
CHAPTER IV

RESULTS AND DISCUSSION

4 .1  S t r u c tu r e  o f  Lampang D ia to m ite

P r e l im in a r y  s tu d y  o f  T h a i d ia to m ite  a t  Lampang b a s in  was th e  

s t r u c tu r e  o f  d ia to m  re m a in s  by u s in g  th e  scann ing  e le c t r o n  m ic rosc op e  

and i t s  m ic ro p h o to g ra p h  was shown in  F ig u re  1 .7 .  I t  was found  th a t  th e  

s t r u c tu r e  o f  th e  d ia to m  re m a in s  o f  Lampang d ia to m ite  was th e  same as 
t h a t  o f  Gas Chrom Q, th u s  th e  tre n d  o f  p re p a ra t io n  o f  a s o l id  su p p o rt 

fro m  T h a i d ia to m ite  was p o s s ib le  and th e  c h e m ic a l a n a ly s is  o f  Lampang 

d ia to m ite  was s tu d ie d .

4 .2  C hem ica l A n a ly s is  o f  Lampang D ia to m ite

The r e s u l t s  o f  th e  c h e m ic a l a n a ly s is  o f  Lampang D ia to m ite  a t  th e  
26 f e e t  and 42 f e e t  d ep ths  o f  th e  Mae T.ha d e p o s it  a re  shown in  T a b le  

4 .1 .  I t  was seen t h a t  d ia to m ite  a t  th e  lo w e r le v e l  was p u re r  th a n  t h a t  

a t  th e  upper le v e l  s in c e  th e  s i l i c a  c o n te n ts  a t  th e  42 f e e t  dep th  was 

h ig h e r  th a n  t h a t  a t  th e  26 f e e t  dep th  and th e  c la y  c o n te n t (A ^ o ^ ) a t  
th e  42 fe e t  d ep th  was lo w e r th a n  a t  th e  26 f e e t  d e p th . O n ly  two le v e ls  

w e re  n o t s u f f i c ie n t  to  conc lude th e  tre n d  o f  d ia to m ite  d e p o s it io n .

The c h e m ic a l a n a ly s is  o f  d ia to m ite  a t  v a r io u s  d ep ths  o f  th e  same s h a f t  

fro m  th e  D ep artm en t o f  M in e ra l Resources (21) as shown in  th e  ap p end ix  

1  showed th e  f l u c t u a t io n  o f  ร 1 อ 2  and A ^ o ^  c o n te n ts  in  d ia to m ite  a t  
v a r io u s  d e p th s . T h e re fo re ,  th e  p u r i t y  o f  d ia to m ite  m ig h t n o t depend 
on th e  dep th  a t  w h ic h  d ia to m ite  re s e rv e d . The c o n te n ts  o f  a l k a l i  and 

a l k a l i - e a r t h  o x id e s  in  d ia to m ite  a t  th e  two le v e ls  were v e ry  c lo s e  
excep t th e  c o n te n t o f  บท 2 0  a t  th e  lo w e r le v e l  was 0.69% h ig h e r  th a n
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T a b le  4 .1  C hem ica l a n a ly s is  o f  T h a i d ia to m ite  a t  th e  Mae Tha d e p o s it ,  

Lampang.

C o m p o s itio n
P e rc e n ta g e s o f  C o n te n t

26 f e e t  depth^3 ^ 42 fe e t  depth^k)

S i0 2 7 0 .5 8 1 0 .1 5 7 1 .0 9 1 0 .4 0

A 1 2°3 12 .4810 .01 1 1 .8 3 1 0 .5 9
F e 2 0 3 3 .0 7 1 0 .0 2 2 .8 6 1 0 .0 5

MgO 0 .4 7 1 0 .0 3 0 .4 4 1 0 .0 3
CaO 0 . 2 0 1 0 . 0 0 0 . 2 0 1 0 . 0 1

Na20 0 .4 7 1 0 .0 3 1 .1 6 1 0 .0 3
k 2 0 1 .5 4 1 0 .0 4 1 .5 5 1 0 .0 4

Loss  on ig n i t i o n 7 .0 3 1 0 .1 1 6 .3 5 1 0 .3 4

N ote (a ) mean ± mean d e v ia t io n  o f  3 samples 

(๖) mean ± mean d e v ia t io n  o f  9 samples
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t h a t  o f  th e  upper l e v e l .  T h is  m ig h t be because th e  d ia to m  re m a in s  o f  
th e  26 f e e t  dep th  and th e  42 fe e t  dep th  w ere i n  th e  d i f f e r e n t  genera 

t i o n .

The c o n te n t o f  Al^o^ 12.48% and 11.83% in d ic a te d  th e  p resence 

o f  h ig h  c o n te n t o f  C la y  m in e r a l .  Assum ing t h a t  a l l  o f  a lu m in a  c o n te n t 

was th e  c o m p o s it io n  o f  c la y  and c la y  was g e n e ra l ly  composed o f  40% A ^ o ^  

(40) th u s  th e  c a lc u la te d  amount o f  c la y  in  th e  d ia to m ite  h e re  was 31.20% 

and 29.58% , r e s p e c t iv e ly .  I t  was known th a t  th e  c la y  p a r t ic le s  were 
v e ry  s m a ll ( < 2  pm ), t h i s  reduced th e  s u r fa c e  a re a  o f  d ia to m ite  because 

th e y  covered  th e  p o res  o f  d ia to m ite  s t r u c tu r e .  I n  a d d i t io n ,  th e  s u r fa c e  

o f  c la y  i t s e l f  had an a d s o rp t iv e  p ro p e r ty  due to  th e  p resence  o f  some 
c a t io n s .  C o n s id e r in g  th e  i r o n  c o n te n ts  o f  3.07% and 2.86% , th e y  were 

q u i te  h ig h  and c o u ld  i n t e r f e r e  th e  p rocess  o f  th e  f l u x  c a lc in a t io n  o f  
d ia to m ite ,  e .q . ,  th e  excess c o n te n t o f  i r o n  caused th e  p ro d u c t c o lo re d . 

F e 2 0  ̂ a c ted  as a f lu x in g  a g e n t, t h i s  made th e  d i f f i c u l t y  o f  c o n t r o l l in g  

th e  p a r t i a l  fu s io n  o f  d ia to m ite .

Comparing th e  c h e m ic a l a n a ly s is  r e s u l t s  a t  th e  42 f e e t  depth 

fro m  t h i s  s tu d y  to  th o s e  fro m  th e  D ep artm en t o f  M in e ra l R esources in  

A ppend ix  1, th e y  w ere s l i g h t l y  d i f f e r e n t  because o f  th e  d i f f e r e n t  

la b o r a to r ie s .  Between th e  d ia to m ite  a t  th e  26 f e e t  d e p th  and th e  42 
f e e t  d e p th , th e  l a t t e r  had h ig h e r  c o n te n t o f  s i l i c a ;  as a r e s u l t ,  i t  
was s e le c te d  as a raw  m a te r ia l  f o r  t h i s  s tu d y .

To remove th e  im p u r i t ie s  fro m  d ia t io m i t e ,  s e v e ra l s te p s  o f  w a te r  
w a sh in g , s e t t l i n g ,  and a c id  t re a tm e n t were p e rfo rm e d .
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4 .3  B e n e f ic a t io n  o f  Lampang D ia to m ite

4 .3 .1  M e c h a n ic a l S e p a ra t io n

The y ie ld  o f  th e  c le a n  d ia to m ite  fro m  m e c h a n ic a l s e p a ra t io n  

as i l l u s t r a t e d  in  T a b le  4 .2  in d ic a te d  in s ig n i f i c a n t  d i f fe r e n c e  betw een 

th e  use and nonuse o f  d is p e rs a n t as w e l l  as no d i f fe r e n c e  betw een th e  

3.3% s lu r r y  and 20.0% s lu r r y .  T h e re fo re ,  M ethod 2 ( w ith o u t  d is p e rs a n t 

and 3.3% s lu r r y )  was s e le c te d  f o r  m e c h a n ic a l s e p a ra t io n  o f  d ia to m ite .
To s e le c t  th e  b e s t method o f  b e n e f ic a t io n ,  th e  r e s u l t s  o f  

th e  c h e m ic a l a n a ly s is  o f  th e s e  c le a n  d ia to m ite  w ere a ls o  c o n s id e re d .

I t  was seen t h a t  th e  c o m p o s itio n s  o f  th e  c le a n  d ia to m ite  w i t h  th e  t r e a t 

m ents o f  d is p e rs a n t and n o n -d is p e rs a n t by e i t h e r  th e  f i l t r a t i o n  o r 

d e c a n ta t io n  te c h n iq u e s  were a lm o s t th e  same. The d i f fe r e n c e  was fro m  

th e  te c h n iq u e s , f i l t r a t i o n  and d e c a n ta t io n ,  n o t fro m  th e  use and nonuse 

o f  d is p e rs a n t .  The h ig h e r  p e rcen tag e  o f  SiC > 2  and th e  lo w e r p e rc e n ta g e  

o f  were o b ta in e d  fro m  th e  d e c a n ta t io n  te c h n iq u e . T h is  was
because th e  f i l t r a t i o n  m ig h t r e t a in  a l l  p a r t ic le s ,  b o th  d ia to m ite  and 

c la y ,  on th e  f i l t e r  p a p e r. Comparing th e  p ro d u c ts  fro m  th e  d e c a n ta t io n  

o f  Method 1 and Method 2, th e y  were n o t so d i f f e r e n t .  T h is  corresponded  

to  a l l  o f  s o lu b le  s a l t s  w h ic h  caused th e  c la y  p a r t ic le s  f lo c c u la te d  (40) 
w ere removed a f t e r  3 - t im e  w ash ing  o f  th e  d ia to m ite  w i t h  d i s t i l l e d  w a te r  

and th e  c la y  p a r t ic le s  c o u ld  d is p e rs e  th e m se lve s  w ith o u t  th e  p resence 

o f  d is p e rs a n t .
Not o n ly  c la y  b u t a ls o  i r o n  was removed fro m  th e  d ia to m ite  

by w a te r  w ash ing  and c o a rs e -m in e ra l s e t t l i n g .  On accoun t t h a t  c o a rse  

m in e ra ls  were removed b e fo re  th e  s e p a ra t io n  o f  c la y  fro m  d ia to m ite ,  th e  
q u a n t i t ie s  o f  c oa rse  m in e ra ls  fro m  a l l  m ethods w ere  e q u a l ly  5.2% .

The c h e m ic a l a n a ly s is  o f  c o a rse  m in e ra ls  was a ls o  d e te rm in e d  

to  in d ic a te  w h e th e r i r o n  was v a lu a b le  to  be re c o v e r ie d .  The r e s u l t  as 1



Table 4.2 The yields of clean diatomite after mechanical separation

Type o f  B e n e f ic a t io n
% Y ie ld

By F i l t r a t i o n By D e c a n ta t io n

Method 1
(W ith  D is p e rs a n t)

77 .8 5 9 .7

Method 2
(W ith o u t D is p e rs a n t)  

3.3% s lu r r y
7 5 .8 6 0 .4

Method 3
(W ith o u t D is p e rs a n t)  

2 0 . 0 % s lu r r y
- 6 0 .6
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T a b le  4 .3  C hem ica l a n a ly s is  o f  c le a n  d ia to m ite  a f t e r  m e c h a n ic a l 

s e p a ra t io n .

P ro d u c ts
% C o m p o s itio n

S i0 2 A1 2 0 3 Fe 2°3 MgO CaO

DF 73.79 11.04 1.90 0 .4 2 0 .1 4
NDF 73 .60 11.05 1.91 0 .4 2 0 .15
DD 76 .17 9 .5 7 1 .67 0 .3 4 0 . 1 2

NDD 75.92 9 .6 0 1.67 0 .3 4 0 . 1 1

N ote  DF was th e  p ro d u c t fro m  u s in g  th e  d is p e rs a n t and f i l t r a t i o n .  

(Method 1)

NDF was th e  p ro d u c t fro m  u s in g  no d is p e rs a n t and f i l t r a t i o n .  
(M ethod 2)

DD was th e  p ro d u c t fro m  u s in g  th e  d is p e rs a n t and d e c a n ta t io n .  
(Method 1)

NDD was th e  p ro d u c t fro m  u s in g  no d is p e rs a n t and d e c a n ta t io n .  
(Method 2)



97

shown in  T a b le  4 .4  showed th a t  th e  q u a n t i t y  o f  i r o n  i n  c o a rse  m in e ra ls  

was j u s t  6 . 8 8 %. I t  was so s m a ll th a t  th e  re c o v e ry  o f  i r o n  was n o t 

w o r t h f u l .

A lth o u g h  some o f  i r o n  (41% 1 ^ 2 ® 3 ) was rem oved, th e  rem ained  
i r o n  s t i l l  caused th e  f lu x - c a lc in e d  d ia to m ite  c o lo re d , p in k  in s te a d  o f  

w h ite .  T h e re fo re ,  th e  c h e m ic a l tre a tm e n t to  remove th e  rem ained  i r o n  

was n e c e s s a ry .

4 .3 .2  A c id  T re a tm e n t

The c le a n  d ia to m ite  o b ta in e d  fro m  th e  m e c h a n ic a l s e p a ra t io n  
was t r e a te d  w i t h  HC1 to  rem ove th e  rem ained  i r o n  and c h e m ic a l a n a ly s e s  

o f  th o s e  p ro d u c ts  a re  shown in  T a b le  4 .5 .  The r e s u l t s  showed th a t  th e  

degree o f  i r o n  re m o va l was p r o p o r t io n a l  to  th e  s ta g e  o f  KC1 t re a tm e n t ,  
th e  amount o f  HC1, and p e r io d  o f  w arm ing . To c o n s id e r w h ic h  c o n d it io n  

was s u i ta b le ,  th e  c h e m ic a l a n a ly s is  was n o t s u f f i c ie n t ,  th e  p h y s ic a l 

p ro p e r t ie s  o f  th e  f lu x - c a lc in e d  p ro d u c ts  were a ls o  re q u ire d .  The 

p resence  o f  i r o n  in  d ia to m ite  c o u ld  a f f e c t  to  th e  h a rd n e ss , c o lo r  and 

s u r fa c e  a re a  o f  th e  f lu x - c a lc in e d  d ia to m ite .  I f  th e  c o n te n t o f  i r o n  

was to o  h ig h ,  th e  d ia to m ite  w ou ld  be more fu se d  th a n  t h a t  re q u ire d  and 

m ig h t be c o lo re d  o f  p in k  to  b row n. C o lo r  o f  th e  p ro d u c t was one in d e x  
o f  th e  re q u ire d  p ro d u c t, w h ic h  was w h ite  h e re . I f  th e  i r o n  c o n te n t 

was to o  lo w , th e  fo rm in g  o f  sodium i r o n  s i l i c a t e  was n o t as re q u ire d ,  

i . e . ,  i t s  ha rd ness  was n o t s u f f i c ie n t .  A f t e r  c o n s id e ra t io n  o f  p ro d u c ts  
fro m  f lu x - c a lc in a t io n ,  th e  optim um  c o n d it io n  o f  a c id  t re a tm e n t was 
1 - t im e  e x t r a c t io n  w i t h  1000 cm  ̂ 15% HC1 warm ing a t  9 0 °-95°C  f o r  3 h o u rs .
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T a b le  4 .4  C hem ica l a n a ly s is  o f  c o a rse  m in e ra ls  fro m  m e c h a n ic a l 
s e p a ra t io n .

C o m p o s itio n P e rc e n ta g e s  o f  C o n te n t

S i0 2 68 .91

A 1 2°3 9 .3 2

Fe2°3 6 . 8 8

MgO 0.4 1

CaO 0 .1 4
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T a b le  4 .5  C hem ica l a n a ly s e s  o f  th e  H C l- t re a te d  d ia to m ite .

P e rc e n ta g e s  o f  C o n te n t
Co lid 1 1 1 0  ns

F e 2°3 ร io  2 A I 2 O3 MgO CaO
I .  4 - t im e ,  1000 cm3  20% HC1 

warmed f o r  3 h o u rs
0 .5 1 82 .08 5 .7 2 0 . 1 2 n i l .

I I .  3 - t im e ,  1000 cm3  20% HC1 
warmed f o r  3 h o u rs

0 .57 82 .08 6 .3 5 0 .1 8 n i l .

I I I .  2 - t im e ,  1000 cm3  20% HC1 
warmed f o r  3 h o u rs

0 .6 3 80 .35 7 .2 0 0 . 2 2 n i l .

IV .  1 - t im e , 1000 cm3  20% HC1 
warned f o r  3 h o u rs

0 .69 80.17 8 .41 0 .2 4 n i l .

V . 1 - t im e ,  500 cm3  20% HC1 
warned f o r  3 h o u rs

0 .7 2 81 .32 7 .7 3 0 .2 3 n i l .

V I .  1 - t im e , 1000 cm3  10% HC1 
warmed f o r  3 h o u rs

0 .6 5 81 .68 7 .3 2 0 .2 3 n i l .

V I I .  1 - t im e , 500 cm3  10% HC1 
warmed f o r  3 h o u rs

0 .9 0 78.07 8 .71 0 .2 5 n i l .

V I I I .  1 - t im e , 1000 cm3  10% HC1 
warmed f o r  2  h o u rs

0 .7 8 80 .87 7 .79 0 .2 3 n i l .
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4 .4  P re p a ra t io n  o f  th e  S o l id  S up p o rt 

4.4.1 F lu x  C a lc in a t io n

I t  was w e l l  known th a t  th e  f lu x - c a lc in e d  d ia to m ite  was w h ite  

i n  c o lo r  o f  a l k a l i  i r o n  s i l i c a t e ,  i t s  s t r u c tu r e  was hardened  and f i n e  

p a r t ic le s  w ere fu s e d . T h is  was a mean to  check w h e th e r th e  c o n d it io n  

used in  f l u x  c a lc in a t io n  was s u i t a b le .  The o b s e rv a t io n  and m ic ro p h o 

to g ra p h s  o f  a l l  f lu x - c a lc in e d  d ia to m ite  w h ic h  were c a lc in e d  a t  v a r io u s  
te m p e ra tu re s  and p e r io d s  were p e rfo rm ed  c a r f u l l y  and t h e i r  r e s u l t s  a re  

ta b u la te d  i n  T a b le s  4 .6  to  4 .1 3 .  The m ic ro p h o to g ra p h s  o f  re q u ire d  and 

u n re q u ire d  p ro d u c ts  a re  shown in  F ig u re  4 .1 .
From T a b le  4.6, raw  d ia to m ite  was used as a s t a r t in g  m a te r ia l  

and c a lc in e d  under th e  c o n d it io n  o f  D.M. O t te n s te in  (23). The r e s u l t  
in d ic a te d  a se ve re  f a i l u r e  because o f  th e  h ig h  te m p e ra tu re  and lo n g  

p e r io d  o f  f l u x  c a lc in a t io n  as w e l l  as th e  p resence  o f  excess i r o n  c o n te n t 
i n  raw  d ia to m ite .  T h e re fo re ,  th e  c le a n  d ia to m ite  fro m  m e c h a n ic a l 

s e p a ra t io n  was used as th e  s t a r t in g  m a te r ia l  and th e  te m p e ra tu re  o f  
c a lc in a t io n  was reduced fro m  1200°c to  1100°c and 1000°c as shown in  

T a b le  4.7. The c a lc in e d  p ro d u c ts  were fu se d  m ore th a n  t h a t  re q u ire d  
and n o t w h ite  even a t  th e  te m p e ra tu re  o f  1000°c. F u r th e rm o re , th e  a c id -  

t r e a te d  d ia to m ite  w ere f l u x  c a lc in e d  a t  1000°c f o r  1 to  6 h o u rs . T h e ir  

r e s u l t s  a re  shown in  T a b le s  4.7-4.13. From T a b le  4.7' and 4.8 i t  was 

seen th a t  th e  optim um  c o n d it io n  was c a lc in in g  a t  1000°c f o r  3 h o u rs .

Those r e s u l t s  a ls o  in d ic a te d  t h a t  th e  tre a tm e n t o f  d ia to m ite  w i t h  1 - 
t im e , 1000 cm~* 10% HC1 was s u f f i c ie n t ,  i t  was n o t n e c e ssa ry  to  use 20% 
HC1 as in  th e  l i t e r a t u r e  (19) . O th e r a c id - t r e a te d  d ia to m ite s  w ere 
c a lc in e d  und er t h i s  optim um  c o n d it io n  (8.55% f l u x ,  1000°c, 3 h o u rs ) as 

shown in  T a b le  4.9-4.12. I t  was s u c c e s s fu l when th e  d ia to m ite  was 
t r e a te d  w i t h  1 - t im e ,  500-1000 cm  ̂ 10% HC1 and warmed f o r  3 h o u rs .



- ---------  (c ) (d )
F ig u re  4 .1  M ic ro p h o to g ra p h s  o f  re q u ire d  f lu x - c a lc in e d  p ro d u c ts  4 , 5 , 6 , 10, 11 and 16 w h ic h  w ere shown in

(a ) and th o se  o f  u n re q u ire d  p ro d u c ts  1, 2, 3, 7, 8 , 9 , 12, 13, 14, 15, 17 and 18 w h ic h  were shown 
in  ( b ) , (c ) and (d) 10

1



Table 4.6 Surface study of the flux-calcined diatomite at various temperatures and periods of calcination

u s in g  raw  d ia to m ite  and th e  c le a n  d ia to m ite  fro m  m e c h a n ic a l s e p a ra t io n .

Samples
C o n d it io n s  o f  C a lc in a t io n

R e s u lts
% F lu x Temp. ( ๐c) P e r io d  ( h r s . )

1. Raw d ia to m ite 8 .5 5 1 2 0 0 6 O bserved : V e ry  h a rd , c h o c o la te  g la s s y  
a g g re g a te

SEM: T o t a l l y  fu se d

2 . C le a n  d ia to m ite 8 .5 5 1 1 0 0 3 O bserved : Hard brown a g g re g a te  
SEM: T o t a l l y  fu se d

3 . C le a n  d ia to m ite 8 .5 5 1 0 0 0 4 O bserved: S l i g h t l y  h a rd , p in k  a g g re g a te
SEM: T o t a l l y  fu se d  and some fu se d  

in t o  lumps o f  c y l in d e r s
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Table 4.7 Surface study of the flux-calcined diatomite at 1000°c and various periods of calcination using the

a c id - t r e a te d  d ia to m ite ,  1 - t im e ,  1000 cm  ̂ 20% HC1, warmed f o r  3 h o u rs .

C o n d it io n s  o f  C a lc in a t io n
R e s u ltsSamples

% F lu x Temp. ( ° c ) P e r io d  ( h r s . )

4 . 1 - t im e  1000 cm3  20% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 0 0 0 3 O bserved : S l i g h t l y  h a rd , w h ite  a g g re g a te  
SEM: P a r t i a l l y  fu se d

5 . 1 - t im e  1000 cm3  20% HC1 
warmed f o r  3 h o u rs .

8 .5 5 1 0 0 0 4 O bserved : S l i g h t l y  h a rd , w h ite  a g g re g a te  
SEM: P a r t i a l l y  fu se d

6 . 1 - t im e  1000 cm3  20% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 0 0 0 5 O bserved : S l i g h t l y  h a rd , w h ite  a g g re g a te  
SEM: P a r t i a l l y  fu se d

7 . 1 - t im e  1000 cm3  20% HC1 8 .5 5 1 0 0 0 6 O bserved : S l i g h t l y  h a rd , w h ite  a g g re g a te
SEM: Fused in t o  lum ps o f  c y l in d e r s  

and p a r t i a l l y  fu se d

103



Table 4.8 Surface study of the flux-calcined dlatomite at 1000°c and various periods of calcination using the

acid-treated diatomite, 1-time, 1000 cm3 10% HC1, warmed for 3 hours.

C o n d it io n s  o f  C a lc in a t io n
R e s u ltsSamples

% F lu x Temp, (oc) P e r io d  ( h r s . )

8 . 1 - t im e  1000 cm3  10% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 0 0 0 1 O bserved : L o o se , w h ite  ag g re g a te  
SEM: N o n -fu se d

9 . 1 - t im e  1000 cm3  10% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 0 0 0 2 O b served : L o o se , w h ite  a g g re g a te  
SEM: N o n -fu se d

10. 1 - t im e  1000 cm3  10% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 0 0 0 3 O bserved : S l i g h t l y  h a rd , w h ite  a g g re g a te  
SEM: P a r t i a l l y  fu se d

11. 1 - t im e  1000 cm3  10% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 0 0 0 4 O bserved : S l i g h t l y  h a rd , w h ite  a g g re g a te  
SEM: P a r t i a l l y  fu se d
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Table 4.9 Surface study of the flux-calcined diatomite at various temperatures of calcination for 3 hours

u s in g  th e  a c id - t r e a te d  d ia to m ite ,  4 - t im e ,  1000 cm3  20% HC1, warmed f o r  3 h o u rs .

Samples
C o n d it io n s  o f  C a lc in a t io n

R e s u lts
% F lu x Temp. ( ๐c) P e r io d  ( h r s . )

12. 4 - t im e  1000 cm3  20% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 0 0 0 3 O bserved : L o o se , w h ite  ag g re g a te  
SEM: N o n -fu se d

13. 4 - t im e  1000 cm3  20% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 1 0 0 3 O bserved : V e ry  h a rd , w h ite  a g g re g a te  
SEM: T o t a l l y  fused
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Table 4 .10 Surface study of the flux-calcined diatomite at 1000°c for 3 hours using the acid-treated diatomite,

1 - t im e ,  10% HC1 w i t h  v a r io u s  vo lum es o f  a c id  and p é r io d e s  o f  e x t r a c t io n .

Samples
C o n d it io n s  o f  C a lc in a t io n

R e s u lts
% F lu x Temp. (°c) P e r io d  ( h r s . )

10. 1 - t im e  1000 cm3  10% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 0 0 0 3 O bserved : S l i g h t l y  h a rd , w h ite  a g g re g a te  
SEM: P a r t i a l l y  fu se d

14. 1 - t im e  1000 cm3  10% HC1 
warmed f o r  2  h o u rs

8 .5 5 1 0 0 0 3 O bserved : S l i g h t l y  h a rd , w h ite  a g g re g a te
SEM: P a r t i a l l y  fu s e d  and some 

t o t a l l y  fu se d

15. 1 - t im e  500 cm3  10% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 0 0 0 3 O bserved : S l i g h t l y  h a rd , w h ite  a g g re g a te
SEM: P a r t i a l l y  fu se d  and some 

t o t a l l y  fu se d
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Table 4 .1 1  Surface study of the flux-calcined diatomite at 1000 °c  for 3 hours using the acid-treated diatoraite,

1-time, 5 0 0 -1 0 0 0  cm3 20% HC1, warmed for 3 hours

Samples
C o n d it io n s  o f  C a lc in a t io n

R e s u lts
% F lu x Temp. ( ° c ) P e r io d  ( h r s . )

4 . 1 - t im e  1000 cm3  20% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 0 0 0 3 O bserved : S l i g h t l y  h a rd , w h ite  a g g re g a te  
SEM: P a r t i a l l y  fu se d

16. 1 - t im e  500 cm3  20% HC1 
warmed f o r  3 h o u rs

8 .5 5 1 0 0 0 3 O bserved : S l i g h t l y  h a rd , w h ite  a g g re g a te  
SEM: P a r t i a l l y  fu se d
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Table 4.12 Surface study of the flux-calcined diatomite at 1000°c for 3 ours using the acid-treated diatomite,

1-time, 1000 cm^ concentrated HC1 and let to stand at the ambient temperature overnight.

Samples
C o n d it io n s  o f C a lc in a t io n

R e s u lts
% F lu x Temp. ( ° c ) P e r io d  ( h r s . )

317. 1 - t im e  1000 cm cone. 
HC1
T , o v e rn ig h t  room

8 .5 5 1000 3 O bserved : S l i g h t l y  h a rd , brown a g g re g a te
SEM: Fused in t o  lumps o f  c y l in d e r s  

and some t o t a l l y  fu se d
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However, th e  t re a tm e n t o f d ia to m ite  w ith  o n ly  500 cm^ HC1 d id  n o t p ro v id e  
th e  d ia to m ite  s l u r r i e d  hom ogeneously, i . e . ,  HC1 cou ld  n o t r e a c t  to  a l l  
p a r t i c l e s  o f d ia to m ite .  T h e re fo re , th e  optimum c o n d it io n  f o r  a c id  t r e a t 
ment was 1 -tim e , 1000 cm^ 10% HC1 and warming a t  90°-95°C f o r  3 h o u rs . 
From T ab le  A. 13, th e  use  of 5.00% ^ £ 0 0 ^  fo r  f lu x  c a lc in a t io n  was n o t 
s u f f i c i e n t  s in c e  a t  h ig h  tem p e ra tu re  Na^co^ was c o n v e rte d  to  and
th e  l a t t e r  a c te d  as  a f l u x .  Thus u s in g  5.0% f lu x  in  most o f l i t e r a t u r e  
means t h a t  f lü x  i s  in  th e  form o f Na^o w hich i s  e q u iv a le n t  to  8.55% 
Na^CO^. From th e  above i t  can  be concluded  t h a t  th e  optimum c o n d it io n s  
f o r  a c id  t re a tm e n t and f lu x  c a lc in a t io n  o f Lampang d ia to m ite  w ere 1 -tim e , 
1000cm';>10% HC1 warming a t  90°-95°C f o r  3 h o u rs  and 8.55% Na^co^ a t  1 0 0 0 ° c  

fo r  3 h o u rs , r e s p e c t iv e ly .

4 .4 .2  D e a c tiv a t io n  o f th e  F lu x -C a lc in e d  S upport

A f te r  th e  f lu x - c a lc in e d  su p p o rt was washed w ith  c o n c e n tra te d  
HC1 and th e n  2.0% KOH, i t  was s i l a n i z e d  a s  m entioned  in  s e c t io n  3 .5 .3 .4 .  
The s i l a n iz e d  su p p o rt was c a l le d  a s  " th e  p re p a re d  su p p o rt"  in  t h i s  
s tu d y .

4 .5  S u rfa ce  S t r u c tu r e  o f th e  S o lid  S upport

The s u r fa c e  s t r u c tu r e  o f th e  p re p a re d  su p p o rt was s tu d ie d  and 
compared to  t h a t  o f Gas Chrom Q. T h e ir  m ic ro p h o to g rap h s as  shown in  
F ig u re  4 .2  i l l u s t r a t e d  th a t  th e  p o re  s i z e  o f th e  p re p a re d  su p p o rt was 
w id e r th a n  th a t  o f Gas Chrom Q, and m ost d iatom  rem ains in  th e  p rep a red  
su p p o rt w ere p a r t i a l l y  fu sed  b u t th o se  o f Gas Chrom Q w ere fu sed  a t  
random, i . e . ,  a l l  p a t t e r n s  o f fu s io n  such as  p a r t i a l  f u s io n ,  fu s io n  
in to  lumps o f c y l in d e r s  and com plete  fu s io n  w ere found . S in ce  th e  
p re p a re d  su p p o rt was p re p a re d  under a c id  tre a tm e n t fo r  rem oval o f i r o n ,  
th e  v ery  f in e  p a r t i c l e s  o b ta in e d  a f t e r  t h i s  t re a tm e n t m ight n o t be mixed 

- hom ogeneously w ith  th e  f lu x .



T ab le  4 .13  S u rfa ce  s tu d y  o f th e  f lu x - c a lc in e d  d ia to m ite  w ith  5 . 0 0%  f lu x  a t  1 0 0 0 ° c  fo r  3 h o u rs  u s in g  th e  
a c id - t r e a t e d  d ia to m ite ,  4 - t im e , 1 0 0 0  cm^ 20% HC1, warmed fo r  3 h o u rs .

Samples
C o n d itio n s  o f C a lc in a t io n

R e s u lts
% F lux Temp. (๐c) P e r io d  ( h r s . )

18. 4 -tim e  1000 cm^ 20% HC1 
warmed fo r  3 h ou rs

8 .5 5 1000 3 O bserved:
SEM:

S l i g h t ly  h a rd , creamy a g g re g a te  
P a r t i a l l y  fu sed

๐



Ill

F ig u re  4 .2  M icrop ho tog rap hs o f Gas Chrom Q (a , b , c and d) and th e  
p re p a re d  su p p o rt (e and f )  a ,  b , e and f  w ere ta k e n  a t  
x3500, c a t  x l5 0 0  and d a t  x2000
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4 .6  Chem ical A n a ly s is  o f th e  S upports

The r e s u l t s  o f chem ical a n a ly s is  o f th e  p rep a red  su p p o rt and Gas 
Chrom Q a re  g iv en  in  T able  4 .1 4 . The s i l i c a  c o n te n t o f th e  p re p a re d  
su p p o rt was 6.82% low er th an  th a t  of Gas Chrom Q and th e  alum ina c o n te n t 
o f th e  p rep a red  su p p o rt was 0.27% h ig h e r  th an  th a t  o f Gas Chrom Q . As 
u s u a l ,  th e  l e s s  th e  s i l i c a  c o n te n t w as, th e  more th e  a lum ina c o n te n t w as. 
O ther im p u r i t ie s  in  th e  p rep a red  su p p o rt was c le a r l y  low er th an  th o se  in  
Gas Chrom Q . However, when th e s e  r e s u l t s  compared to  th o se  o f raw d ia -  
to m ite , th e  p u r i ty  o f d ia to m ite  was improved (9.69% ร1อ2 c o n te n t was 
gained  as  w e ll a s  65.60% Al^o^ and 91.61% were removed from th e
raw d ia to m i t e ) .

4 .7  P h y s ic a l P r o p e r t ie s  of th e  S upports

The p h y s ic a l  p r o p e r t ie s  such as  f r e e  f a l l  d e n s i ty ,  packed column 
d e n s i ty ,  h a rd n e ss , s p e c i f i c  g r a v i ty  and p o ro s i ty  o f Gas Chrom Q and th e  
p rep a red  su p p o rt were s tu d ie d  and com pared. The r e s u l t s  as shown in  
T able 4 .15  s ta te d  th a t  t h e i r  p h y s ic a l  p r o p e r t ie s  were n o t much d i f f e r e n t ,  
e . g . ,  th e  p rep a red  su p p o rt had 0.02% l e s s  f r e e  f a l l  d e n s i ty ,  0.02% l e s s  
packed column d e n s i ty ,  0.79% l e s s  h a rd n e ss , 0.04% l e s s  s p e c i f i c  g r a v i ty  a 
and 1.84% (wet method) and 0.95% (dry  method) more p o r o s i ty  th an  Gas 
Chrom Q d id .  T h e re fo re , i t  was v e ry  p o s s ib le  to  use th e  p rep a red  su p p o rt 
a s .a  s o l id  su p p o rt fo r  gas chrom atography.

4 .8  C hrom atographic B ehavior o f th e  S upports 

4 .8 .1  I n e r tn e s s  of th e  S up po rts

As p re s c r ib e d  in  th e  c h a p te r  3, such compounds hav ing  th e  
most e q u iv a le n t  b o i l in g  p o in ts  b u t v a r io u s  p o l a r i ty  were h ep tan e  ( 9 8 ° c ) 5 

2 -p en tan one  ( 1 0 2 ° c )  and 2 -b u ta n o l ( 9 9 ° c ) ; 1 . 0  nm^ of each compound was 
in je c te d  onto  th e  columns of th e  n on -co ated  s u p p o r ts .  The chrom atogram s
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T ab le  4 .14  Chem ical a n a ly s is  o f Gas Chrom Q and th e  p re p a re d  su p p o rt .

P e rc e n ta g e s  o f C onten t
น๐mp๐ s 1 Lion

Gas Chrom Q The P rep a red  S upport

S i0 2 84.80 77.98
A120 3 3 .80 4 .07

F e2°3 1.30 0 .76
MgO 0.38 0 .24
CaO 0.49 n i l .

l o s s  on i g n i t i o n 0 .2 0 0 .22



Table 4.15 Physical properties of Gas Chrom Q and the prepared support.

P h y s ic a l  P r o p e r t ie s Gas Chrom Q The P rep a red  S upport

3F ree  f a l l  d e n s i ty  (g/cm ) 0 .26 0 .2 4
Packed column d e n s i ty  (g/cm^) 0 .28 0 .26
H ardness (p e rc e n ta g e  o f p a r t i c l e s  

passed  th ro u g h  th e  100-mesh 
s ie v e  a f t e r  packed in  th e  
column)

93.16% 92.37%

S p e c if ic  g r a v i ty 1.78 1.74
P o ro s i ty  (wet method) 84.97% 86.80%
P o ro s i ty  (d ry  method) 84.39% 85.34%
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a re  shown in  F ig u re  4 .3  (a) and 4 .3  (b) and t h e i r  r e t e n t io n  tim es were 
reco rd ed  and l i s t e d  in  T able  4 .1 6 . For th e  column o f Gas Chrom Q , th e  
th r e e  compounds were alm ost e lu te d  a t  th e  same r e t e n t io n  tim e (0 .01  
m inute d i f f e r e n c e ) . T h is in d ic a te d  th a t  Gas Chrom Q had no a d s o rp t iv e  
e f f e c t .  For th e  column of th e  p rep a red  su p p o rt , 2 -pen tano ne  and 2- 
b u ta n o l were e lu te d  0 .02  m inu te  b e fo re  h ep tan e  whose r e t e n t io n  tim e was 
v e ry  c lo s e  to  t h a t  o b ta in e d  from th e  column of Gas Chrom Q . T h is m ight 
e x p la in  th a t  th e  p rep a red  su p p o rt had more a d s o rp t iv e  e f f e c t  th an  Gas 
Chrom Q d id .  S in ce  th e  p rep a red  su p p o rt had more p o r o s i ty  th a n  Gas 
Chrom Q d id  (se e  T able  4 .1 5 ) ,  th e  column of th e  b ared  p re p a re d  su p p o rt 
p ro v ided  th e  s h o r te r  r e t e n t io n  tim es o f th e  compounds th a n  the column of 
Gas Chrom Q d id .  The more th e  p o r o s i ty  was, th e  l e s s  th e  h in d ra n c e  w as, 
i . e . ,  th e  f a s t e r  th e  m o lecu le  moved th rou gh  th e  s u p p o r t .  However, th e s e  
d i f f e r e n c e s  of r e t e n t io n  tim es were too  sm all to  e x p la in  any mechanism 
inv o lv ed  th e  chrom ato grap h ic  b e h a v io u r .

4 .8 .2  T a i l in g  F a c to r

T a il in g  f a c to r s  were dete rm in ed  on th e  columns o f th e  su p p o rts  
coa ted  w ith  n o n -p o la r  l iq u id  p hase , 5% OV-101. T h is i s  a mean to  check 
in e r tn e s s  o f th e  s u p p o r ts .  The more th e  v a lu e  o f t a i l i n g  f a c to r  i s ,  th e  
more in e r tn e s s  o f th e  su p p o rt i s  (1 ) .  Each o f th e  compounds having  
d i f f e r e n t  p o l a r i t y  such as  dodecane (n o n - p o la r ) , e th y l  e th a n o a te  ( i n t e r 
m e d ia te ly  p o la r )  and m ethanol (p o la r)  was in je c te d  onto  th e  colum ns.
T h e ir  chrom atogram s a re  shown in  F ig u re  4 .4  ( a ) ,  4 .4  (b) and 4 .4  ( c ) , 
r e s p e c t iv e ly  and t h e i r  t a i l i n g  f a c to r s  a re  ta b u la te d  in  T ab le  4 .1 7 .
Both colum ns, Gas Chrom Q and th e  p rep a red  su p p o rt , p ro v id ed  th e  d eg ree s  
o f t a i l i n g  in  th e  same manner: th e  d eg ree  o f t a i l i n g  in c re a s e d  as  th e  
p o l a r i ty  of th e  compound d e c re a se d . From th e  column of Gas Chrom Q , 

t a i l i n g  f a c to r  o f dodecane was 100% which in d ic a te d  th a t  th e  dodecane
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Figure 4 .3  ( a )  C h r o m a to g r a m s  o f  h e p t a n e  (1) ,  2 - p e n t a n o n e  (2) a n d  2 -

b u ta n o l ( 3 )  from th e  column of n o n -co a ted  Gas Chrom Q. 
C o n d itio n s : column, 8 0 ° c , ;  i n j e c t o r  and FID, 1 3 0 ° c ,

c a r r i e r  g as , 15 cm^/min; sam ple s i z e ,  1 nm^; d e te c to r  
ran ge  8 X 10  ̂ AFS ; c h a r t  sp eed , 1.0 cm/min.
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F ig u re  4 .3  (๖) Chromatograms o f h ep tan e  ( 1 ) ,  2 - p en tanone (2) and 2 -
b u ta n o l (3) from th e  column of th e  n o n -co a ted  p re p a re d
su p p o rt a t  th e  o p e ra t in g  c o n d it io n  a s  th o se  in  F ig u re  
4 .3  ( a ) .
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T able  4 .16  R e te n tio n  tim es o f th e  compounds which had e q u iv a le n t  b o i l in g  
p o in ts  b u t d i f f e r e n t  p o l a r i ty  on th e  columns o f th e  n on -co ated  
s u p p o r t s .

C o n d itio n s : Column te m p e ra tu re , 80°C; i n j e c to r  and FID, 1 3 0 ° c ,  N2  c a r r i e r  
g a s , 15 cm^/min; sam ple s i z e ,  1 nm^

C o m p o u n d B o i l i n g
p o i n t

R e t e n t i o n  t im e  ( m in )

G a s  C h ro m  Q T h e  p r e p a r e d  s u p p o r t

h e p t a n e 9 8 ° c 0 . 4 7 0 . 4 4

2 - p e n t a n o n e 1 0 2 ° c 0 . 4 8 0 . 4 4

2 - b u t a n o l 9 9 ° c 0 . 4 8 0 . 4 6



25
6

119

COLUMN A

F ig u re  4 .4  (a) T a i l in g  of dodecane p e a k s . Columns: Column A, 5% OV-101 
co a ted  on Gas Chrom Q 80/100  mesh, 1.99 m X 2 mm I .D . 
and Column B, 5% OV-101 c o a ted  on th e  p rep a red  su p p o rt 
80/100 mesh, 1.98 m X  2 mm I.D . C o n d itio n s : Columns,
180°C; i n j e c t o r ,  2 0 0 °c ; FID, 230°C; N2  c a r r i e r  g a s ,

3 315 cm /m in; Sample s i z e ,  0 .1  nm ; d e te c to r  ra n g e ,
8 X 10 AFS; c h a r t  sp eed , 10.0  cm/min. h = peak h e ig h t
and a , ๖ =  w id th  o f a h a l f  peak a t  0 .1  h .
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COLUMN A COLUMN.B

F ig u re  4 .4  (๖) T a i l in g  o f e th y l  e th a n o a te  p eak s . Columns a re  th e  same 
as  in  f ig u r e  4 .6  (b) C o n d itio n s : Columns, 80°C; i n j e c to r  
and FID, 150°C; N  ̂ c a r r i e r  g a s , 20 cm^/min; sample s i z e ,  
0 .1  nm^; d e te c to r  ran ge  8 X 10  ̂ AFS; c h a r t  speed 10.0 
cm/min. h = peak h e ig h t and a , b = w id th  o f a h a l f  peak
a t  0 .1  h .
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COLUMN A COLUMN B

F i g u r e  4 . 4  ( c )  T a i l i n g  o f  m e t h a n o l  p e a k s .  C o lu m n s :  C o lu m n  A ,  5%

O V -1 0 1  c o a t e d  o n  G as  C h ro m  Q 8 0 / 1 0 0  m e s h ,  1 . 9 9  m X  2 mm 

I . D .  a n d  c o lu m n  B , 5% O V -1 0 1  c o a t e d  o n  t h e  p r e p a r e d  

s u p p o r t  8 0 / 1 0 0  m e s h ,  1 . 9 8  m X  2 mm I . D .  C o n d i t i o n s :  

c o lm m n s ,  8 9  C ; i n j e c t o r  a n d  F ID ,  1 5 0 ° C ;  N ^  c a r r i e r  g a s ,  

20  cm / m i n ;  s a m p le  s i z e ,  0 . 1  n m ^ ; d e t e c t o r  r a n g e ,

8 X  10 A F S ; c h a r t  s p e e d ,  1 0 . 0  c m /m in .  h  =  p e a k  h e i g h t  

a n d  a ,  ๖ =  w i d t h  o f  a h a l f  p e a k  a t  0 . 1  h .
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T a b l e  4 . 1 7  T a i l i n g  f a c t o r s  o f  t h e  c o m p o u n d s  h a v i n g  d i f f e r e n t  p o l a r i t y  

o n  t h e  c o lu m n s  o f  5% o v  1 0 1 .

C o m p o u n d s
T a i l i n g  f a c t o r

G a s  C h ro m  Q T h e  p r e p a r e d  s u p p o r t

D o d e c a n e 100% 87%

E t h y l  e h t a n o a t e 64% 50%

M e t h a n o l 25% 19%
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p e a k  w a s  s y m m e t r i c a l ,  i . e . ,  d o d e c a n e  w a s  n o t  a d s o r b e d  b y  G a s  C h ro m  Q .

T h e  t a i l i n g  f a c t o r  o f  64% f o r  e t h y l  e h t a n o a t e  a n d  25% f o r  m e t h a n o l  

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

b y  G a s  C h ro m  Q . T a i l i n g  f a c t o r  o f  e a c h  c o m p o u n d  o n  t h e  c o lu m n  o f  t h e  

p r e p a r e d  s u p p o r t  w a s  l e s s  t h a n  t h o s e  o n  t h e  c o lu m n  o f  G a s  C h ro m  Q , t h i s  

e x p r e s s e d  t h a t  t h e  p r e p a r e d  s u p p o r t  w a s  l e s s  i n e r t  t h a n  G a s  C h ro m  Q .

I t  w a s  n o t i f i e d  t h a t  t a i l i n g  o f  p o la r - c o m p o u n d  p e a k s  o n  n o n - p o l a r  c o lu m n  

o c c u r r e d  e v e n  u s i n g  G a s  C h ro m  Q a s  t h e  s o l i d  s u p p o r t .

V a r y i n g  t h e  s a m p I e  s i z e  f o r  b o t h  c o lu m n s  w a s  a t t e m p t e d  a n d  

t h e i r  r e s u l t s  a r e  s h o w n  i n  T a b le  4 . 1 8 .  T h e  c o lu m n  o f  G a s  C h ro m  Q 

p r o v i d e d  a  d e p e n d e n c e  o f  t h e  s a m p le  s i z e  o n  t h e  r e t e n t i o n  t im e  o f  

m e t h a n o l .  T h i s  i n d i c a t e d  t h a t  s a m p le  m o l e c u l e s  w e r e  a b l e  t o  b e  a d s o r b e d  

o n  t h e  c o lu m n  o f  5% O V -1 0 1  c o a t e d  o n  G a s  C h ro m  Q . F o r  t h e  c o lu m n  o f  t h e  

p r e p a r e d  s u p p o r t ,  t h e  r é t e n t i o n  t im e  o f  m e t h a n o l  w a s  i n d e p e n d e n t  o f  t h e  

s a m p le  s i z e .  T h i s  w a s  b e c a u s e  t h e  p r e p a r e d  s u p p o r t  m i g h t  h a v e  m o r e  

s u r f a c e  a r e a  t h a n  G a s  C h ro m  Q h a d  a n d  u s i n g  t h e  5% l i q u i d  p h a s e  c o u l d  

n o t  c o v e r e d  a l l  s u r f a c e  o f  t h e  p r e p a r e d  s u p p o r t ,  i . e . ,  som e  m o le c u l e s  

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

T h e  c o u n t e r a c t i o n  o f  t h e  p o i o s i t y  a n d  t h e  a d s o r p t i o n  c a u s e d  n o  d i f f e r e n c e  

o f  t h e  r e t e n t i o n  t im e s  o f  m p t h a n o l  o n  v a r i o u s  a m o u n t s .  C o m p a r in g  t h e  

r e s u l t s  f r o m  t h e  tw o  c o lu m n s ,  t h e  c o lu m n  o f  t h e  p r e p a r e d  s u p p o r t  p r o v i d e d  

l o n g e r  r e t e n t i o n  t im e  t h a n  t h e  c o lu m n  o f  G a s  C h ro m  Q d i d .  T h i s  m e a n t  

t h a t  s a m p le  m o l e c u l e s  w e r e  m o r e  a d s o r b e d  o n  t h e  c o lu m n  o f  t h e  p r e p a r e d  

s u p p o r t  t h a n  o n  t h e  c o lu m n  o f  G a s  C h ro m  Q . P e a k  t a i l i n g  a p p e a r e d  b e c a u s e  

s u r f a c e  o f  t h e  s u p p o r t  w a s  n o t  a l l  c o v e r e d ,  s o  t h e r e  w a s  som e  i n t e r a c t i o n  

b e tw e e n  s a m p le  m o l e c u l e s  a n d  t h e  s u r f a c e  o f  t h e  s u p p o r t  w h i c h  s t i l l  h a d

som e  a c t i v e  s i t e s .
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T a b le  4 . 1 8  R e l a t i o n s h i p  b e tw e e n  s a m p le  s i z e  a n d  r e t e n t i o n  t im e  o f  

m e t h a n o l  u n d e r  t h e  sam e  c o n d i t i o n  a s  i n  F i g u r e  4 . 4  ( c ) .

S a m p le  s i z e  
(ท1ท3)

R e t e n t i o n t im e  o f  p e a k s  ( m in )

G a s  C h ro m  Q T h e  p r e p a r e d  s u p p o r t

0 . 1 0 . 3 2 0 . 3 7

0 . 5 0 . 3 3 0 . 3 7

1 . 0 0 . 3 4 0 . 3 7
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4 . 8 . 3  C o lu m n  E f f i c i e n c i e s  i n  t h e  S e p a r a t i o n  o f  V a r i o u s  C o m p o u n d s

C o lu m n  e f f i c i e n c i e s  w e r e  d e s c r i b e d  i n  t e r m s  o f  r e s o l u t i o n  

a n d  HETP ( H e i g h t  e q u i v a l e n t  t o  t h e o r e t i c a l  p l a t e ) . T h e  m i x t u r e  o f  

d o d e c a n e ,  t r i d e c a n e ,  t e t r a d e c a n e  a n d  h e x a d e c a n e  w a s  u s e d  a s  t h e  t e s t  

s a m p le  f o r  t h e  s e p a r a t i o n  o f  h y d r o c a r b o n s .  T h e  m i x t u r e  o f  e t h y l  e t h a -  

n o a t e ,  e t h y l  p r o p a n o a t e ,  e t h y l  b u t a n o a t e ,  e t h y l  p e n t a n o a t e  a n d  e t h y l  

h e x a n o a t e  w a s  u s e d  a s  t h e  t e s t  s a m p le  f o r  t h e  s e p a r a t i o n  o f  e s t e r s  a s  

w e l l  a s  t h e  m i x t u r e  o f  1 - b u t a n o l ,  1 - p e n t a n o l ,  1 - h e x a n o l  a n d  1 - h e p t a n o l  

w a s  u s e d  a s  t h e  t e s t  s a m p le  f o r  t h e  s e p a r a t i o n  o f  a l c o h o l s .  T h e  s e p a r a 

t i o n s  o f  h y d r o c a r b o n s  a n d  e s t e r s  w e r e  p e r f o r m e d  o n  t h e  c o lu m n  o f  5% 0 V -  

101  a n d  t h e  s e p a r a t i o n  o f  a l c o h o l s  w a s  p e r f o r m e d  o n  t h e  c o lu m n  o f  10%  

C a rb o w a x  4 0 0 0 .  T h e  c h r o m a t o g r a m s  f o r  t h e s e  s e p a r a t i o n s  a r e  s h o w n  i n  

F i g u r e  4 . 5 ,  4 . 6  a n d  4 . 7 ,  r e s p e c t i v e l y  a n d  t h e  r e t e n t i o n  t im e s  a s  w e l l  a s  

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

f r o m  t h e  i n s t r u m e n t .  F i g u r e  4 . 5  s h o w e d  t h a t  t h e  p e a k s  o f  h y d r o c a r b o n s  

w e r e  c o m p l e t e l y  s e p a r a t e d  o n  t h e  c o lu m n  o f  G a s  C h ro m  Q a n d  t h e s e  p e a k s  

w e r e  s y m m e t r i c a l .  F o r  t h e  c o lu m n  o f  t h e  p r e p a r e d  s u p p o r t ,  a  s m a l l  t a i l  

o f  e a c h  p e a k  a p p e a r e d  b u t  t h e  p e a k s  w e r e  c o m p l e t e l y  s e p a r a t e d .  I n  t h e  

s e p a r a t i o n  o f  e s t e r s ,  b o t h  c o lu m n s  p r o v i d e d  t h e  p e a k - t a i l i n g  a n d  i n  t h e  

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

g r a m s .  T h e  p e a k - t a i l i n g  i n  a l l  c a s e s  w a s  o w in g  t o  t h e  a d s o r p t i o n  o f  

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

T h e  r e s o l u t i o n s  a n d  c o lu m n  e f f i c i e n c i e s  f o r  t h e  s e p a r a t i o n  o f  t h e s e  

c o m p o u n d s  w e r e  c a l c u l a t e d  a n d  c o m p a r e d  i n  T a b l e  4 . 1 9 .  T h e  r e s o l u t i o n  

o f  h y d r o c a r b o n s  f r o m  t h e  c o lu m n  o f  t h e  p r e p a r e d  s u p p o r t  w a s  0 . 1 0  m o r e  

t h a n  t h a t  f r o m  t h e  c o lu m n  o f  G a s  C h ro m  Q , s o  w a s  t h e  r e s o l u t i o n  o f  e t h y l  

e s t e r s ,  w h i l e  t h e  r e s o l u t i o n s  o f  a l c o h o l s  f r o m  b o t h  c o lu m n s  w e r e  e q u a l .  

C o n s i d e r i n g  t h e  h e i g h t  e q u i v a l e n t  t o  t h e o r e t i c a l  p l a t e s  (H E T P ) w h i c h  w e r e
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NO . (M IN )

1.11 
1 . 4 8  
1 . 02  
4 . 0 2

w0 . 5
(S E C )

3 .7 C  
4 . 7 5  
6 . 1 5  

11 ! 20

AREA

3 1 . 7 6  
2 8 . 2 4  
23  ! 8 7  
1 6 . 1 4

PEAK

NO. (M IN )
W0 . 5

(S E C )

3 . 0 0
3 . 8 5
5 . 0 5
9 . 6 0

AREA

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

F i g u r e  4 . 5  C h r o m a to g r a m s  f o r  t h e , s e p a r a t i o n  o f  h y d r o c a b o n s ะ d o d e c a n e  ( 1 ) ,  t r i d e c a n e  ( 2 ) ,  t e t r a d e c a n e  ( 3 )  a n d  

h e x a d e c a n e  ( 4 ) ,  C o lu m n  A ,  5% O V -1 0 1  c o a t e d  o n  G a s  C h ro tn  Q 8 0 / 1 0 0  m e s h  1 . 9 9  m X  2 mm I . D .  a n d  

C o lu m n  B , 5% 0 V - 1 0 1  c o a t e d  o n  t h e  p r e p a r e d  s u p p o r t  8 0 / 1 0 0  m e s h ,  1 . 9 8  cm  X  2 mm I . D .  C o n d i t i o n s :  

c o lu m n s ,  1 8 0 ° C ;  i n j e c t o r ,  2 0 0 ° C ;  F I D ,  2 3 0 ° C ;  c a r r i e r  g a s ,  15 c m 'V m in ;  s a m p le  s i z e ,  0 . 5  n rn ^ ;  

d e t e c t o r  r a n g e ,  8  X  10  ^  A F S . roas
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NO . (M IN ) (S E C )

1 0 . 5 4 2 . 6 5 3 . 7 6
2 0 . 7 9 3 . 9 0 1 1 . 4 8
3 1 . 2 5 5 ! 5 0 2 2 . 0 6
4 2 . 2 7 9 . 0 0 2 8 .  12
5 4 . 3 6 1 5 . 7 5 3 4 . 5 8

COLUNM A

น PEAK CR W0 . 5 AR EA  %
NO . (M IN ) (S E C )

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

COLUMN B

F i g u r e  4 . 6  C h r o m a to g r a m s  f o r  t h e  s e p a r a t i o n  o f  e s t e r s :  e t h y l  e t h a n o a t e  ( 1 ) ,  e t h y l  p r o p a n o a t e  ( 2 ) ,  e t h y l  b u t a -  

n o a t e  ( 3 ) ,  e t h y l  p e n t a n o a t e  ( 4 )  a n d  e t h y l  h e x a n o a t e  ( 5 ) .  C o lu m n  A ,  5% O V - lO l  c o a t e d  o n  G a s  C h ro m  Q 

8 0 / 1 0 0  m e s h ,  1 . 9 9  m X  2 mm I . D .  a n d  C o lu m n  B , 5% O V -1 0 1  c o a t e d  o n  t h e  p r e p a r e d  s u p p o r t  8 0 / 1 0 0  m e s h  

1 . 9 8  ra X  2 mm I . D .  C o n d i t i o n s :  c o lu m n s ,  8 0 ° C ;  i n j e c t o r  a n d  F ID  1 5 0 ° C ;  c a r r i e r  g a s ,  2 0  c m 'V m in  

s a m p le  s i z e ,  0 . 4  n m ^ ;  d e t e c t o r  r a n g e ,  8 X  1 0  A F S . ro
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0 . 7 5
1 . 0 5
1 . 5 8
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พ AR EA  %

' I I
6 ! 3 0  2 5 . 1 0
9 . 7 5  2 0 . 5 4

F i g u r e  4 . 7  C h r o m a to g r a m s  f o r  t h e  s e p a r a t i o n  o f  a l c o h o l s :  1 - b u t a n o l  ( 1 ) ,  1 - p e n t a n o l  ( 2 ) ,  1 - h e x a n o l  ( 3 )  a n d  

1 - h e p t a n o l  ( 4 ) .  C o lu m n  A ,  10% C a rb o w a x  4 0 0 0  c o a t e d  o n  G a s  C h ro m  Q 8 0 / 1 0 0  m e s h ,  1 . 9 7  m X  2 mm 

E .D .  a n d  C o lu m n  B , 10% C a r b o w a x  4 0 0 0  c o a t e d  o n  t h e  p r e p a r e d  s u p p o r t  8 0 / 1 0 0  m e s h ,  1 . 9 9  m X  2 mm

I . D .  C o n d i t i o n s :  C o lu m n s ,  1 0 0 ° C ;  i n j e c t o r  a n d  f ’ £ D , 1 3 0 ° C ;  บ 2 c a r r i e r  g a s ,  2 0  c m 'V r a in ;  s a m p le  

s i z e ,  0 . 4  n m ^ ;  d e t e c t o r  r a n g e ,  8 X  10 ^  A F S . ro
00
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T a b l e  4 . 1 9  C o m p a r is o n s  o f  r e s o l u t i o n s  o f  P e a k  N o .  1 a n d  P e a k  N o .  2

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

e t h y l  e s t e r s  a n d  a l c o h o l s  b e tw e e n  C o lu m n  A  (G a s  C h ro m  Q) 

a n d  C o lu m n  B ( t h e  p r e p a r e d  s u p p o r t )

C o lu m n  A C o lu m n  B

1 ) S e p a r a t i o n  o f  H y d r o c a r b o n s

R e s o l u t i o n 3 . 1 0 3 . 2 0

N u m b e r s  o f  p l a t e s  f o r  P e a k  N o .  2 1 9 3 9 2 3 1 3

HETP 0 . 1 0 0 . 0 9

2 )  S e p a r a t i o n  o f  E t h y l  e s t e r s

R e s o l u t i o n 2 . 7 0 2 . 8 0

N u m b e rs  o f  p l a t e s  f o r  P e a k  N o .  2 8 1 9 1 6 5 8

HETP 0 . 2 4 0 . 1 2

3 )  S e p a r a t i o n  o f  A l c o h o l s

R e s o l u t i o n 2 . 8 7 2 . 8 7

N u m b e rs  o f  p l a t e s  f o r  P e a k  N o .  2 7 1 7 1 1 3 7

HETP 0 . 2 7 0 . 1 8
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a l s o  l i s t e d  i n  T a b le  4 . 1 9 ,  t h e  HETP  f o r  t h e  s e p a r a t i o n  o f  h y d r o c a r b o n s  

f r o m  b o t h  c o lu m n s  w e r e  a b o u t  t h e  s a m e . T h i s  w a s  b e c a u s e  h y d r o c a r b o n s  

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

s u p p o r t  s u r f a c e .  T h u s  t h e  c o lu m n  e f f i c i e n c i e s  f o r  b o t h  c o lu m n s  w e r e  n o t  

d i f f e r e n t .  F o r  t h e  s e p a r a t i o n  o f  e t h y l  e s t e r s  w h i c h  w e r e  m o re  p o l a r  

t h a n  h y d r o c a r b o n s ,  t h e  HETP  o f  t h e  c o lu m n  o f  t h e  p r e p a r e d  s u p p o r t  w a s

0 . 1 2  l e s s  t h a n  t h a t  o f  t h e  c o lu m n  o f  G a s  C h ro m  Q . T h i s  m e a n t  t h a t  t h e  

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

p o l a r  c o m p o u n d s  t h a n  G a s  C h ro m  Q d i d .  F o r  t h e  s e p a r a t i o n  o f  p o l a r  

c o m p o u n d s ,  a l c o h o l s ,  t h e  HETP  o f  t h e  p r e p a r e d  s u p p o r t  c o lu m n  w a s  0 . 0 9  

l e s s  t h a n  t h a t  o f  t h e  G a s  C h ro m  Q c o lu m n .  T h i s  i n d i c a t e d  t h a t  t h e  

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

t h a n  G a s  C h ro m  Q d i d .

I n  t h e  c a s e  o f  s e p a r a t i o n  o f  e s t e r s  o n  t h e  c o lu m n  o f  5% 

O V -1 0 1  w h i c h  w a s  n o n - p o l a r  p h a s e ,  t h e  r e t e n t i o n  t im e s  o f  t h e  p e a k s  f r o m  

t h e  p r e p a r e d  s u p p o r t  c o lu m n  w e r e  l o n g e r  t h a n  t h o s e  f r o m  t h e  G a s  C h ro m  Q 

c o lu m n .  T h i s  w a s  b e c a u s e  s a m p le  m o l e c u l e s  w e r e  m o r e  a d s o r b e d  b y  t h e  

p r e p a r e d  s u p p o r t  t h a n  b y  G a s  C h ro m  Q . F o r  t h e  c o lu m n  o f  10% C a rb o w a x  

4 0 0 0 ,  t h e  r e t e n t i o n  t im e  o n  t h e  p r e p a r e d  s u p p o r t  c o lu m n  w a s  s h o r t e r  t h a n  

t h a t  o n  t h e  G a s  C h ro m  Q c o lu m n .  T h i s  r e s u l t e d  f r o m  t h a t  t h e  p r e p a r e d  

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

G a s  C h ro m  Q . T h e r e f o r e ,  t h e  l i q u i d  p h a s e  w a s  s p r e a d e d  o u t  a s  a  t h i n n e r  

f i l m  t h a n  G a s  C h ro m  Q d i d ,  o n  t h e  o t h e r  h a n d ,  t h e  t h i c k n e s s  ( d f  i n  v a n  

D e e m te r  e q u a t i o n )  o f  l i q u i d  p h a s e  o n  t h e  s u r f a c e  o f  t h e  p r e p a r e d  s u p p o r t  

w a s  s m a l l e r  t h a n  t h a t  o f  G a s  C h ro m  Q . T h i s  r e s u l t e d  i n  t h a t  t h e  r e s i s 

t a n c e  t o  m a s s  t r a n s f e r  o n  t h e  f o r m e r  w a s  s m a l l e r  t h a n  t h e  l a t t e r ,  i . e . ,  

p e a k s  w e r e  e l u t e d  f r o m  t h e  c o lu m n  o f  10% C a r b o w a x  4 0 0 0  c o a t e d  o n  t h e  

p r e p a r e d  s u p p o r t  a t  f a s t e r  r a t e  t h a n  t h o s e  f r o m  t h e  c o lu m n  o f  10% C a r b o 

w a x  4 0 0 0  c o a t e d  o n  G a s  C h ro m  Q. H a v in g  s m a l l e r  v a l u e  o f  c t e r m  ( r e s i s -
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t a n c e  t o  m a s s  t r a n s f e r )  i n  v a n  D e e m te r  e q u a t i o n ,  t h e  c o lu m n  o f  t h e  p r e p a r e d  

s u p p o r t  p r o v i d e d  t h e  s m a l l e r  H E T P 'ร t h a n  t h e  c o lu m n  o f  G as  C h ro m  Q d i d ,

i . e . ,  i t  h a d  b e t t e r  e f f i c i e n c y  t h a n  G as  C h ro m  Q .

M e n t i o n i n g  t h a t  t h e  p r e p a r e d  s u p p o r t  w a s  l i k e l y  t o  h a v e  

l a r g e r  s u r f a c e  a r e a  t h a n  G as C h ro m  Q , t h e  5% l o a d i n g  o f  l i q u i d  p h a s e  

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

w a s  e v i d e n t  t h a t  t h e r e  w a s  m o re  t a i l i n g  o n  t h e  c o lu m n  o f  t h e  p r e p a r e d  

s u p p o r t  t h a n  o n  t h e  c o lu m n  o f  G as  C h ro m  Q .

4 . 8 . 4  Q u a n t i t a t i v e  b e h a v i o r

I n  F i g u r e  4 . 5 ,  4 . 6  a n d  4 . 7  t h e  p e r c e n t a g e s  o f  p e a k  a r e a s  

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

s t u d i e d  f r o m  b o t h  t h e  p r e p a r e d  s u p p o r t  c o lu m n  a n d  t h e  G as  C h ro m  Q c o lu m n  

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

h a d  t h e  s e n s i t i v i t y  f o r  h y d r o c a r b o n s ,  e s t e r s ,  a n d  a l c o h o l s  a s  t h e  G as  

C h ro m  Q c o lu m n  d i d .

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

n a m e d  " D i a t o c h r o m  L " .  F r o m  a l l  r e s u l t s  m e n t i o n e d  a b o v e ,  D i a t o c h r o m  L  c a n  

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

p r o p e r t i e s  a n d  c h r o m a t o g r a p h i c  b e h a v i o r s  a r e  c l o s e  t o  t h o s e  o f  G as  C h ro m  Q . 

T h e  a d v a n t a g e s  o f  D ia t o c h r o m  L  c o m p a r in g  t o  G as  C h ro m  Q a r e  t h a t  D ia t o c h r o m  

L  c o s t s  a b o u t  9 0 0  b a h t / 5 0  g ra m s  ( t h i s  v a l u e  c o m p r i s e s  c h e m i c a l  a n d  e n e r g y  

c o s t s  b u t  d o e s  n o t  c o m p r i s e  i n s t r u m e n t  a n d  e q u ip m e n t  c o s t )  w h i l e  t h e  s a l e -  

p r i c e  o f  G as  C h ro m  Q i n  T h a i l a n d  i s  4 7 0 0  b a h t / 5 0  g r a m s ,  i t  i s  a b o u t  f i v e  

f o l d s  o f  D ia t o c h r o m  L .  I n  a d d i t i o n ,  D ia t o c h r o m  L  p r o v i d e s  t h e  b e t t e r  

e f f i c i e n t  c o lu m n  f o r  t h e  s e p a r a t i o n  o f  p o l a r  a n d  i n t e r m e d i a t e l y  p o l a r  

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

T h e  d i s a d v a n t a g e s  o f  D ia t o c h r o m  L  a r e  t h a t  i t  h a s  m o re  s u r f a c e  a r e a  t h a n  

G as  C h ro m  Q , s o  t h e  h i g h e r  l o a d i n g  o f  l i q u i d  p h a s e  i s  r e q u i r e d .  F o r  t h e  

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