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APPENDIX

1. Determination of Analcime Chemical Composition Using Atomic Absorption 
Spectroscopy

T h e  m o la r  r a t io  o f  S i /A l /N a  w a s  d e te r m in e d  f r o m  a to m ic  a b s o rp t io n  
s p e c t ro s c o p y .  A  s a m p le  o f  a n a lc im e  0 .3 0 0 4  g  w a s  d i s s o lv e d  in  1 0 0  m l o f  3 .8 4 %  
h y d r o f lu o r i c  a c id .
A n a lc im e  N a 2 0  A I 2 O 3 4 SiC >2 2 H 2 O

M a s s  (g )  S i ( p p m )  A1 ( p p m )  N a  ( p p m )
0 .3 0 0 4  1 6 0 0 .3 5  7 3 6 .2 0 9  61 1

O b s e r v e d  m o le s  r a t io  o f  A l :  S i: N a  =  1 : 2 .0 9 :  0 .9 8 5  
T h e o r e t ic a l  m o le s  r a t io  o f  A l :  S i: N a  =  1 : 2 :  1

2. Kinetic Analysis of Analcime Dissolution for Batch Experiments

E x p e r im e n ta l  C o n d i t io n s :
W e ig h t  o f  a n a lc im e  =  2  g  
H C l  c o n c e n t r a t io n  =  2  M  
V o lu m e  o f  H C 1 u s e d  =  3 0 0  m l 
T e m p e r a tu r e  =  2 5 ° C
S t i r r in g  r a te  = 1 1 0 0  r p m
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C a l ib r a t io n  C u rv e  o f  A lu m in u m

A B S

C a l ib r a t io n  C u rv e  o f  S i l i c o n

A B S



For Aluminum

T im e
( m in )

A B S C o n e , o f  A1 
( m g / 1)

V o lu m e  o f  
s o lv e n t  

in  e a c h  v i a l  ( 1)

A1 in  e a c h  v ia l  
(m g )

A c c . A1 
in  v i a l  (m g )

S o lv e n t
( 1)

T o t .  A1
d i s s o lv e d  (m g )

T o t .  A1 d i s o lv e d /g  
a n a lc im e  ( m m o lA l /g )

0 0 0 0 0 0 0 .3 0 0 0 0
1 0 .0 1 1 7 .2 0 9 7 3 0 .0 0 5 0 .0 3 6 0 4 8 6 5 0 .0 3 6 0 4 8 6 5 0 .2 9 5 2 .1 6 2 9 1 9 0 0 .0 4 0 0 5 4 0 5 6
3 0 .0 4 2 2 7 .5 2 8 0 6 0 .0 0 5 0 .1 3 7 6 4 0 3 0 0 .1 7 3 6 8 8 9 5 0 .2 9 0 8 .1 5 6 8 2 6 3 5 0 .1 5 1 0 5 2 3 4
5 0 .0 7 3 4 7 .8 4 6 3 9 0 .0 0 5 0 .2 3 9 2 3 1 9 5 0 .4 1 2 9 2 0 9 0 .2 8 5 1 4 .0 4 9 1 4 2 0 5 0 .2 6 0 1 6 9 2 9 7
7 0 .1 0 7 7 0 .1 3 1 0 1 0 .0 0 5 0 .3 5 0 6 5 5 0 5 0 .7 6 3 5 7 5 9 5 0 .2 8 0 2 0 .4 0 0 2 5 8 7 5 0 .3 7 7 7 8 2 5 6 9

1 0 0 .1 6 1 1 0 5 .5 2 4 2 3 0 .0 0 5 0 .5 2 7 6 2 1 1 5 1 .2 9 1 1 9 7 1 0 0 .2 7 5 3 0 .3 1 0 3 6 0 3 5 0  5 6 1 3 0 2 9 6 9

F o r  S i l i c o n

T im e
( m in )

A B S C o n e , o f  S i 
( m g / 1)

V o lu m e  o f  
s o lv e n t

in  e a c h  v ia l  ( 1)

S i  in  e a c h  v ia l  
(m g )

A c c . S i 
in  v i a l  (m g )

S o lv e n t
( 1)

T o t .  S i d i s s o lv e d  
(m g )

T o t .  S i d i s s o lv e d /g  
a n a lc im e  ( m m o lA l /g )

0 0 0 0 0 0 0 .3 0 0 0 0
1 0 .0 0 9 1 7 .7 5 8 8 0 .0 0 5 0 .0 8 8 7 9 4 0 .0 8 8 7 9 4 0 .2 9 5 5 .3 2 7 6 4 0 .0 9 4 8 3 1 6 1 3
3 0 .0 2 7 5 3 .2 7 6 4 0 .0 0 5 0 .2 6 6 3 8 2 0 .3 5 5 1 7 6 0 .2 9 1 5 .8 0 5 3 3 2 0 .2 8 1 3 3 3 7 8 4
5 0 .0 4 8 9 4 .7 1 3 6 0 .0 0 5 0 .4 7 3 5 6 8 0 .8 2 8 7 4 4 0 .2 8 5 2 7 .8 2 2 1 2 0 .4 9 5 2 3 1 7 5 5

Co
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P lo t  g r a p h  b e tw e e n  to ta l  a lu m in u m  d is s o lv e d  in  H C 1 s o lu t io n  a n d  t im e

Calculation of Initial Dissolution Rate of Aluminum

.’. I n i t i a l  d i s s o lu t io n  r a te  o f  a lu m in u m  =  0 .0 5 4 6  m m o l  A l /g -m in  
C a lc u la t io n  o f  I n i t ia l  D i s s o lu t io n  R a te  o f  S i l i c o n

P lo t  g r a p h  b e tw e e n  to ta l  s i l ic o n  d i s s o lv e d  in  H C 1 s o lu t io n  a n d  t im e

I
CO

๐
(75

.’. I n i t i a l  d i s s o lu t io n  r a te  o f  s i l ic o n  =  0 .1 0 4 4  m m o l S i/g -m in
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T h e  s p e c i f i c  r a te  c o n s ta n ts  fo r  th e  d i s s o lu t io n  o f  a lu m in u m  f r o m  a n a lc im e  in  

H C 1 a t  2 5 ° c  a n d  4 5 ° c  w e r e  f o u n d  to  b e  2 . 5 4 x l 0 '5 a n d  1 .3 0 6 x l 0 '4 m o le  a n a lc im e /(g -  

m in -H C l m o la r i ty ) ,  r e s p e c t iv e ly .
A  q u a n t i ta t iv e  r e la t io n s h ip  f o r  th e  a c t iv a t io n  e n e r g y  is  g iv e n  b y  th e  

A r r e h e n iu s  e q u a t io n .

3. Calculation of Activation Energy (E)

k  =  A  e x p (  -  —  ) 
R T

(3)

W h e r e  k  =  s p e c i f i c  r a te  c o n s ta n t
A  =  f r e q u e n c y  f a c to r  o r  p r e - e x p o n e n t ia l  f a c to r  ( a  c o n s ta n t )  
E  =  a c t iv a t io n  e n e r g y  (C a l /m o l)
R  =  g a s  c o n s ta n t  =  1 .9 8 7  C a l /m o l /K  
T  =  a b s o lu te  te m p e r a tu r e  (K )

F r o m  e q u a t i o n  (3 ) ;

h = e x p ( ( - 4 ) ( l - i - ) )
1 7] T2

I n ?  = ( 4 x 4 - 4 )71 T2

O n  r e a r r a n g e m e n t  e q u a t io n  ( 5 )  g iv e s

R l n é x r 7' 5■ T .-T

(4)

(5)

(6 )

T h e  a c t iv a t io n  e n e r g y ,  E  f o r  d i s s o lu t io n  o f  a lu m in u m  f r o m  a n a lc im e  in  
h y d r o c h lo r ic  a c id  w a s  c a lc u la t e d  b y  e q u a t io n  (6 ).
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E  =  1 .9 8 7  X ln (  1 .3 0 6 x  1 0 ^ /2 .5 4 0 x  1 O '5) X ( ^ 9 8 , | 6 x  3 1 8 ~?6 ) C a l /m o lv 3 1 8 . 1 6 - 2 9 8 . 1 6
=  1 5 4 3 1 .7 4  C a l /m o l
=  1 5 .4 3  k C a l /m o l

4. Kinetic Analysis of Analcime Dissolution for Differential Experiments

W e ig h t  o f  a n a lc im e  ( พ )  =  0 .2  g  
H C l  c o n c e n t r a t io n  =  1 M
F lo w  r a te  o f  H C 1 u s e d  (Vo) =  15 m l /m in  

T e m p e r a tu r e  =  2 5 ° c

C a l ib r a t io n  C u r v e  o f  A lu m in u m

T h e  d i s s o lu t io n  r a te  o f  a lu m in u m  a n d  s i l ic o n  w e r e  c a lc u la t e d  b y  th is  
e q u a t io n :

Cpv  0
~ w ~- r  = (7)
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w h e r e  - r  =  r a te  o f  d i s s o lu t io n  o f  a n a lc im e ,  m o l  A l /g  o f  a n a lc im e - m in  
Cp =  p r o d u c t io n  c o n c e n t r a t io n ,  m o l/1  
Vo =  v o lu m e t r i c  f lo w  r a te  o f  H C 1 s o lu t io n ,  1 /m in  
พ  =  w e ig h t  o f  a n a lc im e ,  g  

F o r  A lu m in u m

T im e
( m in )

A B S P P M
(m g /1 )

C o n e , o f  A1 
(M )

- r Ai
( m o l  A l/g -m in )

0 0 0 0 .0 0 0 0 0 0
0 .3 3 3 0 .0 1 8 1 3 .7 5 9 7 4 0 .0 0 0 5 1 3 . 8 2 2 1 5 x l 0 '5
0 .6 6 7 0 .0 1 8 1 3 .7 5 9 7 4 0 .0 0 0 5 1 3 . 8 2 2 1 5 x l 0 '3
1 .0 0 0 0 .0 1 8 1 3 .7 5 9 7 4 0 .0 0 0 5 1 3 .8 2 2 1 5 x 1 0 ’^
1 .3 3 3 0 .0 1 8 1 3 .7 5 9 7 4 0 .0 0 0 5 1 3 8 2 2 1 5 x l 0 ’s
1 .6 6 7 0 .0 1 8 1 3 .7 5 9 7 4 0 .0 0 0 5 1 3 . 8 2 2 1 5 x l 0 '5

.• .In it ia l  d i s s o lu t io n  r a te  o f  a lu m in u m  =  3 . 8 2 2 1 5 x l 0 '5 m o l  A l /g -m in

5. Characterization of Analcime Particles After Dissolved by 7 M HC1 for 9 
Minutes.

gcท£<D

ร

E n e r g y  (k e V )

Figure 1 EDX Analysis of Analcime Particles After Dissolved by 7 M HC1 for
9 Minutes.
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6. Confirmation of Silica Gel Formation

tร

cdt-H
><

Energy (keV)

F ig u r e  2  E D X  a n a ly s is  o f  s i l i c a  g e l  p r e c ip i ta te s  f ro m  th e  e x p e r im e n t  u s in g  4  M  H C 1 

a t  2 5 ° c .

c/j3(นุ
ฐ

Energy (keV)

F ig u r e  3 E D X  a n a ly s is  o f  s i l i c a  g e l p r e c ip i ta te s  f ro m  th e  e x p e r im e n t  u s in g  7  M  HC1 
a t  25°c.
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