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Description 

The  present  invention  relates  to  a  process  and  catalyst  for  the  production  of  ethylene  and  acetic  acid. 
The  catalytic  dehydrogenation  of  ethane  is  described  in  a  number  of  patent  publications,  representative 

5  of  which  may  be  mentioned  for  example  US  Patents  Nos.  4,250,346;  4,524,236  and  4,568,790  and  European 
Patent  Publication  No.  0294845. 

US  Patent  No.  4,250,346  discloses  the  oxidative  dehydrogenation  of  ethane  to  ethylene  in  a  gas  phase 
reaction  at  relatively  high  levels  of  conversion,  selectivity  and  productivity  at  a  temperature  less  than  500°C 
using  as  catalyst  a  composition  comprising  the  elements  molybdenum,  X  and  Y  in  the  ratio 

10  MoaXbYc 
wherein 
X  is  Cr,  Mn,  Nb,  Ta,  Ti,  V  and/or  W,  and  preferably  Mn,  Nb,  V  and/or  W 
Y  is  Bi,  Ce,  Co,  Cu,  Fe,  K,  Mg,  Ni,  P,  Pb,  Sb,  Si,  Sn,  TI  and/or  U,  and  preferably  Sb,  Ce  and/or  U, 
a  is  1, 

15  b  is  0.05  to  1.0,  and 
c  is  0  to  2,  and  preferably  0.05  to  1.0,  with  the  proviso  that  the  total  value  of  c  for  Co,  Ni  and/or  Fe  is  less  than 
0.5. 

US  Patent  No.  4,524,236  discloses  the  use  of  a  calcined  catalyst  of  the  formula  Moa  Vb  Nbc  SbdXeforthe 
oxydehydrogenation  of  ethane  to  produce  ethylene. 

20  US  Patent  No.  4,568,790  discloses  a  process  for  the  low  temperature  catalytic  oxydehydrogenation  of 
ethane  to  ethylene  in  a  gas  phase  using  as  catalyst  a  calcined  composition  of  MoaVbNbcSbd  wherein: 
a  =  0.5  to  0.9 
b  =  0.1  to  0.4 
c  =  0.001  to  0.2 

25  d=  0.001  to  0.1. 
The  aforesaid  patent  publications,  although  acknowledging  the  co-production  of  acetic  acid,  are  primarily 

concerned  with  ethylene  formation.  Recently  however  in  EP-A-0294845  attention  has  been  given  to  the  pro- 
duction  of  acetic  acid. 

EP-A-0294845  discloses  a  process  forthe  selective  production  of  acetic  acid  by  reacting  ethane,  ethylene 
30  or  mixtures  of  ethane  and  ethylene  with  oxygen  over  a  catalyst  mixture  containing  (A)  a  calcined  ethane  oxi- 

dation  catalyst  containing  molybdenum  and  vanadium  and  which  may  optionally  contain  at  least  one  other  metal 
atom  as  represented  by  the  general  formula  MoxVyZz  in  which  the  metal  elements  are  in  combination  with  oxy- 
gen  in  the  form  of  various  oxides  and  (B)  an  ethylene  hydration  catalyst  and/or  an  ethylene  oxidation  catalyst. 
In  the  general  formula  Z  can  be  nothing  or  one  or  more  of  Li,  Na,  Be,  Mg,  Ca,  Sr,  Ba,  Zn,  Cd,  Hg,  Sc,  Y,  La, 

35  Ce,  Al,  TI,  Ti,  Zr,  Hf,  Pb,  Nb,  Ta,  As,  Sb,  Bi,  Cr,  W,  U,  Te,  Fe,  Co,  Ni  and  x  is  equal  to  0.5  to  0.9,  y  is  equal  to 
0.1  to  0.4  and  z  is  equal  to  0  to  1  . 

None  of  the  aforesaid  patent  publications  mention  the  use  of  rhenium  as  a  catalyst  component,  though 
from  US  Patent  No.  4,148,757  rhenium  is  mentioned  as  one  of  a  multitude  of  possible  components  in  possibly 
similar  catalysts  for  the  oxidation  and/or  ammoxidation  of  olefins.  However,  US  Patent  No.  4,301  ,038  relates 

40  to  a  catalyst  having  the  empirical  formula: 
MOaVbRecXdOe 

wherein  X  is  one  or  more  of  the  elements  selected  from  the  group  consisting  of  Mg,  Cu  and  Cd  and  which  may 
be  used  for  the  oxidation  of  unsaturated  aldehydes  to  produce  unsaturated  carboxylic  acids.  US  Patent  No. 
3,769,239  relates  to  a  catalyst  which  consists  essentially  of: 

45  a)  alumina 
b)  rhenium  and 
c)  tungsten  metal  or  molybdenum  metal 

and  can  be  used  particularly  for  the  catalytic  dehydration  of  saturated  hydrocarbons. 
It  has  now  been  found  that  molybdenum  in  the  aforesaid  oxidative  dehydrogenation  catalysts  can  be  re- 

50  placed  either  wholly  or  partially  by  either  rhenium  alone  or  a  combination  of  rhenium  and  tungsten  and  that 
the  product  composition  depends  on  the  extent  and  nature  of  the  molybdenum  substitution,  for  example  the 
total  substitution  of  molybdenum  by  rhenium  can  substantially  eliminate  the  formation  of  acetic  acid,  whereas 
the  partial  substitution  of  molybdenum  by  rhenium  can  increase  the  selectivity  to  acetic  acid. 

Accordingly  the  present  invention  provides  a  process  forthe  production  from  gaseous  ethane  and/or  ethy- 
55  lene  of  a  product  comprising  ethylene  and/or  acetic  acid,  by  contacting  the  ethane  and/or  ethylene  and  a  mo- 

lecular  oxygen-containing  gas  at  elevated  temperature  with  a  calcined  molybdenum-containing  ethane  oxida- 
tive  dehydrogenation  catalyst  composition 
characterised  in  that 
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molybdenum  in  the  oxidative  dehydrogenation  catalyst  composition  is  replaced  in  whole  or  in  part  by  either 
rhenium  or  a  combination  of  rhenium  and  tungsten. 

Also  according  to  the  present  invention  there  is  provided  a  molybdenum  -  containing  ethane  oxidative  de- 
5  hydrogenation  catalyst  composition  characterised  in  that  molybdenum  is  replaced  in  whole  or  in  part  by  either 

rhenium  or  a  combination  of  rhenium  and  tungsten. 
Suitably  the  catalyst  composition  comprises  the  elements  A,  Xand  Y  in  combination  with  oxygen,  the  gram- 

atom  ratios  of  the  elements  A:X:Y  being  a:b:c, 
wherein 

10  A  =  ModReeWf, 
X  =  Cr,  Mn,  Nb,  Ta,  Ti,  V  and/or  W,  and  preferably  Mn,  Nb,  V  and/or  W, 
Y  =  Bi,  Ce,  Co,  Cu,  Fe,  K,  Mg,  Ni,  P,  Pb,  Sb,  Si,  Sn,  TI  and/or  U,  and  preferably  Sb,  Ce  and/or  U, 
a  =  1, 
b  =  0  to  2,  preferably  0.05  to  1.0, 

15  c  =  0  to  2,  preferably  0.001  to  1  .0,  and  more  preferably  0.05  to  1  .0  with  the  proviso  that  the  total  value 
of  c  for  Co,  Ni,  and/or  Fe  is  less  than  0.5, 

d  +  e  +  f  =  a, 
d  is  either  zero  or  greater  than  zero, 
e  is  greater  than  zero,  and 

20  f  is  either  zero  or  greater  than  zero. 
Preferred  catalyst  compositions  comprise  the  elements  A,  Nb,  Sb  and  Z  in  combination  with  oxygen,  the 

gram-atom  ratios  of  the  elements  A:Nb:Sb:Z  being  a:b:c:g, 
wherein 

A  is  the  same  as  hereinbefore  defined, 
25  Z  is  at  least  one  of  Ca,  Ru  and  Ga,  preferably  Ca, 

a,b  and  c  are  the  same  as  hereinbefore  defined,  and 
g  is  0  to  2,  preferably  greater  than  zero. 

More  preferred  catalyst  compositions  comprise  the  elements  A,  V,  Nb,  Sb  and  Z  in  combination  with  oxy- 
gen,  the  gram-atom  ratios  of  the  elements  A:V:Nb:Sb:Z  being  a:h:b:c:g 

30  wherein 
A  and  Z  are  the  same  as  hereinbefore  defined, 
a,b,c  and  g  are  the  same  as  hereinbefore  defined,  and 
h  is  0  to  1.0. 

Examples  of  catalysts  suitable  for  use  in  the  process  of  the  invention  include: 
35  MOq.56  Re0.06  V0.26  Nb0  07  Sb0  03  Ca0  02  (I") 

M00.37  Re025  V0.26  Nb007  Sb003  Ca002  (IV) 
W0.37  Re<).25  Vq.26  Nb().07  Sbo.03  Ca<).02  (V) 

Moq.24  Re0.37  V0.26  Nb007  Sb0  04  Ca0.o2.  and  (VI) 
Reo-61  Vq.26  N̂ o.07  Ca<).02  Sbo.04  (VII) 

40  It  will  be  understood  that  the  elements  are  present  in  combination  with  oxygen. 
As  mentioned  hereinabove,  catalysts  (III)  to  (VI)  containing  Mo  in  combination  with  Re,  produce  acetic  acid 

from  ethane  at  selectivities  which  are  generally  greater  than  those  reported  for  prior  art  oxidative  dehydrogen- 
ation  catalysts.  On  the  other  hand  catalyst  (VII)  containing  Re  in  the  total  absence  of  Mo  can  produce,  from 
ethane,  ethylene  substantially  free  from  acetic  acid. 

45  The  catalyst  compositions  may  be  prepared  by  any  of  the  methods  conventionally  employed  forthe  prep- 
aration  of  catalysts.  Suitably  the  catalyst  may  be  prepared  from  a  solution  of  soluble  compounds  and/or  com- 
plexes  and/or  compounds  of  each  of  the  metals.  The  solution  is  preferably  an  aqueous  system  having  a  pH  in 
the  range  from  1  to  12,  preferably  from  2  to  8,  at  a  temperature  of  from  20°  to  100°C. 

Generally,  a  mixture  of  compounds  containing  the  elements  is  prepared  by  dissolving  sufficient  quantities 
so  of  soluble  compounds  and  dispersing  any  insoluble  compounds  so  as  to  provide  a  desired  gram-atom  ratio  of 

the  elements  in  the  catalyst  composition.  The  catalyst  composition  may  then  be  prepared  by  removing  the  sol- 
vent  from  the  mixture.  The  catalyst  may  be  calcined  by  heating  to  a  temperature  of  from  200  to  550°C,  suitably 
in  air  or  oxgyen,  for  a  period  of  from  1  minute  to  24  hours.  Preferably,  the  air  or  oxygen  is  slowly  flowing. 

The  catalyst  may  be  used  unsupported  or  supported.  Suitable  supports  include  silica,  alumina,  zirconia, 
55  titania,  silicon  carbide  and  mixtures  of  two  or  more  thereof. 

Further  details  of  a  suitable  method  for  preparing  a  catalyst  composition  may  be  found  in,  for  example, 
EP-A-0166438. 

The  catalyst  may  be  used  in  the  form  of  a  fixed  or  a  fluidised  bed. 
The  feed  gas  comprises  ethane  and/or  ethylene,  preferably  ethane.  Ethane  produces  ethylene  and  op- 

3 
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tionally  acetic  acid.  Ethylene  produces  acetic  acid. 
Ethane  and/or  ethylene  may  be  used  in  substantially  pure  form  or  admixed  with  one  or  more  of  nitrogen, 

methane,  carbon  dioxide  and  water  in  the  form  of  steam,  which  may  be  present  in  major  amounts,  for  example 
5  greater  than  5  volume  percent  or  one  or  more  of  hydrogen,  carbon  monoxide,  C3/C4  alkenes  and  alkenes,  which 

may  be  present  in  minor  amounts,  for  example  less  than  5  volume  percent. 
The  molecular  oxygen-containing  gas  may  be  air  or  a  gas  richer  or  poorer  in  molecular  oxygen  than  air, 

for  example  oxygen.  A  suitable  gas  may  be,  for  examples  oxgyen  diluted  with  a  suitable  diluent,  for  example 
nitrogen. 

10  It  is  preferred  to  feed,  in  addition  to  ethane  and/or  ethylene  and  the  molecular  oxygen-containing  gas,  wa- 
ter  (steam)  because  this  can  improve  the  selectivity  to  acetic  acid. 

The  elevated  temperature  may  suitably  be  in  the  range  from  200  to  500°C,  preferably  from  200  to  400°C. 
The  pressure  may  suitably  be  atmospheric  or  superatmospheric,  for  example  in  the  range  from  1  to  50  bar, 

preferably  from  1  to  30  bar. 
15  Operating  conditions  and  other  information  applicable  to  the  performance  of  the  invention  may  be  found 

in  the  aforesaid  prior  art,  for  example  US  Patent  No.  4,250,346. 
The  process  of  the  invention  will  now  be  further  illustrated  by  reference  to  the  following  Examples.  In  the 

Examples  the  following  terms  are  used:- 
GHSV  =  Gas  Hourly  Space  Velocity  =  Volume  of  gas  flowing  through  catalyst  bed  (ml/hr)/Volume  of  catalyst 

20  bed  (ml). 
ctu  /o/  \  h  ™  „  [CO]/2  +  [C02]/2  +  [C2H4]  +  [CH3COOHy 

25 

Ethane  concersion  (%)  =  100x 

Ethylene  selectivity  (%)  =  100  x 

[CO]/2+[C02]/2  +  [C2H4]  +  [C2H6]  +  [CH3COOH] 
[C2H4] 

Acetic  acid  selectivity  (%)  =  1  00  x 

[CO]/2  +  [COJ/j  +  [C2H4]  +  [CH3COOH] 
[CH3COOH] 

30 

3  v  '  [CO]/2  +  [C02]/2  +  [C2H4]  +  [CH3COOH] 
wherein  [  ]  =  concentrations  in  mol  % 
and  [C2H6]  =  concentration  of  unconverted  ethane. 

CATALYST  PREPARATION 

35 

In  the  examples  the  catalyst  compositions  are  expressed  in  terms  of  relative  gram-atoms  of  elements.  It 
will  be  understood  that  the  elements  are  present  in  combination  with  oxygen. 

CATALYST  (III) 

A  catalyst  was  prepared  with  the  following  composition: 
Mo.56Re.o6V.26Nb.o7Sb.o3Ca.02 

Ammonium  metavanadate  (7.4g)  was  added  to  80  ml  of  water  and  heated  at  70°C  with  stirring  for  15  minutes. 
To  a  mixture  of  niobium  pentachloride  (4.7g),  antimony  trichloride  (1  .6g),  calcium  nitrate  (1  .0g)  and  ammonium 
perrhenate  (4.0g)  was  added  40  ml  of  water.  Oxalic  acid  (7.5g)  dissolved  in  40  ml  of  water  was  then  added 
and  the  resulting  solution  heated  at  70°C  with  stirring  for  ca.  1  5  minutes.  The  first  solution  was  combined  with 
the  second  solution  and  the  combined  solution  heated  at  70°C  for  15  minutes.  Anmonium  molybdate  (23.8g) 
was  dissolved  in  80  ml  of  water  with  stirring  and  heated  at  70°Cfor  15  minutes.  This  third  solution  was  then 
added  to  the  combined  first  and  second  solutions  and  the  final  mixture  heated  at  70°C  for  15  minutes.  The 
resulting  mixture  was  evaporated  to  dryness  in  a  large  evaporating  basin  over  a  hot  water  bath  together  with 
the  use  of  a  hot  air  gun  to  remove  the  water  as  quickly  as  possible.  The  solid  was  dried  for  16  hours  at  110°C 
and  then  sieved  to  afford  catalyst  particles  of  the  correct  dimensions.  The  dried  catalyst  was  calcined  at  360°C 
for  3.5  hours  under  a  flow  of  air. 

CATALYST  (IV) 

A  catalyst  was  prepared  with  the  following  composition: 
Mo.37Re.25V.26Nb.o7Sb.o3Ca.o2 

Ammonium  metavanadate  (7.4g)  was  added  to  80  ml  of  water  and  heated  at  70°C  with  stirring  for  15  minutes. 
To  a  mixture  of  niobium  pentachloride  (4.7g),  antimony  trichloride  (1  .6g),  calcium  nitrate  (1  .0g)  and  ammonium 
perrhenate  (16.0g)  was  added  40  ml  of  water.  Oxalic  acid  (7.5g)  dissolved  in  40  ml  of  water  was  then  added 
and  the  resulting  solution  heated  at  70°C  with  stirring  for  ca.  1  5  minutes.  The  first  solution  was  combined  with 

4 
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the  second  solution  and  the  combined  solution  heated  at  70°Cfor  15  minutes.  Ammonium  molybdate  (15.9g) 
was  dissolved  in  80  ml  of  water  with  stirring  and  heated  at  70°Cfor  15  minutes.  This  third  solution  was  then 
added  slowly  to  the  combined  first  and  second  solutions  and  the  final  mixture  heated  at  70°C  for  15  minutes. 

5  The  resulting  mixture  was  evaporated  to  dryness  and  the  solid  broken  up  and  calcined  as  outlined  previously. 

CATALYST  (V) 

A  catalyst  was  prepared  with  the  following  composition: 
10  VV.37Re.25V.26Nb.07Sb.03Ca.02 

Anmonium  metavanadate  (7.4g)  was  added  to  80  ml  of  water  and  heated  at  70°C  with  stirring  for  15  minutes. 
To  a  mixture  of  niobium  pentachloride  (4.7g),  antimony  trichloride  (1  .6g)  calcium  nitrate  (1  .0g)  and  ammonium 
perrhenate  (16.0g)  was  added  40  ml  of  water.  Oxalic  acid  (7.5g)  dissolved  in  40  ml  of  water  was  then  added 
and  the  resulting  solution  heated  at  70°C  with  stirring  for  ca.  1  5  minutes.  The  first  solution  was  combined  with 

15  the  second  solution  and  the  combined  solution  heated  at  70°C  for  15  minutes.  Ammonium  tungstate  (23.5g) 
was  suspended  in  60  ml  of  water  and  52  ml  of  hydrogen  peroxide  added  with  stirring.  This  solution  was  then 
heated  at  70°C  for  15  minutes.  This  third  solution  was  then  added  to  the  combined  first  and  second  solutions 
and  the  final  mixture  heated  at  70°C  for  15  minutes.  The  resulting  mixture  was  evaporated  to  dryness  and  the 
solid  broken  up  and  calcined  as  outlined  previously. 

20 
CATALYST  (VI) 

A  catalyst  was  prepared  with  the  following  composition: 
Mo.24Re.37V.2eNb.07Sb.04Ca.02 

25  Ammonium  matavanadate  (1.7g)  was  added  to  25  ml  of  water  and  heated  at  70°C  with  stirring  for  15  minutes. 
To  a  mixture  of  niobium  pentachloride  (1  .05g),  antimony  trichloride  (0.5g),  calcium  nitrate  (0.3g)  and  ammonium 
perrhenate  (5.5g)  was  added  15  ml  of  water.  Oxalic  acid  (1.7g)  dissolved  in  15  ml  of  water  was  then  added 
and  the  resulting  solution  heated  at  70°C  with  stirring  for  ca.  1  5  minutes.  The  first  solution  was  combined  with 
the  second  solution  and  the  combined  solution  heated  at  70°C  for  15  minutes.  Ammonium  molybdate  (2.4g) 

30  was  dissolved  in  25  ml  of  water  with  stirring  and  heated  at  70°C  for  1  5  minutes.  This  third  solution  was  then 
added  to  the  combined  first  and  second  solutions  and  the  final  mixture  heated  at  70°C  for  15  minutes.  The 
resulting  mixture  was  evaporated  to  dryness  and  the  solid  broken  up  and  calcined  as  outlined  previously. 

CATALYST  (VII) 
35 

A  catalyst  was  prepared  with  the  following  composition: 
Re.6iV.26Nb.07Ca.02Sb.04 

Ammonium  metavanadate  (2.5g)  was  added  to  40  ml  of  water  and  heated  at  70°C  with  stirring  for  15  minutes. 
To  a  mixture  of  niobium  pentachloride  (1  .55g),  antimony  trichloride  (0.7g)  and  calcium  nitrate  (0.4g)  was  added 

40  20  ml  of  water.  Oxalic  acid  (3.7g)  dissolved  in  20  ml  of  water  was  then  added  and  the  resulting  solution  heated 
at  70°C  with  stirring  for  ca.  1  5  minutes.  The  first  solution  was  combined  with  the  second  solution  and  the  com- 
bined  solution  heated  at  70°C  for  15  minutes.  Ammonium  perrhenate  (13.4g)  was  dissolved  in  100  ml  of  water 
with  stirring  and  heated  at  70°C  for  15  minutes.  This  third  solution  was  then  added  to  the  combined  first  and 
second  solutions  and  the  final  mixture  heated  at  70°C  for  minutes.  The  resulting  mixture  was  evaporated  to 

45  dryness  and  the  solid  broken  up  and  calcined  as  outlined  previously. 

CATALYST  (VIII) 

A  catalyst  was  prepared  with  the  following  composition: 
50  Mo.37Re.25V.2eNb.07Sb.03Ca.02 

Afirst  solution  was  prepared  by  dissolving  ammonium  perrhenate  (10.0g)and  ammonium  molybdate  (9.7g) 
in  50  ml  of  water.  Asecond  solution  was  prepared  by  adding  ammonium  metavanadate  (4.5g)  to  50  ml  of  water. 
A  third  solution  was  prepared  by  adding  niobium  oxalate  (10.2g),  antimony  oxalate  (1.34  g)  and  calcium  nitrate 
(0.58  g)  to  50  g  of  water.  The  solutions  were  each  heated  separately,  at  70°C  with  stirring  for  15  minutes.  Then 

55  the  third  solution  was  added  to  the  second  solution.  The  combined  solution  was  heated  at  70°C  with  stirring 
for  15  minutes  before  being  added  to  the  first  solution  and  then  the  resulting  mixture  was  heated  at  70°C  with 
stirring  for  15  minutes.  The  water  was  evaporated  on  a  hot  plate  to  produce  a  thick  paste  before  drying  at  120°C 
in  an  oven  overnight.  The  resulting  solid  was  ground  and  screened  to  10/30  mesh  followed  by  calcination  at 
300°C  for  5  hours  in  static  air  and  screening  to  0.5  to  1.0  mm  diameter. 

5 
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CATALYST  IX 

A  catalyst  was  prepared  with  the  following  composition: 
5  Mo.052Re.0iV.26Nb.07Sb.03Ca.02 

by  the  same  method  as  was  used  forthe  preparation  of  Catalyst  (VIII),  but  with  the  required  adjustment  in  the 
relative  amounts  of  ammonium  perrhenate  and  ammonium  molybdate  used. 

CATALYST  TESTING 
10 

CATALYST  TESTING  METHOD 

3  ml  of  catalyst  was  loaded  into  a  corrosion  resistant  stainless  steel  tube  of  internal  diameter  5.6mm,  and 
the  reactor  tube  assembly  placed  in  a  tubular  furnace.  The  catalyst  was  then  heated  to  250°C  at  5°C/min  under 

15  a  flow  of  air.  The  desired  ethane:air:nitrogen  feed  gas  ratio  was  then  set  up  in  a  gas  mixing  manifold  and  allowed 
to  pass  initially  through  a  preheater  zone  held  at  200°C  and  then  over  the  catalyst.  The  pressure  was  then 
adjusted  to  the  required  value  using  a  back  pressure  regulator.  Water  was  added  when  required  into  the  pre- 
heater  zone  where  vaporisation  and  mixing  with  the  feed  gas  occurred  prior  to  meeting  the  catalyst.  The  prod- 
uct  vapours  and  gases  leaving  the  reactor  were  sampled  and  analysed  by  gas-liquid  chromatography  (GLC). 

20  The  temperature  was  measured  by  means  of  a  thermocouple  inserted  into  the  catalyst  bed. 

GLC  SPECIFICATION: 

Gas  Analysis:  3m  Carbosieve  S2  Column  &  Molecular  Sieve  Column. 
25  Liquid  Analysis:  2.5m  CarboPack  B/Peg  20M  Column 

REACTION  CONDITIONS 

Reactor  Pressure:  14  x  105Pa  guage  (14  barg) 
30  GHSV  :  approx.  3500  hr1 

Feed  Composition  (by  volume)  :  21%  Ethane,  3.8%  Oxygen,  75.2%  Nitrogen 
Reactor  Temperature:  In  the  range  250-380°C 
Water  Addition  Rate:ca4:1  (Total  Gas  Feed:Water  mole  Ratio) 
Catalyst  Particle  Size:  0.5-1  .0  mm  diameter. 

35  The  normal  procedure  in  screening  a  catalyst  was  to  set  up  the  feed  ratio  and  flow  rates  and  then  increase 
the  temperature  in  steps,  monitoring  conversions  and  selectivities  as  the  experiment  progressed.  The  oxygen 
concentration  slowly  decreased  with  increasing  temperature  (increasing  ethane  conversion/combustion)  and, 
as  total  oxygen  deletion  approached,  water  was  then  cofed  to  examine  the  effect  on  selectivity  etc.  The  results 
are  shown  in  Table  1  . 

40 

TABLE  1 

45  Bed  Ethane  Ethylene  Acetic  A c e t i c  
Example  Ca ta lys t   Temp.  Conversion  S e l e c t i v i t y   Acid  Acid 

»C  %  %  S e l e c t i v i t y   S e l e c t .  
%  ( w i t h  

w a t e r  
50  c o - f e e d )  

% 

1  ( I I I )   325  15  70  21 
2  (IV)  328  12  57  19  43 

55  3  (V)  334  11  53  21  49 
4  (VI)  332  6  53  28  37 
5  (VII)  325  2  61  0  0 

6 
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CATALYST  TESTING  AT  HIGHER  PRESSURE 

The  catalyst  testing  method  was  repeated  at  28  barg  using  Catalyst  (VIII)  with  catalyst  particle  size  of  0.5 
5  -  1.00  mm  dia  with  0.27  g/litre  gas  water  co-feed  and  a  feed  gas  composition  of  70%  (v/v)  ethane,  6.3%  v/v 

oxygen  and  balance  helium.  The  results  are  shown  in  Table  2  in  which  the  contact  time  is  calculated  from  the 
ratio  of  catalyst  bed  volume  to  gas  flow  rate,  corrected  for  temperature  and  pressure. 

TABLE  2 
W  CATALYST  ( V I I I )  

Bed  Contact  Ethane  Acetic  E t h y l e n e  
Temperature  time  Conversion  Acid  S e l e c t i v i t y  

•C  (Seconds)  %  S e l e c t i v i t y   % 
1 

270  22  5.6  72.6  16.7  
270  27  7.3  70.5  18 .4  
270  35  7.7  65.7  2 0 . 4  
270  55  13.3  77.5  12.3  
277  55  14.3  78.0  12.1 
288  35  10.9  69.5  17 .9  
303  25  9.1  60.4  26 .7  
326  20  9.9  53.3  35 .0  
300  25  8.9  62.8  25 .0  
300  40  12.5  70.2  16.7  

30 

Catalysts  (VIII)  and  (IX)  with  catalyst  particle  sizes  of  0.5  -  1.0  mm  diameter  were  also  tested  at28x  105Pa 
guage  (28  barg)  with  0.27  g  water  per  litre  of  gas  in  feed  and  a  feed  gas  composition  of  70%  (v/v)  ethane,  6.3% 
(v/v)  oxygen  and  balance  helium.  The  results  are  shown  in  Table  3  which  shows  the  effect  on  selectivity  of 

35  varying  the  amount  of  rhenium  in  the  catalyst. 

TABLE  3 

40  A c e t i c  
C a t a l y s t   Contact  Bed  Ethane  Acid  E thy lene  

Time  Temperature  Conversion  S e l e c t i v i t y   S e l e c t i v i t y  
°C  %  %  % 

45  (VIII)  22  267  5.3  73.1  16.1 
(IX)  22  267  4.98  48.0  39.8 

(VIII)  20.7  303  8.17  61.1  27.2 
(IX)  20.7  303  10.81  51.5  34.7 

50 
(VIII)  20.0  325  9.955  53.0  34.8 

(IX)  20.0  325  9.05  46.1  42.2 

55 
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Claims 

1.  A  process  for  the  production  from  gaseous  ethane  and/or  ethylene  of  a  product  comprising  ethylene 
5  and/or  acetic  acid,  by  contacting  the  ethane  and/or  ethylene  and  a  molecular  oxygen-containing  gas  at 

elevated  temperature  with  a  catalyst  composition  comprising  the  elements  A,  X  and  Y  in  combination  with 
oxygen,  the  gram-atom  ratios  of  the  elements  A:X:Y  being  a:b:c,  wherein 

A=ModReeWf, 
X  =  Cr,  Mn,  Nb,  Ta,  Ti,  V  and/or  W, 

w  Y  =  Bi,  Ce,  Co,  Cu,  Fe,  K,  Mg,  Ni,  P,  Pb,  Sb,  Si,  Sn,  TI  and/or  U, 
a  =  1, 
b  =  0  to  2, 
c  =  0  to  2, 
d  +  e  +  f  =  a, 

15  d  is  either  zero  or  greater  than  zero, 
e  is  greater  than  zero,  and 
f  is  either  zero  or  greater  than  zero. 

2.  A  process  as  claimed  in  claim  1  in  which  ethylene  and  optionally  acetic  acid  are  produced  from  gaseous 
20  ethane. 

3.  A  process  as  claimed  in  claim  1  or  claim  2  in  which  X  =  Mn,  Nb,  V  and/or  W. 

4.  A  process  as  claimed  in  any  one  of  the  preceding  claims  in  which  Y  =  Sb,  Ce  and/or  U. 

25  5.  A  process  as  claimed  in  claim  1  or  claim  2  in  which  the  catalyst  composition  comprises-the  elements  A, 
Nb,  Sb  and  Z  in  combination  with  oxygen,  the  gram-atom  ratios  of  the  elements  A:Nb:Sb:Z  being  a:b:c:g 
wherein 

A,  a,  b,  and  c  are  as  defined  in  claim  1, 
Z  is  at  least  one  of  Ca,  Ru  and  Ga,  and 

30  g  is  0  to  2. 

6.  A  process  as  claimed  in  claim  1  or  claim  2  in  which  the  ctalyst  composition  comprises  the  elements  A,  V, 
Nb,  Sb  and  Z  in  combination  with  oxygen,  the  gram-atom  ratios  of  the  elements  A:V:Nb:Sb:Z  being 
a:h:b:c:g  wherein 

35  A  and  Z  are  as  defined  in  claim  5, 
a,b,c,  and  g  are  as  defined  in  claim  5, 
h  is  0  to  1.0. 

7.  A  process  as  claimed  in  claim  1  or  claim  2  in  which  the  catalyst  composition  comprises: 
40  MOq.56  Reo-06  Vo-26  Nbo.  07  Sbo.03  Ca<).02i 

MO0.37  Re<).25  Vq.26  Nb<)07  Sb().03  Ca<).02i 
W0.37  Re<).25  Vq.26  Nb<)07  Sb().03  Ca<).02i 
MOq.24  RSq.37  Vq.26  Nb<)07  Sb().04  Ca<).02i 

Reo.6i  Vq.26  Nb.07  Cao.02  Sbo.o4>  or 
45  M00.52  Re0.i  Vq.26  Nb0.07  Sb0.03  Ca0.02> 

the  elements  being  present  in  combination  with  oxygen. 

8.  A  process  as  claimed  in  any  one  of  the  preceding  claims  in  which  the  ethane  and/or  ethylene  and  mo- 
lecular  oxygen-containing  gas  are  contacted  with  the  catalyst  composition  in  the  presence  of  steam. 

50 
9.  A  catalyst  composition  comprising  the  elements  A,  X  and  Y  in  combination  with  oxygen,  the  gram-atom 

ratios  of  the  elements  A:X:Y  being  a:b:c,  wherein 
A=ModReeWf, 
X  =  Cr,  Mn,  Nb,  Ta,  Ti,  V  and/or  W, 

55  Y  =  Bi,  Ce,  Co,  Cu,  Fe,  K,  Mg,  Ni,  P,  Pb,  Sb,  Si,  Sn,  TI  and/or  U, 
a  =  1, 
b  =  0  to  2, 
c  =  0  to  2, 
d  +  e  +  f  =  a, 

8 
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d  is  either  zero  or  greater  than  zero, 
e  is  greater  than  zero,  and 
f  is  either  zero  or  greater  than  zero. 

10.  A  catalyst  composition  as  claimed  in  claim  9  in  which  X  =  Mn,  Nb,  V  and/or  W. 

11.  Acatalyst  composition  as  claimed  in  claim  9  or  claim  10  in  which  Y  =  Sb,  Ce  and/or  U. 

12.  A  catalyst  composition  comprising  the  elements  A,  Nb,  Sb  and  Z  in  combination  with  oxygen,  the  gram- 
atom  ratios  of  the  elements  A:Nb:Sb:Z  being  a:b:c:g 
wherein 

A,  a,  b  and  c  are  as  defined  in  claim  9, 
Z  is  at  least  one  of  Ca,  Ru  and  Ga, 
and  g  is  0  to  2. 

13.  A  catalyst  composition  comprising  the  elements  A,  V,  Nb,  SbandZ  in  combination  with  oxygen,  the  gram- 
atom  ratios  of  the  elements  A:V:Nb:Sb:Z  being  a:h:b:c:g 
wherein 

A,  and  Z  are  as  defined  in  claim  12, 
a,b,c  and  g  are  as  defined  in  claim  12,  and 
h  is  0  to  1.0. 

14.  A  catalyst  composition  comprising: 
MOq.56  Reo-06  Vo-26  Sbo.03  Ca<).02i 
MO0.37  Re<).25  Vq.26  Nb<)07  Sb().03  Ca<).02i 
W0.37  Re<).25  Vq.26  Nb<)07  Sb().03  Ca<).02i 
MOq.24  RSq.37  Vq.26  Nb<)07  Sb().04  Ca<).02i 

Reo.6i  Vq.26  Nbo.07  CXa<).o2  Sbo.o4i  or 
MOq.52  Reo-1  Vq.26  Nb().07  Sb().03  Ca<).02i 

the  elements  being  present  in  combination  with  oxygen. 

Patentanspruche 

35  1.  Verfahren  zur  Herstellung  eines  Produktes,  das  Ethylen  und/oder  Essigsaure  enthalt,  aus  gasformigem 
Ethan  und/oder  Ethylen,  indem  das  Ethan  und/oder  Ethylen  und  ein  molekularen  Sauerstoff  enthaltendes 
Gas  bei  erhohterTemperaturmiteiner  Katalysatorzusammensetzung  in  Kontaktgebracht  werden,  die  die 
Elemente  A,  X  und  Y  in  Kombination  mit  Sauerstoff  enthalt,  wobei  die  Grammatomverhaltnisse  der  Ele- 
ments  A:X:Y  gleich  a:b:c  sind, 

40  worin  bedeuten: 
A  =  ModReeWf 
X  =  Cr,  Mn,  Nb,  Ta,  Ti,  V  und/oder  W, 
Y  =  Bi,  Ce,  Co,  Cu,  Fe,  K,  Mg,  Ni,  P,  Pb,  Sb,  Si,  Sn,  TI  und/oder  U, 
a  =  1, 

45  b  =  0  bis  2, 
c  =  0  bis  2, 
d  +  e  +  f  =  a 
d  ist  entweder  Null  oder  grafter  als  Null, 
e  ist  grafter  als  Null,  und 

50  f  ist  entweder  Null  oder  grolier  als  Null. 

2.  Verfahren  nach  Anspruch  1,  worin  Ethylen  und  gegebenenfalls  Essigsaure  aus  gasformigem  Ethan  her- 
gestellt  werden. 

55  3.  Verfahren  nach  Anspruch  1  oder  Anspruch  2,  worin  X  =  Mn,  Nb,  V  und/oder  W  ist. 

4.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  Y  =  Sb,  Ce  und/oder  U  ist. 

5.  Verfahren  nach  Anspruch  1  oder  Anspruch  2,  worin  die  Katalysatorzusammensetzung  die  Elemente  A, 

9 
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Nb,  Sb  und  Z  in  Kombination  mit  Sauerstoff  enthalt,  wobei  die  Grammatomverhaltnisse  der  Elemente 
A:Nb:Sb:Z  gleich  a:b:c:g  sind, 
worin  A,  a,  b  und  c  wie  in  Anspruch  1  def  iniert  sind, 

Z  mindestens  eines  von  Ca,  Ru  und  Ga  ist  und 
g  gleich  0  bis  2  ist. 

6.  Verfahren  nach  Anspruch  1  oder  Anspruch  2,  worin  die  Katalysatorzusammensetzung  die  Elemente  A, 
V,  Nb,  Sb  und  Z  in  Kombination  mit  Sauerstoff  enthalt,  wobei  die  Grammatomverhaltnisse  der  Elemente 
A:V:Nb:Sb:Z  gleich  a:h:b:c:g  sind, 
worin  A  und  Z  wie  in  Anspruch  5  def  iniert  sind, 

a,  b,  c  und  g  wie  in  Anspruch  5  def  iniert  sind, 
h  gleich  0  bis  1.0  ist. 

7.  Verfahren  nach  Anspruch  1  oder  Anspruch  2,  worin  die  Katalysatorzusammensetzung  enthalt: 
Moq  .  56  Re<)  .  06  Vo  .  26  Nbo.  07  Sbo.  03  Caoo  _  02> 
Moq  .  37  Re<)  .  25  Vo  .  26  Nbo  .  07  Sbo.  03  Ca<)  .  021 
Wo  .  37  Reo  .  25  Vo  .  26  N̂ o  .  07  Sbo  .  03  Cao  .  021 

Moq  .  24  ReOo.  37  Vq  .  26  Nbo  .  07  Sbo  _  04  >  Ca<)  .  02> 
Reo  .  61  Vo  .  26  N̂ o  .  07  Ca  0  .  02  Sbo  .  041  oder 

MOq  .  52  Reo  .  1  Vq  .  26  N̂O  .  07  Sbfl  .  03  C3o  .  02i 
wobei  die  Elemente  in  Kombination  mit  Sauerstoff  vorhanden  sind. 

8.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  worin  das  Ethan  und/oder  Ethylen  und  das  mo- 
lekularen  Sauerstoff  enthaltende  Gas  mit  der  Katalysatorzusammensetzung  in  Anwesenheit  von  Dampf 
in  Kontakt  gebracht  werden. 

9.  Katalysatorzusammensetzung  enthaltend  die  Elemente  A,  X  und  Y  in  Kombination  mit  Sauerstoff,  wobei 
die  Grammatomverhaltnisse  der  Elemente  A:X:Y  gleich  a:b:c  sind, 
worin  bedeuten: 

A  =  ModReeWf 
X  =  Cr,  Mn,  Nb,  Ta,  Ti,  V  und/oder  W, 
Y  =  Bi,  Ce,  Co,  Cu,  Fe,  K,  Mg,  Ni,  P,  Pb,  Sb,  Si,  Sn,  TI  und/oder  U, 
a  =  1, 
b  =  0  bis  2, 
c  =  0  bis  2, 
d  +  e  +  f  =  a 
d  ist  entweder  Null  oder  grafter  als  Null, 
e  ist  grafter  als  Null,  und 
f  ist  entweder  Null  oder  grolier  als  Null. 

10.  Katalysatorzusammensetzung  nach  Anspruch  9,  worin  X  =  Mn,  Nb,  V  und/oder  W  ist. 

11.  Katalysatorzusammensetzung  nach  Anspruch  9  oder  Anspruch  10,  worin  Y  =  Sb,  Ce  und/oder  U  ist. 

12.  Katalysatorzusammensetzung,  enthaltend  die  Elemente  A,  Nb,  Sb  und  Z  in  Kombination  mit  Sauerstoff, 
wobei  die  Grammatomverhaltnisse  der  Elemente  A:Nb:Sb:Z  gleich  a:b:c:g  sind, 
worin  bedeuten: 

A,  a,  b  und  c  sind  wie  in  Anspruch  9  definiert, 
Z  ist  mindestens  eines  von  Ca,  Ru  und  Ga, 
und  g  ist  gleich  0  bis  2. 

13.  Katalysatorzusammensetzung,  enthaltend  die  Elemente  A,  V,  Nb,  Sb  und  Z  in  Kombination  mit  Sauerstoff, 
wobei  die  Grammatomverhaltnisse  der  Elemente  A:V:Nb:Sb:Z  gleich  a:h:b:c:g  sind,  worin  bedeuten: 

A  und  Z  sind  wie  in  Anspruch  12  definiert, 
a,  b,  c  und  g  sind  wie  in  Anspruch  12  definiert,  und 
h  ist  gleich  0  bis  1.0. 

14.  Katalysatorzusammensetzung,  enthaltend: 
MOq  .  56  Reo  .  06  Vq  .  26  N̂O  .  07  Sbfl  .  03  .  02i 

10 
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MOq  .  37  Reo  .  25  Vo  .  26  N̂O  .  07  Sbfl  .  03  .  02> 
Wo  .  37  Reo  .  25  Vo  .  26  N̂O  .  07  Sbfl  .  03  Cao  .  02i 
MOq  .  24  R̂ o  .  37  Vfl  .  26  N̂O  .  07  Sbfl  .  04  C&O  .  02> 

Reo  .  61  Vo  .  26  Nbo  .  07  Cao  .  02  Sbo  .  041  oder 
Moo  .  52  Reo  .  1  Vo  .  26  Noo  .  07  Sbo  .  03  Cao  .  021 

wobei  die  Elemente  in  Kombination  mit  Sauerstoff  vorhanden  sind. 

10  Revendications 

1.  Precede  d'obtention,  a  partir  d'ethane  et/ou  d'ethylene  gazeux,  d'un  produit  comprenant  de  I'ethylene 
et/ou  de  I'acide  acetique,  par  mise  en  contact  de  I'ethane  et/ou  de  I'ethylene  et  d'un  gaz  contenant  de 
I'oxygene  moleculaire,  a  temperature  elevee,  avec  une  composition  de  catalyseur  comprenant  les  ele- 

15  ments  A,  X  et  Y  en  combinaison  avec  de  I'oxygene,  les  rapports  des  elements  A:X:Y  en  atomes-grammes 
etant  egaux  a  a:b:c, 
oil 

A=ModReeWf, 
X  =  Cr,  Mn,  Nb,  Ta,  Ti,  V  et/ou  W, 

20  Y  =  Bi,  Ce,  Co,  Cu,  Fe,  K,  Mg,  Ni,  P,  Pb,  Sb,  Si,  Sn,  TI  et/ou  U, 
a  =  1, 
b  =  0  a  2, 
c  =  0  a  2, 
d  +  e  +  F  =  a, 

25  d  est  egal  a  zero  ou  superieur  a  zero, 
e  est  superieur  a  zero,  et 
f  est  egal  a  zero  ou  superieur  a  zero. 

2.  Precede  suivant  la  revendication  1  ,  dans  lequel  de  I'ethylene  et  facultativement  de  I'acide  acetique  sont 
30  produits  a  partir  d'ethane  gazeux. 

3.  Precede  suivant  la  revendication  1  ou  la  revendication  2,  dans  lequel  X  represente  Mn,  Nb,  V  et/ou  W. 

4.  Precede  suivant  I'unequelconque  des  revendications  precedentes,  dans  lequel  Y  represente  Sb,  Ce  et/ou 
U. 35 

5.  Precede  suivant  la  revendication  1  ou  la  revendication  2,  dans  lequel  la  composition  de  catalyseur 
comprend  les  elements  A,  Nb,  Sb  et  Z  en  combinaison  avec  de  I'oxygene,  les  rapports  des  elements 
A:Nb:Sb:Z  en  atomes-grammes  etant  egaux  a  a:b:c:g 
ou 

40  A,  a,  b  et  c  sont  tels  que  def  inis  dans  la  revendication  1  , 
Z  est  I'un  au  moins  des  elements  Ca,  Ru  et  Ga,  et 
g  a  une  valeur  de  0  a  2. 

6.  Precede  suivant  la  revendication  1  ou  la  revendication  2,  dans  lequel  la  composition  de  catalyseur 
45  comprend  les  elements  A,  V,  Nb,  Sb  et  Z  en  combinaison  avec  de  I'oxygene,  les  rapports  des  elements 

A:V:Nb:Sb:Z  en  atomes-grammes  etant  egaux  a  a:h:b:c:g,  ou  Aet  Z  sont  tels  que  def  inis  dans  la  reven- 
dication  5, 

a,b,c  et  g  sont  tels  que  def  inis  dans  la  revendication  5, 
h  a  une  valeur  de  0  a  1  ,0. 

50 
7.  Precede  suivant  la  revendication  1  ou  la  revendication  2,  dans  lequel  la  composition  de  catalyseur 

comprend  : 
MOo,56  RSo,06  Vo,26  Nbo,07  ^0,03  Cao,02 
Moo,37  Reo,25  Vo,26  Nbo,o7  Sbo,o3  Cao,o2 

55  Wq,37  Reo,25  Vo,26  Nbo,07  Sbo,03  C3o,02 
MOo,24  6̂0,37  Vo,26  Nbo,07  Sbo,04  C3o,02 

Reo,6i  Vo,26  Nbo,o7  Cao,o2  Sbo,o4i  ou 
Moo,52  Reo.i  Vo,26  Nbo,o7  Sbo,o3  Cao,o2i 

les  elements  etant  presents  en  combinaison  avec  de  I'oxygene. 

11 



EP  0  407  091  B1 

Pro-cede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  I'ethane  et/ou  I'ethylene 
et  le  gaz  contenant  de  I'oxygene  moleculaire  sont  mis  en  contact  avec  la  composition  de  catalyseur  en 
presence  de  vapeur  d'eau. 

Composition  de  catalyseur  comprenant  les  elements  A,  X  et  Y  en  combinaison  avec  de  I'oxygene,  les  rap- 
ports  des  elements  A:X:Y  en  atomes-grammes  etant  egaux  a  a:b:c,  avec 

A=ModReeWf, 
X  =  Cr,  Mn,  Nb,  Ta,  Ti,  V  et/ou  W, 
Y  =  Bi,  Ce,  Co,  Cu,  Fe,  K,  Mg,  Ni,  P,  Pb,  Sb,  Si,  Sn,  TI  et/ou  U, 
a  =  1, 
b  =  0  a  2, 
c  =  0  a  2, 
d  +  e  +  f  =  a, 
d  est  egal  ou  superieur  a  zero, 
e  est  superieur  a  zero,  et 
f  est  egal  ou  superieur  a  zero. 

Composition  de  catalyseur  suivant  la  revendication  9,  dans  laquelle  X  represente  Mn,  Nb,  V  et/ou  W. 

Composition  de  catalyseur  suivant  la  revendication  9  ou  la  revendication  10,  dans  laquelle  Y  represente 
Sb,  Ce  et/ou  U. 

Composition  de  catalyseur  comprenant  les  elements  A,  Nb,  Sb  et  Z  en  combinaison  avec  de  I'oxygene, 
les  rapports  des  elements  A:Nb:Sb:Z  en  atomes-grammes  etant  egaux  a  a:b:c:g, 
ou 

A,  a,  b  et  c  sont  tels  que  definis  dans  la  revendication  9, 
Z  est  au  moins  I'un  des  elements  Ca,  Ru  et  Ga, 
et  g  a  une  valeur  de  0  a  2. 

Composition  de  catalyseur  comprenant  les  elements  A,  V,  Nb,  Sb  et  Z  en  combinaison  avec  de  I'oxygene, 
les  proportions  en  atomes-grammes  des  elements  A:V:Nb:Sb:Z  etant  egales  a  a:h:b:c:g 
ou 

Aet  Z  sont  tels  que  definis  dans  la  revendication  12, 
a,b,c  et  g  sont  tels  que  definis  dans  la  revendication  12,  et 
h  a  une  valeur  de  0  a  1  ,0. 

Composition  de  catalyseur,  comprenant  : 
MOo,56  RS(),06  Vo,26  Nb<),07  ^0,03  Cao,02 
MOq,37  Reo,25  Vq,26  Nbo,07  Sbo,03  Cao,02 
Wo,37  Re<),25  Vo,26  Nb<),07  Sbo,o3  Cao,02 
MOq,24  6̂0,37  Vo,26  Nbo,07  Sbo,04  Ca<),02 

Re<),6i  Vo,26  Nbo,o7  Cao,o2  ®̂ o,o4i 
Moo,52  Re<),i  Vo,26  Nbo,o7  Sbo,o3  Cao,o2i 

les  elements  etant  presents  en  combinaison  avec  de  I'oxygene. 
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