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Chapter V

DISCUSSIONS

5.1 Considerations on the Design of Experimental

Aggaratus‘

The main interest-din studying gas absorption in fluidized-
bed column is the determimétion of mass transfer coefficient, 1In
order to improve the.@fficiency of masé transfer coefficient,
essential parts of theé experimental apparatus were carefully
designed and chosen acgtonding to their functions as follows.

Fluidized-bed column haﬁ a relatively large distance
between the grids. -Under these conditions, the spheres were in
turbulent motion and will mot migrate as a bed to the top grid.
Thus, an essentially self-relieving packing is provided.

Non uniformity in the movement or fluidization of the
‘spheres was the experimental d¥fficulty. The spheres tended to
move entirely in' up flow on one side and entirely.in packed down
flow on the other. This behavitr was less likely ifi the gasdis-
tributor a®shown in Figure 3.4 were useds | This type lof distri-
butor also countefacted the normal tendency of higher gas flow
in the center of the bed and to increase the flow of gas in the
.outer portion of the bed.

The Watér was sprayed from é special type water distri-

butor as shown in Figure 3.5. A4t low water flow rate, this
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distributor prevented water to combine together and fall down
the center of the column, so water will distribute uniformly

over the bed,

The air velocities were controlled by a butterfly valve,’
Butterfly valve occuplied less space in the line than any other
type of valve so it will not cause to.mueh pressure drop in the

air line,and provides enough gas veloecities in the colunn,

5.2" Hydrodynamic Properties of the

Fluidi;ed;bgd-leumn

5241 Effect of Gas Velogity on Hydraulic Resistance of Bed

(AP)

The effect of gas velocity on hydraulic resistance of bed
were illustrated in Figure 4.1 and 4,2, Visual observation and
curve representing variat;on of the bed resistance with gas velo-
city at difference liquid rate showed that there were two‘hydro-
dynamic state, In thegfirst state (stationary packing), there |
" was a sharp increase dn 1ﬁPb. At surperficial gés velocity higher
than 110 cm/sec, there were slightly increase of preéssure drop.
with gas velocities: "“The minimum fluidization were) difficult to
determine from ‘Jin directly because the spheres were rather
large and light weight than those normally found in conventional

fluidized-bed and thosc studied by Balabekov (11) and hence no

smooth fluidization could be expected,
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2+242 EBffect of Static Pagkins,Hg;gpt and Superficial aEgEid

Velocity on Hydrahlic Resistance of Bed ( 43Pb)

It can be observed from Figure 4.4 that A&Pb increased
linearly with static bed.height. Visual observation indicated
that the uniform and intensive agitatien . of the packing without
sharp fluctuation of the dymamic bed height were obtained in
columns with low statie packing Height. .As the static packing
height increased the dynamic bed height increased more fluctua-
tion and when the static pactising is ‘higher than diameter of the
column, the spheres tended to move as a fioating bed type and
there was a remarkable decrease in gas flow at sharply increase
pressure drop,but thig Iimited bed height could be increased as
increasing liquid velocity. Ale also increased linearly with
increasing ligquid velocities as shown in Figure 4,3, Liquid
velocities had 1little effect on tSPb that may caused by the
fact that increased liguid velccities would slightly increased
the amount of liquid retained by thepacking, Increasing liocuid

velocities also ldncreasedimorelunifofm and.intensive agitation

of the fluidized-bed

5.2.3 Minimug Fluidization Velogity ( G .)

Because it was difficult to determine the minimum fluidi-
zation velocity from the pressure drop of the bed, Chen and

Douglas (13) had defined Gm determined from the bed height.

f
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The results of Gm from this study and calculated were shown in

b
Table C-6, In Chen and Douglas 's equation only the effect of
packing diameter and liquid velocity had been studied. In this
study, the eﬁfects of bed height on Gmf were also studied, The
results are shown in Figure 4.9 and ecan be concluded that Gmf
are not varied with static packing height and decrease with
increasing liquid veloedties., When the results were compared

with Chen and Dougl@as'sfcerreiation (2.26) the result agree well

with their correlation’ as shown. in Figure 5.1.

5,24 Effect of Gas/Velogitics, Diquid Velocities and Bed

leights on GasHoldeup - ()

The effects of gat velocities, liquid velocities bed
ﬁeights on gas holé—up weré shown in Table C-8., 'It was observed
that E:G was nearly independent of liquid velocities and bed
heights but increased with increasing gas velocities. Compérison
between éiﬁ observed’ and C;G calculated from Kito, et al.'s
empirical equation (2.28) were shown in Figure 5.2. The experi-

mental result correlated weld with empirical equation. ~

5.2,5 Effect of Gas Velocities, Liquid Velocities and Bed Heights

on Liguid Hold-up (&)

The amount of liguid retained per unit cross—sectional
area of the bed is shown in Table C-7. It is evident that in the
range of studying, heights of clear liquid were not affected by

gas velocities but were affected by liquid velocities and bed heights.,
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Visual observation of the present operation indicated the absence
of "flooding for any set of experimental conditions used. There
fore, the gas velocities approximately 0.4573 gm/sec cm‘a;(390 cm/
sec)in this study was much below the loading velocity of this |
fluidized bed column, 4s H.  4id not depended on gas wvelocities,

L

the values of liquid hold-up, e

Sy that defined as the ratio of
2 d

HL/HS were also independent of the gas veleoeity. The resulls of
ESL are shown in Tabie C=10. é a1, calculated from Kito, et al.'s
correlation (2.31) were alse compared with experimental values,

In Figure 5.3 all the é#perimental data of f;L were plotted in
accordance with Kito, et 2l,'s ecorrelation, 8o, correlation for

'fé also applied well in the region that were studied.

5.3 Gas_Absorption in a Fluidized=-

bed‘ Column

At the first part, the hydrodynamic properties of fluidized-
bed column were discusseéd.and it is evidence that the system could
bé run at high liquid and gas velocity with lew pressure drop.

In this part, dependence of mass transferscoefficient/of ammonia

" on liquid velocity, gas|velocity;-bed height iand mole fraction of
ammonia were studied. Although initial studied of ammonia-air-water
sys%Jm were pridicted on the hypothesis that it was gas phase con-
trolling, recent studies had indicated that the liguid may provide
40 percent of the resistance at 2500, thus the high'value of mass

transfer coefficient were expected for high liquid and gas velocity
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of turbulent bhed systeﬁ. The results were also compared with

’

fixed~bed absorbers.

5.3+1 Effect of Gas Velocitics on Mass Transfer Coefficient

~

(Kg2)

The effect of gas velocities on KGa‘were illustrated in
Figure L.10-4 .17 Gas vélocities were expressed in Froude number,
It waé observed that KGa increased as inereasing Froude number,
This could be explainedsby the mechanism of mass transfer. A4s
increasing gas velocity the splheres were in more turbulent motion.
that increased it surfagde area-and bring wmore fresh‘liquid from
the interior to the surface. The average value of the slope was
0.495, So mass transfer coefficient expressed in terms of

Sherwood Number',could be related to Frouwdo number as below

Sh = e, FrO+ 495

5.3.2 Effect of Liqguid Veloqities on Mass Transfer Coefficient

(®qa)
}

The effect of liguid veloci&ies on_KGa were illustrated
in Figure 4.18-4.21.'. Overall mass transfer coefficient also
increased with increaéing Reynold number with an average slope of
0.442, Increasing liquid velocities,the spheres were in more
uﬁiform'and turbulent motion that increased mass transfer coeffi-
cient., The relation between Sherwood number and Reynold number

could be expressed as
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. DJhh2
Sh = e, R, " —omeee -~ (5.2)

5.3.3 Effect of Bed Heights on Mass Transfer Coefficient

&)

A rather interesting result of this study was the
decreasing of mass transfer‘coeffiéient as incréasing bed
height. The results were-illustrated din Figure L4,22-4,32,

It had been explainededn the {first part that is increasing bed
heights the filuidized bed increased more flu%tuation that

resulting in decreasing K a. The relation between Sherwood

G
number and bed height Bg were
Hs
. 04621
Sh = @ ¢ L ememeeea- (543)
3 e
S

5¢3.4 Effect of Mole Fraction of Ammonia on Mass Transfer

Coefficient (Kqu

3

The effect of mole fraction of ammonia between 6;41x10-
to 10.86x10~> Were insignificant. Althrough some of the vaiues
-of KG? tended to increase as increasing mole fraction of ammonia
But most of the results rather fluctuated as incregsing'mole
fraction of ammonia. 8o, it can be concluded- that mole fraction
of ammonia had not ﬁay the big role on mass transfef coefficient

in the range that were studied.

5.3.5 The Relation between Mass_Transfer Coefficient and Experi-

mentgl Dimensional Variables
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From- the results obtained, Mass Transfer Coefficient
were affected by gas velocity, liguid velocity and bed height.

The values of mass transfer coefficient expressed in term of
0.495 O.bk2

Sherwood number were proprotional to Fr ' ReL and
0.621
Eg o Thus, the Sherwood number can be represented as
s
follows.
. 0.621
sh = w— 0.495. fe O.hha. D, = (5.4)
i L = :
Hg .

The value of e de termined from experimental results
was 7.1?x109. The temperature of the system, size of particle,
diameter of column and IFiguid propenties were kept constant and

included in term of e Thé correlation together with experi-

mental results are-shown_in Figure 5k,

5.3.,6 Comparison of Height of Transfer Unit (Hog) of Fludized-

bed Absorber with Fixed-bed Absorbers

The results of this experiment from Table C-11 expressed
in term of Hog were usedato comparg with that for fixed bed
absorbers. The most lexténsive. datalare that of Fellinger £26)
which is readily available in Perry (24)5 As shown'dn Fiéure S5e5,
Fellenger's data ' show'a similar ‘steady decreaéed in "hedght of
transfer unit with increasing liquid rate and increased in height
of transfer unit with increasing gas rate untii the loading pdint
was reached after which there was a sharp drop; In this fluidized-

bed experiment, there were no conditions which analogous to loading
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L)

occﬁred. The range of gas and liquid mass velocities used by
Fellinger and most other investigators of fixed-bed absorbers
did not, however, overlap the range of these variables used in
the present study. The gas mass velocity in most of these :
studies was limited to valuesbelow O,1356g§m/cmasec because of
loading andlflooding of the columns.  For fixed bed absorbers,
one exception to the normal low capaéity kimitation was the
study of Williams Akell and Talbot (27), dn which they used a
special, vertically stacked Fiberglas packing in a 6 in diameter
column to get liquid maSs/velocities up to 4,068 gm/cmasec at
gass mass velocities up to .202 gm/cmasec. Lines representing
their data had been added to'Figure 5¢5 and 5.6 for each of
comparison. It is seen that the fluidized-bed absorber is
considerably more efficient than this packed bed, as indicated
by the considerably higher values of height of transfer unit
obtained by Williamsy et al.

The experimental results also comparcd with that obtained
by Douglas (7). As shown, im) Figorecs 5 |and 5.6, Daugias's data
show higher value| of height of transfer unit than the -experimental
results. /The @xperiméntal-udit Lded) by Douglas| was alshuare tower
instead of & cylindical tower that result in nOngniformity in the
movement of the spheres which lowering the efficiency of the

system.

5.3.7 Industrial Application

The very high gas and liquid rate are possible for this
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fluidized-bed absorber. The high gas velocitiés contribute to

an extremely high turbulent. The spheres are rotated violently
over the bed in which liquid in the absorption zone are very
active in all .directions. Abso}ption takes place not only on

the wetted surface of the spheres but also throughout the whole
active zone.. The high rate of intimatesmixing tends to minimize
any effect of the relatively slow diffusion rate normally encoune
tered in packed towered; thus maintaining large driving force
with resultant high absoxption rates. The high gas and ligquid
rates af low pressure drop across the bed result in high capacity
and efficiency for a gdven tower volume when compare with packed-
bed absorber., This system is glso gimplified to control and
operate, It is very interesting in applied fluidized-bed process
to air pollution control such as gas scrubbers in sulfuric acid
plant for scrubbing sul fur dioxide from the waste gas. Since the
motion of the packing‘prevents the plugging problem which often
occur in conventional fixed-bed absorber, Fluidized-bed process
also very usefuly in absorption of gas that a solid phase is
presented or is formed by reaction of the contacting fluids, for
example, absorptiom/af sulfur dioxide in sodium hydroxide solu=
tion to produce sodium bisulfite liquor and dust collectors in

wood working processes,
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