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A  METHOD  OF  PREPARING  A  NOBLE  METAL-CONTAINING  ZEOLITE  CATALYSTS 

This  invention  relates  to  a  method  of  preparing 
a  noble  metal-containing  catalyst. 

Shape  selective  catalysis  utilizing  molecular 
sieves  was  first  demonstrated  by  P.  B.  Weisz  and 
V.  J.  Friiette  in  J.  Phys.  Chem.  64,  p.  302  (1960). 
Since  then,  the  shape  selective  catalytic  properties 
of  various  zeolites  have  been  extensively  dem- 
onstrated.  For  example,  N.Y.  Chen  and  W.  E.  Gar- 
wood  in  "Some  Catalytic  Properties  of  ZSM-5,  a 
New  Shape  Selective  Zeolite",  Journal  of  Catalysis, 
52,  pp.  453-458  (1978)  described  the  s"hape  selec- 
tivity  of  ZSM-5. 

The  effect  of  the  addition  of  noble  metals  on 
the  properties  of  zeolite  catalysts  has  been  of  sub- 
stantial  interest  in  the  literature.  P.  B.  Weisz,  V,  J. 
Fnlette.  R.  W.  Maatman  and  F.  B.  Mower  in 
"Catalysis  by  Crystalline  Aluminosilicates  II. 
Molecular-Shape  Reactions",  Journal  of  Catalysis, 
1.  pp.  307-312  (1962)  described  a  shape  selective 
olefin  hydrogenation  catalyst  comprising  platinum 
incorporated  in  zeolite  A.  In  U.S.  Patent  No. 
3.140,322,  a  process  is  disclosed  for  hydrogenation 
using  a  platinum  containing  zeolite.  In  U.S.  Patent 
No.  3,226.339,  a  process  is  described  for  the  prep- 
aration  of  a  platinum-  or  palladium-containing 
zeolite  catalyst.  U.S.  Patent  No.  3,575,045  of  dis- 
closes  the  use  of  a  platinum  entrained  zeolite  A  for 
selective  hydrogenation. 

A  catalyst  and  process  for  selectively  hydroge- 
nating  ethylene  in  the  presence  of  propylene  utiliz- 
ing  a  zeolite  in  conjunction  with  a  hydrogenation 
metal  is  disclosed  in  U.S.  Patent  No.  3,496,246. 
N.Y.  Chen  and  P.  B.  Weisz  in  "Molecular  Engineer- 
ing  of  Shape-Selective  Catalysts",  Kinetics  and  Ca- 
talysis,  Chem.  Eng.  Prog.  Symp,  Serial  No.  73,  Vol. 
63,  1967,  p.  86,  described  a  platinum  catalyzed 
hydrogenation  employing  a  phosphine-poisoned, 
platinum-exchanged  sodium  mordenite  zeolite. 

An  excellent  summary  of  the  art  of  metal  load- 
ed  zeolite  catalysts  and  shape  selective  catalysis  is 
given  in  Zeolite  Chemistry  and  Catalysts,  J.A. 
Rabo.  ed.,  ACS  Monograph  171  (1976).  Of  particu- 
lar  interest  is  Chapter  10,  "Catalytic  Properties  of 
Metal-Containing  Zeolites"  by  K.  M.  Minachev  and 
Y.  I.  Isakov  and  Chapter  12,  "Shape-Selective  Ca- 
talysis"  by  S.  M.  Csicsery. 

Catalysts  such  as  ZSM-5  combined  with  a 
Group  VIII  metal  are  described  in  U.S.  Patent  No. 
3,856.872.  It  is  disclosed  in  this  patent  that  the 
catalysts  be  preferably  incorporated  in  a  porous 
matrix  such  as  alumina.  A  Group  VIII 
(hydrogenation)  metal  may  then  be  added  after 
incorporation  with  the  zeolite  in  a  matrix  by  such 
means  as  base  exchange  or  impregnation.  In  one 

embodiment,  the  metal  is  added  in  the  form  of 
chloroplatinic  acid. 

U.S.  Patent  No.  4,188,282  discloses  particularly 
preferred  forms  of  noble  metal-containing  zeolites 

5  such  as  ZSM-5  formed  by  the  crystallization  of  the 
zeolite  from  a  forming  solution  containing  noble 
metal  ions,  such  as  those  of  platinum. 

U.S.  Patent  No.  4,209.384  teaches  the  prepara- 
tion  of  a  hydroprocessing  catalyst  comprising  an 

70  alumina-mordenite  carrier  material  and  a  platinum 
component.  The  catalyst  is  prepared  by  incorporat- 
ing  the  platinum  component  with  a  solution  having 
a  pH  greater  than  about  6. 

There  are  also  methods  known  in  the  prior  art 
?5  to  decrease  the  amount  of  noble  metal  required  to 

achieve  a  particular  desired  catalytic  effect  by  in- 
creasing  the  degree  of  dispersion.  For  example. 
U.S.  Patent  No.  4,568,656  teaches  loading  and 
uniformly  distributing  platinum  onto  a  zeolite-L.  The 

20  zeolite-L  is  contacted  with  an  aqueous  solution 
containing  a  platinum  salt  and  a  non-platinum  metal 
salt,  wherein  the  non-platinum  metal  salt  is  present 
in  solution  in  an  amount  which  is  critical  to  prevent- 
ing  the  formation  of  acid  sites  as  well  as  avoiding 

25  an  excess  of  metal  ions  in  the  form  of  a  salt  which 
could  block  the  pores  of  the  zeolite-L. 

U.S.  Patent  No.  4,615,997  teaches  a  method 
for  preparing  zeolite  hydroisomerization  catalysts 
containing  a  highly  dispersed  noble  metal.  The 

30  method  includes  mix  mulling  the  zeolite,  noble 
metal  and  binder  into  an  extrudate  and  chemically 
treating  the  formed  particles  in  order  to  achieve  a 
high  dispersion  of  noble  metal  on  the  catalyst. 

U.S.  Patent  No.  4,683,214  discloses  a  process 
35  for  preparing  a  noble  metal-containing  zeolite  cata- 

lyst  of  high  noble  metal  dispersion.  The  process 
comprises  crystallizing  a  zeolite  from  a  forming 
mixture  which  contains  an  organic  template,  treat- 
ing  the  zeolite  by  calcining  or  chemical  oxidation  to 

40  remove  the  template  from  the  zeolite,  mulling  the 
zeolite  with  an  inorganic  oxide  binder  and  a  noble 
metal-containing  solution  and  thereafter  extruding 
the  blended  mixture. 

Platinum-containing  zeolite  catalysts  have  be- 
45  come  important  bifunctional  catalysts  for  processes 

such  as  catalytic  dewaxing  and  reforming.  Platinum 
may  be  incorporated  into  the  zeolite  matrix  by 
impregnation  or  by  ion  exchange.  Ion  exchange  is 
generally  preferred,  as  it  is  believed  to  yield  a 

so  more  shape-selective  catalyst. 
In  accordance  with  the  present  invention,  there 

is  provided  a  method  of  preparing  a  noble  metal- 
containing  zeolite  catalyst  comprising: 

(a)  mixing  a  zeolite  with  water  to  form  an 
aqueous  suspension; 

2 
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(b)  adjusting  the  pH  of  the  aqueous  suspen- 
sion  of  step  (a)  to  between  4  and  11  with  an 
Drganic  base  of  a  size  sufficient  to  prevent  entry  of 
:he  organic  cations  into  the  pores  of  the  zeolite 
;atalyst; 

(c)  adding  to  the  suspension  of  step  (b)  an 
aqueous  noble-metal  salt  solution; 

(d)  maintaining  the  pH  of  the  mixture  of  step 
(c)  at  a  substantially  uniform  value  between  4  and 
1  1  by  the  controlled  addition  of  the  organic  base  of 
step  (b); 

(e)  filtering  the  zeolite-water  suspension  of 
step  (c)  to  separate  the  solid  zeolite  material;  and 

(f)  drying  the  solid  zeolite  material. 

The  present  method  enhances  control  over  the 
noble-metal  exchange  step  in  the  preparation  of 
noble-metal  loaded  zeolite  catalysts.  Materials  of 
lesser  acid  strength  than  conventional  al- 
uminosilicate  zeolites,  such  as  high  silica  zeolites, 
Qa-zeolites,  In-zeolites,  silicoaluminophosphates, 
aiuminophosphates  which  pose  problems  during 
noble-metal  exchange  reactions  due  to  their  re- 
duced  affinity  for  noble  metal  cations  can  now  be 
easily  loaded  with  noble  metals. 

Futher,  by  carefully  adjusting  the  pH  of  the 
noble-metal  exchange  solution  with  a  bulky  organic 
base  while  it  is  slurried  with  the  zeolite  catalyst, 
selective  exchange  may  be  achieved,  e.g.  of  strong 
acid  sites  only,  or  of  all  sites  including  weakly  acid 
silanol  sites. 

The  zeolites  useful  herein  conveniently  have  an 
effective  pore  size  of  generally  4  to  12  Angstroms 
and  preferably  have  a  Constraint  Index  (as  de- 
scribed  in  U.S.  Patent  No.  4016218)  of  1-12  when 
tested  at  a  temperature  within  the  range  290  - 
540°  C.  The  term  zeolites  is  used  herein  to  refer  to 
microporous  crystalline  silicophosphoaluminates 
(SAPOs)  and  aiuminophosphates  (ALPOS)  as  well 
as  silicates,  aluminosilicates  and  their  counterparts 
in  which  other  substituent  elements,  e.g.  Fe,  In  and 
Ga  are  present. 

Preferably,  the  zeolite  is  ZSM-5,  ZSM-11, 
ZSM-12,  ZSM-20,  ZSM-23,  ZSM35,  ZSM-48  or 
zeolite  beta,  with  ZSM-5  being  particularly  pre- 
ferred. 

Catalysts  produced  by  the  method  of  the 
present  invention  are  useful  in  all  processes  which 
employ  noble  metal  catalyst  components,  for  ex- 
ample  platinum  or  palladium.  Examples  of  such 
processes  include  hydrogenation,  dehydrogenation, 
dehydrocyclization,  isomerization,  hydrocracking, 
dewaxing,  reforming,  conversion  of  alkyl  aromatics, 
and  oxidation. 

Noble  metals  which  may  be  incorporated  within 
the  zeolite  by  the  present  method  include 
ruthenium,  rhodium,  palladium,  silver,  osmium, 
iridium,  platinum,  and  gold,  with  platinum  being 

particularly  preferred.  Suitable  platinum  compounds 
useful  in  the  subject  exchange  process  include 
various  cationic  platinum  compounds  such  as 
platinous  chloride  and  various  compounds  contain- 

s  ing  platinum  amine  or  tetraamine  complexes. 
The  noble-metal  containing  ion  exchange  solu- 

tion  must  be  maintained  at  a  pH  of  4  to  11  to 
promote  noble  metal  cation  exchange.  The  opti- 
mum  pH  level  depends  on  the  acid  strength  of-the 

10  zeolite  exchange  sites.  For  example,  a  zeolite  hav- 
ing  strongly  acidic  exchange  sites  such  as  ZSM-5, 
zeolite  Y,  or  mordenite  would  achieve  its  maximum 
noble  metal  cation  exchange  in  a  pH  range  of  4  to 
7.  A  zeolite  having  moderately  acidic  exchange 

75  sites  such  as  [Ga]-ZSM-5,  [Fe]-ZSM-5.  [ln]-ZSM-5 
or  any  of  the  substituted  aiuminophosphates  would 
require  an  ion-exchange  solution  pH  in  the  range  of 
7  to  9.  Finally,  a  zeolite  having  very  weakly  acidic 
exchange  sites  such  as  a  high  silica  ZSM-5  would 

20  require  an  ion-exchange  solution  pH  in  the  range  of 
9  to  1  1  . 

The  degree  of  noble  metal  cation  exchange 
may  be  controlled  by  adjusting  the  pH  of  the 
exchange  solution  while  it  is  slurried  with  the 

25  zeolite  catalyst.  To  exchange  only  the  strongly 
acidic  exchange  sites  in  a  zeolite,  the  exchange 
solution  should  be  maintained  at  a  pH  of  4  to  7. 
Increasing  the  pH  of  the  solution  would  promote 
noble  metal  cation  exchange  at  progressively  more 

30  weakly  acidic  exchange  sites  until  substantially  all 
the  exchange  sites  including  the  weak  silanols  are 
exchanged  at  a  pH  of  around  about  1  1  . 

In  the  most  preferred  embodiment  of  the  inven- 
tion,  an  aqueous  solution  of  a  noble  metal  salt  is 

35  continuously  added  to  an  aqueous  suspension  of  a 
zeolite  while  the  pH  of  the  resulting  mixture  is 
maintained  substantially  constant  by  the  continuous 
addition  of  a  bulky  organic  base.  The  noble  metal 
salt  solution  and  bulky  organic  base  may  also  be 

40  combined  with  the  zeolite  suspension  in  a  stepwise 
manner. 

During  conventional  methods  of  preparing  no- 
ble  metal  exchanged  zeolites,  exchange  is  imped- 
ed  by  the  presence  of  Na*  or  NHi*  cations  which 

45  appear  to  compete  with  the  noble  metal  cations  for 
exchange  sites  inside  the  pores  of  the  zeolite. 
Unlike  the  bases  NaOH  and  NI-UOH,  which  are 
conventionally  used  to  control  pH,  the  bulky  or- 
ganic  bases  used  in  the  present  invention  are  too 

50  large  to  diffuse  into  the  pores  of  the  zeolite  cata- 
lyst,  whereby  competition  for  exchange  sites  inside 
the  catalyst  pores  appears  to  be  eliminated.  For 
example,  to  eliminate  the  competition  for  exchange 
sites  during  noble  metal  loading  of  a  ZSM-5 

55  zeolite,  a  base  having  a  minimum  cross-sectional 
dimension  equal  to  at  least  the  minimum  cross- 
sectional  dimension  of  tetraethylammonium  hydrox- 
ide  should  be  used. 

3 
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The  concentration  of  the  aqueous  noble  metal 
salt  solution  is  not  critical  but  preferably  should  not 
exceed  saturation  in  the  range  of  temperatures 
employed  for  the  exchange  reaction. 

The  preferred  temperature  range  of  the  subject 
noble  metal  exchange  process  is  between  1  0  °  C 
and  the  reflux  temperature  of  the  aqueous  zeolite 
suspension. 

It  is  preferred  to  combine  noble  metal  salt 
solution  with  the  aqueous  zeolite  slurry  at  a  rate 
such  that  the  noble  metal  addition  to  the  exchange 
solution  does  not  exceed  the  rate  of  noble  metal 
toss  from  the  solution  by  exchange  with  the  zeolite. 

The  invention  will  now  be  more  particularly 
described  with  reference  to  the  following  Examples: 

Example  1  (Comparative) 

Example  1  illustrates  noble  metal  exchange  of 
a  weakly  acidic  zeolite  without  pH  control.  A  sam- 
ple  of  an  indium-containing  ZSM-5  synthesized  in 
the  absence  of  Na  was  calcined  at  538°  C  and  then 
exchanged  with  Pt  in  a  solution  of  15  mg  Pt(NH3>- 
xCh  per  gram  of  zeolite.  The  product  was  filtered 
and  dried  and  the  platinum  content  determined  by 
titration  of  the  evolved  amine  (Temperature  Pro- 
grammed  Ammonia  Desorption)  and  by  chemical 
analysis.  Only  0.03  wt.%  Pt  were  detected  in  the 
zeolite.  The  pH  of  the  exchange  solution  was  below 
5.  This  example  indicates  that  weakly  acidic 
zeolites  have  a  very  low  affinity  for  noble  metal 
cations. 

Example  2  (Comparative) 

Example  2  shows  the  effect  of  pH  control  using 
ammonium  chloride.  A  sample  of  an  indium-con- 
taining  ZSM-5  synthesized  in  the  absence  of  Na 
was  calcined  at  540  °  C  and  then  exchanged  with 
1M  NHtCI.  This  ammonium  form  of  the  material 
was  slurried  into  a  solution  containing  15  mg  Pt- 
(NH3)«.Cl2  per  gram  of  zeolite.  The  pH  was  kept  at 
7.6  by  an  automatic  titrator  with  0.1  N  NHaOH.  The 
platinum  loading  was  0.15  wt.%.  Thus  raising  the 
pH  above  neutral  resulted  in  a  higher  level  of 
noble-metal  loading. 

Example  3 

Example  3  demonstrates  the  exchange  of  Pt 
into  the  calcined  H-form  of  an  indium-containing 
ZSM-5  in  the  presence  of  a  bulky  organic  base.  A 

solution  of  15  mg  PKNhhkCb  per  gram  of  zeolite 
was  prepared  by  dissolving  225  mg  of  the  salt  in 
10  g  of  water.  15  g  of  the  H-zeolite  were  sus- 
pended  in  280  g  of  water.  The  pH  of  the  suspen- 

5  sion  was  4.5.  The  pH  of  this  suspension  was  ad- 
justed  to  8.0  with  0.015  N  TBAOH 
(tetrabutylammoniumhydroxide)  prior  to  the  addi- 
tion  of  the  Pt  solution.  The  pH  was  maintained 
between  7.5  and  8.0  during  the  addition  of  the  Pt. 

w  The  sample  was  filtered  and  dried  overnight  at 
90°  C.  Temperature  Programmed  Ammonia  Desor- 
ption  of  the  product  in  H2  yielded  0.0466  meq.g 
ash  between  200-400  °  C.  This  is  equivalent  to  0.9 
wt.%  Pt.  The  product  was  heated  in  oxygen  to 

75  350  °  C  in  preparation  for  the  catalytic  tests. 

Example  4 

20 
Example  4  shows  a  noble  metal  exchange  in 

the  presence  of  a  bulky  organic  base  following  a 
noble  metal  exchange  in  the  presence  of  ammo- 
nium  chloride.  The  additional  platinum  exchange  in 

25  the  absence  of  ammonium  cations  demonstrates 
the  competition  between  ammonium  and  platinum 
cations  for  exchange  sites.  The  product  of  Example 
2  was  calcined  in  air  to  540°  C.  1  g  was  slurried  in 
20  ml  of  water,  and  the  pH  adjusted  to  8.0  with 

30  TBAOH.  A  solution  of  15  mg  Pt(NH3)4CI2  gram  of 
zeolite  was  added  to  the  suspension  over  2.5  hours 
with  a  syringe  pump.  The  pH  of  the  slurry  was 
maintained  at  7.6  with  0.1  N  TBAOH  dispensed  by 
an  automatic  titrator.  The  product  sample  was  fil- 

35  tered  and  dried  at  90°  C.  The  TPAD  analysis  in  H? 
showed  an  additional  uptake  of  0.602  wt.%  Pt  by 
the  catalyst  after  this  reexchange. 

40  Example  5  (Comparative) 

Example  5  demonstrates  noble  metal  exchange 
for  a  high-silica  zeolite  without  pH  control.  The 

45  process  described  in  Example  1  was  repeated  for  a 
high  silica  ZSM-5  sample  having  a  silica:alumina 
ratio  greater  than  1000,  The  pH  of  the  exchange 
solution  was  below  5  and  the  final  metal  loading  of 
the  exchanged  material  was  only  0.03  wt.%  Pt. 

50 

Example  6 

55  3  g  of  a  calcined  high-silica  ZSM-5  material 
having  a  silica  to  alumina  mole  ratio  in  excess  of 
1000  were  slurried  in  100  g  of  water,  and  the  pH  - 
was  adjusted  to  10.0  by  TBAOH 

4 
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tetrabutylammoniumhydroxide).  45  mg  Pt(NH3)- 
.CI2  were  dissolved  in  10  g  of  water  and  the 
esultant  solution  was  added  to  the  zeolite  slurry 
jver  2.5  hours  using  a  syringe  pump.  The  suspen- 
sion  was  maintained  at  pH  10.0  with  dilute  (0.1  N) 
rBAOH,  rinsed  and  air  dried.  TPAD  analysis  in  H2 
jf  this  sample  indicated  it  contained  0.436  wt.%  Pt. 

Example  7 

The  procedure  of  Example  3  was  repeated  for 
a  calcined  aliquot  of  an  aluminum-containing  ZSM- 
5  sample.  The  pH  was  maintained  at  7.5  by  an 
automatic  titrator.  The  final  metal  loading  of  the 
product  was  1.1  wt.%  Pt. 

Example  8 

The  process  of  Example  6  was  repeated  for  a 
silicoaluminophosphate  material,  SAPO-5,  the  prep- 
aration  of  which  is  taught  by  U.S.  Patent  No. 
4,440,871.  The  pH  of  the  exchange  solution  was 
maintained  at  7.5  by  the  addition  of  TBAOH 
(tetrabutylammoniumhydroxide).  The  final  metal 
loading  was  found  to  be  0.64  wt.%  Pt. 

Example  9 

The  process  of  Example  6  was  repeated  for  an 
aluminophosphate  material,  AIPO4-5,  the  prepara- 
tion  of  which  is  taught  by  U.S.  Patent  No. 
4,310,440.  The  pH  of  the  exchange  solution  was 
maintained  at  7.5  by  the  addition  of  0.1  N  TBAOH 
(tetrabutylammoniumhydroxide).  The  final  metal 
loading  of  the  product  was  found  to  be  0.9  wt.%  Pt. 

Example  10 

An  aliquot  of  the  product  of  Example  3  was 
tested  for  n-heptane  conversion.  Results  of  the  test 
carried  out  at  538  °C  in  a  dilute  n-heptane  stream 
in  nitrogen  showed  a  toluene  selectivity  of  95  to 
96%  with  very  low  Ci  to  C6  yields. 

Example  1  1 

Another  fraction  of  the  product  of  Example  3 
was  tested  for  n-hexane  conversion  in  a  dilute 

stream  in  nitrogen  at  538  C.  Results  of  this  ex- 
tended  "alpha"  test  showed  values  of  884  to  432 
after  1  hour.  The  benzene  selectivity  was  33  to 
27%  during  the  same  period.  N-hexane  conversion 

>  was  kept  at  25.2  to  13.4%. 

Claims 

10  1.  A  method  of  preparing  a  noble  metal-con- 
taining  zeolite  catalyst  comprising: 

(a)  mixing  a  zeolite  with  water  to  form  an 
aqueous  suspension; 

(b)  adjusting  the  pH  of  the  aqueous  suspen- 
75  sion  of  step  (a)  to  between  4  and  1  1  with  an 

organic  base  of  a  size  sufficient  to  prevent  entry  of 
the  organic  cations  into  the  pores  of  the  zeolite 
catalyst; 

(c)  adding  to  the  suspension  of  step  (b)  an 
20  aqueous  noble-metal  salt  solution; 

(d)  maintaining  the  pH  of  the  mixture  of  step 
(c)  at  a  substantially  uniform  value  between  4  and 
1  1  by  the  controlled  addition  of  the  organic  base  of 
step  (b); 

25  (e)  filtering  the  zeolite-water  suspension  of 
step  (c)  to  separate  the  solid  zeolite  material;  and 

(f)  drying  the  solid  zeolite  material. 

2.  The  method  of  claim  1  wherein  said  zeolite 
30  has  a  Constraint  Index  between  1  and  1  2. 

3.  The  process  of  claim  1  or  claim  2  wherein 
the  zeolite  is  selected  from  zeolite  Beta,  ZSM-5, 
ZSM-11,  ZSM-12,  ZSM-18,  ZSM-20,  ZSM-22. 
ZSM-23,  ZSM-35  and  ZSM-18. 

35  4.  The  method  of  claim  2  wherein  said  organic 
base  is  selected  from  tetraethylammonium  hydrox- 
ide,  tetrapropylammonium  hydroxide  and 
tetrabutylammonium  hydroxide. 

5.  The  process  of  any  preceding  claim  wherein 
40  said  noble  metal  salt  is  a  platinum  tetraaminehalide 

or  a  platinum  halide. 
6.  The  process  of  any  preceding  claim  wherein 

said  organic  base  is  continuously  added  to  the 
aqueous  zeolite  suspension. 
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