89

REFERENCES

Frankel, N.A. and A Acrivos, " On the Viscosity of a
Concentration Suspension of Solid Spheres™, Chem. Eng.
Sci.l22, 847-853, 1967.

Munro, J.M., et al., " A Characterization of the Rheological
Properties of Coal-Fuel Oil Slurries ", AIChE J. |
25(2), 355-357, 1979,

Papachistodoulou, G and 0. Trass, " Rheological Properties
of Coal-Oil Mixture Fuels ", Powder Technology, 40,
353-362, 1984,

Papachristodoulou, G and 0. Trass, " Rheological Properties
of Ultrafine Coal-Oil Mixtures ", Proc. 3 rd Int. Symp.
on Coal-Oil Mixture Combustion, Orlando, Florida, April
1981.

Papachristodoulou , G, H Boghossiand, and 0. Trass,

" Rheological Properties of Coal-Oil Mixtures -
Effect of Particle Size Distribution ", Proc. 4 th
Int. Symp. on Coal Slurries Combustion, Orlando,
Florida, May 1981.

Low, G.s. and S.N. Ehattacharya, " The Effect of Moisture on
the Rheology of Brown Coal-Oil Suspensions ", Can. J.
Chem. Eng., 61, 785-790, 1933,

Low, L. and S.N. Bhattacharya, " Some Factors Influencing the
Rheological Properties of Concentrated Brown Coal-Oil
Suspensions on storage ", Powder Technology, 40, 291-301,
1984,

Rejek, . and F.H. Franke, " Viscosity and Transportation
Characteristics of Coal-0il-Slurries ", Proc. 3 rd
Int. Symp. on Coal-Oil Mixture Combustion, Orlando,
Florida, April 1981»



9.

10.

11.

12,

13.

14,

15.

16.

17.

18

19,

Anderson, P.C., et al., "™ Rheology of Coal-Oil Dispersions "1

Powder Technology, 32, 45-54, 1982,

Takeshita, T., etal.,, "Stability and Rheology of
Coal-Oi I-Mixture", Proc. 3 rd Congress APPChE,
Bangkok, Thailand, October 1984

Slagle, D.J., et al., "Settling of Coal in Coal-Qil
Slurries”, Ind. Eng. Chem. Process Des. Dev,, 17(4),
500-504, 1978,

Adams-Viola, M., et al., " Characterization of the Various
Types of QOM: Its Implications for utilization and
Specification of Formulations ", Proc. 3 rd Int. Symp
on Coal-Oi) Mixture Combustion, Orlando, Florida, April

1981.
Bienstock, D. andE. M Jamgochain, ™ Coal-Oil Mixture
Technology in the . . " Fuel, 60, 851, 1981

Lord, N.W., et al., " Coal Oil Mixture Technology ", Ann.
Arbor Science, Butterworth, England, 1982.

Rowell, R.L., et al., " Coal-Oil Mixture 2. Surfactant
Effectiveness on Coal-Oil Mixture stability Measured
with a Sedimentation Column Device ", Ind. Eng. Chem.
Process Des. Dev., 20, 283-288, 1981

Rowell, R.L., ei ah, " Investigation and Measurement of
Stability in Coal-Oil Mixtures", Proc. 1 st Int. Symp.
on Coal-Oil Mixture Combustion, St. Petershurg Beach,
Florida, May 7-9, 1978,

Rowell," R.L. and S.R. Vasconcellos, " Coal-Oil Slurry
Compositions ", US Patent 4,201,552, May 6, 1980.

Alabaf, J.S., " Combustion Characteristics and Air Pollution
Emission from Various Coal-Oil Dispersions ", Proc.
5 th Int. Symp. on Coal Slurry Combustion, Tampa,
Florida, April 25-27, 1983.

Mizomoto, M., et a)., " Combustion of Coal-Oil Mixture
Droplet on a Hot Surface ", Combustion and Flame, 63,

90



20.

21.

22.

23.

24,

25.

26.

289-301, 1986.

Petela, R., " Combustion of Mono-Fraction Droplets of
Coal-Oil Mixtures ", Fuel, 64, 692-696, 1985.
Papachristodoulou, G. and 0. Trass, " Coal Slurry Fuel

Technology'™, Can. . Chem. Eng., 65, 177-201, 1987.'

Takeshita, T., et ah, " Studies on OOM (Part 2) T Effect
of Additives on Sedimentation stability of QM (1) ",
J. Japan Petrol. Inst., 25(6), 389-397, 1982,

Cumming, J.w. and J. Mclaughlin, " The Thermogravimetric
Behavior of Coal ", Thermochimica Acta, 57, 253-272,
1982.

Sikdar, S.K. and Fernando Ore, " Viscosity Measurements of
Non-Newtonian ~ Slurry Suspensions  Using Rotating
Viscometers ", Ind. Eng. Chem. Process Des. Dev., 18(4),
122-726, 1979,

Ghetti, P., " DIG Combustion Behavior of Coal "1 Fuel, 65,
636-639, 1986.

Michale, A and J. c. Bolger, " Settling Rates and Sediment
volumes —of Flocculated Kaolin Suspensions ", 1&EC
Fundamentals, 1(1), 24-33, 1962.

91



APPENDIX A
experimental data
Table Al Factor Finder and constant tor Bro'oktield Hocel LV ViscDtteter

Spindle ~ Spindle  Spindle  Spindle
() nDI nD2 nd  nod

0.3 0 1000 400 200 00628
0.6 100 M 20 0000 0125/
15 4 20 BD 40 03142
3 | 100 0 20 06283
6 10 ) 0 1000 12566
2 5 5 100 50 25133
J 2 10 4 ) 6283
&0 1 5 2| 100 12,5664

Table A2.1 Rheological data tor GNof fuel oil and -75 Ticrons
Bn Fugcoal at various coal mntrations (*l) ad @

Dial reading

(rpi) Height percent coal in GV

0 10 | X 0 G|

2 21 1B 3 t4 3
w B B'E R BB
0.6 0.4 0.% 1207 04 20
15 14 2. 25 13 0B 50
3 2B 3B 4B 24 15 9B
6 54 75 92 43 2B IBY
iV 10.B 14B 176 B4 56 3B2
) 21.0 %2 B1 05 1BS Y3
60 53.3 07 &2 4B 26 >0

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

- Dial reading
(") Weight percent coal in GM
0 10 X J 4 9

0.3 0.3 05 07 20 40 20
0.6 0.4 09 12 28 80 400
15 14 2025 52 160 1000
3 2B 38 48 96 00 160
6 54 15 92 112 %0 3B0
12 108 148 176 36 1120 7640
3 21.0 %2 4£1 B0 2100 18860
60 53.3 07 82 1632 5520 —

Table ft2.3" Logarithi of rheological data for @\iof heawy fuel oil and -75 fierons
Ban Ru coal at various toal concentrations («tu and 40 Oc

Loy dial reading

%Jee()i Log rpi Weigft percent coal in @M
r

" 0 n 2 3 44 9
03 0523 -052 0300 -015 0301 0602 1301
06 022 -038 0046 0019 047 033 1602
15 0176 0146 001 038 0716 1204 2000
3 0477 0:47 0580 0681 09 1411 229
6 0.778  0.732 0875 09%4 12% 1748 2517
2 1,079 1033 L0 1246 1526 2049 2.683
J L4 143l 1559 1634 1914 2431 3276
60 L 1 1B9 190 223 278 -



Table ft.3.1 Rheological data for GMof heavy fuel oil and -75 lierons
' Nong Ya Plong coal at various CDS| concentrations (trti) and 40 cc

Dial reacing

(rpi) Height percent coal in @

0 n 2 1 4 X

12 2 3 3w R
w o Hoa BB P
0.6 04 10 06 09 12 971
L5 14 22 11 18 21 163
3 28 44 19 34 30 Al
6 54 83 34 62 49 403
2 108 59 63 U7 B5 T2
R 21.0 BL B2 277 V1 W
&0 533 740 205 %6 B2 >0

Value in [ 3is the nufiber of used spindle

Table 3.2 Rneological data for GH of heawy fuel oil ad -75 lierons
Hrg Ya Plong coal at various coal concentrations (xti) and 40
converted to nueber 2 spindle

Dial reading
Speed . .
(rpe) Height percent coal in @M
0 10 /(B | R VI

0.3 0.3 07 20 16 200 100
0.6 0.4 10 24 36 240 1940
15 14 22 44 72 L0 360
3 28 44 76 136 600 9020
6 24 83 136 4B . B0 8060
2 -108 159 B2 46 100 I¥440
J 21.0 B1 608 1108 3820
60 53.3 740 1180 2144 1240
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Table fi.3.3 Logarithi of rheological data for QN of heavy fuel oil and -75 lierons
Nong Ya Flong coal at various coal concentrations (Kti) and 40 °c

Log dial reading
(rpi) _ Wight percent coal in GN
Log rpi

0 n 2 v 40 9
03 0523 -052 0155 0301 024 1301 2176
06 022 -0.3% 000 0380 056 1380 2288
15 0176 0146 032 0683 08/ 1683 2513
3 0411 0447 0643 Q8L 114 178 2701
6 0B 073 0919 1134 1394 191 2906
iV 1079 1033 1200 1400 1610 2230 3189
L) 4 141 1Bl 1784 2045 2582 -

&0 178 1720 1869 2012 231 2860

Table ft4.1 Rheological cata for GNof heaw fuel oil &l -75 lierons
Nee HIb coal at various coal coricentrations (iti) ad 40 pc

Dial reading

Speed Weight percent coal in N
rpi
) 0 n 2 I 4L G|

2 2 3 3 4 3
w B BN B BB
0.6 0.4 10 06 07 05 17
15 14 26 13 17 11 3
3 28 51 26 34 22 12
6 54 95 47 62 42 Ul
1 108 183 88 1220 79 280
J 21.0 KB4 200 282 188 6/4
&0 533 835 404 52 32 >0

Vale in [ ] is the nusber of used spindle
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Table fi.fl.2 Rheological data for GMof heavy fuel oil and -75 ticrons
flae Hoh coal at various coal concentrations (till) and A °c,
converted to nuiber 2 spindle

Dial reading
Speed Weight percent coal in oo
0 0 2 3 0 9

0.3 0.3 00 16 16 60 180
0.6 0.4 1024 28 100 340
15 14 26 52 6B 20 740
3 2.6 51 104 136 40 1440
6 54 95 1BB 4B 840 2820
12 10.8 183 X2 40 180 500
J 21.0 434 840 128 3760 13480
60 53.3 835 1616 208 740 -

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

Loy dial reading

%pee()j Loy rpi Weight percent coal in con

r

g 0 n 2 I 4L Gl
03 -0523 -052 0301 0204 0204 078 125
06 -0222 -0.398 0000 0330 047 1000 1531
15 0176 0146 0415 0716 083 1342 1869
3 0477 0447 0708 1007 114 1683 2158
6 078 0732 0978 1214 1394 194 2450
1 1019 1033 1262 157 168l 219 2748
J 1477 1431 1637 194 202 256 3130
&0 LB L1727 192 228 234 2B -



Table ft.5.1 Rhenlogical data ter GQMof light fuel oil and -75 nierons
Ban Pu coal at various coal concentrations (NtX) and 40 Oc¢

Dial Reading

Speed . .
(pa) Height percent coal in GM

0 n 2 v 4L X

V) 2 2 2 3
i o BoA 8 E
0.6 03 05 06 12 05 071
15 0.7 1212 22 13 15
3 12 21 22 40 23 28
6 2.3 3B 43 1B 45 &l
2 48 12 B4 156 86 104
J 141 B0 240 45 27 253
&0 237 H4 20 6O N5 N2

Valte in L ] is the nuiber of used spindle

Table A5.2 Rneological data for @Mof light fuel oil a -75 lierons
B Rucoal at various coal concentrations (*ti) and 40Cc,
converted to nuiber 2 spindle

Dial Reading
Speed . .
(rps) Height percent coal in @M
0 10 N | 0 0
0.3 0.1 02 03 07 16 100
0.6 0.3 05 06 12 20 140
15 0.7 12 12 22 52 300
3 12 21 22 40 92 560
6 2.3 3B 43 1B 180 1020
12 4, 1.2 4 156 A4 280
) Ul 180 40 45 908 3060
60 27 H4 L0 760 1620 10040
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Table ft5.3 Logarith* of rheological data for Cf of light fuel oil and -75 fierons
Ban Pu coal at various coal concentrations (Ktx) and to °c

Loy dial Reading

Speed . .
(re) Loy s Height percent coal in con

0 10 | J 40 9
0.3 -0523 -1000  -0699 -0523 -0.15 0204 1000
06 -022 -0523  -0301 022 009 0301 1146
15 0176 -0.1% 0019 0019 0342 0716 L1477
3 0477 0.019 032 032 0602 0% 178
6 0778 0362 0580 0633 0BR 125 2009
2 1079 06BL 087 094 1193 157 2316
3 14 1149 1255 130 1618 198 2704
) 1718~ 1315 1549 1623 leei 2210 3002

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

Height percent coal in Gk
0 10 D 4 G|

H

Bn Pu coal+Fuel Ij1
HD sn

098/ 1062 3004 JI0 1065 L1015
In(% 0801 2486 28B 36% 39%0 500
L 0989 104 1065 L10B 1094 LIV
I(Ty) 1586 2001 2204 2829 40B 51
Kee hohtFel ol

HO S 0987 109 115 1069 1087 1065
In(Ty?: 0Bl 3285 4161 4198 52 579

Koy Ya Plong coal+Hel ol
HY S 0987 1304 1240 3302 147 1500
InfTy) 0801 30BB 406 4426 6611 83%

STLis defined & shear thinning index
Ty is defined as yield stress in unit cynesjetl



Table fi.7 Effect of tesperature on viscosity for con
of -75 micronsiBn Ru coal and heawy fuel
oil at various coal concentrations” (WX),

speed 30 rpu ad 40°c
_ Dial reading
Height
percent Tesperature ( Q

coal In
oon | . & n .9

N
—
—
[N"]

8.
5

COTTITT RO
SO

w

>

[N)

N

IO 1=
RO
OO LI N
i— oo on
ORI ===

et ] =)
O P>
—

N

Value in () is nuiber of used spindle

Table fi.B~ Effect of oil o viscosity for oon
of -75 sicrons Ban Ru coal and fuel oil
at various coal concentrations (xtX),
speed 30 rps ad 40 °c

_ Dial reading
Height _
percent Type of oil
coal in
o L HQ

0 14.1(2 21(2
10 18(2 36.2(2
X 24(2 4312
J 4152 205(3
iy 22,1(2 135(4
G| 25.3(2 94.3(4

Value in () is nusber of used spindle



Table ft9 Effect ef particle size distribution
iy wscosﬂfy for @ of Bn Ru coal
ad heawy fuel oil at various coal

g)lrj]cgtratlons (WeX), speed 30 rpt

°C

_ Dial reading
Height A
percent  Particle sice distribution(icrons)
coal in

@H -1 >0 90106
10 3622 3242) 2682
| 312) 4292 3922
J 205(3) 172Q) 14103
4 135(3 45 32.3(3
9 04.3(4)  438(4) 18804

Value in () is nuther of used spindle
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APPENDIX B

SAMPLE  OF CALCULATION

1. Calculation of weight percent coal in COM

In this work , coal concentration in COM varies 10-50 wtx
based on total COM weight.
Example. COM composed of -75 microns Ban Pu coal and HFO.
at 10 wtx coal; The ratio of coal to fuel oil is 1 ;9
where the amount of used coal () ;

= ratio of coal in COM * weight of fuel oil
ratio of fuel oil in COM

s0, at 250 g of HFO ; = 1* 250 =2778 ¢
g

2. Calculation of shear stress, T

For Brookfield LV Model viscometer :
Calibration Spring Torque = 673.7  dyne-cm (Full scale)
and T, dynes/em2 = 5 * Spring Torque * dial reading
100
5* 673,7 * dial reading
100
Example. COM composed of -75 microns Ban Pu coal and HFO at 0.3 rpm
and dial reading =05

T - 5%673.7*05 = 1684 dynesicm?
100
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3. Calculation of shear rate, r

Sikdar, .. K., and Fernando Ore (24) give equations to
calculate shear rate
r, ls = KI* STl
where STI is shear thinning index and equal to the slope
of the plot of the fog(rpm) against the log of Brookfield dial
reading.
STl = d In(rpm)
d In(dial reading)
KL = 3.1416 # rpm/15
Example. 10 wi% COM composed of -75 microns Ban Pu coal and HFO
at 0.3 , 0.6 rpm , dial reading =05, 0,9 ,respectively,

STl = In0.6 - In03 =118
In 0.9 - In 0.5
KL~ = 3.1416 * 0.3/15 =10.0628
at 0.3 rpm r = 0.0628 * 1.18 = 0.0741 L

4, Calculation of viscosity

For Brookfield LV Model viscometer
viscosity (centipoise) = dial reading * factor
Example. COM composed of -75 microns Ban Pu coal and HFO at 40 °c
10 wt% coal use #2 spindle at 30 rpm
S0, viscosity = 362 %10 = 362 op

5. Calculation of density and specific volume

Density is measured from pycnometer
Density glce = Weight of sample in pycnometer
pycnometer volume
pycnometer volume = Weight of water in pycnometer
Density of water
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Specific volume, cclg = 1/ density
Example.  COM composed of -75 microns Ban Pu coal and HFO at 10
wt% coal weight of sample in pycnometer = 94732 g
10 ml of pycnometer volume = 9.8556 «c¢
Density. = 9.4732 [ 9.8556 = 0,9612 glcc
Specific volume = 1/ 0.9612 10404 cclg

6. Calculation of weight percent coal at bottom of sedimentation
column

The equations for converted specific volume to wi% coal
are shown in Table 4.13,
Example.  COM composed of -75 microns Ban Pu coal and HFO at 10 wi%
specific volume = 0.8924 cclg
Spv = -0.00389(wt% coal) + 1.075414
S0, w c0al = 0.8924 - 1075414 = 47.05
-0.00389

7. Calculation of weight percent additive used for sedimentation

Example. Given total weight of COM = 300 g
at 3 wit% additive
s0, amount of used additive =300 *0.03 = 9 ¢

§. Calculation of sedimentation ratio, SR

SR = wi% coal from bottom sampling (with additive)
wt% coal from bottom sampling (with no additive)
Example.  COM composed of -75 microns Ban Pu coal and LFO at 25
v coal and 50 °c.

wt% c-oal from bottom for COM = 4947
w coal from bottom for COM with Ethomeen C-20 = 29,93
SR = 29093 [ 4947 = (.61
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APPENDIX ¢

FUEL OIL

Table ¢.| Properties of light fuel oil

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

Specification Typical

Min Max Inspection
.Gravity, APl & 15 C 5 - 22*1
Gravity, Specific e 15.6/156 ¢ - 0.985 0.9176
F-lash Point, ¢ (PMCC) 66 - over 70
Pour Point, ¢ - 24 24 max
Sulphur, mass~ - 3.0 1.29
Viscosity @50 ¢, cSt ‘ 80 80 max
Ash, ESSU ¥ 0.07 0. 01
Carbon Residue, mass* : - 3.08
Water and Sediment, vols; - 1.0 0.1
Sediment by Extraction, massi; - 0.15 0.010
Color, ASTM 0 - over 8.0
Gross Heat of Combustion, callg I_10,000 - 10,542

Remark  The typlcal inspection value shown here are representative of
current production. AIl may vary within the modest range.

Esso Standard Thailand Ltd
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Table C.2 Properties of heavy fuel oil

ESSO HEAWY FUEL OIL

( FO NO. 6 )

Specification Typical

Min Max Inspection
Gravity, API § 15 ¢ - - 19.0
Gravity, Specific 0 15.6/15.6 ¢ - 0.995 0.9402
Flash Point, ¢ (PMCC) 66 - over 70
Tour Point, ¢ 30 30 max
Sulphur, mass* \ 3.5 1.98
Viscosity 0 50 ¢, cSt ; 280 280 max
Ash, mass* - 0.10 0.02
Carbon Residue, mass* - - 5.20
Water and Sediment, vol* - 1.50 0.5
Sediment by Extraction, mass* - 0.25 0.015
Gross Heat of Combustion, cal/lg 9,900 - 10,311

Remark  The t Pical instpection value shown .here are redpresentative of
current production. All may vary within the modest range.

Esso Standard Thailand Ltd.



APPENDIX D

ANALYTICAL METHODS

1. Moisture in the analysis’sample of coal. ASIM D 3173

Procedure
- Heat the empty capsules for 15 to 30 min. and weigh.
Put the SBmple approximately 1g. 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 |
A= grams of sample used
B = grams of sample after heating

2. Ash in the analysis sample of coal. ASIM 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
A = weight of crucible, cover and ash residue, g.
B = weight of empty crucible and cover, g.
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¢ = weight of analysis sample used, g.
3. Volatile matter in the analysis sample of coal. ASIM D 3175

Procedure
- Weigh 1g. of the sample in a weighed nickle crucible,
close with a cover.
- Heat it at 600 +50 °c in 6 min., then heat at 950 1 20 °c
in 6 min.
- Remove the crucible from the furnace, cool and weigh.
Calculation
Volatile matter in analysis sample, %= C(A-B)JAD * 100 - D
Where 1
A = weight of sample used, ¢.
B = weight of sample after heating, g.
D = moisture, X

4, Fixed carbon in the analysis sample of coal.

Calculation
Fixed carbon in analysis sample, X= 100 - (moisture, X) - (Ash, X
- (volatile, X)
Pour point of petroleum oils. ASIMD 97
Procedure

Pour the oil into the test jar to the level mark.
Close the test jar tightly by the cork and adjust
the position of the cork and the thermometer so the cork
fits tightly.

- The thermometer bulb is immersed below the surface of the
0i13mm
Insert the test jar in the jacket.
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- Maintain the temperature of the cooling bath at 30 to
3 °F (-1 to +2 °C)
If the oil in the test jar does not flow when the jar is
tilted, hold the test jar in a horizontal for 5.0 , record
the temperature.

6. Sulfur in petroleum product. ASIMD 129

Procedure

- Cut a piece of firing wire 100 mm in length.

- Arrange the coil above and to one side of the sample cup.

- Place about 5 ml.of Na2G3B (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 coil,

- Admit oxygen slowly until a pressure is reached 27-29 atm.
Immerse the bomb in a cold distilled-water bath and close
the circuit to ignite the sample,

- Release the pressure at a slow, uniform rate.

Rinse the bomb, the oil cup with distilled water, add
10 ml.of saturated bromine water to the washing.

Adjust the heat to maintain slow boiling and add 10 ml.
of aBaCl2 solution (85¢/l), stir the solution during
the addition.

- Place it to cool for 1h. before filtering with an
ashless, quantitative filter 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 + p = gram of BaSO" obtain from sample
B = gram of BaSO" obtain from blank
= gram of sample used



7. Gross calorific value of coal and oil by the adiabatic bomh
calorimeter. ASTM D 2015

7.1 Determine the energy equivalent of the calorimeter.
Procedure

- Weigh the pellets of benzoic acid to the nearest
0.0001 g. in the sample holder.

- Add 1.0 ml of water to the bomn.

- Connect a 10 cm. of ignition wire to contact with
the sample.

- Charge bob with oxygen to a consistent pressure
between 20 - 30 atm.

- Fill the calorimeter vessel (bucket) with 2000 m of
25 °c water,

- Allow 5 min for attainment of equilibrium. Record the
initial temperature and ignite the charge.

- Read temperature at 1 min intervals until the same
temperature and record this as the final temperature.
Wesh the interior of the bonb with distilled water,
and titrate the washing with standard  Sodium
Carbonate solution (0.0709 N
Measure the combined pieces of unburned ignition wire.

7.2 Determine the gross calorific value of coal.
Procedure
- Weigh approximately 1¢. of coal sample into the
sample holder.
Meke 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

Procedure
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Collect the washing solution after titrate with sodium
carbonate solution boil it and filtering with a
filter paper no.l.

Add Bromine solution 1.0 ml and HCL (1 9) 10 ml
Boiling it slowly and add 10 ml of a BaCl2 solution
c100g/l), stir the solution during the addition.
Stand it to cool for 2 hr. and filtering with an
ashless filter paper.

Put the paper and precipitate to weighed crucible and
ignite at 925 °c for 3 h.

Place it to cool in desiccator and weigh.

Calculation
Energy eqivalent :
E =cH() ted +e2 [t — (1)
Gross Calorific Value
Q =ct(E) - el -e2-e33/¢g e 2)
Sulfur content
% = 13738 (A-B)l g e (3)

where E = calorimeter energy equivalent , call °c
H = heat of combustion of benzoic acid 1 2404 callg

Q =gross calorific value
t = corrected temperature rise
el = correction for the heat of formation of HNGa , cal

= (10.0709 N) (ml Na2003)
e2 = correction for the heat of combustion of ignition
wire, cal
= (2.3 ) X (length of used ignition wire)
correction of difference hetween heat of formation
H2504 , cal
14 X (3 sulfurn)
gram of sample
A = gram of BaSO™ obtain from sample
B = gram of BaSO" obtain from blank

€S



B = grBm of BaSO" obtain from blank,
C = gram of sample.

9. Brookfield viscometer operation.

Procedure

Attach spindle to lower shaft. It is best to [lift the
shaft slightly while it is held firmly with one hand
while screwing the spindle on with the other.

Insert spindle in the test material until the fluid's
level is at the immersion groove cut in the spindle's
shaft.

Level the Viscometer.

Depress the clutch and turn on the Viscometer's motor:
following the procedure of having the clutch depressed at
this point will prevent unnecessary wear. Release the
clutch and allow the dial to rotate until the pointer
stabilizes at a fixed position on the dial.

Depress the clutch and read dial .

The interpretation of results are used these equations:

viscosity in centipoise(mPa.s) = dial reading*faction finder

shear stress(dynes/cm2) =5 * 673.7 * dial reading/100
for LV model ;Spring torque = 673.7 dyne-cm (full scale)
shear rate (1/9) = KI*STI

where 5 KL =3.1416* rpm/15

STl =d In(rpm)/d In(dial reading)
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8, Total Sulfur in the analysis sample of coal» ASTM D 3177
(Eschka Method)

Procedure
Weigh approximately 1 g. of coal sample and 3 g. of Eschka
mixture in crucible, mix throughly and cover with 1 g.
of Eschka mixture.
Place the crucible in a cold muffle and gradually raise
the temperature to 825 °c in 1 h. maintain this temperature
for 2 h.
Take the crucible from a furnace and digest the sample
in crucible with 100 ml of hot water for 1/2 h. into 250-ml
beaker, stirring occasionally.
Filter and wash the insoluble matter.
Treat the filtrate with HCl (179) to slightly acid and
just neutral to methyl orange with NaCOg solution, then
add 1 ml of HCL (1:9).
Boil again and add slowly 10 ml of BaClg (10%), stirring
occasionally.
Allow to stand for at least 2 h. or overnight.
Filter through an ashless filter paper and wash with hot
water until an AgNOg solution shows no precipitate with a
drop of the filtrate.
Place the wet filter containing the precipitate in a
weighed crucible.
Burn it with flame, then put into the furnace (at 925 °C)
for 3 h., cool in desiccator and weigh.
Blank correction by running a blank exactly as described
above, using the same amount of all reagents that were
employed in the regular determination.

Calculation

Total Sulfur content, %= (A-B)*13.738/C

where | A = gram of BaSO™ obtain from sample.
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