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1. In troduc ti on 
Zeolites are  hydrated, crystal l ine aluminosilicates w i t h  a lkal i  and 

alkaline earth metals substituted i n t o  cation vacancies (Equation A )  
4 

M Z / n  0-A1 203-XSi 02-YH20 A 

They have a uniform internal channel system which makes them ideal for 
use as catalysts  and adsorbents. Presently zeolite materials consti tute a 1-2 
m i  11 i o n  dol lar/year business. Typically zeol i te  crystals  are  3-8 um a1 ong 
the i r  character is t ic  dimension (e.g., edge). Larger zeol i te  crystals  are 
desirable. Large crystals  w i  11 allow more detail  characterization of their 
complex crystal structures.  Also, they w i  11 help improve reactor performance, 
may be used as membrane separators, and they should  enhance basic studies i n  
molecular d i f f u s i o n  i n  zeoli tes.  

Large zeol i t e  crystals  have been produced (1 00-200 um) ; however, they 
have taken res t r ic t ive ly  long times to  grow. I t  has been proposed i f  the ra te  
of nucleation or i n  some other way the number of nuclei can be lowered, fewer, 
larger c rys ta l s  will be formed. 
provide an ideal condition to  achieve rapid growth of large zeol i te  crystals  
(e.g., > lo0  um) .  
nucleation, by l i m i t i n g  crystal movement by suspension i n  the zero gravity 
environment, fewer c rys ta l s  will form, b u t  they will grow larger.  The 
objective of the project is  to  establish i f  large zeol i te  crystals  can be 
formed rapidly i n  space. 

The microgravity environment of space may 

Since se t t l i ng  crystals  are believed t o  cause secondary 

2. Experimental Procedure 

example o f  this procedure i s  i l lus t ra ted  i n  Figure 1. 
Metasilicate solution i s  mixed w i t h  an aqueous Sodium Aluminate s o l u t i o n  which 

The experimental procedure for  making zeol i tes  is  s t r a igh t  forward. An 
An aqueous Sodium 
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forms a ''gel''. T h i s  gel i s  poured i n t o  a teflon lined stainless steel or  
aluminum vessel (autoclave). The autoclave i s  then heated t o  the desired 
temperature and held a t  the temperature f o r  the required time. The resulting 
mixture i s  filtered and the crystal structure of the crystals  formed are 
characterized u s i n g  X-ray diffraction. For the space shuttle, this procedure 
i s  only moderately altered. The solutions are premixed and s tored i n  a 
specially designed autoclave. T h i s  system i s  designed t o  heat up the reaction 
vessel r a p i d l y  t o  the desired temperature and maintain the temperature for up 
t o  72 hours. Analysis of the product (crystals) will be performed on return 
t o  earth. 

3. Zeolite Selection and Preliminary Results 
There are 44 species of natural zeolites and as many as 150'synthetic 

zeolites. The i n i t i a l  selection criterion used t o  determine which zeolite 
should  f l y  was as follows: 

A. Material of industrial interest 
B. Must achieve a t  least 40% crystallization w i t h i n  72 hours 
C. Reaction temperature must n o t  exceed 393K 

D. The "gel" m u s t  be unreactive a t  temperatures below 308K f o r  up t o  

90 days. 
E. No r a p i d  phase transformations a t  393K or on slow cooling 
Criteria B-E were the direct or  indirect result of NASA requirements. 

For example, NASA wil l  only guarantee a f l i g h t  of 72 hours duration. T h u s ,  
the experiment must be complete i n  t h a t  time. The internal pressure was not 
t o  exceed one atmosphere. T h i s  limited the mostly water solution t o  a maximum 
temperature of 393K. Since launch delays could be as long as 90 days, the 
premixed system must no t  substantially sett le or react i n  that time while a t  
ambient temperature. Also, post f l i g h t  delays require the typ ica l ly  
metastable zeolites n o t  t o  transform rapid ly  t o  a more stable form on cooling. 
After a detailed literature survey and some experimentation, zeolite A was 
chosen . 
zeolite A a t  three temperatures. As shown, a t  a l l  three temperatures, 100% 
crystallization i s  reached i n  72 hours. The intermediate temperature of 369K 

was chosen. A t  this temperature the system's vapor pressure i s  less than 1 

Figure 2 i s  a p l o t  of percentage crystallization versus reaction time for 
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atmosphere and the r e a c t i o n  r a t e  i s  s t i l l  high. 

It i s  known t h a t  i f  one suspends a c r y s t a l  i n  so lu t ion ,  i t  depletes l o c a l  
n u t r i e n t s  and the growth r a t e  i s  slowed. The e f f e c t  o f  t h i s  phenomenon was 

tes ted  on z e o l i t e  A by sys temat ica l l y  adding more and more water ( d i l u t i n g  the 

reac t i on  mixture) .  F igure 3 i s  a p l o t  o f  c r y s t a l  s i ze  versus the moles 

H20/moles A1203 r a t i o  f o r  z e o l i t e  A a t  369K f o r  24 hours. As shown, the more 

d i l u t e  the so lu t ion ,  the grea ter  the average and maximum c r y s t a l  s ize.  The 
r a t e  i s  l i n e a r  f o r  bo th  the average and the maximum c r y s t a l  sizes, and i t  i s  
about 1-1.5 pm/100 moles H20. 

a problem. 

Triethanolamine (TEA) t o  z e o l i t e  A so lu t ions .  This  was done t o  enhance the 

growth o f  l a rge  z e o l i t e s  as we l l  as t o  prov ide a suspending mix tu re  t o  he lp  

stop s e t t l i n g  du r ing  the prelaunch phase. As i n d i c a t e d  i n  F igure 4(a), both 
the maximum and average c r y s t a l  s i z e  were increased by adding TEA up t o  a 
TEA/H20 r a t i o  o f  1 . 8 3 ~ 1 0 ~ ~ .  A f t e r  t h i s  value c r y s t a l  s ize  decreased. The 

reason f o r  the maximum i s  s t i l l  under i nves t i ga t i on .  However, growth i s  

d e f i n i t e l y  enhanced when s e t t l i n g  i s  hindered. Also, the dark symbols 
i n d i c a t e  the e f f e c t  o f  f i l t e r i n g  the  i n i t i a l  reactants .  Upon f i l t e r i n g ,  

secondary nuc lea t ion  p o i n t s  are e l im ina ted  r e s u l t i n g  i n  fewer l a r g e r  c rys ta l s .  

A t  the present  time, t h i s  i s  n o t  a n t i c i p a t e d  as 

F igure 4 shows two p lo t s .  One i l l u s t r a t e s  the systematic a d d i t i o n  o f  

Also shown i n  F igure 4(b) i s  the e f f e c t  o f  a pre launch*delay.  

o f  experiments t o  those presented i n  F igure 4(a) was performed. 

these so lu t i ons  were he ld  a t  room temperature f o r  45 days p r i o r  t o  reac t i on  a t  

369K f o r  72 hours. 

Add i t iona l  work t o  improve t h i s  performance i s  p resen t l y  be ing done. 

A simiTar s e t  

However, 

As shown s e t t l i n g  i s  hindered b u t  n o t  e l iminated.  

4. Concl u s i  ons 

suggest the f o l l o w i n g  conclusions: 
These r e s u l t s  as w e l l  as others, n o t  inc luded f o r  the sake o f  b rev i t y ,  

A. Z e o l i t e  A i s  a v i a b l e  candidate f o r  t e s t i n g  i n  space. 

B. Triethanolamine, TEA, helps i n  the  growth o f  l a rge  c rys ta l s .  

C. F i l t e r i n g  the reac tan ts  helps i n  the growth o f  l a rge  c rys ta l s .  

D. S h e l f - l i f e  experiments suggest TEAlzeol i te  A so lu t i ons  may n o t  

be s u b s t a n t i a l l y  a f f e c t e d  by a 90 day delay t o  launch. 
E. A t  p ro jec ted  growth rates, z e o l i t e  c r y s t a l s  over 100 should form. 
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