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Description 

FIELD  OF  THE  INVENTION 

5  The  present  invention  relates  to  a  method  for  making  alumina  foam  particles. 

BACKGROUND  OF  THE  INVENTION 

High  surface  aluminum  oxide  particles  are  well  known  in  the  art.  Conventionally  they  are  precipitated 
io  from  either  a  liquid  or  a  gas  phase.  In  the  usual  liquid  phase  embodiments,  the  acidity,  temperature  or 

concentration  of  the  aluminum  salt  solution  is  varied  to  precipitate  the  alumina  oxide  or  hydroxide. 
Alternatively  an  organic  aluminum  or  aluminum  oxide  complex,  such  as  an  alkoxide,  is  hydrated  to 
precipitate  the  inorganic  oxide  or  hydroxide.  In  the  usual  gaseous  phase  embodiment  an  aluminum 
compound  is  evaporated  and  then  hydrolyzed  by  steam  or  oxygen  to  precipitate  the  metal  oxide. 

75  Representative  of  that  prior  art  method  is  the  formation  of  fumed  alumina  from  vaporized  aluminum 
chloride.  In  both  the  usual  liquid  and  gas  phase  precipitations  the  particles  formed  can  be  quite  fine  and 
have  quite  large  specific  surface  areas;  however,  these  powders  do  not  possess  an  internal  foam  structure. 

The  decomposition  or  hydrolysis  of  metal  salts  in  high  temperature  gas  streams  is  common  in  the  art. 
In  the  usual  approach,  known  as  the  spray  dryer  technique,  a  slurry  or  solution  of  a  decomposable  salt  is 

20  atomized  into  a  gas.  The  particles  so  formed  can  be  relatively  large,  hollow  spheres.  The  spheres  often 
contain  holes  where  the  residual  water  or  decomposition  gases  have  escaped  from  the  interior  of  the 
particle.  The  hollow  spheres  formed  under  these  conditions  do  not  have  high  specific  surface  areas. 

A  method  for  high  temperature  hydrolysis  of  a  metal  salt  solution  is  disclosed  by  Walsh  in  U.S.  Patent 
No.  3,273,962  and  in  an  article  entitled,  "Ultrafine  Metal  Oxides  By  Decomposition  of  Salts  in  a  Flame," 

25  Ultrafine  Particles  (Wiley  &  Sons,  1963).  In  this  method,  a  two  fluid  atomizing  nozzle  is  used  to  form  a 
plume  of  solution  droplets.  This  plume  may  contain,  or  is  subsequently  combined  with,  the  fuel  and 
oxidizing  gas  for  a  flame.  Subsequent  to  creation  of  the  droplets,  a  pilot  flame  initiates  combustion.  When 
combustion  occurs,  the  fuel  gases  are  burned  to  provide  heat  and  thus  permit  decomposition  of  the  metal 
salts.  Walsh  discloses  a  one-step  method  for  making  alumina  particles  from  aluminum  sulfate  solutions. 

30  However,  the  resulting  product  is  a  plate  like  or  laminar  structure  with  a  surface  area  of  33  m2/g.  Walsh 
does  not  teach  the  formation  of  foamed  alumina  for  aluminum  sulfate  solutions. 

A  Pennsylvania  State  University  thesis  by  Renato  Ciminelli  entitled  "Synthesis  of  Alumina  from  AI(N03)- 
3.9H20  by  the  Evaporative  Decomposition  of  the  Solution  Process"  discloses  the  decomposition  of 
aluminum  nitrate  in  a  high  temperature  atmosphere.  Ciminelli  uses  an  atomizing  nozzle  to  spray  aluminum 

35  nitrate  solution  into  a  furnace  heated  ceramic  tube.  Ciminelli  found  that  aluminum  nitrate  droplets  converted 
to  aluminum  oxide  particles,  with  a  hollow  sphere  or  foam  structure,  when  the  temperature  of  the  outside  of 
the  ceramic  tube,  midway  along  its  length,  was  in  a  range  from  700  °C  to  1000°C.  Under  these  conditions, 
Ciminelli  was  unable  to  make  alumina  particles  with  surface  area  greater  than  43  square  meters  per  gram. 
Ciminelli  also  calcined  the  particles  made  in  his  apparatus.  By  further  heat  treating  the  alumina  particles  at 

40  950  °  C  he  was  subsequently  able  to  raise  their  surface  area  to  77  square  meters  per  gram. 
In  GB-A-514538  there  is  disclosed  a  method  for  the  preparation  of  metal  oxide  powders  by  the 

decomposition  of  metal  salts,  e.g.  magnesium  sulphate.  A  solution  of  the  salt  is  atomised  with  steam  and 
heated  to  produce  hollow  pellets  of  the  metal  salt  that  are  ground  to  fine  powder  and  then  decomposed  by 
a  gaseous  heating  medium  to  yield  the  metal  oxide  powder. 

45 
SUMMARY  OF  THE  INVENTION 

The  present  invention  includes  aluminium  oxide  foam  particles  and  a  method  of  making  the  same.  A 
solution  of  aluminium  sulfate  is  atomized  by  injecting  the  solution  into  a  gas  having  a  temperature  of  at  least 

50  700  K  (427  °  C)  and  having  a  velocity  sufficient  to  kinetically  atomize  the  solution  to  form  droplets  thereof, 
followed  by  heating  the  aluminium  sulfate  droplets  in  order  to  remove  the  free  water  and  the  water  of 
hydration  and  to  convert  the  aluminium  sulfate  droplets  to  aluminium  sulfate  foam  particles.  Since  hydrated 
aluminium  sulfate  is  a  viscous  liquid  at  elevated  temperatures,  the  evolution  of  the  water  creates  a  foaming 
action.  Aluminium  sulfate  is  stable  up  to  fairly  high  temperatures.  As  long  as  the  temperature  is  low  enough 

55  the  foam  will  be  aluminium  sulfate.  The  foamed  particles  of  sulfate  can  be  collected  from  the  hot 
dehydrating  gas  by  methods  known  in  the  art,  e.g.  bag  houses,  cyclones,  etc.  The  foam  particles  of 
aluminium  sulfate  can  be  converted  to  alumina  by  heating.  The  alumina  foam  particles  rendered  thereby 
have  large  specific  surface  areas  and  pore  volumes. 
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Accordingly,  it  is  a  primary  object  of  the  present  invention  to  provide  a  high  temperature  process  for 
forming  aluminium  oxide  foam  particles  with  high  surface  areas  and  high  void  volumes. 

It  is  another  object  of  the  present  invention  to  provide  a  highly  porous  aluminium  oxide  foam  particle. 

5  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  TEM  of  a  foam  particle  of  aluminum  sulfate; 
Figure  2  is  a  TEM  of  a  foam  particle  of  alumina  oxide;  and 
Figure  3  is  a  schematic  view  of  a  method  of  forming  foamed  particles  of  aluminum  sulfate  according  to 

io  the  preferred  embodiment  of  the  invention. 

DESCRIPTION  OF  THE  INVENTION 

Figures  1  and  2  are  transmission  electron  micrographs  of  foamed  particles  of  aluminum  sulfate  and 
is  alumina.  The  individual  foam  particles  can  be  as  small  as  0.1  microns  or  as  large  as  50  microns.  These 

metal  oxide  particles  have  a  high  specific  surface  area  and  consist  of  thin  walls  bounding  hollow  cells  or 
pores.  The  walls  can  be  as  thin  as  fifty  angstroms;  but  more  commonly  are  around  100  to  200  angstroms. 
The  typical  dimension  of  the  pore  or  cell  is  0.1  micrometer,  but  many  range  from  0.01  micrometer  to  2.0 
micrometer.  A  typical  particle  will  contain  many  such  cells.  A  minority  of  the  foam  particles  may  be  single 

20  hollow  spheres.  The  high  specific  surface  area  and  high  pore  volume  particles  of  the  present  invention  are 
useful  in  a  number  of  applications,  including  catalyst  supports,  abrasives  and  absorbents. 

The  present  invention  of  making  high  surface  area,  high  pore  volume  foam  particles  comprises  the 
steps  of  forming  foamed  alumina  sulfate  particles  and  separately  converting  the  foamed  aluminum  sulfate  to 
foamed  aluminum  oxide.  The  foamed  aluminum  sulfate  is  formed  by  injecting  a  solution  of  aluminum  sulfate 

25  into  a  gas  having  a  temperature  of  at  least  427  °  C  and  a  velocity  sufficient  to  kinetically  atomize  the  solution 
and  to  form  droplets  thereof,  and  holding  the  mixture  until  the  droplets  dehydrate.  The  rate  at  which  the 
particles  are  heated  determines  how  quickly  the  water  is  liberated  and  therefore  how  vigorous  the  foaming 
action  will  be.  In  a  preferred  embodiment,  the  aluminum  sulfate  solution  is  directly  injected  into  a  gas 
having  a  high  temperature  and  a  high  Mach  number.  The  kinetic  energy  of  the  gas  11  is  high  enough  to 

30  assure  that  the  solution  12  is  atomized  into  fine  droplets  and  these  droplets  are  rapidly  mixed  with  the  hot 
gas  in  the  reactor  14.  The  particles  formed  thereby  may  be  cooled  by  liquid  spray  quenching,  16.  A 
schematic  of  this  embodiment  is  shown  in  Figure  3.  Preferably,  the  high  temperature  and  high  Mach 
number  gas  has  a  Mach  number  of  at  least  0.2.  In  the  examples  which  follow,  the  high  velocity  gas  is 
formed  by  burning  natural  gas  with  either  oxygen  or  oxygen  -  nitrogen  mixtures.  The  temperature  of  the 

35  atomizing  gas  should  be  greater  than  700  K  (427  °  C). 
Two  important  parameters  of  the  process  are  the  temperature  of  the  mixture  of  the  particles  and  hot 

gases  in  the  reaction  section  of  the  reactor  and  the  time  during  which  the  particles  are  held  at  that 
temperature.  Aluminum  sulfate  will  decompose  at  temperatures  above  1040  K  (767  °C).  The  particles  can 
be  held  at  slightly  higher  temperatures  if  shorter  residence  times  are  used  (i.e.  at  1150  K  (877  °C),  if 

40  maintained  at  this  temperature  for  not  longer  than  100  milliseconds).  One  method  of  assuring  that  the 
particles  do  not  reach  temperatures  in  excess  of  1040  K  (767  °C)  for  too  long  is  to  quench  the  mixture  by 
spraying  water  or  air  into  the  hot  gases.  Another  method  is  to  coordinate  the  volume  and  temperature  of  the 
high  Mach  number  gas  and  the  volume  of  the  feed  solution  so  that  the  the  droplets  and  particles  formed 
thereby  never  reach  the  aluminum  sulfate  decomposition  temperature. 

45  Once  the  foamed  aluminum  sulfate  particles  are  formed  they  are  separated  from  the  gas  by  any  one  of 
several  methods  known  in  the  art,  e.g.  bag  houses,  cyclones,  etc.  The  conversion  of  the  foamed  aluminum 
sulfate  to  foamed  alumina  is  accomplished  by  heating  in  any  conventional  furnace,  e.g.  fix  bed,  rotary  kiln 
or  fluidized  bed.  The  temperature  and  time  should  be  high  enough  and  long  enough  so  that  the  sulfate 
decomposes,  but  should  not  be  any  higher  or  longer  than  necessary  for  decomposition.  The  aluminum 

50  oxide  formed  by  the  decomposition  will  sinter  if  it  is  held  at  the  decomposition  temperature  and  will 
accordingly  have  a  lower  specific  surface  area.  Foamed  aluminum  oxide  particles  with  the  desired  specific 
surface  area  and  pore  volume  are  formed  when  the  aluminum  sulfate  is  heated  to  1  120  °  K  for  one  hour. 

In  order  to  further  illustrate  the  invention,  the  following  Example  is  provided. 

55  EXAMPLE 

The  initial  foaming  was  accomplished  in  a  reactor  consisting  of  two  sections.  The  first  section  was  a 
cylindrical  burner  where  natural  gas  was  combined  with  oxygen  or  oxygen/nitrogen  mixtures  and  ignited. 

3 
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The  second  section  consisted  of  a  wider  refractory  lined  reactor  section.  The  resulting  flame  had  a  Mach 
number  between  0.5  and  1  .0.  At  the  end  of  the  burner  section  an  aqueous  solution  of  25  weight  percent 
aluminum  sulfate  was  injected  from  a  nozzle  as  a  coherent  stream  into  the  hot,  high  kinetic  energy  gas.  The 
high  kinetic  energy  assures  that  the  solution  will  be  atomized  to  fine  droplets  and  that  the  droplets  will  mix 

5  rapidly  with  the  hot  gas.  The  small  particle  size,  rapid  mixing  and  high  gas  temperatures  assure  rapid  heat 
transfer  to  the  droplet. 

Table  1  shows  eleven  different  cases  where  the  aluminum  sulfate  solution  was  injected  into  the  hot  gas. 
The  first  three  columns  give  the  temperature,  mass  flow  rate  and  Mach  number  of  the  gas.  In  all  cases  the 
solution  was  injected  as  a  coherent  stream  at  the  same  rate  of  12.5  g/s.  The  temperature  of  the  reactor 

w  varied  between  657  K  (402  °C)  and  1685  K  (1412°C)  and  the  residence  time  varied  from  30  to  70 
milliseconds  with  the  shorter  residence  times  occurring  at  the  higher  temperatures.  Table  2  lists  the  reactor 
temperature  and  the  composition  of  the  resulting  particles.  The  temperature  in  the  reaction  section  has 
been  determined  by  calculating  the  heat  released  through  combustion  and  measuring  the  heat  loss  in  the 
reaction  section;  the  values  for  heat  released,  heat  loss  and  amount  of  material  flowing  through  the  reactor 

is  are  used  to  calculate  the  reaction  section  temperature.  Table  2  also  gives  data  on  properties  of  the  particles 
after  they  have  been  heat  treated  in  an  oven  for  one  hour  at  1120  K  (847  °C). 

Table  3  shows  the  surface  area  of  the  aluminum  oxide  particles  converted  from  precursors  made 
according  to  the  foamed  aluminum  sulfate  of  sample  5. 

20  Table  I 

Sample  Number  Burner  Solution  Reactor 
Mass(g/sec) 

Temp  (K)  (Mass(g/sec)  Mach  #  Temp(K)  Time  (msec) 

1  1019  (746  °C)  79.6  0.75  12.49  657  (384  °C)  69.7 
2  1237  (964  "C)  71.2  0.64  12.49  803  (530  °C)  59.6 
3  1378  (1105°C)  65.4  0.68  12.49  900  (627  "C)  56.9 
4  1486  (121  3  °C)  64.6  0.75  12.49  993  (720  °C)  51.4 
5  1583  (1310°C)  64.4  0.78  12.49  1107(834°C)  47.0 
6  1  677(1  404  °C)  64.2  0.76  12.49  1190  (91  7  °C)  44.0 
7  1910  (1  637  "C)  59.6  0.79  12.49  1326  (1  053  °C)  40.2 
8  1  927  (1  654  "C)  60.3  0.78  12.49  1371  (1  098  °C)  39.3 
9  2014  (1741  °C)  61.6  0.79  12.49  1461  (11  88  °C)  36.0 

10  2117(1  844  °C)  61.8  0.79  12.49  1564  (1291  °C)  33.4 
11  2195  (1  922  °C)  61.6  0.79  12.49  1685  (141  2  °C)  31.7 

4 
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Table  2 

FOAMED  PRODUCT  SURFACE  AREAS 

Sample  Number  Reactor  Temp  (K)  Product  Calcined  Area(m2/g) 

Material*  Area(m2/g) 

1  657  (384  °C)  Sulfate  170 
2  803  (530  °C)  Sulfate  177 
3  900  (627  °C)  Sulfate  170 
4  993  (720  °C)  Sulfate  165 
5  1107(834°C)  Sulfate  22  160 
6  1190(917°C)  Sulfate  18  155 
7  1326  (1  053  °C)  Oxide  16  89 
8  1371  (1098°C)  Oxide  23  80 
9  1461  (1188°C)  Oxide  26  84 

10  1564  (1291  °C)  Oxide  56  64 
11  1685  (141  2  °C)  Oxide  39  48 

'Determined  by  x-ray  diffraction 
20  :  : 

TABLE  3 

CALCINED  PRODUCT  SURFACE  AREA  VS  TEMPERATURE 

Sample**  Number  Calcine  Temp*  (  °  C)  Surface  Area  (m2/g) 

12  800  60 
13  850  160 
14  900  140 
15  950  120 
16  100  100 
17  1070  75 

35  *  Calcined  for  1  hour 
**  Product  originally  made  under  the  conditions  of  sample  5. 

TABLE  4 
40 

CALCINED  PRODUCT  SURFACE  AREA  VS  TIME 

Sample  **  Number  Calcine  Time*  (h)  Surface  Area  (m2/g) 

18  1/2  105 
13  1  160 
19  2  120 
20  4  120 

*  Calcined  at  850  °  C 
**  Product  originally  made  under  the  conditions  of  sample  5. 

Table  4  shows  the  surface  area  of  the  calcined  product  at  constant  temperature  over  a  period  of  1/2  to 
4  hours. 

55  All  measurements  of  surface  area  were  made  by  heat  treating  the  sample  at  400  °  C  for  one  hour  and 
then  using  the  single  point  BET  method  to  determine  surface  area  from  nitrogen  absorption  at  77  K  (- 
196°C). 

5 
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The  pore  volume  of  the  foamed  aluminum  oxide  particles  made  from  sulfates  is  very  large.  Table  5  lists 
the  pore  volume  of  foamed  aluminum  oxide  particles  made  from  foamed  alumina  sulfates  (samples  1  ,  2  and 
5)  and  foamed  aluminum  oxide  particles  made  in  a  one  step  process  using  an  aluminum  sulfate  feed 
solution  (samples  8,  9,  11).  The  foamed  alumna  particles  made  from  foamed  aluminum  sulfates  have  a 

5  significantly  higher  pore  volume. 
Pore  volume  was  measured  by  dispersing  the  powders  in  10  times  their  weight  of  water.  The  dispersion 

was  dried  at  100°C  and  weighed.  Then  the  dry  cake  was  allowed  to  absorb  water  and  the  pore  volume  was 
measured  by  the  weight  gained. 

io  Table  5 

PORE  VOLUME 

Sample  Number  Material  Pore  Volume  (ml/g) 

1  Oxide  4.7 
2  Oxide  5.5 
5  Oxide  6.5 
8  Oxide  4.0 
9  Oxide  2.7 

1  1  Oxide  1  .5 

Claims 
25 

1.  A  method  for  producing  alumina  foam  particles  comprising  the  steps  of: 
a)  preparing  aluminium  sulfate  foam  particles  by  injecting  a  solution  of  aluminium  sulfate  into  a  gas 
having  a  temperature  of  at  least  700  K  (427  °  C)  and  a  velocity  sufficient  to  kinetically  atomize  the 
solution  of  aluminium  sulfate  to  form  droplets  thereof,  and  heating  the  aluminium  sulfate  droplets 

30  until  the  aluminium  sulfate  droplets  convert  to  aluminium  sulfate  foam  particles; 
(b)  separating  the  aluminium  sulfate  foam  particles  from  the  atomizing  gas;  and 
(c)  heating  the  aluminium  sulfate  foam  particles  until  the  aluminium  foam  particles  convert  to  alumina 
foam  particles. 

35  2.  The  method  of  claim  1  wherein  the  aluminium  sulfate  solution  is  atomized  by  injecting  the  solution  into 
a  gas  travelling  through  a  burner  section  of  a  reactor. 

3.  The  method  of  claim  2  wherein  the  gas  atomizing  the  aluminium  sulfate  solution  has  a  Mach  number  of 
at  least  0.2. 

40 
4.  The  method  of  any  one  of  claims  1  -  3  wherein  the  aluminium  sulfate  droplets  are  heated  for  less  than 

100  milliseconds. 

5.  The  method  of  any  one  of  the  preceding  claims  wherein  the  aluminium  sulfate  foam  particles  are 
45  heated  at  a  temperature  between  1070  K  (797°  C)  and  1340  K  (1067°  C). 

Patentanspruche 

1.  Verfahren  zum  Herstellen  von  Aluminiumoxid-Schaumteilchen  mit  folgenden  Verfahrensschritten: 
50  a)  Erzeugen  von  Aluminiumsulfat-Schaumteilchen  durch  Injizieren  einer  Losung  von  Aluminiumsulfat 

in  ein  Gas  mit  einer  Temperatur  von  mindestens  700  K  (427  °C)  und  einer  Geschwindigkeit,  die 
ausreicht,  die  Aluminiumsulfatlosung  kinetisch  zu  zerstauben,  damit  Tropfchen  des  Aluminiumsulfats 
gebildet  werden,  und  Erhitzen  der  Aluminiumsulfattropfchen,  bis  die  Aluminiumsulfattropfchen  in 
Aluminiumsulfat-Schaumteilchen  uberfuhrt  werden; 

55  b)  Trennen  der  Aluminiumsulfat-Schaumteilchen  vom  Zerstaubungsgas;  und 
c)  Erhitzen  der  Aluminiumsulfat-Schaumteilchen,  bis  die  Aluminiumsulfatteilchen  sich  zu  Aluminium- 
oxidteilchen  umwandeln. 
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2.  Verfahren  nach  Anspruch  1,  bei  dem  die  Aluminiumsulfatlosung  durch  Injizieren  der  Losung  in  ein  Gas 
zerstaubt  wird,  welches  durch  die  Verbrennungszone  eines  Reaktors  stromt. 

3.  Verfahren  nach  Anspruch  2,  bei  dem  das  Gas,  welches  die  Aluminiumsulfatlosung  zerstaubt,  eine 
5  Machzahl  von  mindestens  0,2  hat. 

4.  Verfahren  nach  irgendeinem  der  Anspruche  1-3,  bei  dem  die  Aluminiumsulfattropfchen  weniger  als  100 
Millisekunden  erhitzt  werden. 

io  5.  Verfahren  nach  irgendeinem  der  vorhergehenden  Anspruche,  bei  dem  die  Aluminiumsulfat-Schaumteil- 
chen  bei  einer  Temperatur  zwischen  1070  K  (797  °C)  und  1340  K  (1067°C)  erhitzt  werden. 

Revendicatlons 

is  1.  Un  procede  pour  produire  des  particules  de  mousse  d'alumine  comprenant  les  operations  consistant  : 
a)  a  preparer  des  particules  de  mousse  de  sulfate  d'aluminium  en  injectant  une  solution  de  sulfate 
d'aluminium  dans  un  gaz  ayant  une  temperature  d'au  moins  700°  K(427°C)  et  une  vitesse 
suffisante  pour  atomiser  cinematiquement  la  solution  de  sulfate  d'aluminium  pour  former  des 
gouttelettes  de  celle-ci  et  a  chauffer  les  gouttelettes  de  sulfate  d'aluminium  jusqu'a  ce  que  les 

20  gouttelettes  de  sulfate  d'aluminium  se  transforment  en  des  particules  de  mousse  de  sulfate 
d'aluminium; 
b)  a  separer  les  particules  de  mousse  de  sulfate  d'aluminium  du  gaz  atomiseur;  et 
c)  a  chauffer  les  particules  de  mousse  de  sulfate  d'aluminium  jusqu'a  ce  que  les  particules  de 
mousse  d'aluminium  se  transforment  en  des  particules  de  mousse  d'alumine. 

25 
2.  Le  procede  de  la  revendication  1,  dans  lequel  la  solution  de  sulfate  d'aluminium  est  atomisee  en 

injectant  la  solution  dans  un  gaz  cheminant  a  travers  la  portion  formant  bruleur  d'un  reacteur. 

3.  Le  procede  de  la  revendication  2,  dans  lequel  le  gaz,  atomisant  la  solution  de  sulfate  d'aluminium,  a  un 
30  nombre  de  Mach  d'au  moins  0,2. 

4.  Le  procede  de  I'une  quelconque  des  revendications  1-3,  dans  lequel  les  gouttelettes  de  sulfate 
d'aluminium  sont  chauffees  pendant  moins  de  100  millisecondes. 

35  5.  Le  procede  de  I'une  quelconque  des  revendications  precedentes,  dans  lequel  les  particules  de  mousse 
de  sulfate  d'aluminium  sont  chauffees  a  une  temperature  entre  170°  K  (797  °C)  et  1340°  K(1067°C). 
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