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ABSTRACT 

T h e r m a l d e c o m p o s i t i o n i n a s h a l l o w bed o f i r o n p e n t a c a r b o n y l a d s o r b e d on 

N a Y - z e o l i t e i s a c h i e v e d u n d e r vacuum a l r e a d y a t 370 Κ w i t h l o w h e a t i n g r a t e s . 

D e c o m p o s i t i o n u n d e r f a s t h e a t i n g i n i n e r t gas and f l u i d i z e d s h a l l o w bed c o n 

d i t i o n s can be c o m p l e t e d w i t h i n a f e w m i n u t e s a t c a . 500 K. Z e o l i t e s u p p o r t e d 

i r o n c l u s t e r s o b t a i n e d by t h e s e t e c h n i q u e s a r e c h a r a c t e r i z e d v i a e v a l u a t i o n o f 

t h e r e s p e c t i v e m a g n e t i c i s o t h e r m s t a k e n w i t h a F o n e r m a g n e t o m e t e r a t 4.2 K. 

Low t e m p e r a t u r e / v a c u u m as w e l l as h i g h t e m p e r a t u r e / i n e r t gas t h e r m o l y s i s g i v e s 

i r o n c l u s t e r s y s t e m s w i t h a t l e a s t 70 t o 90 w t - % s m a l l e r t h a n 1 nm. 

INTRODUCTION 

S e v e r a l e f f o r t s have been made i n o r d e r t o i n v e s t i g a t e p a r t i c l e s i z e e f f e c t s 

1 2 3 4 
i n c a t a l y s i s ' ' . I n p a r t i c u l a r , i r o n s y s t e m s used i n ammonia s y n t h e s i s and 

5 
C 0 - h y d r o g e n a t i o n r e a c t i o n s a r e o f i n d u s t r i a l i n t e r e s t . 

S i n c e z e o l i t e s a r e c r y s t a l l i n e and have w e l l d e f i n e d p o r e s t r u c t u r e , v a r i 

a b l e e l e c t r o n i c ^ and s o l v o l y t i c p r o p e r t i e s , t h e y a r e s u i t a b l e s u p p o r t s f o r 

model c a t a l y s t s . 

I n attempt to overcome d i f f i c u l t i e s i n the preparation of iron zeolites by 
c l a s s i c a l r e d u c t i o n t e c h n i q u e s s u c h as d e c r e a s e d r e d u c i b i l i t y o f i r o n e x c h a n g e d 

s a m p l e s o r c o n t a m i n a t i o n o f t h e m e t a l phase u s i n g a l k a l i m e t a l s as r e d u c t a n t s , 

t h e d e c o m p o s i t i o n o f p r e a d s o r b e d i r o n p e n t a c a r b o n y l was s t u d i e d i n d e t a i l ^ . The 

a i m o f t h e s e i n v e s t i g a t i o n s i s t o d i s p o s e o f i r o n model c a t a l y s t s w i t h d e f i n e d , 

n a r r o w p a r t i c l e s i z e d i s t r i b u t i o n . 

A d s o r p t i o n e q u i l i b r i u m b e t w e e n F e ( C 0 ) r and d i f f e r e n t l a r g e p o r e z e o l i t e s 

8 9 

was s t u d i e d by g r a v i m e t r i c and I R - s p e c t r o s c o p i c t e c h n i q u e s ' , w h e r e a s t h e r m a l 

d e c o m p o s i t i o n was f o l l o w e d by t h e r m o g r a v i m e t r i c and I R - s p e c t r o s c o p i c
1

^ m e t h o d s . 

11 

The e f f e c t o f p r e p a r a t i o n c o n d i t i o n s on i r o n p a r t i c l e s i z e w i l l be r e p o r t e d 

i n t h e p r e s e n t s t u d y i n g r e a t e r d e t a i l . The i n f l u e n c e o f d i f f e r e n t h e a t i n g 

r a t e s i n a f l u i d i z e d s h a l l o w bed r e a c t o r on i r o n p a r t i c l e s i z e w a s s t u d i e d by 

m a g n e t i c m e t h o d s . 
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EXPERIMENTAL 

M a t e r i a l s 

S y n t h e t i c NaY(FAU) w i t h S i / A l = 2.46 f r o m S t r e m C h e m i c a l s was t r e a t e d w i t h 

0.1 Μ NaCl s o l u t i o n , w a s h e d , a i r - d r i e d and s t o r e d o v e r s a t u r a t e d NH^Cl s o l u 

t i o n t o e n s u r e c o n s t a n t h u m i d i t y . B e f o r e l o a d i n g w i t h F e ( C 0 ) r , t h e z e o l i t e was 

-3 
d e g a s s e d i n t h e r e a c t o r a t 670 Κ f o r 36 ks a t 10 Pa, w i t h a h e a t i n g r a t e o f 

_ ι 

0.033 Ks . I r o n p e n t a c a r b o n y l f r o m V e n t r o n ( 9 9 . 5 % ) was c o l d l y d i s t i l l e d i n t h e 

d a r k and s t o r e d i n a s t a i n l e s s s t e e l t u b e o v e r m o l e c u l a r s i e v e 5A. 

Gas d o s i n g s y s t e m and r e a c t o r 

A s t a i n l e s s s t e e l gas d o s i n g s y s t e m w i t h m e t a l / v i t o n v a l v e s , c o n n e c t e d t o a 

q u a r t z r e a c t o r , a l l o w e d ^ c o n t r o l l e d d e g a s s i n g o f t h e h y d r a t e d z e o l i t e s u n d e r 

h i g h vacuum ( 1 0 P a ) , l o a d i n g o f t h e z e o l i t e s w i t h p u r i f i e d d r y v a p o r o f 

F e ( C O ) ^ , t h e r m a l and p h o t o c h e m i c a l d e c o m p o s i t i o n o f t h e a d d u c t s i n a s h a l l o w 

f l u i d i z e d bed and s a m p l e p r e p a r a t i o n i n i n e r t a t m o s p h e r e f o r m a g n e t i c m e a s u r e 

m e n t s and M ö s s b a u e r s p e c t r o s c o p y . 

A f t e r c o o l i n g 180 - 450 mg o f d e h y d r a t e d z e o l i t e i n t h e q u a r t z r e a c t o r w i t h 

a 20 χ 50 mm h o r i z o n t a l bed s e c t i o n , i r o n c a r b o n y l was f r o z e n i n l i q u i d a i r , 

d e g a s s e d and a l l o w e d t o warm up t o 273 K, and f i n a l l y c o n t a c t e d w i t h t h e z e o 

l i t e s a m p l e . An e q u i l i b r i u m p r e s s u r e o f 870 Pa s a t u r a t e d t h e z e o l i t e p o r e 

9 

s y s t e m . A f t e r 14 k s , t h e s y s t e m was e v a c u a t e d f o r one h o u r . S u b s e q u e n t l y , t h e 

a d d u c t s w e r e decomposed t h e r m a l l y u n d e r vacuum o r i n h e l i u m g a s , u s i n g a v e r y 

f a s t h e a t i n g p r o c e d u r e ( " s h o c k " h e a t i n g ) . The l a t t e r was a c h i e v e d by d i p p i n g 

t h e f r o z e n r e a c t o r i n t o a m e t a l b a t h a t 490 K. 
i 

The f l u i d i z e d bed was g e n e r a t e d by a h o r i z o n t a l v i b r a t i o n o f t h e r e a c t o r 

w i t h ν = 50 Hz and a b o u t 1 mm a m p l i t u d e . 

M a g n e t i z a t i o n m e a s u r e m e n t s 

A b o u t 20 mg o f i r o n z e o l i t e s a m p l e was p r e s s e d w i t h a q u a r t z r o d i n t o a 

q u a r t z t u b e ( 2 . 5 mm d i a m e t e r ) u n d e r v a c u u m , s e a l e d o f f and i n t r o d u c e d i n t o t h e 

h e l i u m c r y o s t a t e ( J a n i s ) o f a F o n e r v i b r a t i n g s a m p l e m a g n e t o m e t e r ( P . A . R . ) . 

The m a g n e t i z a t i o n c u r v e was t a k e n a t 4.2 Κ i n m a g n e t i c f i e l d s up t o 6 T. 

The m a g n e t o m e t e r was c a l i b r a t e d w i t h a p u r e Ni m e t a l s a m p l e and c o r r e c t i o n s 

f o r s a m p l e h o l d e r and q u a r t z t u b e w e r e t a k e n i n t o a c c o u n t . 

M o s t s a m p l e s d i d n o t show h y s t e r e s i s . T h e r e f o r e , t o a f i r s t a p p r o x i m a t i o n , 

t h e e v a l u a t i o n o f t h e m a g n e t i c i s o t h e r m s was c a r r i e d o u t i n t e r m s o f s u p e r p a r a -

m a g n e t i s m . T h i s i m p l i e s t h a t t h e m a g n e t i c m e a s u r i n g t i m e i s s u f f i c i e n t f o r che 

a t t a i n m e n t o f s p i n e q u i l i b r i u m , p a r t i c l e a n i s o t r o p y , p a r t i c l e i n t e r a c t i o n a nd 

c h e m i c a l l y i n h o m o g e n e o u s phases c an be n e g l e c t e d . 

U n d e r t h e s e a s s u m p t i o n s , t h e n u m e r i c a l r e c o n s t r u c t i o n o f t h e m a g n e t i c i s o -

12 13 
t h e r m s by a sum o f d i f f e r e n t L a n g e v i n - o r B r i l l o u i n - f u n c t i o n s g i v e s a p p r o -
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x i m a t e d w e i g h t f r a c t i o n s o f p a r t i c l e s w i t h d i f f e r e n t s i z e s o r c l u s t e r s p i n 

q u a n t u m n u m b e r s , I , r e s p e c t i v e l y . 

The B r i l l o u i n f u n c t i o n 

B j ( x ) = M/M^ =
 2 I

2
| - c o t h

 2 I

2
*
 1

 χ - c o t h x , 

w i t h χ = ΙςμβΒ/kT a p p l i e s to p a r t i c l e s w i t h a s m a l l m a g n e t i c moment. 

(M = m a g n e t i z a t i o n , = s a t u r a t i o n m a g n e t i z a t i o n , I = c l u s t e r s p i n q u a n t u m 

n u m b e r , g = Lande f a c t o r , μ^ = B o h r ' s m a g n e t o n , Β = m a g n e t i c f i e l d , k = B o l t z -

mann's c o n s t a n t , Τ = t e m p e r a t u r e ) 

I n attempt to obtain the saturation m a g n e t i z a t i o n Μ , t h e i r o n c o n t e n t o f t h e 

s a m p l e s was d e t e r m i n e d by X - r a y f l u o r e s c e n c e and n e u t r o n a c t i v a t i o n t e c h n i q u e s . 

The t o t a l r e l a t i v e e r r o r i n i r o n w e i g h t i s + 1 5 % . 

RESULTS AND DISCUSSION 
_ ι 

D i f f e r e n t h e a t i n g r a t e s i n t h e r a n g e b e t w e e n 0.0025 and a b o u t 10 Ks were 

u s e d d u r i n g t h e r m o l y s i s o f c a r b o n y l / F A U - a d d u c t s . 

The s a m p l e t o w h i c h t h e s l o w e s t h e a t i n g r a t e was a p p l i e d ( F A U / 0 . 0 0 2 5 ) , was 

t r e a t e d i n a s t a t i c bed u n d e r v a c u u m , b e c a u s e v e r y s l o w h e a t i n g u n d e r i n e r t gas 

c o n d i t i o n s may g i v e an i n h o m o g e n e o u s l y d i s t r i b u t e d i r o n p h a s e . 

A l l o t h e r s a m p l e s w e r e decomposed u n d e r f l u i d i z e d b ed c o n d i t i o n s i n h e l i u m 

a t m o s p h e r e . The r e s p e c t i v e d e c o m p o s i t i o n p a r a m e t e r s a r e g i v e n i n t a b l e 1 . The 

r a t e and d e g r e e o f d e c o m p o s i t i o n c an be m o n i t o r e d f o l l o w i n g t h e gas p r e s s u r e . 

TABLE 1 . T h e r m o l y s i s o f F e ( C 0 )
5
/ F A U - a d d u c t s u n d e r f l u i d i z e d s h a l l o w bed 

c o n d i t i o n s
3 

Sample H e a t i n g F i n a l H e a t i n g H e l i u m - O u t g a s s - I r o n Amount 

r a t e / Temp. p e r i o d a t p r e s s u r e 
b 

m g c o n t e n t CO/% 

Ks '
1 

Τ /Κ 
max W

k s /kPa ks / w t - % 

F / 0 . 0 0 2 5
d 

0.0025 373 18 10"
2

Pa 5.2 
_ 

F/0.33 0.33 490 0.24 48 50 5.3 88 

F/S c a . 10 490 0.36 80 54 3.9 88 

a

T h e s e p r e p a r a t i o n s w e r e c a r r i e d o u t w i t h a m o u n t s o f d r y z e o l i t e r a n g i n g f r o m 

.185 t o 444 mg. -

°At 373 Κ and 1 0 "
J

 Pa. 

Amount o f CO g e n e r a t e d w i t h r e s p e c t t o t h e t h e o r e t i c a l amount e x p e c t e d f o r an 

i n i t i a l l o a d i n g o f 30 w t - % Fe(CO),-. 

d 
T h i s s a m p l e was decomposed u n d e r s t a t i c bed c o n d i t i o n s . 

-1 
R e p r e s e n t a t i v e p r e s s u r e c u r v e s o b t a i n e d a t d e c o m p o s i t i o n r a t e s o f 0.33 Ks 
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( s a m p l e F/0.33) and " s h o c k " h e a t i n g ( s a m p l e F / S ) , r e s p e c t i v e l y , a r e shown i n 

f i g . 1 . 

100-1 

F i g . 1 . Gas e v o l u t i o n c u r v e s d u r i n g t h e r m a l d e c o m p o s i t i o n o f Fe(C0)^/FAU-

a d d u c t u n d e r f l u i d i z e d bed c o n d i t i o n s . 
_ 1 

A, w i t h a h e a t i n g r a t e o f 0.33 Ks , s a m p l e F/0.33; 

B, w i t h s h o c k h e a t i n g ( s a m p l e F / S ) ; p a r a m e t e r s see t a b l e 1 . 

I n t h e f i r s t c a s e , t h e gas e v o l u t i o n r a t e c l e a r l y a l l o w s us to divide the de-
c a r b o n y l a t i o n p r o c e s s i n t o t h r e e d i s t i n c t r e g i o n s : t w o z o n e s of s l o w gas e v o 

l u t i o n a r e s e p a r a t e d . b y a f a s t r e a c t i o n ( f i g . 1 a ) . The l a t t e r i s a c c o m p a n i e d 

by t h e t y p i c a l c o l o r c h a n g e f r o m i v o r y - l i k e t o b l a c k . 

O b v i o u s l y , t h i s c u r v e r e s e m b l e s t h o s e o b t a i n e d d u r i n g t h e r m o g r a v i m e t r i c e x -
o i n 

p e r i m e n t s w i t h s i m i l a r F e ( C 0 )
5
/ z e o l i t e a d d u c t s ' and c o n f i r m s i n d e p e n d e n t l y 

t h e p i c t u r e o f a f a s t , e n d o t h e r m i c r e a c t i o n , s p l i t t i n g o f f t h e m a i n c a r b o n y l 

f r a c t i o n t o g i v e r e l a t i v e l y t h e r m o s t a b l e , h i g h l y u n s a t u r a t e d p o l y n u c l e a r c a r 

b o n y l c l u s t e r s . 

I f i n c o n t r a s t t h e a d d u c t i s h e a t e d by a t e m p e r a t u r e s h o c k , t h e s l o w gas 

e v o l u t i o n p r i o r t o t h e m a i n r e a c t i o n i s m i s s i n g ( f i g . 1 b ) . 

Q u a n t i t a t i v e i n t e r p r e t a t i o n o f t h e s e v o l u m e t r i c d a t a shows t h a t d e c a r b o n y l -

s t i o n o c c u r s i n a r e p r o d u c i b l e and c o m p l e t e manner ( t a b l e 1 ) , i r r e s p e c t i v e o f 

t h e h e a t i n g r a t e and t h e amount o f s a m p l e . 

C h a r a c t e r i z a t i o n o f t h e t h e r m a l l y decomposed s a m p l e s was done v i a e v a l u a -
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t i o n o f t h e r e s p e c t i v e m a g n e t i z a t i o n c u r v e s a t Τ = 4.2 K. A r e p r e s e n t a t i v e 

c u r v e ( F / 0 . 3 3 ) i s d e p i c t e d i n f i g . 2 , w h e r e a s t h e r e s u l t s f o r o t h e r s a m p l e s 

a r e g i v e n i n t a b l e 2 . As can be seen f r o m t a b l e 2 , i n m o s t c a s e s one s i n g l e 

magnetic f i e l d / Τ 

F i g . 2 . M a g n e t i z a t i o n c u r v e o f s a m p l e F/0.33 a t Τ = 4.2 Κ, f i t t e d by one 

B r i l l o u i n f u n c t i o n w i t h I = 3 6 . P a r a m e t e r s see t a b l e 1 and 2 . 

B r i l l o u i n f u n c t i o n s u f f i c e s t o f i t t h e e x p e r i m e n t a l m a g n e t i z a t i o n c u r v e . Under 

t h e a s s u m p t i o n s m e n t i o n e d i n t h e e x p e r i m e n t a l s e c t i o n , t h e r e s u l t s a l l o w us to 

c o n c l u d e t h e f o l l o w i n g : 

- T h e r m o l y s i s o f F e ( C O ) ^ / F A U - a d d u c t s g i v e s i r o n p a r t i c l e s y s t e m s w i t h s u p e r 

p a r a m a g n e t i c b e h a v i o r . In attempt to determine the mass f r a c t i o n o f t h e s u p e r 

p a r a m a g n e t i c p a r t i c l e s , t h e e x p e r i m e n t a l s a t u r a t i o n m a g n e t i z a t i o n Μ was 

6 -1 °sexp 
r e l a t e d t o t h e b u l k v a l u e ( M

o o
(4.2 K) = 1.752-10 Am ) . The s u p e r p a r a m a g n e t i c 

f r a c t i o n q = Μ /Μ i s f o u n d t o be 1 0 0 % , w i t h i n t h e e r r o r o f t h e i r o n c o n -
°°,exp co 

t e n t , f o r a l l s a m p l e s . 

- The m a i n f r a c t i o n o f t h e p a r t i c l e s y s t e m shows m a g n e t i c moments c o r r e s p o n d 

i n g t o c l u s t e r s w i t h l i n e a r d i m e n s i o n s b e l o w 1 nm. 

- The mean c l u s t e r s i z e seems t o be n e a r l y i n d e p e n d e n t o f t h e h e a t i n g r a t e 

a p p l i e d t o t h e f l u i d i z e d s h a l l o w bed ( s a m p l e s F / 0 . 1 7 , F / 0 . 3 3 , F / S ) . I t can be 

assumed t h a t f a s t h e a t i n g u n d e r i n e r t gas p r e v e n t s t h e s a m p l e s e f f e c t i v e l y 

f r o m s i n t e r i n g - e v e n a t t h e c o n s i d e r a b l y h i g h f i n a l t e m p e r a t u r e s w h i c h a r e 
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used t o c o m p l e t e t h e d e c o m p o s i t i o n . 

- I r o n c l u s t e r s i z e s o b t a i n e d by v e r y s l o w h e a t i n g up t o 373 Κ u n d e r vacuum 

( s a m p l e F/0.0025) a r e c o m p a r a b l e t o t h o s e o f t h e i n e r t g a s / f a s t h e a t i n g 

s a m p l e s d i s c u s s e d a b o v e . 

- S e p a r a t e t e s t i n g o f t h e a p p l i e d f i t p r o c e d u r e p r o v i d e d e s t i m a t e d v a l u e s f o r 

f r a c t i o n s o f m a g n e t i c a l l y b l o c k e d p a r t i c l e s , w h i c h s t i l l do n o t change s i g n i 

f i c a n t l y t h e s a m p l e ' s m a g n e t i z a t i o n c u r v e a t Τ = 4.2 Κ. A t t h i s t e m p e r a t u r e , 

t h e u s e d m a g n e t i c p a r t i c l e s i z e d e t e r m i n a t i o n i s i n s e n s i t i v e t o f r a c t i o n s 

o f g r e a t e r p a r t i c l e s ( i . e . g r e a t e r t h a n a b o u t 3 nm) b e l o w 20 w t - % . S i n c e 

t h e s e p a r t i c l e s c o n t a i n more t h a n 10^ a t o m s , t h e i r t o t a l number s h o u l d be 

n e g l i g i b l e . 

A d d i t i o n a l c h a r a c t e r i z a t i o n o f t h e i r o n / z e o l i t e s y s t e m s was o b t a i n e d i n a 

19 

r e c e n t M o s s b a u e r s p e c t r o s c o p i c s t u d y . A t y p i c a l b u l k i r o n h y p e r f i n e s p l i t t 

i n g o f c o m p a r a b l e s a m p l e s a t room t e m p e r a t u r e i n d i c a t e s t h a t s p i n e q u i 1 i b r i u m 

-9 
i s n o t a t t a i n e d i n t h e t i m e d o m a i n o f t h e M o s s b a u e r e f f e c t ( 1 0 s ) . 

TABLE 2 . C l u s t e r s p i n q u a n t u m number d i s t r i b u t i o n o f t h e r m a l l y decomposed 

F e ( C 0 ) ^ / F A U - a d d u c t s , d e r i v e d f r o m B r i l l o u i n - f i t s . 

Sample I
a 

Number o f 

a t o m s
b

/ Ν 

p a r t i c l e s i z e
c 

V
1 / 3

/nm 

w e i g h t f r a c t i o n
e

/ 

% 

q - v a l u e / 

% 

F/0.0025 35 35 0.74 100 107 

F/0.33 36 36 0.75 100 111 

F/S 43 43 0.80 100 117 

a 14 
^A L a n d e - f a c t o r g = 2.06 was used i n t h e a r g u m e n t o f t h e B r i l l o u i n f u n c t i o n . 

c
T h e number o f atoms e q u a l s I , s i n c e t h e value of 1=1 p e r a t o m was a s s u m e d . 

P a r t i c l e s i z e was c a l c u l a t e d a s s u m i n g bcc s t r u c t u r e and a t o m i c r a d i u s o f i r o n 

d
t o be R = 0.124 nm, a c c o r d i n g t o V

1 / 3

 = 0 . 2 2 7 · Ν
1 / 3

 w i t h Ν = number o f a t o m s
1 5

. 

The q - v a l u e i n d i c a t e s t h e r a t i o b e t w e e n e x p e r i m e n t a l s a t u r a t i o n m a g n e t i z a t i o n 

Μ as d e r i v e d f r o m t h e B r i l l o u i n f i t and t h e b u l k v a l u e Μ ( 4 . 2 Κ) = 
°°,exp c ι

 0 0 

e
1 . 7 5 2 . 1 0° Am*"

1

. 

Mass f r a c t i o n o f t h e r e s p e c t i v e d i s c r e t e p a r t i c l e s i z e f r a c t i o n . 

The p r e s e n c e o f a c e r t a i n amount o f larger p a r t i c l e s c o u l d be d e t e c t e d 

i n d e p e n d e n t l y by X - r a y d i f f r a c t i o n m e t h o d s . A w e a k , b r o a d l i n e was f o u n d w i t h 

t h e d - v a l u e o f t h e ct-Fe d ^ Q - l i n e . L i n e b r o a d e n i n g a l l o w e d us to estimate the 

mean p a r t i c l e s i z e o f t h i s f r a c t i o n t o be <T = 30 n m ± 2 0 nm - i n c l u d i n g Gauss-

and C a u c h y - l i n e p r o f i l e i n t o t h e c a l c u l a t i o n . T r a n s m i s s i o n e l e c t r o n m i c r o 

g r a p h s o f c o m p a r a b l e s a m p l e s i n d i c a t e t h a t t h e large p a r t i c l e s s t i c k to t h e 

1 ft 

o u t e r s u r f a c e o f t h e z e o l i t e c r y s t a l s . 

The f i n a l i r o n c o n t e n t o f t h e t h e r m a l l y decomposed F e ( C 0 )
5
/ F A U - a d d u c t s i s i n 

t h e r a n g e b e t w e e n 3 and 6 w t - % o f d r y z e o l i t e , i n d i c a t i n g a t o t a l i r o n l o s s 
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o f a b o u t 5 0 % w i t h r e s p e c t t o t h e o r i g i n a l i r o n c a r b o n y l l o a d i n g ( a f t e r de

g a s s i n g s a t u r a t e d a d d u c t s a t Τ = 295 Κ, an i r o n l o a d i n g o f c a . 9 w t - % r e -

8 9 
m a i n s on FAU ' ) . T h i s r e l a t i v e l y h i g h i r o n c o n t e n t e x c e e d s by f a r t h o s e ob-

17 18 
t a i n e d on γ-ΑΙ^Ο^ o r g r a p h i t e . 

CONCLUSION 

The t h e r m a l d e c o m p o s i t i o n o f z e o l i t e a d s o r b e d i r o n p e n t a c a r b o n y l was s t u d i e d 

i n a q u a r t z r e a c t o r u n d e r f l u i d i z e d s h a l l o w bed c o n d i t i o n s . 

M a g n e t i c i s o t h e r m s o f t h e r e s p e c t i v e s a m p l e s t a k e n i n a F o n e r m a g n e t o m e t e r 

u n d e r i n e r t c o n d i t i o n s w e r e e v a l u a t e d u s i n g a B r i l l o u i n f i t . 

T h e r m a l d e c o m p o s i t i o n o f t h e Fe( C O ) ^ / F A U - a d d u c t i s a c h i e v e d u n d e r vacuum 

a l r e a d y a t 370 Κ w i t h l o w h e a t i n g r a t e s , w h e r e a s d e c o m p o s i t i o n u n d e r f a s t 

h e a t i n g r a t e s c a n be c o m p l e t e d w i t h i n a f e w m i n u t e s a t c a . 500 K. Low tem

p e r a t u r e / v a c u u m as w e l l as h i g h t e m p e r a t u r e / i n e r t gas t h e r m o l y s i s g i v e s iron 

c l u s t e r s y s t e m s w i t h a t l e a s t 70 - 90 w t - % s m a l l e r t h a n 1 nm, i n d i c a t i n g 

t h e e f f e c t i v e p r e v e n t i o n f r o m s i n t e r i n g by h e a t i n g u n d e r f l u i d i z e d bed c o n 

d i t i o n s . 

A d d i t i o n a l c h a r a c t e r i z a t i o n o f t h e g e n e r a t e d i r o n z e o l i t e s by Mb s s b a u e r 

19 
s p e c t r o s c o p y , EXAFS and c a t a l y t i c t e s t i n g i s u n d e r w a y . 
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