
EXPERIMENTAL RESULTS AND DISCUSSIONS

4.1  P ro p e r t ie s  o f  c o a l ,  fu e l  o i l  and c o a l - o i l  m ix tu re

4 .1 .1  P ro p e r t ie s  o f  co a l and fu e l  o i l
T ypical a n a ly s is  o f  co a l and o i l  a re  g iv en  in  T able  4 .1 . 

Two ty p e s  o f  fu e l  o i l  ะ heavy fu e l  o i l  and l ig h t  fu e l  o i l  and 
th r e e  ty p e s  o f co a l : Ban Pu, Nong Ya P long and Mae Moh co a l were 
used  in  t h i s  work. Three ty p e s  o f co a l can  be c l a s s i f i e d  in to  two 
ran ks ะ Nong Ya P long co a l is  b itum inous and Ban Pu and Mae Moh 
co a l a re  subb itu rn inous.

4 .1 .2  P ro p e r t ie s  o f  c o a l - o i l  m ix tu re  (COM)
Table 4 .2  shows th e  p r o p e r t ie s  f o r  COM o f Ban Pu coa l 

and fu e l  o i l  such as pour p o in t ,  wt% s u l f u r ,  wtx a sh  and h e a t in g  
v a lu e . F ig u re  4 .1  g iv e s  th e  dependence o f  pour p o in t  on co a l 
c o n c e n tra t io n . I t  was observed  t h a t  th e  pour p o in t  o f  COM 
d ec reased  w ith  in c re a s in g  co a l c o n c e n tra t io n .  The pour p o in t  fo r  
COM o f  heavy fu e l  o i l  was h ig h e r  th a n  COM o f  l ig h t  fu e l  o i l  due to  
i t s  v i s c o s i ty .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  more coa l 
lo ad in g  th e  le s s  f l u i d i t y  o f  COM.

F ig ure  4 .2  shows th e  v a r ia t io n  o f  wtx a sh  o f  COM w ith  
co a l c o n c e n tra t io n . The wt% ash  o f  COM in c re a se d  w ith  in c re a s in g  
co a l c o n c e n tra t io n  because co a l had h ig h e r  wt% ash  th a n  fu e l  o i l .  
T h e re fo re , wtx ash  o f  COM depended on co a l lo a d in g . F ig u re  4 .3  
g iv e s  th e  dependence o f  h e a t in g  v a lu e  o f  COM on co a l
c o n c e n tra t io n . I t  was found t h a t  th e  h e a t in g  v a lu e  o f COM 
d ec reased  w ith  in c re a s in g  co a l c o n c e n tra t io n  because  co a l had 
a s p e c i f i c  energy  p e r u n i t  w eight le s s  th a n  fu e l  o i l .  For 
exam ple, a t  50 wt%, th e  h e a t in g  v a lu e  f o r  COM o f LFO and HFO were
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0 .7 2  and 0 .7 4  tim es o f LFO and HFO r e s p e c t iv e ly .
In t h i s  p a r t  o f  s tu d y , pour p o in t ,  wt% ash  and h e a t in g  

v a lu e  were th e  fu n c t io n  o f  co a l c o n c e n tra t io n .  These r e s u l t s  gave 
th e  b a s is  to  choose s u i t a b le  co a l c o n c e n tra t io n  to  o b ta in  a 
f l u i d i t y  o f  COM w ith  an optimum h e a t in g  v a lu e  t o  use  a s  th e  
e f f e c t iv e  f u e l .  T h e re fo re , t h i s  COM has le s s  problem  o f  ash  
accu m u la tion  which cau se s  s la g g in g , fo u l in g  and c l in k e r  in  b o i l e r .



T a b le  4 .1  C oa l and  F u e l o i l  R n a ly s is

C o m p o n e n t M ae  M oh B a n  P u N o n g  Y a  
P lo n g

H e a v y  
f u e l  o i l

L i g h t  
f u e l  o i l

I R r o x im a t e  a n a l y s i s ( u>tY.) < R i r d r i e d  b a s i s )
M o i s t u r e 1 4 . 3Q 1 1 . 9 9 6 . 6 1 - —
V o l a t i l e  m a t t e r 3 8 . 5 8 4 3 . 0 9 3 2 . 2 6 - —
f i s h 1 2 . 0 ? 6 . 7 1 1 9 . 3 8 0 . 0 7 0 . 0 2
F i x e d  c a r b o n 3 5 . 0 5 3 8 . 2 1 4 1 . 7 6 — *—
T o t a l  s u l f u r  ( d r y  b a s i s ) 3 . 5 9 1 . 8 5 0 . 6 9 2 . 0 ? 2 . 1 6
H e a t i n g  v a l u e  ( c a l / g ) 4 5 2 7 4 9 0 0 5 5 2 6 1 0 2 2 1 1 0 6 1 6
H e a t i n g  v a l u e  C B T U / lb )  ( M o i s t ,  M M - f r e e )  9 4 6 2 9 5 3 8 1 2 6 5 0 — —

R a n k 5 u b — S u b — H i g h - v o l a t i l e  c
b i t u m i n o u s  c b i t u m i n o u s  B b i t u m i n o u s

U l t i m a t e  a n a l y s i s ( w t z i )  ( D r y b a s i s )c 5 4 . 9 5 5 8 . 9 1 6 2 . 4 9 8 5 . 3 2 8 5 . 4 5
H 3 . 8 1 4 .  1 8 4 . 6 3 1 2 . 3 9 1 2 . 3 ?
0  ( b y  d i f f e r e n c e ) 2 1 . 4 3 2 7 . 6 3 1 0 . 5 0 . 0 0 . 0 0
N 2 . 1 4 0 . 5 3 0 . 8 7 0 . 1 5 0 . 0 0
ร 3 . 5 9 1 . 8 5 0 . 6 9 2 . 0 7 2 . 1 6
H sh 1 4 . 0 9 6 . 9 1 2 0 . 7 5 0 . 0 7 0 . 0 2
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T a b l e  4 . 2  P r o p e r t i e s  f o r  c o a l - o i l  m i x t u r e  o f  f u e l  
o i l  a n d  - 7 5  m i c r o n s  B a n  P u  c o a l  a t  
v a r i o u s  c o a l  c o n c e n t r a t i o n s  ( w t % ) .

wt%  c o a l  
i n  COM

P o u r  p o i n t  
( ° C )

A s h
( w t X )

S u l f u r  
(  wt%  )

H e a t i n g  v a l u e  
( c a l / g )

H e a v y  f u e l  
HFO

o i l
2 8 . 0 ' 0 . 0 7 2 . 0 7 1 0 2 2 1

1 0 2 9 . 0 : 0 . 8 5 2 . 0 5 9 9 9 3
2 0 3 1 . 0 1 . 6 2  ■ 2 . 0 3 9 3 4 4
3 0 3 2 . 0 2 . 3 9 2 . 0 2 8 7 7 5
4 0 3 3 . 0 : 3 . 1 8 1 . 9 9 8 1 5 3
5 0 3 5 . 0 3 . 9 8 ’ 2 . 0 1 7 5 9 7

L i g h t  f u e l  
LFO

o i l
2 4 . 0 0 . 0 2 2 . 1 6 1 0 6 1 6

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

F i g u r e  4 . 1  V a r i a t i o n  o f  p o u r  p o i n t  w i t h  c o a l  c o n c e n t r a t i o n  
f o r  B an Pu c o a l  i n  d i f f e r e n t  f u e l  o i l  t y p e s .
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F i g u r e  4 . 2  V a r i a t i o n  o f  w e i g h t  p e r c e n t  a s h  w i t h  c o a l  
c o n c e n t r a t i o n  f o r  B an  P u  c o a l  i n  d i f f e r e n t  
f u e l  o i l  t y p e s .

F i g u r e  4 . 3  V a r i a t i o n  o f  h e a t i n g  v a l u e  w i t h  c o a l  c o n c e n t r a t i o n  
f o r  B an Pu c o a l  i n  d i f f e r e n t  f u e l  o i l  t y p e s .
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4 . 2  R h e o l o g i c a l  p r o p e r t y  o f  COM

4 . 2 . 1  E f f e c t  o f  c o a l  l o a d i n g  a n d  s h e a r  r a t e  o n  s lu r r y -
r h e o l o g y

T a b le  4 . 3 ,  4 . 4 ,  4 . 5  a n d  4 . 6  g i v e  t h e  r h e o l o g i c a l
p r o p e r t i e s ;  s h e a r  s t r e s s  v e r s u s  s h e a r  r a t e  f o r  COM a t  4 0  °c  o f  - 7 5  
m ic r o n s  B an  P u  c o a l  i n  LFO, B an  Pu c o a l  i n  HFO, Mae Moh c o a l  i n  
HFO a n d  N o n g  Ya P l o n g  c o a l  i n  HFO r e s p e c t i v e l y .  T h e f l o w  c u r v e s  
o f  COM a t  v a r i o u s  c o a l  c o n c e n t r a t i o n s  a r e  sh o w n  i n  F i g u r e  4 . 4 ,  
(B a n  Pu c o a l  i n  LFO) a n d  F i g u r e  4 . 5 ,  4 . 6 ,  4 . 7  (B a n  P u  c o a l ,  Mae 
Moh c o a l  i n  HFO a n d  N on g  Ya P l o n g  c o a l  i n  H F O ). T h e r h e o g r a m s  a r e  
l i n e a r  a n d  e x h i b i t  e i t h e r  N e w t o n ia n  o r  B in g h a m  p l a s t i c  b e h a v i o r .  
T he f u e l  o i l  i s  t h e  l o w e s t  c u r v e  a n d  a c t u a l l y  s h o w s  N e w t o n ia n  
b e h a v i o r .  From  t h e s e  f i g u r e s ,  w h en  t h e  c o a l  c o n c e n t r â t i o n  w a s  
i n c r e a s e d ,  t h e  o n s e t  o f  a  y i e l d  s t r e s s  w a s  a p p a r e n t ,  i . e .  f o r  B an  
Pu c o a l  i n  HFO, B an  Pu c o a l  i n  LFO, Mae Moh c o a l  i n  HFO a n d  N o n g  
Ya P l o n g  c o a l  i n  HFO w e r e  4 0  %, 4 0  X ,  2 0  X  a n d  2 0  X  r e s p e c t i v e l y .  
T he l i n e a r  r e 1a t  io n . b e t w e e n  s h e a r  s t r e s s  a n d  s h e a r  r a t e  w a s  
p r e s e r v e d  a n d  t h e  N e w to n ia n  b e h a v i o r  s h i f t e d  t o  t h e  B in g h a m  
p l a s t i c  o n e .  A s c o a l  c o n c e n t r a t i o n  w a s  i n c r e a s e d ,  s o  d o  p l a s t i c  
v i s c o s i t y  ( r h e o g r a m  s l o p e )  a n d  y i e l d  s t r e s s  ( r h e o g r a m  i n t e r c e p t )  
i n c r e a s e d  ( s e e  F i g u r e  4 . 4 - 4 . 7 ) .  T h e y i e l d  s t r e s s  f o r  5 0  X  COM o f  
B an Pu c o a l  i n  HFO, B an P u  c o a l  i n  LFO, Mae Moh c o a l  i n  HFO a n d  
N on g  Ya P l o n g  c o a l  i n  HFO w e r e  1 4 9 . 4 1 ,  1 6 9 . 9 1 ,  3 2 7 . 0 6  a n d  4 1 6 5 .8 4  
d y n e s /c m 2 r e s p e c t i v e l y ,  w h i l e  P a p a c h r i s t o d o u l o u  a n d  T r a s s  ( 3 )  
r e p o r t e d  t h e  y i e l d  s t r e s s  v a l u e  o f  3 5 0  Pa ( 3 5 0 0  d y n e s / c m 2 ) a n d  
M unro e t  a l .  o f  3 7 1  d y n e s /c m 2 .

T h e p h y s i c a l  e x p l a n a t i o n  o f  B in g h a m  p l a s t i c  b e h a v i o r  
i s  t h a t  a  n e tw o r k  w a s fo r m e d  i n s i d e  t h e  f l u i d  a s  a  r e s u l t  o f  
i n t e r p a r t i c l e  f o r c e s ,  a n d  a n  e x t e r n a l  s t r e s s  e q u i v a l e n t  t o  t h e  
y i e l d  s t r e s s  h a d  t o  b e  a p p l i e d  f o r  t h e  n e tw o r k  t o  b e  d e s t r o y e d  
a n d  t h e  f l o w  t o  o c c u r .  In  t h e s e  c a s e s  t h e  g e n e r a l i s e d  B in g h a m
m o d el h a s  b e e n  t o  f i t  w e l l .



T ablo  d .3  R h e o lo g ic a l  d a ta ;  s h o a r  s t r e s s  and shear- r a t e ,  f o r  COM o f  l i g h t  f u e l  o i l  and —75 m ic ro n sBan Pu c o a l  a t  v a r io u s  c o a l  c o n c e n t r â t  io n s  CuitrO and •๘! o ° c .

S p o o d No i g h t  p e r c e n t  c o a l i n  COM
(r p m ) 0 1 0 2 0 3 0 d o 5 0

r~ T r T r~ T r T r T r~ T

0 .  3 0 . 0 6 3 . 3 7 0 . 0 7 6 . 7 d 0 . 0 7 lO . 1 1 0 .  0 7 2 3 . 5 0 0 . 0 7 5 3 . 9 0 0 . 0 7 3 3 6 . 0 5
0 . 6 0 . 12 lO . 11 0 .  13 1 6 . 0«1 0 . 13 2 0 . 2 1 o .  Id d o .  d 2 o .  Id 6 7 .  3 7 0 . I d d 7 1 . 5 3
1 . 5 0 . 3 1 2 3 . 5 0 o .  3 3 «10. «12 0 . 3 3 d o .  d 2 o .  3 5 7 d .  1 1 o . 3 d 1 7 5 . 1 6 ๐ .  3 5 1 o 1o . 5 53 0 . 6 2 «10. «12 0 . 6 6 7 0 .  7*1 0 . 6 7 7 d .  1 l 0 . 7 0 1 3 d .7 d o .  6 9 3 0 9 . 9 0 0 . 7 0 1 0 0 6 . 3 6

6 1 . 2 d 7 7 .  «10 1 . 3 3 1 2 0 . o o 1 . 3 d l d d . 0 5 1 . 3 9 2 6 2 . 7 d 1 . 3 7 6 0 6 . 3 3 1 . d o 3 d 3 5 . 0 7
1 2 2 . «10 1 6 1 . 6 9 2 . 6 5 2 « 1 2 .5 3 2 . 6 0 2 0 2 . 9 5 2 .  7 0 5 2 5 . d 9 2 . 7 5 1 1 5 0 . 7 6 2 . 8 1 7 0 0 6 . d a3 0 6 . 2 1 «17«1. 9 6 6 . 6 3 6 0 6 . 3 3 6 . 6 9 0 0 0 . dd 6 . 9 6 1 3 9 7 . 9 3 6 . 0 7 3 0 5 0 . 6 0 7 . 0 2 1 7 0 d d . 616 0 1 2 . «12 7 9 0 . 3 3 1 3 . 2 5 1 1 9 2 .  «15 1 3 . 3 0 l d l d . 7 7 1 3 . 9 2 2 5 6 0 . 0 6 1 3 . 7 5 5 d 5 6 . 9 7 ld .O d 3 3 0 1 9 . 7 d

r  is  d e fin e d  T is  d e fin e d shea r r a te  in  u n i t  1 /s  shear s t r e s s  in  u n i t  dynos/c iriasas



T ablo  -1.-1 R h e o lo g ic a l d a ta ;  s h o a r  s t r e s s  and s h e a r  r a t o .  For COM o f  heavy  fu o l  o i l  and —75 m ic ro n sBan Pu c o a l  a t  v a r io u s  c o a l  c o n c e n t r a t io n s  C utîiï and AO  ° c .

Speed W eight p e rc o n t coa l in  COM
C r p m J o i o 2 0 3 0 -IO 5 0

r T r T r T r T r T r T

0 . 3 0 . 0 6 l o .  1 1 0 . 0 7 1 6 . 0 - 1 0 . 0 7 2 3 . 5 0 0 . 0 7 6 7 . 3 7 0 . 0 7 1 3 - 1 . 7 - 1 o .  06 6 7 3 . 7 0
0 . 6 0 .  1 2 1 3 . - 1 7 o .  1 3 3 0 . 3 2 0 .  1-1 - 1 0 . - 1 2 o .  1 5 9 - 1 . 3 2 0 .  1-1 2 6 9 . - 1 0 0 .  1 3 1 3 - 1 7 .  -10
1 . 5 0 . 3 1 - 1 7 .  1 6 0 . 3 3 6 7 . 3 7 0 . 3 - 1 อ - ! . 2 1 0 . 3 7 1 7 5 . 1 6 0 . 3 - 1 5 3 0 . 9 6 0 . 3 2 3 3 6 0 . 5 03 0 . 6 2 9 - 1 . 3 2 0 . 6 7 1 2 0 . 0 0 0 . 6 9 1 6 1 . 6 9 o .  7-1 3 2 3 . 3 9 0 . 6 0 1 0 1 0 . 5 5 0 . 6 - 1 6 6 0 2 . 2 6

6 1.2-1 1 0 1 . 9 0 1.33 2 5 2 . 6 - 1 1 . 3 9 3 0 9 . 9 0 1 . - 1 7 5 7 9 . 3 0 1 . 3 6 1 0 0 6 . 3 6 1 . 2 9 12 7 3 2 . 9 3
1 2 2 . - 1 9 3 6 3 . 0 0 2 . 6 7 - 1 9 9 . 5 - 1 2 . 7 5 5 9 2 . 0 6 2 . 9 - 1 1 1 3 1 . 0 2 2 . 7 3 3 7 7 2 . 7 2 2 . 5 5 2 5 7 3 5 . 3 - 1
3 0 6 . 2 0 9 0 9 . 5 0 6 . 6 7 1 2 1 9 . - 1 0 6 . 8 0 1 - 1 5 1 . 0 2 7 . 3 5 2 7 6 2 . 1 7 6.01 9 0 9 - 1 . 9 5 6 . 3 0 6 3 5 2 9 . 9 1
6 0 1 2 . - 1 0 1 7 9 5 . - u 1 3 . 3 5 2 3 0 1 . 5 3 1 3 .  7 5 2 0 6 9 . 9 6 1 - 1 . 7 0 5 - 1 9 7 . 3 9 1 3 . 6 3 1 0 5 9 - 1 .  1 2 1 2 .  7 6 —

r  is  T is
deF inod  doF ined

as shear- r a to  in  u n i t  1 /s  ,03 shea r s t r e s s  in  u n i t  dynes/cfn

tn๐
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Fi g u r e  4 . 4  R h eo gra m  o f  B a n  Pu c o a l  i n  l i g h t  f u e l  o i l ;  
c o a l  c o n c e n t r a t i o n s ,  4 0  ° c .

X
X
X
X
X

v a r i o u s

F i g u r e  4 . 5  R h eo g ra m  o f  B an  Pu c o a l  i n  h e a v y  f u e l  o i l ;  v a r i o u s  
c o a l  c o n c e n t r a t i o n s ,  4 0  ° c .



T ablo  -1.5 R h e o lo g ic a l  d a ta ;  sh e a r- s t r e s s  and s h e a r  r a t e ,  f o r  COM o f  heavy  f u e l  o i l  and —75 m ic ro n sMae Moh c o a l a t  v a r io u s  c o a l  c o n c e n t r a t io n s  (u tJ i)  and *10 ๐ c .
Spoodc rpm) W eight p e rc e n t coa l i  ท COM

o 1 0 2 0 3 0 * 1 0 50
r T r T r T r T r T r T

0 . 3 o .  06 1 0 .  1 1 0 . 0 7 1 6 .  0 * 1 o .  0 7 5 3 . 9 0 o .  0 7 5 3 . 9 0 o .  0 7 2 0 2 . 1 1 0 .  0 7 606.330 .6 o .  12 1 3 . - 1 7 0 .  1 3 3 3 .  6 9 o .  1 - 1 0 0 . 0 - 1 o .  1 3 9 * 1 . 3 2 0. 1*1 3 3 6 . 0 5 0. 1 3 1 1*15.291 .5 0 . 3 1 * 1 7 .  1 6 0 . 3 3 0 7 . 5 0 0 . 3 5 1 7 5 . 1 6 o .  3 - 1 2 2 9 . 0 6 o .  3 * 1 . 7 - 1 1 . 0 7 0 . 3 3 2*192.693 o .  62 9 * 1 . 3 2 o .  6 5 1 7 1 . 7 9 0 . 7 1 3 5 0 . 3 2 0 . 6 7 * 1 5 0 .  1 2 0. 68 1-182. 1*1 o .  6 7 *1050.6*16 1.2*1 1 0 1 . 9 0 1 . 3 1 3 2 0 . 0 1 1.-11 6 3 3 . 2 0 1 . 3 * 1 8 3 5 . 3 9 1 . 3 7 2829.5*1 1.3*1 9*199. 1712 2 .  * 1 0 3 6 3 . 8 0 2 . 6 1 6 1 6 . - 1 * 1 2 . 0 3 1 1 0 5 . 7 1 2 . 6 9 1 6 1 6 . 0 0 2 . 7 3 5322.23 2. 68 1 8 8 6 3 . 6 0
3 0 6 .  2 0 9 0 9 . 5 0 6 .  5 3 1 - 1 6 1 . 9 3 7 . 0 7 2 0 2 9 .  5 - 1 6 . 7 2 3 7 9 9 . 6 7 6 . 0 3 1 2 6 6 5 . 5 6 6 . 6 9 - 1 5 * 1 0 7 .  3 8
6 0 1 2 .  * 1 0 1 7 9 5 . - 1 1 1 3 . 0 6 2 0 1 2 . 7 0 1 - 1 .  1 3 5 * 1 * 1 3 . 5 0 1 3 .  -1*1 7 * 1 3 7 . 6 5 1 3 . 6 6 2 5 0 6 1 . 6 - 1 1 3 .  3 9

r  is  d e fin e d  as shear r a to  in  u n i t  l / sT is  d e fin e d  as shear s t r e s s  in  u n i t  dynos/cm



Ta,blo 4 .6 R hoolog-icsl d a tfl;  ฯh o a r  s t r o s s  a n d shoot- 1- 0 t o , for- COM o f  heavy  fu e l  o i l  ond —75 m ic ro n sNong Yo P long  c o o l o t  v a r io u s  co o l c o n c o n t r a t io n s  CutrO ond ■‘10 ° c .
Spoodc rpm } H e ig h t p o rc o n t coo l in  COM

o 10 20 30 40 50
r~ T r* T r T r T r T r T

0 .3 0 .06 io .  1 1 0 .0 7 23 .50 0 .00 67 .37 o. 07 53 .90 o. 09 673.70 o. IO 5052.750 .6 0. 12 13.47 o . 14 33. 69 o. 1 6 0O. 04 0. 14 121.27 0 .10 000.44 o . 13 6534.091.5 0.31 47. 16 0 .3 5 74. 1 1 0 .39 140.21 0 .35 242.53 0 .45 1414.77 0 .32 10901.313 o. 6 2 94 .32 o. 69 140.21 o. 70 256.01 0. 69 450.12 0 .90 2021.10 o. 64 16909.076 1.24 101.90 1 .39 279.59 1.56 450.12 1.39 035.39 1.79 3301.13 1.20 27150. 1112 2. 40 363.00 2 .76 535 .59 3. 12 040 .06 2 .77 1576.46 3.ส ์9 5726.45 2. 55 52009.6430 6.20 . 909 .50 6. 94 1203.40 7 .79 2040.05 6. 93 3732.30 0 .97 12067.67 6 .30 —
60 12.40 1795.41 13. 00 2492.69 15.50 3974.03 13. 05 7222.06 17.93 24307.94 12.76 —

r  is  r jo f in o d  OS shoar r a to  in  u n i t  1 /ะ ร  T is  d e fin e d  OS sheor s t re s s  in  u n i t  dynos/cm

๓CO



F i g u r e  4 . 6  R h eo gra m  o f  Mae Moh c o a l  in  h e a v y  f u e l  o i l ;  v a r i o u s  
c o a l  c o n c e n t r a t i o n s ,  40 °c .

F i g u r e  4 . 7  R h eo g ra m  o f  N o n g  Ya P lo n g  c o a l  i n  h e a v y  f u e l  o i l ;  
v a r i o u s  c o a l  c o n c e n t r a t i o n s ,  4 0  ° c .
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4 . 2 . 2  E f f e c t  o f  c o a l  t y p e s  o n  s l u r r y  r h e o l o g y
T h e d e p e n d e n c e  o f  y i e l d  s t r e s s  ( r h e o g r a m  i n t e r c e p t )  an d  

p l a s t i c  v i s c o s i t y  (r h e o g r a m  s l o p e )  o n  c o a l  c o n c e n t r a t i o n  f o r  
v a r i o u s  c o a l  t y p e s  ร B an  P u , Mae Moh a n d  N o n g  Ya P l o n g  c o a l  i n  
HFO a r e  p r e s e n t e d  i n  T a b le  4 . 7 .  F i g u r e  4 . 8  a n d  4 . 9  sh o w  t h a t  
y i e l d  s t r e s s  o f  t h e  s l u r r i e s  i n c r e a s e s  w i t h  i n c r e a s i n g  c o a l  
c o n c e n t r a t i o n .  T h e r e l a t i o n s h i p s  b e t w e e n  y i e l d  s t r e s s  a n d  wt/£ 
c o a l  f o r  d i f f e r e n t  c o a l s  a r e  o f  e x p o n e n t i a l  fo r m  a s  g i v e n  i n  T a b le  
4 . 8 .  T he p a r a m e t e r s  o f  t h e  e q u a t i o n  d e p e n d  o n  t h e  t y p e  o f  c o a l  
a n d  f u e 1 o i l s .

F i g u r e  4 . 1 0  a n d  4 . 1 1  sh o w  t h e  f l o w  c u r v e s  o f  Mae M oh, 
N on g  Ya P l o n g  a n d  B an Pu c o a l  i n  HFO f o r  3 0  wt% a n d  5 0  wt% COM 
r e s p e c t i v e l y .  COM o f  B i t u m in o u s  c o a l  (N o n g  Ya P lo n g )  sh o w e d  h i g h e r  
p l a s t i c  v i s c o s i t y  a n d  y i e l d  s t r e s s  t h a n  COM o f  s u b b i t u m in o u s  c o a l  
(B a n  P u  a n d  Mae M oh) a t  t h e  c o a l  c o n c e n t r a t i o n  r a n g e  t e s t e d  ( S e e  
F i g u r e  4 .1 1  a n d  T a b le  4 . 7 ) .  I t  i s  im p o r t a n t  t o  n o t e  t h a t  
1) d i f f e r e n t  c o a l  t y p e s  g a v e  t h e  d i f f e r e n t  r h e o l o g i c a l  p r o p e r t i e s ;  
p l a s t i c  v i s c o s i t y  a n d  y i e l d  s t r e s s .  2 )  t h e  p l a s t i c  v i s c o s i t y  o f  
COM i n c r e a s e d  s t e a d i l y  fr o m  10 t o  4 0  % c o a l  c o n c e n t r â t  i o n  a n d  
d r a m a t i c a l l y  t o  a  v e r y  h i g h  v a l u e  a t  5 0  wt% c o a l ,  e . g .  p l a s t i c  
v i s c o s i t y  o f  COM o f  B an  Pu c o a l  i n  HFO o f  9 9 4 5  c p  w a s  6 8  t i m e s  o f  
HFO v i s c o s i t y .

4 . 2 . 3  E f f e c t  o f  f u e l  o i l  t y p e s  o n  s l u r r y  r h e o l o g y
T h e d e p e n d e n c e  o f  y i e l d  s t r e s s  o n  c o a l  c o n c e n t r a t i o n  

f o r  B an Pu c o a l  i n  l i g h t  f u e l  o i l  a n d  h e a v y  f u e l  o i l  i s  p r e s e n t e d  
i n  T a b le  4 . 7 .  F i g u r e  4 .8  s h o w s  t h e  d e p e n d e n c e  o f  y i e l d  s t r e s s  
o f  t h e  s l u r r i e s  o n  c o a l  l o a d i n g  a n d  g i v e  sa m e e x p o n e n t i a l  
e q u a t i o n  f o r  COM o f  B an P u  c o a l  i n  LFO a n d  HFO ( s e e  T a b le  4 .8 ) .  
F i g u r e  4 . 1 2  s h o w s  f l o w  c u r v e s  o f  COM o f  B an  Pu c o a l  i n  l i g h t  f u e l  
o i l  a n d  h e a v y  f u e l  o i l  a t  50 wt% a n d  40 ° c . T he COM o f  h e a v y  f u e l  
sh o w e d  h i g h e r  p l a s t i c  v i s c o s i t y  t h a n  COM o f  l i g h t  f u e l  o i l  b u t  
t h e  y i e l d  s t r e s s  f o r  COM o f  HFO a n d  LFO w e r e  a l m o s t  t h e  s a m e . I t
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i s  im p o r t a n t  t o  n o t e  t h a t  1 ) t h e  r h e o l o g i c a l  p r o p e r t i e s  s u c h  a s ;  
p l a s t i c  v i s c o s i t y  i n c r e a s e d  w i t h  i n c r e a s i n g  f u e l  o i l  v i s c o s i t y  
( s e e  T a b le  4 , 7 ) .  2 )  t h e  y i e l d  s t r e s s  o f  COM d o  n o t  d e p e n d  o n
f u e l  o i l  v i s c o s i t y .

In  c o m p a r is o n  w i t h  o t h e r  w o r k s ,  i t  c o u l d  b e  su m m a r iz e d  
a s  f o l l o w s :

R h e o l o g i c a l  b e h a v i o r  o f  COM

A u t h o r s  C o a l S u s p e n d i n g  O n s e t  o f  F lo w  m o d e l T ymmj
l i q u i d  n o n - N e w t o n ia n  [ 'd y n e s '

b e h a v i o r  11 cm2

G r a d is h a r  e t  a l . B i t u m in o u s F u e l o i  1 2 8 v o l .% B in g h a m  p l a s t i c —
P a p a c h r  i s t o d o u - B i t u m in o u s  ■ F u e l o i l 3 0 พ๖.% B in g h a m  p l a s t i c 3 5 0 0
l o u  a n d  T r a s s
M unro e t  a l . ร u b b itu rn  in o u s F u e l o i  1 3 0 v o l  . % B in g h a m  p l a s t i c 3 7 1
Somnuk S u b b it u m in o u s  B F u e l o i  1 4 0 w t . % B in g h a m  p l a s t i c 1 49

S u b b it u m in o u s  c F u e l o i  1 2 0 w t . % B in g h a m  p l a s t i c 3 2 7
B it u m in o u s F u e l o i  1 2 0 w t . % B in g h a m  p l a s t i c 4 1 6 6

I t  w a s a l s o  fo u n d  t h a b  t h e  v a r i o u s  p r o p e r t i e s  a n d  t y p e s  
o f  c o a l  an d  f u e l  o i l  g a v e  t h e  d i f f e r e n c e  i n  COM f o r m u l a t i o n  a n d  
p r o p e r t i e s .  A l l  COM s h o w e d  n o n - N e w t o n ia n  b e h a v i o r ,  B in g h a m  
p l a s t i c  b u t  g a v e  t h e  d i f f e r e n c e  i n  t h e  o n s e t  v a l u e  o f  
n o n - N e w t o n ia n  b e h a v i o r  and  m axim um  y i e l d  s t r e s s .
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T a b l e  * 1 . 7  E f f e c t  o f  w e i g h t  p e r c e n t  c o a l  i n  COM o n  g i e l d  s t r e s s  a t  1 0  ° c

H e i g h t  p e r c e n t  c o a l i n  COM
I

C OM 0 1 0 2 0 3 0 1 0 5 0

V i  o l d  s t r e s s ,  T y C d y n e s / c n l ^

B a n  P u  c o a l  t  H F O 2 . 2 3 1 2 . 0 1 1 6 . 5 8 1 0 . 2 6 5 2 . 1 7 1 1 9 . 1 1

B a n  P u  c o a l  + L F O 1 . 8 8 7 . 1 7 9 . 0 6 1 6 . 9 3 5 7 . 2 6 1 6 9 . 9 1

I t a e  M o h  c o a l  + H F O 2 . 2 3 2 6 . 7 0 6 1 . 1 2 6 6 . 5 8 1 9 3 . 1 9 3 2 7 . 0 6

H o n g  V a  P l o n g  c o a l  f  H F O 2 . 2 3 2 1 . 9 3 5 6 . 0 2 8 3 . 5 8 7 8 8 . 8 7 1 1 6 5 . 8 1

P l a s t i c  v i s c o s i t y น C c e n t i p o i s e )

B a n  P u  c o a l  + H F O 1 1 1 . 9 8 1 7 8 . 3 0 2 0 7 . 8 6 3 7 1 . 0 5 1 3 5 1 . 1 3 9 9 1 5 . 1 8

B a n  P u  c o a l  L F O 6 6 . 0 1 8 9 . 6 2 1 0 7 . 6 9 1 8 5 . 6 0 1 0 1 . 3 1 2 3 9 9 . 5 5

I t a e  M o h  c o a l  + H F O 1 1 1 . 9 8 2 1 5 . 1 0 3 8 3 . 3 9 5 5 0 . 9 6 1 8 2 3 . 9 6 6 7 6 2 . 2 1

K o n g  V a  P l o n g  c o a l  + H F O 1 1 1 . 9 8 1 7 9 . 0 ฯ 2 5 2 . 1 9 5 1 8 . 5 1 1 3 2 1 . 6 0 1 8 6 8 6 . 7 8

น  a n d  T y  a r e  s l o p e  a n d  i n t e r c e p t  o f  r h o o g r a n ,  d e t e r n i n e d  b y  l i n e a r  r e g r e s s i o n  o f  
r h e o l o g i c a l  d a t a  o f  f a b l e  1 . 3 ,  1 . 1  ,  1 . 5  a n d  1 . 6 .

T a b l e  4 . 8  T h e  r e l a t i o n s  b e t w e e n  y i e l d  s t r e s s  a n d  w e i g h t  p e r c e n t  c o a l  

i n  C O M  a t  4 0  ° c .

C O M F o r m u l a R a

B a n  P u  c o a l  +  H F O
_  C l .  2 4 - 5 1  +  ๐ .  0 7 5 1  X v . t . x  c o a l J
T y  =  e 0 . 9 4 6 6

B a n  P u  c o a l  +  L F O
_  C l .  2 2 ๐ 0  +  0 . 0 6 9 9  X  w t s  j s o a . 1 )

, T y  =  e 0 . 9 2 1 5

M a e  M o h  c o a l  +  H F O
m  c 1 . 7 0 0 0  +  O . O O Q 4  X c o i l )
T y  =  e 0 . 8 7 7 2

N o n g  Y a  P l o n g  c o a l  +  H F O
_  c 1 .  ๐ 7 0 0  +  o . i a a s  X  v » t . x  c o i l )
T y  =  e 0 . 9 6 4 3

T y  i s  d e f i n e d  a s  y i e l d  s t r e s s  i n  u n i t  d y n e s / c m a
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F i g u r e  4 . 8  D e p e n d e n c e  o f  y i e l d  s t r e s s  o n  c o a l  c o n c e n t r a t i o n ;
d i f f e r e n t  f u e l  o i l  t y p e s ,  B an  P u  c o a l  a n d  4 0  °c .

F i g u r e  4 . 9  D e p e n d e n c e  o f  y i e l d  s t r e s s  o n  c o a l  c o n c e n t r a t i o n ;
v a r i o u s  c o a l  t y p e s ,  h e a v y  f u e l  o i l  a n d  4 0  ° c .



SH
ER

R 
ST

RE
SS

 c
 d

yn
e3

/cm

1 8 0 0 -r

0  0 .6  1 1 .6  2  £ .5  3
S H E R R  R R T E  c 1 / s  3

F i g u r e  4 . 1 0  R h eo gra m  o f  c o a l  i n  h e a v y  f u e l  o i l ;  v a r i o u s  c o a l  
c o n c e n t r a t i o n s ;  30 wt% c o a l  a n d  40 ° c .

c o n c e n t r a t i o n s ;  5 0  w t y. c o a l  a n d  4 0  ° c .
F i g u r e  4 .1 1
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F i g u r e  4 . 1 2  R h eo g ra m  o f  B a n  P u  c o a l  in  d i f f e r e n t  f u e l  o i l  
t y p e s ,  5 0  v.i.% c o a l  a n d  4 0  ° c .



61

4 . 3  A p p a ren t, v i s c o s i t y  o f  COM

4 . 3 . 1  E f f e c t  o f  t e m p e r a t u r e  o n  v i s c o s i t y  o f  COM
T h e r e s u l t s  o f  t h e  e f f e c t  o f  t e m p e r a t u r e  o n  t h e  

v i s c o s i t y  o f  COM a t  v a r i o u s  c o a l  c o n c e n t r a t i o n  a r e  p r e s e n t e d  i n  
T a b le  4 . 9 .  F i g u r e  4 . 1 4  s h o w s  t h e  v a r i a t i o n  o f  v i s c o s i t y  w i t h  c o a l  
c o n c e n t r a t i o n  a t  v a r i o u s  t e m p e r a t u r e s .  I t  w a s  f o u n d  t h a t  t h e  COM 
v i s c o s i t y  i n c r e a s e d  w i t h  c o a l  c o n c e n t r a t i o n  a n d  d e c r e a s e d  w i t h  
t e m p e r a t u r e  i n  t h e  sam e m an n er  a s  t h e  b a s e  o i l .  F o r  e x a m p le ,  a t  
2 0  wt% t h e  v i s c o s i t y  o f  8 0  °c  w a s o n e - t e n t h  o f  4 0  °c . T he  
e x p l a n a t i o n  i s  t h a t  a n e tw o r k  w a s  d e s t r o y e d  b y  h e a t  d u e  t o  
i n c r e a s i n g  t e m p e r a t u r e .  T h e r e f o r e ,  t h e  t e m p e r a t u r e  o f  4 0  °c  w a s  
reco m m en d ed  t o  u s e  f o r  s t o r a g e  w h i l e  t e m p e r a t u r e  o f  7 0  °c  w a s u s e d  
f o r  t r a n s p o r t a t i o n  o f  COM i n  p i p e l i n e  o r  t o  t h e  b o i l e r .

4 . 3 . 2  E f f e c t  o f  f u e l  o i l  t y p e s  o n  v i s c o s i t y  o f  COM
T a b le  4 . 1 0  s h o w s  t h e  e f f e c t  o f  f u e l  o i l  t y p e s  o n

v i s c o s i t y  o f  COM a t  v a r i o u s  c o a l  c o n c e n t r a t i o n s .  F i g u r e  4 . 1 5  
g i v e s  t h e  d e p e n d e n c e  o f  COM v i s c o s i t y  o n  c o a l  c o n c e n t r a t i o n s  f o r  
b o t h  f u e l  o i l  t y p e s .  I t  w a s  fo u n d  t h a t  t h e  COM v i s c o s i t y  
i n c r e a s e d  w i t h  i n c r e a s i n g  c o a l  c o n c e n t r a t i o n  a n d  i n c r e a s i n g  o i l  
v i s c o s i t y .  F o r  e x a m p le ,  a t  4 0  w t x ,  t h e  COM v i s c o s i t y  o f  HFO w a s  
t h r e e  t i m e s  o f  LFO, I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  m o s t  
im p o r t a n t  f a c t o r  i n  t h e  v i s c o s i t y  b u i l d - u p  w a s  t h e  v i s c o s i t y  o f  
b a s e  o i l  ( c o n t i n u o u s  p h a s e )  a t  t h e  sa m e t e m p e r a t u r e .

4 . 3 . 3  E f f e c t  o f  p a r t i c l e  s i z e  d i s t r i b u t i o n s  o n  v i s c o s i t y
o f  COM

T h e r e s u l t s  o f  t h e  e f f e c t  o f  PSD v i s c o s i t y  o f  COM a t  
v a r i o u s  c o a l  c o n c e n t r a t i o n s  i s  p r e s e n t e d  i n  T a b le  4 . 1 1 .  F i g u r e
4 . 1 5  s h o w s  t h e  v a r i a t i o n  o f  v i s c o s i t y  w t t h  c o a l  c o n c e n t r a t i o n  a t  
v a r i o u s  p a r t i c l e  s i z e  d i s t r i b u t i o n s .  I t  w a s f o u n d  t h a t  t h e



v i s c o s i t y  i n c r e a s e d  w i t h  i n c r e a s i n g  c o a l  c o n c e n t r a t i o n  a n d  
d e c r e a s i n g  a v e r a g e  p a r t i c l e  s i z e .  F o r  e x a m p le ,  a t  4 0  w tx  t h e  COM 
v i s c o s i t y  o f  - 7 5  m ic r o n s  w a s a b o u t  tw o  t i m e s  o f  9 0  -  1 0 6  m ic r o n s  
p o w d e r e d  c o a l .  T h e r e f o r e ,  t h e  h i g h e r  v i s c o s i t y  o f  COM w a s d u e  t o  
t h e  f i n e r  p a r t i c l e  s i z e .

I n  t h i s  p a r t  o f  s t u d y ,  t e m p e r a t u r e ,  f u e l  o i l  t y p e s  a n d  
PSD a f f e c t e d  t h e  COM v i s c o s i t y .  T he i n c r e a s i n g  COM v i s c o s i t y  
w a s c a u s e d  b y  d e c r e a s i n g  PSD , d e c r e a s i n g  t e m p e r a t u r e  a n d  
i n c r e a s i n g  f u e l  o i l  v i s c o s i t y .  T h e f i n e n e s s  c o a l  p a r t i c l e s  a n d  
h i g h  f u e l  o i l  v i s c o s i t y ,  w h ic h  i n c r e a s e d  COM v i s c o s i t y ,  r e d u c e d  
t h e  r h e o l o g i c a l  p r o p e r t y  b u t  im p r o v e d  COM s t a b i l i t y  a n d  r e d u c e d  
a d d i t i v e  c o n s u m p t io n .  In  t h i s  c a s e ,  t h e  f i n e n e s s  PSD a n d  h i g h  
f u e l  o i l  v i s c o s i t y  d e c r e a s e d  t h e  s e t t l i n g  r a t e  o f  c o a l  p a r t i c l e s  
(COM s t a b i l i t y  a n d  a d d i t i v e  s t u d y  i n  s e c t i o n  4 . 4 ) .  When h i g h  f u e l  
o i l  v i s c o s i t y  s u c h  a s  HFO w h ic h  w a s c h e a p e r  t h a n  LFO a n d  f i n e n e s s  
PSD w h ic h  g a v e  h i g h  c o s t  i n  s i z e  r e d u c t i o n ,  w e r e  u s e d ,  m e th o d  t o  
im p r o v e  r h e o l o g i c a l  p r o p e r t i e s  w a s t o  i n c r e a s e  t e m p e r a t u r e .

F o r  m o s t  COM, t h e  h i g h  c o a l  c o n c e n t r a t i o n  w a s  r e q u i r e d .  
U s u a l l y ,  m a jo r  COM p l a n t s  u s e d  3 0 - 5 0  wt% c o a l  c o n c e n t r a t i o n  in  
HFO d u e  t o  i t s  p r o p e r t i e s ,  b u t  t h e  s u i t a b l e  c o a l  s i z e  d e p e n d e d  
o n  i t s  o p tim u m  c o s t .  T he s u i t a b l e  COM f o r m u l a t i o n  c o u l d  b e  
a c h i e v e d  f e a s i b i l i t y  s t u d y .
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T a b l e  4 . 9  E f f e c t  o f  t e m p e r a t u r e  o n  v i s c o s i t y  f o r  COM 
o f  - 7 5  m i c r o n s  B a n  P u  c o a l  a n d  h e a v y  f u e l  
o i l  a t  v a r i o u s  c o a l  c o n c e n t r a t i o n s  ( w t % ) , -  
a n d  s p e e d  3 0  r p m :

พ e  i g h t
V i s c o s i t y ( c e n t i p o i s e )

p e r c e n t T e m p e r a t u r e (  ° C )
c o a l '  i n
COM 4 0 5 0 6 0 7 0 8 0

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

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

F i g u r e  4 . 1 3  V i s c o s i t y  a s  a  f u n c t i o n  o f  c o a l  c o n c e n t r a t i o n  
f o r  B an Pu c o a l  a n d  h e a v y  f u e l  o i l ;  v a r i o u s  
t e m p e r a t u r e s .
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T a b l e  4 . 1 0  E f f e c t  o f  o i l  t y p e  o n  v i s c o s i t y  f o r  COM 
o f  - 7 5  m i c r o n s  B a n  P u  c o a l  a n d  f u e l  o i l  
a t  v a r i o u s  c o a l  c o n c e n t r a t i o n s  ( w t % ) 1 
s p e e d  3 0  r p m  a n d  4 0  ๐ c

W e i g h t  
p e r c e n t  
c o a l  i n  
COM

V i s c o s i t y C c e n t i p o i s e )
T y p e o f  o i l

LFO HFO

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

WEIGHT PERCENT COAL IN COM.

F i g u r e  4 . 1 4  V i s c o s i t y  a s  a  f u n c t i o n  o f  c o a l  c o n c e n t r a t i o n  
f o r  B an  P u  c o a l  a n d  d i f f e r e n t  f u e l  o i l  t y p e s .
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T a b l e  4 . 1 1  E f f e c t  o f  p a r t i c l e  s i z e  d i s t r i b u t i o n  o n
v i s c o s i t y  f o r  COM o f  B a n  P u  a n d  . h e a v y  f u e l  
o i l  a t  v a r i o u s  c o a l  c o n c e n t r a t i o n s  ( w t % ) ,  
s p e e d  3 0  rp m  a n d  4 0  0 c

Vf e i g h t
V i s c o s i t y ( c e n t i p o i s e  )

p e r c e n t P a r t i c l e  s i z e  d i s t r i b u t i o n ( m i c r o n s )
c o a l  i n
COH - 7 5 7 5 - 9 0 9 0 - 1 0 6

1 0 3 6 2 3 2 4 2 6 8
2 0 4 3 1 4 2 9 3 9 2

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

WEIGHT PERCENT CORL IN COM

F i g u r e  4 . 1 5  V i s c o s i t y  a s  a f u n c t i o n  o f  c o a l  c o n c e n t r a t i o n  
f o r  B an  Pu c o a l  and  h e B v y  f u e l  o i l ;  v a r i o u s  
p a r t i c l e s  s i z e  d i s t r i b u t i o n s .
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4 . 4  S t a b i l i t y  o f  COM

4 . 4 . 1  C a l i b r a t i o n  o f  s p e c i f i c  v o lu m e  a n d  w e i g h t  
p e r c e n t  c o a l  f o r  COM

T a b le  4 . 1 2  p r e s e n t s  t h e  v a r i a t i o n  o f  s p e c i f i c  v o lu m e  
( S p v )  o f  COM w i t h  w tx  c o a l  f o r  B an  P u , Mae M oh, a n d  N o n g  Ya P lo n g  
c o a l  i n  HFO a n d  B an  Pu c o a l  i n  LFO. S p e c i f i c  v o lu m e  i s  c o n v e r t e d  
fr o m  d e n s i t y .  F i g u r e  4 . 1 6  s h o w s  t h e  d i f f e r e n t  c a l i b r a t i o n  c u r v e  
f o r  d i f f e r e n t  c o a l  a n d  o i l  t y p e s  an d  g i v e s  l i n e a r  d e p e n d e n c e  o f  
s p e c i f i c  v o lu m e  o n  w tx  c o a l .  T he l e a s t - s q u a r e  f i t  f o r  t h e  d a t a  
g a v e  t h e  r e l a t i o n s  b e t w e e n  s p e c i f i c  v o lu m e  a n d  w tx  c o a l  a s  
p r e s e n t e d  i n  T a b le  4 . 1 3 .  T h e s e  e q u a t i o n s  w e r e  u s e d  t o  c o n v e r t  
t h e  s p e c i f i c  v o lu m e  t o  wt% c o a l  f o r  s e d i m e n t a t i o n  e x p e r i m e n t .

4 . 4 . 2  E f f e c t  o f  t i m e  o n  s e d i m e n t a t i o n
T he r e s u l t s  o f  e f f e c t  o f  t i m e  o n  s e d i m e n t a t i o n  f o r  B an  

Pu c o a l  i n  LFO w i t h  3  wt% o f  a d d i t i v e  a r e  g i v e n  i n  T a b le  4 . 1 4 .  
F i g u r e  4 . 1 7  s h o w s  t h e  c h a n g e  o f  w tx  o f  c o a l  a t  b o t to m  o f  
s e d i m e n t a t i o n  c o lu m n  w i t h  t i m e  f o r  COM w i t h  3  X E th o m e e n  C -1 5  an d  
COM w i t h  3  X E th o m e e n  C - 2 0 .  I t  c a n  b e  s e e n  t h a t  a t  5 0  ° c  
e q u i l i b r i u m  s e d i m e n t a t i o n  w a s  a t t a i n e d  i n  2 4  h o u r s .  C e r t a i n l y ,  
2 4  h o u r s  w a s  o p tim u m  t i m e  t o  s t u d y  t h e  COM s t a b i l i t y  u s i n g  v a r i o u s
a d d i t i v e s .
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T a b l e  4 . 1 2  C a l i b r a t i o n  o F  s p e c i f i c  v o l u m e  a n d  w e i g h t  p e r c e n t  c o a l  
f o r  COM O f  - 7 5  m i c r o n s  c o a l  a n d  f u e l  o i l

W e i g h t  
p e r c e n t  
« D a l  i n  
COM

B a n P u M a e M c h N o n g  Y a  P l c n g

d e n s i t y
( g / c c )

S p v
( c c / g )

d e n s i t y
( g / c c )

S p v
( c c / g )

d e n s i t y
( g / c c )

S p v
( c c / g )

' H FO 0 . 9 3 0 5 1 . 0 7 4 7 0 . 9 3 0 5 1 . 0 7 4 7 0 . 9 3 0 5 1 . 0 7 4 7
I D 0 . 9 6 1 2 1 . 0 4 0 4 0 . 9 6 6 B 1 . 0 3 4 3 0 . 9 7 3 9 1 . 0 2 6 8
2 0 1 . 0 0 4 4 0 . 9 9 5 6 0 . 9 9 2 6 1 . 0 0 7 5 1 . 0 0 3 0 0 . 9 9 7 0
3 0 1 . 0 4 4 9 0 . 9 5 7 0 0 . 9 9 4 6 1 . 0 0 5 4 1 . 0 5 7 1 0 . 9 4 6 0
4 0 1 . 0 9 1 7 0 . 9 1 6 0 1 . 0 0 9 B 0 . 9 9 0 3 1 . 0 9 7 0 0 . 9 1 1 6
5 0 - 1 . 1 3 0 B 0 . B 8 4 3 1 . 0 9 7 4 0 . 9 1 1 2 1 . 1 3 3 6 0 . 8 B 2 1

L F O 0 . 9 2 6 9 1 . 0 7 B 9
1 0 0 . 9 5 9 0 1 . 0 4 2 7
2 0 0 . 9 9 3 5 1 . 0 0 6 5
3 0 1 . 0 3 5 9 0 . 9 6 5 3
4 0 1 . 0 8 2 7 0 . 9 2 3 6
5 0 1 . 1 4 0 1 0 . 8 7 7 1

S p v  i s  d e f i n e d  a s  s p e c i f i c  v o l u m e  i n  u n i t  ( c c / g )

WEIGHT PERCENT CORL IN COM

F i g u r e  4 . 1 6  S p e c i f i c  v o lu m e  o f  t y p i c a l  C o a l - O i l  M ix t u r e



T a b l e  4 . 1 3  T h e  r e l a t i o n s  b e t w e e n  s p e c i f i c  v o l u m e  a n d  w e i g h t  p e r c e n t  
c o a l  i n  COM

COM E x p r e s s i o n R 2-

B a n  P u  c o a l  +  H F O S p v  =  - 0 . 0 0 3 8 9 Cwt /C c o a l )  +  1 . 0 7 5 4 1 4 0 . 9 9 8 1

B a n  P u  c o a l  +  L F O S p v  =  —0 . 0 0 4 0 2 ( w t / £  c o a l )  +  1 . 0 0 2 8 0 5 0 . 9 9 7 7

B a e  M o h  c o a l  +  H F O S p v  =  - 0 . 0 0 2 7 1  (.น )ty . c o a l )  +  1 . 0 7 1 8 7 0 0 . 0 7 8 3

B o n g  Y a  P l o n g  c o a l  +  H F O S p v  =  - 0 . 0 0 3 8 8 ( w t x  c o a l )  + 1 . 0 7 0 1 4 0 0 . 8 9 3 1

S p v  i s  d e f i n e d  a s  s p e c i f i c  v o l u m e  i n  u n i t  ( c c / g )
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T a b l e  4 . 1 4  E f f e c t  o f  t i m e  ๐ ท s e d i m e n t a t i o n  f o r  COM o f  - 7 5  m i c r o n s  
B a n  P u  c o a l  i n  l i g h t  f u e l  o i l  w i t h  3  w t x  a d d i t i v e s ,
๘!ร  w t  ะ(  c o a l  c o n c e n t r a t i o n s  a t  5 0  ° c

T i m e
( h r )

COM COM +  E t h o m e e n  C —1 5 COM +  E t h o m e e n  C - 2 0

D e n s i t y
( g / c c )

w t / . D e n s i t y
( g / c c )

w t  V . D e n s i t y
( g / c c )

u t / i

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

F i g u r e  4 . 1 7  Y /e ig h t  p e r c e n t  c o a l  a t  b o t t o m  o f  c o lu m n  a s  a 
f u n c t i o n  o f  t i m e  f o r  2 5  % COM B an  Pu c o a l  i n  
l i g h t  f u e l  o i l  m e a s u r e d  w i t h  t h e  s e d i m e n t a t i o n  
c o lu m n  f o r  d i f f e r e n t  a d d i t i v e s .
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4 . 4 . 3  E f f e c t  o f  w e i g h t  p e r c e n t  c o a l  i n  COM o n  
s e d i m e n t a t i o n  r a t i o

T a b le  4 .1 5  s h o w s  t h e  e f f e c t  o f  w tx  c o a l  o n
s e d i m e n t a t i o n  r a t i o  f o r  v a r i o u s  a d d i t i v e s .  From  F i g u r e  4 .1 8 , SR 
v a l u e  a t  e q u i l i b r i u m  t i m e  o f  24 h  d e p e n d e d  o n  w tx  c o a l .  I t  c a n  b e  
s e e n  t h a t  a b o v e  25 w tx  B an  P u  c o a l  i n  LFO a n d  30 w tx  B an  Pu c o a l  
i n  HFO, t h e  SR v a l u e  b e g a n  t o  i n c r e a s e  r a p i d l y  a n d  i t  w a s  
d i f f i c u l t  t o  o b s e r v e  t h e  d i f f e r e n c e s  i n  s t a b i l i z i n g  e f f e c t  b y  
d i f f e r e n t  a d d i t i v e s .  F o r  10-25 X c o a l  i n  l i g h t  f u e l  o i l ,  SR o f  
COM w i t h  3  X E th o m e e n  C-20 (0 .5 4 -0 .6 4 )  w a s  lo w e r  t h a n  SR o f  COM 
w i t h  3  X T r i t o n  X-400 (0 .7 3 -0 .7 6 ) ,  t h u s ,  E th o m e e n  c -2 0  w a s m ore  
e f f e c t i v e  t h a n  T r i t o n  X-400.

B e lo w  2 5  w tx  c o a l  i n  LFO an d  3 0  w tx  c o a l  i n  HFO 1 t h e  
c u r v e s  o f  SR v a l u e  v e r s u s  w tx  c o a l  w e r e  w e l l  s e p a r a t e d  f o r  
d i f f e r e n t  a d d i t i v e s .  T h e r e f o r e ,  2 5  w tx  c o a l  i n  COM w a s  s u i t a b l e  
c o n c e n t r a t i o n  t o  s t u d y  t h e  COM s t a b i l i t y  u s i n g  v a r i o u s  a d d i t i v e s .  
I t  w a s a l s o  f o u n d  t h a t  u s i n g  3  X T r i t o n  x - 4 0 0 ,  SR o f  1 0 - 3 0  X c o a l  
i n  HFO ( 0 . 6 4 - 0 . 6 7 )  w a s lo w e r  t h a n  SR o f  c o a l  i n  LFO ( 0 . 7 3 - 0 . 8 4 ) .

4 . 4 . 4  E f f e c t  o f  w e i g h t  p e r c e n t  a d d i t i v e  i n  COM o n  
s e d i m e n t a t i o n  r a t i o

T he r e s u l t s  o f  e f f e c t  o f  w tx  a d d i t i v e  o n  t h e  
s e d i m e n t a t i o n  r a t i o  f o r  d i f f e r e n t  a d d i t i v e s  a r e  g i v e n  i n  T a b le  
4 . 1 5 .  F i g u r e  4 . 1 9  s h o w s  t h e  d e c r e a s e  o f  SR w i t h  i n c r e a s i n g  w tx  
a d d i t i v e .  From  t h i s  f i g u r e ,  t h e  e f f e c t i v e n e s s  o f  d i f f e r e n t  
a d d i t i v e s  i n  l o w e r i n g  t h e  SR a s  a f u n c t i o n  o f  w tx  a d d i t i v e  sh o w e d  
a  l e v e l i n g  o f f  a b o v e  2  w tx  a d d i t i v e  f o r  COM o f  c o a l  i n  LFO a n d  
a b o v e  1 w tx  a d d i t i v e  f o r  COM o f  c o a l  i n  HFO. T he b a s i s  o f  
c h o o s i n g  2  w tx  a n d  1 w tx  o f  a d d i t i v e  w e r e  s u i t a b l e  f o r  COM o f  
l i g h t  f u e l  o i l  a n d  h e a v y  f u e l  o i l  r e s p e c t i v e l y .  I t  w a s  a l s o  fo u n d  
t h a t  u s i n g  1 - 2  X T r i t o n  x - 4 0 0  SR o f  c o a l  i n  HFO ( 0 . 6 3 )  w a s  lo w e r
t h a n  t h e  SR o f  c o a l  i n  LFO ( 0 . 7 8 - 0 . 8 3 ) .
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T a b l e  4 . 1 5  E f f e c t  o f  w e i g h t  p e r c e n t  c o a l  o n  s e d i m e n t a t i o n  r a t i o  
f o r  COM o f  - 7 5  m i c r o n s  B a n  P u  c o a l  a n d  f u e l  o i l  
w i t h  3  w t 7 . a d d i t i v e s  a t  5 0  ° c

C o m p o n e n t

W e i g h t  p e r c e n t  c o a l i n  COM

I D 2 0 2 5 3 0 4 0

L i g h t  f u e l  o i l
COM ( n o  a d d i t i v e ) w t  7 . 4 7 . 3 8 4 7 .4 1 4 9 . 4 7 4 8 . 4 8 -

SR 1 .0 0 1 .0 0 1 . 0 0 1 .0 0 -
COM +  T r i t o n  x - 4 0 0 w t x 3 4 . 7 5 3 6 . 1 9 3 7 . 6 6 4 0 . 8 2 -■

SR 0 . 7 3 0 . 7 6 0 . 7 6 0 . 8 4 -
COM +  E t h o m e e n  C - 2 Q w t  y . 2 5 . 5 2 2 9 . 9 2 3 1 .8 1 4 6 . 3 4 -

SR 0 . 5 4 0 . 6 3 0 . 6 4 0 . 9 6 —

H e a v g  f u e l  o i l
COM ( n o  a d d i t i v e ) w t  V . 5 0 . 0 8 4 8 . 3 6 - 5 1 . 4 2 5 2 . 3 9

S R 1 .0 0 1 .0 0 - 1 . 0 0 . 1 . 0 0
COM +  T r i t o n  X - 4 0 0 w t  V . 3 1 . 9 8 3 2 . 2 7 - 3 3 .9 1 4 5 . 4 3SR 0 . 6 4 0 . 6 7 — 0 . 6 6 0 . 8 7

S R  ; S e d i m e n t a t i o n  r a t i o  i s  d e f i n e d  a s  t h e  r a t i o  o f  t h e  w e i g h t  p e r c e n t  D f  
c o a l  f r o m  b o t t o m  s a m p l i n g  f o r  a  s t a b i l i z e d  d i s p e r s i o n  t o  t h e  w e i g h t  
p e r c e n t  o f  c o a l  u n d e r  t h e  s a m e  c o n d i t i o n s  f o r  a  d i s p e r s i o n  w i t h  n o  
a d d i t i v e .

F i g u r e  4 . 1 8  S e d i m e n t a t i o n  r a t i o  a s  a  f u n c t i o n  o f  w e i g h t  
p e r c e n t  c o a l  f o r  B an P u  c o a l  i n  l i g h t  f u e l  o i l  
a n d  h e a v y  f u e l  o i l  w i t h  tw o  a d d i t i v e  t y p e s .
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T a b l e  4 . I S  E f f e c t  o f  w e i g h t  p e r c e n t  a d d i t i v e  o n  s e d i m e n t a t i o n  r a t i o  f o r  COM 
o f  -75  m i c r o n s  B a n  P u  c o a l  a n d  f u e l  o i l  a t  25 w t x  c o a l  f o r  l i g h t  
f u e l  o i l ,  30 w t x  c o a l  f o r  h e a v y  f u e l  o i l ,  v a r i o u s  a d d i t i v e s  a t  50°c

C o m p o n e n t
W e i g h t  p e r c e n t  a d d i t i v e  i n  C O M , .

0 . 2 5 0 . 5 1 2 3

L i g h t  f u e l  o i l  
COM ( n o . a d d i t i v e ) w t  7 . 4 9 . 4 7 4 9 . 4 7 4 9 . 4 7 4 9 . 4 7SR - 1 .  DO 1 . 0 0 1 . 0 0 1 . 0 0
DOM +  T r i t o n  X - 4 0 0 w t  7 . - 4 3 . 7 5 4 0 . 9 2 3 8 . 5 3 3 7 . 6 6

S R - 0 . 8 8 0 . 8 3 0 . 7 8 0 . 7 6
COM +  E t h o m e e n  C - 2 0 w t  7 . - 4 5 . 8 2 4 1 . 7 6 3 1 . 9 4 3 1 . 8 1

S R 0 . 9 3 0 . 8 4 0 . 6 5 0 . 6 4

H e a v y  f u e l  o i l
COM ( n o  a d d i t i v e ) u t x 5 1 . 4 2 5 1 . 4 2 5 1 . 4 2 5 1 . 4 2 -

S R 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 -
COM +  T r i t o n  x-400 w t  7 . 4 1 . 5 7 3 5 . 9 4 3 2 . 6 3 3 2 . 2 7 -

S R 0 . 8 1 0 . 7 0 0 . 6 3 0 . 6 3

5 C  ; S e d i m e n t a t i o n  r a t i o  i s  d e f i n e d  a s  t h e  r a t i o  o f t h e  w e i g h t  p e r c e n t  o f  c o a l  
f r o m  b o t t o m  s a m p l i n g  f o r  a  s t a b i l i z e d  d i s p e r s i o n  t o  t h e  w e i g h t  p e r c e n t  
o f  c o a l  u n d e r  t h e  s a m e  c o n d i t i o n s  f o r  a  d i s p e r s i o n  w i t h  n o  a d d i t i v e

F i g u r e  4 . 1 9  S e d i m e n t a t i o n  r a t i o  a s  a  f u n c t i o n  o f  w e i g h t  
p e r c e n t  a d d i t i v e  f o r  B an Pu c o a l  i n  l i g h t  f u e l  
o i l  an d  h e a v y  f u e l  o i l  w i t h  tw o  a d d i t i v e  t y p e s .
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4 . 4 . 5  E f f e c t  o f  a d d i t i v e  t y p e s  o n  s e d i m e n t a t i o n  r a t i o
T he f o u r t e e n  a v a l  l a b i é  a n i o n i c ,  c a t i o n i c  a n d  n o n i o n i c  

a d d i t i v e s  ( T a b le  3 . 3  ) w e r e  t e s t e d  f o r  t h e i r  e f f e c t  o n  COM 
s t a b i l i z a t i o n  b a s e d  o n  e v a l u a t i n g  t h e i r  s e d i m e n t a t i o n  r a t i o  
r e l a t i v e  t o  a n  u n s t a b i l i z e d  COM. A l l  r e s u l t s  l i s t e d  i n  T a b le  4 , 1 7  
a r e  f o r  COM's c o m p o s e d  o f  2 5  wt% c o a l  i n  LFO w i t h  2  wt% a d d i t i v e .  
T he SR o f  0 . 6 1 - 0 . 7 6  f o r  t h e  c a t i o n i c  a d d i t i v e s  w a s lo w e r  t h a n  
0 . 8 8 - 1 . 0 0  f o r  t h e  a n i o n i c s  o r  0 . 7 7 - 0 . 8 4  f o r  t h e  n o n i o n i c s .  T h is  
w a s e x p l a i n e d  b y  t h e  f l o c c u l a t i o n  a n d  n e tw o r k  f o r m a t i o n  o c c u r i n g  
d u r i n g  t h e  s u b s i d e n c e  a n d  t h e  f o r m a t i o n  o f  a l o o s e  n e tw o r k  w h ic h  
l e a d e d  t o  a n  o p e n  s u b s i d e n c e  b e d .  D e s p i t e  t h e  i n d i v i d u a l  
d i f f e r e n c e s  i n  a d d i t i v e s ,  t h e  c a t i o n i c  a d d i t i v e s  a s  a c l a s s  w e r e  
t h e  m o s t  e f f e c t i v e  i n  r e t a r d i n g  t h e  a c c u m u l a t i o n  o f  a d e n s e  b o t to m  
s e d i m e n t .

4 . 4 . 6  E f f e c t  o f  a d d i t i v e  o n  s e d i m e n t a t i o n  r a t i o  o f  
d i f f e r e n t  c o a l  t y p e s  an d  p a r t i c l e  s i z e  d i s t r i b u t i o n

In  t h i s  w ork  , c a t i o n i c  a d d i t i v e s ,  E th o m e e n  C -2 0 ,  
E th o m e e n  C -1 5  a n d  T r i t o n  X -4 0 0  w e r e  u s e d  t o  s t u d y  t h e  e f f e c t  o f  
a d d i t i v e s  o n  s e d i m e n t a t i o n  r a t i o  f o r  COM c o m p o s e d  o f  3 0  w tx  
d i f f e r e n t  c o a l  t y p e s  i n  HFO w i t h  1 wt% a d d i t i v e ,  t h e  r e s u l t s  a r e  
p r e s e n t e d  i n  T a b le  4 . 1 8 .  T he SR f o r  N on g  Ya P lo n g  c o a l  
( b i t u m i n o u s )  w a s 0 . 4 6 - 0 . 4 9  , w h ic h  w a s lo w e r  t h a n  0 . 4 9 - 0 . 6 3  f o r  
B an Pu c o a l  ( s u b b it u r n in o u s  B ) a n d  0 . 5 4 - 0 . 6 5  f o r  Mae Moh c o a l  
( s u b b it u r n in o u s  C ) . I t  w a s f o u n d  t h a t  f o r  d i f f e r e n t  c o a l  t y p e s ,  
c a t i o n i c s  w e r e  e f f e c t i v e  a d d i t i v e s  t o  im p r o v e  COM s t a b i l i t y .  
F o r  t h e  l a r g e r  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  1 0 6 - 1 5 0  m i c r o n s ,  
a d d i t i v e s  w e r e  i n e f f e c t i v e  b e c a u s e  t h e  l a r g e  p a r t i c l e s  c o u ld  
s e t t l e  r a p i d l y  d u e  t o  g r a v i t a t i o n a l  f o r c e s  w h ic h  w e r e  g r e a t e r  
t h a n  i n t e r p a r t i c l e  f o r c e s .  I t  i s  im p o r t a n t  t o  n o t e  t h a t  t h e  
u n i f o r m i t y  o f  t h e  s e t t l e d  b e d  d e p e n d e d  o n  t h e  p a r t i c l e  s i z e  
d i s t r i b u t i o n ,  t h e  r a t e s  o f  f l o c c u l a t i o n  and  t h e  n e tw o r k  f o r m a t i o n  
w h ic h  d e p e n d e d  u p o n  t h e  i n t e r p a r t i c l e  f o r c e s .
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In  su m m a ry , c a t i o n i c  a d d i t i v e ,  E th o m e e n  C -2 0  w as t h e  
m o s t  e f f e c t i v e .  SR o f  B an Pu c o a l  i n  LFO w i t h  2  % E th o m e e n  C -2 0  
w a s 0 . 6 1 ,  SR o f  B an  P u  c o a l ,  N o n g  Ya F lo n g  c o a l  an d  Mae Moh c o a l  
i n  HFO w i t h  1 % E th o m e e n  c - 2 0  w e r e  0 . 4 9 ,  0 , 4 6  a n d  0 . 5 4  r e s p e c t i v e l y .

R o w e ll  e t  a l .  ( 1 5 )  i n v e s t i g a t e d  t h e  e f f e c t i v e n e s s  
a d d i t i v e s  f o r  COM c o m p o s e d  o f  b i t u m in o u s  c o a l  i n  # 6  f u e l  o i l  b y  
u s i n g  s e d i m e n t a t i o n  c o lu m n  a t  5 0  ° c .  I t  w a s  fo u n d  t h a t  2 4  h o u r s  
w a s  e q u i l i b r i u m  t i m e ,  2 5  wt% w a s s u i t a b l e  c o a l  c o n c e n t r a t i o n  and  
0 . 2 5  wt% w a s o p tim u m  a d d i t i v e .  T h ey  a l s o  fo u n d  t h a t  c a t i o n i c  
s t a b i l i z e r s  w e r e  t h e  m o s t  e f f e c t i v e n e s s  a d d i t i v e s  an d  
E th o m e e n  C -2 0  w a s  t h e  m o s t  e f f e c t i v e n e s s  a d d i t i v e  w h ic h  g a v e  t h e  
l o w e s t  SR ( 0 . 5 8 ) .  T h e r e f o r e ,  o u r  r e s u l t s  o f  COM s t a b i l i t y  s t u d y  
o f  B an P u , N o n g  Ya P l o n g  a n d  Mae Moh c o a l  i n  HFO a g r e e d  v e r y  w e l l  
w i t h  R o w e ll  e t  a l .
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T a b l e  4 . 1 7 E f f e c t  o f  
r a t i o  f o r  
o i l  a t  2 5

a d d i t i v e s  ( s t a b i l i z i n g  a g e n t s )  
COM o f  - 7 5  m i c r o n s  B a n  P u  c o a l  
w t x  c o a l  w i t h  2  7 . a d d i t i v e s  a t

o n  s e d i m e n t a t i o n  
a n d  l i g h t  f u e l  50 ° c

C o m p o n e n t
w t x  c o a l

S R
B o t t o m

COM ( n o  a d d i t i v e ) 4 9 . 4 7 1 . 0 0

COM +  R n i o n i c  s t a b i l i z e r s  
COM +  S p a n  6 0 4 3 . 4 2 0 . 8 8
COM +  S p a n  4 0 4 7 . 4 5 0 . 9 6
COM +  f i r 1 a c e 1 8 3 4 7 . 4 3 0 . 9 6
COM +  R r l a c e l  2 0 4 9 . 2 9 1 . 0 0

COM +  C a t i o n i c  s t a b i l i z e r s  
COM +  E t h o m e e n  C - 2 Q 2 9 . 9 3 0 . 6 1
COM +  E t h o m e e n  C - 1 5 3 5 . 3 4 0 . 7 1
COM +  T r i t o n  X - 4 0 0 3 7 . 6 5 0 . 7 6

COM +  N o n i o n i c  s t a b i l i z e r s
COM +  B r i j  7 8 3 7 . 8 7 0 . 7 7
COM +  B r i j  7 6 4 1 . 4 7 0 . 8 4
COM +  B r i j  5 6 3 9 . 7 2 0 . 8 0
COM +  T w e e n  4 0 4 0 . 7 8 0 . 8 2
COM +  T w e e n  2 0 4 0 . 8 0 0 . 8 2
COM +  S u r f o n i c  N - 9 5 4 0 . 8 0 0 . 8 2
COM +  I g e p a l  C O - 6 1 0 4 1 . 0 5 0 . 8 3

S R  ; S e d i m e n t a t i o n  r a t i o  i s  t h e  r a t i o  o f  t h e  w e i g h t  p e r c e n t  o f  c o a l  
f r o m  b o t t o m  s a m p l i n g  f o r  a  s t a b i l i z e d  d i s p e r s i o n  t o  t h e  w e i g h t  
p e r c e n t  o f  c o a l  u n d e r  t h e  s a m e  c o n d i t i o n s  w i t h  n o  a d d i t i v e



76

T a b l e  4 . 1 8  E f f e c t  o f  a d d i t i v e s C s t a b i 1 i z i n g  a g e n t s )  o n  s e d i m e n t a t i o n
r a t i o  f o r  COM o f  c o a l  i n  h e a v y  f u e l  o i l  a t  3 0  u t V . c o a l  w i t h  
1 u t V . a d d i t i v e s ,  v a r i o u s  c o a l  t y p e s ,  c o a l  s i z e s  a t  5 0  b c

C o m p o n e n t
u t V . c o a l

S R
B o t t o m

—7 5  m i c r o n s  B a n  P u  c o a l  
COM ( n o  a d d i t i v e ) 5 1 . 4 2 1 . 0 0
COM +  E t h o m e e n  C - 2 0 2 5 . 1 9 0 . 4 9
COM +  E t h o m e e n  C - 1 5 3 1 . 7 2 0 . 6 2
COM +  T r i t o n  X - 4 0 0 3 2 . 2 6 0 . 6 3

—7 5  m i c r o n s  N o n g  Y a  P l o n g  c o a l  
COM ( n o  a d d i t i v e ) 4 7 .  B 9 1 . 0 0
COM +  E t h o m e e n  C - 2 0 2 1 . 9 4 0 . 4 6
COM +  E t h o m e e n  C - 1 5 2 2 . 5 B 0 . 4 7COM +  T r i t o n  x-400 2 3 . 6 5 0 . 4 9

—7 5  m i c r o n s  M a e  M o h  c o a l
COM ( n o  a d d i t i v e ) 5 7 . 3 6 1 . 0 0
COM +  E t h o m e e n  C - 2 0 3 0 . 6 6 0 . 5 4
COM +  E t h o m e e n  C - 1 5 3 6 . 5 4 0 . 6 4
COM +  T r i t o n  X - 4 0 0 3 7 . 5 1 0 . 6 5

1 0 6 - 1 5 0  m i c r o n s  B a n  P u  c o a l  
COM ( n o  a d d i t i v e ) 4 8 . 4 8 1 . 0 0
COM +  E t h o m e e n  C - 2 0 4 6 . 0 5 0 . 9 5COM +  T r i t o n  x-400 4 7 . 0 9 0 . 9 7

3 3  ; S e d i m e n t a t i o n  r a t i o  i s  d e f i n e d  a s  t h e  r a t i o  o f  t h e  w e i g h t  p e r c e n t  
o f  c o a l  f r o m  b o t t o m  s a m p l i n g  f o r  a  s t a b i l i z e d  d i s p e r s i o n  t o  t h e  
w e i g h t  p e r c e n t  o f  c o a l  u n d e r  t h e  s a m e  c o n d i t i o n s  f o r  a  d i s p e r s i o n  
w i t h  n o  a d d i t i v e
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4 . 5  T h erm a l a n a l y s i s

T h e r m o g r a v im e t r ic  a n a l y s i s  (TGA) w as u s e d  in  t h i s  w ork  t o  
s t u d y  t h e  c o m b u s t io n  p h en o m en a  o f  COM c o m p a red  w i t h  c o a l  an d  f u e l
o i l .  F o r  a b u r n in g  p r o f i l e ,  D e r i v a t i v e  T h e r m o g r a v im e tr y  (DTG) 
y i e l d e d  a p l o t  o f  t h e  r a t e  o f  w e i g h t  l o s s  a s  t h e  s a m p le  b u r n s  i n  
a i r  a g a i n s t  c r u c i b l e  t e m p e r a t u r e ,  w h i l e  t h e  f u r n a c e  w a s h e a t e d  a t  
15 K /m in  s t a r t i n g  fr o m  room  t e m p e r a t u r e  an d  a n  a i r  f l o w r a t e  o f  
9 0  m l /m in .

4 . 5 . 1  T h e r m a l a n a l y s i s  o f  HFQ, B an Pu c o a l  an d  LFO
T h e r m o g r a v i ,m e t r ic  (TG) c u r v e s  f o r  B an Pu c o a l ,  HFO and  

LFO s h o w e d  t h e  w e i g h t  l o s s  o f  t h e  s a m p le  b u r n e s  ( F i g u r e  4 . 2 0 ) .  
T he b u r n in g  p r o f i l e  fr o m  a DTG c u r v e  f o r  B an Pu c o a l ,  HFO an d  LFO 
a r e  s h o w e d  i n  F i g u r e  4 . 2 1 .  F o r  B an  Pu c o a l ,  t h e  f i r s t  p e a k  a t  
a r o u n d  1 0 0  ° c  w a s d u e  t o  t h e  l o s s  o f  i n h e r e n t  m o i s t u r e  a n d  w as  
n o t  n o r m a l l y  i n c l u d e d  i n  t h e  b u r n in g  p r o f i l e  c h a r a c t e r i z a t i o n .  
T he m a g n it u d e  c o n t e n t  o f  t h i s  r e s p o n s e  w a s , o f  c o u r s e ,  d e p e n d e n t  
o n  t h e  i n h e r e n t  m o i s t u r e  c o n t e n t  o f  t h e  s a m p le .  T he m a in
c h a r a c t e r i s t i c  p o i n t  w a s a r o u n d  4 0 0  ° c  w h ic h  i n d i c a t e d  t h a t  t h e  
r a t e  o f  w e i g h t  l o s s  w a s a t  a m axim um , a l s o  c a l l e d  t h e  p e a k  
t e m p e r a t u r e ,  a n d  w a s t h e  p a r a m e t e r  u s e d  c h i e f l y  i n  t h e  a s s e s m e n t  
o f  a  c o a l  c o m b u s t i b i l i t y .

F o r  HFO a n d  LFO, t h e  b u r n in g  p r o f i l e  c u r v e s  d i s p l a y e d  
m o re  m a jo r  b u r n i n g  p e a k s  ( 3 - 4  p e a k s )  w h ic h  a r e  d u e  t o  t h e i r  
c o m p o s i t i o n s  a n d  sh o w e d  a h i g h  p e a k  t e m p e r a t u r e  o f  a r o u n d  
2 8 0 - 2 9 0  ° c .  T h e p e a k  t e m p e r a t u r e  sh o w ed  a t  lo w e r  t e m p e r a t u r e  
t h a n  c o a l  b e c a u s e  f u e l  o i l  w a s m ore  r e a c t i v e  an d  c o m b u s t i b l e  t h a n
c o a l .
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F ig u re  4 .2 0  TG curve  f o r  HFO, Ban Pu co a l and LFO.

Figure 4.21' Burning profile of HFO, Ban Pu coal end LFO.



4 .5 .2  Thermal a n a ly s is  o f  COM
F ig u re  4 .2 2  and 4 .24  show TG cu rv es f o r  Ban Pu c o a l ,  fu e l  

o i l  and 50 wtX COM. F ig u re  4 .26  and 4 .28  show.TG cu rv es  f o r  COM 
a t  10 X, 20 X, 30 X, 40 X, and 50 X, co a l in  HFO. F ig u re  4 .3 0  
and 4 .3 2  show TG cu rv es f o r  COM a t  10 X, 20 X, 30 X, 40% and 50 X 
co a l in  LFO.

From F ig u re  4 . 2 3  and 4 . 2 5 ,  i t  can  be seen  t h a t  th e  
b u rn in g  p r o f i l e  cu rve  o f 50 X COM had two main peak te m p e ra tu re s  
w h ile  fu e l  o i l  and coa l had one main peak te m p e ra tu re . The 
f i r s t  main peak tem p e ra tu re  around 2 9 0 - 2 9 0  ° c  and 4 0 0 - 4 4 0  ๐ c  f o r  
th e  second peak were r e la te d  to  t h a t  o f  com bustion o f  fu e l  o i l  and 
co a l in  COM r e s p e c t iv e ly .

F ig u re  4 .2 7  and 4 .31  show b u rn in g  p r o f i l e  cu rv es  f o r  COM 
a t  low co a l c o n c e n tra t io n s  (0 -20  wtX) which a re  s im i la r  t o  th o s e  
o f  fu e l  o i l  and have a peak tem p e ra tu re  around 260-290 ° c .  For 
COM a t  h ig h e r  co a l c o n c e n tra t io n s  (30-50 wtX), the- b u rn in g  
p r o f i l e  cu rv es  showed two main peak te m p e ra tu re s  around 260-290 ° c  
and 400-440 ° c  and were r e l a t e d  to  th e  peak tem p e ra tu re  o f  fu e l  
o i l  (260-290 °C) and coal (400-440 °C) as  shown in  F ig u re  4 .2 9  
and 4 .3 3 . The e x p la n a tio n  was t h a t  COM went th ro u g h  two s ta g e s  o f  
lo s in g  th e  maximum w eig h t, th e  f i r s t  occured  due to  th e  com bustion  
o f  th e  gas phase o f  fu e l  o i l  in  COM and co n tin u ed  th e  co a l 
com bustion  when i t  reached  ig n i t io n  co a l tem p e ra tu re  in  th e  
second s ta g e .  A f te r  com plete com bustion , ash  was l e f t .  I t  i s  
im p o rtan t t o  n o te  t h a t  th e  com bustion s ta g e s  f o r  COM were 
c l a s s i f i e d  in to  two s ta g e s ;  a gas phase and a s o l id  phase
com bustion .
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F ig u re  4.22 TG cu rve  f o r  HFO, Ban Pu coa l and COM composed o f  50 
wtx Ban Pu co a l in  HFO.

Figure 4.23 Burning profile of HFO, Ban Pu coal and COM composed
of 50 wtx Ean Pu coal in HFO.
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F ig u re  4 .2 4  TG cu rv e  f o r  .LFO, Ban Pu co a l and COM composed o f  50 
w t5Î Ean Pu c o a l in  LFO.

Figure 4,25 Burning profile of LFO, Ean Pu coal and COM composed
of 50 wtx Ban Pu coal in LFO.
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F ig u re  4 .2 6  TG cu rv e  f o r  HFO and COM composed o f  10 and 20 wt% 
Ban Pu co a l in  HFO.

Figure 4.27 Burning profile of HFO and COM composed of 10 and 20
wt,% Ban Pu coal in HFO.
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F ig u re  4.2B TG c u rv e  f o r  COM composed o f  30, 40 and 50 wtx Ban 
Pu c o a l in  HFO.

F ig u re  4 .2 9  B urn ing  p r o f i l e  o f  COM composed o f  30, 40 E n d  50 wt% 
Ban Pu coo l in  HFO.
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F ig u re  4 /3 0  TG cu rve  f o r  LFO and CGM compoosed o f  10 and 20 wt% 
Ban Pu co a l in  LFO.

Figure 4.31 Burning profile of LFO and COM composed of 10 and 20
wt% Ban Pu coal in LFO.
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F ig u re  4 .3 2  TG cu rve  f o r  COM composed o f  30, 40 and 50 wtx Ban 
Pu co a l in  LFO.

Figure 4.33 Burning profile of COM composed of 30, 40 and 50 wt%
Ban Pu coal in LFO.
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