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Table 1 Experimental condition

Fluidized bed
inner diameter
height

height of settled bed

Distributor
hole diameter
pitch

ratio of hole area
Particle (Toyoura sand)

particle size

mean size
absolute density

Unms

void fraction at Upnys

sphericity
angle of repose

21.4, 37.8, 59.9 cm
ca. 100 cm
ca. 65 cm

0.1 cm

15cm
1.1%

size [um] wt. %
> 295 0.2

246 - 295 8.2

208 - 246 298

175 - 208 516

147 - 175 8.8
<147 1.4

202 um

2.65 gr/cm?®

4.0 cm/sec

0.47

0.69

33 deg.

Fluid (air at room temp. and 1 atm.)

fluidizing gas velocity 10 - 20 cm/sec

m/sulator —l

A

#20———»{

le— 10—

/

104 iron pipe

0.8¢ copper wire

Fig. 1 Capacitance probe
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Nomenclature

Ca = drag coefficient [—]
Dy = bubble diameter [cm]
Dy = hed diameter [cm]
g = acceleration of gravity [cm/sec?]
Ks = coefficient in eq.(4) [—]
La = bed level from distributor [cm]
n = bubble frequency {1/sec]
AU = Us—Uns [em/sec]
Us = velocity of bubble rising [cm/sec]
(S = superficial velocity of fluidizing gas at

incipient fluidization [cm/sec)
U = superficial velocity of fluidizing gas [cm/sec]
a = arhitrary constant in eq.(6) [—]



= ratio of cloud volume to bubble volume [—]

a

B = arbitrary constant in'eq.(6) [—]
B = ratio of wake volume to bubble volume ‘ [—]
¥ = arbitrary constant in eq.(6) [—1]
o) = arbifrary constant in eq.(6) [—1]
Ep = hold-up of bubbles (volume fraction of bubbles) [—]
Ems = void fraction at incipient fluidization [—]

Behavior of Bubbles in Fluidized Beds

Minoru TOMITA and Tomio ADACHI

" Frequency and hold-up of bubbles in three fluidized beds of 21.4, 37.8 and 58.9 cm in diameter
were mesured with a capacitance probe. Diameter and rising velocity of the bubbles were evaluated
by analyzing the measured results based upon a two phase model for fluidized bed. An experimental
corelation was evaluated between the bubble diameter and rising velocity in the fluidized beds, in-

cluding the effect of bed diameter.
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Effect of Partition Plates on Mixing of

Liquids in a Horizontal Stirred Vessel

Masakatsu MIURA

To control mixing of liquids in the flow direction in a horizontal stirred vessl, partition
plates were installed between two impellers in the batch type vessel. The influence of
operating conditions on the effect of the partition, and shape was investigated.

Effects of the partition plates were studied by measuring the time to attain a uni-
form distribution of KCl tracer injected at one side of the vessel the diffusion of KCl
tracer injected from one side of the vessel to the time of even distribution in the stirred
vessel was measured. These results was are expressed by the model of the perfectly
mixed cells series, in which each cell in the vessel between the impeller and the partition
plate is assumed to be a perfectly mixed cell. Four types of the partition plates were
tested. One of them showed efficient mixing control. (These results might be appli-
cable to the flow type horizontaf stirred vessel.}
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Table 1 Material balance of classified products from degradation of polystyrene* and their
weight average molecular weights

Residue Distillate
Temp Time A B C D
C min wt% Mw wt% Mw wt? Mw wt%
200 925 77.0 285100 19. 4 18300 3.6 1300 0
1860 64. 9 260600 28.6 15400 6.5 1220 0
2973 59. 8 255000 34. 5 15000 5.7 1200 0
4320 51.0 240000 42. 8 13200 6.2 1350 0
220 450 79. 8 267500 16. 1 18400 4,1 1045 0
960 70. 4 265900 24. 7 17600 4,9 1015 0
1980 55.0 260500 35.0 11800 10.0 1250 0
2855 41. 0 240900 45. 0 11600 14. 0 1260 0
4320 25,0 220000 59.0 10100 16. 0 1350 0
260 470 67. 0 242000 23.0 15400 10. 0 1150 0
960 50. 0 230800 31.0 14200 15. 5 1147 3.5
1980 25. 0 159600 42. 0 10300 26. 0 1285 7.0
2280 12. 0 105000 50. 3 8300 27. 7 1231 10. 0
4320 5.0 70000 45, 2 7400 28. 5 1259 21. 3
280 450 59, 3 178400 26. 3 16000 12. 0 1106 2.4
980 36. 1 126400 35. 2 14100 20.7 1054 8.0
1980 11. 5 96800 47. 1 12400 22.4 1138 19. 0
2880 4, 0 71300 45,0 8000 26. 0 1067 25.0
4320 1.0 45000 40. 0 6600 22.0 1100 37.0
340 10 69. 5 130000 22,7 19000 7.8 845 0
100 10. 2 52500 49. 4 15500 14, 4 590 26.0
233 1.0 42800 29. 8 9300 17. 2 674 52. 0
360 0.1 37500 13. 0 6200 12. 0 796 74. 9
504 0.0 0 3. 4 4100 8.6 762 88. 0
360 18 41. 9 77600 42. 5 21200 8.5 752 7.1
30 30.5 70500 40. 3 20500 10. 0 783 19. 2
69 6. 2 50400 28. 2 17200 20.1 715 45. 5
125 0.4 38500 12. 2 11000 24. 1 694 63. 3
259 0.0 0 1.2 3100 13.9 750 84, 9
400 2 36. 0 70000 45. 7 20600 14. 3 453 4.0
4 16. 0 57200 43, 0 18100 18.3 524 22. 7
6 4.9 48000 31.7 14900 27. 3 512 36. 1
8 1.7 40200 25.1 12800 28, 8 450 44, 4
17 0.0 0 7.7 8100 35,5 440 56. 8
23 0.0 0 3.0 5500 30.6 471 66. 4
43 0.0 0 0.5 3000 15. 9 519 83. 6
430 1 5.7 50400 41.1 13800 8.9 455 44, 0
2 0.6 45500 25.5 11800 7.5 430 66. 4
3 0.0 0 11.1 8100 6.9 357 82.0
4 0.0 0 6.0 65200 4.0 320 90. 0

A Mw 310000, 89. 0wt
* ) polystyrene —
B:Mw 22200, 11, owt%
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Table 2 Composition of the distillates from
the thermal degradation of polystyrene

Temperature

240C 280°C 340°C 360°C 415°C 430°C
Component (wt2) (wt25) (wt%) {wt%) {(wt%) (wt%)
Benzene TRACE | TRACE | TRACE | TRACE | TRACE | TRACE
Toluene 3.6 0.5 2.0 1.8 1.6 1.3
Ethylbenzene 10. 7 1.3 1.1 0.9 0.3 0.1
Styrene 17. 9 53. 1 76.5 87.7 95. 4 95.0
Cumene 64. 3 42. 0 13. 4 8.9 2.5 3.2
a-methylstyrene 3.5 3.1 2.0 0.7 0.2 0.4
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Fig. 9 Arrhenius plot of the reaction rate constants for the
thermal degradation of polystyrene
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Table 3 Reaction rate constants for the thermal degradation of polystyrene

For the reaction A—B

at 180—280°C kap=2.99X10 exp (—11.8 X 10%/RT)

at 300—430°C kap=3. 71X10Mexp (—46.0 X 10%/RT)
For the reaction A—C

at 180—320°C kac=1.89Xx10%exp {—16.9 X 10%/RT)

at 340—430C kac=2.55Xx10%exp (—56.6 X 103/RT)
For the reaction A—D

at 400—430°C kap=2. 66X10%%xp (—66.3 X 10%/RT)
For the reaction B—C

at 180—3007C kec=2.07Xi.0exp (—10.8 x 10%/RT)

at 320 —430C kec=7. 62X1038exp —46. 8 x 10%/RT)
For the reaction B—D

at 260—430C ksp=6. 84X10%xp (—42.3 X 103/RT)
For the reaction C—D

at 240—360°C kcp=3.04Xx10%exp {-—19.83x 10%/RT)

at 380—430C kcp=>5. 04x10%exp (—89. 0x 10%/RT)

—
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Thermal Degradation of Polystyrene and its
Reaction Rate

Kiyoshi SAITOH and Minoru TOMITA

Thermal degradation of polystyrene (molecular weight distribution 2150-2300000) was carried out
in a batch reactor isothermally in the temperature range from 180 to 430 T under the atmospheric
pressure. The products were sampled as residues and distillates, and their molecular weight dis-
tributions were measured with a gel permeation chromatography (GPC). The thermal degradation
process was discussed on the basis of the results obtained.

The distillates were produced in the temperature range from 240 to 430 °C, but no distillates were
obtained in the range from 180 to 220°C. The molecular weight of the residue and the distillate were
in the ranges from 150 to 2300000 and from 90 to 830, respectively.

By the GPC measurements it was found that the distillatess consisted of styrene monomer to
heptamer conponents and the monomer content increased with the increasé of temperature.

Furthermore, from changes of the GPC curves with times and temperatures, the products as a
whole were considered to consist of four groups, namely, A group of which weight averaged molecular
wetght (Mw) ranged from 37000 to 2300000, B group of which Mw ranged from 2150 to 37000, C group
of which Mw ranged from 150 to 2150, and D group which was corresponding to the distillates and of
which Mw ranged from 90 to 830.

Quantitative changes of these groups with the progress of the reaction suggested the occurrence
of mixed reactions, as follows :

| l
180 — 220 A —— B —— C
! |
240 — 380C A —— 1? C D
T
i 1 !
400 — 430C A ——> B —— ¢ —— D
L 1

The reaction rate constants for each reaction were determined by a trial and error method, and the
calculated rates agreed with the observed ones within a deviation of + 0_05.
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