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(54)  Transition  metal  substituted  gmelinite. 

(57)  Transition  metal  substituted  forms  of  the  min- 
eral  gmelinite,  and  preparation  thereof  are  dis- 
closed.  One  example,  in  unhydrated  form,  being 
1.32  Na20  :  (0.26  Cr,  0.27  Fe,  0.47  Al)203  :  6  Si02. 
Forms  in  which  Fe  is  absent  are  also  included. 
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The  present  invention  relates  to  a  synthetic  crys- 
talline  zeolite  which  is  a  transition  metal  substituted 
form  of  the  mineral  gmelinite. 

Gmelinite  is  a  well-known  natural  zeolite  having 
a  structure  in  which  the  main  feature  is  a  large  12-ring 
channel,  and  in  this  regard  it  is  analogous  to  zeolites 
Linde  L,  mordenite,  and  cancrinite.  All  previously  re- 
ported  compositions  contain  only  Si  and  A1  in  frame- 
work  sites,  and  have  a  propensity  to  form  intergrown 
materials  comprising  atomic  level  intergrowths  of 
gmelinite  and  chabazite.  All  known  natural  varieties 
are  thought  to  be  of  this  type,  resulting  in  a  blocked 
12-ring  channel  and  poor  sorption  properties  resulting 
from  a  variety  of  possible  intergrowths  (G.T.  Kokotailo 
and  S.L.  Lawton,  Nature,  203,  p.  621,  (1964)).  The 
only  known  gmelinite  materials  having  open  12-ring 
channels  are  made  with  a  DABCO  polymer  filling  the 
channels  (L.D.  Rollman,  NATO  ASI  Ser.  E-60,  "Zeo- 
lites:  Science  and  Technology",  R.  Ribeiro  et  al,  p. 
109,  (1984)). 

The  present  invention  provides  a  synthetic  chem- 
ical  form  of  the  gmelinite  zeolite  structure  type  (here- 
inafter  referred  to  as  ECR-26).  This  structure  has 
been  made  in  a  form  where  the  framework  T  atoms 
comprise  Si,  A1,  Cr,  and  Fe.  The  general  formula  for 
this  new  composition  is:  0.8  to  1.3  M^O: 
(AI,Fe,Cr)203:  4  to  8  Si02  in  the  unhydrated  form;  e.g. 

Na20:  (AI,Fe,Cr)203:  x  Si02:  Y  H20 
where  x  is  between  4  and  8  and  Y  is  from  0  to  8.  M  is 
preferably  selected  from  Groups  1  Ato  8Aand  Groups 
1  B  and  2B  of  the  Periodic  Table. 

The  atoms  of  A1  s  atoms  of  (Cr  +  Fe); 
Cr —  —  —  s  0.05;  and  Fe  may  be  absent. Cr  +  Al  +  Fe  '  

The  n-hexane  absorption  capacity  of  the  synthet- 
ic  zeolite  will  generally  be  greater  than  about  3  wt.%. 

Conventional  natural  and  synthetic  gmelinite  has 
a  propensity  to  intergrow  with  chabazite  or  related 
zeolites  which  block  the  12-ring  channel  of  the  gme- 
linite  structure,  reducing  the  expected  sorption  prop- 
erties  to  those  of  an  8-ring  or  smaller  window  zeolite. 
The  conventional  non-transition  metal  forms  have 
been  reported  by  several  authors  and  are  found 
abundantly  in  nature  (e.g.,  along  the  Bay  of  Fundy  in 
Nova  Scotia). 

ECR-26  is  an  open  channel  chromiumalumino- 
silicate  gmelinite  which  requires  no  organic  template 
for  its  synthesis.  The  Cr3+  presumably  inhibits  the  for- 
mation  of  phases  which  normally  intergrow  with  gme- 
linite,  facilitating  the  growth  of  the  perfect  open  struc- 
ture. 

Materials  of  this  general  structure  are  important 
catalysts  and  sorbents,  particularly  in  hydrocracking 
and  hydroisomerization  (mordenite)  and  aromatiza- 
tion  and  reforming  (zeolite  L).  Similar  important  cata- 
lyst  applications  are  anticipated  for  ECR-26,  and  be- 
cause  the  transition  metal  may  be  manipulated  into 
non-framework  sites,  important  Fischer-Tropsch  ap- 

plications  are  possible. 
ECR-26  is  further  characterized  by  having  an  X- 

ray  diffraction  pattern  having  the  following  major 
lines: 

5  Zeolite  L  and  zeolites  having  related  structures 
belong  to  the  "L"  family  of  zeolites.  This  family  is  char- 
acterized  by  having  a  12-ring  hexagonal  structure 
with  pore  dimensions  of  about  5.5  to  7.2A.  In  addition 
to  zeolite  L  there  are  also  barium  zeolites  Ba-G  and 

10  Ba-G,L  described  by  Barrer  et  al  in  J.  Chem.  Soc, 
2296  (1964),  J.  Chem.  Soc,  1254  (1972)  and  J. 
Chem.  Soc,  934  (1974);  ZSM-10  (U.S.  Pat.  No. 
3,692,470)  may  be  a  DABCO  containing  member  of 
this  group  of  zeolites.  Similarly,  zeolite  UJ  (u.s.  Pat. 

15  No.  3,298,780)  may  also  be  of  the  zeolite  L  type.  Nu- 
merous  syntheses  of  zeolite  L  have  been  reviewed  in 
U.S.  Patent  4,973,461  . 

Structures  have  been  proposed  forzeolite  L  (Bar- 
rer  et  al,  Zeit.  Krist.,  128,  352  (1969))  and  GL  (Baer- 

20  locher  et  al,  ibid).  If  all  cation  positions  in  L  are  filled 
by  monovalent  cations,  L  will  have  a  minimum  Si/AI 
ratio  of  1  .8  according  to  Baerlocher  et  al  (Zeit.  Krist., 
v.  136,  p.  253  (1972)).  ECR-2  has  an  Si/AI  composi- 
tion  in  this  range  (U.S.  Patent  4,552,731). 

25  Subsequently,  several  patents  have  claimed  spe- 
cific  morphology  LTL  products,  such  as  discs  (EP 
0096479),  large  cylindrical  crystals  (U.S.  4,544,539), 
and  microcrystals  (U.S.  Pat.  5,064,630),  and  the  sub- 
ject  of  morphology  variation  and  control  has  been  dis- 

30  cussed  generally  by  Fajula  (NATO  ASI  Series,  v. 
221  B,  p.  53(1990)). 

It  has  been  found  that  zeolite  L  may  be  used  as 
a  catalyst  base  in  aromatization  reactions.  U.S. 
4,104,320  discloses  dehydrocyclization  of  aliphatic 

35  compounds  in  the  presence  of  hydrogen  using  a  cat- 
alyst  comprising  zeolite  L  and  a  group  VIII  metal,  in 
which  the  zeolite  L  is  of  the  formula: 

M2/n(AI02)9(Si02) 27 
(where  M  is  a  cation  of  valence  n),  but  the  silica  to  alu- 

40  mina  ratio  may  vary  from  5  to  7. 
East  German  Patent  88,789  discloses  dehydro- 

cyclization  using  a  catalyst  formed  from  a  zeolite  pre- 
cursor  with  a  silica  to  alumina  ratio  of  5  or  greater 
which  is  dealuminized  to  give  a  silica  to  alumina  ratio 

45  of  up  to  70.  Zeolite  L  is  mentioned  as  a  precursor. 
European  Patent  Application  Publication  40119 

discloses  a  dehydrocyclization  process  operating  at 
low  pressure  (1  to  7  bars)  or  low  H2/hydrocarbon  ratio 
using  a  catalyst  comprising  platinum  on  a  potassium 

so  zeolite  L.  Belg.  Patent  888,365  describes  dehydro- 
cyclization  using  a  catalyst  comprising  platinum,  rhe- 
nium  (incorporated  in  the  form  of  its  carbonyl)  and  sul- 
phur  to  give  an  atomic  ratio  of  sulphur  to  platinum  of 
0.05  to  0.6  on  a  zeolitic  crystalline  aluminosilicate 

55  base  such  as  zeolite  L.  Belg.  Patent  792,608  disclo- 
ses  the  treatment  of  zeolite  L  for  use  as  a  catalyst  in 
isomerization  by  exchange  with  ammonium  and  chro- 
mium  ions. 
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SUMMARY  OF  THE  INVENTION 

The  present  invention  is  a  process  to  make  syn- 
thetic  nano-sized  crystalline  zeolites  isostructural 
with  LTL,  having  desirable  property  advantages  be- 
cause  of  small  crystal  sizes,  and  having  the  compo- 
sition,  in  terms  of  mole  ratios  of  oxides,  in  the  range: 
0.9  to  1.1  M2/nO:(AI,Ga,Fe)203:2.5  to  7.0  Si02:xH20 

wherein  M  represents  at  least  one  exchangeable  ca- 
tion  of  a  metal  selected  from  Group  I  through  VIII  of 
the  Periodic  Table  (Kirk-Othmer  Encyclopedia  of 
Chemical  Tech.,  2nd  Edn.,  V.  8,  (1965)),  n  represents 
the  valence  of  M,  and  x  may  be  O  or  a  number  from 
1  to  about  6. 

The  steps  of  the  process  include: 
(a)  preparing  a  reaction  mixture  comprising  water, 
a  source  of  silica,  a  source  of  alumina,  KOH  and 
up  to  about  30  mole  percent  of  NaOH  based  on 
total  moles  of  KOH  and  NaOH,  ammonia,  the  re- 
action  mixture  having  a  composition,  in  terms  of 
mole  ratios  of  oxides,  within  the  following  ranges: 

M'20:AI203  2.5  to  8 

Si02:AI203  4  to  20 

H20:AI203  80  to  400 

NH3:AI203  30  to  150 

where  M'  is  either  K  or  a  mixture  of  K  and  Na;  and  Al 
may  be  partly  or  wholly  replaced  by  Ga;  and  Fe  may 
replace  up  to  about  30%  Al  or  Ga. 

(b)  maintaining  the  reaction  mixture  at  between 
about  70°C  and  160°C  under  autogenous  pres- 
sure  for  a  sufficient  period  of  time  to  form  a  crys- 
talline  product  in  which  the  crystals  have  a  diam- 
eter  less  than  about  30  nanometers. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  shows  the  x-ray  diffraction  patterns  for 
the  materials  made  in  examples  1  (top  spectrum) 
through  5  (bottom  spectrum). 

Figure  2  shows  the  n-hexane  sorption  capacity 
for  the  zeolites  made  in  examples  1  and  2. 

Figure  3  shows  an  electron  micrograph  of  the 
nano-crystals  of  example  1. 

Figure  4  shows  a  thermogravimetric  analysis  of 
the  zeolites  made  in  examples  1,  2,  and  3. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

The  present  invention  is  a  new  way  to  synthesize 
LTL  in  ammonia  solvent  and  co-solvent  systems 
which  results  in  colloid  sized  crystallites  less  than 
300A,  and  in  some  cases  less  than  200A  in  diameter. 

In  hydrocarbon  processes  such  small  crystals  give 
high  diffusion  rates,  high  reactivities,  and  exceptional 
resistance  to  deactivation  by  pore  plugging  and  sur- 
face  contamination.  The  characteristic  X-ray  diffrac- 

5  tion  patterns  show  very  broad  peaks,  and  in  some 
cases  near  -  amorphous  spectra.  However,  their  IR 
spectra  are  fully  characteristic  of  LTL.  Such  materials 
may  be  expected  to  have  superior  performance  char- 
acteristics  in  such  catalytic  reactions  as  aromatization 

10  of  normal  paraffins,  reforming,  dewaxing,  isomeriza- 
tion  and  oligomerization,  as  a  result  of  their  enhanced 
accessibility  to  the  micropores.  These  products  show 
exceptionally  high  micropore  capacity  for  hydrocar- 
bons,  together  with  unusual  mesopore  capacity  char- 

15  acteristic  of  agglomerated  colloidal  particles.  Nano- 
crystals  of  this  type  are  particularly  useful  for  the 
preparation  of  inorganic  membranes;  the  micro  crys- 
tals  filling  the  pores  of  the  ceramic,  usually,  alumina, 
titania  or  silica,  supports,  so  providing  a  resilient  mi- 

20  croporous  membrane  useful  for  hydrocarbon,  catalyt- 
ic  and  separation  applications. 

At  this  time  the  preferred  way  to  make  these 
products  is  to  react  a  premade  silica-alumina  gel  -  typ- 
ically  an  amorphous  fluid  cracking  catalyst  -  having 

25  an  Si/AI  ratio  between  about  4  and  12  in  a  potassic 
ammonia  or  aqueous  ammonia  solution.  In  the  ab- 
sence  of  ammonia  entirely  different  zeolite  products 
such  as  chabazite  and  phillipsite  crystallize.  The  pre- 
ferred  reaction  composition  is: 

30  3  to  6K20:  (AI,Ga,Fe)203:  4  to  15  Si02:  50  to  150 
NH3:  150  to  400  H20 

Materials  of  this  invention  may  be  difficult  to  filter  in 
a  conventional  way  from  the  mother  liquor  of  waste 
products,  in  which  case  centrifuge  separation  and 

35  washing  is  a  preferred  mode  of  product  separation 
and  purification. 

Example  1 

40  A  composition: 
3.0  K20:  Al203:  11.4  Si02:  100  NH3:  240  H20 

was  made  by  mixing  5  gms  high  alumina  fluid  crack- 
ing  catalyst  gel  (Davison  Chemical  Co.,  Hi-Alumina 
FCC,  having  a  chemical  composition  of  about  12.5 

45  wt%  Al203,  87.5  wt%  Si02)  in  a  solution  of  2.40  gms 
KOH-1/2H20  in  40  mis  aqueous  ammonium  hydroxide 
(29%  NH3),  and  reacting  in  an  autoclave  at  100°C.  Af- 
ter  12  days  reaction  the  autoclave  was  cooled,  the 
product  filtered,  washed  and  dried  at  100°C.  X-ray 

so  diffraction  analysis  gave  the  spectrum  shown  in  Fig- 
ure  1  which  is  similar  to  that  for  a  typical  LTL  material 
except  that  the  peaks  are  very  broad,  indicating  very 
small  crystals.  The  n-hexane  sorption  capacity  of  this 
sample  was  11  .2  wt%  (25°C,  51  torr)  and  the  sorption 

55  isotherm  is  shown  in  Figure  2.  Transmission  Electron 
microscopy  (TEM)  showed  that  the  crystallites  were 
less  than  about  150A  by  200A,  as  shown  in  Figure  3, 
and  clearly  showing  the  12-ring  channels. 

3 
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Thermogravimetric  analysis  (Figure  4)  showed  a 
H20  +  NH3  capacity  of  about  15  wt%. 

Example  2 

A  composition: 
3.5  K20:  Al203:  11.4  Si02:  100  NH3:  240  H20 

was  made  and  reacted  as  for  Example  1  ,  except  that 
2.8  KOH-1/2H20  was  used  in  the  reaction.  The  X-ray 
diffraction  pattern  after  12  days  is  shown  in  Figure  1  , 
and  is  now  showing  increased  line  broadening,  almost 
amorphous  like  characteristics.  The  5  day  reaction 
sample  showed  a  similar  spectrum.  Thermogravimet- 
ric  analysis  showed  a  H20  +  NH3  capacity  of  1  9  wt% 
(Figure  4),  and  TEM  showed  crystallites  having  di- 
mensions  50A  by  80A.  Infrared  analyses  gave  spectra 
characteristic  of  zeolite  L. 

Example  3 

A  composition: 
4.0  K20:  Al203:  11.4  Si02:  100  NH3:  240  H20 

was  made  and  reacted  as  described  in  Example  1  ex- 
cept  that  3.2  gm  KOH-1/2H20  were  used  in  the  reac- 
tion. 

The  product  X-ray  diffraction  pattern  is  shown  in 
Figure  1,  and  may  be  described  as  characteristic  of  a 
near  amorphous  material.  However,  the  TEM  exam- 
ination  shows  the  material  to  be  highly  crystalline,  but 
with  crystals  having  very  small  dimensions  (100A  by 
1  50A).  Thermogravimetric  analysis  showed  a  H20  + 
NH3  capacity  of  about  23  wt%  (Figure  3),  and  a  hex- 
ane  sorption  capacity  at  22°C  (50  torr)  gave  20  wt% 
sorption.  A25°C  n-hexane  isotherm  showed  a  distinc- 
tive  micropore  capacity  of  8-9  wt%,  plus  a  larger 
meso-pore  sorption,  characteristic  of  small  pores  be- 
tween  colloidal  particles. 

Example  4 

A  composition: 
5  K20:  Al203:  11.4  Si02:  100  NH3:  240  H20 

was  made  and  reacted  in  the  manner  described  in  Ex- 
ample  1,  except  that  4  gms  of  KOH  H20  were  used. 
The  product  was  essentially  similar  to  that  made  and 
described  in  Example  3  (Figure  1). 

Example  5 

A  composition: 
6  K20:  Al203:  11.4  Si02:  100  NH3:  240  H20 

was  made  and  reacted  as  described  in  Example  1  ex- 
cept  that  4.8  gms  KOH-1/2H20  were  used.  The  product 
was  essentially  identical  to  that  described  in  Example 
3  (Figure  1). 

Claims 

1.  A  synthetic  transition  metal  aluminosilicate  crys- 
talline  zeolite  having  the  gmelinite  structure  and 

5  a  chemical  composition  in  the  unhydrated  form: 
0.8  to  1.3  M2/n0:  (Al,  Fe,  Cr)203:  4  to  8  Si02 

where  n  is  the  valence  of  metal  M;  the  atoms  of 

Al  is  atoms  of  (Cr+Fe),  -  —  is  0.05,  and v  '  Cr  +  Al  +  Fe 
10  Fe  can  be  absent;  having  an  X-ray  diffraction  pat- 

tern  with  the  following  essential  lines: 

15 

20 

25 

dA  l/lo 
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6.8  S 

5.0  VS 

4.49  M 

4.11  MS 

3.44  MS 

2.97  MS 

2.85  M 

2.59  M  . 

30 
2.  The  zeolite  of  claim  1  wherein  M  is  a  metal  select- 

ed  from  exchangeable  cations  of  groups  1Ato  8A 
and  1B  and  2B  of  the  Periodic  Table. 

35  3.  A  process  for  preparing  the  crystalline  zeolite  of 
claim  1  where  M  is  Na  and  n  is  1,  which  compris- 
es: 

(a)  preparing  a  reaction  mixture  comprising 
water,  a  source  of  silica,  a  source  of  alumina 

40  and  NaOH,  said  reaction  mixture  having  a 
composition,  in  terms  of  mole  ratios  of  oxides, 
within  the  following  ranges: 

Na20:AI203  1.0  to  6.0 

45  Si02:(AI,Cr,Fe)203  5  to  15 

H20:(AI,Cr,Fe)203  75  to  250 

but  in  which  Fe  can  be  absent;  and 
(b)  maintaining  the  reaction  mixture  at  be- 
tween  about  50°C  and  300°C  under  autoge- 
neous  pressure  for  a  sufficient  period  of  time 
to  form  crystals  of  the  zeolite. 

4.  The  process  of  claim  3  wherein  the  source  of  sil- 
ica  is  sodium  silicate  or  colloidal  silica. 

4 
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5.  The  process  of  claim  3  wherein  the  reaction  mix- 
ture  of  step  3(b)  is  maintained  at  room  tempera- 
ture  for  a  period  greater  than  one  day  before  re- 
acting  at  50°C-300°C  under  autogeneous  pres- 
sure.  5 

6.  The  use  of  a  synthetic  zeolite  claimed  in  claim  1 
or  claim  2,  or  the  product  of  the  process  claimed 
in  any  one  of  claims  3  to  5,  as  a  catalyst  in  a  hy- 
drocarbons)  conversion  process  or  a  Fischer-  10 
Tropsch  synthesis. 
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