
CHAPTER I

INTRODUCTION

C hrom atography i s  a te c h n iq u e  used f o r  s e p a ra t io n  o f  s u b s ta n c e . 
I t  i s  based on p a r t i t i o n in g  o f a sample between two p h a se sะ a m o b ile  

phase, w h ic h  can be gas o r  l iq u id ,  and a s ta t io n a r y  phase , l iq u id  o r  

s o l id .  C hrom atography was f i r s t  employed by Ramsey (1 ) i n  1905 to  
s e p a ra te  m ix tu re s  o f  gases and va p o rs  u s in g  g a s -s o lid  chrom atog rap hy 

and has been a p p lie d  and deve loped  so f a r .  I t  i s  a ra p id  and c o m fo r t­

a b le  m ethod, e s p e c ia l ly  g a s - l iq u id  ch rom atog rap h y, i n  th e  r o u t in e  

a n a ly s is  u s in g  a s m a ll amount o f  th e  sam p le . A n a lyse s  o f  d rug  ( 2 ) ,  

p e s tc id e s  ( 3 - 9 ) ,  s te r o id s  (1 0 ) ,  a lc o h o ls  (1 0 ) ,  h yd ro c a rb o n s  (1 0 ) ,  
and o th e r  compounds (1 0 -1 5 ) a re  c a r r ie d  o u t by u s in g  ch rom a tog rap h y. 

Inasm uch as th e  colum n i s  th e  h e a r t  o f  th e  c h ro m a to g ra p h ic  sys tem , th e  

s u p p o rt has p la ye d  a key  r o le  in  th e  developm ent o f  gas ch rom a tog rap h y. 

The b a s ic  fu n c t io n  o f  th e  s u p p o rt i s  to  h o ld  th e  s ta t io n a r y  phase on 
i t s  s u r fa c e  as a t h in  f i lm .  A lth o u g h  th e  id e a l c h ro m a to g ra p h ic  s u p p o rt 

has n o t been fo u n d , d ia to m ite  (1 6 -1 7 ) in  one fo rm  o r  a n o th e r  has 
dom ina ted  th e  f i e l d  o f  s u p p o rts  because i t  i s  th e  m ost i n e r t  p o rous  

one among n a tu r a l  m a te r ia ls .  A s m a ll p e rcen tag e  o f  s u p p o rts  c o n s is ts  
o f  f lu o ro c a rb o n  (1 6 ) r e s in s  and, even s m a lle r  e x te n t ,  g la s s  beads.

1 .1  D ia to m ite

D ia to m ite  i s  known by s e v e ra l names. T h is  in c lu d e s  th e  te rm  

d ia tom aceous e a r th ,  d ia tom aceous s i l i c a  and th e  German w o rd , k ie s e lg u h r .  
D ia to m ite  i s  a s i l ic e o u s ,  s e d im e n ta ry  ro c k  composed o f  th e  s k e le ta l  

re m a in s  o f  s in g le - c e l le d  w a te r  p la n ts ,  c a lle d  d ia to m s . The s k e le to n s
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w h ic h  have accum ula ted  i n  huge beds in  v a r io u s  p a r ts  o f  th e  w o r ld  

c o n s is t  p r im a r i ly  o f  s i l i c a  w i t h  some m in e ra l im p u r i t ie s ,  m a in ly  m e ta l 

o x id e s . T h e re  a re  a p p ro x im a te ly  te n  thousand  s p e c ie s  o f  d ia to m s , some 

o f  w h ic h  l i v e  i n  f r e s h  w a te r  and o th e rs  i n  s a l t  w a te r  (m a rin e  fo r m ) .
The s k e le to n  c o n s is ts  o f  two h a l f  c e l l  w a l ls  jo in e d  by a c o n n e c tin g  

band o r  g i r d le .  Exam ples o f  s a l t  w a te r  d ia to m s  a re  shown in  F ig u re  1 .1 . 

D ia tom s have been p a r t  o f  e a r t h 's  e c o lo g y  s in c e  p r e h is to r y  t im e  ( f o r  a t  

le a s t  15 m i l l i o n  y e a r s ) . The d ia to m  i s  b a s ic  to  th e  ocean c y c le .  
A p p e a rin g  s in g ly  and in  c o lo n ie s  as a b e n th o n ic  o r  a p la n k to n ic ,  g e la -  

t in e o u s  g ro w th , th e  d ia to m  i s  food  f o r  m in u te  a n im a l l i f e  w h ic h , i t s e l f ,  

s e rv e s  as fo o d  f o r  th e  h ig h e r  fo rm s o f  m a rin e  l i f e .  I t  re p ro d u c e s  by 

i t s e l f - d i v i s i o n . Under id e a l  c o n d it io n s ,  each d ia to m  may d iv id e  e v e ry  
e ig h t  h o u rs . I n  ab ou t a m o n th 's  t im e , a s in g le  d ia to m  c o u ld  p roduce 
10 b i l l i o n  o f f s p r in g .

W h ile  l i v i n g ,  th e  d ia to m  e x t r a c ts  o p a lin e  (am orphous) s i l i c a  

fro m  th e  w a te r  and c o n v e r ts  i t  in t o  a s k e le to n  by a machanism w h ic h  i s  

s t i l l  o b sc u re . D ia tom s e x is t  in  g re a t v a r ie t y  o f  shapes, each o f  w h ic h  

has m e s h - lik e  o r  n e tw o rk  s t r u c tu r e .  A t th e  end o f  i t s  l i f e  c y c le ,  th e  

d ia to m  s e t t le s  to  th e  b o tto m  o f  a body o f  w a te r .  The o rg a n ic  p a r t  

d is in te g r a te s ,  le a v in g  a s k e le to n  as f u l l  o f  m in u te  h o le s  and passages 

as a sponge. S in c e  th e  t o t a l  th ic k n e s s  o f  th e  c e l l  w a l l  i s  o n ly  a few  
te n  th o u s a n d th s  o f  an in c h , i t  r e s u l t s  in  an i n t e r n a l  s t r u c tu r e  t h a t  is  

h ig h ly  p o rous  on a m ic ro s c o p ic  s c a le .  The sub m ic rom e tre  s iz e d  p o re s  make 
d ia to m ite  th e  s u p e r io r  f i l t r a t i o n  medium, i t  i s  to d a y , cap ab le  o f  
p a ss in g  l iq u id  th ro u g h  i t s  m e s h - lik e  s t r u c tu r e  w h i le  r e t a in in g  p a r t ic le s

th a t  a re  m ic ro m e tre s  i n  s iz e .
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F ig u re  1 .1  P h o to m ic ro g ra p h  o f  a number o f  t y p ic a l  d ia to m  s k e le to n s  (16)
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1 .1 .1  P r o p e r t ie s  o f  D ia to m ite

G e n e ra l ly ,  d ia to m ite  i s  composed o f  hyd rous  s i l i c a .  Thus 

i t s  s u r fa c e  is  s i l a n o l  g roups (S i-O H ) t h a t  can cause a d s o rp tio n  w i th  

p o la r  m o le c u le s . The c o m p o s itio n s  o f  d ia to m ite  a t  some re s e rv e s  such 
as H o lly w o o d , C a l i f o r n ia  (1 8 ) ;  th e  v i l l a g e  o f  D ra g o w is t iz a  nea r 

S o f ia  ( 1 9 ) ,  B u lg a r ia ;  and th e  Gurmen d e p o s it ,  B la g o e vg ra d , B u lg a r ia  

(20 ) a re  shown in  T a b le  1 .1 .  As m e n tio n e d  above d ia to m ite  c o n s is ts  o f  

th e  m in u s c u le  s k e le to n s  o f  d ia tom s whose c e l l - w a l l  rem a ins  a re  a lm o s t-  

p u re  o p a lin e  s i l i c a .  These h o le s  o r  p o re s  p ro v id e  a r e l a t i v e ly  h ig h  

s u r fa c e  a re a  o f  a p p ro x im a te ly  20 m ^/g. I t s  ha rd ness  i s  about 1 -1 .5  in  

M ohs' s c a le ,  i t  i s  v e ry  f r a g i l e ,  easy to  b reak  down in  h a n d lin g . I t  

has s p e c if ic  g r a v i t y  o f  2 .3 0 . P a r t i c le  s iz e  o f  p u re  d ia to m ite  is  
ab ou t 2 to  40 pm. The c o lo r  range o f  d ia to m ite  i s  l i g h t  y e llo w  to  

w h ite .

1 .1 .2  A p p l ic a t io n  o f  D ia to m ite

D ia to m ite  is  v e ry  u s e fu l  in  s e v e ra l i n d u s t r ia l  p ro c e sse s . 

I t  i s  used as f i l t e r  media f o r  s u g a r, s y ru p , v e g e ta b le  o i l s ,  p e t ro ­

leum , e t c . ;  th e rm a l in s u la t o r ;  b u i ld in g  b r ic k s ;  f i l l e r  in  p la s te r  o f  

P a r is ,  cem ent, p u lp , ru b b e r, a s p h a lt  and p a in t ;  a b ra s iv e  m a te r ia l ;  

e x p lo s iv e  m a te r ia l ;  a d so rb e n t and s o l id  su p p o rt f o r  ch rom a tog rap h ic  

c o lu m n s .

1 .1 .3  Background o f D ia to m ite  S up p orts

Two ty p e s  o f  s u p p o rts  a re  made fro m  d ia to m ite .  One i s  a 
p in k  m a te r ia l  d e r iv e d  fro m  b r ic k  and th e  second is  a w h ite  m a te r ia l  

d e r iv e d  fro m  f i l t e r  a id .  These two d i f f e r  c o n s id e ra b ly  in  p h y s ic a l 
p r o p e r t ie s  as w e l l  as in  p e rfo rm ance  as ch ro m a to g ra p h ic  s u p p o rts .

The f i l t e r  a id ,  o r w h ite  m a te r ia l  ( 1 6 ) ,  i s  p repared  by



Table 1.1

1. H o lly w o o d , C a l i f o r n ia  (18)

2 . D ra g o w is t iz a  n e a r S o f ia ,  B u lg a r ia  (19)
3 . The Gurmen d e p o s it ,  B la g o e vg ra d , B u lg a r ia  (20)

Chemical analyses of diatomite from some reserves.

c o m p o s it io n  in  % 1 2 3

S i0 2 73.71 83.50 68 .80

A12°3 7.25 10.56 13.70

F e 2°3 2 .63 2 .0 4 5 .3 0

MgO 1.47 0 .67 0 .9 0

CaO 1.72 1.18 1 .10

Na„0 1 .19z 2 .0 5 1 .80
k 20 1.00

lo s s  on ig n i t io n 6 .9 4 8 .52 -
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m ix in g  d ia to m ite  w i t h  a s m a ll amount o f  f l u x ,  sod ium  c a rb o n a te , arid 
c a lc in in g  i t  a t  te m p e ra tu re s  above 900°c. D u rin g  c a lc in a t io n ,  a number 

o f  changes ta k e  p la c e . The f lu x in g  ag en t causes in c ip ie n t  fu s io n  o f  

th e  f i n e r  p a r t ic le s  fo rm in g  c o a rs e r a g g re g a te s . A p o r t io n  o f  th e  

m icroam orphous s i l i c a  i s  c o n ve rte d  to  a c r y s t a l l i n e  fo rm , c r i s t o b a l i t e .  
The o r ig in a l  l ig h t - g r a y  d ia to m ite  becomes w h ite  because o f  th e  f l u x ,  

w h ic h  is  b e lie v e d  to  c o n v e rt th e  i r o n  o r ig i n a l l y  p re s e n t as an o x id e  

to  a c o lo r le s s  com plex sodium i r o n  s i l i c a t e .  A bed o f  th e  m a te r ia l  

has a d e n s ity  o f  ro u g h ly  0.2 g/cm^ and ab ou t 90% v o id  space. I t s  

s u r fa c e  a re a  i s  a p p ro x im a te ly  1 m^/g.

The b r ic k ,  o r  p in k  m a te r ia l  (1 6 ) ,  c o n s is ts  o f  d ia to m ite

th a t  a re  c ru sh e d , b lend ed  and pressed  in t o  b r ic k ,  th e n  c a lc in e d  o r

burned above 900°c to  p e rm it i t s  use as a h ig h  te m p e ra tu re  in s u la t io n .

D u rin g  c a lc in a t io n  th e  d ia to m ite  p a r t ic le s  fu s e  and a p o r t io n  o f  th e
s i l i c a  i s  c o n v e rte d  to  c r i s t o b a l i t e .  A t th e  same t im e  th e  m in e ra l

im p u r i t ie s  fo rm  com plex o x id e s  o r  s i l i c a t e s .  The o x id e  o f  i r o n  i s

th o u g h t to  im p a rt th e  c h a r a c te r is t ic  p in k  c o lo r .  A bed o f  th e  c rushed
3f i r e b r i c k  has a d e n s ity  o f  ro u g h ly  0 .4  g/cm and a b o u t 80% v o id  space. 

I t s  s u r fa c e  a re a  i s  a p p ro x im a te ly  4 โท^/g.

M ost o f  th e  d if fe re n c e s  in  th e  p r o p e r t ie s  o f  th e  two 

m a te r ia ls  stem fro m  th e  d if fe re n c e s  i n  p re p a ra t io n .  Because o f  th e  
d if fe r e n c e s  in  p re p a ra t io n ,  th e  p in k  p a r t ic le  i s  a r e l a t i v e l y  dense 

mass o f  d ia to m ite  and c o n ta in s  a s m a ll amount o f  i n t e r n a l  v o id  space 
w h ic h  c o n s is ts  o f  s m a ll p ores  p ro d u c in g  a h ig h  s u r fa c e  a re a . Owing to  
th e  compactness o f  th e  d ia to m ite  and th e  fu s io n  o c c u r r in g  d u r in g  th e  
c a lc in a t io n ,  th e  p a r t ic le  i s  r e l a t i v e l y  h a rd .
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L i t t l e  o f  th e  v e ry  s m a ll pore  c h a ra c te r  re m a in s  i n  th e  d ia to m ite  f r a g ­

m en ts , and due to  th e  f a c t  t h a t  th e  d ia to m ite  fra g m e n ts  a re  w e a k ly  

fu se d  to g e th e r ,  th e  w h o le  p a r t ic le  i s  weak o r  f r i a b l e .  V a lu e s  f o r  

th e  t y p ic a l  p h y s ic a l p ro p e r t ie s  o f  th e  p in k  and w h ite  s u p p o rts  a re  

ta b u la te s  i n  T a b le  1 .2  and a t y p ic a l  c h e m ic a l a n a ly s is  o f  th e  two i s  

g iv e n  i n  T a b le  1 .3 .  C hem ical a n a ly s is  showed th a t  th e  w h ite  and p in k  

m a te r ia ls  w ere v e ry  s im i la r .  The h ig h e r  Na 2 Û and K^o c o n te n t o f  th e  

w h ite  r e f le c t s  th e  use o f  th e  f l u x  in  i t s  p re p a ra t io n .

The s u r fa c e  o f  b o th  th e  p in k  and w h ite  s u p p o rts  i s  v e ry  

s im i la r  as i t  i s  covered  w i th  s i l a n o l  g roups (S i-O H ) . The p r in c ip a l  

d i f fe r e n c e  l i e s  in  th e  d e n s ity  o f  th e  two and th e  r e s u l t in g  t o t a l  

s u r fa c e  a re a . The p in k  m a te r ia l ,  h a v in g  a g re a te r  s p e c i f ic  s u r fa c e  

a re a , shows g re a te r  a d s o rp t io n  th a n  th e  w h ite  m a te r ia l .  F o r  t h i s  

re a s o n , th e  w h ite  m a te r ia l  i s  g e n e ra l ly  fa v o re d  as th e  s u p p o rt in  

colum ns used to  s e p a ra te  p o la r  compounds. A t  th e  same tim e  th e  w h ite  

m a te r ia l  has an in h e re n t  column e f f ic ie n c y  le s s  th a n  t h a t  o f  th e  p in k  
m a t e r ia l .  The w h ite  m a te r ia l  is  a ls o  v e ry  f r i a b l e ,  e a s i ly  b re a k a b le , 

as c o n tra s te d  to  th e  p in k  m a te r ia l  and show's c o n s id e ra b le  breakdown in  

h a n d lin g . Breakdown causes f in e s  and in c re a s e s  colum n back p re s s u re  
w h ic h  r e s u l t s  i n  a p o o re r colum n.

I n  th e  o r ig in a l  w ork  in  g a s - l iq u id  chrom atog rap hy C e l i t e  
545 (1 6 ) ,  a f i l t e r  a id ,  was used as a s u p p o rt f o r  s e p a ra t io n  o f  f a t t y  

a c id s . To o b ta in  a c o a rse  f r a c t io n  o f  C e l i t e  545, James and M a r t in  
(16) re p e a te d ly  suspended th e  m a te r ia l  in  w a te r ,  a llo w e d  th e  coase 
f r a c t io n  to  s e t t l e ,  and decanted th e  f in e s  w i t h  th e  s u p e rn a ta n t l iq u id .  
T h is  was n e c e ssa ry  s in c e  m ost o f  th e  C e l i t e  545 i s  v e ry  f in e  w ith

On the other hand, the white particle consists of a mass of

diatomite fragments lightly fused together in a very open structure.

Because of the open structure, the internal void space is large.



Table 1.2 Typical physical properties of diatomite supports (16)

P in k W h ite

pH 6 -7 8-9

T ru e  d e n s ity ,  g/cm^ 2 .2 6 2 .2 0

F re e  f a l l  d e n s ity ,  g/cm^ 0 .4 1 0 .21

Packed d e n s ity ,  g/cm'* 0 .47 0 .2 4

V o id  space 0 .8 0 0 .9 0
2S u rfa c e  a re a , m /g 4 .0 0 1 .00
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T a b le  1 .3  T y p ic a l ch e m ic a l a n a ly s is  o f  d ia to m ite  s u p p o rts  (16)

P in k W h ite

N o n -a c id
washed
P e rc e n t

A c id
washed
P e rc e n t

N o n -a c id
washed
P e rc e n t

A c id
washed
P e rc e n t

S i0 2 9 0 .6 9 1 .6 88 .9 9 0 .0

A120 3 4 .4 4 .1 4 .0 3 .6

f e 2°3 1 .6 1 .4 1.6 1 .4

T io  2 0 .2 0 .2 0 .2 0 .2

CaO 0 .6 0 .4 0 .6 0 .4

MgO 0 .6 0 .5 0 .6 0 .5

Na20 + K 20 1 .0 0 .9 3 .6 3 .2

M o is tu re 0 .3 0 .3 0 .3 0 .3
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a p p ro x im a te ly  90 p e r c e n t f i n e r  th a n  100 mesh. In  1955 A . I .H .  K e u le -  

mans (16) re p o r te d  th e  use o f  th e  s te rc h m o l,  a German d ia to m ite  f i r e ­
b r ic k  c a lc in e d  a t  2012°F and 2100CF. I n  1956 M. D im b a t, P .E . P o r te r  

and F .H . S tro s s  (22) re p o r te d  th e  use o f  J o h n s -M a n v il le  S i l - O - C e l C-22 
b r ic k ,  a d ia to m ite  b r ic k  c a lc in e d  a t  1350°c (2 4 6 0 °F ) . A coa rse  f r a c ­

t i o n  o f  th e  S i l - O - C e l  C-22 b r ic k  was p rep ared  by c ru s h in g  th e  b r ic k  
and th e n  s iz e -g ra d in g  th e  m a te r ia l  w i t h  s c re e n s .

C o n s id e r in g  th e  p in k  m a te r ia ls ,  th e  te c h n iq u e s  had th e  

d isa d va n ta g e s  o f  ex tended  p ro c e s s in g  t im e  and h ig h  o p e ra t in g  te m p e ra tu re  
c o n d it io n s  w h ic h  w ere  im p r a c t ib le  i n  m ost cases and c o n s e q u e n tly  econo­

m ic a l ly  u n d e s ira b le .  These persuaded D.M. O t te n s te in  (23) to  p re p a re  
a new s u p p o rt t h a t  e x h ib ite d  lo w  a d s o rp t iv e  e f f e c t s  b u t had good colum n 
e f f ic ie n c y  and good h a n d lin g  p r o p e r t ie s .  On th e  o th e r  hand, th e  su p p o rt 

had th e  combined good p r o p e r t ie s  o f  th e  w h ite  and p in k  m a te r ia ls .  The 
su p p o rt was p rep a red  in  1968 by f l u x  c a lc in in g  crushed  d ia to m ite  f i r e ­

b r ic k ,  S i l - O - C e l C-22 w h ic h  was p r e v io u s ly  c a lc in e d . F lu x s  in c lu d e d  

Na^O, K^O and Na 2 F . The f i r s t  c a lc in a t io n ,  w ith o u t  f l u x ,  was in  a 

s ta n d a rd  manner o f  th e  f i r e b r i c k  p re p a ra t io n .  The second c a lc in a t io n  
in v o lv in g  5.0 p e r c e n t f l u x  excep t Na^F w h ic h  was 4.0 p er c e n t was 

c a r r ie d  o u t f o r  6 h o u rs  a t  2100°F (1148°c) excep t in  th e  case o f  Na^F 

w h ic h  was c a lc in e d  f o r  1 h o u r .
H ow ever, th e  d oub le  c a lc in a t io n  i s  e n e rg ic a l w a s te  and 

th e  te m p e ra tu re  i s  a ls o  h ig h .  T h is  i s  s t i l l  im p r a c t ic a l  A d d it io n a l  
to  th e  d i f f i c u l t y  o f  s u r fa c e  a re a , th e  d ia tom s in  some d e p o s its  a re  
a s s o c ia te d  w i t h  u n d e s ira b ly  la rg e  am ounts o f  im p u r i t ie s .  These im p u r i­
t i e s  com prise  w a te r ,  c la y  ( g e n e r a l ly  a lum inum  compounds i n  th e  fo rm  o f  
m in u te  p a r t ic le s  o f  ab ou t 1-2 ym s iz e  o r  le s s ) ,  f r a c tu re d  d ia to m s , and 
in o rg a n ic  im p u r i t ie s  such as i r o n  o x id e , c a lc iu m  and magnesium s u lp h a te .
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A s s o c ia t io n  w i th  la rg e  q u a n t i t ie s  o f  c la y  n a t u r a l l y  reduces th e  s u r fa c e  

a re a  o f  d ia tom s because th e  c la y  p o r t io n  n o t o n ly  f i l l s  th e  p orous 

d ia to m  s k e le to n s  b u t a ls o  a c ts  as a cem enting  ag en t between in d iv id u a l  

d ia to m s . In o rg a n ic  m a te r ia ls  cause a d s o rp t io n  on th e  d ia to m  s u rfa c e  and 
a la rg e  amount o f  i r o n  o x id e  makes th e  f lu x - c a lc in e d  p ro d u c t c o lre d ,  
w h ite ,  as re q u ire d .  T h e re fo re ,  b e n e f ic a t io n  o f  raw  d ia to m ite  is  needed.

J .  V ism an and J . L .  P ic a rd  (24) p a te n te d  t h e i r  re s e a rc h  o f  th e  b e n e f ic a ­

t i o n  o f  d ia to m ite  in  Canada in  1972. A number o f  b e n e f ic a t io n  methods 

w ere  deve loped  i n  th e  p r io r  a r t ,  how ever th e y  were n o t a p p lic a b le  to  

d ia to m ite  o f  th e  Q uesnel typ e  in  Canada. F o r  exam p le , a i r  c la s s i f i c a ­
t i o n  was used to  se p a ra te  th e  d ia tom s fro m  fra g m e n te d  d ia tom s in  th e  

h ig h  grade o re  d e p o s its  o f  th e  U n ite d  S ta te s  o f  A m e ric a . S e le c t iv e  

s e t t l in g  te c h n iq u e s  were a ls o  known in  th e  a r t ,  as w ere f lo a t a t io n s  

te c h n iq u e s , b u t th e y  were to o  e xp e n s ive  o r  i n e f f i c i e n t  when a p p lie d  to  

o re s  o f  Q uesnel ty p e . The p a te n te d  p rocess  com prised  th e  fo l lo w in g  

s te p s : w a sh ing  th e  raw m a te r ia l  to  c o m p le te ly  le a c h  o u t w a te r  s o lu b le  

s a l t s  such as gypsum and hyd rous s u lp h a te  o f  sod ium , p o ta ss iu m  and 

m agnesium ; s e p a ra t in g  th e  wash w a te r  fro m  th e  re s id u e ;  r e -p u lp in g  th e  

re s id u e  w i t h  w a te r  in  a s s o c ia t io n  w i t h  a d is p e rs a n t ;  s u b je c t in g  th e  

p ro d u c t s lu r r y  to  c e n t r i f u g a l  s e p a ra t io n  to  s e p a ra te  th e  f i r s t  and 
second f r a c t io n s  fro m  th e  in te rm e d ia te  f r a c t io n s  p re d o m in a n tly  
c o m p ris in g  d ia to m s . The f lo w  d iagram  o f  t h i s  p ro c e ss  i s  shown in  

f ig u r e  1 .2 .  W ashing o f th e  o re  b e fo re  s e p a ra t io n  is  n e c e s s a ry . I t  
was found  th a t  s o lu b le  s a l t s  p re s e n t in g  i n  o re s  o f  th e  Q uesne l ty p e  
cause them consum ing c o n v e n tio n a l d is p e rs in g  a g e n ts . T h is  can re n d e r 
th e  p re c e ss  u n e c o n o m ic a lly . Washing w i l l  remove th e  g re a t b u lk  o f  
th e s e  s a l t s .  The p a r t ic le  s iz e  d is t r ib u t io n  o f  d ia to m ite  i s  . i l l u s t r a t e d  
i n  F ig u re  1 .3  and th e  sep a ra ted  f r a c t io n s  a re  shown in  F ig u re  1 .4 .



F ig u re  1 .2  F low  d iag ram  o f  th e  b e n e f ic a t io n  o f  d ia to m ite
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Figure 1.3 Illustration of particle distribution of diatomite.
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C o n s id e r in g  F ig u re  1 .2 ,  c oa rse  p a r t ic le s  (more th a n  AO ym) w e re  se p a ra te d  
i n  c y c lo n e  1, d ia to m s  and f i n e  p a r t ic le s  w ere t r a n s fe r r e d  in t o  c y c lo n e  

2 s t i l l  com prised  d ia to m s  and c la y  p a r t ic le s  w h ic h  C ould  be se p a ra te d  

by c e n t r i f u g a t io n  o r  f i l t r a t i o n .  T h is  in d ic a te d  t h a t  th e  c yc lo n e s  w ere  

used f o r  s e p a ra t io n  o f  c o a rse  p a r t ic le s  n o t  c la y  p a r t ic le s  fro m  d ia to m s . 

C la y  p a r t ic le s  (2 pm o r  le s s )  w ere se p a ra te d  fro m  d ia to m s  by c e n t r i ­

f u g a t io n .

N o t o n ly  C anadian d ia to m ite ,  b u t a ls o  B u lg a r ia n  d ia to m ite  

com prised  a la r g e  amounts o f  im p u r i t ie s .  I n  1972 A t .  p . A ta n a so v  (19 ) 

used a c id  t re a tm e n t f o r  im p u r i t ie s  re m o v a l, i . e . ,  ad d ing  200 g o f  

d ia to m ite  to  1000 cm  ̂ o f  20% h y d ro c h lo r ic  o r  s u l f u r ic  a c id s ,  h e a t in g  

f o r  2 h o u rs  a t  9 5 -1 0 0 °C , f i l t e r i n g  and w a sh in g . The p ro c e d u re  was 

made th r e e  t im e s  w i t h  20% a c id .  The f i n a l  w ash ing  was made u n t i l  

n e u t r a l i t y  was a c h ie v e d . T h e re  was no d if fe r e n c e  i n  t re a tm e n t w i th  

h y d ro c h lo r ic  o r  s u l f u r ic  a c id s .  Then th e  s u p p o rt was produced by 

c a lc in in g  w i t h  5% o f  an e u te c t ic  m ix tu re  o f  sodium and p o ta s s iu m  carb o­

n a te .  I n  1974 A . A ta n a so v  (25 ) produced a new s u p p o rt fro m  B u lg a r ia n  

k ie s e lg u h r  by c ru s h in g  to  0 -3  mm, 4 -s ta g e  b e n e f ic a t io n  by m e c h a n ic a l 

d is in t e g r a t io n  and s e d im e n ta t io n  i n  s o lu t io n s  c o n ta in in g  sodium  ca rb o ­

n a te  250 g / to n  and sodium s i l i c a t e  125 g / to n  ( a t  a s o l id :  l iq u id  r a t i o  
o f  1 : ( 3 0 - 4 0 ) ) ,  3 -s ta g e  w ash ing  w i th  10-20% h y d ro c h lo r ic  a c id  a t  90-95°C  

w i t h  in te rm e d ia te  and f i n a l  w ash ing  w i t h  w a te r ,  d ry in g  a t  150°c, m ix in g  
w i t h  5% by w e ig h t o f  a e u te c t ic  m ix tu re  o f  sodium  and p o ta s s iu m  c a rb o ­

n a te ,  c a lc in in g  f o r  3 h o u rs  a t  900-950°C  and c ru s h in g  to  th e  re q u ire d  

p a r t ic le  s iz e .  I n  th e  same y e a r A . A ta n a so v  and G. S h te re v  (20 ) produced 

a n o th e r  s u p p o rt f o r  GC fro m  B u lg a r ia n  k ie s e lg u h r  by c ru s h in g  to  0 -3  mm, 
e n r ic h in g  b y  5 -s ta g e  w e t d is in te g r a t io n - s e d im e n ta t io n  a t  a s o l id :  l iq u id  
r a t i o  o f  1 : (3 0 -4 0 )  in  th e  p resence o f  sodium  c a rb o n a te  1250 g / to n  and
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sodium  s i l i c a t e  625 g / to n ,  w ash ing  3 t im e s  w i t h  h y d ro c h lo r ic  a c id ,  f l u x  

c a lc in in g  as th e  fo rm e r and c ru s h in g  to  th e  re q u ire d  p a r t ic le  s iz e .

The th re e  p ro d u c ts  fro m  B u lg a r ia n  k ie s e lg u h r  were s im i la r  to  Chromosorb
พ.

A lth o u g h  th e  s u r fa c e  a re a  o f  s u p p o rt i s  2 0 - fo ld  red uced , 

i t s  s u r fa c e  c o n ta in s  a number o f  d i f f e r e n t  ty p e s  o f  a c t iv e  s i t e s  such 

as th e  s i la n o l  group and m in e ra l im p u r i t ie s .  The s u r fa c e  a c ts  as i f  
i t  has a t  le a s t  th re e  typ e s  o f  a c t iv e  s i t e s :

1. Hydrogen bond ing  s i t e s  c a u s in g  th e  t a i l i n g  o f  n e u t r a l  

compounds such as a lc o h o ls ,  a ld e h yd e s , k e to n e s , e s te r s ,  e tc .

2 . B a s ic  s i t e s  c a us ing  th e  t a i l i n g  o f  a c id ic  compounds 
such as a l ip h a t ic  and a ro m a tic  c a rb o x y l ic  a c id s ,  p h e n o ls , b a r b i tu r a te s ,  
e t c .

3 . A c id ic  s i t e s  c a us ing  th e  t a i l i n g  o f  b a s ic  compounds 
such as am ines.

T h e re  a re  th re e  m a jo r m ethods o f  d e a c t iv a t in g  th e  s u p p o rt.
T h e re  a re :

1. Removal o f  m in e ra l im p u r i t ie s  by a c id  o r  base w ash ing  
o f  th e  s u p p o rt.

2 . Removal o f  s u r fa c e  s i l a n o l  g roups by r e a c t io n  w i t h  a 
s i la n iz in g  agent to  fo rm  a s i l y l  e th e r .

3 . S a tu r a t io n  o f  th e  a c t iv e  s i t e s  w i t h  an a c t iv e  a g e n t. 

D e a c t iv a t io n  o f  s u p p o rt by a c id  a n d /o r  base w ash ing  and
s i la n e  tre a tm e n t was compared and e v a lu a te d  by D.M. O t te n s te in  (2 6 ) .

I t  was d isc o ve re d  th a t  a c id  w ash ing  o r  base w ash ing  o f  th e  s u p p o rt 
was h ig h ly  e f f e c t iv e  in  rem ov ing  m in e ra l im p u r i t ie s  fro m  th e  s u p p o rt 
s u r fa c e .  Comparing a c id  and base w a sh in g , th e  fo rm e r was more e f fe c ­
t i v e  th a n  th e  l a t t e r  in  rem ov ing  m in e ra l im p u r i t ie s .  A base w ash ing
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d id  l i t t l e  to  im p rove  th e  s u r fa c e  t h a t  had a lre a d y  been e f f e c t i v e ly  
a c id  washed.

The a c id  w ash ing  o r base w a sh in g  appeared to  be in e f f e c t iv e  
i n  re d u c in g  t a i l i n g .  I t  m ig h t be t h a t  th e  t a i l i n g  caused by th e  re m o va l 

o f  th e  m in e ra l im p u r i t ie s  was s m a ll compared to  th e  t a i l i n g  caused by 
th e  s u rfa c e  s i la n o l  group w h ic h  was removed by s i l a n iz a t io n .  I t  was 

shown th a t  a c id  w ash ing  reduced th e  m in e r a l im p u r i t y  c o n te n t o f  th e  

s u p p o rt by about 10 p e r c e n t.  VJhen th e  a c id  w ash ing  was fo llo w e d  by 

s i l a n iz a t io n ,  th e  su p p o rt s u r fa c e  was much more i n e r t  th a n  a s u p p o rt 

w h ic h  had been o n ly  s i la n iz e d .  The r e a l  b e n e f i t s  o f  a c id  w ash ing  w ere  

n o t seen u n t i l  th e  s u p p o rt was s i la n e  t r e a te d .  However, th e  e f f e c t i v e ­

ness v a r ie d  c o n s id e ra b ly  among th e  v a r io u s  a g e n ts . D im e th y l d ic h lo r o -  

s i la n e  (DMCS) was th e  m ost e f f e c t iv e ,  h e x a m e th y l d is i l i z a n e  (HMDS) le s s  

so , and t r im e t h y l  c h lo r o s i la n e  (TMCS) even le s s .

As m e n tio n e d  th e  d ia to m ite  s u p p o rts  can be d iv id e d  in t o  two 
m a in  ty p e s . One i s  th e  f i r e b r ic k - d e r iv e d  s u p p o rts  such as Chromosorb 

p and Gas Chrom R w h ic h  a re  used f o r  a n a ly s is  o f  non p o la r  compounds, 

h yd ro c a rb o n s . A lc o h o ls ,  am ines, a c id s  and o th e r  p o la r  compounds a re  

adsorbed on th e  s u r fa c e  o f th o s e  s u p p o rt and t h i s  a d s o rp t io n  r e s u l t s  
in  c h ro m a to g ra p h ic -p e a k  t a i l i n g  s e v e r e ly .  The o th e r  one i s  th e  w h ite  

s u p p o rt d e r iv e d  fro m  f i l t e r  a id .  The W 'h ite  s u p p o rts  a re  a lm o s t w id e ly  

used such a re  Chromosorb พ, Chromosorb G, S u p e lc o p o rt , Gas Chrom Q 

and Anakrom ABS. The U n iv e rs a l s u p p o rt i s  Chromosorb พ because i t s  
p r ic e  i s  n o t so e x p e n s iv e . A lth o u g h  Gas Chrom Q i s  much more expen­
s iv e  th a n  th e  o th e r ,  i t  i s  th e  m ost i n e r t  s u p p o rt (27) and i t  has been 
w id e ly  used f o r  s e p a ra t io n  o f  p o la r  compounds such a re  s te r o id s ,  d ru g s , 
p e s t ic id e s ,  phosphate  compounds, e tc .
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Gas Chrom Q (2 8 -2 9 ) i s  a gas c h ro m a to g ra p h ic  s u p p o rt fro m  
d ia tom aceous e a r th  .w h ich  i s  c a r e f u l l y  s i la n iz e d  to  e l im in a te  n e a r ly  a l l  

r e a c t iv e  s i t e s .  The p a r t ic le  s iz e s  o f  th e  d ia to m s  a re  u s u a l ly  to o  s m a ll 

f o r  e f f e c t iv e  use as gas chrom atog raphy s u p p o rts , s in c e  th e y  cause exces­

s iv e  p re s s u re  d rop  when packed in  a co lum n. To in c re a s e  th e  u s a b le  

p a r t i c le  s iz e  range th e  m a te r ia l  i s  c a lc in e d  w i t h  a s m a ll amount (5 

p e r c e n t)  o f  sodium  c a rb o n a te  f l u x  to  produce a w h ite  p o rous  s o l id  w h ic h  

s e rv e s  as th e  s t a r t in g  m a te r ia l  f o r  Gas Chrom ร ,  A , P , z and Q. The 

c o n d it io n  o f  c a lc in a t io n  such as p e r io d  and te m p e ra tu re  was n o t  unknown. 
A f t e r  th e  C e la tom  (28) has been c a lc in e d , i t  i s  sc reened , th e n  w a te r -  

washed to  remove th e  b u lk  o f  f in e s .  A f t e r  d r y in g ,  th e  s u p p o rt i s  c a re ­

f u l l y  screened  to  s iz e  (6 0 /8 0 , 8 0 /1 0 0 , and 100/120 mesh) and checked 

f o r  s c re e n in g  e f f ic ie n c y .  T h is ,p ro d u c t i s  Gas Chrom ร .  The su p p o rt 

i s  soaked i n  c o n c e n tra te d  h y d ro c h lo r ic  a c id  f o r  a minimum o f  16 h o u rs ,  

t h i s  p ro d u c t i s  Gas Chrom A, and washed w i t h  2% KOH s o lu t io n  f o r  a 

m inimum o f  16 h o u rs , t h i s  end p ro d u c t i s  Gas Chrom p .

I n  o rd e r  to  p re p a re  Gas Chrom R, th e  Gas Chrom p i s  a g a in  

th o ro u g h ly  w a te r  washed. A f t e r  th e  w a te r  w a sh in g , th e  s u p p o rt i s  

th o ro u g h ly  d r ie d ,  th e n  soaked in  a s o lu t io n  o f  d im e th y ld ic h lo r o s i la n e  

(DMCS) i n  to lu e n e .  T h is  b r in g s  about r e a c t io n  o f  th e  s u r fa c e  h y d ro x y l 

g roups w i t h  th e  s i la n e  to  fo rm  s i l y l  e th e r s .  F i n a l l y ,  th e  s u p p o rt i s  

washed w i t h  m e th a n o l to  re a c t  w i th  any re m a in in g  c h lo ro  g ro u p s . M o is ­
t u r e  m ust be r i g i d l y  exc luded  d u r in g  t h i s  p rocess  to  p re v e n t h y d r o ly s is  
o f  th e  s i l y l  g ro u p , w h ic h  w ould  d e s tro y  th e  e f fe c t iv e n e s s  o f  th e  

d e a c t iv a t io n  p ro c e s s . A f t e r  d ry in g ,  th e  s u p p o rt i s  Gas Chrom Q.
F re e  f a l l  d e n s ity  ( i n  th e  6 0 /8 0  mesh s iz e )  as ab ou t 0 .2 2  g/cm^.
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1 .1 .4  D ia to m ite  in  T h a ila n d

I n  T h a ila n d  th e re  a re  s e v e ra l re s e rv e s  o f  d ia to m ite .
M ost o f  them a re  found in  Lampang, a p ro v in c e  o f n o r th e rn  T h a ila n d .

The d ia to m ite  d e p o s its  in  th e  Lampang b a s in  appears as lo w  h i l l s  
h a v in g  an ave rag e  h e ig h t  about 10 to  20 m e te rs  fro m  th e  ground  le v e l  

and b e in g  covered  w i th  l a t e r i t e ,  g ra v e l and cobb le  beds. The m ain  
d e p o s its  w ere  found  a t  Amphoe Ko Kha, Amphoe Muang and Amphoe Mae Tha . 

p . Kumanchan and A . T ra iy a n  (21) re p o r te d  th a t  th e  d e p o s its  a t  Ban Mon 

H in  Kaew, Amphoe Ko Kha; Ban K lu a i  Phae, Amphoe Muang; and Ban Ouan, 

Amphoe Mae Tha w ere th e  s ig n i f ic a n t  d e p o s its .  O th e r d ia to m ite  d e p o s its  

found  a t  Ban P h ic h a i,  Amphoe Muang; Ban H u a i Nam Khem, Amphoe Muang;
Ban H u a i Nam Long, Amphoe Sop P h ra p ; and Ban K u i Lorn, Amphoe Muang w ere  

c o n s id e re d  as s m a ll d e p o s its .  The a re a s  o f  d ia to m ite  d e p o s its  a re  

shown in  F ig u re  1 .6 .  p . Kumanchan and h is  p a r tn e r  a ls o  re p o r te d  th e  

d ia to m ite  re s e rv e s  as ta b u la te d  i n  T a b le  1 .4  w h ic h  in d ic a te d  th a t  th e  

d ry  d ia to m ite  re s e rv e s  were t o t a l l y  242 .9  m i l l i o n  m e tr ic  to n s .

D ia to m ite  in  Lampang has a m ic r o - s t r u c tu r e  o f  d ia to m s , 

nam ely M e lo s ira  g ra n u la ta  w h ic h  i s  a f r e s h -w a te r  d ia to m . By means o f  

e le c t r o n  m ic rosc op e  scann ing  a p a r t ic le  o f  th e  d ia to m ite  i s  4 -31  m ic ro n s  

w id e  and 8 -35  m ic ro n s  lo n g  as shown in  F ig u re  1 .7 .  The c h e m ic a l 
a n a ly s e s  (21 ) o f  d ia to m ite  fro m  some a re a s  a t  th e  Lampang b a s in  i s  

shown i n  T a b le  1 .5 .  I t  in d ic a te d  th a t  th e  Mae Tha d e p o s it  has th e  

h ig h e s t  s i l i c a  c o n te n t w h ich  i s  used as a m easure o f  d ia to m  q u a n t i t y .  
How ever, th e  i r o n  c o n te n t and a lu m in a  c o n te n t w h ic h  i s  used as a m easure 

o f  th e  c la y  q u a n t i t y  a re  a ls o  h ig h .  T h e re fo re ,  th e  d ia to m ite  i s  n o t 
u t i l i z e d  as much as i t  shou ld  b e . I f  th e s e  u n d e s ira b le  m in e ra ls  a re  

rem oved, th e  d ia to m ite  in  T h a ila n d  w i l l  be more u s e fu l ,  e . g . ,  as 
f i l t e r i n g  m ed ia , a d so rb e n t and s o l id  su p p o rt f o r  ch rom a tog rap h y.
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F ig u re  1 .5 L o c a t io n  map o f  d ia to m ite  d e p o s its ,  Lampang, n o r th e rn
T h a ila n d .
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%4 36

Hard s u r fa c e  road  
Loose s u r fa c e  road

F ig u re  1 .6  Show ing a re a s  o f  d ia to m ite  d e p o s it  (2 1 ) .

•  E x p lo ra to ry  s h a f t
A The Ko Kha D e p o s it
B The Amphoe Muang D e p o s it

c The Mae Tha D e p o s it
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T a b le  1 .4  Show ing d ia to m ite  re s e rv e s  o f  th e  Lampang b a s in  (2 1 ) .

A rea T o ta l  Volum e (m^) R eserve  (m e tr ic  to n s )

Ban Mon H in  Kaew 

Amphoe Ko Kha
310 .97  X  106 223 .89  X  106

Ban K la u i  Phae 
Amphoe Muang

15.20  X  106 12.16 X  106

Ban Ouan 

Amphoe Mae Tha
13.20 X  106 6 .8 5  X  106

T o ta l 339.37 X  106 2 4 2 .90  X  106



F ig u re  1 .7  P h o to m ic ro g ra p h  o f  d ia to m ite  i n  Lampang, T h a ila n d



T a b le  1 .5  C hem ica l a n a ly s e s  o f  Lampang d ia to m ite  (21) 

(The ave rag e  c o n te n ts  fro m  d i f f e r e n t  d ep th )
1. From  th e  Ko Kha d e p o s it

2 . From th e  Amphoe Muang d e p o s it

3 . From  th e  Mae Tha d e p o s it

c o m p o s it io n  (%) 1 2 ว

S i0 2 63 .95 62 .39 6 9 .5 0

A120 3 15.68 11.88 12.09

F e 2°3 9 .1 5 6 .8 7 3 .5 6
CaO - - 0 .8 9
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1 .2  O b je c t iv e  and Scope o f  T h is  S tud y

I n  th e  p a s t ,  d ia to m ite  in  T h a ila n d  was c rushed  and used as a 

f i l l e r  i n  o th e r  p ro d u c ts  (3 0 ) .  A s s o c ia t io n  w i t h  c la y ,  sand and i r o n  

m in e ra ls  made th e  d ia to m ite  n o t o f  i n t e r e s t  even s e v e ra l la rg e  re s e rv e s  
o f  d ia to m ite  d e p o s its  w ere found  in  Lampang. To d eve lop  th e  d ia to m ite  

as th e  m ost v a lu a b le  p ro d u c t, a s o l id  s u p p o rt f o r  c h rom a tog rap h y, many 

re s e a rc h e s  have to  be done. From th e  p r im a ry  s tu d y  o f  th e  m ic r o - s t r u c ­

tu r e  o f  Lampang d ia to m ite  as shown in  F ig u re  1 .7 ,  i t s  s t r u c tu r e  is  

s im i la r  to  Gas Chrom Q w h ic h  i s  th e  m ost i n e r t  s u p p o rt now. Thus th e  

p re p a ra t io n  o f  Gas Chrom Q fro m  T h a i d ia to m ite  i s  q u ite  p o s s ib le  and 
many s tu d ie s  has p lanned  as th e  fo l lo w in g s :

1. C hem ica l a n a ly s is  and s u r fa c e  s tu d y  o f  Lampang d ia to m ite .

2 . B e n e f ic a t io n  o f  Lampang d ia to m ite  f o r  use as th e  s t a r t in g  
m a t e r ia l .

3 . P re p a r in g  th e  s o l id  su p p o rt fro m  s te p  2 .

4 . P h y s ic a l and c h ro m a to g ra p h ic  s tu d ie s  o f  th e  p rep a red  su p p o rt 
u s in g  Gas Chrom Q as th e  re fe re n c e  s u p p o rt.

5 . A p p l ic a t io n  o f  th e  p rep a red  s u p p o rt i n  c h ro m a to g ra p h ic

c o lu m n s .
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