
CHAPTER II 
LITERATURE SURVEY

2.1 Oil Production and Problems

T h e  c o m m o n  m e th o d  o f  o i l  r e c o v e r y  u s e d  in  m o s t  o f  th e  r e g io n s  o f  th e  
w o r ld  is  r o ta r y  d r i l l in g .  In  o r d e r  to  b r in g  th e  o i l  to  th e  s u r f a c e ,  o i l  m u s t  b e  r e p la c e d  
th r o u g h  th e  c a p i l la r y  in te r s t ic e s  o f  th e  p o r o u s  r e s e r v o i r .  In  a  w e l lb o r e ,  th e  
p r o d u c t io n  c a p a c i ty  d e c r e a s e s  b y  f o r m a t io n  d a m a g e  in  th e  w e l lb o r e ,  c a u s in g  a  
n a r r o w  p o re  a n d  o c c u r r e n c e  o f  s e v e r a l  p r o b le m s  a f te r  o i l  w e l l  s t im u la t io n  (R u s s e l l ,  
1 9 5 1 ).

2 .1 .1  P ro b le m s  in  O il  P r o d u c t io n
2 .1.1.1 M atrix  fo rm a tio n
F in e s  m ig r a t io n  p r o b le m s  r e s u l t in g  f ro m  th e  p h y s ic s  o f  f lo w  in v o lv e  

tw o  k in d s  o f  c la y :  k a o l in i t e  a n d  i l l i te .  B o th  c la y s  a r e  lo o s e ly  b o u n d  a n d  c a n  b e  e a s i ly  
d i s p e r s e d  b y  p r o d u c t io n  v e lo c i t ie s  n e a r  th e  w e l l  b o re  ( G d a n s k i ,  1 9 9 9 ).

2 .1.1.2 C lay sw elling  resu lted  fro m  ion exchange on clay
Io n  e x c h a n g e  o c c u r s  b e tw e e n  f o r m a t io n  m in e r a l s  a n d  in je c te d  b r in e s . 

S o d iu m  io n s  a r e  o f te n  a t t a c h e d  to  th e  c la y s  b u t  th e s e  io n s  c a n  b e c o m e  e x c h a n g e d  
w i th  io n s  o f  in je c te d  f lu id .  W h e n  io n  e x c h a n g e  o c c u r s ,  th e  c la y s  c o n v e r t  th e  in je c te d  
f lu id  to  s a l t  w a te r .  E x p o s u r e  to  th is  lo w - s a l in i ty  b r in e  c a n  c a u s e  w a te r - s e n s i t iv e  
c la y s  to  s w e l l  a n d  o b s t r u c t  m a tr ic e s .  S m e c t i t e  a n d  m ix e d  la y e r  ( i l l i te  a n d  s m e c t i te )  
a re  th e  m o s t  w a te r  s e n s i t iv e  a n d  h e n c e  th e  m o s t  p r o n e  to  s w e l l in g  a f te r  io n  e x c h a n g e . 
In  c o n t r a s t ,  s a n d , f e ld s p a r  a n d  k a o l in i t e  a r e  n o t  p r o n e  to  s w e l l in g .  Z e o l i te  m in e r a ls  
w i l l  n o t  s w e l l ,  b u t  th e y  h a v e  h ig h  io n - e x c h a n g e  c a p a c i t i e s .  S u c h  m in e r a l s  a r e  l ik e ly  
to  c o n ta in  s o d iu m  th a t  c o u ld  c o n ta m in a te  s p e n t  H F  a c id  o r  q u ic k ly  t r a n s f o r m  2 %  
K C 1 in to  w e a k  s a l t  w a te r  ( G d a n s k i ,  1 9 9 9 ).
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2.1 .1 .3  P lugg ing  p rob lem s caused  by c lay  instab ility  during  acid  
treatm ent

C la y  c a n  r e a c t  w i th  H C 1 a c id  to  f o rm  s i l i c a  g e l .  Z e o l i te  is  v e ry  
u n s ta b le  in  H C 1. T h e  p lu g g in g  p r o b le m s  a r e  c a u s e d  b y  s i l i c a  g e l  th a t  p o ly m e r iz e s  
a n d  c r e a te s  p lu g g in g  c o l lo id a l  p a r t i c le s  ( G d a n s k i ,  1 9 9 9 ).

2.1 .1 .4  M inerals p recip ita tion
M in e r a ls  a r e  l ik e ly  to  f o rm  m a t r ix - b lo c k in g  p r e c ip i ta t e s  d u r in g  

s a n d s to n e  a c id iz in g  t r e a tm e n ts .  F e ld s p a r  a n d  c la y  c o n ta in  th r e e  m a in  m in e ra l  
g r o u p s , n a m e ly :  s o d iu m - c o n ta in in g  m in e r a ls ,  p o ta s s iu m - c o n ta i n in g  m in e r a ls ,  a n d  
c a r b o n a te s  th a t  c a n  f o rm  s ig n i f ic a n t  p r e c ip i ta t e s  u p o n  c o n ta c t in g  w i th  H F  a c id . 
S o d iu m - c o n ta in in g  m in e r a ls  w i l l  p r e c ip i ta t e  f lu o s i l i c a te .  P o t a s s iu m - c o n t a in in g  
m in e r a ls  w i l l  p r e c ip i ta t e  f lu o s i l i c a te  c lo s e r  to  th e  w e l l  b o re  a n d  in  g r e a te r  q u a n t i t ie s .  
T h e  f lu o s i l i c a te  p r o d u c e d  b y  p o ta s s iu m - c o n ta in in g  m in e r a l s  h a s  m o r e  p lu g g in g  
c a p a c i ty  th a n  th e  f lu o s i l i c a te  p r o d u c e d  b y  s o d iu m  - c o n t a i n i n g  m in e r a ls .  I l l i te , 
m ix e d - la y e r ,  a n d  m ic a  c la y  c o n ta in  p o ta s s iu m , w h ic h  c a n  c a u s e  f lu o s i l i c a te  
p r e c ip i ta t io n  f ro m  s p e n t  H F  a c id . Z e o l i te s  o c c a s io n a l ly  c o n ta in  s o d iu m , w h ic h  c a n  
c a u s e  f lu o s i l i c a te  p r e c ip i ta t io n  f ro m  s p e n t  H F  a c id . S i l i c a  g e ls  a r e  f o u n d  to  
p r e c ip i ta t e  a s  a  r e s u l t  a g g r e s s iv e  r e a c t io n  o f  H C 1 w i th  z e o l i t e  ( G d a n s k i ,  1 9 9 9 ).

C a r b o n a te  c o n ta in in g  m in e r a ls  w i l l  p r e c ip i ta t e  c a lc iu m  f lu o r id e s  u p o n  
c o n ta c t in g  w i th  l iv e  H F  a c id . H o w e v e r ,  th e  f o r m a t io n  o f  c a lc iu m  f lu o r id e s  d o e s  n o t 
c a u s e  a  p r o b le m . T h e  m a in  p r o b le m  w i th  th e  c a r b o n a te s  i s  th a t  th e y  w i l l  p r e c ip i ta te  
a lu m in u m  f lu o r id e s ,  w h ic h  c a n  d e p o s i t  in  th e  w e l l  b o re  a n d  th e  m a tr ix  ( G d a n s k i ,  
1 9 9 9 ).

2 .1 .2  T r e a tm e n t  M e th o d s
T h e r e  a r e  tw o  t r e a tm e n t  m e th o d s  f o r  th e  w e l l  s t im u la t io n :
2.1.2.1 F racturing
F r a c tu r in g  is  a  t r e a tm e n t  m e th o d  to  c r e a te  a  c o n d u c t iv e  f r a c tu re  

e x te n d in g  f ro m  th e  w e l l  b o re  in to  th e  r e s e r v o i r  to  in c r e a s e  th e  e f f e c t iv e  w e l l  b o re  
r a d iu s  ( S c h e c h te r ,  1 9 9 2 ).
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2.1.2 .2  M atrix  acid izing
M a tr ix  a c id iz in g  is  th e  in je c t io n  o f  a c id  in to  th e  f o r m a t io n  p o r o s i ty  a t  

a  p r e s s u r e  le s s  th a n  th e  p r e s s u r e  a t  w h ic h  a  f r a c tu r e  c a n  b e  o p e n e d .  S t im u la t io n  is  
u s u a l ly  a c c o m p l i s h e d  b y  r e m o v in g  th e  e f f e c t  o f  a  d a m a g e  f o r m a t io n  a r o u n d  th e  w e l l  
b o re  b y  e n la r g in g  th e  p o re  s p a c e s  a n d  d i s s o lv in g  p a r t i c le s  p lu g g in g  th e s e  s p a c e s  
( S c h e c h te r ,  1 9 9 2 ) .

2.2 Acid Treatment

M a tr ix  a c id iz in g  is  a  c h e m ic a l  s t im u la t io n  m e th o d  in  w h ic h  a c id  r e m o v e s  
d a m a g e  a n d  in c r e a s e s  p e r m e a b i l i t y  n e a r  th e  w e l l  b o re .  T h e  a c id  a c ts  b y  d is s o lv in g  
m in e r a ls  th a t  m a k e  u p  th e  o r ig in a l  f o r m a t io n  m a tr ix ,  a s  w e l l  a s  p o r e  p lu g g in g  
m a te r ia ls  t h a t  r e s u l t  f ro m  m u d  in v a s io n  o r  f in e  m ig ra t io n .

2.3 Acid -  Aluminosilicate Reactions

A c id  r e a c t io n s  w i th  m in e r a ls  a r e  te r m e d  heterogeneous reactions  b e c a u s e  
th e y  o c c u r  a t  a  b o u n d a r y  b e tw e e n  th e  s o l id  a n d  th e  l i q u id  r a th e r  th a n  in  th e  b u lk  
l iq u id  p h a s e .  T h e  f i r s t  s te p  is  a c id  t r a n s f e r  to  th e  r e a c t iv e  s u r f a c e  b y  d i f f u s io n ,  f lo w -  
in d u c e d  m ix in g  ( f o r c e d  c o n v e n t io n ) ,  m ix in g  r e s u l te d  f r o m  d e n s i ty  g r a d ie n t s  ( f r e e  
c o n v e n t io n )  o r  f lu id  lo s s  in to  th e  f o rm a t io n .  O n c e  th e  a c id  r e a c h e s  th e  r o c k  s u r f a c e ,  
th e  r a te  o f  th e  s e c o n d  s te p  is  d e t e r m in e d  b y  th e  k in e t ic s  o f  th e  s u r f a c e  r e a c t io n .  
F in a l ly ,  th e  r e a c t io n  p r o d u c ts  m a y  b e  t r a n s p o r te d  a w a y  f r o m  th e  s u r f a c e  ( G o la n  a n d  
W h i to n ,  1 9 9 1 ) .

G d a n s k i  ( 2 0 0 0 )  s tu d ie d  th e  p r im a r y  r e a c t io n  o f  H F  w i th  a lu m in o - s i l ic a te s .  
T h e  r e a c t io n  c a n  b e  w r i t te n  in  th e  g e n e ra l  f ro m  as:

( 5 + x ) H F  +  M - A l- S i  +  ( 3 - x + l ) H + H S iF s  +  A 1F X(3‘X) +  M + +  w a te r  (1 )
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T h e  r a te  la w  o f  H F  o n  s a n d  is  g iv e n  b y

R a te  =  = - k s[ H F f s[H +f  (2 )

W h e re  a s is  H F  r e a c t io n  o r d e r  f o r  d i s s o lu t io n  o f  s a n d , SiC>2 d i s s o lu t io n  

Ps is  H C 1 r e a c t io n  o r d e r  fo r  d i s s o lu t io n  o f  s a n d , S iC >2 d i s s o lu t io n  
k; is  s p e c i f i c  r e a c t io n  r a te  
[H F ]  is  h y d r o f lu o r ic  a c id  c o n c e n t r a t io n  
[H +] is  th e  b u lk  p r o to n  m o la r  c o n c e n t r a t io n

T h e  r a te  l a w  o f  H F  o n  c la y ,  f e ld s p a r  a n d  s i l ic a  g e l f i lm  is  g iv e n  b y

R a te  =  = - k i [ H F ] a l [H +] p l[ C L A Y ]  ( )

G d a n s k i  ( 1 9 9 9 )  s tu d ie d  th e  s e c o n d a r y  r e a c t io n  o f  H F  w i th  a n  a lu m in o ­
s i l ic a te ,  w h ic h  c a n  b e  w r i t te n  in  th e  g e n e ra l  fo rm

J  H S iF s  +  M - A l- S i  +  ( 3 - x + l ) H + +  w a te r  - »  A 1F x(3' x) +  M + +  s i l i c a  g e l (4 )  

T h e  r a te  la w  f o r  th e  s e c o n d a r y  r e a c t io n  h a s  r e c e n t ly  b e e n  d e te r m in e d  as:

R a te  =  = - k 2[ H S iF 5]a l [H +] p2[ C L A Y ] F i lm yl

G d a n s k i  ( 1 9 9 8 )  s tu d ie d  th e  t e r t i a r y  r e a c t io n  o f  H F  w i th  a n  a lu m in o - s i l ic a te ,  
w h ic h  c a n  b e  w r i t t e n  in  th e  g e n e ra l  f o rm  as

A1F2+ +  M - A l- S i  +  (3 + 1  ) H + +  w a te r  - +  2A 1F 2+ +  M + +  s i l i c a  g e l (6 )
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T h e  r a te  r a w  f o r  th e  te r t i a r y  r e a c t io n  h a s  r e c e n t ly  b e e n  d e te r m in e d  a n d  is 
g iv e n  b y  E q u a t io n  7 .

R a te  =  dt =  - k 3 [ A lF 2+]a 3[H +] P3 [ C L A Y ] F i lm y3 (7 )

W h e re  a  is  th e  r e a c t io n  o r d e r  f o r  th e  f i r s t  r e a c ta n t

(3 is  th e  r e a c t io n  o r d e r  f o r  th e  s e c o n d  r e a c ta n t
k  is  th e  r e a c t io n  r a te  c o n s ta n t

[H +] is  th e  b u lk  p r o to n  m o la r  c o n c e n t r a t io n

[H F ]  is  th e  b u lk  h y d r o f lu o r i c  a c id  m o la r  c o n c e n t r a t io n

[ C L A Y ]  is  th e  c la y  c o n c e n t r a t io n  ( g ra m s  o f  c la y  to  m l  o f  f lu id )

[F IS iF s]  is  th e  b u lk  f lu o s i l i c ic  a c id  c o n c e n t r a t io n  

[A 1F 2+] is  th e  b u lk  a lu m in u m  d i f lu o r id e  io n  c o n c e n t r a t io n  
M  is  a ll  o th e r  c a t io n s
F i lm  d e s c r ib e s  th e  s i l ic a  g e l  f i lm in g  e f f e c t  

y  is  f i lm in g  o r d e r

F .1 =  c l a y  (8 )
r i i m =  CLAY+ PPT»CF

W h e r e  P P T  =  a m o u n t  o f  s i l ic a  g e l r e s id u e  in  g r a m s  in  a  c o lu m n  e le m e n t  
C F  =  e f f e c t iv e  c o v e r a g e  f a c to r  f o r  th e  s i l ic a  g e l  c o a t in g  
C L A Y  =  a m o u n t  o f  c la y  ( g ra m s )  in  a n  e le m e n t

T u r n e r  ( 1 9 6 4 )  s tu d ie d  th e  k in e t ic s  o f  a c id  d i s s o lu t io n  o f  m o n tm o r i l lo n i te  
a n d  k a o l in i t e .  T h e  d a ta  f ro m  th is  in v e s t ig a t io n  o f  th e  d ig e s t i o n  o f  k a o l in i t e  a n d  
m o n tm o r i l l o n i te  in  10  to  3 0  p e r c e n t  H C 1 s h o w e d  th a t  th e  a c id - d i s s o lu t io n  o f  m e ta l  
io n s  f ro m  th e  c r y s ta l  la t t ic e  o f  th e s e  c la y  m in e r a ls  o b e y e d  p s e u d o  f i r s t - o r d e r  k in e t ic s  
w i th  r e s p e c t  to  a c id  c o n c e n t r a t io n  a n d  te m p e r a tu r e  o v e r  th e  r a n g e s  in v e s t ig a te d .  T h e  
d i s s o lu t io n  p r o c e s s  in v o lv e d  a  c o m p le te  d i s s o lu t io n  o f  a  p a r t  o f  th e  c r y s ta l  la t t ic e
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r a th e r  th a n  a  p r e f e r e n t ia l  r e m o v a l  o f  la t t ic e  m e ta l  c a t io n s .  A s  th e  d i s s o lu t io n  
p r o g r e s s e s  th e  s o lu t io n  b e c o m e  s a tu ra te d  w i th  s i l ic a .  S u b s e q u e n t  s i l ic a  d i s s o lv e d  
f ro m  th e  l a t t ic e  w o u ld ,  th e n ,  im m e d ia te ly  p r e c ip i ta t e  f r o m  th e  s o lu t io n  a s  a m o r p h o u s  
s il ic a .

L u n d  ( 1 9 7 4 )  s tu d ie d  th e  d i s s o lu t io n  o f  tw o  f e ld s p a r s  in  H F  a n d  H C 1 
m ix tu r e s .  T w o  f e ld s p a r s ,  a  s o d iu m - f e ld s p a r  a n d  p o ta s s iu m  f e ld s p a r  w e r e  u s e d  in  th is  
s tu d y . T h e  d i s s o lu t io n  r a te  e x p e r im e n ts  w e r e  p e r f o r m e d  u s in g  a  r o ta t in g  d is k  
a p p a ra tu s .  I t  w a s  f o u n d  th a t  w h e n  s t r o n g  a c id s ,  s u c h  a s  a  m ix e d  a c id  o f  h y d r o c h lo r ic  
a c id  a n d  h y d r o f lu o r i c  a c id ,  tw o  p a r a l l e l  r e a c t io n  p a th s  m a y  e x i s t  f o r  th e  d i s s o lu t io n  

p r o c e s s .  H y d r o g e n  io n s  a r e  s t r o n g ly  a d s o r b e d  o n  th e  s u r f a c e s  o f  m in e r a ls  s u c h  a s  a -  

q u a r tz ,  r u t i le  (A I2 O 3) , a n d  c la y s  b e c a u s e  o f  th e  p o la r  n a tu r e  o f  th e  S i - 0  a n d  A l - 0  
b o n d s . In  th e  la t t ic e  n e tw o r k ,  o x y g e n  w i l l  h a v e  a  n e g a t iv e  c h a r g e  r e la t iv e  to  s i l ic o n  

a n d  a lu m in u m , a n d  h y d r o g e n  io n s  m a y ,  th e r e f o r e ,  b e  a d s o r b e d  b y  th e  S i - O - S i  a n d  

S i - O - A l  g r o u p  in  th e  f o l lo w in g  m a n n e r :

S i - 0 - X  +  H + o X - ( H O ) . • S i+

T h e  a d s o r p t io n  h a s  th e  e f f e c t  o f  d e c r e a s in g  th e  b o n d  s t r e n g th  b e tw e e n  s i l ic o n  a n d  
o x y g e n ;  t h e n  th e  r e a c t io n  o f  H F  w i th  th e  g r o u p  s h o u ld  b e  c o n s id e r a b ly  f a c i l i ta te d :

X  -  ( H O ) . .  S i+ +  H F  - >  X  -  O H  +  S iF  +  H +

Y a n g  a n d  X u  ( 1 9 9 7 )  s tu d ie d  th e  s ta te s  o f  a lu m in u m  in  z e o l i te  p  a n d  

in f lu e n c e  o f  a c id ic  o r  b a s i c  m e d iu m . T h e  s ta te s  o f  a lu m in u m  in  z e o l i te  p  w e re  
in v e s t ig a te d  in  d e ta i l  b y  u s in g  F T I R  s p e c t ro s c o p y .  F ro m  th e  r e s u l t s ,  th e y  c o n c lu d e d  
th a t  th e  s ta te  o f  a lu m in u m  a n d  th e  c h a n g e  o f  th e s e  s ta te  in  a c id  o r  b a s e  w e r e  a ls o  
d e te r m in e d  b y  th e  n a tu r e  o f  c o m p e n s a t in g  c a t io n s  in  z e o l i te s .  T h e  h ig h  
d e f o r m a b i l i ty  o f  f r a m e w o r k  o f  z e o l i te  p  o c c u r s  w h e n  p r o to n s ,  w h ic h  p o s s e s  h ig h  
e le c t r o n  a f f in i ty  f ro m  h y d r o c h lo r ic  s o lu t io n ,  a r e  lo c a te d  a t  c a t io n ic  s i te s ,  le a d in g  to  
th e  b r e a k a g e  o f  A l - 0  b o n d  a n d  th e  r e m o v a l  o f  a lu m in u m . T h e r e f o r e ,  z e o l i te  p  is
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s u b je c te d  to  d e a lu m in a t io n  in  a c id ic  m e d iu m . T h e  p r o c e s s  o f  a b o m in a t io n  e x t r a c t io n  
c a n  b e  p r o p o s e d  b r ie f ly  a s  s h o w n  in  F ig u r e  2 .1 .

Si.\ H Si Si hn Si HO—Si/ \o o o o—Si 0\  / \  / \Al Al Al/  \ /  \ /  \๐ o o o o o'  \ /  \ /Si Si ร Si Si
Distorted AJO,~

Si HO—Si
H,Q ๐ \ Al — OH

, x
Transient state I

H,๐

Si HO—Si H
๐ _  Si—o* HO—Si\  [AlOJ- ณ  \Al—OH V —  - ...* Al—OH + AlOJ-

OH OH HO
/  \Si Si
Transient state น

OH
Si—OH HO—Si

Si Si
VOH HO/

: ^O H  H O ^ + [A104]-A1(0H)Z
Si Si

SiOH nest

AI(OH)2+ + 20H"
OH

s tru c tu ra l vacancies (HO—Al—O H )---------- —----------
OH

Si
I6
! _Si—o —Al—o —Si
I

6
1Si

F i g u r e  2 .1  T h e  p r o c e s s  o f  d e a lu m in a t io n  o f  z e o l i te  p  in  H C 1 s o lu t io n  ( Y a n g  a n d  X u , 
1 9 9 7 ).

U n d e r d o w n  et al. ( 1 9 9 0 )  รณ d ie d  th e  a c id iz a t io n  o f  a n a lc im e - c e m e n te d  
s a n d s to n e  in  th e  G u l f  o f  M e x ic o .  T h e  r e s u l t s  o b ta in e d  f r o m  th e  e x p e r im e n ts  
in d ic a te d  th a t  a n a lc im e  h a s  a  h ig h  s o lu b i l i ty  in  H F  a n d  a  s t r o n g  te n d e n c y  to  fo rm  
h y d r a te d  g e ls  in  c o n c e n t r a te d  H C 1. A  w h i te  p a s ty  g e l w a s  f o u n d  to  f o rm  w i th  H F  
a n d  H C 1 b u t  n o t  w i th  a c e t ic  a c id . A c e t ic  a c id  p r o v id e s  g o o d  s t im u la t io n  o f  
c a lc a r e o u s  m in e r a ls  a n d  is  c o m p a t ib le  w i th  th e  z e o l i te  m in e r a l ,  a n a lc im e .

2 .4  Z e o l i t e

Z e o l i te  is  a  c r y s ta l l in e  a lu m in o s i l i c a te  w i th  a  te t r a h e d r a l  f r a m e w o rk  
s t r u c tu r e  e n c lo s in g  c a v i t ie s  o c c u p ie d  b y  la rg e  io n s  a n d  w a te r  m o le c u le s ,  b o th  o f
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w h ic h  h a v e  c o n s id e r a b le  f r e e d o m  o f  m o v e m e n t  to  p e r m i t  c a t io n  e x c h a n g e  a n d  
r e v e r s ib le  d e h y d r a t io n  ( S m ith ,  1 9 6 3 ).

T h e  f u n d a m e n ta l  b u i ld in g  b lo c k  o f  a l l  z e o l i te s  is  a  t e t r a h e d r a l  o f  f o u r  
o x y g e n  a n io n s  s u r r o u n d in g  w i th  s i l ic o n  o r  a lu m in u m  io n s . T h e s e  t e t r a h e d r a  a re  
a r r a n g e d  s o  th a t  e a c h  o f  th e  f o u r  o x y g e n  a n io n s  is  s h a r e d  in  tu r n  w i th  a n o th e r  s i l ic a  
o r  a lu m in a  te t r a h e d r o n .  T h e  c r y s ta l  la t t ic e  e x te n d s  in  th r e e - d im e n s io n ,  a n d  th e  - 2  
o x id a t io n  s ta te  o f  e a c h  o x y g e n  is  a c c o u n te d  fo r . E a c h  s i l i c o n  io n  h a s  i ts  + 4  c h a r g e  
b a la n c e d  b y  th e  f o u r  te t r a h e d r a l  o x y g e n s  a n d  th e  s i l i c a  te t r a h e d r a l  a r e  th e re f o r e  
e le c t r i c a l ly  n e u t r a l .  E a c h  a lu m in a  te t r a h e d r o n  h a s  a  r e s id u a l  c h a r g e  o f - 1  s in c e  th e  
t r iv a le n t  a lu m in u m  is  b o n d e d  to  f o u r  o x y g e n  a n io n s .  T h e r e f o r e ,  e a c h  a lu m in a  
te t r a h e d r o n  r e q u i r e s  a  + 1  c h a r g e  f ro m  a  c a t io n  in  th e  s t r u c tu r e  to  m a in ta in  e le c t r ic a l  
n e u tr a l i ty .  F ig u r e  2 .2  s h o w s  th e  d e v e lo p m e n t  o f  z e o l i t e  s t r u c tu r e s .  T h e  s i l ic a  a n d  
a lu m in a  te t r a h e d r a  a r e  c o m b in e d  in to  m o r e  c o m p l ic a t e d  s e c o n d a r y  u n i t s ,  w h ic h  fo rm  
th e  b u i ld in g  b lo c k s  o f  th e  f r a m e w o r k  z e o l i te  c r y s ta l  s t r u c tu r e s  ( B y r a p p a  a n d  
Y o s h im u ra ,  2 0 0 1 ) .

T h e r e  a re  o v e r  4 6  n a tu r a l ly  o c c u r r in g  z e o l i t e  m in e r a ls ,  b e lo n g in g  to  s o m e  
m a jo r  s t r u c tu r e  ty p e s .  In  a  n u m b e r  o f  o f f s h o r e  o i l  w e l l s ,  th e  d i s c o v e r y  o f  th e  
c o m m o n  o c c u r r e n c e  o f  th e  z e o l i te  m in e ra l  a n a lc im e  a s  s a n d s to n e  c e m e n t  h a s  
c o n t r ib u te d  to  a n  o v e r h a u l  o f  s t a n d a r d  c o m p le t io n  a n d  s t im u la t i o n  p r o c e d u r e  in  th e  
f ie ld  ( B y r a p p a  a n d  Y o s h im u r a ,  2 0 0 1 ) .

2 .4 .1  A n a lc im e
A n a lc im e  is  a  lo w - d e n s i ty ,  h y d r a te d  s o d iu m  a lu m in u m  s i l ic a te .  T h e  

c h e m ic a l  f o r m u la  o f  a n a lc im e  is  N a A lS i20 6 - H 2 0 .  T h e  S i /A l  r a t io  o f  s e d im e n ta r y  
a n d  a n a lc im e  v a r ie s  b e tw e e n  2 .0  a n d  2 .9  ( H a y ,  1 9 6 6 ). T h e  f r a m e w o r k  d e n s i ty  is
1 8 .6  T /1 0 0 0 A ° 3. T h e  c u b ic  s t r u c tu r e  c o n s is t s  o f  4 - , 6 -  a n d  8 -  r in g s  l in k in g  in  s u c h  a  
w a y  a s  to  g iv e  s ix te e n  la r g e  in te r c o n n e c te d  c a v i t ie s  w h ic h  f ro m  n o n - in te r s e c t in g  
c h a n n e ls  a n d  a  s e c o n d  s e r ie s  o f  tw e n ty - f o u r  s m a l le r  in d iv id u a l  c a v i t ie s .  S ix te e n  o f  
th e  s m a l l  c a g e s  a r e  o c c u p ie d  b y  s o d iu m  c a t io n s ,  a n d  th e  la r g e  c a g e s  a r e  o c c u p ie d  b y  
w a te r  m o le c u le s  ( S a c h a ,  1 9 5 9 ). A n a lc im e  is  g e n e r a l ly  c la s s i f i e d  w i th  th e  z e o l i te  
f a m i ly  o f  m in e r a ls .  I t  o c c u r s  a s  a  p r im a r y  m in e ra l  in  s o m e  s i l i c a - p o o r  v o lc a n ic  r o c k s
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a n d  a s  a  s e c o n d a r y  c e m e n t  a n d  a l t e r n a t io n  m in e r a l  w i th in  v u g s  in  b a s a l t ic  v o lc a n ic s ,  
in  tu f f a c e o u s  d e p o s i t s ,  a n d  in  v o lc a n ic - r ic h  s a n d s to n e s .  A n a lc im e  is  th e r m a l ly  s ta b le  
( n o te  i ts  o c c u r r e n c e  a s  a  p r im a r y  v o lc a n ic  p h a s e ) ,  b u t  in  s a n d s to n e  w i th  z e o l i te  
c e m e n t  a n a lc im e  is  a n  in te r m e d ia t e  s te p  in  b u r ia l  d ia g e n e s is .  A n a lc im e  is  a  lo w  
d e n s i ty  p h a s e  (2 .3  g /c c ) ,  w i th  a  s ig n i f ic a n t  w a te r  c o n te n t  ( 8 %  w t /w t)  ( U n d e r d o w n  et 
a l ,  1 9 9 0 ).

(b) Secondary Units

(c) Tertiary Units or 
Building Polyhedra

(d) Zeolite 
Structures

Melanoplogite Paulingite Rho

F i g u r e  2 .2  D e v e lo p m e n t  o f  z e o l i te  s t r u c tu r e s  ( K o y a m a  a n d  T a k e u c h i ,  1 9 7 7 ).
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