CHAPTER 4

EXPERIMENTAL RESULTS A\D DISCUSSIONS

4.1 Properties of coal, fuel oil and coal-oil mixture

4.1.1 Properties of coal and fuel oil
Typical analysis of coal and oil are given in Table 4.1.
Two types of fuel oil  heavy fuel oil and light fuel oil and
three types of coal : Ban Pu, Nong Ya Plong and Mae Moh coal were
used in this work. Three types of coal can be classified into two
ranks ~ Nong Ya Plong coal is bituminous and Ban Pu and Mae Moh
coal are subbiturninous,

4.1.2 Properties of coal-oil mixture (COM)

Table 4.2 shows the properties for GOMof Ban Pu coal
and fuel oil such as pour point, wt% sulfur, wix ash and heating
value.  Figure 4.1 gives the dependence of pour point on coal
concentration. It was observed that the pour point of QM
decreased with increasing coal concentration. The pour point for
QM of heavy fuel oil was higher than QM of light fuel oil due to
its viscosity. It s interesting to note that the more coal
loading the less fluidity of COM

Figure 4.2 shows the variation of wtx ash of COM with
coal concentration. The wt% ash of COM increased with increasing
coal concentration because coal had higher wi% ash than fuel oil.
Therefore, wtx ash of QOM depended on coal loading. Figure 4.3
gives the dependence of heating value of QM on coal
concentration. It was found that the heating value of COM
decreased with increasing coal concentration because coal had
a specific energy per unit weight less than fuel oil.  For
example, at 50 wi%, the heating value for QM of LFO and HFO were
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0.72 and 0.74 times of LFO and HFO respectively.

In this part of study, pour point, wit% ash and heating
value were the function of coal concentration. These results gave
the basis to choose suitable coal concentration to obtain a
fluidity of QM with an optimum heating value to use as the
effective fuel. Therefore, this QM has less problem of ash
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accumulation which causes slagging, fouling and clinker in boiler.



Table 4.1 Coal and Fuel oil Rnalysis

Component Mae Moh

[Rroximate analysis(u>tY.) <Rir dried basis)

Moisture 14.3Q
Volatile matter 38.58
fish 12.07?
Fixed carbon 35.05
Total sulfur (dry basis) 3.59
Heating value (callg) 4527

Heating value CBTU/Ilb) (Moist, MM-free) 9462
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Table 4.2 Properties_for coal-oil mixture of fuel
oil ‘and -75 microns Ban Pu coal at
various coal concentrations (wt%).

wt% coal Pourgoint Ash Sulfur Heating value
in COM (°C) (WtX) (wt% ) (cally)
Heavy fuel oil
H%O 28.0' 0.07 2.01 10221
10 29.0; 0.85 2.05 9993
20 31.0 1.62 1 2.03 0344
30 32.0 2.3 2.02 8775
4( 33.0: 3.18 1.99 8153
.50 . 35.0 3.98 2.01 1597
Light fuel oil
LFO 24.0 0.02 2.16 10616
10 28.0 0.17 1.97 10033
20 30.0 156 1.94 9401
30 31.5 2.39 1.82 88504
4( 32.0 3.20 1.92 8294
50 34.0 3.96 2.02 1651

+ LFO+COAL

o HFO+COAL

I | 1 1

o] 20 40

) WEIGHT PERCENT CORL IN COM
Figure 4.1 Variation of pour point with coal concentration
for Ban Pu coal in different fuel oil types.
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Figure 4.2 Variation of weight percent ash with coa

concentration for ~ Ban Pu coal in different
fuel oil types.
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Figure 4.3 Variation of heating value with coal concentration
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4.2 Rheological property of COM

42,1 Effect of coal loading and shear rate on slurry-
rheology

Table 4.3, 4.4, 45 and 4.6  give the rheological
properties; shear stress versus shear rate for COM at 40 °c of -75
microns Ban Pu coal in LFO, Ban Pu coal in HFO, Mae Moh coal in
HFO and Nong Ya Plong coal in HFO respectively. The flow curves
of COM at various coal concentrations are shown in Figure 4.4,
(Ban Pu coal in LFO) and Figure 4.5, 4.6, 4.7 (Ban Pu coal, Mae
Moh coal in HFO and Nong Ya Plong coal in HFO). The rheograms are
linear and exhibit either Newtonian or Bingham plastic behavior,
The fuel oil is the lowest curve and actually shows Newtonian
behavior. From these figures, when the coal concentrdtion was
increased, the onset of a yield stress was apparent, i.e. for Ban
Pu coal in HFO, Ban Pu coal in LFO, Mae Moh coal in HFO and Nong
Ya Plong coal in HFO were 40 % 40 x, 20 x and 20 x respectively.
The linear relation. between shear stress and shear rate was
preserved and the Newtonian behavior shifted to the Bingham
plastic one. As coal concentration was increased, so do plastic
viscosity (rheogram slope) and yield stress (rheogram intercept)
increased (see Figure 4.4-4.7). The yield stress for 50 x COM of
Ban Pu coal in HFO, Ban Pu coal in LFO, Mae Moh coal in HFO and
Nong Ya Plong coal in HFO were 149.41, 169.91, 327.06 and 4165.84
dynesiem?2 respectively, while Papachristodoulou and Trass (3)
reported the yield stress value of 350 Pa (3500 dynesicm2) and
Munro et al. of 371 dynesicm?2,

The physical explanation of Bingham plastic behavior
is that a network was formed inside the fluid as a result of
interparticle forces, and an external stress equivalent to the
yield stress had to be applied for the network to be destroyed
and the flow to occur. In these cases the generalised Bingham
model has been to fit well.
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Figure 4.4 Rheogram of Ban Pu coal in light fuel oil; various
coal concentrations, 40 °c.
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Figure 4.5 Rheogram of Ban Pu coal in heavy fuel oil; various
coal concentrations, 40 °c.
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Figure 4.6 Rheogram of Mae Moh coal in heavy fuel oil; various
coal concentrations, 40 °c.
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Figure 4.7 Rheogram of Nong Ya Plong coal in heavy fuel oil;
various coal concentrations, 40 °c.



4.2.2 Effect of coal types on slurry rheology

The dependence of yield stress (rheogram intercept) and
plastic viscosity (rheogram slope) on coal concentration for
various coal types  Ban Pu, Mae Moh and Nong Ya Plong coal in
HFO are presented in Table 4.7. Figure 4.8 and 4.9 show that
yield stress of the slurries increases with increasing coal
concentration. The relationships between yield stress and wtf
coal for different coals are of exponential form as given in Table
4.8, The parameters of the equation depend on the type of coal
and fuel oils,

Figure 4.10 and 4.11 show the flow curves of Mae Moh,
Nong Ya Plong and Ban Pu coal in HFO for 30 wi% and 50 wi% COM
respectively. COM of Bituminous coal (Nong Ya Plong) showed higher
plastic viscosity and yield stress than COM of subbituminous coal
(Ban Pu and Mae Moh) at the coal concentration range tested (See
Figure 411 and Table 4.7). It is important to note that
1) different coal types gave the different rheological properties;
plastic viscosity and yield stress. 2) the plastic viscosity of
COM increased steadily from 10 to 40 « coal concentrdtion and
dramatically to a very high value at 50 wt% coal, e.g. plastic
viscosity of COM of Ban Pu coal in HFO of 9945 cp was 68 times of
HFO viscosity.

4.2.3 Effect of fuel oil types on slurry rheology

The dependence of yield stress on coal concentration
for Ban Pu coal in light fuel oil and heavy fuel oil is presented
in Table 4.7. Figure 4.8 shows the dependence of yield stress
of the slurries on coal loading and give same exponential
equation for COM of Ban Pu coal in LFO and HFO (see Table 4.8).
Figure 4.12 shows flow curves of COM of Ban Pu coal in light fuel
oil and heavy fuel oil at 50 wt% and 40 °c. The COM of heavy fuel
showed higher plastic viscosity than COM of light fuel oil but
the yield stress for COM of HFO and LFO were almost the same. It
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Is important to note that 1) the rheological properties such as;
plastic viscosity increased with increasing fuel oil viscosity
(see Table 4,7). 2) the vyield stress of COM do not depend on
fuel oil viscosity.

In-comparison with other works, it could be summarized
as follows:

Rheological behavior of COM
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Authors Coal Suspending — Onset of Flow model  Tymmj
liquid non-Newtonian ['dynes’

behavior 1 cm2

Gradishar et al. Bituminous Fuel oil 28 vol% Bingham plastic —

Papachristodou- Bituminous 1 Fuel oil 30 % Bingham plastic
lou and Trass
Munro et al. ubbiturninous  Fuel oil 30 vol.« Bingham plastic

Somnuk

Subbituminous B Fuel oil 40 wt.% Bingham plastic
Subbituminous ¢ Fuel oil 20 wt.% Bingham plastic
Bituminous Fuel oil 20 wt.% Bingham plastic

It was also found thab the various properties and types
of coal and fuel oil gave the difference in COM formulation and
properties.  All COM showed non-Newtonian behavior, Bingham
plastic  but gave the difference in the onset value of
non-Newtonian behavior and maximum yield stress.

3500

371
149
321
4166
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Table *1.7 Effect of weight percent coal in COM on gield stress at 10 °¢c
Height percent coal in COM
|
CcoM 0 10 20 30 10 50
Viold stress, Ty Cdynes/cnl?
Ban Pu coal t HFO 2.23 12.01 16.58 10.26 52.17 119.11
Ban Pu coal + LFO 1.88 1.17 9.06 16.93 57.26 169.91
Itae Moh coal + HFO 2.23 26.70 61.12 66.58 193.19 327.06
Hong Va Plong coal f HFO 2.23 21.93 56.02 83.58 788.87 1165.81
Plastic viscosity Ccentipoise)
Ban Pu coal + HFO 111.98 178.30 207.86 371.05 1351.13 9915.18
Ban Pu coal LFO 66.01 89.62 107.69 185.60 101.31 2399.55
[tae Moh coal + HFO 111.98 215.10 383.39 550.96 1823.96 6762.21
Kong Va Plong coal + HFO 111.98 179.0 252.19 518.51 1321.60 18686.78
and Ty are slope and intercept of rhoogran, deternined by linear regression of
rheological data of fable 1.3, 1.1 , 1.5 and 1.6.
Table 4.8 The relations between yield stress and weight percent coal
in COM at 40 °c.
CoM Formula Ra
Cl.24-51 + 0751 X v.itx coall
Ban Pu coal + HFO Ty = ¢ 0.9466
Cl.22 0 + 0.0699 X wts jsoa.l
Ban Pu coal + LFO Ty = ¢ : ) 0.9215
m c1.7000 + 0.00Q4 X coil
Mae Moh coal + HFO Ty = e ¢ ) 0.8772
cl. 700 + o.iaas X vtx coil
Nong Ya Plong coal + HFO Ty = ¢ ) 0.9643
Ty is defined as yield stress in unit dynes/icma
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Figure 4.9 Dependence of yield stress on coal concentration;

various coal types, heavy fuel oil and 40 °c.
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4.3 Apparent, viscosity of COM

4.3.1 Effect of temperature on viscosity of COM

The results of the effect of temperature on the
viscosity of COM at various coal concentration are presented in
Table 4.9. Figure 4.14 shows the variation of viscosity with coal
concentration at various temperatures. It was found that the COM
viscosity increased with coal concentration and decreased with
temperature in the same manner as the base oil. For example, at
20 wt% the viscosity of 80 °c was one-tenth of 40 °c. The
explanation is that a network was destroyed by heat due to
increasing temperature. Therefore, the temperature of 40 °c  was
recommended to use for storage while temperature of 70 °c was used
for transportation of COM in pipeline or to the boiler.

4.3.2 Effect of fuel oil types on viscosity of COM

Table 4.10 shows the effect of fuel oil types on
viscosity of COM at various coal concentrations. Figure 4.15
gives the dependence of COM viscosity on coal concentrations for
both fuel oil types. It was found that the COM viscosity
increased with increasing coal concentration and increasing oil
viscosity. For example, at 40 wtx, the COM viscosity of HFO was
three times of LFO, It is interesting to note that the most
important factor in the viscosity build-up was the viscosity of
base oil (continuous phase) at the same temperature.

4.3.3 Effect of particle size distributions on viscosity

of COM
The results of the effect of PSD wviscosity of COM at
various coal concentrations is presented in Table 4.11.  Figure
4.15 shows the variation of viscosity wtth coal concentration at
various particle size distributions. It was found that the
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viscosity increased with increasing coal concentration and
decreasing average particle size. For example, at 40 wtx the COM
viscosity of -75 microns was about two times of 90 - 106 microns
powdered coal. Therefore, the higher viscosity of COM was due to
the finer particle size,

In this part of study, temperature, fuel oil types and
PSD affected the COMviscosity. The increasing COM viscosity
was caused by decreasing PSD, decreasing temperature  and
increasing fuel oil viscosity. The fineness coal particles and
high fuel oil viscosity, which increased COMviscosity, reduced
the rheological property but improved COM stability and reduced
additive consumption. In this case, the fineness PSD and high
fuel oil viscosity decreased the settling rate of coal particles
(COM stability and additive study in section 4.4). When high fuel
oil viscosity such as HFO which was cheaper than LFO and fineness
PSD which gave high cost in size reduction, were used, method to
improve rheological properties was to increase temperature,

For most COM, the high coal concentration was required.
Usually, major COM plants used 30-50 wt% coal concentration in
HFO due to its properties, but the suitable coal size depended
on its optimum cost. The suitable COM formulation could be
achieved feasibility study.



VISCOSITY ¢ ¢cp

Table 4.9 Effect of temperature on viscosjty for COM
of -75 microns Ban Pu coal and heavy fuel
oil at varrous coal concentrations {wt%),
and speed 30 rpm:

. Viscosity(centipoise)
eight .

percent Temperature ( °C)

coal' in

COM 40 50 60 10 80

210 126 60 31 25
TR 1, 0 0§ § i
20 431 214 135 70 44
Y | N | AR BT ST
50 18860 1740 4700 2240 1564

1 1 ] i
J ] [
Q ia 2Q aa 4Q

WEIGHT PERCENT COAL IN COM:

Figure 4.13 Viscosity as a function of coal concentration
for Ban Pu coal and heavy fuel oil; various
temperatures,
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Table 4.10

ViscosityCcentipoise)

HFO

Type of oil

LFO
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ALISOJSIA

WEIGHT PERCENT COAL IN COM.

Figure 4.14 Viscosity as a function of coal concentration

for Ban Pu coal and different fuel oil types.
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Table 4.11 E ffect of Particle size distribution on
viscosity Tfor COM of Ban Pu and .heavy fuel
oil at various coal concentrations (wt%)
speed 30 rpm and 40 Oc

Viscosity(centipoise

\eight , , o y(. p. |

perﬁent Particle size distribution(microns)

coal in

COH -15 75-90 90-106

10 362 324 268
20 431 429 392
%8 §20 688 h64
4 2100 1800 1292
50 18860 8760 3760

2.8

2.6 —

2.2 -

X _ < 80~-106 microns i

1.8 — -+ 75—-20 miorons

dake=y 0  _75 rmicrons

1.4 —

1.2 =

0.4 1-

WEIGHT PERCENT CORL IN QOM

Figure 4.15 Viscosity as a function of coal concentration
for Ban Pu coal and heBvy fuel oil; various
particles size distributions.
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4.4 Stability of COM

4.4.1 Calibration of specific volume and weight
percent coal for COM

Table 4.12 presents the variation of specific volume
(Spv) of COM with wtx coal for Ban Pu, Mae Moh, and Nong Ya Plong
coal in HFO and Ban Pu coal in LFO. Specific volume is converted
from density. Figure 4.16 shows the different calibration curve
for different coal and oil types and gives linear dependence of
specific volume on wtx coal. The least-square fit for the data
gave the relations between specific volume and wtx coal as
presented in Table 4.13. These equations were used to convert
the specific volume to wi% coal for sedimentation experiment.

4.4.2 Effect of time on sedimentation

The results of effect of time on sedimentation for Ban
Pu coal in LFO with 3 wt% of additive are given in Table 4.14,
Figure 4.17 shows the change of wix of coal at bottom of
sedimentation column with time for COM with 3 X Ethomeen C-15 and
COM with 3 X Ethomeen C-20. It can be seen that at 50 °c
equilibrium sedimentation was attained in 24 hours. Certainly,
24 hours was optimum time to study the COM stability using various
additives.



SPEC'F'C VOLUME ¢ cc/g )

Table 4.12 Calibration

Weight Ban Pu
percent
«Dal in density Spv
COM (glcc) (cclg)
" HFO 0.9305 1.0747
ID 0.9612 1.0404
20 1.0044 0.9956
30 1.0449 0.9570
40 1.0917 0.9160
50 1.130B  0.B843
LFO 0.9269 1.07B9
10 0.9590 1.0427
20 0.9935 1.0065
30 1.0359 0.9653
40 1.0827 0.9236
50 1.1401 0.8771

Spv is defined as specific volume in unit
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oF specific volume and weight percent coa
for COM Of -75 microns coa

Nong Ya Plcng

and fuel oil
Mae Mch
density Spv density
(glee)  (cclg)  (glece)
0.9305 1.0747 0.9305
0.966B 1.0343  0.9739
0.9926 1.0075 1.0030
0.9946 1.0054 1.0571
1.009B  0.9903 1.0970
1.0974 0.9112 1.1336
(cclg)

Ban -Pu + LFO

o A
- ° Nong Ya Plong + HFOD
E - Mae Moh + HFD
_ o Bon Pu + HFD

I K| 1 T
o) 40

Figure 4.16

20
WEIGHT PERCENT CORL IN QOM

Specific volume of typical Coal-Oil Mixture



Table 4.13 The relations
coal in

COM

Ban Pu coal + HFO
Ban Pu coal + LFO
Bae Moh coal + HFO

Bong Ya Plong coal

COM

+ HFO

between specific

Spv
Spv
Spv
Spv

Spv is defined as specific volume

Expression

-0.00389Cwt/C coal)
—0.00402(wt/£ coal)
-0.00271 (¢ yy . coal)
-0.00388(wtx coal)

unit (cclg)

volume and weight percent

+ 1.075414
+ 1.002805
+ 1.071870
+1.070140

R2

0.9981
0.9977
0.0783
0.8931
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Table 4.14 Effect of time sedimentation for COM of -75 microns

Ban Pu coal in light fuel oil with 3 wtx additives,
I wt( coal concentrations at 50 °¢

CoM COM + Ethomeen C—15 COM + Ethomeen C-20
Time
(hr) Density wt/. Density wtv. Density utli
(gl/cc) (glcc) (glcc)
3 1.0355 29.16 1.0267 27.08 1.0245 26.56
8 1.0373 29.55 1.0272 27.21 1.0401 30.21
13 1.05B1 34.29 1.0565 33.92 1.0420 30.64
17 1.1294 49.13 1.0593 34.53 1.0452 31.36
21 1.1312 49.46 1.0666 36.15 1.0471 31.81
24 1.1311 49.45 1.0678 36.41 1.0452 31.36
30
45 —
= ©  COM+ETHOMEEN C—20
44 = + COM4ETHOMEEN C-—13
42 7 D COX
40 —
38 -
36 —
34 —
32 -
>0 =1
28 —
26 ?1 T T T T T T T T ~3 T T T
2 6 10 14 15 22 76 e
TIMEChr)

Figure 4.17 Yleight percent coal at bottom of column as a
function of time for 25 % COM Ban Pu coal in
light fuel oil measured with the sedimentation
column for different additives.



4.4.3  Effect of weight percent coal in COM on
sedimentation ratio

Table 415  shows the effect of wtx coal on
sedimentation ratio for various additives. From Figure 4.18, SR
value at equilibrium time of 24 h depended on wtx coal. It can be
seen that above 25 wtx Ban Pu coal in LFO and 30 wtx Ban Pu coal
in HFO, the SR value began to increase rapidly and it was
difficult to observe the differences in stabilizing effect hy
different additives. For 10-25 X coal in light fuel oil, SR of
COM with 3 X Ethomeen C-20 (0.54-0.64) was lower than SR of COM
with 3 X Triton X-400 (0.73-0.76), thus, Ethomeen c-20 was more
effective than Triton X-400.

Below 25 wtx coal in LFO and 30 wtx coal in HFO 1 the
curves of SR wvalue wversus wix coal were well separated for
different additives. Therefore, 25 wix coal in COM was suitable
concentration to study the COM stability using various additives,
It was also found that using 3 X Triton x-400, SR of 10-30 X coal
in HFO (0.64-0.67) was lower than SR of coal in LFO (0.73-0.84).

4.4.4 Effect of weight percent additive in  COM on
sedimentation ratio
The results of effect of wtx additive on the
sedimentation ratio for different additives are given in Table
415, Figure 4.19 shows the decrease of SR with increasing wtx
additive. From this figure, the effectiveness of different
additives in lowering the SR as a function of wix additive showed
a leveling off above 2 wtx additive for COM of coal in LFO and
above L wtx additive for COM of coal in HFO. The basis of
choosing 2 wtx and L wtx of additive were suitable for COM of
light fuel oil and heavy fuel oil respectively. It was also found
that using 1-2 X Triton x-400 SR of coal in HFO (0.63) was lower
than the SR of coal in LFO (0.78-0.83).

10



SEDIMENTRTION RRTIO

Table 4.15

Component

Light fuel

com + Triton X-400
COM + Ethomeen C-2Q
Heavg fuel oil

COM (no additive)
COM + Triton X-400

SR ; Sedimentation ratio

n

Effect of weight percent coal on sedimentation ratio
for COM of -75 microns Ban Pu coal and fuel oil
with 3 wtr. additives at 50 °c

Weight percent coal in COM

ID 20 25 30 40

0il
COM (no additive)

R I I T I
ST | S L NS Y +
4 “ . gg ;
N s | S L
& 31: Y § R

is defined as the ratio of the weight percent Df

coal from bottom sampling for a stabilized dispersion to the weight

percent of coal

under the same conditions for a dispersion with no

additive.
1
0.83 -
0.8 —
0.85 —
0.5 —
O..75 -
¢
0.7 — +  COM(LFQ) + Ethoezen C-20
- — ©  CON(HFD) + Triton X-400
0.65 ':/
D CON(LFD) + Triton X-400
0,6 —
0.33
0.3 T T T g T T T
i0 20 30 40 50
WEIGHT PERCENT CORL IN COM’
Figure 4.18 Sedimentation ratio as a function of weight

percent coal for Ban Pu coal in light fuel oil
and heavy fuel oil with two additive types.



12

Table 4.1S Effe é of weight percent additive on sedimefslation ratio for COM
of - mic%ns Ban Pu coal and fuel oil at wtx coal for Iighé .
fuel oil, wtx coal for heavy fuel oil, various additives at C

Weight percent additive in COM,.

Component
0.25 0.5 1 2 3
Light fuel oil
COM (no.additive) Wéh 49 .47 49.47 49 .47 49.47
- 1. DO 1.00 1.00 1.00
DOM + Triton X-400 wtr, - 43.75 40.92 38.53 37.66
SR - 0.88 0.83 0.78 0.76
COM + Ethomeen C-20 wtr. - 45.82 41.76 31.94 31.81
SR 0.93 0.84 0.65 0.64
Heavy fuel oil
COM (no additive) utx 51.42 51.42 51.42 51.42
SR 1.00 1.00 1.00 1.00
QM+ Triton X-400 wt7. 41,57 35.94 3263  32.27
SR 0.81 0.70 0.63 0.63

5C ;Sedimentation ratio is defined as the ratio ofthe weight percent of coal
from bottom sampling for a stabilized dispersion to the weight percent
of coal under the same conditions for a dispersion with no additive

1
&  CON(HFD) + Triten X-300

= . + CON(LFO) + Ethozeen C-20

0. o CON(LFO) + Triton 3-400
0.5‘5 -

0.8 —
0.75 —

0.7 —
0.65 — Y

0.6 T T T T T T T

o] 1 2 X 4

WEIGHT PERCENT ADDITIVE IN COM

Figure 4.19 Sedimentation ratio as a function of weight
percent additive for Ban Pu coal in light fuel
0il and heavy fuel oil with two additive types.
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445 Effect of additive types on sedimentation ratio

The fourteen avallabié anionic, cationic and nonionic
additives ( Table 3.3 ) were tested for their effect on COM
stabilization based on evaluating their sedimentation ratio
relative to an unstabilized COM. All results listed in Table 4,17
are for COM's composed of 25 wi% coal in LFO with 2 wt% additive,
The SR of 0.61-0.76 for the cationic additives was lower than
0.88-1.00 for the anionics or 0.77-0.84 for the nonionics. This
was explained by the flocculation and network formation occuring
during the subsidence and the formation of a loose network which
leaded to an open subsidence bed.  Despite the individual
differences in additives, the cationic additives as a class were
the most effective in retarding the accumulation of a dense bottom
sediment,

4.4.6 Effect of additive on sedimentation ratio of
different coal types and particle size distribution

Inthis work , cationic additives, Ethomeen C-20,
Ethomeen C-15 and Triton X-400 were used to study the effect of
additives on sedimentation ratio for COM composed of 30 wtx
different coal types in HFO with 1 wi% additive, the results are
presented in Table 4.18.  The SR for Nong Ya Plong coal
(bituminous) was 0.46-0.49 , which was lower than 0.49-0.63 for
Ban Pu coal (subbiturninous B) and 0.54-0.65 for Mae Moh coal
(subbiturninous C). It was found that for different coal types,
cationics were effective additives to improve COM stability.
For the larger particle size distribution, 106-150 microns,
additives were ineffective because the large particles could
settle rapidly due to gravitational forces which were greater
than interparticle forces. It is important to note that the
uniformity of the settled bed depended on the particle size
distribution, the rates of flocculation and the network formation
which depended upon the interparticle forces.
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Insummary, cationic additive, Ethomeen C-20 was the
most effective. SR of Ban Pu coal in LFO with 2 %Ethomeen C-20
was 0.61, SR of Ban Pu coal, Nong Ya Flong coal and Mae Moh coal
in HFO with 1 %Ethomeen ¢-20 were 0.49, 0,46 and 0.54 respectively.

Rowell et al. (15) investigated the effectiveness
additives for COM composed of bituminous coal in # 6 fuel oil by
using sedimentation column at 50 °c. It was found that 24 hours
was equilibrium time, 25 wit% was suitable coal concentration and
0.25 wi% was optimum additive. They also found that cationic
stabilizers were the most effectiveness additives and
Ethomeen C-20 was the most effectiveness additive which gave the
lowest SR (0.58). Therefore, our results of COM stability study
of Ban Pu, Nong Ya Plong and Mae Moh coal in HFO agreed very well
with Rowell et al.



Table 4.17 Effect of additives (stabilizing agents) on sedimentation
ratio for COM of -75 microns Ban Pu coal %dolight fuel
oil at 25 wtx coal with 2 7. additives at C

wtx coal
Component SR
Bottom

COM (no additive) 49.47 1.00
COM + Rnionic stabilizers

COM + Span 60 43.42 0.88
COM + Span 40 47.45 0.96
COM + firlacel 83 47.43 0.96
COM + Rrlacel 20 49.29 1.00
COM + Cationic stabilizers

COM + Ethomeen C-20Q 29.93 0.61
COM + Ethomeen C-15 35.34 0.71
COM + Triton X-400 37.65 0.76
COM + Nonionic stabilizers

COM + Brij 78 37.87 0.77
COM + Brij 76 41.47 0.84
COM + Brij 56 39.72 0.80
COM + Tween 40 40.78 0.82
COM + Tween 20 40.80 0.82
COM + Surfonic N-95 40.80 0.82
COM + Igepal CO-610 41.05 0.83

SR :Sedimentation ratio is the ratio of the weight percent of coal
from bottom sampling for a stabilized dispersion to the weight
percent of coal under the same conditions with no additive
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Table 4.18 Effect of additivesCstabilizing agents) on sedimentation
ratio for COM of coal in heavy fuel oil at 30 utv.coal with
1 utv. additives, various coal types, coal sizes at 50 bec

utv. coal
Component SR
Bottom
—75 microns Ban Pu coal
COM (no additive) 51.42 1.00
COM + Ethomeen C-20 25.19 0.49
COM + Ethomeen C-15 31.72 0.62
COM + Triton X-400 32.26 0.63
—5 microns Nong Ya Plong coal
COM (no additive) 47.B9 1.00
COM + Ethomeen C-20 21.94 0.46
%\\A/F Ethomeen C-15 22.58B 0.47
+ Triton X-400 23.65 0.49
—5 microns Mae Moh coal
COM (no additive) 57.36 1.00
COM + Ethomeen C-20 30.66 0.54
COM + Ethomeen C-15 36.54 0.64
COM + Triton X-400 37.51 0.65
106-150 microns Ban Pu coal
COM (no additive) 48.48 1.00
%%l\\/l/f Ethomeen C6 46.05 0.95
+ Triton X-40 47.09 0.97

33 ; Sedimentation ratio is defined as the ratio of the weight percent
of coal from bottom sampling for a stabilized dispersion to the
weight percent of coal under the same conditions for a dispersion
with no additive



4.5 Thermal analysis

Thermogravimetric analysis (TGA) was used in this work to
study the combustion phenomena of COM compared with coal and fuel
oil.  For a burning profile, Derivative Thermogravimetry (DTG)
yielded a plot of the rate of weight loss as the sample burns in
air against crucible temperature, while the furnace was heated at
15 Kimin starting from room temperature and an air flowrate of
90 ml/min,

451 Thermal analysis of HFQ, Ban Pu coal and LFO

Thermogravimetric (TG) curves for Ban Pu coal, HFO and
LFO showed the weight loss of the sample burnes (Figure 4.20).
The burning profile from a DTG curve for Ban Pu coal, HFO and LFO
are showed in Figure 4.21. For Ban Pu coal, the first peak at
around 100 °c was due to the loss of inherent moisture and was
not normally included in the burning profile characterization.
The magnitude content of this response was, of course, dependent
on the inherent moisture content of the sample. The main
characteristic point was around 400 °c which indicated that the
rate  of weight loss was at a maximum, also called the peak
temperature, and was the parameter used chiefly in the assesment
of a coal combustibility,

For HFO and LFO, the burning profile curves displayed
more major burning peaks (3-4 peaks) which are due to their
compositions and showed a high peak temperature of around
280-290 °c. The peak temperature showed at lower temperature
than coal because fuel oil was more reactive and combustible than
coal.

1



VIBGHT LOSS, TG (mg)

1 VG toss, DIG (mg)

200 400 €00
c
TEMPERATVRE ( )

Figure 4.20 TG curve for HFO, Ban Pu coal and LFO.
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Figure 4.21' Burning profile of HQ Ban Pu coal end LFO
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4.5.2 Thermal analysis of QM

Figure 4.22 and 4.24 show TG curves for Ban Pu coal, fuel
oil and 50 wtX COM  Figure 4.26 and 4.28 show.TG curves for COM
at 10 X, 20 X, 30 X, 40 X, and 50 X coal in HFO.  Figure 4.30
and  4.32 show TG curves for COMat 10 X, 20 X, 30 X, 40% and 50 X
coal in LFO.

From Figure 4.23 and 4.25, it can be seen that the
burning profile curve of 50 X GOM had two main peak temperatures
while fuel oil and coal had one main peak temperature.  The
first main peak temperature around 290-290 °c and 400-440 ¢ for
the second peak were related to that of combustion of fuel oil and
coal in QM respectively.

Figure 4.27 and 4.31 show burning profile curves for QM
at low coal concentrations (0-20 wtX) which are similar to those
of fuel oil and have a peak temperature around 260-290 °c.  For
QM at higher coal concentrations (30-50 wtX), the- burning
profile curves showed two main peak temperatures around 260-290 ‘¢
and 400-440 °¢ and were related to the peak temperature of fuel
oil (260-290 °C) and coal (400-440 °C) as shown in Figure 4.29
and 4.33. The explanation was that GOM went through two stages of
losing the maximum weight, the first occured due to the combustion
of the gas phase of fuel oil in COM and continued the coal
combustion when it reached ignition coal temperature in the
second stage.  After complete combustion, ash was left. It s
important  to note that the combustion stages for QOOM were
classified into two stages, a gas phase and a solid phase
combustion.
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Figure 4.22 TG curve for HO Ban Pu coal and GMcomposed of 50
Wtx Ban Pu coal in HFO
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Figure 4.23 Burning profile of HQ Ban Pu coal and (M composed
of 50 wtx Ean Pu coal in HQ
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Figure 4.24 TG curve for .LFO, Ban Pu coal and CGOM composed of 50
wtd Ean Pu coal in LFO.
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Figure 4,25 Burning profile of LFQ Ean Pu coal and GOM composed
of 50 wix Ban Pu coal in LFO
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Figure 4.26 TG curve for HFO and COM composed of 10 and 20 wt%

Ban Pu coal in HFO.
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Figure 4.27 Burning profile of HOand GMcomposed of 10 and 20

W% Ban Pu coal in HQ
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Figure 4.2B TG curve for COM composed of 30, 40 and 50 wtx Ban
Pu coal in HFO.
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Figure 4.29 Burning profile of COM composed of 30, 40 End 50 wt%
Ban Pu cool in HFO.
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Figure 4/30 TG curve for LFO and GGM compoosed of 10 and 20 wt%
Ban Pu coal in LFO.
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Figure 431 Burning profile of LFO and GMcomposed of 10 and 20
W% Ban Pu coal in LFQ
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Figure 4.32 TG curve for COM composed of 30, 40 and 50 wtx Ban
Pu coal in LFO.
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Figure 4.33 Burning profile of @Mcomposed of 30, 40 and 50 W%
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