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Description 

The  present  invention  relates  to  an  improved  composition  of  matter.  In  a  more  specific  aspect,  the 

present  invention  relates  to  an  improved  solid  contact  material  for  the  oxidative  conversion  of  organic 
5  compounds  to  other  organic  compounds  and  a  method  of  oxidative  conversion  therewith.  In  yet  another 

aspect,  the  present  invention  relates  to  the  oxidative  conversion  of  organic  compounds  to  other  organic 
compounds  in  the  presence  of  a  free  oxygen  containing  gas. 

Background  of  the  Invention 
10  Numerous  processes  are  in  use  and  have  been  proposed  for  the  conversion  of  organic  compounds  and 

feedstocks  to  more  valuable  organic  compounds  and  more  valuable  feedstocks  for  use  in  the  organic 
chemical  and  petrochemical  industries,  particularly  organic  compounds  and  feedstocks  derived  from 
petroleum  s o u r c e s . .  

One  promising  approach  to  such  conversion  has  been  the  oxidative  conversion  of  organic  compounds 
75  to  other  organic  compounds.  However,  in  many  cases,  such  oxidative  conversion  processes  are  not 

commercially  viable,  primarily  because  they  are  energy  intensive,  conversions  of  the  feedstock  are  low, 
selectivity  to  the  desired  compounds  is  low  and  such  processes  cannot  be  utilized  in  a  continuous  manner. 
In  most  of  such  processes  the  feedstocks  are  contacted  with  a  solid  contact  material.  However,  there  is  a 
difference  of  opinion  among  workers  in  the  art  concerning  the  nature  of  such  processes,  and,  particularly, 

20  the  function  of  the  contact  material  and  the  manner  in  which  such  function  is  performed.  For  example, 
workers  in  the  art  have  at  one  time  or  another  suggested  that  the  function  of  the  contact  material  involves  a 
purely  physical  phenomonen,  an  adsorption-deorption  process  either  of  atomic  or  molecular  oxygen  and 
either  on  the  surface  or  occluded  within  the  solid  material,  oxidation-reduction  utilizing  multivalent  metals 
capable  of  oxidation-reduction,  adsorption  and  desorption  of  the  organic  materials  on  the  solid  materials,  a 

25  free  radical  mechanism,  etc.  Consequently,  the  solid  materials  utilized  are  referred  to  variously  as  "contact 
materials",  "promoters",  "activators"  and  "catalysts".  Accordingly,  in  order  to  avoid  functional 
categorization,  the  terms  "solid  contact  material"  or  "solid  contact  materials"  will  be  utilized  in  the  present 
a p p l i c a t i o n . .   ,  , 

Since  many  processes  of  the  prior  art  are  based  on  the  theory  that  the  contact  materials  function  via 
30  adsorption-desorption  of  oxygen,  oxidation-reduction,  etc.,  such  processes  are  operated  in  a  cyclic  manner 

by  passing  an  oxidizing  gas  over  the  contact  material,  then  contacting  the  feedstock  with  the  oxygen 
containing  contact  material,  and,  thereafter,  reactivating  or  regenerating  the  contact  material  by  again 
passing  free  oxygen  containing  gas  thereover.  Such  processes  thus  require  undesirably  high  temperatures, 
are  energy  intensive,  since  the  exothermic  and  endothermic  reactions  occur  separately,  equipment  costs 

35  are  high,  because  of  the  necessity  for  rapid  cycling,  and  the  contact  material's  useful  life  is  comparatively 

From  the  above,  it  is  quite  clear  that  the  suitability  of  contact  materials  for  the  oxidative  conversion  of 

organic  compounds  is  unpredictable.  It  is,  therefore,  highly  desirable  that  new  and  improved  contact 
materials  for  such  use  be  developed,  and  that  improved  processes  utilizing  such  contact  materials  be 

40  provided,  particularly  processes  which  lower  the  temperatures  necessary,  lower  the  energy  requirements, 
are  capable  of  being  carried  out  in  a  continuous  manner,  extend  the  useful  life  of  the  contact  material, 
improve  the  conversion  of  the  feedstock  and  improve  the  selectivity  to  the  desired  products. 

Of  the  various  feedstocks  for  the  organic  chemical  and  petrochemical  industries,  olefms,  such  as 
ethylene  and  propylene  are  of  particular  interest  and  have  become  major  feedstocks.  Of  these,  ethylene  is 

45  by  far  the  more  important  chemical  feedstock  since  the  demand  for  ethylene  feedstocks  is  about  double 
that  for  propylene  feedstocks. 

Consequently,  there  is  a  definite  need  for  materials  and  processes  for  the  conversion  of  relatively 
inexpensive  feedstocks  to  ethylene.  At  the  present  time,  ethylene  is  produced  almost  exclusively  by  the 
dehydrogenation  or  pyrolysis  of  ethane  and  propane,  naphtha  and,  in  some  instances,  gas  oils.  About  75  /« 

so  of  the  ethylene  is  produced  at  the  present  time  by  steam  cracking  of  ethane  and  propane  derived  from 
natural  gas,  since  natural  gas  contains  from  about  5  volume  percent  to  about  60  volume  percent  of 
hydrocarbons  other  than  methane,  with  the  majority  being  ethane.  However,  relatively  severe  conditions, 
particularly  temperatures  in  excess  of  about  1000°C,  are  required  and,  as  indicated,  such  processes  are 
highly  energy  intensive.  In  order  to  reduce  the  severity  of  the  conditions,  particularly  temperatures, 

55  numerous  proposals  to  catalyze  pyrolytic  reactions  have  been  made.  While  some  of  these  processes  do,  in 
fact  reduce  the  severity  of  the  conditions,  the  conversion  of  the  feedstock  and  the  selectivity  to  ethylene 
are  still  quite  low.  Of  particular  interest  in  this  phase  of  the  art,  is  the  oxidative  conversion  of  methane  to 
higher  hydrocarbons,  particularly  ethylene  and  ethane.  However,  many  of  the  processes  for  such  oxidative 
conversion  which  have  been  proposed,  are  subject  to  some  or  all  of  the  previously  mentioned  deficiencies 

eo  and  to  date  are  not  commercially  viable. 
A  process  for  dehydrogenating  organic  compounds  having  2  to  20  carbon  atoms  at  temperatures  from 

400°C  to  800°C  using  a  solid  catalytic  composition  of  at  least  one  salt  of  an  alkali  or  alkali  earth  metal  and  at 
least  one  other  mineral  metal  or  mineral  metal  compound,  which  may  among  many  others  be  lanthanum 
oxide  or  tin  oxide,  French  Patent  No.  1,342,464  (1963).. 
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Summary  of  the  Invention 
It  is  therefore  an  object  of  the  present  invention  to  provide  an  improved  composition  of  matter  and 

method  of  utilizing  the  same  which  overcomes  the  above  and  other  disadvantages  of  the  prior  art.  An 
object  of  the  present  invention  is  to  provide  an  improved  method  for  the  oxidative  conversion  of  methane 

s  containing  feed  compounds  to  other  organic  compounds.  Another  and  further  object  of  the  present 
invention  is  to  provide  an  improved  method  for  the  oxidative  conversion  of  methane  containing  feed 
products  to  other  organic  compounds,  in  the  presence  of  a  free  oxygen  containing  gas.  Yet  another  object 
of  the  present  invention  is  to  provide  a  method  for  the  oxidative  conversion  of  methane  containing  feed 

products  to  other  organic  compounds,  which  results  in  improved  selectivity  to  desired  products.  A  further 
10  object  of  the  present  invention  is  to  provide  a  method  for  the  oxidative  conversion  of  organic  compounds 

to  other  organic  compounds,  which  results  in  improved  conversion  of  feedstock  and  an  improved 
selectivity  to  desired  products.  Another  and  further  object  of  the  present  invention  is  to  provide  a  method 
for  the  oxidative  conversion  of  organic  compounds  to  other  organic  compounds,  which  utilizes 

temperatures  below  those  of  known  processes.  A  still  further  object  of  the  present  invention  is  to  provide  a 
is  method  for  the  oxidative  conversion  of  organic  compounds  to  other  organic  compounds,  which  reduces 

the  energy  requirements  thereof.  Another  object  of  the  present  invention  is  to  provide  a  method  for  the 
oxidative  conversion  of  organic  compounds  to  other  organic  compounds,  which  can  be  carried  out  in  a 
continuous  manner.  Yet  another  object  of  the  present  invention  is  to  provide  a  method  for  the  oxidative 
conversion  of  organic  compounds  to  other  organic  compounds,  which  extends  the  useful  life  of  the  contact 

20  material  utilized.  These  and  other  objects  of  the  present  invention  will  be  apparent  from  the  following 
detailed  description.  '  

.  ■ • * « . ■  
The  present  invention  provides  a  method  as  defined  in  the  claims.  A  solid  composition  of  matter  is 

used,  which  consists  of: 
a)  a  contact  material  comprising  lanthanum  oxide  or 

25  b)  a  contact  material  comprising  (1)  lanthanum  oxide  and  2)  at  least  one  promoter  selected  from  the 

group  consisting  of  groups  lA  metals,  halogen  ions  and  tin,  under  oxidative  conversion  conditions  to 
convert  said  feed  compounds  to  saqid  organic  compounds  comprising  higher  hydrocarbons. 

In  another  aspect,  the  present  invention  relates  to  a  contact  material,  of  the  above  composition  of 
matter,  adapted,  to  convert  feed  organic  compounds  to  product  organic  compounds,  particularly,  in  the 

30  presence  of  a  free  oxygen  containing  g a s . .  
A  further  aspect  of  the  present  invention-includes:  a  method  for  the  oxidative  conversion  of  methane 

containing  feed  products  to  product  organic  compounds  comprising: 
contacting  said  feed  organic  compounds  with  a  solid  contact  material  selected  from  the  group 

consisting  of:  . .   ,  iU 
35  (a)  a  component  comprising:  (1)  at  least  one  material  selected  from  the  group  consisting  of  lanthanum 

oxides  and,  optionally,  a  component  comprising:  (2)  at  least  one  material  selected  from  the  group 
consisting  of  halogen  ions,  compounds  containing  said  halogen  ions,  tin  and  compounds  containing  tin; 

(b)  a  component  comprising:  (1)  at  least  one  material  selected  from  the  group  consisting  of  Group  IA 
40  metals  and  compounds  containing  said  metals,  a  component  comprising  :  (2)  at  least  one  material  selected 

from  the  group  consisting  of  lanthanum  and  compounds  containing  lanthanum  and,  optionally,  a 
component  comprising:  (3)  at  least  one  material  selected  from  the  group  consisting  of  halogen  ions, 
compounds  containing  halogen  ions,  tin  and  compounds  containing  tin 

under  oxidative  conversion  conditions  sufficient  to  convert  said  feed  organic  compounds  to  said 
45  product  organic  c o m p o u n d s . .  

Yet  another  aspect  of  the  present  invention  comprises  a  method  for  the  oxidative  conversion  of 
methane  containing  feed  products  to  product  organic  compounds,  comprising: 

contacting  said  feed  organic  compounds  and  a  free  oxygen  containing  gas  with  a  solid  contact  material 
selected  from  the  group  consisting  of: 

50  (a)  a  component  comprising:  (1  )  at  least  one  material  selected  from  the  group  consisting  of  lanthanum 
oxides,  and,  optionally,  a  component  comprising:  (2)  at  least  one  material  selected  from  the  group 
consisting  of  halogen  ions,  compounds  containing  tin; 

(b)  a  component  comprising:  (1)  at  least  one  material  selected  from  the  group  consisting  of  Group  IA 
metals  and  compounds  containing  said  metals,  a  component  comprising:  (2)  at  least  one  material  selected 

55  from  the  group  consisting  of  tin  and  compounds  containing  tin,  and,  optionally,  a  component  comprising: 
(3)  at  least  one  material  selected  from  the  group  consisting  of  halogen  ions  and  compounds  containing 
halogen  ions;  and  . .  

(c)  a  component  comprising:  (1)  at  least  one  material  selected  from  the  group  consisting  of  Group  IA 
metals  and  compounds  containing  said  metals,  a  component  comprising:  (2)  at  least  one  material  selected 

60  from  the  group  consisting  of  lanthanum  and  compounds  containing  lanthanum  and,  optionally,  a 
component  comprising:  (3)  at  least  one  material  selected  from  the  group  consisting  of  halogen  ions, 
compounds  containing  halogen  ions,  tin  and  compounds  containing  tin, 

under  oxidative  conversion  conditions  sufficient  to  convert  said  feed  organic  compounds  to  said 

product  organic  compounds. 
65 
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Description  of  the  Preferred  Embodiments 
The  solid  composition  of  matter  applied  in  the  present  invention  is  a  solid  composition  of  matter 

consisting  of: 
a)  a  contact  material  comprising  lanthanum  oxide  or 

5  b)  a  contact  material  comprising  (1)  lanthanum  oxide  and  (2)  at  least  one  promoter  selected  from  the 
group  consisting  of  groups  IA  metals,  halogen  ions  and  tin,  under  oxidative  conversion  conditions  to 
convert  said  feed  compounds  to  said  organic  compounds  comprising  higher  hydrocarbons. 

The  above  compositions  of  matter  are  particularly  useful  as  contact  materials  for  the  oxidative 
conversion  of  methane  containing  feed  products  to  product  organic  compounds,  and,  particularly,  for  the 

10  oxidative  conversion  of  feed  organic  compounds  to  product  organic  compounds,  in  the  presence  of  a  free 
oxygen  containing  gas. 

A  further  aspect  of  the  present  invention  includes:  a  method  for  the  oxidative  conversion  of  methane 
containing  feed  products  to  product  organic  compounds,  comprising: 

contacting  said  feed  organic  compounds  with  a  solid  contact  material  selected  from  the  group 
15  consisting  of: 

(a)  a  component  comprising:  (1)  at  least  one  material  selected  from  the  group  consisting  of  lanthanum 
oxides  and,  optionally,  a  component  comprising:  (2)  at  least  one  material  selected  from  the  group 
consisting  of  halogen  ions,  compounds  containing  said  halogen  ions,  tin  and  compounds  containing  tin; 
and 

20  (b)  a  component  comprising:  (1)  at  least  one  material  selected  from  the  group  consisting  of  Group  IA 
metals  and  compounds  containing  said  metals,  a  component  comprising:  (2)  at  least  one  material  selected 
from  the  group  consisting  of  lanthanum  and  compounds  containing  lanthanum  and,  optionally,  a 
component  comprising:  (3)  at  least  one  material  selected  from  the  group  consisting  of  halogen  ions, 
compounds  containing  halogen  ions,  tin  and  compounds  containing  tin 

25  under  oxidative  conversion  conditions  sufficient  to  convert  said  feed  organic  compounds  to  said 
product  organic  compounds. 

Yet  another  aspect  of  the  present  invention  comprises  a  method  for  the  oxidative  conversion  of 
methane  containing  feed  products  to  product  organic  compounds  to  product  organic  compounds 
comprising: 

30  contacting  said  feed  organic  compounds  and  a  free  oxygen  containing  gas  with  a  solid  contact  material 
selected  from  the  group  consisting  of: 

(a)  a  component  comprising:  (1)  at  least  one  material  selected  from  the  group  consisting  of  lanthanum 
oxides  and,  optionally,  a  component  comprising:  (2)  at  least  one  material  selected  from  the  group 
consisting  of  halogen  ions,  compounds  containing  halogen  ions,  tin  and  compounds  containing  tin; 

35  (b)  a  component  comprising:  (1)  at  least  one  material  selected  from  the  group  consisting  of  Group  IA 
metals  and  compounds  containing  said  metals,  a  component  comprising:  (2)  at  least  one  material  selected 
from  the  group  consisting  of  lanthanum  and  compounds  containing  lanthanum  and,  optionally,  a 
component  comprising:  (3)  at  least  one  material  selected  from  the  group  consisting  of  halogen  ions, 
compounds  containing  halogen  ions,  tin  and  compounds  containing  tin, 

40  under  oxidative  conversion  conditions  sufficient  to  convert  said  feed  organic  compounds  to  said 
product  organic  compounds. 

When  the  term  "effective  amount"  is  utilized  with  reference  to  the  composition  of  matter  and  contact 
materials  herein,  this  term  is  meant  to  include  more  than  an  insignificant  amount  and,  thus,  a  small  amount 
sufficient  to  affect  the  function  of  the  composition  of  matter  for  the  purpose  for  which  it  is  to  be  utilized. 

45  Thus,  lanthanum  oxide  is  utilized  in  amounts  from  an  effective  amount  to  100  Wt.  %  by  weight.  Where 
tin  is  added  to  lanthanum  oxide  the  amounts  of  tin  may  be  from  an  effective  amount  to  near  100  wt.  %  of 
element  tin,  based  on  the  total  weight  of  the  lanthanum  oxide  and  any  compounds  containing  tin  which 
might  be  used.  However,  in  this  combination,  tin  is  generally  the  minor  component  and  lanthanum  oxide 
the  major  component.  Hence  tin  will  usually  represent  from  about  0.5  to  about  20  wt.  %,  preferably, 

so  between  about  0.5  to  about  7  wt.  %,  of  elemental  tin,  based  on  the  total  weight  of  the  active  components  of 
the  contact  material.  Halogen  ions,  in  combination  with  lanthanum,  may  also  vary  from  an  effective 
amount  to  near  100%  of  elemental  halogen,  based  on  the  total  weight  of  the  active  components  of  the 
contact  material,  usually  about  0.1  wt.  %  to  about  5  wt.  %.  When  tin  and  halogen  ions  are  both  used  with 
lanthanum  oxide  the  tin  and  halogen  ions  may  be  present  in  the  amounts  previously  set  forth.  A  convenient 

55  form  of  both  tin  and  halogen  ions  is,  for  example  halide. 
In  a  combination  of  a  Group  IA  metal  with  lanthanum  and,  optionally,  tin  and/or  halogen  ions,  any  of 

the  components  may  be  present  in  amounts  from  an  effective  to  near  100%  of  elemental  metal  or 
elemental  halogen  based  on  the  total  weight  of  active  components  of  the  contact  material.  However,  in  this 
combination,  the  Group  IA  metal  will  usually  be  the  minor  component  representing  from  about  0.1  wt.  %  to 

60  about  50  wt.  %,  preferably,  about  0.5  wt.  %  to  about  15  wt.  %and,  still  more  preferably,  about  1  wt.  %  to 
about  5  wt.  %  of  elemental  Group  IA  metal,  based  on  the  total  weight  of  the  active  components  of  the 
contact  material,  and  lanthanum  will  comprise  the  balance,  as  the  major  component.  When  tin  is  present  it 
usually  will  be  from  about  0.5  wt.  %  to  about  20  wt.  %,  preferably,  between  about  1  wt.  %  and  20  wt.  %  of 
elemental  tin,  based  on  the  total  weight  of  the  active  components  of.  the  contact  material.  Halogen  ions 

65  would  be  utilized  in  amounts  between  about  0.1  wt.  %  and  about  5  wt.  %,  based  on  the  total  weight  of  the 
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active  components  of  the  contact  material. 
The  above-mentioned  components  can  be  mixed  with  or  deposited  on  an  "inert  support  material" 

adapted  to  harden  or  support  the  active  materials.  The  term  "inert  support  material",  when  utilized  in  this 
context,  is  meant  to  include  any  material  which  does  not  react  with  or  exchange  ions  with  the  active 

5  components,  has  no  significant  functional  effect  on  the  production  of  desired  or  undesired  products  in  the 
process  for  which  the  solid  contact  material  is  utilized  and  functions  only  as  a  hardening  agent  or  support 
for  the  active  components.  Where  such  solid  support  material  is  utilized  the  weight  of  such  solid  support 
material  is  not  included  in  determining  the  relative  weights  of  the  active  components. 

The  group  lA  metal,  tin,  halogen  and  lanthanum  can  be  derived  from  any  suitable  source  of  such 
10  materials,  such  as  metal  carbonates,  hydroxides,  oxides,  nitrates,  octoates,  halides,  etc.  The  contact 

materials  can  be  prepared  by  any  suitable  method  for  the  preparation  of  such  materials  in  solid  form. 
Particularly  effective  techniques  are  those  utilized  for  the  preparation  of  solid  catalysts.  Conventional 
methods  of  such  catalyst  preparation  include  coprecipitation  from  an  aqueous,  an  organic  or  a 
combination  solution-dispersion,  impregnation,  dry  mixing,  wet  mixing  or  the  like,  alone  or  in  various 

15  combinations.  In  general,  any  method  can  be  used  which  provides  compositions  of  matter  containing  the 
prescribed  components  in  effective  amounts.  For  example,  a  lithium/lanthanum  material  may  be  produced 
by  mixing  lithium  carbonate  and  lanthanum  oxide  in  a  blender  with  enough  water  to  form  a  thick  slurry. 
The  slurry  can  then  be  dried,  usually  at  a  temperature  sufficient  to  volatilize  the  water  or  other  carrier,  such 
as  about  104°C  (220°F)  to  about  232°C  (450°F).  Alternatively,  lanthanum  oxide  pellets  can  be  impregnated 

20  with  an  aqueous  solution  of  lithium  nitrate  and  dried.  Where  tin  is  present,  the  composition  can  be 
produced  by  impregnating  lanthanum  oxide  pellets  with  a  hexane  solution  of  tin  octoate  and  drying.  In  all 
cases,  irrespective  of  how  the  components  are  combined,  and  irrespective  of  the  source  of  the  metal  or 
halogen,  the  dried  composition  is  calcined  in  the  presence  of  a  free  oxygen  containing  gas,  usually  at 
temperatures  between  about  700°F  and  about  1  200°F  for  from  1  to  about  24  hours.  While  the  exact  form  of 

25  the  metals  in  the  resultant  composition  is  not  known,  it  is  believed  that  the  Group  IA  metals  and  lanthanum 
are  predominantly  in  their  oxide  form  and,  where  halogen  is  present,  it  is  in  the  form  of  a  halide. 

The  compositions  of  matter  and  contact  materials  of  the  present  invention  are  useful  for  the  oxidative 
conversion  of  methane  to  higher  hydrocarbons,  particularly  the  oxidative  conversion  of  methane  to 
ethylene,  in  the  presence  of  a  free  oxygen  containing  gas.  Accordingly,  the  utility  of  the  novel  compositions 

30  of  matter  and  contact  materials  and  the  novel  processes  of  the  present  invention  will  be  illustrated  and 
exemplified  by  reference  to  a  reaction  for  the  conversion  of  methane  to  higher  hydrocarbons,  in  the 
presence  of  a  free  oxygen  containing  gas.  It  is  to  be  understood  that  the  conditions  of  operation  of  other 
oxidative  conversion  processes  will  differ  somewhat.  However,  such  conditions  are  either  known  to  those 
skilled  in  the  art  or  can  be  readily  optimized  by  one  skilled  in  the  art  by  simple,  conventional  experiments. 

35  In  addition  to  methane,  the  hydrocarbon  feedstock,  employed  in  the  method  of  the  present  invention, 
may  contain  other  hydrocarbon  or  non-hydrocarbon  components.  The  presence  of  ethane,  propane  and 
the  like  are  not  detrimental.  It  has  been  found  that  carbon  dioxide  and  water  are  not  detrimental,  since  they 
are  most  often  products  of  the  process.  It  has  also  been  found  that  inert  gases,  such  as  nitrogen,  helium 
and  the  like  are  not  detrimental.  Consequently,  the  method  of  the  present  invention  can  effectively  utilize 

40  any  conventional  natural  gas.  To  the  extent  significant  amount  of  hydrogen  sulfide  are  present  in  the 
natural  gas,  it  is  desirable  to  first  remove  the  hydrogen  sulfide,  since  it  is  believed  that  excessive  amounts 
of  this  material  can  be  detrimental  to  the  method.  Accordingly,  a  relatively  inexpensive  source  of  methane, 
namely  natural  gas,  can  be  employed  without  expensive  separation  or  processing  of  the  components 
thereof,  with  the  exception  of  the  relatively  inexpensive  removal  of  excess  amounts  of  hydrogen  sulfide. 

45  Other  sources  of  methane  or  methane-containing  gases  can  also  be  utilized. 
The  free  oxygen  containing  gas  may  be  any  suitable  free  oxygen  containing  gas,  such  as  oxygen, 

oxygen-enriched  air  or  air.  The  method  of  the  present  application  has  been  effectively  carried  out  utilizing 
air  as  a  source  of  oxygen. 

When  utilized  in  the  present  invention,  the  term  "diluent  gas"  is  meant  to  include  any  gaseous  material 
50  or  material,  which  is  in  vapor  form  during  the  reaction,  present  in  the  methane-containing  gas,  the  free 

oxygen  containing  gas  or  in  the  form  of  an  added  gas  vapor. 
The  volumetric  ratio  of  methane  to  free  oxygen  should  be  in  excess  of  1/1,  preferably  it  is  between  1/1 

and  30/1  and  still  more  preferably  between  4/1  and  about  15/1.  It  has  been  found  that  a  ratio  of  methane  to 
free  oxygen  of  at  least  about  1/1  is  necessary,  in  accordance  with  the  present  invention,  in  order  to  obtain 

55  hydrocarbons,  particularly  ethylene. 
In  the  present  invention,  it  has  been  found  that  the  method  can  be  carried  out  between  two  extremes,- 

namely,  low  conversion  of  methane/high  selectivity  to  higher  hydrocarbons,  particularly  ethylene,  and  high 
conversion  of  methane/low  selectivity  to  the  higher  carbons,  particularly  ethylene.  The  process  parameters 
(space  velocity,  temperature,  and  reactant  partial  pressure)  can,  to  some  extent,  be  used  to  control  the 

60  reaction  at  the  desired  point  between  these  two  limits.  Consequently,  the  reaction  conditions  may  vary 
between  broad  limits. 

The  temperature  is  preferably  at  least  500°C  and  will  generally  vary  between  500°C  and  1500°C. 
However,  in  order  to  obtain  high  conversions  of  methane  and  high  selectivities  to  ethylene  and  ethane,  the 
temperature  is  preferably  between  about  500°C  and  about  900°C  and  most  desirably  between  about  600°C 

65  and  about  800°C. 
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It  has  also  been  found  that,  as  the  partial  pressure  of  oxygen  is  increased,  the  selectivity  to  higher 
hydrocarbons  decreases  and  the  selectivity  to  carbon  dioxide  increases  and  vice  versa.  Total  pressures 
may  vary  anywhere  from  around  1  atmosphere  to  about  1  0.3  MPa  (1  500  psi)  but  preferably  below  about  2.1 

MPa  (300  psi)  and  ideally  below  about  0.7  MPa  (100  p s i ) . .  
5  Methane  flow  rates  can  also  vary  over  a  wide  range,  for  example,  from  0.5  to  100  cub.c  centimeters  per 

minute  per  cubic  centimeter  of  contact  material.  Preferably,  however,  the  rate  is  between  about  1.0  and 

about  20  cubic  centimeters  per  minute  per  cubic  centimeter  of  contact  material. 
The  total  flow  velocities  of  all  gaseous  materials,  including  diluents,  through  a  fixed  bed  reactor,  may 

be  at  any  rate  effective  for  the  oxidative  conversion  reaction.  For  example  from  50  to  10,000  GHSV  and 
10  preferably  from  500  to  5000  G H S V . . .  

In  addition  to  the  high  conversion  of  methane  and  high  selectivity  to  ethylene  and  ethane,  attainable  in 
accordance  with  the  present  invention,  the  contact  materials  are  not  readily  poisoned  and  will  tolerate  the 

presence  of  water,  carbon  dioxide,  carbon  monoxide  and  the  like.  In  addition,  the  contact  materials  appear 
to  be  long  lived,  with  no  noticeable  deactivation  problems.  Concomitantly,  the  process  can  be  carried  out 

is  continuusly  in  fixed,  moving,  fluidized,  ebullating  or  entrained  bed  reactors. 
The  following  examples  illustrate  the  nature  and  advantges  of  the  present  invention. 
The  contact  materials  of  the  examples  were  prepared  by  aqueous  slurrying,  drying  and  calcining. 
In  the  runs  of  the  examples,  the  contact  material  was  loaded  in  a  quartz  reactor  having  a  thermocouple 

well  centered  in  the  contact  material  bed.  The  reactor  was  brought  up  to  temperature  under  nitrogen  or  air 
20  and,  thereafter,  methane  and  air  (or  nitrogen  or  oxygen)  flow  was  begun.  The  gas  inlet  system  included 

electronic  flow  measurement,  a  three-zone  furnace  for  heating  reactant  gases  and  the  contact  material  and 

a  downstream  analysis  system.  The  reactor  effluent  was  snap  sampled,  at  any  desired  time,  and  analyzed 
for  all  paraffins  and  olefins  between  C,  and  C4  and  N2,  02,  CO  and  CO2,  by  gas  chromatography.  All  contact 
materials  are  referred  to  in  terms  of  weight  percent  of  the  designated  element,  based  on  the  total  weight  ot 

25  the  active  components  of  the  contact  m a t e r i a l . .  
The  variables  and  results  of  this  series  of  tests  are  set  forth  in  the  Table  below.  Conversion  is  mole 

percent  of  methane  converted.  Selectivity  is  based  on  mole  percent  of  methane  feed  converted  to  a 
particular  product.  The  CH4  rate  can  be  expressed  as  cc/min/cc  of  contact  material.  For  example,  when  70 
cc/min  of  CH4  was  fed  to  a  reactor  containing  20  cc  of  catalyst,  the  flow  rate  would  be  3.5  cc/min  of  CHycc  of 

30  contact  material.  The  volumetric  ratio  of  CH4  to  free  oxygen  containing  gas  and  other  gases  is  also  given  in 
terms  of  cc/min  of  CH4  per  cc/min  of  free  oxygen  containing  gas  or  other  gases  (air  or  Na)  present.  The 

promoter  metals  of  the  contact  materials  were  in  their  oxide  form  and,  as  previously  indicated,  the  percent 
of  promoter  metal  is  the  weight  percent  of  elemental  promoter  metal  or  metals  based  on  the  total  weight  ot 
the  promoter  metal  compound  or  compounds  and  the  base  metal  compound. 
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While  specific  materials,  equipment,  conditions  and  modes  of  operation  have  been  set  forth  herein,  it 
is  to  be  understood  that  these  specific  recitals  are  byway  of  illustration  and  to  set  forth  the  best  mode  only, 
and  are  not  to  be  considered  limiting. 

5  Claims 

1.  A  method  for  the  oxidative  conversion  of  methane  containing  feed  products,  particularly  natural  gas, 
to  produce  organic  compounds  comprising  higher  hydrocarbons,  said  method  comprising: 

contacting  said  methane-containing  product  and  a  free  oxygen  containing  gas  with  a  solid  contact 
10  material  consisting  of: 

a)  a  contact  material  comprising  lanthanum  oxide;  or 
b)  a  contact  material  comprising  (1)  lanthanum  oxide  and  2)  at  least  one  promoter  selected  from  the 

group  consisting  of  groups  IA  metals  halogen  ions  and  tin  under  oxidative  conversion  conditions  to 
convert  that  feed  compounds  to  said  organic  compounds  comprising  higher  hydrocarbons. 

is  2.  A  method  in  accordance  with  claim  1,  wherein  the  volumetric  ratio  of  methane  to  free  oxygen  is  at 
least  1/1,  in  particular  is  between  1/1  and  30/1. 

3.  A  method  in  accordance  with  claim  1,  wherein  the  temperature  of  contacting  is  at  least  500°C,  in 
particular  wherein  the  temperature  of  contacting  is  between  500°C  and  1500°C. 

4.  A  method  in  accordance  with  claim  1  ,  wherein  the  contact  material  comprising  :  (1  )  lanthanum  oxide 
20  and,  optionally,  (2)  a  component  comprising  at  least  one  material  selected  from  the  group  consisting.  of 

halogen  ions,  compounds  containing  halogen  ions,  tin  and  compounds  containing  tin. 
5.  A  method  in  accordance  with  claim  1,  wherein  the  contact  material  comprises:  (1)  lanthanum  oxide, 

(2)  at  least  one  material  selected  from  the  group  consisting  of  group  IA  metals,  particularly  from  the  group 
consisting  of  lithium,  dodium  and  potassium,  and  compounds  containing  said  metals,  and,  optionally,  (3)  a 

25  component  comprising  at  least  one  material  selected  from  the  group  consisting  of  halogen  ions, 
compounds  containing  halogen  ions,  tin  and  compounds  containing  tin. 

6.  A  method  in  accordance  with  claim  5,  wherein  the  group  IA  metal  is  in  the  predominantly  oxide 
form. 

7.  A  method  in  accordance  with  claim  6,  wherein  the  contact  material  contains  both  tin  and  halogen 
30  ions  in  the  form  of  tin  halide. 

Patentanspriiche 

1.  Verfahren  zur  oxidativen  Umsetzung  von  Methan  enthaltenden  Ausgangsprodukten,  insbesondere 
35  von  Erdgas,  zur  Bildung  von  organischen  Verbindungen  mit  einem  Gehalt  an  hoheren  Kohlenwasser- 

stoffen,  wobei  dieses  Verfahren  folgendes  umfalSt: 
Kontaktieren  eines  Methan  enthaltenden  Produkts  und  einesfreien  Xauerstoff  enthaltenden  Gases  mit 

einem  festen  Kontaktmaterial,  das  besteht  aus: 
a)  ein  Kontaktmaterial  mit  einem  Gehalt  an  Lanthanoxid  oder 

40  b)  ein  Kontaktmaterial  mit  einem  Gehalt  an  (1)  Lanthanoxid  und  (2)  mindestens  einem  Promoter,  der 
aus  der  Gruppe  der  Metalle  der  Gruppe  IA,  Halogenionen  und  Zinn  ausgewahlt  ist, 

unter  oxidativen  Umsetzungsbedingungen  und  Umsetzung  der  Ausgangsverbindungen  zu  den 
organischen  Verbindungen  mit  einem  Gehalt  an  hoheren  Kohlenwasserstoffen. 

2.  Verfahren  nach  Anspruch  1,  wobei  das  Volumenverhaltnis  von  Methan  zu  freiem  Sauerstoff 
45  mindestens  1/1  betragt  und  insbesondere  zwischen  1/1  und  30/1  liegt. 

3.  Verfahren  nach  Anspruch  1,  wobei  die  Kontakttempferatur  mindestens  500°C  betragt  und 
insbesondere  zwischen  500°C  und  1500°C  liegt. 

4.  Verfahren  nach  Anspruch  1,  wobei  es  sich  beim  Kontaktmaterial  um  ein  Material  mit  einem  Gehalt  an 
folgenden  Bestandteilen  handelt:  (1)  Lanthanoxid  und  gegebenenfalls  (2)  eine  Komponente  mit  einem 

50  Gehalt  an  mindestens  einem  Material,  das  aus  der  Gruppe  Halogenionen,  Verbindungen  mit  einem  Gehalt 
an  Halogenionen,  Zinn  und  zinnhalitgen  Verbindungen  ausgewahlt  ist. 

5.  Verfahren  nach  Anspruch  1,  wobei  das  Kontaktmaterial  folgendes  umfaKt:  (1)  Lanthanoxid,  (2) 
mindestens  ein  Material  das  aus  der  Gruppe  Metalle  der  Gruppe  IA,  insbesondere  aus  der  Gruppe  Lithium, 
Natrium  und  Kalium,  und  Verbindungen  mit  einem  Gehalt  an  diesen  Metallen  ausgewahlt  ist,  und 

55  gegebenenfalls  (3)  eine  Komponente  mit  mindestens  einem  Material,  das  aus  der  Gruppe  Halogenionen, 
Verbindungen  mit  einem  Gehalt  an  Halogenionen,  Zinn  und  zinnhaltigen  Verbindungen  ausgewahlt  ist. 

6.  Verfahren  nach  Anspruch  5,  wobei  das  Metall  der  Gruppe  IA  vorwiegend  in  der  Oxidform  vorliegt. 
7.  Verfahren  nach  Anspruch  6,  wobei  das  Kontaktmaterial  sowohl  Zinn  als  auch  Halogenionen  Jn  Form 

von  Zinnhalogenid  enthalt. 
60 

Revendications  „  °  . 

1.  Procede  pour  la  conversion  par  oxydation  de  produits  de  depart  contenant  du  methane,  et 
particulierement  de  gaz  naturel,  pour  produire  des  composes  organiques  comprenant  des  hydrocarbures 

6S  superieurs,  le  procede  comprenant: 

8 
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la  mise  en  contact  du  produit  contenant  du  methane  et  d'un  gaz  contenant  du  methane  et  d'un  gaz 
contenant  de  I'oxygene  libre  avec  un  materiau  de  contact  solide  constitue  par: 

a)  un  materiau  de  contact  comprenant  de  I'oxyde  de  lanthane;  ou 
b)  un  materiau  de  contact  comprenant  (1)  de  I'oxyde  de  lanthane  et  (2)  au  moins  un  promoteur  choisi 

5  dans  le  groupe  constitue  par  des  metaux  du  groupes  IA,  des  ions  halogene  et  de  I'etain 
dans  des  conditions  de  conversion  par  oxydation  pour  transformer  les  composes  de  depart  en  les 

composes  organiques  comprenant  des  hydrocarbures  superieurs. 
2.  Procede  selon  la  revendication  1,  dans  lequel  le  rapport  volumetrique  du  methane  a  I'oxygene  libre 

est  d'au  moins  1/1,  et  plus  particulierement  compris  entre  1/1  et  30/1. 
10  3.  Procede  selon  la  revendication  1,  dans  lequel  la  temperature  de  mise  en  contact  est  d'au  moins 

500°C  et  plus  particulierement,  dans  lequel  la  temperature  de  mise  en  contact  est  comprise  entre  500°C  et 
1500°C.  ,  .   ̂4.  Procede  selon  la  revendication  1,  dans  lequel  le  materiau  de  contact  est  un  materiau  de  contact 
comprenant:  (1)  de  I'oxyde  de  lanthane,  et  eventuellement,  (2)  un  composant  comprenant  au  moins  un 

is  materiau  choisi  dans  le  groupe  constitue  par  des  ions  halogene,  des  composes  contenant  des  ions 
halogene,  de  I'etain  et  des  composes  contenant  de  I'etain. 

5.  Procede  selon  la  revendication  1,  dans  lequel  le  materiau  de  contact  comprend:  (1  )  de  I'oxyde  de  de 
lanthane,  (2)  au  moins  un  materiau  choisi  dans  le  groupe  constitue  par  des  metaux  du  groupe  IA  et 
particulierement  dans  le  groupe  constitue  par  le  lithium,  le  sodium  et  le  potassium  et  des  composes 

20  contenant  ces  metaux,  et,  eventuellement,  (3)  un  composant  comprenant  au  moins  un  materiau  choisi 
dans  le  groiupe  constitue  par  des  ions  halogene,  des  composes  contenant  des  ions  halogene,  de  I'etain  et 
des  composes  contenant  de  I'etain. 

6.  Procede  selon  la  revendication  5,  dans  lequel  le  metal  du  groupe  IA  est  de  maniere  predominate 
sous  forme  d'oxyde. 

25  7.  Procede  selon  la  revendication  6,  dans  lequel  le  materiau  de  contact  contient  a  la  fois  de  I  etam  et  des 
ions  halogene  sous  forme  d'halogenure  d'etain. 
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