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©  Alumina-based  catalysts,  their  production  and  use. 

©  An  alumina-based  composition  for  use  as  a  catalyst  is  obtained  from  a  composition  comprising  an  alumina 
having  a  bulk  density  of  at  least  0.6g/ml  and  a  pore  volume  of  less  than  0.6ml/g,  a  sintering  ̂   agent  and  a 
refractory  oxide  of  a  rare  earth  metal  by  sintering  the  composition  at  a  temperature  of  at  least  1000  C. 
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ALUMINA-BASED  CATALYSTS,  THEIR  PRODUCTION  AND  USE 

The  present  invention  relates  to  alumina-based  catalysts,  their  production  and  use. 
Alumina-based  catalysts  are  used  in  a  variety  of  hydrocarbon  conversion  reactions.  They  may  be  used 

in  fixed,  moving,  or  recirculating  particulate  bed  reactors.  In  all  types  of  bed,  resistance  to  attrition  is 
5  important.  There  can  be  considerable  breakdown  of  catalyst  during  the  filling  of  fixed  catalyst  bed  reactors 

and,  clearly,  catalysts  in  moving  or  recirculating  particulate  bed  reactors,  have  to  be  attrition  resistant.  The 
shape  of  the  catalyst  particles  can  vary  but  they  are  preferably  spheroidal  to  give  uniform  bed  packing. 

A  convenient  method  of  making  spheroidal  alumina  catalysts  is  the  oil-drop  method,  in  which  drops  of 
an  alumina  hydrosol  and  a  gelling  agent  are  passed  into  a  hot  oil  bath.  A  method  of  preparing  high  density, 

w  high  crush  strength  spheroidal  alumina  from  alumina  hydrates  by  the  oil  drop  method  is  described  and 
claimed  in  US  Patent  No.  4542113  and  involves  using  an  alumina  sol  of  defined  characteristics  and 
incorporating  urea  in  the  sol. 

In  addition  to  high  attrition  resistance  it  is  desirable  for  certain  applications  that  the  catalysts  have  a  low 
bulk  density.  A  power  bulk  density  necessarily  means  a  more  porous  structure  which  generally  leads  to 

15  enhanced  catalytic  activity. 
Our  copending  UK  application  No.  8714661  (BP  Case  No.  6673)  filed  on  23.06.87  discloses  an  alumina- 

based  catalyst  having  improved  resistance  to  attrition  prepared  from: 
(a)  an  alumina  catalyst  having  a  bulk  density  of  at  least  0.6  g/ml  and  a  pore  volume  of  less  than  0.6 

ml/g,  by 
20  (b)  heating  the  alumina  of  (a)  to  a  temperature  of  at  least  1000'C  in  the  presence  of  a  sintering 

agent,  and 
(c)  recovering  a  sintered  alumina-based  catalyst  having  a  bulk  density  of  at  least  1.5  g/ml  and  an 

attrition  resistance  as  measured  by  attrition  loss  of  less  than  0.01%  wt/hour/l  (gas). 

25  The  preferred  catalyst  of  that  application  is  a  nickel/alumina  catalyst.  A  problem  we  have  found  with 
nickel/alumina  catalysts  is  that  reducing  their  bulk  density  leads  to  a  marked  increase  in  their  attrition.  It  is 
desirable  that  the  reduction  in  bulk  density  is  achieved  whilst  maintaining  high  attrition  resistance. 

We  have  found  that  the  aforesaid  problem  can  be  overcome  by  incorporating  into  the  catalyst  a 
refractory  oxide  of  a  rare  earth  metal. 

30  Accordingly  the  present  invention  provides  a  composition  which  prior  to  sintering  comprises  an  alumina 
having  a  bulk  density  of  at  least  0.6  g/ml  and  a  pore  volume  of  less  than  0.6  ml/g,  a  sintering  agent  and  a 
refractory  oxide  of  a  rare  earth  element. 

The  starting  alumina  is  important,  it  having  been  found  that  apparently  similar  aluminas  respond  very 
differently  to  the  sintering  treatment.  The  preferred  alumina  catalyst  is  a  spheroidal  alumina  catalyst  and  the 

35  preferred  method  of  preparing  a  spheroidal  alumina  catalyst  suitable  for  use  as  the  starting  material  for  the 
present  invention  is  that  described  in  US  Patent  No.  4,542,113. 

The  sintering  agent  may  suitably  be  any  of  the  sintering  additives  known  in  the  ceramics  literature  (e.g. 
alkali  and/or  alkaline  earth  metals,  preferably  lithium  or  magnesium),  but  it  is  preferably  an  oxide  of  an 
element  of  Group  VIII  of  the  Periodic  Table  according  to  Mendeleef  and  more  preferably  nickel  oxide. 

40  Group  VIII  elements  are  well  known  catalytic  components  of  alumina-based  catalysts,  so  the  use  of  a 
Group  VIII  element  as  the  sintering  agent  may  serve  the  double  purpose,  not  only  of  assisting  the  sintering, 
but  of  producing  a  finished  catalyst  containing  a  known  catalytic  component. 

The  rare  earth  metal  which  in  refractory  oxide  form  is  a  component  of  the  composition  is  preferably  a 
rare  earth  metal  of  the  lanthanide  series,  i.e.  metals  having  an  atomic  number  in  the  range  from  57  to  71  , 

45  though  rare  earth  metals  of  the  actinide  series,  i.e.  metals  having  an  atomic  number  in  the  range  from  89  to 
103,  may  be  employed.  Clearly  on  environmental  grounds  the  non-radioactive  rare  earth  metals  are  very 
much  preferred.  A  preferred  rare  earth  metal  oxide  is  lanthanum  oxids. 

Before  use  as  catalysts  the  compositions  of  the  present  invention  require  sintering. 
In  another  aspect  the  present  invention  provides  a  process  for  the  production  from  the  aforesaid 

so  composition  of  an  alumina-based  composition  for  use  as  a  catalyst  which  process  comprises  sintering  the 
composition  by  heating  to  a  temperature  of  at  least  1000°C  and  recovering  a  sintered  alumina-based 
composition. 

The  temperature  to  which  the  alumina  catalyst  is  subjected  may  suitably  be  at  least  1200°  C.  A 
practical  upper  temperature  limit  may  be  1500*  C.  The  heating  may  be  carried  out  in  a  flowing  stream  of  air 
or  oxygen  containing  inert  gas  or  in  a  non-reducing  atmosphere.  The  heating  up  and  cooling  down  of  the 
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catalyst  may  be  at  a  uniform  and  fairly  low  rate  (e.g.  about  2  C/minute)  to  avoid  undue  thermal  stress  on 
the  catalyst. 

The  pre-sintered  composition  of  the  invention  may  suitably  be  prepared  by  loading  the  alumina  with  the 
rare  earth  metal  oxide  and  the  sintering  agent,  which  may  be  added  in  any  order,  by  any  means  known  in 

5  the  art,  for  example  by  impregnation  or  by  precipitation,  preferably  by  impregnation.  Using  Group  VIII 
metals  as  sintering  agents,  impregnation  may  suitably  be  accomplished  using  a  thermally  decomposable 
compound  of  the  Group  VIII  metal,  for  example  a  salt  such  as  the  nitrate.  The  rare  earth  metal  may  suitably 
be  added  in  the  form  of  a  compound,  for  example  a  salt  thermally  decomposable  to  the  oxide. 

An  advantage  of  incorporating  a  rare  earth  metal  oxide  in  the  sintered  catalyst  composition  is  that  the 
ro  bulk  density  of  the  composition  can  be  reduced  whilst  maintaining  a  low  attrition  rate.  The  attrition  test  (of 

which  further  details  are  provided  hereinafter)  involves  subjecting  a  recirculating  bed  of  solids  to  a  high 
velocity  gas  jet  (300  to  400  m/s)  and  monitoring  weight  loss  against  time. 

The  sintered  compositions  of  the  present  invention  may  be  used  as  catalysts. 
Nickel-alumina  catalysts  are  well  known  catalysts  for  the  steam  reforming  of  hydrocarbons  and  the 

f5  sintered  nickel-alumina  catalysts  of  the  present  invention  may  be  used  as  steam-reforming  catalysts  or  in 

any  other  process  for  which  nickel-alumina  is  a  known  catalyst. 
Further,  since  the  sintering  is  carried  out  at  a  temperature  of  at  least  1000°  C,  it  follows  that  the  catalyst 

produced  can  be  used  in  high  temperature  processes  where  temperatures  of  the  order  of  1  000  '  C  or  higher 
may  be  required. 

io  A  preferred  reaction  for  which  the  catalyst  of  the  present  invention  may  be  used  is  thus  the  steam 
reforming  of  hydrocarbon  feeds. 

The  invention  will  now  be  illustrated  by  reference  to  the  following  Examples. 
In  the  Examples  reference  is  made  to  the  attrition  rate.  The  specially  designed  test  and  the  equipment 

used  therefor  are  used  only  to  obtain  comparative  attrition  rates.  The  equipment  consists  of  a  vertical  glass 
25  tube  (51mm  internal  diameter)  containing  a  conical  base  section  (40°  included  angle  to  the  tube  axis)  in 

which  is  located  centrally  a  glass  feed  tube  (1  .5mm  internal  diameter).  The  catalyst  charge  is  constant  for 
each  test  (25ml),  the  gas  feed  being  either  nitrogen  or  air. 

30  Example 

A.  Preparation  of  Alumina  Spheres 

35  Alumina  spheres  were  produced  by  a  method  similar  to  that  of  US  Patent  No.  4,542,113. 
The  material  was  in  the  form  of  spheres  of  approximately  2  mm  diameter  and  consisted  of  gamma- 

alumina.  The  physical  charactseristics  of  the  gamma-alumina  prior  to  impregnation  were  as  follows: 
Pore  volume  =  0.48  ml/g 
Nitrogen,  BET,  surface  area  =  220  m2/g 

40  Bulk  density  =  0.78  g/ml 
Gamma-alumina  crystalline  size  =  50  Angstrom 
Attrition  loss  =  8%  wt/hr 
The  alumina  was  characterised  by  a  fairly  low  pore  volume  and  relatively  high  bulk  density,  indicating 
microporosity. 

45 

B.  Preparation  of  Pre-sintered  Composition  of  the  Invention 

Portions  of  the  alumina-prepared  as  in  A  above  were  impregnated  with  nickel  nitrate  and  lanthanum 
so  nitrate  using  the  pore  fill/incipient  wetness  technique  in  amounts  sufficient  to  give  compositions  containing 

10%  wt.  nickel  and  5,  10  and  15%  wt.  lanthanum  and  calcined  to  convert  the  nickel  and  lanthanum  salts  to 
nickel  and  lanthanum  oxides  respectively. 

Pore  Size  Distribution  Analysis  (PSD),  by  mercury  porosimetry  points  to  the  mechanism  by  which  the 
lanthanum  oxide  successfully  reduces  the  bulk  density  while  maintaining  attrition  resistance,  ie  the 

55  lanthanum  oxide  stabilises  pores  in  the  160  to  320  Angstrom  region,  which  under  normal  heat  treatment 
conditions  collapse  into  650  to  1000  Angstrom  porous  for  non-lanthanum  oxide  -  containing  NiO/AI203  (less 
than  or  equal  to  5.5wt.%Ni)  catalysts.  This  is  illustrated  in  Figures  2  and  3.  It  is  emphasised  that  this  is  only 
a  theory  supported  by  the  experimental  results  and  is  not  intended  to  be  binding  in  any  manner. 
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C.  Preparation  of  Sintered  Compositions  of  the  Invention 

The  compositions  obtained  in  B  above  were  sintered  at  1200°  C. 
The  bulk  density  and  attrition  rate  of  the  sintered  catalyst  compositions  were  determined.  The  results  of 

the  determinations  are  given  in  Table  1  and  Figure  1  . 

Comparison  Tests 

(i)  Varying  the  Nickel  Loading 

Sintered  catalyst  compositions  containing  2,  5,  10,  15  and  20%  wt.  nickel  were  prepared  in  a  similar 
manner  to  the  sintered  catalyst  compositions  of  the  Example. 

These  are  not  compositions  according  to  the  present  invention  because  they  do  not  contain  a  rare  earth 
metal  oxide. 

The  bulk  density  and  attrition  resistance  of  the  sintered  catalyst  compositions  were  determined.  The 
results  of  the  determinations  are  given  in  Table  2  and  Figure  2. 

Table  1 

Catalyst  Batch  %  wt  Bulk  density  Attrition  Rate  (% 
La  (g/cm3)  wt/h/l(gas)) 

240324/1  0  1.78  0.04 
DGCOND/5  2  1.67  0.04 
DGCOND/16  5  1.47  0.04 
DGCOND/17  10  1.32  0.04 
DGCOND/19  15  1.20  0.04 

Table  2 

Catalyst  Batch  %  wt  Bulk  density  Attrition  Rate  (% 
Ni  (g/cm3)  wt/h/l(gas)) 

DGCOND/6  2  1.34  0.18 
DGCOND/7  5  1.58  0.06 
2403024/1  10  1.78  0.04 
2403024/2  15  1.93  0.04 
2403024/3  20  2.10  0.035 

(ii)  Lowering  the  Bulk  Density  of  10%  Ni/Alumina  Catalysts  (Calcined  at  about  1  200  *  C) 

10%  Ni/alumina  catalysts  having  a  lower  bulk  density  were  prepared  and  their  attrition  rate  measured. 
The  results  are  given  in  Table  3. 



:P  0  308  140  A1 

able  3 

Catalyst  Batch  Bulk  Density  Attrition  Rate 
(g/ml)  (wt%/h/l(gas)) 

DGCOND/1  1.43  0.13 

1.52  0.09 

2403024/1  1  .78  0.04 

No  identifying  batch  number 

'5  (iii)  Use  of  an  Additive  which  Lowers  the  Bulk  Density  but  Decreases  the  Attrition  Hesistance 

A  10%  Ni/2%  Ba/alumina  catalyst  was  prepared  in  the  manner  of  the  Example.  Its  bulk  density  was 
1  .26  g/ml  and  its  attrition  rate  was  0.44  wt%/h/l  (gas)(BATCH  DG  COND/4). 

10 
Claims 

1.  A  composition  which  prior  to  sintering  comprises  an  alumina  having  a  bulk  density  of  at  least  0.6g/ml 
and  a  pore  volume  of  less  than  0.6ml/g,  a  sintering  agent  and  a  refractory  oxide  of  a  rare  earth  metal. 

25  2.  A  composition  according  to  claim  1  wherein  the  alumina  is  a  spheroidal  alumina. 
3.  A  composition  according  to  claim  1  wherein  the  sintering  agent  is  an  oxide  of  an  element  of  Group 

VIII  of  the  Periodic  Table. 
4.  A  composition  according  to  claim  3  wherein  the  sintering  agent  is  nickel  oxide. 
5.  A  composition  according  to  claim  1  wherein  the  rare  earth  metal  refractory  oxide  is  lanthanum  oxide. 

30  6.  A  process  for  the  production  from  the  composition  of  claims  1  to  5  of  an  alumina-based  composition 
for  use  as  a  catalyst  which  process  comprises  sintering  the  composition  by  heating  to  a  temperature  of  at 
least  1000°  C  and  recovering  a  sintered  alumina-based  composition. 

7.  A  process  according  to  claim  6  wherein  the  composition  of  claims  1  to  5  is  heated  to  a  temperature 
of  at  least  1200°  C. 

35  8.  A  process  according  to  claim  6  wherein  the  composition  of  claims  1  to  5  is  heated  in  a  flowing 
stream  of  air  or  oxygen  containing  inert  gas  or  in  a  non-reducing  atmosphere. 

9.  The  sintered  alumina-based  composition  as  produced  by  the  process  of  claims  6  to  8  when  used  as 
a  catalyst. 

10.  The  sintered  alumina-based  composition  as  produced  by  the  process  of  claims  6  to  8  when  used  as 
40  a  catalyst  for  the  steam  reforming  of  hydrocarbon  feeds. 

45 
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F I G   A  

A t t r i t i o n   Rate   vs.  Bulk  Dens i t y   C u r v e s   f o r  

N i / A l 2 0 3 / 1 2 0 0 ° C   and   La  / N 1 / A I 2 O 3   / 1 2 0 0 ° C  

C a t a l y s t s .  

li 

0 - 2 0 -  

0 - 0 2 -  

0  1-3  K   1-5  1-6  17  1-8  1-9 

C a t a l y s t   Bulk  D e n s i t y   ( g / c m 3 )  
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