Chapter III

APPLRATUS 4ND EXPERIMENTAL METHODS

3,1 The Desiegn and Operation of a Fluidized-

bed Contactor

A fluidized~bed goatactor was designed and constructed.
fﬁe simplified flowdiagrnem of the fluidized-bed contactor is
shown in Figure 3,14 Its main part consists of a fluidized-bed
column (1), hollow polyethylene dow density spheres bed (5), a
high pressure blower (6), and ammbnia cylinder (11), a water
storage tank (15) and feed water pump (16)., The assembly is
éhown in Figure %.2. The assembly are to be described follows:

The main body of the fluidized-bed /contactor was a 15 cm.
diameter cylinder made of transparent acrylic resin. The cclumn
had wall thickness of 0.3 cm and 150 c¢m high, 4s shown in
>Figure 3.5, (thel column) wds (difdded (dnto| threesparts for ecasily
discharging packing from the column. zThe bed was supported by
a gridiat'the |botten of the colamn’ (&), "/ Alconicdl shape gas
distributor (3) as shown .in Figure 3.4 was equiped under the
supporting grid in order to give uniform gas distribution,

L water distributor (2)  was desighed and constructed:
specially for spreading water over the bed uniformly under high

or low liguid flow rate., It was made from a bundle of copper

tubes with inside diameter 0.1 cm. The diagram is shown in



S W NN

11

Fluidiged-bed column

12

14

g

|

13

| B4

o]

Water distributor

Gas distributor

Supporting grid

Fig. 3.1

i
)

It

W=y O N

Schematic diagram of experimental system

oy

o]
i
7

Orifice ‘meter

: Butterfly-valkve

\J

High pressure blower

g-q-s—ﬁ.

rE

||

by

|

| e 4

Hollow polyethylene spheres | 9 Manometer

14
"
L1l
= hlo .
15
a -
2A 13

10 Thermometer

11 Ammonia cylinder 15 Water storage tank

12 Pressure gauge

13 Gate valve

14 Rotameter

16 Water pump




- Fig3.2 Fluidized-bed contactor



Y
R

SN GRIVE

Fig.3.3 Fluidized-bed column



Fig. 3.4 Gas distributor
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Figure 3.5. The fluidized bed was prevented to migrate from
the top of the columan by a grid at the top of the column. The
pressure drop of the bed was measured by manometer (9) that
connected between the bed.

4 high pressure blower (6)4 fan diameter 60 cm., power
by 3 HePo, 2890 rpm., flow rate of 28,8 cubic meter per min, at
developed‘pressure 25.4.¢ms of water was connected to the column
by a 5 cue inside diametén P.V.C. tube. Between the tube had a
butterfly value (7) and/by pass line in order to control the flow
rate of air in the collumngs The'velocity of air éwas measured
by an orifice meter (8) and the temperature of the mixed gas was
measured by 2 thermometer {10) befere air entering the column,

tmmonia gas was supplied froﬁ the ammonia tank (11). The
anmonia gas flow through gis regulator (12)/in order to adjust
pressure of the ammonia from the tank. The flowrate of the
ammonia was measured by rotameter of Brook No.7 (14). Ammonia
from the rotameter.was. controlled by .a. gate.valve (13) and =
connected to the air supplied 'line between the butterfly valve
and orificeymeter that far. enough, from, the scolumn in, order to .
have a homogeneous mixture before entering the, column., The
concentration of gas ammonia was reported in mole fraction.

The circulation system of water consisted of a storage taﬁk
(15), a centrifugal pump (16), and a water distributor. The storage
tank was a square 45x45 cm and 45 cm high. It was constructed from

a stndinldss steel of 0.15 cm thick. The tank had water inlet



e — -  —— ve——

Y L L L R

I L L L E X X

-y 4

.....
e A ET T T o e

e . Lt T R T

T e L

—

R YORCIORRS
ONONCRONORORONC!

QOO OFT 6B
OC OO OO0
OC OO 60O @6
oXolicycXcXorckelC
OO0 0 09006/,
cjicXcXoXokoXe)

OE D600 ®a\

69 mm -———-————“*]

Fig. 3.5 Water distributor
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at the top and had a drain line and water outlet line at the
bottom. 4 centrifugal pump, power by 3/4 H.P., 2850 rpnm.,

had suction line connected to the water outlet line from the
tank. The flow rate of ﬁater was controlled by two valves the
water by pass valve and the rotameter valve. Some of the water
was by'passed from the pump outlet %Le the top of the-storage
tank. The water in “he storage tank was feed from tap water
line and the level in the tank was controlled by the over flow
line,

The fluidized bed was consisted of hollow polyethylene
sphere of outside diameter 1.75 cmy, 0.1 em thickness and density
of 0.2382 gm/cms, as shown in Figure 3,6, The spheres had three
colour, red, blue and yellow for-easily study the motion of the
bed.

Three mercury thermométers were used for the measurement
of inlet temperatures of inlet water, mixed air and the solution
from the column. The meésufing range of the thermometers were

0-100°¢.,

3.2‘ Preparation of Standard HCl

Standard HCLl' Ov1 normal was. used to titrate with ammonia
solution in order to determine the amount of ammonia absorbed by
water in the fluidized-bed column, Standard HCl 0.1 normal was

prepared by Uogel (22) method and was kept in a 20 litre tank,



Fig.3.6 Column filled with spherical bed
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343 Preparation of Calibration Curves

and Charts

3.3+1 Calibration of Rotameter for Ammonia

A rotameter of "Brooks'" Nco.7 was used to indicate the
ammonia flow rate that entering the air stream. Thelmeter has
an attached scale of 10 diwisions; each.divided into 5 subdivi-
sion, |

_ The rotameter wasscalibrated by varyiné the‘rate of air
flowing through the métep. /The air was sﬁpplied from the air-
compressor. The air»outlet from the meter was attached to the
wet-test meter., The flow rates werée calculated by recording
the quantity of air flow through wet test meter in two minutes.,
The corresponding meter reading from the attached scale for
each’ flow rate was read and recorded. The flow -rate of ammonia
were calculated from the flow rate of air by using "Brooks
formular",

Coefficient for cenversion xigas flow rate measured =

flow rate of air

o

Le

- L T

Coe¢fficient for conversion = —_

f@ pg

Where subscripts 4 and g represent air and ammonia resbectively.

ol
K -im

The calibration data were shown in Table Ae1 and plotted

in Figure A.1.

34342 Calibration of Rotameter for Water
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A rotameter of "Brooks" Full View 8 M/é was used to
indicate the flow rate entering the fluidized-bed column., The
meter has an attached scale of 10 divisions; each divided into
5 subdivisions.

The rotameter was calibratsd by varying the rate of
water flowing through the meter. The flow rate were calculated
by recording the quantity of water collecﬁed in one minute.

The corresponding meter reading from the attached ECale for
each flow rate was alse'reéad and recordeds The calibration

data were shown and plotted fin Figure 4.2.

34343 Calibration of Orifice Meter

Orifice meter was calibrated by varying the rate air
flowinglthrough the orifice meter, The anaemometer was attached
at outlet to measure the velocity of the air and manometer
reading were recorded.. The calibration data were shown in Table

A03 .

3ol Experimental Variables

. /
The proceéss Variables under ‘studied of hydrodynamic

properties dre.,

Ts Velocity of mixed air; sixteen values of superficial
alr velocity between 50 to 420 cm/sec were used.

2. Bed height; four bedheiglits were used, i.e. 5', 10,

15 and 20 cm of bed.



5. Velocity of water; four liquid velocities were used,
i.e. 0,0906, 0.1820, 0,2807 and 0,3723% cm/sec

The grocess variables under studied of gas film mass
transfer coefficient are:

1. Mixed gas velocity; Five valuesof superficial gas
velocities were used, f.2. 160, 2%0,/28%, 322 and 360 cm/sec

2. Bed heightj.  Three bed loights were used, i.e: 8;9,
15 and 20 cm of bed.

3. Liquid velgity; /Five values of superficial liguid
velocities were used, dves 00,1820, 0.2322, 0,2807, 0.3196 and
0:3728 cm/sec. K

4. Gas concentrations  Four mole fractions ofammonia

were used, i.e. 6.41x1o"3, 8,10x1o“3, 9.61x10™° and 10.86x10™,

2.5 Experimental Methods

3¢3+1 Determinationof Some Hydrodynamie Properties of Column

;50501.1 Dependen%g of hydraulic resistance of bed on
it | ’
gas velocities, 1liguid yelocitigﬁfgnd bed height,

i

%
The effect of ghs velogity was ggudied at bed height
, : ) @ ‘
5 and 20 cm and superficial) liguid velocities of 040906, 0.1820,
P 3
! ) > D Ty |
0.,2807 and 0.3728 cm/sec. For each q% these liquid veloéities,

gas velocities were varied Hg%ween 50 to 420 cm/sec
< <)
The effect of 1liquid ve1001ty was studled at constant

1

Z
gas velocity 283 cm/ézc and bed heights were kept constant at 10,

‘i, -

vy

15 and 20 cm. For esach bed height the liquid velocities were

Lgal
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varied between 0,0006 to 0,3728 cm/sece

The effect of bed height was also studied at constant
gas velocity 283 cm/sec and liquid velocity were kept constant
at 0.0906,.0.2807, 0.3728 cm/sec. The bed heights were varied
between 5 to 20 cm.

3eDele2 Determinqtion of minimum fluidization velocity

The determination of the minimum fluidization velocity
was carried out through.the neasurement of aerated bed height
at constant liquid mass veleuities 0.0906, 0.1813, 0.2795 and
0.3713 gnm/sec em®.  Sudlt il packing heights were kept constant
at-5, 10, 15 and 20 cms For cach ligquid velocity and bed height,
the gas mass velocities/were wvaried from 0.1665 to 0.4573 gm/sec cm®

345413 Dependence of gas hold-up and>liquid hold-up on
liquid velocity, gas velocity and bed height.

Bed height S5, 10 and 20 cm were used, and operated at
liquid velocities ¢f 0.,1820, 0.2807 and 0.3728 cm/sec. For each
ligquid velocity and Bed height, gas velocitiegs ﬁere varied at 157,
232, 283 and 390! em/secs™, Thepanount of] biquid hold-ué in the bed
were detérmined by cut of method., The water inlet and outlet
valves wefe suddenly. ‘shuttand the heights of clear 1iguid at the—

bottom weré measured,

3452 Determinationof the Ovérall Gas Mass Transfer Coefficient of

Ammonia

54542417 To determine the amount of ammonia in the solution
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Sample 25 ml. of ammonia solution was used to titrate
with standard HCl 0.1 normal and the ammonia in the solution
was calculated by the equation.

N,IV1
25%x10060

3e5e2s2 Dependence of overallsgas mass transfer coeffi-
cient'of ammonia on‘prdcess variable:

Several experiment were performed to study the ‘effects
of gas velocities, liguid welocities, bed'heights and mole
fraction of ammonia on/overall mass transfer coefficient (KGa)ﬁ

The column was prepared to operate at bed height 8.9 and
15 em. For each bed height,’ gas veloecities were varied betwéen
157 to 360 cm/sec. Water velocities were kept constant at 0.1820,
0.2322, 0.,2807 and 0.3196 cm/sec and the mole fraction were kept

3 3

constant at 6.41x1o‘3, 8.10x10" 7, 9.61x1o‘3_and 10.,86x10"”. These

set of experimental runs were designed to investigated the effect

of gas velocities on KGa,of ammonia,.

The effects |of| Yiguid velocities ware studied by using

bed height at 8.9 cm. Gas velocities were kept constant at 157,

232, 283 dndli322" oty sec.y “Mole | fraction ‘of lamtionia fere 6.41x10-3,

3 > and 30.86x10—3. For each gas velocity and

8.10x1077, 9.61x10"
mole fraction of ammonia the liquid velocities were varied from
0.1820 to 0,3728 cm/sec.

The effects of bed heights on KGa were studied by using
gas velocities at 15;, 232, 283, 322 and 360 cm/sec and liquid"
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.

velocities at 0.2807, 0.3196 and 0.3728 cm/sec. For each constant
gas velocity and liquid velocity, the height of static bed were
varied from 8.9 to 20 cm. Mole fraction of ammonia were kept

constant at 6.41x1o"3, 8.10x10‘3, 9.61x10™° and 10.86x10™°,

3.6 Experimental Progedures

Polyethylene spheres of the exaet démensioh were racked to
a designed height. ‘The gas welccity was supplied by the blower
and was controlled by butterfiy valve, The velocity could be read
from the manometer that! oohuegten to the orifice meter. The water
from the storage tank was pumped to the column and the flow rate
was controlled. The level in the storage tank was kept constant
by mean of an over flow line &nd the water in the tank was supplied
froﬁ the tap water line, The height of fluidized bed was measured
directly and the hydraulic resistance of the bed were read from
the manometer that attached to the column,

Tc study the over all mass transfer cGefficient of ammonia

e Fy— -

' e ————

gas, the ammonia-gas)was suppliéd from) the Jammeonia cylinder.
Ammonia flow rate was controlled by a gate valve and a rotameter

to the desinedomole fraétion. WHebhlsteady State ‘of avsderption

took place, fabout four or five minutes, the following data were
recorded; rotameter of ammonia reading, orifice manometer reading,
rotameter of water reading, temperature of inlet mixed gas,tempera~

ture of inlet water,and temperature of ammonia solution. The

ammonia solution was collected as sample in a 250 ml flask and was
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to titrate with standard HCl 0.1 normal. The amount of HC1

0.1 normal used was recorded.
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