Nomenclature
B = second virial coefficient in Leiden-form

equation [cm®-mol™1]
N = apparatus constant [—]
P = pressure [MPa]
y = mole fraction ]

{Subscript)
i = j-th expansion
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The author has been trying to reuse wasted fine
clayey particles as carriers for pesticides by means of
spray drying and other operations.” In these oper-
ations, polyvinyl alcohol (PVA) was added as a
binder to the clayey particles in order to increase the
strength of the agglomerates in the dry state.®
However, as the behavior of PVA has not been
exactly determined in kneading and drying oper-
ations, it is considered in this paper.

1. Experimental

Sample Talc having a median diameter of 7.9 um
was used as a sort of fine clayey particles. PVA having
a degree of polymerization of about 500 and a degree
of saponification of 86.5 to 89.0 was used as a binder.
Adsorption of PVA on talc particles The adsorption
isotherm of PVA on talc was measured to find a
plateau adsorption value. The adsorption equilibrium
was confirmed to be roughly reached within 24h.
The initial and equilibrium concentrations of PVA in
the solution were determined on the basis of the
method developed by Zwick.®
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Drying characteristic of moist agglomerate and be-
havior of PVA in drying operation In order to make

moist cylindrical agglomerates, distilled water or an
aqueous solution of PVA was added to dried clayey
particles. The wetted clayey particles were then
kneaded and formed into cylindrical shapes 2cm¢
in diameter and 5 to 6cm in length by means of an
auger machine, the inside of which was kept in
vacuum,

In measuring the drying rate on a moist cylindrical
agglomerate without PVA, the side and one end of the
agglomerate were wrapped two or three times with a
polyethylene sheet 0.03mm in thickness. The poly-
ethylene sheet on the side was tightened with rubber
bands in order to compel liquid flow in the axial
direction. The drying characteristic of the agglom-
erate was measured by using a drying oven kept at
333+£2K.

After the moist agglomerate containing PVA was
completely dried by the same procedure as above, the
agglomerate was cut at 0.5 or 1.0cm intervals from
the drying surface. Then the dissolved amount of
PVA was measured for every cut sample to determine
the longitudinal distribution of dissolved PVA.
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2. Experimental Results and Discussion

Adsorption of PVA on talc particles The adsorption
isotherms of PVA on talc particles at 298 and 313K
are indicated in Fig. 1. This figure shows that the
influence of temperature on the amount of adsorption
is very small* and the adsorption isotherms are of the
Langmuir type.? The following was obtained as the
Langmuir equation and is compared with experimen-
tal results in Fig. 1.

Adsorption time = 24hrs

Key | Temperature
* 298 K
A 313K

Adsorption amount |"X103( -)
L3

0 L i 1 1 1 1 L
0 100 200 300 400 500 600 700 800

Equilibrium  concentration of PVA , Cx10° -)

C/r=219C+ 0.005 (1) Fig. 1. Adsorption isotherm of PVA on talc particles.

The plateau adsorption value, C,, was roughly equal
to 4.6 x 1073 kg PVA/kg talc (0.46%).
Drying characteristic of moist agglomerate and be- 1 -

I I I T
havior of PVA in drying operation The drying rate ooootel ]
f("’“)) ) *
/

of a moist agglomerate without PVA is given in Fig. 2. o
From this figure, the critical moisture content, w,, is
found to be 0.21. Figure 3 presents the longitudinal [

(kgim?h)

We=021

0 e

distributions of PVA dissolved from the agglom- g L i Experimental_conditions N

erates. The dissolution experiments were performed - ,f D’Yi"z.:empv 303;6:“

one or five times. It is recognized from the figure that §> o5 :::;1; prmrg v T 4

when C; is equal to 0.4759%, the distribution and e

amount of dissolved PVA in the longitudinal direc- o l L L L ' '

tion are very small because most of the PVA is 0 o 02 03 o
Moisture content {(-) - Dry basis

adsorbed on the talc particles as described before and
movement is restricted. It is also evident that the
dissolved amount of PVA in the vicinity of the drying
surface is extremely high in comparison with that in

Fig. 2. Drying rate of moist agglomerate without PVA.

the interior of the agglomerate in the case of C;= ~ L
0.94%. 5 ci x10°| L | w; [N
The amount of PVA brought to the drying surface g‘ B0 e m%—)(cm)( -)
can be approximately estimated by the following £ al 94 |63s33s
method. When it is assumed that the moisture moves :g'w « | s4 |5.0430] 1
as liquid from an initial moisture content, w;, to a ~ o| 475 |5.9)0380] 1

critical moisture content, w,, obtained from the drying

x10°

: . . TND. : Total number of
experiment on the moist agglomerate without PVA, 20 :l gissolutions
and also that the unadsorbed PVA moves with water T

e\

to the surface and deposits there, the transferred < ok Prying temperature ]
amount of PVA, M, can be estimated by the follow- a T oK
ing equation: “

My={(w;—w)/wi} x M, (2) e
where M, was assumed to be equal to the product of é
the mass of agglomerate and the difference between C; © 5 -
and C,. °

The observed values of the transferred amount are g L

compared with the calculated values based on Eq. (2) S . "'_Ai
in Table 1. Although the calculated values are found g A
to be a little greater than the observed ones in the case °\o\°__r_° o—i
of C;=0.949%, the calculated values provide sufficient 0 0 ; > 3 4 _;— 6' 2
explanation for the experimental fact that the trans- .
ferred amount of PVA decreases with decreasing Distance from drying
length of the agglomerate and with decreasing C;. surface  (cm)

Fig. 3. Variation of dissolved amount of PVA with distance
from drying surface.
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Table 1. Comparison of calculated values with experimental
ones for amount of PVA transferred at and near drying
surface

Experimental Calculated

[OC/"'] [cﬁq] T'[N_' }) values x 10° values x 10°
¢ [kg] (kg]
0.475 5.9 1 1.3 1.7
0.94 5.0 1 37.3 45.9
0.94 6.3 1 50.5 60.6
0.94 6.3 5 51.6 60.6

T.N.D.: Total number of dissolutions.
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Nomenclature

C = concentration of PVA in solution [—]

C, = plateau adsorption value [—]
C; = initial additive ratio of PVA to talc 1
L = length of agglomerate [m]
M, = amount of PVA existing in solution among

talc particles before drying [kg]
M, = amount of PVA transferred at and near drying

surface kgl
W, = critical moisture content [—]
w; = initial moisture content ]
r = adsorption amount of PVA on talc [—]
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Introduction

Centrifugal fluidization is a relatively new fluidiza-
tion concept which has the advantages of higher gas
flow rate, compactness, reduced particle loss by elut-
riation and flexibility of operation as compared with
conventional fluidization.?

It is expected that centrifugal fluidized beds
(CFB’s) will be applied in many fields. Works on
CFB’s were published by Gelperin et al.> and Hatch
et al.® in 1960. Other papers were published during
the 1970’s and 1980’s in U.S.A., USSR, Great Britain
and other countries. The majority are concerned with
applications to coal combustion, gasification, classifi-
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cation, food processing, and drying. It appears that
relatively little effort has been spent in investigating
CFB from fundamental points of view.

The present paper describes some of the experimen-
tal results obtained by the present authors by using a
horizontal rotating fluidized bed with different par-
ticle densities and size distributions to determine the
minimum fluidization velocity, maximum bed pres-
sure drop, variation of pressure drop with rotating
speed, and bed expansion.

1. Experimental Apparatus and Procedure

A sketch of the centrifugal fluidized bed and as-
sociated equipment is given in Fig. 1.

The bed rotated horizontally. The rotor was of
144 mm inside diameter (ID) and 10 or 20 mm wide.
Its rotational speed ranged from 400 to 800 r.p.m.
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