  chromium.  Two  percent  M0O3  was  required  to  decrease  soluble 
chromium  to  less  than  1  ppm. 
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The  above  descriptions  clearly  illustrate  the  pronounced  effect  that  minor  additions  of  silica,  zirconia, 
55  and  molybdic  oxide  have  on  the  soluble  chromium  content  of  fired  magnesite-chrome  refractories.  Since 

both  zirconia  and  silica  work  to  lower  soluble  chromium  levels,  then  zircon  (ZrC '̂SiCte)  would  also  be 
effective  at  low  levels.  It  is  also  obvious  that  these  additions  would  be  effective  in  other  burned  chrome- 
bearing  refractories  such  as  chrome-magnesite  shapes.  It  is  conjectured  that  chromium  3  +  (the  most  stable 

7 



EP  0  521  679  A1 

form  of  chromium)  may  convert  to  Cr  6+  in  a  high  temperature  environment,  such  as  in  a  kiln.  This 
conversion  appears  to  be  accelerated  in  the  presence  of  an  alkali  or  an  alkaline  earth  compound. 

The  above  examples  clearly  show  that  additions  of  zirconia  in  accordance  with  the  present  invention 
tend  to  decrease  the  amount  of  soluble  chromium.  Possibly,  zirconia  has  a  stronger  affinity  for  alkaline  earth 

5  compounds  (such  as  CaO)  than  chromium.  Therefore,  chromium  in  the  presence  of  lime  and  zirconia  tends 
to  stay  in  the  stable  insoluble  Cr2  03  form. 

In  accordance  with  another  embodiment  of  the  present  invention,  molybdic  oxide  was  also  found  to  be 
effective  in  decreasing  the  level  of  soluble  chromium.  M0O3  appears  to  be  effective  because  it  is  stable  in 
the  +6  state,  it  is  chemically  similar  to  Cr03,  and  it  may  have  a  higher  affinity  for  alkalies  or  alkaline  earth 

10  compounds  than  chromium. 
Furthermore,  additions  of,  for  example,  zirconia,  silica  and  molybdic  oxide  can  be  used  not  only  to 

lower  the  soluble  chromium  content  of  unused  refractories,  but  are  also  useful  in  decreasing  the  soluble 
chromium  content  of  used  refractories.  For  example,  used  chromium-bearing  refractories  could  be  crushed, 
mixed  with  the  aforementioned  additives,  and  burned  to  reduce  their  soluble  chromium  content. 

15  In  accordance  with  an  exemplary  embodiment  of  the  present  invention,  the  soluble  chromium  content  of 
used  chromium  containing  refractories  is  lowered  to  less  than  5  ppm  total  soluble  chromium  as  defined  by 
the  Environmental  Protection  Agency's  Test  Method  1311  by  crushing  the  used  refractory,  adding  to  the 
crushed  material  appropriate  amounts  of  fine  zirconia,  silica,  siliceous  clay,  siliceous  additive,  molybdic 
oxide,  and/or  zircon,  blending  and/or  pressing  the  crushed  material,  and  firing  the  material  to  a  sufficient 

20  temperature  to  react  to  the  above  additions  with  soluble  chromium  compounds  present  in  the  used 
refractory.  Although  it  is  not  required,  the  above-mentioned  additions  are  preferably  sized  minus  -65  mesh, 
and  even  more  preferably  minus  -325  mesh. 

Based  upon  these  and  other  considerations,  various  forms  of  other  elements  theoretically  could  be  used 
to  decrease  the  levels  of  water-soluble  chromium.  These  elements  are:  S,  W,  U,  Ba,  V,  Nb,  Ta,  Fe,  Eu,  Mn, 

25  Tc,  N,  CI,  Se,  Br,  I,  Re,  Ru,  Os,  B,  D,  P,  As,  Sb,  Te  and  Bi. 
Thus,  it  will  be  appreciated  that  as  a  result  of  the  present  invention,  a  magnesite-chrome  brick  having 

acceptable  levels  of  soluble  chromium  is  provided  by  which  the  principal  object  and  others  are  completely 
fulfilled.  It  is  contemplated  and  will  be  apparent  to  those  skilled  in  the  art  from  the  foregoing  description  and 
accompanying  drawing  and  tables  that  variations  and/or  modifications  of  the  disclosed  embodiment  may  be 

30  made  without  departure  from  the  invention.  Accordingly,  it  is  expressly  intended  that  the  foregoing 
description  and  accompanying  drawing  and  tables  are  illustrative  of  a  preferred  embodiment  only,  not 
limiting,  and  that  the  true  spirit  and  scope  of  the  present  invention  be  determined  by  reference  to  the 
appended  claims. 

35  Claims 

1.  Use  of  an  additive  which  is  a  form  of  an  element  selected  from  Zr,  Mo,  Si,  S,  W,  U,  Ba,  V,  Nb,  Ta,  Fe, 
Eu,  Mn,  Tc,  N,  CI,  Se,  Br,  I,  Re,  Ru,  Os,  B,  D,  P,  As,  Sb,  Te  and/or  Bi  to  lower  the  soluble  chromium 
content  of  a  burned  chromium-containing  refractory  to  less  than  5  ppm  total  soluble  chromium. 

40 
2.  Use  of  an  additive  according  to  claim  1  in  which  the  additive  has  a  fine  particle  size  and  is  used  in 

amounts  of  up  to  10  wt.  %. 

3.  Use  of  an  additive  according  to  claim  2  wherein  the  additive  is  selected  from  one  or  more  of  zirconia, 
45  silica,  molybdic  oxide,  zircon,  siliceous  clay  and  a  siliceous  additive. 

4.  Use  of  an  additive  which  is  zirconia,  silica,  molybdic  oxide  and/or  zircon  to  lower  the  soluble  chromium 
content  of  a  burned  chromium-containing  refractory  to  less  than  5  ppm  total  soluble  chromium,  the 
additive  being  used  in  amounts  of  up  to  10  wt.  %. 

50 
5.  Use  according  to  any  preceding  claim  wherein  the  additive  is  used  in  amounts  less  than  3  wt.  %, 

preferably  less  than  2  wt.  %. 

6.  Use  according  to  any  preceding  claim  wherein  the  additive  has  particle  size  -65  mesh  (200u.m). 
55 

7.  Use  according  to  claim  7  wherein  the  particle  size  of  the  additive  is  -325  mesh  (40u.m). 

8.  Use  according  to  any  preceding  claim  wherein  the  additive  is  zirconia,  preferably  used  in  amounts 

8 
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below  2  wt.  %. 

9.  Use  according  to  any  of  claims  1  to  7  wherein  the  additive  is  silica,  preferably  used  in  amounts  below 
0.5  wt.  %. 

5 
10.  Use  according  to  any  of  claims  1  to  7  wherein  the  additive  is  molybdic  oxide,  preferably  used  in 

amounts  below  3  wt.  %. 

11.  Use  according  to  any  of  claims  1  to  7  wherein  the  additive  is  zircon,  preferably  used  in  amounts  below 
70  5  wt.  %. 

12.  Use  according  to  claim  3  in  which  the  additive  comprises  a  mixture  of  fine  zirconia,  zircon  and 
molybdic  oxide. 

75  13.  Use  according  to  claim  3  wherein  the  additive  is  any  combination  of  fine  zirconia  and  molybdic  oxide. 

14.  Use  according  to  any  preceding  claim  in  which  the  refractory  is  a  magnesite-chromium  or  chromium- 
magnesite  composition. 

20  15.  A  method  of  lowering  the  soluble  chromium  content  of  used  chromium-containing  refractories  to  less 
than  5  ppm  total  soluble  chromium  as  defined  by  the  Environmental  Protection  Agency's  Test  Method 
1311  comprising  crushing  the  used  refractory,  adding  to  the  crushed  material  a  form  of  an  element 
selected  from  Zr,  Mb,  Si,  S,  W,  U,  Ba,  V,  Nb,  Ta,  Fe,  Eu,  Mn,  Tc,  N,  CI,  Se,  Br,  I,  Re,  Ru,  Os,  B,  D,  P, 
As,  Sb,  Te  and/or  Bi,  blending  the  crushed  material  and  firing  to  a  sufficient  temperature  to  react  the 

25  above  additive  with  the  soluble  chromium  compounds  present  in  the  used  refractory. 

16.  A  method  of  lowering  the  soluble  chromium  content  of  used  chromium-containing  refractories  to  less 
than  5  ppm  total  soluble  chromium  as  defined  by  the  Environmental  Protection  Agency's  Test  Method 
1311  comprising  crushing  the  used  refractory,  adding  to  the  crushed  material  up  to  10  wt.  %  of  fine 

30  zirconia,  silica,  molybdic  oxide,  zircon,  siliceous  claim  and/or  a  siliceous  additive,  blending  the  crushed 
material  and  firing  to  a  sufficient  temperature  to  react  the  additive  with  the  soluble  chromium 
compounds  present  in  the  used  refractory. 

17.  A  method  according  to  claim  16  wherein  the  additive  is  fine  zirconia,  silica,  molybdic  oxide  and/or 
35  zircon. 

18.  A  method  according  to  any  of  claims  16  to  18  wherein  the  additive  has  a  particle  size  -65  mesh  (200 
urn). 

40  19.  A  method  according  to  claim  18  wherein  the  particle  size  of  the  additive  is  -325  mesh  (40  urn). 

20.  A  method  according  to  any  of  claims  15  to  19  wherein  the  additive  is  used  in  amounts  above  0.05% 
and  less  than  3  wt.  %,  preferably  less  than  2  wt.  %. 

45  21.  A  method  according  to  any  of  claims  15  to  20  in  which  prior  to  firing,  the  crushed,  used  refractory  and 
additive  are  blended  and  pressed. 

22.  A  chromium-containing  refractory  obtainable  by  a  process  according  to  any  of  claims  15  to  21. 

50  23.  A  chromium-containing  refractory  obtainable  by  a  process  comprising  crushing  a  used  chromium- 
containing  refractory,  adding  to  the  crushed  material  up  to  10  wt.  %  of  fine  zirconia,  silica,  molybdic 
oxide  and/or  zircon,  blending  the  crushed  material  and  firing  to  a  sufficient  temperature  to  react  the 
above  additive  with  the  soluble  chromium  compound  present  in  the  used  refractory  and  wherein  the 
refractory  has  a  total  soluble  chromium  content  of  less  than  5  ppm  as  defined  by  the  Environmental 

55  Protection  Agency's  Test  Method  1311. 

9 



EP  0  521  679  A1 

F i g .   1 .  

□  MAGNESITE  GRAIN  WITH  A 
3 % C a O + S i 0 2   CONTENT 

0  MAGNESITE  GRAIN  WITH 
1 . 5 % C a O + S i 0 2   CONTENT 

10-i 

On  •  i  ■  i  1  i  ■  i  •  i  ■  i  ■  i 
1.0  1.2  1.4  1.6  1.8  2.0  2.2  2 .4  

LIME/SILICA  RATIO 

10 



J )  European  Patent 
Office 

EUROPEAN  SEARCH  REPORT Application  rtumuCT 

EP  92  30  5961 
PAGE1 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

r.  Citation  of  document  with  indication,  where  appropriate,  Relevant  CLASSIFICATION  OF  THE Category  of  relevant  passages  to  daim  APPLICATION  ant.  Q.S  ) 
X  DATABASE  WPI  1-5,  C04B35/04 

Section  Ch,  Week  7829,  8-17, 
Derwent  Publ icat ions   Ltd.,  London,  GB;  20-23 
AN  78-52741A 
&  JP-A-50  133  208  (NIPPON  METAL  IND  CO)  22 
October  1975 
*  abs t rac t   * 

X  GB-A-1  089  354  (STEETLEY  REFRACTORY  BRICK  1-6, 
COMP  LTD)  8-18,  

20-23 
*  page  1,  lef t   column,  line  16  -  line  29; 
claims  * 

X  DATABASE  WPIL  1-5, 
Week  8317,  8-17, 
Derwent  Publ icat ions   Ltd.,  London,  GB;  20-23 
AN  83-40062K 
&  JP-A-58  045  174  (KAWASAKI  STEEL  KK  ET 
AL)  16  March  1983 
*  abs t rac t   *  technical  fields 

searched  am.  CI.  5  ) 
X  GB-A-873  765  (OUGHT  I  BRIDGE  SILICA  1-2 ,5 ,  

FIREBRICK  COMP  LTD)  15,20  C04B 
*  page  4,  left   column,  line  28  -  r i g h t  
column,  line  38;  claims  * 

A  DATABASE  WPIL  1-23 
Week  8142, 
Derwent  Publ icat ions   Ltd.,  London,  GB; 
AN  81-77227D 
&  SU-A-798  077  (RIGA  POLY)  23  January 
1981 
*  abs t rac t   * 

A  DE-A-2  718  370  (DIDIER-WERKE  AG)  1-23 
*  claims;  example  1  * 

- / ~  

The  present  search  report  has  been  drawn  up  for  all  claims 
Place  of  March 

BERLIN 
Date  of  conpletioB  of  the  tearca 

19  OCTOBER  1992 KUEHNE  H.C. 

category  of  cited  documents 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  tne  invention E  :  earlier  patent  document,  but  published  on,  or 
after  the  filing  date 

D  :  document  cited  in  the  application 
L  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding 

document 



J )  European  Patent 
Office 

EUROPEAN  SEARCH  REPORT Application  iMumner 

EP  92  30  5961 
PAGE2 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  claim 

(JLASS1MCA1IUN  ur  1IU> APPLICATION  qnt.  Q.5  ) 
:R-A-2  554  739  (DIDIER-WERKE  AG) 
'  examples  * 

SEARCHED  ant.  C1.5  ) 

The  present  search  report  has  been  drawn  up  for  all  claims 
Place  of  search  Date  of  conpletion  of  the  search  Exanfaar 

BERLIN  19  OCTOBER  1992  KUEHNE  H.C. 

category  of  ci  ted  documents 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or 
after  the  filing  date D  :  document  cited  in  the  application 

L  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding 

document 


	bibliography
	description
	claims
	drawings
	search report

