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H Y D R O T H E R M A L  SYNTHESIS OF A M M O N I U M - B E I D E L L I T E  
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Hydrothermal ly  synthesized smectites like beidellite 
(Plee et al  1987, Schutz et a l  1987, Kloprogge et al  
1990a, 1990b) and saponite (Suquet et al 1977, Klo- 
progge et a l  1993a) are receiving increasing interest 
because o f  their high purity and their possible appli- 
cation as catalysts and molecular sieves. Highly acidic 
H +-smectites are usually prepared by heat or acid treat- 
ment  of  ammonium exchanged Na-smectites. An in- 
teresting new route would be the direct synthesis o f  
a m m o n i u m - s m e c t i t e s .  Recent ly ,  Kloprogge  et  a l  
(1993a) reported the hydrothermal  preparation o f a m -  
monium-saponi tes  from Si/AI/Mg gels and NH4OH 
solutions, without the conventional cation exchange 
techniques. 

Beidellite with only tetrahedral A1-Si substitution 
and its corresponding acidity is therefore an interesting 
candidate to be synthesized in the ammonium-form.  
This note briefly describes the first laboratory experi- 
ments to synthesize ammonium-beidel l i te  using urea 
(H2NCONH2), glycine (H2NCH2CO2H), ammonium-  
hydroxide (NH4OH), ammonium-chlor ide  (NH4C1), 
and ammonium-aluminum-f luor ide  ([NHa]3AIF6) as 
ammonium sources. The [NH4]3AIF6 was kindly sup- 
plied by P. J. Dirken, Dept. Geochemistry,  Institute 
o f  Earth Sciences, State Universi ty of  Utrecht, The 
Netherlands. 

EXPERIMENTAL 

Mater ia l s  a n d  me thods  

Si/AI gels containing 4.7 A1 per 7.3 Si were prepared 
according to the method of  Hamil ton and Henderson 
(1968). The syntheses were achieved after 7 days at 1 
kbar  pressure and a temperature o f  250 ~ or 350~ in a 
Tuttle-type, externally heated, cold seal pressure ves- 
sel, using gold capsules containing 50 mg gel and 50 
~1 of  one of  the ammonium source solutions. No am- 
monium buffers were used as (e.g., Voncken et a11987,  
1988) for the synthesis o f  buddingtonite and tobelite, 
an ammonium feldspar and ammonium mica respec- 
tively. After cooling, the samples were analyzed by 
X-ray diffraction (XRD) and Infrared spectroscopy OR). 
The final pH could not be determined due to the small 
amount  of  solution, which was completely adsorbed 
on the solid product. 

A n a l y t i c a l  techniques  

The X-ray powder diffraction patterns were recorded 
on a Philips PW 1050/25 diffractometer using C u K a  
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radiation. The scanning speed was 1 ~ 2 T min. The IR 
spectra were obtained on powdered samples in KBr 
tablets (sample concentration 1 wt %) using a Perkin 
Elmer 580 IR spectrophotometer.  

RESULTS A N D  DISCUSSION 

Table 1 summarizes all experiments performed and 
the phases observed. At  250~ most products are amor-  
phous with only trace amounts  of  beidellite (E718-l)  
or  kaolinite (E718-3). An exception is E725 containing 
the ammonium-aluminum-f luor ide  which resulted in 
the formation of  trace amounts  of  ammonium-beide l -  
lite, ammonium-analc ime,  and NH4A1F4 (Figure la). 
The large amount  of  amorphous material  is thought to 
be due to the low temperature,  in agreement with other 
observations (Kloprogge et a l  1993b), that Na-beidel-  
lite, NRo.7AI4.7SiT.3020(OH)4-xi.120 , cannot be synthe- 
sized at 1 kbar  at temperatures below 300~ Therefore, 
addit ional  experiments have been conducted at 350~ 
which is in the biedellite synthesis field (Kloprogge et 
al. 1993b). In all cases with alkaline solutions beidellite 
with a basal spacing between 10.5 and 10.8/~ is formed 
accompanied by ammonium-analcime (Figure lc). This 
indicates the formation of  ammonium-ana lc ime first 
incorporating all free NH4 § before the beidellite starts 
to crystallize. In nature analcime, Na(AISi206).H20, 
is mostly a secondary mineral formed during late stage 
magmatic  processes from alkaline fluids accompanying 
minerals like prehnite and zeolites in foid containing 
rock types. Furthermore it is a typical component  o f  
tuff-bearing alkaline saline lakes, mainly related to the 
brine composi t ion (Deer et a l  1992). Synthetic am- 
monium-analc ime has been described by Barrer and 
Denny (1961). An exception is experiment E727-2 with 
an almost  neutral pH, where only beidellite with a basal 
spacing of  12.4 A is formed (Figure lb). The presence 
of  NH4 + in the interlayer should result in a basal spac- 
ing near 12.4 A (Suquet et al  1977; Kloprogge et al  
1993a) comparable to K +. Saturation with ethylene 
glycol resulted in an expansion o f  the basal spacing to 
a value of  approximately 17.0 A. Therefore, only the 
beidellite from E727-2 containing glycine is thought to 
be a real ammonium-beidel l i te .  Glycine can be con- 
sidered to be a zwitterion forming a H3N+CH2COO - 
in solution reacting to NH4 + + HOCH2COO-.  Hy- 
droxy-acetic acid lowers the pH slightly and is a well 
known ligand for metals like Si forming stable five- 
rings (personal comment ,  K. Timmer),  e.g., 
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Figure 1. XRD patterns of  a) E725: beidellite + NH4-an- 
alcime + NH4A1F4; b) E727-2: ammonium beidellite and c) 
E726-1: beidellite + NH4-analcime. B = beidellite, A = am- 
monium analcime, F = NH4A1F4. 
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T h e  smal l e r  basa l  spac ings  in  the  o t h e r  e x p e r i m e n t s  
i nd i ca t e  the  p resence  o f  H + ins tead .  T h e  use o f  
[NH4]3AIF6 a n d  glycine resul t s  in  the  h ighes t  crys ta l l ine  
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Figure 2. IR spectra of E726-1: beidellite + NH4-analcime 
and E727-2: NH4-beidellite. 

beidel l i te .  In  the  first case i t  can  be  exp la ined  by  the  
par t ia l  r e p l a c e m e n t  o f  the  clay hydroxy l  g roups  by  F -  
fo l lowing the  b r e a k d o w n  reac t ion  o f  [NH4LA1F6_ 
NH4A1F4 + 2 F -  + 2NH4 +. In  the  s econd  case the  
lower ing  o f  the  p H  f rom nea r  neu t r a l  to  sl ightly acidic  
is t h o u g h t  to  p r o h i b i t  t he  f o r m a t i o n  o f  a n a l c i m e  re- 
su i t ing  in  the  i n c o r p o r a t i o n  o f  the  a m m o n i u m  in the  
beidel l i te .  

The  in f ra red  spect ra  (Figure 2) are no t  ve ry  infor-  
m a t i v e  due  to ove r l ap  o f  the  a b s o r p t i o n  m a x i m a  o f  the  
va r i ous  phases  p re sen t  in  each  run.  T h e  NH4 abso rp -  
t ion  m a x i m a  can  easily be  d i s t i ngu i shed  as a b r o a d  
peak  be tween  33 ,240 a n d  3100  c m  - t ,  a s h o u l d e r  at  
3020  c m -  ~ a n d  a b r o a d  d o u b l e t  a t  1430 a n d  1400 c m -  ~. 
These  va lues  agree well w i th  those  o b s e r v e d  for  a m -  
m o n i u m - s a p o n i t e  b u t  are sys temat ica l ly  sh i f ted  to-  
wa rds  lower  w a v e n u m b e r s  c o m p a r e d  to tobel i te ,  a n  
a m m o n i u m - m i c a  ( V o n c k e n  et al 1987, Kloprogge  et 
al 1993a). T h e  NH4-be ide l l i t e  sample  E 727-2  shows  
a m o r e  d i s t inc t  be idel l i te  pa t t e rn  in the  range  be tween  
1100 a n d  400  c m  - l  w i th  peaks  at  1100, 1040, 938,  
888,  810,  627,  537, a n d  4 8 0 - 4 6 5  c m  -~, w h i c h  agree 
well  w i th  the  I R  da t a  o f  syn the t i c  be idel l i te  p u b l i s h e d  
by  Kloprogge  et al (1990a).  

Table 1. Results and conditions of the experiments performed at 1 kbar. 

Sample T (*(7) NH4 source pH (start) Products 

E718-1 250 urea (1 M) 9.27 trace beideUite (10.4 A) ~ + amorphous 
E718-2 250 NH4OH (25%) 14.12 amorphous 
E718-3 250 NH4CI (1 M) 5.60 trace kaolinite + amorphous 
E722-1 250 urea (2 M) 9.60 amorphous 
E723 250 NH4OH (6.5%) 12.57 amorphous 
E725 250 [NH4]3AIF62 -- traces beidellite (10.3 A), NH4-analcime, NH4AIF, + amorphous 

E726-1 350 [NH4]3AIF6 -- beidellite (10.7/~) + NH4-analcime 
E726-2 350 urea (1 M) 9.27 beidellite (10.5/~) + NH4-analcime 
E726-3 350 NH4OH (6.5%) 12.57 beidellite (10.8/~) + NH4-analcime 
E727-2 350 glycine (2 M) 6.84 beidellite (12.4 A) 

Numbers  in parentheses represent the basal spacing observed by XRD. 
2 Only slightly soluble in water. 
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C O N C L U S I O N S  

H y d r o t h e r m a l  t r e a t m e n t  at  250~ does  on ly  succeed 
in the  c rys ta l l i za t ion  o f  H§  w h e n  us ing  u rea  
or  [NH4]3AIF6. Inc reas ing  the  t e m p e r a t u r e  to  350~ 
resul ts  first in  the  f o r m a t i o n  o f  a m m o n i u m - a n a l c i m e  
fo l lowed by  H +-beidel l i te .  T h e  h igh  crys ta l l in i ty  o f  the  
beidel l i te  in  the  [NH4]aAIF6 e x p e r i m e n t s  can  be  ex- 
p la ined  by  the  i n c o r p o r a t i o n  o f  f luor  a t  hydroxy l  sites. 
the  f o r m a t i o n  o f  NH4-be ide l l i t e  in  the  glycine exper-  
i m e n t  is exp l a ined  by  the  slightly ac id ic  fluid p r oh i b -  
i t ing a n a l c i m e  fo rma t ion .  
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