Chapter IV

EXPERIMENTAL RESULTS

4.1 Determination of Shape Factor and Density of Oil Shale

Particles

Table 4.1 shows the relation of_the nitrogen veloci-

: 980 AP d
ty (Uo) and the derived formula of (T§U shgm . P Ki was

: m u
obtained by plotting, as shown in Fig. 4.1.

These Ki values of 1.140, 1.049 and 0.986 were calcu-

lated in terms of (1/KiL2)1/3 as tabulated in Table 4.2.

m
1/a

Then (l/KiL;) was plotted against the reciprocal of the

height of bed (% ), as shown in Fig. 4.2. From the auxve,

m
intercept a and slope b values are 0.45 and 0.90, respective-
ly. The results led to the determination of the shape factor

and density of oil shale particles as follows :

From Eq. 3.6, o = a;5 b
- (0.45)!5 . 0.90 = 0.604
and from Eq. 8.7,ps= % . g

. 0.45 . 100 - 3
O ey T A e e
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Table 4.1 The Relationship between Uo and (T§3 . f; .]J)
in Determining Ki
W = 100.00 gm.
d = 0,031 om. (Appendix B.1)
U= 1,76'x 10”4 poise at 30°C From Perry et al (23)
S = 20.276 cm%
2
U AP 980 AP @
Run No. o : 2, L iso0 " T * P
(cm/sec) fgm/em’) - Lm U
(cm)
8.23 1.74 9.07
6.08 3+31 6.83
1l 5.70
3.93 0.84 4,38
1.87 0.41 2.14
8.23 1.60 8.13
6.08 1.20 6.10
2 5:+85
3.93 0.78 3.96
1.87 0.39 1.98
8.23 15 7,54
6.08 Tel2 5.60
3 5.95
'3.93 0473 3.65

1.87 0.37 1.85
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v for Lp= 5.70cm
t for Ly= 5.85 cm
s for ly™ 5.95 cm

FIG. 4.1— DETERMINATION OF K; IN EQ(3-4) FROM TABLE4.1
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Table 4.2 The Relationship between Ki ‘and L in Deter-

mining ¢ and Pg

Run ﬁo. Ky L. (1/KiL12rl) 1/3 'IT]I;—
(cm) :

1 1.140 '5.70 10.300 0.175

2 1.049 5 852 - 0.304 0.171

3 0.986 hes _ 0.306 0.168

The bulk dénsity of oil shale as experimented by water
displacement method (10) was 2.30 gm/cm3, which is close to
the density of oil shale particles. This indicates that shale
particle size has small effect on its density.

The values of the shape factor and oil shale particle

density then were used in retort design (Appendix A).

4.2 Determination of the Actual Minimum Fluidizing Velocity.

. Table 4.3 shows the data of the actual minumum fluidi-
zing velocity in raw shale bed. The mean particle sizes of
0.715, 0.576, and 0.249 mm were réferred to as sample 1, 2,
and 3, respectively (Appendix B.l). When the pressure drop
was plotted against the nitrogen velocity in the log-log pa-

per, the acttal minimum fluidizing velocity of sample 1, 2,
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FIG.4.2- DETERMINATION OF & &P IN €EQ.(3-6) & EQ.(3-7)

FROM TABLE 4.2
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and 3 were 36.00, 20.56, and 9.80 cm/sec., as shown in Fig.
4.3, 4.4, and 4.5, respectively. These minimum fluidizing
velocities of each particle size were applied in fluidized
bed retorting.

When spent shale particles, obtained from oil shale
retorting at 550%C, were used instead of raw shale, the data
of the actual minimum fluidizing velocities were tabulated
in Table 4.4. For spent shale of the mean particle size of
0.680, 0.542, and 0.214 mm referred to as sample 1, 2, and
3, the velocities were 26.70, 14.16, and 7.15 cm/sec, res-
pectively (Fig. 4.3 to 4.5). Thus the value of minimum
fluidizing velocity of spent shale particles is lower than
that of the raw shale by approximately 70% of minimum fluidi-
zing velocity of raw shale. Besides, all the curves of
spent shale shows that, when spent shale was operatdad at mi-
nimum fluidizing velocity for raw shale, there was no elu-

triation of the spent shale particles.



Table 4.3 Determination of Umf

for Raw Shale Particles
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Run Sample W ab Uo BE Lm
No. No. (gm) (mm) .(cm/sec). (mm.Hzo) (cm)
0 0 5.80

g 7 7 2.5 5.80

3.93 4.4 5.80

6.08 6.9 5.80

10.47 13.3 5.80

15,37 20.0 5. 80

23.37 29.0 5.80

1 1 100.00 0.715 29.44 35.0 5.80
34.57 36.5 5.82

35.96 37.0 5.86

39.71 3%.5 6.06

45.00 33.5 6.65

50.10 '38.5 7.20

59.98 39.0 8.50

0 0 5.70

11687 Sk 5.70

3.93 8.0 5.70

6.08 12.0 5.70

8.23 16.0 5.70

2 2 100.00 0.576 10.47 20.0 5.70




Table 4.3 (contimued)

Run Sample W | a.p Uo 4.7
No. No. (gm) (mm) (cm/sec) (mm.HZO)

(2) (2) (100.00) (0.576) 12.90 24.5

| 15.37 29.5

17.85 320

20.56 35.8

23.37 34.8

26.17 3550

'29.44 35.90

a2 .72 35.5

34.57 35.8

0 0

1:87 8.2

6.08 26.0

7.16 310

§:.23 32.5

3 3 100.00  0.249 e gy

10.47 33.5

12.90 335 7

15,38 34.5

20.56 36.0

26.17 375

Note : Experiment at Room Temperature about 30°C.
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Table 4.4 Determination of Umf for Spent Shale Particles
Bin Saksle W : ab U, AP L. e
e No. (gm)  (mm) (cm/sec) (mm.H,0) (cm) == o% "
0 0 5.49 Spent
1.87 2.23 5.49 Shale
3.93 4.30 5.49 of 100-
6.08 6.50 5.49 gm Raw
10.47 11.70 5.49 Shale
¥5:.37 16.60 5.49 Sample
3837 26.50 5.5 No-1
1 1 77.24 0.680 26.17 28.00 5.53 '
29.44 27.80 5.57
34.57 28.05 5.70
37.81 28.30 6.20
39.71 28.50 815
50.10 29.50 8.45
59.98 30.50 8.90
0 0 5.40 Spent
1.87 3.0 5.40 Shale
3.93 7.4 5.40 of 100-
8.23 16.6 5.40 gm Raw
10.47 21,0 5.40 Shale
11.73 23.0 5.43 Sample
2 2 76.98  0.542 12.90 25.93 5.45 No. 2
14.16 26.25 5.50
15.38 26.27 5.60
16 .64 26.19 5,70
17.84 26.20 5.80
20.56 26.71 6.20
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Table 4.4 (continued)

gg? Saﬁgfe W EP U, AP L, Remarks
(gm) (mm) (cm/sec) (mm.H,0) (cm)
(2) (2) (76.98) (0.542) 23.34  26.90 6.80
29.44 28.00 8.00
38.51 29.10 8.80
0 0 5.50 Spent
1.87 78 5.50 Shale
3.93 15.0 5.50 of 100-
6.08 23:.7 5.50 gm Raw
6565 26.4 5.51 Shale
1.16 27.0 5.53 Sample
3 3 77.32 0.214 8.23 26.2 557 No. 3

9.35 27.0 5.70
10.47 27,1 6.00
12.90 27.8 6.45
15.38 28.5 7.20
20.56 30.0 8.00
26.17 31.0 8.50

Note : Experiment at Room Temperature about 30 °c.



56
V,.718 mm.Oil Shale Particle

S,.680mm Spent Shale Particle
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e, .576mmOil Shale Particle

e, .542 mm Spent Shale Particle
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@, .249mm Oil Shale Porticle .

V, .214mm Spent Shale Particle
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4.3 The Effect of Retorting Temperature and Particle Size

o Ont Yield

Oil shale, as analyzed by Fischer assay method, com-
prised of 11.69% oil, 4.15% water, 82.62% spent shale, and
1.54% gas and losses (Appendix B.5)

Table 4.5 and Fig. 4.6-A shows the effect of retomting
temperature on oil yield of three different samples. The op-
timum temperature of sample 1,2, and 3 were 550, 560, and
580° C, with oil yield of 90.71, 107.05, and 106.37% by weight
of Fischer assay, respectively. The result shows that the va-
riation of the size of o0il shale particles approximately did
not effect the optimum temperature, as shown by the curve
plotting between o0il shale particle size and optimum tempera-
ture in Fig. 4.6-B. Therefore, the optimum temperature for
the fluidized-bed retort would be 550-580°C.

The effect of particle size on o0il yield is shown in
Table 4.6 and Fig. 4.7. This was carried out at various re-
torting temperatures. 400, 450, 600, and 650°C. At the re-
torting temperatures of 400 and 450°C,, the oil yield was
nearly constant. At higher temperatures, 600 and 650°C, the
0il yield decreased with increasing particle size. From the
curve of retorting temperature of 550°C, it shows that maxi-
mum yield may be obtained at mean particle sizes of about
0.500-0.576 mm. The maximum oil yield is 107.05 wt % of

Fischer assay.
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Table 4.5 Effect of Retorting Temperature on 0il Yield.

= 100.00 gm

W
Umf at operating temperature was calibrated from

Appendix B.

4

Operating time 30 minutes (Appendix A.3 and A.4)

Oil content from Fischer assay = 11.69% (Appendix B.5)

Sample Run Retort- Weight percent of products 0il Yield
No. No. ing Tem- (wt % F.A.)
perature 0il Water Spent Gas and

(") Shale Losses
1 400 9.68 2.00 79.45 8.87 82.84
2 450 9.76 3.70 80.14 6.40 $3.52
3 500 9.90 2.70 78.98 8.42 84.72
1 4 550 10.60 3.00 77.24 9.16 90.71
5 600 9.68 geas 74,28 13.89 82.84
6 650 9.52 3:05 12.8) 14.62 81.47
1 400 9.56 2:20..80.56 7.68 81.81
2 450 10.10 2.50 79;80 7.60 86.43
3 500 10.79 2.85 79.20 7.56 92.34
2 4 8§60 12.81° 2.37 .76.98 8.14 107.05
5 600 11.66 2.45 72.00 13.89 99.78
6 650 9.77 2.60 70.00 17.63 83.61
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Table 4.5 (continued)

Sample Run RETOrE- Weight percent of products O0il Yield
No Noi - - 20§ SaN~ (Wt % F.A.)
' ° perature Oil Water Spent Gas and .
(°c) Shale Losses

& 400 9.16 2,40 8l.51 6.93 78.38

450 9.95 .50 79.230 9.935 R

3 500 11.40 22D 78.89 7.61 97.56

3 4 550 ¥1-71 FHO0-=77.32 7.97 100.21

5 600 12,43 2.00%\73.19 11.78 106.37

6 650 10.58 0 FON\1.55 14.17 90.54

wt % in retorting of oil

Note : wt % F.A. oil yield =
wt % from Fischer assay of oil

x 100



Oitl Yield, wt 9p F.A
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SIZE OF OIL SHALE FROM FIG.4.6-A.
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Table 4.6 Effect of Particle Size on 0Oil Yield
e e g R s
Il:gn ing Tem- ap ikt s wt % of products (Stl%Y;e}td)

* perature (mm) Oi1il Water Spent Gas and sl
(°C) Shale Losses

0.249 9.16 2.40 8l.51 6.93 78.38

400 0.576" 9,56 -2:20 80.56 7.68 81.81

0. 715 9,68 " 2.00 79.45 8.87 82.84

0.249 9.95=-1.80 79.20 9.35 85,15

450 0.576 10, 109,50 79.80 7.60 76.43

0.745 9.76 BL70" 8014 6248 83.52

X 0,249 11.40/ /2&30 78.89 T81 97.56

2 500 0.576 10.79 /#2548 79.20 7.:56 92.34

3 0.715. 9.90 ol 78.98 8.42 84.72

1 0.249 3l <TE" 300 17532 7:97 100.21

2 550 0.576 X551 2.37 76.98 8.14 107.05

0.715 10.60 3.00 TT .29 9.16 90.71

i 0.249 12.43 2.60 73.19 X .78 106.37

2 600 0.576..LEi06 .. 2:45 72.00 13.89 99.78

0.715." 9,68  2:15 74.28 13.89 82.84

0.249 10.58  3.70 11555 14.17 90.54

650 0,576 . 9477 2.60 70.00 17.63 83.61

0x715.. 952 3105 F2%81 14.62 81.47
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