
I t  i s  apparent th a t  r h e o lo g ic a l  b eh a v io r  depends s tr o n g ly  
on th e  rank and c o m p o sitio n  o f  th e  c o a l ,  i t s  p a r t i c l e  s i z e ,  
tem p era tu re , and th e  ty p e  o f  o i l  u se d . I t  i s  a l s o  shown th a t  an 
im portant p ro p er ty  o f  COM a re  th e  fo rm a tio n  o f  netw orks by th e  
a g g r e g a tio n  o f  c o a l p a r t i c l e s  and t h a t  in  a d e s ir a b le  COM, th e  
a g g r e g a te  b in d in g  i s  s tr o n g  enough t o  y i e ld  r e a d i ly  t o  f lo w  w h ile  
s im u lta n e o u s ly  r e t a in ly  hom ogeneity o f  d is p e r s io n .  The a d d it io n  
o f  ch em ica l a d d it iv e  im proves COM s t a b i l i n g .  The d ata  o f  
r h e o lo g ic a l  p r o p e r t ie s  and s t a b i l i t y  fo r  COM b eh a v io r  are  
e x p la in e d .

3 .1  M a te r ia ls

3 .1 .1  As ex p er im en ta l m a te r ia ls  b itu m in ou s c o a l ,  
subbiturninous c o a l ,  heavy f u e l  o i l  and l i g h t  f u e l  o i l  u sed  are  
shown in  th e  T ab le 3 .1  and 3 .2 .

T able 3 .1  Types o f  c o a l

L ocation Name o f  D ep o sit Rank

LAMPANG
LAMPHUN
PETCHABURI

Mae Moh 
Ban Pu
Nong Ya P long

รubbiturninous c 
รubbiturninous B 
High v o l a t i l e  b itu m in ou s c
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T able 3 .2  Types o f  f u e l  o i l

ESSO Fuel o i l V is c o s i t y  @ 5 0 ๐ c ,  c S t .

L ight f u e l  o i l  (N 0 .1 ) 80
Heavy f u e l  o i l  (NO. 6) . 280

3 .1 .2  F ourteen  a d d i t iv e s  composed o f  a n io n ic ,  c a t io n ic  
and n o n io n ic  a d d it iv e s  were used  fo r  s t a b i l i t y  t e s t .  T h eir  
form ulae a re  shown in  T able 3 .3 .

3 .2  Apparatus

3 .2 .1  Coal p re p a r a tio n  apparatus
A hammer m il l  was used  to  cru sh  lump c o a l in to  

c o a r se  p a r t i c l e s .
-  A c r o s s  b e a te r  m il l  was used  t o  cru sh  c o a r s e  c o a l  

p a r t i c l e s  in to  f in e  c o a l p a r t i c l e s .
S ie v e  sc r e e n s  ะ s i e v e  n o . 60 , 100, 150, 170 and 

200 mesh were u sed  t o  s c r e e n  f i v e  d i f f e r e n t  p a r t i c l e  s i z e  
d is t r ib u t io n s ;  -7 5  m icron s, 7 5 -9 0  m icron s, 9 0 -1 0 6  m icro n s, 
106-150 m icrons and -2 5 0  m icro n s.

3 .2 .2  C oal, fu e l  o i l  and COM a n a ly s i s  ap p aratu s
An oxygen bomb c a lo r im e te r  was u sed  t o  m easure 

h e a t in g  v a lu e  o f  sam ple.
Pour p o in t  ap p aratu s was u sed  t o  m easure th e  

tem p eratu re a t  which th e  o i l  or COM c e a s e  t o  f lo w .

3 .2 .3  R h e o lo g ic a l p ro p erty  apparatus
-  A m echanical s t i r r e r  was used to  mix d e s ir a b le  COM 

sam ples o f  c o a l and f u e l  o i l  t o  form an homogeneous m ix tu re  to  be
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T able 3 .3  Types o f  a d d it iv e s

A d d it iv e C om p osition  or form ula

Span 60
A n io n ic s
รorb i ta n  m onosteara’t e

Span 40 S o r b ita n  m onopaIm itate
A r la c e l 83 S o r b ita n  s e s q u io le a t e
A r la c e l 20 S o r b ita n  m onolaurate

Ethomeen C-20
Cat io n ic s
CH3 <CH 2 >1.  N(C ̂ 0 ) 1bH(C,H^ 0 ) 11H

Ethomeen. C-15 CH3 (CH2 ) 1 , N( C2H4 0 ) , 0 )
T r ito n  X-400 B en zyla lk on iu m  c h lo r id e

B r ij  73
N o n io n ic s
P o ly o x y e th y le n e  (2 0 ) o l e y l  e th e r

B r ij  76 P o ly o x y e th y le n e  (1 0 ) s t e a r y l  e th e r
B r ij  56 P o ly o x y e th y le n e  (1 0 ) c e t y l  e th e r
S u r fo n ic  N-95 CH3 (CHa ) aCs H4 0 (C2H4 0 ) g . BH
Igep al CO-610 Nony1phenoxypo1y ( e t  h y1e n eo x y ) e t hano1
Tween 40 P o ly o x y e th y le n e  (2 0 ) s o r b ita n  m on op alm itate
Tween 20 P o ly so r b a te  (2 0 ) p o ly o x y e th y le n e  (2 0 )  

s o r b ita n  m onolaurate



u sed  in  th e  ex p er im en ts .
-  A w ater b ath  was used  t o  c o n tr o l and m a in ta in  th e  

system  a t  th e  tem p eratu re needed t o  o b ta in  r h e o lo g ic a l  d a ta .
-  A B r o o k fie ld  v isc o m e te r  ( LV M odel) was used  t o  

m easure r h e o lo g ic a l  d a ta , e . g .  v i s c o s i t y  e t c .  a s  shown in  F ig u re
3 .1 .

3 .2 .4  s t a b i 1i t y  ap p aratu s
An oven was used  t o  c o n tr o l and m a in ta in  th e  

ap p aratu s a t  th e  d e s ir e d  tem p eratu re  fo r  se d im e n ta t io n  t e s t .
-  A se d im e n ta tio n  column was f i l l e d  w ith  sam ple u sed  

in  se d im e n ta tio n  t e s t  as shown in  F ig u re  3 .2 .
-  A 10 ml pycnom eter was used  t o  m easure th e  d e n s ity  

o f  th e  sam ple.

F ig u re  3 .1  (A) SCHEMATIC DRAWING OF THE
BROOKFIELD SYNCHRO-LECTRIC VISCOMETER
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4 cm

F ig u re  3.2- S ed im en ta tio n  column ( s c a l e  1 :2 )
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3 .3  Experimental v a r ia b les

The v a r ia b le s  in  the study o f the p ro p er tie s  o f  c o a l,  
fu e l o i l  and c o a l - o i l  mixture were :

-  Coal typ es and fu e l o i l  typ es; th ree  ty p es o f  coal in  
Thailand and two typ es o f fu e l o i l  were used as shown in  Table
3 .1  and 3 .2 .

- Coal con cen tration s; th e w eight percent o f  coa l in  COM 
between 10-50 X  were used.

The v a r ia b le s  in the study o f  th e  r h e o lo g ic a l property
were!

-  Coal con cen tration s; th e  w eight percent o f  coa l in COM 
between 10-50 X were used.

-  Coal typ es and fu e l o i l  typ es as shown in  Table 3 .1  and
3 .2 .

-  P a r t ic le  s iz e  d is tr ib u t io n s ;  th ree  d if fe r e n t  p a r t ic le  
s iz e  d is tr ib u t io n s  (PSD) were used , i . e .  -75  m icrons, 75-90 microns 
and 90-106 m icrons.

Temperature; f iv e  tem peratueres were used , i . e .  40, 50, 
6 0 ,  70 and 80 ° c

The v a r ia b le  in th e study o f  s t a b i l i t y  were :
-  E ffec t o f  tim e ; a tim e range between 3-24 hours was 

used to  fin d  th e  equ ilibrium  sed im entation  tim e.
E ffe c t o f  weight percent coal in  COM ; a w eight 

percent o f  coa l range between 10-40 X was used to  f in d  th e  most 
s u ita b le  con cen tration  to  study COM s t a b i l i t y .

-  E ffe c t o f  weight percent a d d it iv e  in  COM; a weight 
percent o f  a d d it iv e  range between 0 .2 5 -3  X was used to  f in d  th e  
optimum con cen tration  to  study COM s t a b i l i t y .

E ffe c t o f  a d d it iv e  ty p es; fo u rteen  a d d it iv e s  were 
used , i . e .  a n io n ic , c a t io n ic  and non ionic a d d it iv e s  and th e  most
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e f f e c t iv e  a d d it iv e s  s e le c te d . The formulae are shown in  Table 3 .3 .

3 .4  Experimental procedures

3 .4 .1  Coal preparation  and coal a n a ly s is
The p u lverized  coa l was prepared by crush ing  a lump o f  

coal w ith  hammer m ill to  o b ta in  coarse p a r t ic le s ,  then  p u lv er ize  
th e coa l w ith  a cross b eater m ill to  obta in  f in e  p a r t ic le s ,  then  
screen in g  to  four d if fe r e n t  p a r t ic le  s iz e  d is tr ib u t io n s :

Number S ize
1 106-150 microns (100-150 mesh)
2 90-106 microns (150-170 mesh)
3 75-90 microns (170-200 mesh)
4 -75 microns (-20 0  mesh)

For coal an a lyse , the coal p a r t ic le s  are prepared by 
screen in g  through a 60 mesh s ie v e  (-250  microns) and analyzed as 
fo ilo w s  ร

-  Proximate a n a ly s is :  m oisture; v o la t i l e ;  ash and f ix e d
carbon : ASTM D 3172-75

-  Heating value : ASTM D 2015
Sulfur content in  coal : ASTM D 3177

-  Su lfur content in  fu e l o i l ,  COM : ASTM D 129
D eta il o f  the a n a ly s is  methods were shown in  Appendix D.

3 .4 .2  C oal-O il Mixture preparation
For preparation  o f COM, a known q u a n tity  o f  suspending  

medium, fu e l o i l ,  was added to  a known amount o f  coa l and th e  
m ixture was blended u sin g  a mechanical s t ir r e r .

3 .4 .3  Fuel o i l  and COM a n a ly s is
The p ro p erties  o f  fu e l o i l  and COM a t v ar iou s coa l
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con cen tra tio n  were measured as fo llo w in g ;
-  Pour po i nt 

Ash
-  su lfu r  content
-  H eating value

3 .4 .4  R heological p ro p er tie s  t e s t
COM was heated to  40 °c  and s t ir r e d  w ith  a

mechanical s t ir r e r  to  form an homogeneous m ixture in  a 600 ml 
beaker which was p laced in a water bath.

-  The COM rh eo lo g ica l data ร shear s t r e s s  and shear  
r a te  were obtained  by u sin g  a B rookfield  LV Model v iscom eter a t 
variou s coa l co n cen tra tion s.

To obta in  an apparent v is c o s i t y  o f  COM a t variou s  
tem perature, COM was heated and s t ir r e d  to  th e  d e s ir a b le  tem perature 
and th e  v is c o s i t y  was measured w ith  a B rookfield  v iscom eter.

3 .4 .5  S t a b i l i t y  t e s t
COM was heated to  50 °c  and s t ir r e d  w ith  a s t ir r e r  to  

form an homogeneous m ixture.
D e n s it ie s  a t variou s coa l co n cen tra tion s u sin g  a 

pycnometer were measured to  con stru ct a c a lib r a t io n  p lo t  o f  
d en s ity  or s p e c i f i c  volume versu s w eight percent c o a l .

To fin d  th e  equ ilibrium  sed im entation  tim e, COM 
composed o f  -75  microns Ban Pu coal and LFO was f i l l e d  in  a 
sed im entation  column. The w eight percent coa l from bottom  
sam pling a t variou s tim es was measured by con v ertin g  d en sity  to  a 
w eight percent o f  coa l by u sin g  a c a lib r a t io n  curve.

To fin d  s u ita b le  w eight percent coa l fo r  COM 
s t a b i l i t y  t e s t ,  COM composed o f  -75  microns Ban Pu coa l and LFO 
was f i l l e d  in  a sed im entation  column. The sed im entation  r a t io  (SR) 
from a bottom sam pling a t a g iven  s e t t l i n g  tim e(24 h) fo r  various  

weight percent coa l in  COM was obta ined .

ASTM D 97 
ASTM D 3174 
ASTM D 129 
ASTM D 2015
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-  To f in d  th e  optimum w eig h t p e r c e n t  o f  a d d i t iv e  fo r  
th e  COM s t a b i l i t y  t e s t ,  COM composed o f  25 wt% -7 5  m icron s Ban Pu 
c o a l in  LFO and 30 wtx c o a l in  HFO were f i l l e d  in  th e
se d im e n ta tio n  colum n. The SR from th e  bottom  sam p lin g  a t  a g iv e n  
s e t t l i n g  tim e (24 h ) , and a t  v a r io u s  w e ig h t p e r c e n t a d d it iv e  
(0 .2 5 -3  X) in  COM were o b ta in e d .

To f in d  th e  most e f f e c t i v e  a d d i t iv e ,  th e  SR o f  COM 
composed o f  25 wtx -7 5  m icrons Ban Pu c o a l in  LFO and 2 wt% 
a d d it iv e  was ob ta in ed  a t  a g iv e n  s e t t l i n g  tim e  (24  h) f o r  th e  
v a r io u s  a d d it iv e  ty p e s  o f  T able 3 .3 .

To f in d  th e  most e f f e c t i v e  a d d i t iv e s  fo r  v a r io u s  
c o a l ty p e s ,  th e  SR o f  COM composed o f  30 wtx -7 5  m icrons c o a l in  
HFO and 1 wtx o f  th e  most e f f e c t i v e  a d d i t iv e s  was o b ta in e d  a t  a 
g iv e n  s e t t l i n g  tim e (24 h ) . The SR o f  COM composed o f  30 wtx 
106-150 m icrons Ban Pu c o a l in  HFO and 1 wtx o f  th e  m ost e f f e c t i v e  
a d d it iv e s  was o b ta in ed .

3 . 4 .6  Combustion t e s t
To stu d y  th e  com bustion  phenomena , a th erm al a n a ly s i s ;  

th erm o g ra v im etric  a n a ly s is  (TGA), were used  w ith  th e  c o n d it io n s  
a s fo l lo w s :

Temperature room tem p era tu re -6 5 0  ° c
H eatin g  r a te 15 ๐c /m in
A ir f lo w r a te 90 m l/m in

Sample I n i t i a l  w e ig h t (mg)

Ban Pu c o a l 8 .3 8
HFO 8 .1 5
HFO + 10 X c o a l 8 .9 5
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Sample I n i t i a l  w eig h t (mg)

HFO + 20 y . co a l 8 .4 5
HFO + 30 %c o a l 8 .6 0
HFO + 40 y . c o a l 8 .6 2
HFO + 50 y . c o a l 8 .5 0
LFO 8 .6 0
LFO + 10 y . co a l 8 .6 0
LFO + 20 y . c o a l 8 .3 5
LFO + 30 %c o a l 8 .2 2
LFO + 40 y . c o a l 8 .6 5
LFO + 50 y . c o a l 8 .3 8

3 .5  Data a n a ly s is  and c o n c lu s io n

A ll r e s u l t s  are  an a ly zed  and exp lan ed  by u s in g  th e o r y .  
The r h e o lo g ic a l  d a ta s co n clu d e  in  th e  form o f ;  a f lo w  c u r v e , a 
sh ear s t r e s s  v e r su s  sh ear r a te  ; an apparent v i s c o s i t y  fo r  
v a r io u s  v a r ia b le s .  The data  o f  s t a b i l i t y  were g iv e n  in  th e  form  
o f  th e  r a t io  SR ะ

SR = W eight p ercen t c o a l from bottom  sam p lin g  ( a d d i t iv e )
W eight p ercen t c o a l from bottom  sam p lin g  (no a d d i t iv e )

The most e f f e c t i v e  a d d it iv e  w hich improve COM s t a b i l i t y  
was fou n d .

A ll p roced u res can be a b b rev ia ted  a s  fo l lo w s }
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A ll v a r ia b le s  can be a b b r e v ia te d  a s  shown in  T ab le 3 ,4 .

T able 3 .4  V a r ia b le s  o f  ex p e r im e n ta tio n

V a r ia b le s C oal, f u e l  
o i l ,  COM 
a n a ly s is

R h e o lo g ic a l p r o p e r t ie s s t a b i 1i t y  
SRsh ear  s t r e s s  

sh ea r  r a te
v i s c o s i t y

Coal ty p e s * # *
Fuel o i l  ty p e s * * * *
Coal c o n c e n tr a tio n * * * ร*
Temperature *
PSD * *
Time *
w t%  a d d it iv e ร*
A d d it iv e  ty p e s ร*
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