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Description 

The  invention  relates  to  a  process  for  the  prepa- 
ration  of  nitrided  silica  particles  and  to  the  use  of 
these  silica  particles  as  catalysts  in  the  Knoevenagel 
reaction  and  other  reactions. 

In  the  U.S.  Patent  Specification  4,888,159  a 
process  has  been  disclosed  forthe  nitridation  of  silica 
wherein  silica  is  converted  with  flowing  ammonia- 
containing  gas  at  temperatures  of  950  °C  to  1  300  °C. 
Although  the  specification  mentions  that  several 
kinds  of  silica  may  be  converted  with  ammonia,  it  also 
discloses,  however,  that  the  active  surface  of  silica 
gel  is  reduced  by  a  factor  10. 

It  has  now  been  found  that  nitrided  silica  particles 
may  be  prepared,  which  do  not  have  the  disadvan- 
tage  of  losing  their  active  surface  and  do  not  collapse. 

The  invention  relates  to  a  process  for  the  prepa- 
ration  of  nitrided  silica  particles  which  comprises  re- 
acting  porous  silica  particles  of  0.5  mm  diameter  or 
more  with  an  ammonia-containing  gas  at  a  tempera- 
ture  in  the  range  of  from  300  °C  to  900  °C. 

The  silica  particles,  specif  ically  the  silica  spheres 
of  about  0.5  mm  diameter  or  more,  which  are  nitrided 
at  their  surface  have  modified  catalytic  properties  in 
particular  by  (1)  introduction  of  basicity  and  (2)  sup- 
pression  of  residual  acidity. 

In  the  process  according  to  the  invention  temper- 
atures  of  450  °C  to  850  °C  are  preferably  used. 

Space  velocities  of  flowing  ammonia-containing 
gas  are  from  0.1  to  50  Nm3  per  kg  silica  per  hour. 

The  silica  particles,  to  be  nitrided,  are  preferably 
silica  spheres,  which  do  not  collapse  and  for  practical 
purposes  retain  much  of  their  surface  area.  The  outer 
surface  is  nitrided  and  can  contain  from  about  0.5% 
by  weight  to  about  5%  by  weight  of  N  at  the  surface. 
Analysis  by  infrared  spectroscopy  showed  that  the  ni- 
trided  silica  contains  =  Si-NH2  groups  and  (=  Si)2-NH 
groups. 

A  process  for  the  preparation  of  silica  particles 
comprises: 

a)  preparing  a  silica  hydrosol  by  mixing  an  aqu- 
eous  solution  of  an  alkali  metal  silicate  with  an 
aqueous  solution  of  an  acid, 
b)  converting  the  hydrosol  into  droplet  form, 
c)  shaping  the  droplets  in  air  or  in  a  liquid  which 
is  not  miscible  with  water,  to  obtain  a  hydrogel 
and 
d)  drying  the  hydrogel. 
The  process  may  be  modified  by  decreasing  the 

cation  content  by  contact  with  an  aqueous  ammonium 
nitrate  solution  after  step  c).  Another  process  consists 
of  partially  drying  the  hydrogel  particles  and  subject- 
ing  them  to  a  hydrothermal  treatment  at  a  tempera- 
ture  between  80  °C  and  350  °C. 

Optionally  the  dried  hydrogels  are  calcined  at  a 
temperature  up  to  1000  °C,  preferably  between  800 
°C  and  950  °C. 

The  silica  is  generally  known  as  silica  gel,  which 
latter  is  a  partially  dehydrated  form  of  polymerized 
colloidal  silica.  As  a  finished,  stable  product,  it  is  a 
hard  granular  material. 

5  A  more  or  less  detailed  procedure  for  the  prepa- 
ration  of  silica  is  given  hereinafter. 

The  silica  hydrosol  has  been  conveniently  pre- 
pared  by  mixing  an  aqueous  solution  of  an  alkali  metal 
silicate  with  an  aqueous  solution  of  an  acid.  Suitable 

10  alkali  metal  silicates  comprise  the  so-called  water- 
glasses,  based  on  Na20/Si02  having  a  sodium:silicon 
molar  ratio  between  1  and  0.2.  Suitable  acids  com- 
prise  hydrochloric  acid,  nitric  acid  and  especially  sul- 
phuric  acid.  Good  results  have  been  obtained  using  a 

15  molar  ratio  in  the  range  0.5-1.2  acid/waterglass,  es- 
pecially  using  a  molar  ratio  in  the  range  0.6-0.8 
acid/waterglass.  The  reactants  can  be  used  in  various 
molar  concentrations.  Preferably,  waterglasses  are 
used  in  molar  concentrations  between  0.5  and  1  .3 

20  and  the  acid  can  be  chosen  accordingly. 
The  process  of  mixing  has  been  performed  suit- 

ably  by  leading  the  starting  solutions  separately  via 
capillaries  into  tubular  mixing  chambers.  Thorough 
mixing  which  appears  to  be  important  to  produce  uni- 

25  form  particles  is  established  by  carefully  controlling 
the  flow  conditions  in  and  outside  the  appropriate 
nozzles. 

After  the  silica  hydrosol  has  been  formed,  it  is 
converted  into  droplet  form  by  carefully  controlling 

30  the  break-up  of  the  emerging  stream  which  allows  the 
formation  of  particles  of  uniform  predetermined  size 
and  uniform  shape.  This  may  be  achieved  by  gelling 
the  hydrosol  in  a  liquid  which  is  immiscible,  or  sub- 
stantially  immiscible  with  water  such  as  an  oil,  e.g.  a 

35  paraffinic  oil.  This  may  be  performed  suitably  by  in- 
troducing  the  hydrosol  into  the  upper  end  of  a  verti- 
cally  disposed  tube  filled  with  oil.  Best  results  are  ob- 
tained  when  a  relatively  short  sol-gel  transformation 
time  is  applied,  e.g.  less  than  15  seconds.  It  is  also 

40  possible  to  spray  the  droplets  in  air. 
The  gelled  particles  thus  obtained  were  caught  in 

an  aqueous  phase  such  as  water  or,  preferably,  an 
aqueous  solution  of  a  salt  such  as  sodium  sulphate, 
particularly  a  salt  solution  having  substantially  the 

45  same  salt  concentration  as  that  present  in  the  hydro- 
gel  particles.  The  hydrogel  particles  are  then  separat- 
ed  from  the  aqueous  phase,  e.g.  by  filtration  or  cen- 
trifugation.  The  hydrogel  particles  thus  obtained  con- 
tain  large  amounts  of  water  and  also  contain,  apart 

so  from  silica,  water-soluble  sodium  salts  as  well  as 
chemically  bonded  sodium  ions. 

It  will  be  appreciated  that  silica  particles  of  vari- 
ous  sizes  and  shapes  are  used.  Especially  suitable 
are  silica  spheres  which  combine  a  number  of  advan- 

55  tageous  properties  such  as  high  intrinsic  strength,  vir- 
tually  no  formation  of  fines  when  used  in  fixed  or  mov- 
ing  bed  catalytic  reactions  as  well  as  optimal  transport 
characteristics. 

2 
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Silica  may  also  be  prepared  by  partially  pre-dry- 
ing  the  hydrogel  particles  and  a  hydrothermal  treat- 
ment  of  those  particles. 

Pure  strong  silica  particles  can  be  used  when  the 
amount  of  water  present  in  the  hydrogel  is  reduced 
very  carefully,  not  only  with  respect  to  the  tempera- 
ture  applied  but  also  with  respect  tothe  amount  of  wa- 
ter  which  should  remain  in  the  then  partially  dried  par- 
ticles  prior  to  the  hydrothermal  treatment. 

The  amount  of  water  which  is  preferably  removed 
from  the  hydrogel  particles  should  preferably  be  be- 
tween  rather  narrow  ranges,  e.g.  between  45%  by 
weight  and  85%  by  weight,  calculated  on  the  amount 
of  water  initially  present  in  the  hydrogel.  It  has  been 
found  that  very  good  results  can  be  obtained  when 
the  amount  of  water  remaining  in  the  pre-dried  par- 
ticles  is  between  12%  by  weight  and  70%  by  weight, 
especially  between  30%  by  weight  and  50%  by 
weight,  calculated  on  the  total  weight  of  the  pre-dried 
particles. 

Partial  drying  has  been  carried  out  conveniently 
by  blowing  air  over  the  hydrogel  particles  either  at 
constant  temperatures  or  at  slowly  increasing  temper- 
atures  provided  that  not  even  a  small  amount  of  the 
hydrogel  particles  are  dried  to  completion.  Tempera- 
tures  ranging  from  ambient  to  250  °C  can  be  used, 
preference  being  given  to  temperatures  in  the  range 
of  from  70  °Cto  180  °C. 

When  the  hydrothermal  treatment  has  been  ef- 
fected  by  treating  the  partially  dried  silica  particles 
with  liquid  water  at  elevated  temperature,  in  general 
a  treating  temperature  between  50  °C  and  374  °C  is 
chosen.  Preferred  treating  temperatures  are  between 
80  °C  and  350  °C  and  in  particular  between  100  °C 
and  300  °C.  When  using  a  treating  temperature  above 
1  00  °C,  the  treatment  has  to  be  carried  out  in  a  closed 
vessel  under  autogenous  pressure.  The  treating 
times  generally  range  between  15  minutes  and  24 
hours.  The  volume  of  liquid  water  to  be  applied  is  pre- 
ferably  chosen  such  that  during  the  treatment  the 
partially-dried  silica  particles  are  completely  sur- 
rounded  by  water. 

Further  details  on  hydrothermal  treatment  may 
be  found  in  European  Patent  Specification  67459. 

The  hydrothermal  treatment  can  be  followed  by 
a  treatment  to  decrease  the  cation  content  of  the  sil- 
ica  particles  to  less  than  10%  by  weight,  preferably 
less  than  5%  by  weight,  calculated  on  dry  material. 
Normally,  the  cations  present  are  sodium  ions  origi- 
nating  from  the  waterglass  constituent  in  the  forma- 
tion  of  the  hydrosol.  It  is  also  possible  that  the  cations 
are  present  since  they  were  added  to  facilitate  the  hy- 
drothermal  treatment. 

The  decrease  in  the  amount  of  cation  was  conve- 
niently  performed  by  washing  the  silica  particles  one 
or  several  times  with  water  so  that  the  concentration 
is  reduced  to  the  desired  level.  Also  aqueous  solu- 
tions  of  ammonium  salts,  e.g.  ammonium  nitrate  have 

been  used  to  reach  the  desired  low  alkali  metal  con- 
tent  of  the  silica  particles.  It  should  be  noted  that  am- 
monium  ions,  which  have  replaced  any  cations  bound 

5  to  the  silica  particles  will  decompose  during  the  sub- 
sequent  drying  and  calcining  treatment  so  that  the  fi- 
nal  product  does  contain  the  desired  amount  of  ca- 
tions,  if  any. 

According  tothe  present  invention  the  nitrided  sil- 
10  ica  can  be  used  as  a  starting  material  for  the  manu- 

facture  of  shaped  high-quality  ceramic  material  and 
as  a  carrier  material  for  catalytically  functioning  metal 
and  as  a  catalyst. 

The  nitrided  silica,  prepared  by  the  process  ac- 
15  cording  to  the  invention,  displays  an  inert  behaviour 

in  respect  to  the  double  bond  isomerization  of  butene- 
1  to  butene-2.  These  products  would  therefore  seem 
to  be  very  suitable  as  carrier  for  a  great  number  of  re- 
actions  in  the  chemical  process  industry.  Having  no 

20  activity  of  its  own  can  be  very  desirable  in  a  catalyst 
carrier  material.  The  nitrided  silica  may  also  be  used 
as  a  basic  catalyst,  as  shown  by  catalytic  activity  in 
the  Knoevenagel  condensation. 

The  nitrided  silica  may  be  used  in  a  process  for 
25  removing  nitrogen  oxides  from  a  gaseous  stream  con- 

taining  nitrogen  oxides  (NO,  N02,  NOx),  wherein  at 
elevated  temperatures  the  gaseous  stream  is  con- 
tacted  with  the  nitrided  silica  particles.  Suitably  the 
temperature  is  selected  between  100  °C  and  500  °C. 

30  In  this  process  nitrated  silica  donates  NH3  which  re- 
acts  with  NOx  to  form  N2  and  H20. 

The  invention  is  further  illustrated  by  the  follow- 
ing  examples. 

35  EXAMPLE  1 

20  g  of  silica  spheres  having  an  average  diameter 
of  1  .5  mm,  having  a  surface  area  of  318  m2/g,  a  pore 
volume  of  1  .66  ml/g  and  an  average  pore  diameter  of 

40  34  nm  were  contained  in  a  quartz  reaction  tube  (in- 
side  diameter  35  mm)  between  two  plugs  of  quartz 
wool.  The  quartz  tube  was  placed  in  a  horizontal  tube 
oven. 

The  silica  spheres  were  first  treated  to  remove, 
45  by  combustion,  hydrocarbon  contaminants.  This 

treatment  consisted  of  heating  the  spheres  in  a  flow 
of  pure  oxygen  (15  Nl/h)  at  5  °C/min  up  to  500  °C, 
maintaining  this  temperature  for  two  hours  and  allow- 
ing  the  spheres  to  cool  to  room  temperature.  The 

so  spheres  were  then  flushed  with  nitrogen  for  one  hour. 
Nitridation  of  the  spheres  was  carried  out  by 

heating  them  under  an  ammonia  flow  (30  Nl/h)  at  5 
°C/min  up  to  desired  temperature  (either  500  °C  or 
800  °C),  and  maintaining  the  temperature  for  4  h.  Af- 

55  ter  that  the  ammonia  flow  was  replaced  by  a  flow  of 
dry  nitrogen  (15  Nl/h)  and  the  spheres  were  allowed 
to  cool  to  room  temperature.  X-ray  photo-electron 
spectroscopy  revealed  that  the  silica,  prepared  at  500 
°C  and  800  °C,  contained  0.8  and  1  .2%  by  weight  ni- 

3 
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trogen  in  the  surface,  respectively.  The  surface  area 
after  nitridation  at  800  °C  was  276  m2/g. 

EXAMPLE  2 

0.2  g  of  each  of  the  silica  spheres  nitrided  at  500 
°C  and  800  °C  according  to  the  process  of  Example 
1  were  suspended  with  stirring  in  25  g  of  toluene  at 
50  °C. 

0.424  g  (0.4  mmol)  of  benzaldehyde  and  0.456  g 
(0.4  mmol)  of  ethyl  cyanoacetate  were  added  to  the 
suspension.  The  conversion  was  monitored  by  peri- 
odically  taking  samples  for  analysis  by  gas-liquid 
chromatography.  After  4  h  58  and  81  percent  of  the 
reactants  were  converted  respectively  by  using  each 
of  the  silica  samples.  After  16  h  85  and  95  percent  of 
the  reactants  were  converted  respectively  by  using 
each  of  the  silica  spheres. 

Comparative  Example  A 

The  same  reaction  of  benzaldehyde  with  ethyl  cy- 
anoacetate  was  carried  out  under  the  same  condi- 
tions  as  in  Example  2,  with  the  exception  that  the  sil- 
ica  spheres  were  not  nitrided.  No  conversion  was 
measured. 

EXAMPLE  3 

Determination  of  catalytic  surface  activity  experi- 
ments  were  carried  out  with  samples  of  the  products 
prepared  in  Example  1,  using  butene-1  in  helium, 
both  with  a  flow  rate  of  5  litres  per  hour  over  0.5  g  of 
the  samples  to  be  tested.  The  outflowing  gas  was 
monitored  by  gas  chromatography.  Measurements 
were  carried  out  at  400  °C,  one  hour  after  the  catalyst 
had  reached  this  temperature.  Under  these  circum- 
stances,  the  thermodynamic  equilibrium  quantity  of 
butene-2  is  78%,  silica  gel  (unnitrided)  gave  a  conver- 
sion  of  58%  and  the  two  nitrided  silicas  gave  conver- 
sions  of  14%  and  13%,  respectively.  This  demon- 
strates  the  less  reactive  nature  of  the  nitrided  silica 
surface. 

Claims 

1.  A  process  for  the  preparation  of  nitrided  silica 
particles  which  comprises  reacting  porous  silica 
particles  of  0.5  mm  diameter  or  more  with  an  am- 
monia-containing  gas  at  a  temperature  in  the 
range  of  from  300  °C  to  900  °C. 

2.  A  process  as  claimed  in  claim  1  wherein  the  tem- 
perature  lies  in  the  range  of  from  450  °C  to  850 
°C. 

3.  A  process  as  claimed  in  claim  1  or  2  wherein  the 

ammonia-containing  gas  has  a  space  velocity  of 
0.1  to  50  Nm3  ammonia/kg  silica.h. 

5  4.  A  process  as  claimed  in  claim  1  wherein  silica 
spheres  are  used  as  starting  materials. 

5.  A  process  as  claimed  in  claim  4  wherein  the  silica 
is  prepared  by: 

10  a)  mixing  an  aqueous  solution  of  an  alkali  met- 
al  silicate  with  an  aqueous  solution  of  an  acid 
to  obtain  a  silica  hydrosol, 
b)  converting  the  hydrosol  into  droplet  form, 
c)  shaping  the  droplets  in  air  or  in  a  liquid 

15  which  is  not  miscible  wit  h  water,  to  obtain  a  hy- 
drogel, 
d)  and  drying  the  hydrogel. 

6.  A  process  as  claimed  in  claim  5  wherein  the  hy- 
20  drogel  particles  are  partially  dried  and  subjected 

to  a  hydrothermal  treatment  at  a  temperature  be- 
tween  80  °C  and  350  °C. 

7.  A  process  as  claimed  in  claim  5  or  6  wherein  the 
25  cation  content  of  the  hydrogels  is  decreased  by 

treating  them  after  step  c)  with  an  aqueous  am- 
monium  nitrate  solution. 

8.  Use  of  nitrided  silica  particles,  prepared  by  a 
30  process  as  claimed  in  one  or  more  of  the  claims 

1-7,  in  a  process  for  removing  nitrogen  oxides 
from  a  gaseous  stream  containing  said  oxides, 
wherein  at  elevated  temperatures  the  gaseous 
stream  is  contacted  with  the  nitrided  silica  partic- 

35  les. 

9.  Use  of  nitrided  silica  prepared  by  a  process  as 
claimed  in  claims  1-7,  as  a  catalyst  in  the  Knoe- 
venagel  condensation  of  benzaldehyde  with 

40  ethyl  cyanoacetate. 

10.  Use  of  nitrided  silica  prepared  by  a  process  as 
claimed  in  claims  1-7,  as  a  carrier  material  forcat- 
alytically  functioning  metal. 

45 

Patentanspruche 

1.  Ein  Verfahren  zur  Herstellung  von  nitrierten  Sili- 
50  ziumoxidteilchen,  welches  das  Zur-Reaktion- 

bringen  von  porosen  Siliziumoxidteilchen  mit  ei- 
nem  Durchmesser  von  0,5  mm  oder  mehr  mit  ei- 
nem  ammoniakhaltigen  Gas  bei  einerTemperatur 
im  Bereich  von  300°C  bis  900°C  umfalit. 

55 
2.  Ein  Verfahren  wie  in  Anspruch  1  beansprucht,  in 

dem  die  Temperatur  im  Bereich  von  450°C  bis 
850°C  liegt. 

4 
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3.  Ein  Verfahren  wie  in  Anspruch  1  oder  2  bean- 
sprucht,  in  dem  das  ammoniakhaltige  Gas  eine 
Raumgeschwindigkeit  von  0,1  bis  50  Nm3Ammo- 
niak/kg  Siliziumoxid.h  aufweist. 

4.  Ein  Verfahren  wie  in  Anspruch  1  beansprucht,  in 
dem  Siliziumoxidkugeln  als  Ausgangsmaterial 
verwendet  werden. 

5.  Ein  Verfahren  wie  in  Anspruch  4  beansprucht,  in 
dem  das  Siliziumoxid  hergestellt  wird  durch: 

a)  das  Vermischen  einer  wassrigen  Losung 
eines  Alkalimetallsilikats  mit  einer  wassrigen 
Losung  einer  Saure,  urn  ein  Siliziumoxidhy- 
drosol  zu  erhalten, 
b)  das  Umwandeln  des  Hydrosols  in  Tropf- 
chenform, 
c)  das  FormenderTropfchen  in  Luft  oder  in  ei- 
ner  Flussigkeit,  welche  nicht  mit  Wasser  ver- 
mischbar  ist,  urn  ein  Hydrogel  zu  erhalten, 
d)  und  das  Trocknen  des  Hydrogels. 

6.  Ein  Verfahren  wie  in  Anspruch  5  beansprucht,  in 
dem  die  Hydrogelteilchen  teilweise  getrocknet 
und  einer  hydrothermalen  Behandlung  bei  einer 
Temperaturzwischen  80°C  und  350°C  unterwor- 
fen  werden. 

7.  Ein  Verfahren  wie  in  Anspruch  5  oder  6  bean- 
sprucht,  in  dem  der  Kationgehalt  der  Hydrogele 
verringert  wird,  indem  die  Hydrogele  Schrittc)  mit 
einer  wassrigen  Ammoniumnitratlosung  behan- 
delt  werden. 

8.  Die  Verwendung  von  nitrierten  Siliziumoxidteil- 
chen,  hergestellt  durch  ein  Verfahren,  wie  in  einem 
odermehreren  der  Anspruche  1  bis  7  beansprucht, 
in  einem  Verfahren  zum  Entfernen  von  Stickstoff- 
oxiden  aus  einem  gasformigen  Strom,  welcherdie- 
se  Oxide  enthalt,  in  dem  bei  erhohten  Temperatu- 
ren  der  gasformige  Strom  mit  den  nitrierten  Silizi- 
umoxidteilchen  in  Beruhrung  gebracht  wird. 

9.  Die  Verwendung  von  nitriertem  Siliziumoxid,  her- 
gestellt  durch  ein  Verfahren,  wie  in  den  Anspru- 
chen  1  bis  7  beansprucht,  als  ein  Katalysator  in 
der  Knoevenagel-Kondensation  von  Benzalde- 
hyd  mit  Ethylcyanoacetat. 

10.  Die  Verwendung  von  nitriertem  Siliziumoxid,  her- 
gestellt  durch  ein  Verfahren,  wie  in  den  Anspru- 
chen  1  bis  7  beansprucht,  als  ein  Tragermaterial 
fur  katalytisch  wirkendes  Metall. 

Revendications 

1  .  Precede  de  preparation  de  particules  de  silice  ni- 

truree,  qui  consiste  a  faire  reagir  des  particules 
de  silice  poreuse  d'un  diametre  de  0,5  mm  ou 
plus  avec  un  gaz  contenant  de  I'ammoniac  a  une 

5  temperature  de  300  a  900°C. 

2.  Procede  selon  la  revendication  1,  dans  lequel  la 
temperature  est  comprise  entre  450  et  850°C. 

10  3.  Procede  selon  la  revendication  1  ou  2,  dans  le- 
quel  le  gaz  contenant  de  I'ammoniac  presente 
une  vitesse  spatiale  de  0,1  a  50  Nm3  d'ammo- 
niac/kg  de  silice.heure. 

15  4.  Procede  selon  la  revendication  1  ,  dans  lequel  on 
utilise  des  spheres  de  silice  comme  matiere  de  de- 
part. 

5.  Procede  selon  la  revendication  4,  dans  lequel  on 
20  prepare  la  silice  comme  suit  : 

(a)  on  melange  une  solution  aqueuse  d'un  si- 
licate  de  metal  alcalin  avec  une  solution 
aqueuse  d'un  acide  pour  obtenir  un  hydrosol 
de  silice, 

25  (b)  on  convertit  I'hydrosol  en  gouttelettes, 
(c)  on  faconne  les  gouttelettes  a  I'air  ou  dans 
un  liquide  qui  n'est  pas  miscible  avec  I'eau 
pour  obtenir  un  hydrogel, 
(d)  et  on  seche  I'hydrogel. 

30 
6.  Procede  selon  la  revendication  5,  dans  lequel  on 

seche  partiellement  les  particules  d'hydrogel  et 
on  les  soumet  a  un  traitement  hydrothermique  a 
une  temperature  de  80  a  350°C. 

35 
7.  Procede  selon  la  revendication  5  ou  6,  dans  le- 

quel  on  abaisse  la  teneur  en  cations  des  hydro- 
gels  en  les  traitant  apres  le  stade  (c)  par  une  so- 
lution  aqueuse  de  nitrate  d'ammonium. 

40 
8.  Utilisation  de  particules  de  silice  nitruree  prepa- 

rees  par  un  procede  selon  I'une  quelconque  des 
revendications  1  a  7,  dans  le  cadre  d'un  procede 
pour  eliminer  les  oxydes  d'azote  d'un  courant  ga- 

45  zeux  qui  contient  lesdits  oxydes,  le  courant  ga- 
zeux  etant  mis  en  contact  a  une  temperature  ele- 
vee  avec  les  particules  de  silice  nitruree. 

9.  Utilisation  de  la  silice  nitruree  preparee  par  un 
so  procede  selon  les  revendications  1  a  7,  en  qualite 

de  catalyseur  dans  la  condensation  de  Knoeve- 
nagel  du  benzaldehyde  avec  le  cyanoacetate 
d'ethyle. 

55  10.  Utilisation  de  la  silice  nitruree  preparee  par  un 
procede  selon  les  revendications  1  a  7  en  qualite 
de  support  pour  un  metal  a  fonction  catalytique. 

5 
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