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APPENDIX A

experimental data

Table A.l Factor Finder and constant tor Bro'oktield Hodel LV ViscDtteter

Speed
(rpa)

Spindle
nD.l

Spindle
nD.2

Spindle 
no.3

Spindle 
no.4 น

0.3 200 1000 4000 20000 0.062B
0.6 100 500 2000 10000 0.1257
1.5 40 200 B00 4000 0.3142
3 20 100 400 ' 2000 0.62B3
6 10 50 200 1000 1.2566
12 5 25 100 500 2.5133
30 2 10 40 200 6.2B32
60 1 5 20 100 12.5664

Table A.2.1 Rheological data tor CON of hEavy fuel oil and -75 ïicrons 
Ban Fu coal at various coal concentrations (*tl) and <0

Speed
Dial reading

(rpi) Height percent coal in COM
0 10 20 30 40 50

[2] [2] ■ [23 [3] t4) [43
0.3 0.3 0.5 0.7 0.5 0.2 1.0
0.6 0.4 0.Ç 1.2 0.7 0.4 2.0
1.5 1.4 2.0 2.5 1.3 0.B 5.0
3 2.B 3.B 4.B 2.4 1.5 9.B
6 5.4 7.5 9.2 4.3 2.B IB.9

12 10. B 14.B 17.6 B.4 5.6 3B.2
30 27.0 36.2 43.1 20.5 13.5 94.3
60 53.3 70.7 &5.2 40.B 27.6 >100

Value in [ 3 is the nuaber ot used spindle
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Table fi.2.2 Rheological data tor COM of heavy fuel o i l  and -75 «krone
Ban Pu coal at various coal concentrations (ntl)  and 40 t’C,
coverteri to nuiber 2 spindle

Speed
(rp«)

Dial reading
Weight percent coal in COM

0 10 20 30 40 50

0.3 0.3 0.5 0.7 2.0 4.0 20.0
0.6 0.4 0.9 1.2 2.8 8.0 40.0
1.5 1.4 2.0 2.5 5.2 16.0 100.0
3 2.B 3.8 4.8 9.6 30.0 196.0
6 5.4 7.5 9.2 17.2 56.0 37B.0

12 10.8 14.8 17.6 33.6 112.0 764.0
30 27.0 36.2 43.1 B2.0 270.0 1886.0
60 53.3 70.7 85.2 163.2 552.0 —

Table ft.2.3 Logarithi of rheological data for COM of heavy fuel oil and -75 fierons 
Ban Pu coal at various toal concentrations («tu and 40 0c

Speed
(rpe)

Log rpi
Log dial reading
Weight percent coal in COM

0 10 20 30 40 50

0.3 -0.523 -0.523 -0.301 -0.155 0.301 0.602 1.301
0.6 -0.222 -0.398 -0.046 0.079 0.447 0.903 1.602
1.5 0.176 0.146 0.301 0.398 0.716 1.204 2.000
3 0.477 0 ; 447 0.580 0.681 0.9B2 1.477 2.292
6 0.778 0.732 0.875 0.964 1.236 1.748 2.577

12 1,079 1.033 1.170 1.246 1.526 2.049 2.883
30 1.477 1.431 1.559 1.634 1.914 2.431 3.276
60 1.778 1.727 1.B49 1.930 2.213 2.742 -



94

Table ft.3.1 Rheological data for COM of heavy fuel o i l  and -75 lierons
' Nong Ya Plong coal at various CDS] concentrations (trtï) and 40 c c

Speed
(rpi)

Dial reading
Height percent coal in COfi

0 10 20 30 40 50
12] [2] [3] [33 [43 [43

0.3 0.3 0.7 0.5 0.4 1.0 7.5
0.6 0.4 1.0 0.6 0.9 1.2 9.7
1.5 1.4 2.2 1.1 1.8 2.1 16.3
3 2.8 4.4 1.9 3.4 3.0 25.1
6 5.4 8.3 3.4 6.2 4.9 40.3

12 10.8 15.9 6.3 11.7 B.5 77.2
30 27.0 38.1 15.2 27.7 19.1 >100
60 53.3 74.0 29.5 53.6 36.2 >100

Value in [ 3 is the nufiber of used spindle

Table ft.3.2 Rheological data for C0H of heavy fuel oil and -75 lierons
Hong Ya Plong coal at various coal concentrations (xtï) and 40 
converted to nueber 2 spindle

Dial reading
Speed
(rpe) Height percent coal in COM

0 10 20 30 40 50

0.3 0.3 0.7 2.0 1.6 20.0 150.0
0.6 0.4 1.0 2.4 3.6 24.0 194.0
1.5 1.4 2.2 4.4 7.2 42.0 326.0
3 2.8 4.4 7.6 13.6 60.0 502.0
6 5.4 8.3 13.6 24.B .. 98.0 806.0

12 - 10.8 15.9 25.2 46.6 170.0 1544.0
30 27.0 38.1 60.8 110.8 382.0 -
60 53.3 74.0 118.0 214.4 724.0 -
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Table fi .3 .3  Logarithï of rheological data for CON of heavy fuel o i l  and -75 lierons
Nong Ya Flong coal at various coal concentrations (Ktï) and 40 ° c

Speed
(rpi)

Log rpi

Log dial reading
Weight percent coal in CON

0 10 20 30 40 50

0.3 -0.523 -0.523 -0.155 0.301 0.204 1.301 2.176
0.6 -0.222 -0.398 0.000 0.380 0.556 1.380 2.2BB
1.5 0.176 0.146 0.342 0.643 0.857 1.623 2.513
3 0.477 0.447 0.643 0.8E1 1.134 1.778 2.701
6 0.77B 0.732 0.919 1.134 1.394 1.991 2.906

12 1.079 1.033 1.201 1.401 1.670 2.230 3.189
30 1.477 1.431 1.5B1 1.7B4 2.045 2.582 -
60 1.778 1.727 1.869 2.072 2.331 2.860

Table ft.4.1 Rheological data for CON of heavy fuel oil and -75 lierons 
Nae Hob coal at various coal concentrations (itï) and 40 pc

Dial reading
Speed Weight percent coal in CON
(rpi)

0 10 20 30 40 50

[2] [2] [3] [3] [4] [43
0.3 0.3 0.5 0.4 0.4 0.3 0.9
0.6 0.4 1.0 0.6 0.7 0.5 1.7
1.5 1.4 2.6 1.3 1.7 1.1 3.7
3 2.8 5.1 2.6 3.4 2.2 7.2
6 5.4 9.5 4.7 6.2 4.2 14.1

12 10.8 18.3 8.8 12.0 7.9 28.0
30 27.0 43.4 21.0 28.2 18.8 67.4
60 53.3 83.5 40.4 55.2 37.2 >100

Value in [ ] is the nusber of used spindle



96

Table fi.fl.2 Rheological data for COM of heavy fuel oil  and -75 t icrons
f!ae Hoh coal at various coal concentrations (till) and AO ° c ,
converted to nui.ber 2 spindle

Dial reading
Speed Weight percent coal in con

ô ÏÔ 20 30 40 50

0.3 0.3 0.5 1.6 1.6 6.0 18.0
0.6 0.4 1.0 2.4 2.8 10.0 34.0
1.5 1.4 2.6 5.2 6.B 22.0 74.0
3 2.6 5.1 10.4 13,6 4fl.O 144.0
6 5.4 9.5 18. B 24-B 84.0 282.0

12 10.8 18.3 35.2 48.0 158.0 560.0
30 27.0 43.4 84.0 112.8 376.0 1348.0
60 53.3 83,5 161.6 220.8 744.0 -

Table fi.fl.3 Logarithi of rheological data for con of heavy fuel oil and -75 ïicrons 
nae hoh coal at various coal concentrations (*t2) and 40 °c

Speed
(rpe)

Log rpi
Log dial reading
Weight percent coal in con

0 10 20 30 40 50

0.3 -0.523 -0.523 -0.301 0.204 0.204 0.778 1.255
0.6 -0.222 -0.398 0.000 0.3B0 0.447 1.000 1.531
1.5 0.176 0.146 0.415 0.716 0.833 1.342 1.869
3 0.477 0.447 0.708 1.017 1.134 1.643 2.158
6 0.77B 0.732 0.978 1.274 1.394 1.924 2.450

12 1.079 1.033 1.262 1.547 1.681 2.199 2.748
30 1.477 1.431 1.637 1.924 2.052 2.575 3.130
60 1.77B 1.727 1.922 2.208 2.344 2.B72 -
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Table ft.5.1 Rhenlogical data ter COM of l ight fuel o i l  and -75 nierons
Ban Pu coal at various coal concentrations (NtX) and 40 0 c

Speed
(rpa)

Dial Reading
Height percent coal in COM

0 10 20 30 40 50
12) [2] [2] [2] [3] ฌ

0.3 0.1 0.2 0.3 0.7 0.4 0.5
0.6 0.3 0.5 0.6 1.2 0.5 0.7
1.5 0.7 1.2 1.2 2.2 1.3 1.5
3 1.2 2.1 2.2 4.0 2.3 2.8
6 2.3 3.B 4.3 7.B 4.5 5.1

12 4.8 7.2 B.4 15.6 8.6 10.4
30 14.1 1B.0 24.0 41.5 22.7 25.3
60 23.7 35.4 42.0 76.0 40.5 50.2

Value in L ] is the nuiber of used spindle

Table A.5.2 Rheological data for COM of light fuel oil and -75 lierons 
Ban Pu coal at various coal concentrations (*tï) and 40 Cc, 
converted to nuiber 2 spindle

Dial Reading
Speed
(rps) Height percent coal in CDM

0 10 20 30 40 50

0.3 0.1 0.2 0.3 0.7 1.6 10.0
0.6 0.3 0.5 0.6 1.2 2.0 14.0
1.5 0.7 1.2 1.2 2.2 5.2 30.0
3 1.2 2.1 2.2 4.0 9.2 56.0
6 2.3 3.B 4.3 7.B 18.0 102.0

12 4.ร 7.2 ร.4 15.6 34.4 20B.0
30 14.1 • 18.0 24.0 41.5 90.B 506.0
60 23.7 35.4 42.0 76.0 162.0 1004.0
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Table ft.5.3 Logarith* of rheological data for CDfi of l ight fuel o i l  and -75 fierons
Ban Pu coal at various coal concentrations (Ktx) and to ° c

Speed
(rpe) Log rps

Log dial Reading
Height percent coal in con

0 io 20 30 40 50

0.3 -0.523 -1.000 -0.699 -0.523 -0.155 0.204 1.000
0.6 -0.222 -0.523 -0.301 -0.222 0.079 0.301 1.146
1.5 0.176 -0.155 0.079 0.079 0.342 0.716 1.477
3 0.477 0.079 0.322 0.342 0.602 0.964 1.74B
6 0.778 0.362 0.580 0.633 0.B92 1.255 2.009

12 1.079 0.6B1. 0.857 0.924 1.193 1.537 2.316
30 1.477 1.149 1.255 1.380 1.61B 1.958 2.704
60 1.778 1.375 1.549 1.623 I.eei 2.210 3.002

Table ft.6 Effect of Height percent coal on yield stress at 40 °c

C0H
Height percent coal in COft

0 10 20 30 40 50
Ban Pu coal+Fuel DÏ1 

HF0 ST1 0.9B7 1.062 3.094 J .170 1.0E5 1.015
ln(Ty) 0.801 2.486 2.80B 3.695 3.960 5.007

LF0 STI 0.9E9 1.054 1.065 1.10B 1.094 1.117
ln(Ty) 1.5B6 2.011 2.204 2.829 4.04B 5.135

Kae hoh+Fuel 
HF0

oil
STÎ 0.9B7 1.039 1.125 1.069 1.0B7 1.065

ln(Ty) 0.B01 3.2B5 4.161 4.19B 5.265 5.790
Kong Ya Plong coal+Fuel oil 

HF0 STI 0.9B7 1.304 1.240 3.302 1.427 1.570
ln[Ty) 0.801 3.0BB 4.026 4.426 6.671 8.335

ST1 is defined as shear thinning index
Ty is defined as yield stress in unit dynesjet1



Table fi.7 Effect of tesperature on viscosity for con 
of -75 microns■Ban Pu coal and heavy fuel 
oil at various coal concentrations (wtX), 
speed 30 rpu and 40 °c

Height
Dial reading

percent Tesperature ( C)
coal in
con 40 50 . 60 70 . 80

0 27(2) 12.6(2) .30.2(1) 18.3(1) 12.5(1)
10 36.2(2) 17(2) , 9.6(2) 25.5(1) 17(1)
20 43.1(2) 21.4(2) 13.5(2) 35(1) 22.2(1)
30 20.5(3) 36.2(2) 19.9(2) 13.9(2) 38.2(1)
40 13.5(4) 33.4(3) 15.9(3) 42(2) 25.9(2)
50 94.3(4) 30.7(4) 23.5(4) 11.2(4) 39.1(3)

Value in ( ) is nuiber of used spindle

Table fi.B Effect of oil type on viscosity for con 
of -75 sicrons Ban Pu coal -and fuel oil 
at various coal concentrations (xtX), 
speed 30 rps and 40 °c

Height 
percent 
coal in
con

Dial reading
Type of oil

LF0 HFQ

0 14.1(2) 27(2)
10 18(2) 36.2(2)
20 24(2) 43.1(2)
30 41.5(2) 20.5(3)
40 22,7(2) 13.5(4)
50 25.3(2) 94.3(4)

Value in ( ) is nusber of used spindle



Table ft.9 Effect ef particle size distribution 
on viscosity for COfl of Ban Pu coal 
and heavy fuel oil at various coal 
concentrations (wtX), speed 30 rpt 
and <0 °c

Height
Dial reading

percent Particle sice distribution(âicrons)
coal in
COH -75 75-90 90-106

10 36.2(2) 32.4(2) 26.8(2)
20 43.1(2) 42.9(2) 39.2(2)
30 20.5(3) 17.2(3) 14.1(3)
40 13.5(3) 45(3) 32.3(3)
50 94.3(4) 43.8(4) 18.8(4)

Value in ( ) is nutber of used spindle



T a b le  R . 10 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 ic r o n s  
B an Pu c o a l  a n d  f u e l  o i l  w i t h  3  w tx  a d d i t i v e s  a t  5 0  ® c

W e ig h t p e r c e n t c o a l  i n  COM
10 20 25 30 40

L i g h t  f u e l  o i l y
COM (n o  a d d i t i v e ) D e n s i t y ( g / c c ) 1 .1 2 0 6 1 .1 2 0 7 1 .1 3 1 2 1 .1 2 6 1 -

S p v ( c c / g ) 0 .8 9 2 4 0 .0 9 2 3 0 .0 0 4 0 0 .8 8 8 0 -
w t V. 4 7 .3 0 4 3 4 7 .4 0 9 2 4 9 .4 7 3 9 4 0 .4 7 8 9 -

COM + T r i t o n  X -4 0 0 O en s  i t y ( g / c c ) 1 .0 6 0 2 1 .0 6 6 0 1 .0 7 3 5 1 .0 8 8 4 -
S p v ( c c / g ) 0 .9 4 3 2 0 .9 3 7 4 0 .9 3 1 5 0 .9 1 8 8 -
w t y. 3 4 .7 4 7 5 3 6 .1 9 0 3 3 7 .6 5 8 0 4 0 .8 1 7 2 -

COM + E th o m e e n  C -2 0 D e n s i t y ( g / c c ) 1 .0 2 0 1 1 .0 3 0 9 1 .0 4 7 1 1 .1 1 5 3 -
5 p v ( c c / g ) 0 .9 8 0 3 0 .9 6 2 6 0 .9 5 5 0 0 .0 9 6 6 - -
w tx 2 5 .5 1 8 7 2 9 .9 2 1 6 3 1 .8 1 2 2 4 6 .3 3 9 6 —

H eavy  f u e l  o i l
COM ( n o  a d d i t i v e ) D e n s i t y ( g / c c ) 1 .1 3 5 6 1 .1 2 7 0 - 1 .1 4 2 3 1 .1 4 7 3

S p v ( c c / g ) 0 .8 8 0 6 0 .0 0 7 3 - 0 .8 7 5 4 0 .8 7 1 6
w t V. 5 0 .0 8 0 7 4 8 .3 5 0 4 - 5 1 .4 1 7 5 5 2 .3 9 4 3

COM + T r i t o n  X -4 0 0 O en s  i t y ( g / c c ) 1 .0 5 1 4 1 .0 5 2 7 - 1 .0 5 9 9 1 .1 1 2 7
S p v ( c c / g ) 0 .9 5 1 1 0 .9 4 9 9 - 0 .9 4 3 5 0 .8 9 0 7
w t / 3 1 .9 5 7 3 3 2 .2 6 5 8 3 3 .9 1 1 1 4 5 .4 2 7 8

๐



T a b le  ค . 11 E F F e c t  oF 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 oF - 7 5  m ic r o n s  B an Pu c o a l  
a n d  f u e l  o i l  a t  2 5  w tx  c o a l  F o r  l i g h t  F u e l  o i l ,  3 0  w tV. 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 om ponent
H e i g h t  p e r c e n t a d d i t i v e  i n COM

0 . 2 5 0 . 5 1 2 3

Li p lo t f u e l  o i l
COM (n o  a d d i t i v e ) D en s i  t y  ( g / c c ) - 1 .1 3 1 2 1 .1 3 1 2 1 .1 3 1 2 1 .1 3 1 2

S p v ( c c / g ) - 0 .0 8 4 0 0 .0 0 4 0 0 .0 0 4 0 0 .0 0 4 0
w t y . - 4 9 .4 7 3 9 4 9 .4 7 3 9 4 9 .4 7 3 9 4 9 .4 7 3 9

COM + T r i t o n  X -4 0 0 D e n s i  t y ( g / c c ) - 1 .1 1 2 7 1 .0 9 2 9 1 .0 4 7 7 1 .0 4 7 1
S p v ( c c / g ) - 0 .0 9 0 7 0 .9 1 5 0 0 .9 5 4 5 0 .9 5 5 0
w t  7. , - 4 3 .7 5 2 5 4 0 .9 1 6 7 3 0 .5 2 0 6 3 7 .6 5 0 0

COM E th o m e e n  C -2 0 D en s  i t y ( g / c c ) - 1 .1 0 2 5 1 .0 0 0 9 1 .0 7 7 6 1 .0 7 3 5
5 p v ( c c / q ) - 0 .9 0 7 0 0 .9 1 0 4 0 .9 2 0 0 0 .9 3 1 5
พ t y . ““ 4 5 .0 1 7 2 4 1 .7 6 2 4 3 1 .9 3 6 6 3 1 .0 1 2 2

H eavy f u e l  o i l
COM ( n o  a d d i t i v e ) D en s  i  t y ( g / c c ) 1 . 1423 1 .1 4 2 3 1 .1 4 2 3 1 .1 4 2 3 —

S p v ( c c /g > 0 .0 7 5 4 0 .0 7 5 4 0 .0 7 5 4 0 .0 7 5 4 -
w tz 5 1 .4 1 0 3 5 1 .4 1 0 3 . 5 1 .4 1 0 3 5 1 .4 1 0 3 -

COM + T r i t o n  X -4 0 0 D en s i t y ( g / c c ) 1 .0 9 4 5 1 .0 6 0 0 1 .0 5 4 3 1 .0 5 2 7 -
5 p v ( c c / q ) 0 .9 1 3 7 0 .9 3 5 6 0 .9 4 0 5 0 .9 4 9 9 -
w t X 4 1 .5 7 1 7 3 5 .9 4 1 9 3 2 .6 2 5 7 3 2 .2 6 5 0
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T able  R. 12 E f f e c t  o f  a d d i t i v e s  ( s t a b i l i z i n g  a g e n ts )  ๐ท s e d im e n ta t io n  r a t i o  f o r  COM o f  —75 m icro ns Ban Pu c o q \
in  l i g h t  fu e l  o i l  a t  25 wtx c o a l  w ith  2 1,1 t z  a d d i t i v e s  a t  50 *̂ C .

C o m p on en t
D e n s i t y C g /c c ) S p e c i f i c v o lu m e  ( c c / g ) Ultz c o a l

Top M id d le B o tto m Top M i d d 1e B o tto m Top M id d le B o tto m

COM 0 .9 6 3 4 0 .9 9 3 4 1 .1 3 1 2 1 .0 3 7 9 1 .0 0 6 6 0 .8 8 4 0 1 1 .1 8 0 3 1 8 .9 7 1 9 4 9 .4 7 3 9
COM + B n io n ic  s t a b i l i z e r s
COM + S p a n  60 0 .9 4 7 5 0 .9 6 7 4 1 .1 0 0 9 1 .0 5 5 4 1 .0 3 3 7 0 .9 0 8 3 6 .8 3 4 8 1 2 .2 3 5 4 4 3 .4 1 7 2
COM 4- S p a n  40 0 .9 5 0 5 0 .9 7 1 2 1 .1 2 0 9 1 .0 5 2 1 1 .0 2 9 7 0 .8 9 2 1 7 .6 6 3 5 1 3 .2 4 1 5 4 7 .4 4 8 9
COM •f R r l a c e l  83 0 .9 4 6 8 0 .9 6 3 6 1 .1 2 0 8 1 .0 5 6 2 1 .0 3 7 8 0 .8 9 2 2 6 .6 4 0 7 1 1 .2 2 1 4 4 7 .4 2 9 1
COM + R r l a c e l  20 0 .9 5 6 8 0 .9 7 0 0 1 .1 3 0 3 1 .0 4 5 2 1 .0 3 0 9 0 .8 8 4 7 9 .3 8 6 7 1 2 .9 2 4 7 4 9 .2 9 4 6
COM C a t i o n i c  s t a b i l i z e r s
COM + E th o m e e n  C—20 0 .9 4 7 5 1 .0 2 1 5 1 .0 3 8 9 1 .0 5 5 4 0 .9 7 9 0 0 .9 6 2 6 6 .8 3 4 8 2 5 .8 5 3 9 2 9 .9 3 2 5
COM + E th o m e e n  C -1 5 0 .9 8 9 8 0 .9 9 0 1 1 .0 6 2 9 1 .0 1 0 3 1 .0 1 0 0 0 .9 4 0 8 1 8 .0 5 4 7 1 8 .1 3 0 8 3 5 .3 3 9 0
COM T r i t o n  X -4 0 0 0 .9 6 5 6 0 .9 9 4 1 1 .0 7 3 5 1 .0 3 5 6 1 .0 0 5 9 0 .9 3 1 5 1 1 .7 6 2 4 1 9 .1 4 1 8 3 7 .6 4 9 9
COM + Non i o n  i c  s t a b  i 1 i z e r s
COM -4- B r i i  78 0 .9 6 2 4 0 .9 9 7 1 1 .0 7 4 5 1 .0 3 9 1 1 .0 0 2 9 0 .9 3 0 7 1 0 .8 9 9 5 1 9 .8 9 4 7 3 7 .8 6 5 6
COM 4- B r i j  76 0 .9 4 8 1 0 .9 6 2 9 1 .0 9 1 5 1 .0 5 4 7 1 .0 3 8 5 0 .9 1 6 2 7 .0 0 1 0 1 1 .0 3 3 7 4 1 .4 7 1 3
COM 4- B r i j  56 0 .9 6 4 0 0 .9 8 6 1 1 .0 8 3 2 1 .0 3 7 3 1 .0 1 4 1 0 .9 2 3 2 1 1 .3 2 8 5 1 7 .1 1 1 7 3 9 .7 2 5 0
COM 4- Tw een 40 0 .9 6 5 6 0 .9 8 8 6 1 .0 8 8 2 1 .0 3 5 6 1 .0 1 1 5 0 .9 1 8 9 1 1 .7 5 6 1 1 7 .7 4 9 6 4 0 .7 8 0 2
COM 4* T w een 20 0 .9 4 2 9 0 .9 8 7 5 1 .0 8 8 3 1 .0 6 0 6 1 .0 1 2 7 0 .9 1 8 9 5 .5 5 4 0 1 7 .4 6 9 3 4 0 .8 0 1 2
COM 4- S u r f o n i c  N -S5 0 .9 4 8 2 0 .9 9 7 0 1 .0 8 8 3 1 .0 5 4 6 1 .0 0 3 0 0 .9 1 8 9 7 .0 2 8 7 1 9 .8 6 9 6 4 0 .8 0 1 2
COM 4- I g e p a l  C O -610 0 .9 4 5 7 0 .9 8 4 1 1 .0 8 9 5 1 .0 5 7 4 1 .0 1 6 2 0 .9 1 7 9 6 .3 3 5 1 1 6 .5 9 9 0 4 1 .0 5 2 9
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Table ค. 13 E f f e c t  o f  a d d i t i v e s ( s t a b i 1 iz in g  a g e n ts )  on s e d im e n ta t io n  r a t i o  f o r  COM o f  c o a l in  heavy f u e l  o i la t  30 wtx c o a l w ith  1 wt V. a d d i t i v e s ,  v a r io u s  c o a l ty p e s ,  c o a l s i z e s  a t  50 °C .

C o m p o n en t
O e n s i t y ( g / c c ) S p e c i f i c  v o lu m e  ( c c / g ) w tV. c o a l

T o p  M i d d 1e B o tto m T op M id d le  B o tto m Top M id d le  B o tto m

—7 5  m ic r o n s  Gan Pu c o a l
CBM (ท ๐ a d d i t i v e ) 1 .0 2 4 1 1 .0 3 4 7 1 .1 4 2 3
CTJM + E th o m e e n  C -2 0 1 .0 1 9 2 1 .0 1 1 3 1 .0 2 3 1
CBM + E th o m e e n  C -1 5 0 .9 9 6 4 1 .0 0 2 0 1 .0 5 0 4
CBM + T r i t o n  x - 4 0 0 0 .9 8 4 9 1 .0 1 9 7 1 .0 5 2 7

CBM
m ic r o n s  Nong Ya 
(n o  a d d i t i v e )

P lo n g
1 .0 0 1 0 1 .0 0 6 2 1 .1 3 0 8

CBM + E th o m e e n  c - 2 0 1 .0 1 6 9 1 .0 1 8 3 1 .0 1 5 2
CBM + E th o m e e n  C -1 5 1 .0 1 6 7 1 .0 1 6 9 1 .0 1 7 8
CBM + T r i t o n  X -4 0 0 1 .0 1 5 0 1 .0 2 4 1 1 .0 2 2 1

c S m ic r o n s  Mae Moh 
(n o  a d d i t i v e )

c o a l
0 .9 8 9 0 0 .9 9 9 6 1 .0 9 1 2

CBM + E th o m e e n  C -2 0 1 .0 0 0 1 1 .0 0 3 7 1 .0 1 1 9
CBM + 'E th o m e e n  C -1 5 0 .9 9 0 4 0 .9 9 6 7 1 .0 2 7 9
CBM + T r i t o n  X -40 0 0 .9 9 3 5 0 .9 9 9 9 1 .0 3 0 7

10 6-
CBM

•150 m ic r o n s  B an P u  c o a l  
(n o  a d d i t i v e ) 0 .9 4 4 1 0 .9 5 0 3 1 .1 2 7 6

CBM + E th o m e e n  C -2 0 0 .9 3 9 0 0 .9 4 6 3 1 .1 1 5 7
CBM + T r i t o n  X -40 0 0 .9 3 0 7 0 .9 7 3 7 1 .1 2 0 0

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

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

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

1.0592 1.0523 0 .0 8 68 4 .1656 5.9421 48 .47681.0650 1.0567 0 .0 9 63 2 .6 067 4 .7906 46 .04521.0653 1.0270 0 .0 9 2 2 2 .5 992 12.4431 47 .0936
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APPENDIX B

SAMPLE OF CALCULATION

1 . C a l c u l a t i o n  o f  w e i g h t  p e r c e n t  c o a l  i n  COM

In  t h i s  w ork  , c o a l  c o n c e n t r a t i o n  i n  COM v a r i e s  1 0 - 5 0  w tx  
b a s e d  o n  t o t a l  COM w e i g h t .
E x a m p le . COM c o m p o s e d  o f  - 7 5  m ic r o n s  B an Pu c o a l  a n d  HFO.

a t  10 w tx  c o a l ;  T h e r a t i o  o f  c o a l  t o  f u e l  o i l  i s  1 ; 9  
w h e r e  t h e  a m o u n t o f  u s e d  c o a l  (พ ) ;

พ = r a t i o  o f  c o a l  in  COM *  w e i g h t  o f  f u e l  o i l  
r a t i o  o f  f u e l  o i l  i n  COM

s o ,  a t  2 5 0  g  o f  HFO ; พ = 1 *  2 5 0  = 2 7 . 7 8  g
9

2 .  C a l c u l a t i o n  o f  s h e a r  s t r e s s , T

F o r  B r o o k f i e l d  LV M od el v i s c o m e t e r  :
C a l i b r a t i o n  S p r i n g  T o r q u e  = 6 7 3 .7  d y n e -c m  ( F u l l  s c a l e )

a n d  T , d y n e s / c m 2 = 5 *  S p r i n g  T o r q u e  *  d i a l  r e a d i n g
100

= 5 *  6 7 3 ,7  *  d i a l  r e a d i n g
1 00

E x a m p le . COM c o m p o s e d  o f  - 7 5  m ic r o n s  B an Pu c o a l  a n d  HFO a t  0 . 3  rpm  
a n d  d i a l  r e a d i n g  = 0 . 5

T -  5  *  6 7 3 .7  *  0 . 5  = 1 6 .8 4  d y n e s /c m 2
100
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3 .  C a l c u l a t i o n  o f  s h e a r  r a t e , r

S i k d a r ,  ร .. K. , an d  F e r n a n d o  O re ( 2 4 )  g i v e  e q u a t i o n s  t o  
c a l c u l a t e  s h e a r  r a t e

r  , 1 / s  = K l *  ST1
w h e r e  STI i s  s h e a r  t h i n n i n g  in d e x  a n d  e q u a l  t o  t h e  s l o p e  

o f  t h e  p l o t  o f  t h e  lo g ( r p m )  a g a i n s t  t h e  l o g  o f  B r o o k f i e l d  d i a l  
r e a d i n g .

STI = d I n (r p m )
d l n ( d i a l  r e a d i n g )

K1 =  3 . 1 4 1 6  #  r p m /1 5
E x a m p le . 10  wt% COM c o m p o s e d  o f  - 7 5  m ic r o n s  B an Pu c o a l  a n d  HFO 
a t  0 . 3  , 0 . 6  rpm  , d i a l  r e a d i n g  = 0 . 5 ,  0 , 9  , r e s p e c t i v e l y .

STI = I n  0 . 6  -  I n  0 . 3  = 1 .1 8
In  0 . 9  -  In  0 . 5

K1 = 3 . 1 4 1 6  *  0 . 3 / 1 5  = 0 .0 6 2 8
a t  0 . 3  rpm  r  =  0 .0 6 2 8  *  1 .1 8  = 0 .0 7 4 1  1 / s

4 .  C a l c u l a t i o n  o f  v i s c o s i t y

F o r  B r o o k f i e l d  LV M od el v i s c o m e t e r  
v i s c o s i t y  ( c e n t i p o i s e )  = d i a l  r e a d i n g  *  f a c t o r  

E x a m p le . COM c o m p o s e d  o f  -7 5  m ic r o n s  B an Pu c o a l  a n d  HFO a t  40 °c  
10 wt% c o a l  u s e  #2 s p i n d l e  a t  30 rpm  
s o ,  v i s c o s i t y  = 3 6 .2  *  10 = 362 op

5 .  C a l c u l a t i o n  o f  d e n s i t y  a n d  s p e c i f i c  v o lu m e

D e n s i t y  i s  m e a s u r e d  fr o m  p y c n o m e te r
D e n s i t y  , g / c c  = W e ig h t  o f  s a m p le  i n  p y c n o m e te r

p y c n o m e te r  v o lu m e
p y c n o m e te r  v o lu m e  = W e ig h t  o f  w a t e r  i n  p y c n o m e te r

D e n s i t y  o f  w a t e r
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S p e c i f i c  v o lu m e , c c / g  = 1 /  d e n s i t y
E x a m p le . COM c o m p o s e d  o f  - 7 5  m ic r o n s  B an Pu c o a l  a n d  HFO a t  10  
wt% c o a l  w e i g h t  o f  s a m p le  i n  p y c n o m e te r  = 9 , 4 7 3 2  g  

10 ml o f  p y c n o m e te r  v o lu m e  = 9 . 8 5 5 6  c c  
D e n s i t y .  = 9 . 4 7 3 2  /  9 .8 5 5 6  = 0 ,9 6 1 2  g / c c
S p e c i f i c  v o lu m e  = 1 /  0 .9 6 1 2  = 1 .0 4 0 4  c c / g

6 .  C a l c u l a t i o n  o f  w e i g h t  p e r c e n t  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

T he e q u a t i o n s  f o r  c o n v e r t e d  s p e c i f i c  v o lu m e  t o  wt% c o a l  
a r e  sh o w n  i n  T a b le  4 . 1 3 .
E x a m p le . COM c o m p o s e d  o f  - 7 5  m ic r o n s  B an Pu c o a l  a n d  HFO a t  10  wt% 
s p e c i f i c  v o lu m e  = 0 .8 9 2 4  c c / g

S p v  = - 0 . 0 0 3 8 9 (wt% c o a l )  + 1 .0 7 5 4 1 4  
s o ,  พ ๖ %  c o a l  = 0 . 8 9 2 4  -  1 .0 7 5 4 1 4  = 4 7 . 0 5

- 0 . 0 0 3 8 9

7 .  C a l c u l a 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  u s e d  f o r  s e d i m e n t a t i o n

E x a m p le . G iv e n  t o t a l  w e i g h t  o f  COM = 3 0 0  g
a t  3 wt% a d d i t i v e
s o ,  a m o u n t o f  u s e d  a d d i t i v e  = 3 0 0  * 0 . 0 3  = 9  g

8 .  C a l c u l a t i o n  o f  s e d i m e n t a t i o n  r a t i o ,  SR

SR = wt% c o a l  fr o m  b o t to m  s a m p l in g  ( w i t h  a d d i t i v e )
wt% c o a l  fr o m  b o t to m  s a m p l in g  ( w i t h  n o  a d d i t i v e )  

E x a m p le . COM c o m p o s e d  o f  - 7 5  m ic r o n s  B an Pu c o a l  a n d  LFO a t  2 5  
V,'๖ %  c o a l  a n d  5 0  ° c .

wt% c -o a l fr o m  b o t to m  f o r  COM = 4 9 .4 7
พ ๖ %  c o a l  fr o m  b o t to m  f o r  COM w i t h  E th o m e e n  C -2 0  = 2 9 ,9 3

SR = 2 9 . 9 3  /  4 9 . 4 7  = 0 .6 1
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APPENDIX c 

FUEL OIL

Table c . l  P r o p e r t i e s  o f  l i g h t  f u e l  o i l

ESSO LIGHT FUEL OIL  
ESSO STANFUEL ( FO NO. 1 )

S p e c i f i c a t i o n T y p i c a l
M in Max I n s p e c t i o n

. G r a v i t y ,  API ê  15  C - - 2 2 * 7
G r a v i t y ,  S p e c i f i c  e  1 5 . 6 / 1 5 . 6  c - 0 . 9 8 5 0 . 9 1 7 6
F -la sh  P o i n t ,  c  (PMCC) 66 - o v e r  70
P o u r  P o i n t ,  c - 24 24 max
S u lp h u r ,  m a s s ~ - 3 . 0 1 . 2 9
V i s c o s i t y  @ 50 c ,  c S t 7 80 80  max
A sh , I11ËSSÜ - 0 . 07 0 .  01
C a r b o n  R e s i d u e ,  m a s s * - - 3 . 0 8
W a ter  a n d  S e d im e n t ,  v o ls ; - 1 . 0 0 . 1
S e d im e n t  b y  E x t r a c t i o n ,  m a ss î; - 0 . 1 5 0 . 0 1 0
C o l o r ,  AS TM ร . 0 - o v e r  8 . 0
G r o s s  H e a t  o f  C o m b u s t io n ,  c a l / g

—--------------— --------- -—---------------------------------------------------L.
1 0 , 0 0 0 - 1 0 , 5 4 2

R e m a r k  ะ T h e  t y p i c a l  i n s p e c t i o n  v a l u e  s h o w n  h e r e  a r e  r e p r e s e n t a t i v e  o f  
c u r r e n t  p r o d u c t i o n .  A l l  m a y  v a r y  w i t h i n  t h e  m o d e s t  r a n g e .

E s s o  S t a n d a r d  T h a i la n d  L td
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Table C.2 Properties of heavy fuel o il

ESSO HEAVY 
( F0 NO.

FUEL OIL 
6 )

S p e c if  ic a t io n T y p ica l
Min Max In sp e c t io n

G ra v ity , A PI § 15 c - - 1 9 .0
G ra v ity , S p e c i f i c  0 1 5 . 6 / 1 5 . 6  c - 0 .995 0 .9 4 0 2
F lash  P o in t , c  (PMCC) 66 - over 70
Tour P o in t , c 30 3 0 max
Sulphur, mass* - 3 .5 1 .9 8
V is c o s i t y  0 50  c ,  cSt - 280 280 max
Ash, mass* - 0 .10 0 .0 2
Carbon R esid u e , mass* - - 5 .2 0
Water and Sedim ent, v o l* - 1 .50 0 .5
Sedim ent by E x tr a c t io n , mass* - 0 .25 0 .0 1 5
Gross Heat o f  Com bustion, c a l / g 9 ,900 - 1 0 ,3 1 1

Remark ะ The t y p ic a l  in s p e c t io n  v a lu e  shown here are r e p r e s e n t a t iv e  o f  cu rren t p r o d u ctio n . A ll  may vary w ith in  the m odest ra n g e .

Esso Standard Thailand Ltd.



APPENDIX D 

ANALYTICAL METHODS

1. Moisture in the a n a lysis’sample of coal. ASTM D 3173

Procedure
-  Heat the empty capsules for 15 to 30 min. and weigh.
-  Put the S B m p le  approximately 1 g. into the capsule, close  

and weigh.
-  Place the capsules in an oven (at 104 to 110 °C) for 1 h.
-  Cool in a desiccator and weigh.

Calculation
Moisture in analysis sample, % -  C(A-B)/AD * 100

where I

A = grams of sample used 
B = grams of sample after heating

2. Ash in the analysis sample of coa l. ASTM D 3174

Procedure
-  Weigh the sample approximately 1 g. to  a weighed 

crucible and cover quickly.
-  Place the crucible in a cold furnace and heat gradually 

until the temperature reaches 450 to 500 °c in 1 h.
-  Continue the ashing at 700 to 750 Pc for 2 h.
-  Place the crucible, cool and weigh.

Calculation
Ash in analysis sample, y. = C(A-B)/C3 * 100

Where ะ
A = weight of crucible, cover and ash residue, g.
B = weight of empty crucible and cover, g.
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c = weight of analysis sample used, g.

3. V olatile matter in the analysis sample of coa l. ASTM D 3175 

Procedure
-  Weigh 1 g. of the sample in a weighed nickle crucible, 

close with a cover.
-  Heat i t  at 600 + 5 0  °c  in 6 min., then heat at 950 1  20 °c  

in 6 min.
-  Remove the crucible from the furnace, cool and weigh. 

Calculation
V olatile matter in analysis sample, % = C(A-B)/AD * 100 -  D

Where Î
A = weight of sample used, g.
B = weight of sample after heating, g.
D = moisture, X

4, Fixed carbon in the analysis sample of coa l.

Calculation
Fixed carbon in analysis sample, X = 100 -  (moisture, X) -  (Ash, X)

-  ( v o l a t i l e ,  X)

ธ. Pour point of petroleum o i l s . ASTM D 97

Procedure
Pour the o il into the te s t  jar to the level mark.
Close the te s t  jar t ig h tly  by the cork and adjust 
the position of the cork and the thermometer so the cork 
f i t s  tig h tly .

-  The thermometer bulb is  immersed below the surface of the 
oi 1 3 mm.
Insert the te s t  jar in the jacket.
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-  Maintain the temperature of the cooling bath at 30 to  
35 °F (-1 to +2 °C)
If the o il  in the te s t  jar does not flow when the jar is  
t i l t e d , hold the te s t  jar in a horizontal for 5.0 ร, record 
the temperature.

6. Sulfur in petroleum product. ASTM D 129

Procedure
-  Cut a piece of fir in g  wire 100 mm. in length.
-  Arrange the co il above and to one side of the sample cup.
-  Place about 5 ml.of Na2CO3 (50 g/1) in the bomb.
-  Weigh the sample about 0.3 to 0.4 g.
-  Place the sample cup in position and arrange the c o il,
-  Admit oxygen slowly until a pressure is  reached 27-29 atm. 

Immerse the bomb in a cold d is t i1led-water bath and close  
the c ircu it to ign ite the sample,

-  Release the pressure at a slow, uniform rate.
Rinse the bomb, the o il cup with d is t i l le d  water, add 
10 m l.of saturated bromine water to the washing.
Adjust the heat to maintain slow boiling and add 10 ml. 
of a BaCl2 solution (85g /l), s t ir  the solution during 
the addition.

-  Place i t  to cool for 1 h. before f i lte r in g  with an 
ashless, quantitative f i l t e r  paper.

-  Transfer the paper and precipitate to weighed crucible and 
ignite at a bright red heat until the residue is  white 
color, cool and weigh.

Calculation
Sulfur, weight percent = (P -  B/13.73/W 

where I p = gram of BaSÔ  obtain from sample 
B = gram of BaSÔ  obtain from blank
พ = gram  o f  s a m p le  u s e d



7. Gross c a lo r if ic  value of coal and o il by the adiabatic bomb 
calorimeter. ASTM D 2015

7.1 Determine the energy equivalent of the calorimeter. 
Procedure

-  Weigh the p e lle ts  of benzoic acid to the nearest 
0.0001 g. in the sample holder.

-  Add 1.0 ml of water to the bomb.
-  Connect a 10 cm. of ignition wire to contact with 

the sample.
-  Charge bomb with oxygen to a consistent pressure 

between 20 -  30 atm.
-  F ill  the calorimeter vessel (bucket) with 2000 ml of 

25 °c  water.
-  Allow 5 min for attainment of equilibrium. Record the 

in it ia l  temperature and ignite the charge.
-  Read temperature at 1 min intervals until the same 

temperature and record th is as the fin a l temperature. 
Wash the interior of the bomb with d is t i l le d  water, 
and t itr a te  the washing with standard Sodium 
Carbonate solution (0.0709 N)
Measure the combined pieces of unburned ignition wire.

7.2 Determine the gross ca lo r ific  value of coa l.
Procedure

-  Weigh approximately 1 g. of coal sample into the 
sample holder.
Make each determination in accordance with the 
procedure described in 7.1 ( 2 through 9 )

7.3 Determine the sulfur content of coal. ASTM D 3177
P r o c e d u r e
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-  C o l le c t  th e  w ashing s o lu t io n  a f t e r  t i t r a t e  w ith  sodium  
ca rb o n a te  s o lu t io n  b o i l  i t  and f i l t e r i n g  w ith  a 
f i l t e r  paper n o . l .

-  Add Bromine s o lu t io n  1 .0  ml and HC1 (1ะ 9) 10 ml
-  B o i l in g  i t  s lo w ly  and add 10 ml o f  a BaCl2 s o lu t io n  

c 1 0 0 g / l ) , s t i r  th e  s o lu t io n  d u rin g  th e  a d d it io n .
-  Stand i t  t o  c o o l fo r  2 h r . and f i l t e r i n g  w ith  an 

a s h le s s  f i l t e r  p ap er.
-  Put th e  paper and p r e c ip i t a t e  t o  w eighed c r u c ib le  and 

i g n i t e  a t  925 ° c  fo r  3 h.
-  P la c e  i t  t o  c o o l in  d e s ic c a t o r  and w eigh .

C a lc u la t io n
Energy e q iv a le n t  :

E = c H(g) + e 4 + e 2 ว /  t  :------------(1)
G ross C a lo r i f i c  V alue ะ

Q = c t (E )  -  e 1 -  e 2 -  e 3 3 /  g ------------ (2 )
S u lfu r  c o n te n t  :

where
%s = 13 .738  ( A -  B ) /  g ---------- (3 )

E = c a lo r im e te r  en erg y  e q u iv a le n t  , c a l /  °c  
H = h ea t o f  com bustion  o f  b e n z o ic  a c id  1 2404 c a l / g  
Q = g r o s s  c a l o r i f i c  v a lu e  
t  = c o r r e c te d  tem p eratu re  r i s e
e 1 = c o r r e c t io n  fo r  th e  h e a t o f  fo rm a tio n  o f  HNOa , c a l  

= ( 0 .0 7 0 9  N ) (ml Na2CO3 )
e 2 = c o r r e c t io n  f o r  th e  h e a t o f  com bustion  o f  i g n i t io n  

w ir e , c a l
= ( 2 .3  ) X ( l e n g t h  o f  u s e d  i g n i t i o n  w i r e )  

e s  = c o r r e c t i o n  o f  d i f f e r e n c e  b e t w e e n  h e a t  o f  f o r m a t i o n
H2S04 , c a l

= 14 X ( J! s u l f u r ■ )
ร = gram o f s a m p le
A = gram o f BaSO^ o b t a i n fr o m s a m p le
B = gram o f BaSO^ o b t a i n fr o m b la n k



B = grBm o f  BaSO^ o b ta in  from b lan k , 
c = gram  o f  sam ple.

9 . B r o o k fie ld  v isc o m e te r  o p e r a t io n .

Procedure
-  A tta ch  s p in d le  t o  low er s h a f t .  I t  i s  b e s t  t o  l i f t  th e  

s h a f t  s l i g h t l y  w h ile  i t  i s  h e ld  f ir m ly  w ith  one hand 
w h ile  screw in g  th e  s p in d le  on w ith  th e  o th e r .

-  I n s e r t  s p in d le  in  th e  t e s t  m a ter ia l u n t i l  th e  f l u i d ' s  
le v e l  i s  a t  th e  im m ersion groove c u t  in  th e  s p in d le ' s

s h a f t .
L evel th e  V isco m eter .

-  D epress th e  c lu tc h  and tu rn  on th e  V isc o m e te r 's  m otor: 
fo l lo w in g  th e  p rocedure o f  h av in g  th e  c lu t c h  d e p ressed  a t  
t h i s  p o in t  w i l l  p rev en t u n n ecessa ry  w ear. R e le a se  th e  
c lu t c h  and a llo w  th e  d ia l  t o  r o t a t e  u n t i l  th e  p o in te r  
s t a b i l i z e s  a t  a f ix e d  p o s i t io n  on th e  d i a l .

-  D ep ress th e  c lu tc h  and read d ia l  .
-  The in t e r p r e t a t io n  o f  r e s u l t s  are  used  t h e s e  e q u a tio n s:

v i s c o s i t y  in  c e n t ip o is e (m P a .s )  = d ia l  r e a d in g * fa c t io n  f in d e r  
sh ea r  s tr e s s (d y n e s /c m 2 ) = 5 * 6 7 3 .7  * d ia l  r e a d in g /1 0 0
fo r  LV model ;S p r in g  to rq u e  = 6 7 3 .7  dyne-cm  ( f u l l  s c a le )  
sh ear  r a te  ( 1 / s )  = K1*STI

where 5 K1 = 3 . 1 4 1 6 *  rpm/15
STI = d ln (rp m )/d  ln ( d ia l  r e a d in g )
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8, Total Sulfur in the analysis sample of coa l» ASTM D 3177 
(Eschka Method)

P rocedure
-  Weigh a p p ro x im a te ly  1 g . o f  c o a l sam ple and 3 g . o f  Eschka 

m ixtu re in  c r u c ib le ,  mix th ro u g h ly  and co v er  w ith  1 g . 
o f  Eschka m ix tu re .

-  P la c e  th e  c r u c ib le  in  a c o ld  m u ffle  and g r a d u a lly  r a i s e  
th e  tem p eratu re  t o  825 ° c  in  1 h . m a in ta in  t h i s  tem p eratu re  
fo r  2 h.

-  Take th e  c r u c ib le  from a fu rn a ce  and d ig e s t  th e  sam ple 
in  c r u c ib le  w ith  100 ml o f  hot w ater fo r  1 /2  h . in to  250-m l 
b eak er, s t i r r i n g  o c c a s io n a l ly .

-  F i l t e r  and wash th e  in s o lu b le  m a tter .
-  T reat th e  f i l t r a t e  w ith  HCl ( l î 9 )  t o  s l i g h t l y  a c id  and 

j u s t  n e u tr a l t o  m ethyl orange w ith  NaCOg s o lu t io n ,  th e n  
add 1 ml o f  HC1 ( 1 : 9 ) .

-  B o il a g a in  and add s lo w ly  10 ml o f  BaClg (10%), s t i r r i n g  
o c c a s io n a l ly .

-  A llow  t o  stan d  fo r  a t  l e a s t  2 h . or o v e r n ig h t .
-  F i l t e r  th rou gh  an a s h le s s  f i l t e r  paper and wash w ith  hot  

w ater u n t i l  an AgNOg s o lu t io n  shows no p r e c ip i t a t e  w ith  a 
drop o f  th e  f i l t r a t e .

-  P la c e  th e  w et f i l t e r  c o n ta in in g  th e  p r e c ip i t a t e  in  a 
w eighed c r u c ib le .
Burn i t  w ith  f la m e , th e n  put in to  th e  fu rn a ce  (a t  925 °C) 
fo r  3 h . , c o o l in  d e s ic c a t o r  and w eigh .

-  Blank c o r r e c t io n  by runnin g a blank e x a c t ly  as d e sc r ib e d  
above, u s in g  th e  same amount o f  a l l  r e a g e n ts  t h a t  were 
em ployed in  th e  r e g u la r  d e te r m in a tio n .

C alcu l a t ion
T ota l S u lfu r  c o n te n t ,  % = (A -B )*13 .738 /C

A = gram o f  BaSO^ o b ta in  from sam ple.w h e r e  ;
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Mr# Som nuk G e e r a t h u n y a s k o o l  w a s b o r n  ๐ท D e c e m b e r  2 0 , .  1 9 6 3  
a t  P h e t c h a b u r i .  He r e c i e v e d  a  B a c h e l o r ' s  D e g r e e  i n  S c i e n c e  i n  
C h e m ic a l  E n g i n e e r i n g  fr o m  P r i n c e  o f  S o n g k la  U n i v e r s i t y  i n  1 9 8 6
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