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Description 

This  invention  pertains  to  a  process  for  hydrogenating  aromatic  amines  to  produce  their  ring  hydrogenated  coun- 
terparts. 

5 
BACKGROUND  OF  THE  INVENTION 

There  is  substantial  literature  in  the  art  with  respect  to  the  hydrogenation  of  aromatic  amines,  including  bridged  aro- 
matic  amines,  e.g.,  methylenedianiline  to  produce  4,4'-methylenedi(cyclohexylamine),  also  referred  to  as  bis(para-ami- 

10  nocyclohexyl)methane  (PACM),  and  bis(4-aminocyclohexyl)methane.  The  hydrogenated  form  of  these  aromatic 
amines,  typically  exist  as  a  mixture  of  isomers,  e.g.,  the  cis.cis-  (c,c);  cis.trans-  (c,t)  and  trans.trans-  (t,t).  Often  it  is  desir- 
able  to  produce  a  product  having  a  specific  isomer  content,  as  the  isomer  content  in  the  mixture  not  only  influences  the 
physical  form  of  the  product  but  also  influences  the  properties  of  products  in  which  they  are  incorporated.  In  the  case 
of  PACM,  a  low  trans.trans-  isomer  content  (20%)  in  the  mixture,  commonly  referred  to  as  PACM-20,  exists  as  a  liquid 

15  product  while  a  mixture  high  in  trans.trans-  isomer  content  (50%),  commonly  referred  to  as  PACM-48,  leads  to  a  solid 
form.  For  certain  applications,  such  as  the  manufacture  of  polyamide  fibers  and  epoxy  additives,  it  often  is  beneficial  to 
use  PACM-48  instead  of  PACM-20. 

Commercially,  PACM-48  is  produced  through  continuous  processing  conditions,  where  catalyst  loading  and  reactor 
residence  times  are  sufficient  to  yield  the  product  of  thermodynamic  control.  Batch  processing  conditions  produce 

20  PACM-48  from  MDA  inefficiently  due  to  excessive  reaction  times  required  for  complete  isomerization  to  the  product  of 
thermodynamic  control. 

Some  of  the  early  hydrogenation  work  to  produce  cycloaliphatic  amines,  such  as,  PACM,  was  done  by  Whitman 
and  Barkdoll,  et  al.  and  their  work  is  set  forth  in  a  series  of  U.S.  Patents,  e.g.,  2,511,028;  2,606,924;  2,606,925;  and 
2,606,928.  Basically  the  processes  described  in  these  patents  involve  the  hydrogenation  of  methylenedianiline  at  pres- 

25  sures  in  excess  of  200  psig,  preferably  in  excess  of  1  ,000  psig,  at  temperatures  within  a  range  of  80  to  275°C  utilizing 
a  ruthenium  catalyst.  The  hydrogenation  is  carried  out  under  liquid  phase  conditions  and  an  inert  organic  solvent  is 
used  in  the  hydrogenation  process.  Typically,  a  liquid  product  having  a  trans.trans-  isomer  content  of  15-23%  is 
obtained.  Examples  of  ruthenium  catalysts  utilized  for  the  hydrogenation  process  include  ruthenium  oxides  such  as 
ruthenium  sesquioxide  and  ruthenium  dioxide;  and  ruthenium  salts. 

30  Brake,  et  al.  in  U.S.  3,696,108  and  3,644,522  continued  in  the  development  of  processes  for  manufacturing  PACM 
by  hydrogenating  methylenedianiline.  They  found  that  if  the  ruthenium  was  carried  upon  a  support  and  the  support  was 
alkali-moderated,  the  catalyst  was  much  more  active  and  catalytically  effective  in  producing  the  desired  hydrogenated 
PACM  product.  Alkali  moderation  was  effected  by  contacting  the  catalyst  and  support  with  alkali  metal  hydroxide  or  an 
alkoxide;  also,  such  alkali  moderation  of  the  catalyst  could  be  effected  prior  to  hydrogenation  or  in  situ  during  the  hydro- 

35  genation. 
U.S.  Patents  3,347,917;  3,71  1  ,550;  3,679,746;  3,155,724;  3,766,272  and  British  Patent  1  ,122,609  disclose  various 

hydrogenation  and  isomerization  processes  to  produce  PACM  containing  high  trans.trans-  isomer  content;  i.e.  an  iso- 
mer  content  near  equilibrium,  typically  50%  trans.trans-,  43%  cis.trans-  and  7%  cis.cis-.  As  in  the  early  work  ruthenium 
catalysts  usually  were  used  to  effect  isomerization.  High  temperatures  and  long  reaction  times  were  required  to  pro- 

40  duce  the  high  trans.trans-  isomer  product  and,  in  addition,  considerable  deamination  of  product  took  place. 
A  wide  variety  of  catalytic  systems  have  been  developed  for  the  hydrogenation  of  aromatic  amines,  and  typical  cat- 

alytic  systems  are  represented  in  the  following  patents: 
U.S.  3,591  ,635  discloses  the  use  of  rhodium  on  alumina  as  a  catalyst  for  the  hydrogenation  of  methylenedianiline. 
U.S.  4,946,998  discloses  processes  for  the  hydrogenation  of  methylenedianiline  contaminated  with  impurities  uti- 

45  lizing  a  mixture  of  rhodium  and  ruthenium  as  the  catalyst.  A  hydrogenated  methylenedianiline  product  having  a 
trans.trans-  isomer  content  of  from  about  14  to  28%  is  prepared  using  the  mixed  metal  catalyst  system,  although  higher 
trans.trans-  content  can  be  achieved  through  high  temperature,  long  reaction  times,  and  high  ruthenium  concentration. 
The  presence  of  rhodium  permits  lower  operating  temperatures  and  reduces  the  percent  trans.trans-  isomer  in  the  reac- 
tion  product. 

so  U.S.  3,520,928  discloses  the  low  pressure  hydrogenation  of  mineral  acid  salts  of  aromatic  primary  amines  and 
aqueous  solution  using  a  platinum  or  palladium  catalyst. 

U.S.  3,558,703  and  U.S.  3,634,512  disclose  the  high  pressure  catalytic  hydrogenation  of  diaminodiphenylalkanes 
and  ethers  utilizing  a  cobalt  or  nickel  catalyst  promoted  with  manganese  and  base  modified  derivatives  thereof  ('512). 
The  '703  patent  discloses  that  other  conventional  catalysts  may  be  incorporated  into  the  catalyst  component  of  cobalt 

55  or  nickel,  and  such  metals  include  copper,  chromium,  nickel,  tungsten,  molybdenum,  platinum,  palladium  and  ruthe- 
nium  in  amounts  up  to  about  1  0%  by  weight. 

U.S.  3,445,51  6  discloses  the  hydrogenation  of  toluenediamine  utilizing  a  variety  of  catalysts  including  Raney  nickel, 
Raney  cobalt,  cobalt  oxide  and  mixtures  of  cobalt  oxide  and  alkaline  earth  metal  oxide,  such  as  calcium  oxide  in  com- 
bination  with  sodium  carbonate. 
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EP-A-335,272  discloses  a  process  for  catalytic  hydrogenation  of  aromatic  amines  into  their  ring  hydrogenated 
counterparts  in  the  presence  of  a  catalyst  comprising  Rh  supported  on  Ti02.  According  to  EP-A-1  08,323  and  -53,818 
such  a  hydrogenation  is  to  be  performed  using  catalysts  containing  Pd  as  well  as  another  element  selected  from  a 
group  to  which  cobalt  belongs. 

5 
SUMMARY  OF  THE  INVENTION 

This  invention  relates  to  an  improved  process  for  producing  cycloaliphatic  amines  such  as  4,4'-methylen- 
edi(cyclohexylamine)  (PACM)  by  the  catalytic  hydrogenation  of  such  aromatic  amines  to  produce  their  hydrogenated 

10  and  thermodynamically  stable  isomeric  counterparts.  The  improvement  in  the  hydrogenation  process  comprises  using 
a  catalytic  system  comprising  cobalt  in  combination  with  another  Group  VIII  metal,  the  metal  being  selected  from  rho- 
dium  and  ruthenium.  The  weight  ratio  of  Group  VIII  metal,  namely  rhodium  or  ruthenium,  to  cobalt  is  from  0.2  to  5,  pref- 
erably  1  to  2. 

The  hydrogenated  aromatic  amines  such  as  4,4'-methylenedi(cyclohexylamine)  (PACM)  may  be  catalytically 
15  isomerized  to  produce  a  reaction  product  which  is  substantially  in  thermodynamic  equilibrium.  An  improvement  in  this 

phase  of  the  process  comprises  using  a  catalytic  system  comprising  cobalt  preferably  in  combination  with  another 
Group  VIII  metal  selected  from  rhodium,  ruthenium,  platinum,  and  palladium  and  the  metal,  copper.  Preferably  the  cat- 
alyst  comprises  cobalt  in  combination  with  rhodium  or  ruthenium  wherein  the  weight  ratio  of  cobalt  to  rhodium  or  ruthe- 
nium,  calculated  on  metal  content,  is  from  about  0.2  to  100  weight  parts  cobalt  per  weight  part  rhodium  or  ruthenium 

20  and  the  isomerization  is  carried  out  in  the  presence  of  hydrogen. 
There  are  several  advantages  associated  with  this  process.  These  include: 

an  ability  to  hydrogenate  aromatic  amines  to  ring  hydrogenated  counterparts  in  high  selectivity; 
an  ability  to  effect  hydrogenation  and  isomerization  of  aromatic  amines  at  relatively  low  pressures  e.g.  1500  psig 

25  and  lower  at  acceptable  reaction  rates; 
an  ability  to  hydrogenate  and  isomerize  bridged  dianilines  to  a  product  having  an  isomer  distribution  approximating 
that  of  the  thermodynamic  form; 
an  ability  to  hydrogenate  and  isomerize  bridged  aromatic  amines  without  effecting  significant  deamination  of  the 
feed  or  product;  and, 

30  an  ability  to  use  the  catalyst  for  continued  periods  of  time  with  only  modest  maintenance  or  regeneration  tech- 
niques. 

Detailed  Description  of  the  Invention 

35  This  invention  relates  to  an  improvement  in  the  conventional  ring  hydrogenation  and  isomerization  of  aromatic 
amines  and  these  amines  are  represented  by  the  formulas: 

40 

45 

55  wherein  R  is  hydrogen  or  Ci_6  alkyl,  R1  and  R2  are  hydrogen,  or  Ci_6  alkyl,  A  is  Ci_4  alkyl,  or  NH,  n  is  0  or  1,  x  is  1-3 
and  y  is  0-2  except  the  sum  of  the  y  groups  in  the  formulas  must  be  at  least  1  .  By  the  practice  of  this  invention,  one  is 
able  to  selectively  produce  a  ring  hydrogenated  reaction  product  in  high  selectivity  with  excellent  reaction  rates. 

The  aromatic  amines  useful  in  the  practice  of  the  process  are  bridged  polynuclear  aromatic  amines  or  mononuclear 
aromatic  amines.  These  can  be  substituted  with  various  substituents  such  as  alkyl  groups  containing  from  1-6  carbon 
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atoms.  Further,  the  amine  group  can  be  substituted  with  alkyl  groups  or  alkanol  groups  resulting  in  secondary  and  ter- 
tiary  amines.  Examples  of  bridged  aromatic  amines  include  methylene  dianilines  such  as  bis(para-aminophenyl)meth- 
ane  (MDA)  including  up  to  about  1  5%  aniline-formaldehyde  oligomers  by  weight;  bis(4-amino-3-methylphenyl)methane; 
bis(diaminophenyl)methane;  bis(diaminophenyl)propane;  biphenylamine;  tolidine;  N-Ci_4-aliphatic  derivatives  and 

5  N,N'Ci_4  aliphatic  secondary  and  tertiary  amine  derivatives  of  the  above  bridged  aromatic  amines.  Examples  of  mono- 
nuclear  aromatic  amines  include  2,4-  and  2,6-toluenediamine,  alkylated  derivatives  of  toluenediamine,  such  as,  1- 
methyl-3,5-diethyl-2,4  or  2,6-diaminobenzene,  commonly  known  as  diethyltoluenediamine;  diisopropyltoluenediamine, 
mono-isopropyl  toluenediamine,  tert-butyl-2,4-and  2,6-toluenediamine,  cyclopentyl-toluenediamine;  phenylenedi- 
amine,  aniline,  and  alkylated  derivatives  of  phenylenediamine  and  aniline,  e.g.,  ortho-toluidine,  ethyl  toluidine,  xylene- 

10  diamine,  mesitylene  diamine,  and  the  N  and  N,N'Ci_4  aliphatic  secondary  and  tertiary  amine  derivatives  of  the 
mononuclear  aromatic  monoamines  and  mononuclear  aromatic  diamines.  The  hydrogenation  and  isomerization  proc- 
ess  is  carried  out  under  liquid  phase  conditions,  such  liquid  phase  conditions  being  maintained  typically  by  carrying  out 
the  hydrogenation  in  the  presence  of  a  solvent.  Although  as  reported  in  the  art,  it  is  possible  to  produce  the  reaction 
product  in  the  absence  of  a  solvent,  the  processing  usually  is  much  simpler  when  a  solvent  is  employed.  Representative 

15  solvents  suited  for  practicing  the  invention  include  saturated  aliphatic  and  alicyclic  hydrocarbons  such  as  cyclohexane, 
hexane,  and  cyclooctane;  low  molecular  weight  alcohols,  such  as  methanol,  ethanol,  isopropanol;  and  aliphatic  and  ali- 
cyclic  hydrocarbon  ethers,  such  as  n-propyl  ether,  isopropyl  ether,  n-butyl  ether,  amyl  ether,  tetrahydrofuran,  dioxane, 
dicyclohexyl  ether  and  glyme  polyethers.  Tetrahydrofuran  is  preferred.  Although  in  some  processes  water  can  be  used 
as  a  cosolvent,  it  is  preferred  that  the  system  be  maintained  in  an  anhydrous  state  or  at  least  maintained  such  that  the 

20  water  concentration  is  less  than  0.5%  by  weight.  Water,  when  present  in  the  system,  tends  to  increase  the  amount  of 
by-product  alcohols  and  heavy  condensation  products  and  it  tends  to  deactivate  the  catalyst  system. 

When  a  solvent  is  used,  concentrations  as  low  as  50%  by  weight  based  upon  the  aromatic  amine  introduced  into 
the  reaction  zone  are  common  and  typically  the  solvent  is  used  at  levels  from  about  75  to  about  500%  by  weight  of  the 
starting  compound.  High  solvent  use  has  associated  recovery  burdens. 

25  The  hydrogenation  is  carried  out  principally  in  a  batch  process  although  it  is  possible  to  operate  the  plant  continu- 
ously.  Temperatures  for  the  hydrogenation  and  isomerization  process  range  from  about  1  30  to  220°C  with  preferred 
temperatures  of  from  about  170  to  195°C.  In  contrast  to  the  prior  art  hydrogenation  and  isomerization  processes,  par- 
ticularly  for  the  hydrogenation  and  isomerization  of  bridged  anilines  using  cobalt  as  a  catalyst,  where  hydrogen  partial 
pressures  typically  range  from  about  173.5  to  277  bar  (2500  to  4000  psig),  this  process  employs  pressures  as  low  as 

30  from  about  35.5  to  104.5  bar  (500  to  1500  psig),  even  with  systems  containing  impurities  such  as  oligomers  of  MDA. 
The  ability  to  operate  at  lower  pressures  reduces  equipment  costs  and  lowers  operating  costs. 

The  ability  to  ring  hydrogenate  aromatic  amines  and  particularly  methylenedianiline  at  low  hydrogen  partial  pres- 
sures  while  producing  an  isomer  distribution  approaching  thermodynamic  equilibrium,  with  excellent  reaction  rates  is 
achieved  by  the  utilization  of  a  specific  hydrogenation/isomerization  catalyst  system.  The  catalyst  utilized  in  the  hydro- 

35  genation/isomerization  process  comprises  cobalt  in  combination  with  a  Group  VIII  metal.  To  effect  hydrogenation,  the 
weight  ratio  of  Group  VIII  metal  to  cobalt  broadly  is  from  0.2  to  5,  preferably  1  to  2. 

In  a  preferred  embodiment  the  cobalt  component  of  the  catalyst  system  is  present  as  a  bimetallic  mixture  compris- 
ing  cobalt  and  or  Group  VIII  metal  or  copper.  When  cobalt  is  present  as  the  bimetallic  mixture,  the  reduction  tempera- 
ture  of  the  cobalt  catalyst  portion  of  the  catalyst  system  is  lowered  and  reduction  with  hydrogen  may  be  effected  at 

40  temperatures  as  low  as  200°C.  When  the  cobalt  is  not  present  as  a  bimetallic  mixture,  and  carried  on  a  separate  sup- 
port,  e.g.,  alumina,  silica,  titania,  or  other  conventional  materials,  the  cobalt  reduction  temperature  remains  high,  e.g., 
400°C  and  above.  The  bimetallic  cobalt  catalyst  component  can  be  prepared  by  coprecipitating  a  portion  of  the  Group 
VIII  metal,  as  a  salt,  with  the  cobalt  salt.  In  addition  to  the  above  metals  which  can  be  used  in  forming  the  bimetallic 
cobalt  component  of  the  catalyst,  copper,  may  be  used  as  a  component  for  producing  the  cobalt  component  of  the  cat- 

45  alyst  system.  A  level  of  .2  to  100,  preferably  3  to  60  weight  parts  cobalt  per  weight  part  copper,  may  be  used. 
This  catalyst  system,  in  contrast  to  cobalt  alone  or  in  contrast  to  other  Group  VIII  metals  alone,  permits  hydrogen- 

ation  of  the  aromatic  amines  at  low  pressures,  and  permits  isomerization  of  hydrogenated  bridged  aromatic  amines,  in 
large  part,  to  the  thermodynamic  isomer  form.  Not  only  that,  many  other  combinations  of  Group  VIII  metals  do  not  give 
the  same  isomer  distribution  or  yield.  For  example,  in  the  case  of  bis(para-  aminophenyl)methane  hydrogenation  to 

so  bis(para-aminocyclohexyl)methane  the  catalyst  mixture  of  rhodium  and  ruthenium  results  in  a  trans.trans-  isomer  con- 
tent,  typically  between  that  of  rhodium  and  ruthenium. 

The  cobalt  containing  catalyst  typically  is  carried  on  a  support  at  about  0.25  to  25  weight  parts  metal,  per  100 
weight  parts  of  support,  e.g.,  alumina,  or  titania,  preferably  1  to  20  weight  parts  metal  per  100  weight  parts  support.  A 
catalyst  level  from  0.1  to  10%  by  weight  of  the  aromatic  amine  is  utilized  with  preferred  levels  being  from  0.5  to  5%  by 

55  weight.  When  the  amount  of  catalyst  approaches  the  lower  limit  of  the  range,  the  reaction  rate  may  decrease.  However, 
as  the  concentration  of  catalyst  vis-a-vis  the  aromatic  amine  increases  the  reaction  rate  will  increase  up  to  a  point  and 
then  level  off  to  a  constant  rate. 

The  catalyst  if  used  solely  for  isomerization  is  formulated  on  the  basis  of  a  weight  ratio  of  cobalt  to  Group  VIII  or 
copper  metal  of  from  about  0.2  to  100,  preferably  3  to  60  weight  parts  cobalt  per  weight  part  Group  VIII  metal  including 

4 
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copper  metal.  This  catalyst  system,  in  contrast  to  cobalt  alone  permits  isomerization,  after  activation  at  200°C,  at  low 
pressures  with  conversion  to  the  thermodynamic  trans.trans-  isomer  form  being  unexpectedly  superior  to  other  proc- 
esses.  Although  the  above  metal  weight  ratio  as  set  forth  above  is  utilized  for  isomerization,  a  portion  of  the  Group  VIII 
metal,  as  well  as  copper  can  be  incorporated  into  a  bimetallic  cobalt  containing  catalyst. 

5  The  progress  of  a  hydrogenation  reaction  can  readily  be  followed  by  observing  the  amount  of  hydrogen  taken  up 
by  the  reaction  mixture  and  the  reaction  is  terminated  when  the  amount  of  hydrogen  absorbed  is  equal  or  nearly  equal 
to  that  amount  necessary  to  effect  complete  hydrogenation  of  the  substrate.  In  general,  the  hydrogenation  time  for  aro- 
matic  amines  will  range  from  about  100  to  500  minutes,  at  modest  catalyst  levels,  e.g.,  0.5-5%  broadly  0.1-10%  by 
weight  of  the  aromatic  amine  at  180°C  and  59.6  bar  (850  psig),  and  generally  will  not  exceed  500  minutes. 

10  Although  not  intending  to  be  bound  by  theory,  it  is  believed  the  unexpected  activity  and  life  of  the  catalyst  system, 
particularly  when  cobalt  is  present  as  a  bimetallic  mixture,  is  due  to  the  lowering  of  the  hydrogen  reduction  temperature 
of  the  cobalt.  The  generation  of  a  reaction  product  having  a  high  concentration  of  isomers  in  the  thermodynamically 
most  stable  form  by  using  the  catalyst  system  described  herein  is  not  readily  explained  since  the  isomer  distribution  is 
not  representative  of  the  average  of  the  isomer  distribution  with  either  the  Group  VIII  or  cobalt  catalyst  component 

15  alone.  For  example,  reduction  of  methylenedianiline  in  the  presence  of  cobalt,  is  difficult,  and  if  possible,  results  in  a 
product  having  a  trans.trans-  isomer  concentration  of  40%;  in  the  presence  of  rhodium  alone,  the  trans.transisomer  con- 
centration  may  be  15-25%;  and  in  the  presence  of  ruthenium  alone  the  trans.trans-  isomer  concentration  ranges 
between  20-40%  unless  high  temperatures,  high  pressures,  and  long  reaction  times  are  used.  Cobalt  in  combination 
with  either  of  these  metals  results  in  trans.trans-  isomer  distributions  greater  than  45%  trans.trans-  at  reduced  reaction 

20  times  and  conditions. 
The  following  examples  are  intended  to  illustrate  various  embodiments  of  the  invention  and  all  parts  and  percent- 

ages  given  are  weight  parts  or  weight  percents  unless  otherwise  specified. 

Example  1 
25 

Cobalt  Catalyst  Preparation 

a.  Preparation  of  4%  Co/AI203  Catalyst 
A  cobalt  catalyst  was  prepared  by  adding  1  .98  g  Co(N03)2/6H20)  to  7  g  of  deionized  (Dl)  water.  To  this  solution 

30  was  added  1  0  g  of  activated  gamma  alumina.  The  catalyst  was  dried  overnight  at  1  00°C  and  calcined  at  400°C  for 
3  hrs  in  air  to  obtain  the  final  catalyst. 
b.  Preparation  of  1%  Ru/3%  Co/AI203  Bimetallic  Catalyst 

A  ruthenium-cobalt  bimetallic  catalyst  was  prepared  by  dissolving  a  0.21  g  of  Ru3(CO)12  in  hot  THF  and  then 
adding  10  g  of  activated  gamma  alumina.  Excess  THF  was  evaporated  with  stirring.  To  this  ruthenium  solution  was 

35  added  1  .48  g  of  Co(N03)2/6H20  dissolved  in  7  g  of  Dl  water.  The  mixture  was  stirred  and  then  placed  in  a  100°C 
oven  overnight.  The  final  catalyst,  consisting  of  a  cobalt/ruthenium  bimetallic,  was  obtained  by  calcining  the  catalyst 
at  400°C  for  3  hrs. 

Example  2 
40 

Cobalt  on  Alumina  and  Ruthenium  on  Alumina  Admixture 

A  catalyst  system  was  prepared  by  physically  admixing  a  commercial  catalyst  system  of  5%  Ru/Al203  and  4% 
Co/AI203  in  a  weight  proportion  of  5  parts  of  ruthenium  metal  to  4  weight  parts  of  the  cobalt  metal. 

45  Other  catalyst  systems  can  be  prepared  in  essentially  the  same  way  as  described  in  these  Examples  1  and  2.  Alter- 
natively,  procedures  used  in  the  prior  art  may  be  used  to  prepare  the  catalyst  systems. 

Example  3 

so  Catalyst  Prereduction  Technique 

1  .  Catalyst  Pretreatment 

a.  Prereduction  at  200°C 
55  Prior  to  catalyst  use,  each  catalyst  undergoing  200°C  reduction  was  charged  to  an  empty,  clean  300  cc  auto- 

clave  reactor.  Isopropanol  (125  g)  was  added  to  the  reactor  and  the  autoclave  sealed,  leak  tested,  purged  three 
times  with  nitrogen  (pressurized  to  >14.8  bar  (>200  psig),  agitated,  and  then  vented  to  atmospheric  pressure  with 
the  agitator  off).  The  reactor  then  was  purged  three  times  with  hydrogen  to  59.6  bar  (850  psig)  and  vented.  After 
venting,  the  reactor  was  pressurized  to  52.7  bar  (750  psig)  and  heated  to  192°  C.  The  system  was  held  at  temper- 
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ature  for  two  hours,  cooled,  vented  and  purged  three  times  with  nitrogen.  The  catalyst  was  recovered  by  filtering 
the  mixture  under  a  nitrogen  atmosphere, 
b.  Prereduction  at  500°C 

In  a  procedure  similar  to  catalyst  prereduction  at  200°  C,  each  catalyst  was  charged  to  a  1  .27cm  (1/2")  ID  tubu- 
lar  reactor.  (The  autoclave  was  not  suited  for  500°C  temperatures.)  Hydrogen  was  passed  through  the  reactor  at  a 
rate  of  20-30  cc/min.  After  1  0  min  of  purging,  the  reactor  was  heated  to  500°C.  The  system  was  held  at  temperature 
for  1  hr,  cooled  to  room  temperature,  and  purged  with  nitrogen  for  30  min.  The  catalyst  was  then  recovered  in  air  at 
room  temperature. 

EXAMPLE  4 

Catalyst  Comparison  in  MDA  Hydrogenation  Reaction  Procedure 

A  300  cc  autoclave  batch  reactor  was  used  to  carry  out  the  hydrogenation  of  MDA.  All  runs  were  at  1  80°C  and  59.6 
bar  (850  psig)  pressure  at  1500  rpm  stirring  rates  to  minimize  hydrogen  mass  transfer  as  a  limitation  to  reaction  rates. 

A  desired  amount  of  pre-reduced  catalyst  charge  was  added  to  the  pressure  vessel  followed  by  the  addition  of  MDA 
in  THF.  The  autoclave  was  sealed,  purged  with  excess  nitrogen,  followed  with  hydrogen  and  pressurized  to  about  42.4 
bar  (600  psig)  with  hydrogen.  The  autoclave  was  heated  with  agitation  to  the  specified  reaction  temperature  with  addi- 
tion  of  hydrogen  from  a  ballast  tank  to  maintain  a  pressure  of  59.6  bar  (850  psig).  The  drop  in  pressure  in  the  ballast 
tank  provided  a  convenient  method  for  observing  the  progress  of  the  reaction  with  the  reaction  being  considered  com- 
plete  when  hydrogen  consumption  stopped.  After  the  reaction  was  complete,  the  autoclave  was  cooled  to  room  temper- 
ature,  vented  and  the  product  mixture  removed.  The  product  was  analyzed  by  capillary  GC  previously  calibrated  for  the 
materials  involved.  Table  1  notes  catalyst  type,  reaction  conditions  and  yield  and  also  provides  results  for  the  catalytic 
hydrogenation  of  crude  methylenedianiline  or  MDA-85  (15%  oligomer)  at  180°C  and  59.6  bar  (850  psig). 
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at  low  pressure  using  4%  Co/AI203  (500°C  reduced),  only  10%  of  the  hydrogenation  was  completed  in  430  minutes  with 
only  traces  of  PACM  being  produced.  The  major  product  formed  during  the  hydrogenation  of  MDA  using  4%  Co/AI203 
catalyst  is  the  half  hydrogenated  MDA. 

Run  3  shows  that  the  physical  mixture  of  5%  Ru/Al203  and  4%  Co/AI203  reduced  at  500°C  (Ru:Co  =  5:4),  com- 
5  pleted  the  MDA  hydrogenation  in  41  0  min  with  greater  than  90%  PACM  yield  and  with  a  53%  trans/trans-isomer  content. 

A  second  use  of  the  catalyst  for  MDA  hydrogenation  gave  90%  PACM  yield  with  52%  trans/trans-isomer  content  (not 
shown  in  the  Table).  This  result  indicates  that  the  catalyst  does  not  deactivate  in  the  first  two  uses.  Run  5  shows  that 
the  physical  mixture  of  5%  Ru/Al203  and  the  bimetallic  catalyst  (Co/Ru)  is  effective  for  converting  MDA  to  PACM-48  pre- 
reduced  at  200°C.  The  addition  of  the  second  metal  (Rh,  Ru,  Pd,  or  Cu)  to  cobalt,  as  in  the  bimetallic  form  of  catalyst, 

w  renders  cobalt  easily  reducible  at  200°C.  This  allows  the  physical  mixture  of  Ru  and  the  bimetallic  catalyst  (Co/Ru)  to 
produce  PACM-48  from  MDA  with  catalysts  prereduced  at  200°C.  That  same  characteristic  is  not  found  in  the  catalyst 
comprising  the  physical  admixture  of  cobalt  and  Group  VIII  metal,  the  cobalt  requiring  a  higher  activation  temperature. 

Run  7  shows  that  4%  Rh/Al203  is  an  effective  hydrogenation  catalyst  but  is  a  poor  isomerization  catalyst.  Run  8 
shows  that  the  physical  mixture  of  4%  Rh/Al203  and  the  Co/Rh  bimetallic  catalyst  is  effective  for  hydrogenation  of  MDA 

w  to  PACM-48. 
Runs  9  &  10  show  that  ruthenium,  as  a  catalyst,  is  relatively  ineffective  for  hydrogenation  and  isomerization  of 

crude  MDA  to  PACM-48  at  low  pressures.  These  results  are  consistent  with  prior  art  processes. 
Runs  1  1  and  12  show  that  a  physical  mixture  of  5%  Ru/Al203  and  3%  Co/1%  Ru/Al203  (Ru:Co  =  2:1)  is  very  active 

for  hydrogenation/isomerization  of  crude  MDA  to  PACM-48. 
20  The  above  results  also  show  that  a  physical  admixture  of  Co/AI203  and  Ru/Al203  or  Rh/Al203  is  an  effective  cata- 

lyst  for  the  production  of  an  equilibrium  mixture  of  PACM  isomers  if  the  Co/AI203  catalyst  is  reduced  at  400°C  ,  or 
higher,  in  the  presence  of  hydrogen.  This  can  be  contrasted  with  the  result  obtained  from  Run  4  where  Co/Al203  was 
treated  at  200°C  and  only  partial  conversion  (38.8%)  with  low  MX  isomers  (1  4.9)  was  obtained. 

25  Example  5 

Isomerization  of  PACM 

The  isomerization  of  PACM-20  (containing  20%  of  the  trans.trans-  isomer)  was  carried  out  by  charging  PACM-20 
30  to  a  300  cc  autoclave  batch  reactor  pressure  vessel  and  contacting  with  under  various  preselected  catalysts  and  hydro- 

gen  to  determine  the  effectiveness  of  these  catalysts.  A  1500  rpm  stirring  rate  was  used  to  minimize  hydrogen  mass 
transfer  as  a  limitation  to  reaction  rates.  After  the  reactants  were  charged,  the  autoclave  was  sealed,  purged  with  nitro- 
gen,  followed  with  hydrogen  and  pressurized  to  about  42.4  bar  (600  psig)  with  hydrogen.  The  autoclave  was  heated  with 
agitation  to  the  specified  reaction  temperature  with  addition  of  hydrogen  from  a  ballast  tank  to  maintain  desired  pres- 

35  sure.  After  the  reaction  was  complete,  the  autoclave  was  cooled  to  room  temperature,  vented  and  the  product  mixture 
removed.  The  product  was  analyzed  by  capillary  GC  previously  calibrated  for  the  materials  involved.  Table  1  notes  cat- 
alyst  type,  reaction  conditions  and  yield.  Table  2  sets  forth  the  catalysts,  conditions  for  isomerization  and  the  results. 
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Table  2 

Isomerization  of  5%  PACM-20a/THF 

Catalyst0  Pressure  (H2)  Temperature  Time  min.  %  t/t  PACM  (%)  Heaviesb  Temp  °C 
(°C)  Reduced 

4%Co/AI203  52.7  bar  (750  180  240  21.0  100.0  0.0  200°C  reduced 
psi) 

4%Co/AI203  52.7  bar  (750  180  240  53.5  97.6  2.4  500°C  reduced 
psi) 

4%Co/AI203  7.9  bar  (100  180  240  50.2  98.9  1.1  500°C  reduced 
psi) 

5%Ru/AI203  52.7  bar  (750  180  240  41.5  99.6  0.4  200°C  reduced 
psi) 

5%Ru/AI203  52.7  bar  (750  180  240  41.8  99.5  0.5  500°C  reduced 
psi) 

4%Ni/AI203  52.7  bar  (750  180  240  22.0  100.0  0.0  500°C  reduced 
psi) 

a  PACM-20  is  PACM  with  20%  t/t  isomer  content 
b  PACM  secondary  amines  the  only  byproduct  produced 
c  0.78  g  of  catalyst  was  used  for  1  10  g  feed  (50%  PACM-20/THF) 

The  above  results  show  that  cobalt  on  alumina  reduced  at  200°C  or  5%  Ru/Al203  or  4%  Ni/Al203  was  not  effective 
for  isomerizing  PACM-20  to  an  isomer  mixture  having  greater  than  45%  trans.trans-  isomer  content  while  the  500°C 
cobalt  catalyst  was  effective. 

Example  6 

The  isomerization  procedure  of  Example  5  was  repeated  except  that  the  ruthenium  catalysts  were  utilized  at  pres- 
sures  raning  from  7.9  to  121.7  bar  (100  to  1750  psig).  The  reaction  conditions  are  set  forth  in  Table  3. 
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As  can  be  seen  from  Table  3,  cobalt  is  highly  effective  at  low  pressures,  e.g.  7.9  bar,  (100  psig),  in  isomerizing 
PACM  20  to  PACM-48.  Ruthenium,  on  the  other  hand,  was  relatively  ineffective  in  the  isomerization  at  this  pressure. 
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Example  7 

Isomerization  using  Mixed  Metal  Catalysts 

The  procedure  of  Example  5  was  repeated  except  that  various  mixed  metal  catalysts  were  evaluated.  The  results 
are  shown  in  Table  4. 
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^   »  :  =  «  =  '  =  s  ;  "  *  a 
^  ro  ro  ro O  O  O CM  CM  CM roi  —  roi  —  i  —  ro O  <C  O  <  <  O  CST"-̂   CM\  \   CM O  r—  O  O  r— <C  O  +  <  U  CJ  +  <  CJ  \   CJ  \  ro  O  o\°  ro  ro  ro  ro  o  o\°  o\°  ro  ro  ro  ro  O O  CJ  ro  O O O   O  o  ro  C O O O O   O  CJ CM  \   CM  CM  CM  CM  \   \   CM  CM  CM  CM r—  o\°  3  r—  r—  r—  r—  o\°  -=  XT  r—  r—  r—  r—  o\° 
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The  above  results  in  Table  4  show  the  impact  of  the  bimetallic  catalyst  on  the  isomerization  of  PACM-20  to  PACM- 
48.  Isomerization  can  be  carried  out  using  a  200°  C  prereduction  of  the  catalyst.  Physical  admixtures  of  the  catalysts, 
as  metals,  were  not  suited  for  isomerization.  Isomerization  could  be  carried  out  using  a  500°C  reduction  temperature 
for  the  cobalt  catalyst  when  present  as  a  physical  mixture. 
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The  results  discussed  in  Table  3  showed  that  4%  Co/AI203  reduced  at  200°C  (in  H2)  was  ineffective  while  the  4% 
Co/AI203  reduced  at  500°C  (in  H2)  was  effective  for  the  isomerization  of  PACM-20  to  PACM-48.  It  was  shown  by  ther- 
mogravimetric  analysis  (TGA)  in  hydrogenation  that  cobalt-alumina  catalyst  reduces  itself  between  300-400°C.  There- 
fore,  the  difference  in  isomerization  activity  between  a  200°C  reduced  sample  and  500°C  reduced  sample  is  that  in  the 

5  former  case  (200°C  reduced  catalyst),  cobalt  is  not  reduced  while  in  the  latter  case  (500°C  reduced  catalyst)  cobalt  is 
reduced. 

The  results  of  Table  4  also  shows  that  the  addition  of  a  small  amount  of  Ru,  Rh,  Pd,  Pt,  or  Cu  to  the  cobalt-alumina 
catalyst  makes  it  active  for  isomerization  after  only  a  reduction  of  200°C.  One  possible  reason  for  the  synergism  of  this 
bimetallic  catalysis  is  that  the  second  metal  (Rh,  Ru,  Pt,  or  Cu)  lowers  the  reduction  temperature  of  cobalt  to  lower  than 

10  200°C. 

Claims 

1  .  A  process  for  the  catalytic  hydrogenation  of  aromatic  amines  to  their  ring  hydrogenated  counterparts  which  com- 
15  prises  contacting  an  aromatic  amine  with  hydrogen  in  the  presence  of  a  catalyst,  characterised  in  that  the  catalyst 

comprises  a  physical  mixture  of  cobalt  and  a  metal  selected  from  rhodium  and  ruthenium  in  which  the  weight  ratio 
of  rhodium  or  ruthenium  to  cobalt  is  0.2  to  5,  the  aromatic  amine  being  represented  by  the  formula: 

20 

25 

(NRlR2)y (NRlR2)y 

wherein  R  is  hydrogen  or  Ci_6  aliphatic,  R1  and  R2  are  hydrogen  of  Ci_6  aliphatic,  A  is  Ci_4  alkyl,  n  is  0-1,  x  is  1-3 
and  y  is  0  to  2  except  the  sum  of  the  y  groups  must  be  at  least  1  . 

30 
2.  The  process  of  Claim  1  wherein  the  catalyst  is  present  in  an  amount  from  0.1  to  10%  by  weight  of  the  aromatic 

amine. 

3.  The  process  of  Claim  2  wherein  R1  and  R2  are  hydrogen. 
35 

4.  The  process  of  Claim  3  wherein  R  is  H  or  methyl. 

5.  The  process  of  Claim  4  wherein  n  is  0. 

40  6.  The  process  of  Claim  4  wherein  A  is  -CH2-  and  n  is  1  . 

7.  The  process  of  Claim  6  wherein  each  y  is  1  . 

8.  The  process  of  Claim  7  wherein  hydrogenation  is  conducted  at  a  hydrogen  pressure  from  35.5  to  1  04.5  bar  (500  to 
45  1500  psig). 

9.  The  process  of  Claim  8  wherein  the  catalyst  comprises  a  bimetallic  mixture  of  cobalt  and  rhodium  and  the  ratio  of 
cobalt  to  rhodium,  as  metal,  is  from  about  1-2  weight  parts  rhodium  per  weight  part  cobalt. 

so  10.  The  process  of  Claim  8  wherein  the  cobalt  component  is  present  as  a  bimetallic  mixture  of  cobalt  and  copper  and 
the  ratio  of  cobalt  to  copper  as  metal,  is  from  .2  to  100  weight  parts  cobalt  per  weight  part  copper. 

11.  The  process  of  Claim  8  wherein  the  catalyst  comprises  a  bimetallic  catalyst  of  cobalt  and  ruthenium  and  the  ratio 
of  cobalt  to  ruthenium,  as  metal,  is  from  1  to  2  weight  parts  ruthenium  per  weight  part  cobalt. 

55 
1  2.  The  process  of  Claim  1  wherein  the  catalyst  is  present  in  an  amount  from  0.5  to  5%  by  weight  of  the  aromatic  amine 

and  at  least  a  portion  of  the  cobalt  component  of  the  catalyst  is  present  as  a  bimetallic  catalyst  comprising  rhodium, 
ruthenium,  or  copper  as  another  component  with  the  cobalt. 

15 
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Patentanspriiche 

1.  Verfahren  zur  katalytischen  Hydrierung  aromatischer  Amine  in  ihre  Gegenstiicke  mit  hydriertem  Ring,  das  den 
Kontakt  eines  aromatischen  Amins  mit  Wasserstoff  in  Gegenwart  eines  Katalysators  umfaBt,  dadurch  gekenn- 

5  zeichnet,  daB  der  Katalysator  eine  physikalische  Mischung  von  Cobalt  und  einem  Metall,  ausgewahlt  aus  Rhodium 
und  Ruthenium,  umfaBt,  wobei  das  Gewichtsverhaltnis  von  Rhodium  oder  Ruthenium  zu  Cobalt  0,2  bis  5  betragt, 
wobei  das  aromatische  Amin  die  Formel 

hat,  worin  R  Wasserstoff  oder  Ci_6-aliphatisch  ist,  R1  und  R2  Wasserstoff  oder  Ci_6-aliphatisch  sind,  A  eine  Ci_4- 
20  Alkylgruppe  ist,  n  0  bis  1  ist,  x  1  bis  3  ist  und  y  0  bis  2  ist,  auBer  daB  die  Summe  der  y-Gruppen  mindestens  1  betra- 

gen  muB. 

2.  Verfahren  nach  Anspruch  1  ,  wobei  der  Katalysator  in  einer  Menge  von  0,  1  bis  1  0  Gew.-%  des  aromatischen  Amins 
vorhanden  ist. 

25 
3.  Verfahren  nach  Anspruch  2,  wobei  R1  und  R2  Wasserstoff  sind 

4.  Verfahren  nach  Anspruch  3,  wobei  R  H  oder  Methyl  ist. 

5.  Verfahren  nach  Anspruch  4,  wobei  n  0  ist. 

6.  Verfahren  nach  Anspruch  4,  wobei  A  -CH2-  und  n  1  ist. 

7.  Verfahren  nach  Anspruch  6,  wobei  jedes  y  1  ist. 
35 

8.  Verfahren  nach  Anspruch  7,  wobei  die  Hydrierung  bei  einem  Wasserstoffdruck  von  35,5  bis  104,5  bar  (500  bis 
1  .500  psig)  erfolgt. 

9.  Verfahren  nach  Anspruch  8,  wobei  der  Katalysator  eine  bimetallische  Mischung  von  Cobalt  und  Rhodium  umfaBt 
40  und  das  Verhaltnis  von  Cobalt  zu  Rhodium,  als  Metall,  etwa  1  bis  2  Gewichtsteile  Rhodium  pro  Gewichtsteil  Cobalt 

betragt. 

10.  Verfahren  nach  Anspruch  8,  wobei  die  Cobaltkomponente  als  bimetallische  Mischung  von  Cobalt  und  Kupfer  vor- 
handen  ist  und  das  Verhaltnis  von  Cobalt  zu  Kupfer,  als  Metall,  0,2  bis  100  Gewichtsteile  Cobalt  pro  Gewichtsteil 

45  Kupfer  betragt. 

11.  Verfahren  nach  Anspruch  8,  wobei  der  Katalysator  einen  bimetallischen  Katalysator  aus  Cobalt  und  Ruthenium 
umfaBt  und  das  Verhaltnis  von  Cobalt  zu  Ruthenium,  als  Metall,  1  bis  2  Gewichtsteile  Ruthenium  pro  Gewichtsteil 
Cobalt  betragt. 

50 
12.  Verfahren  nach  Anspruch  1  ,  wobei  der  Katalysator  in  einer  Menge  von  0,5  bis  5  Gew.-%  des  aromatischen  Amins 

vorhanden  ist  und  mindestens  ein  Teil  der  Cobaltkomponente  des  Katalysators  als  bimetallischer  Katalysator  vor- 
handen  ist,  der  Rhodium,  Ruthenium  oder  Kupfer  als  andere  Komponente  mit  Cobalt  umfaBt. 

55  Revendications 

1.  Procede  pour  I'hydrogenation  catalytique  d'amines  aromatiques  sur  leurs  contre-parties  cyclohydrogenees  qui 
comprend  la  mise  en  contact  d'une  amine  aromatique  avec  I'hydrogene  en  presence  d'un  catalyseur,  caracterise 
en  ce  que  le  catalyseur  comprend  un  melange  physique  de  cobalt  et  d'un  metal  choisi  parmi  le  rhodium  et  le  ruthe- 

16 
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nium  dans  lequel  le  rapport  ponderal  entre  le  rhodium  ou  ruthenium  et  le  cobalt  est  de  0,2  a  5,  1'amine  aromatique 
etant  representee  par  la  formule 

5 

10 

dans  laquelle  R  est  hydrogene  ou  Ci_6  aliphatique,  R1  et  R2  sont  hydrogene  ou  Ci_6  aliphatique,  A  est  Ci_4  alkyle, 
15  n  est  egal  a  0-1  ,  x  est  egal  a  1  -3  et  y  est  egal  a  0  jusqu'a  2  sauf  que  la  somme  des  groupes  y  doit  etre  au  moins 

egale  a  1  . 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  le  catalyseur  est  present  dans  une  quantite  de  0,1  a  10  %  en  poids 
de  I'amine  aromatique. 

20 
3.  Procede  selon  la  revendication  2,  dans  lequel  R1  et  R2  sont  hydrogene. 

4.  Procede  selon  la  revendication  3,  dans  lequel  R  est  H  ou  methyle. 

25  5.  Procede  selon  la  revendication  4,  dans  lequel  n  est  egal  a  0. 

6.  Procede  selon  la  revendication  4,  dans  lequel  A  est  -CH2-  et  n  est  egal  a  1  . 

7.  Procede  selon  la  revendication  6,  dans  lequel  chaque  y  est  egal  a  1  . 
30 

8.  Procede  selon  la  revendication  7,  dans  lequel  I'hydrogenation  est  conduite  a  une  pression  d'hydrogene  de  35,5  a 
104,5  bars  (500  a  1500  psig). 

9.  Procede  selon  la  revendication  8,  dans  lequel  le  catalyseur  comprend  un  melange  bimetallique  de  cobalt  et  de  rho- 
35  dium  et  le  rapport  entre  le  cobalt  et  le  rhodium,  en  tant  que  metal,  est  d'environ  1-2  parties  en  poids  de  rhodium 

par  partie  en  poids  de  cobalt. 

1  0.  Procede  selon  la  revendication  8,  dans  lequel  le  composant  cobalt  est  present  sous  forme  de  melange  bimetallique 
de  cobalt  et  de  cuivre  et  le  rapport  entre  le  cobalt  et  le  cuivre,  en  tant  que  metal,  est  de  2  a  100  parties  en  poids  de 

40  cobalt  par  partie  en  poids  de  cuivre. 

1  1  .  Procede  selon  la  revendication  8,  dans  lequel  le  catalyseur  comprend  un  catalyseur  bimetallique  de  cobalt  et  de 
ruthenium  et  le  rapport  entre  le  cobalt  et  le  ruthenium,  en  tant  que  metal,  est  de  1  a  2  parties  en  poids  de  ruthenium 
par  partie  en  poids  de  cobalt. 

45 
12.  Procede  selon  la  revendication  1  ,  dans  lequel  le  catalyseur  est  present  dans  une  quantite  de  0,5  a  5  %  en  poids 

de  I'amine  aromatique  et  au  moins  une  portion  du  composant  cobalt  du  catalyseur  est  presente  sous  forme  de 
catalyseur  bimetallique  comprenant  du  rhodium,  du  ruthenium  ou  du  cuivre  en  tant  qu'autre  composant  avec  le 
cobalt. 

50 

55 
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