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ABSTRACGCT

Gas-phase controlled mass=-transfer for the system, hexane-
nitrogen-dodecane has been studied. Three different contacting
apparatuses were used: (1) a wetted wall column (2) a bubble
column (3) a slug-flow absorber. The outlet gas streams from
these apparatuses were analysed and the effect of gas-flow rate,
liquid flow rate and contacf time on overall mass-transfer effi-
‘ciencies, ET, were investigated. Fo..r the wetted wall column
mass-transfer efficiencies were found to be a function of column
diameter and contact time. The results are found to be con-
sistent with the data of previous investigators, Practically no
end-effect mass-{ransfer took place. For the bubble column,
ET was found to.be very high and end—effecj: mass-~transfer pre-
-dominated. The EE values fell between 0.98 and 0. 99, ET was
observed to be the function of gas flow rate and contact time.
For the slug—.flow absorber, mass-transfer efficiencies were
-2gain high and end-effect mass-transfer also predominated
EE ranging from 0. 94 to 0. 98. ET was observed to be the func-
tion of liquid flow rate as well as gas flow rate, and contact time.
Asymtopic values of ET less than 1.0 were observed and are con-
sidered to be as the result of incomplete liquid mixing. The |
effect of liquid flow rate was further studies By varying the
position of liquid loading, top or-bottom of the absorber, ET
values were slightly reduced'when'the liquid was introduced at
the top of the column.

The overall gas phase mass transfer coefficients were cal-
culated for the rise period rnass-t‘ransfer. Highest values were
found with the bubble column, but are considered to be low in
view of the high ET values observedv. Lowest values \;/ere found

with the slug flow absorber and suggested that mass-transfer
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was inhibited when bubble movement is restricted. The KOG
values for wetted wall column, bubble column and slug-flow
absorber, at 50 cc. per min. gas rate, 7 cc. per min. liquid
rate and 0.5 cm. L. D. tube, were 0.15 x 10™ 7, 0.35 x 10~
and 0.029 x 10-4 g-mole /(sec. )(atm. )(cm. 2). .respectively.
Pho'togra.phs of bubbles rising in a slug-flow absorbex
‘were taken. Slug size was found to be dependent on both gas
and liquid flow rate. Variations in gas and liquid rates resul-
ted in the slugs changing in form from an elongated gas slug

to a hemispherical cap.
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I. INTRODUCTION

Gas-phase controlled mass transfer is an important in-

dustrial operation, for example, the absorption of soluble gases,

. such as ammonia, and distillation. Extensive studies of gas-

phase-controlled mass transfer behaviour have been made using

planﬁ and pilot-plant sized equipment. Interaction of system

variables, design variables and operating variables determine
the performance of equipment and have .complicated these
studies, sometimes leading to conflicting results (2, 3, 7, 17).

- Mass transfer in a plate column can be considered as taking
place.in t§v0 regions, a buBbling or clear liquid zone and a
foam or froth zone. Hence, it would appear easier to study
mass transfer in laboratory sized equipment where the effect
of design variables can be reduced while contact time and sur-
faces can be determined more accurately. Due to the high mass-
transfer rates observed, relat.:i'vely fewl laboratory studies have
been undertaken on gas-phase-controlled mass transfer. Most
of these vstu.dies have been in wetted wall columns, where con-
tacting conditions would not r.ese‘mble those taking place in a
plate column.' In the laboratory investigation of mass transfer
from single bubbles (22, 33), which could be expected to resemb’le'
the contacting conditions in the clear liqufd zone, that have been

undertaken high end-effect mass transfer has been observed.

"This has considerably redueed the usefulness of these studies in

determining the effect of system and operating variables on
mass-transfer rates.
" Only isolated studies have been made in laboratory sized

equiprhent on mass transfer in foams (28, 38). High end-effect

‘mass transfer has also been observed (28). . It was considered
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that the probiem of determining the effect of mass transfer
variables in a foam could'be simplified by inve stigating mass
transfer in a slug-flow absorber. Under these conditions gas
slugs would be separated from each other by thin liquid films
which might approximate the mass transfer conditions existing
in a foam. As the first step it was decided that it would be of
interest to compare mass-transfer rates under these conditions
with those found in wetted wall columns and rising bubbles. _

Threc apparatuses were then designed, (1) a bubble column,

(2) a wetted wall column and (3) a2 slug flow absorption co-

lumn, so that the three different methods of gas liqﬁicl con-
tacting could be studied. To simplify. experimental procedure
the system nitrogen-hexane-dodecane was ﬁsed. This allowed
experiments to be carried out at ambient temperatures and per-
mitted accurate analysis of the exit gas stream by means of a

Thermal conductivity cell.

PREVIOUS WORK

Numeroﬁs invéstigations involving gas-phasc—bcontrolled mass
transfer have been carried out and only a brief summary is
presented here: Few of the studies were concerned with labo-
ratory sized‘ équiprncnt, the majority being carried out in plant
or pilot-plant columns. In the laboratory sized equipment, most

of the investigations studied were the evaporation of liquids in

- wetted-wall column with‘only 2 limited number of studies invol-

ving rising bubbles.

(2) Pilot-Plant Studies

Calderbank (7) studied gas and liquid contacting on bubble
cap plate with slots varied from 1/16 in. to 1/4 in., 1 in. slot

length and 2 in. cap depth. The gas flow rates varied from
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20 cu.ft. /min. to 80 cu.ft. /min. and liquid rates were kept

to the minimum necessary to provide a small overflow from

the weir. Plate efficiencies obtained for the adiabatic eva-

poration of water and organic liquid in air were found to be
substantially independent of gas loading and the type of con-
tactor. End-effect mass-transfer was found to be high. As

part of the A.I. Ch. E. research programme in the variables

effecting tray efficiencies, Gerster (3) studied the mass-transfer

behaviour of ammonia-air-water system using a single 24"
O.D. sieve tray. Mass-transfer efficiencies were observed .to
be indep'endent of gas flow rates once the critical value had been
reached; below this value efficiencies decreased as gas velo-
cities were ra1sed No end-effect mass- transfer was observed.
Some irregular dependence of murphree vapor eff1c1ency on
superficial vapor velocity have been reported (2). These were

accounted as’'the result of differences in design variables,

system variables and operating variables. Furter (17) compa-

red the efficiencies of bubble cap and sieve tray. The system
employed was a.rnmoma air-water. Gas rates and liquid rates
varied from 34. 5 cu.ft. /min. to 85.5 cu.ft. /min. and 0.52 .
cu. ft. /min. to 1.16 cu.ft. /min. respectively. Both trays showed
decreasing efficiencies with increasing gas flow rate at a given
liquid flow rate. Efficiencies .were found to incd‘ease slightly

as the liquid rate was raised.

(b) Wetted Wall Column Studies

Most of the data obtained for the gas-phase controlled

mass-transfer in wetted wall columns are those for vaporization

of liquids (9, 19, 31, 35). ‘The majority of the data were obtained

with gas phase in turbulent flow (Reynold No. above 2500). For
vapor flow rates in the laminar flow region, Gilliland (19) used

the Leveque equation based on rod like or plug flow and the Gratze
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equation based on parabolic velocity distribution in attempting

~ to correla.te the vapor phase mass-transfer eff1c1enC1es with

the Gratze dimensionless group /Dv y N. The best agree-
ment for G11111and's data and those of Haslam (27) was found

to be with the Leveque equation, This has been explained by
Boetler (5) on the basis of existence of density gradients giving
rise to convection.

(c) Rising Bubbles Column Studies

The rate of absorption from J;ising bubbles to the con-
tinuous liquid phase has beeh found to be a function of flow
rate, degree of internal circulation, surface'area and contact
time (6, 8,10, 15, 25). However, due to the experimental diffi-
culties, very few studies under the gas phase controlled condiﬁon

have been carried out (7,22). - In all cases, end-effect mass-

transfer has been found to be. high and total efficiencies close to

one hundred percent made it extremely d1ff1cu1t to determine
the effect of variables on mass-transfer. Mass-transfer from
bubbles is considered to take place in three regions, formation,
rise and coaiescence, as shown in Figure 1. When end-effect
mass-transfer is appreciable, the mass-transfer at formation and
coalescence have to be allowed for, in order to study the mecha-
nism of mass-transfer during the rise period. This can be
done by using the method devised by Hamielec (26, 30) who assu-
med that the end-effect mass-transfer is constant and indepen-
dent of the rise period mass-transfer. Formation effect has
also been studied (20 37) using a liquid-phase controlled system.
The values of EF -are very much lower than those of gas- phase
controlled studies.

Extensive studies had been deyoted‘to the rrie,chanics of
single bubbles rising from an orifice_ submerged in a liquid e’ g.(13).

These studies have found that at gas velocities up to 6.5 cc./sec.,
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the volume of the bubble and the diameter of the orifice were v

. . Vv . .

in & constant ratio, D= 0.330, while at higher gas velocities,
T

the relationship becomes _\]-D = %T— —g(’i . In both cases, the

bubble shape and velocity were influenced by the liduid viscosity,
surface tension and wall effect. The influence of viscosity

and surface tension on bubble formation has been studied by
Schnurmann (34) a1l1d Halberstadt and Prausnitz (25). It was
found that suriace tension rather than viscosity was the property
determining bubble size. Hoblexr (32) after a review of previous
studies, has introduced a method for the approximate calculation
of the surface area rise, velocity and contact time for the rising

bubbles in the column.

THEORETICAL .

The fractional approach of the vapor stream to equilibrium

with the liquid phase is generally expressed in terms of an
Yon = Yoff
Yon = Y

yo = mole {raction of soluble component in inlet gas,
n

overall gas phase éfﬁciency, E, ., where ET =

T

Yotf
mole fraction of soluble component in outlet gas, and y" = mole

fraction of soluble component in the gas phase that would be in
equilibrium with the liquid phase.

The equati.or‘ls relating the overall mass-transfer efficiencies
to the contacting length and contact time for the three gas-
liquid contacting methods can be derived as given below. As
this was a eXploratory study, only simple models were used.

(a) Wetted wall column

The rate of absorption of hexane from the bulk of the
gas to the liquid phase can be expr.essed by the following diffe-
rential equation, where gas phase is assumed perfectly mixed
horizontally,

Gdy = ~ ——%Ci Piy-y)da. ..... (1)
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where

KOG = gas phase mass-transfer coefficient,

g-mole

(cm. 2) (sec.) (atm.)
= mole fraction of hexane in gas phase
= total pressure =¥ 1 atmosphere.

relative velocity factor =1 (Lean gas)

Q-6 U <
I

= constant molal gas flow rate, g-mole/sec.
(Lean gas)
A

'c'onta.cting area of the two phases.
Equation (1) can be further written in another form

Gdy = =K Ply- yryd@rxr z)y ..., .

4 where
r\

(tube diametef minus twice fhe film thickness of

the liquid.) x 1/2

zZ = tube léngth, c¢m.
Rearranging and integrating the R.H.S. -’ ©. [ &
Va2 1K P . K P
.E_V_*‘ = - ..O_G_. 2xXt 4z =‘...£CL__ 2T Z (3)
- G ’ G
v, Y y . ° .

'Whelie vy and v, are.the mole fraction of hexane in the gas
stream at the inlet and outlet of the mass-transfer section.
| As yw is a function of the concentration of hexane in the 11qu1d
phase, it may change as the gas phase composition goes from
Yy to Yy The variation must be known before the I.. H. S. can
.be integrated. However, at high liquid raf.es, y‘* can be main-
tained constant an'ci only depend on the concentfation of hexane in

inlet liquid. Making this assumption, equation (3) becomes

R TR




Y, -V K P -
In - . = LG mrz . ... (4)

Equation (4) can be rearranged to give: ‘

S K__.P
-1n(1-ES).—._9_G__ 2RPZ (5)

G
Where ES is the mass-transfer efficiency during the rising
period. L.
Finally, if Z is replaced by VO, where V is the average
gas velocity of the gas phase and ©, the contact time, the

following equation can be obtained: .

K
- °C 5 L3 r ve ... NG

G

-In(l - E)

(b) Rising'Bubbles Column

A similar equation can be derived for the steady state
mass-transfer from rising bubbles. The rate equation of ab-

sorption is given by:

Gdy =—Kgg Py - V) AE N
d e
where
G = molal gas flow rate, g-mole/sec.’
A = surfac.:e area of a bubble, cm. 2
(5] = contact tirﬁe, sec,
£ =" frequency, bubbles/sec.

Proceeding as before, the final foll'owing equation can be obtained:
' K_ . PAf . . . |
- In (1 - ES) DL S e ... (8)
o ' G

(c) Slug Flow Absorber

An analogous equation can be derived for the rate of

absorption in slug flow absorber, that is,
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-K Pf .
m(l-8) = —29_5 Ao (9)
S . S .
G . .
where
fy = {Irequency, slugs/sec.
AS = surface area of the slug

For the three above equations, the. plot of -1n (1 - ES) versus
seal height or contact time should give a straight line passing
through the origin and enable the overall mass-transfer coeffi-
cient to be evaluated from the slope of this straight line,

(d) End Effects

In practice, however, only .ET can Be measured and
ET and ES are not equal when end-effect mass-transfer takes
place. End effect mass-transfer 1s mass-transfer taking place
at formafiontind coalesce.n'ce.periods, in bubble and.slug flow
columns . Inhv?/etted wall column, gas a.nd_ liquid flow distur-’
bances can occur at the inlet and after the outlet section of
the mass-transfer column and may lead to increased rates of

mass-transfer.. The mass-transfer zones for the three con-

tacting apparatus are shown in Figure 1. Previous invesitgations

have shown that when the end-effects were high (22, 33), they
should b.et\aiﬁttacr: consideration. Tﬁe method developed by Hamielec
(26, 30} permitted end-effects to be allowed for. 1In this method,
the end-effect mass-transfer was assumed consta‘nt, that is,
independent of rise period. Thén for constant y*, the following

relationship can bé obtained:

In (1 - Es.) = In (1 - ET) - In(1 - EE) ' . (9)

If equation’(9) is substituted into équation (6), (8) and (9), they

can be rearranged as:




-1n(1-ET)=——-—- 2T r ve —ln(l—EE)... (10)

Hi

‘_—.ln (1-xe,)

and

-l (l-E)

fg ® ~ In(1-Ey ..... ()

A plot of -1n (1 - ET) against contact time for each equa-
tion should accordingly yield a straight line from which KOG
and EE can be evaluated from the slope and ordinate intei'cept

of the curves at @ = O 1'espec'tive1y.

¥V EXPERIMENTAL

(a) Apparatus

- A schematic diagram of the apparatus is shown in
I‘iéure 2. Nitrogen from the nitrogen cylinder was saturated
with hexane by passing the nitrogen through four saturators,
immersed in cooling baths as shown (7) and (8). The first water
bath was kept at ambient temperature while the second methanol-
water bath was méxintained at -4°C. This gave practically

constant inlet gas composition, which was calculated assuming

vapor pressure of hexane '
total pressure

entering the saturators, the nitrogen flow rate was measured

Before

gas ideality and equal to

by a rotameter (2) and the nitrogen was also passed through the
reference side of the T. C. cell. After the saturators 'the nitrogen-
hexane mixture entered the absorber- (9), where mass-transfer
took place. The liquid dodécane was plunﬁped from a head tank
(10) by means of a micrometer pump. The dodecane was cooled

and pulsations damped (13) before the liquid was fed into the
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absorber. The outlet gas stream then returned to the T. C.

cell for analysis while outlet liquid was collected in a receiver
(14).
(b) Equipment Details

1)

2)

3)

)

Saturator

The saturators compfised a ser_ies' of four 1" I.D. -and 10"
long gas bubblers fitted with sintered glass disks as shown
in Figure 3. They were maintained 4/5 full of hexane.

Dodecane Feed

The dodecane feed was maintained constant by .rn‘eans of a
MILROYAL D CONTROLLED VOLUME PUMP of MILTON
ROY COMPANY, ST. PETERSBURG, FLORIDA. Before
ente1;ing the mass-transfer column, the dodecane was
cooled to 20° C. bjr pumping the liquid through a eoil jm-
mersed in a water bath held at about 18° CA. .

Wetted Wall Column

The wetted wall column shown in Figure 4 was made up

of a known length of glass tubing fitting in to the inlet and

-outlet sections (2) and (6). The contacting of the gas and

liquid took ’fnlace countercurrently with hexane-nitrogen
mixture eﬂtering the bottom of the ‘column and dodecane at

the top of the column. Two different diameter tubes of

0.4 cm. aﬁd 0.5 cm. were studied with the length being varied

from 3 to 13 cm.

Bubble Column

The .bubble column was made up of a glass column, 10

. ¢m. L.D. and 25 cm. in length, mounted on a brass plate

as shown in Figure 5. A 0.1 cm. 1.D. orifice of about 1"
long was connected to the gas inlet at the bottom of the

column. A bubble: breaker was attachéd to an inverted




2Rty

&
&
- 13 -
N_'inlet —e \ Make-up hexane
¢ )

. — N2 - hexane :

/ mixture outlet

— [= Q.

— T —
© o

- T— Hexane

-2 o _

Gas bubbler

Figure 3: Hexane Saturator




BAAS IR L8 ST nl |

YR

- 14 -

PING 2uedapO(g h

Suntg

Surx-Q -

aqny sse(d jaul sen
103291100 a2uedapop sseld xodsiag
Sutx-Q
_mcﬁ.xm

-

_U01309G I9jsuea] SSEBN

Suiptg
Sur-O

I92UTRIUO0D dued9pop sse(d xadsaiag

8uiqny sseif jorino sen

197Ul sen

__. |
Q\\\.p _....
e — \\
L —
wAN\ .K
e~ LT

=1t

L
_—

?

\
Ll

\

F— | et

197IN0 sen

P«

uumioD ;T{eM PeHNOM :§ 2indig

\‘ ) :N
| ; i
\ :“..II 391Ul [ued3po(
| . .



fazso r N S A X

- 15 -

.

197INC PUBIL PO(T

!

191Ul sen

* ’ N

e

LLLYLET L 7 7 7EL 7
/ i T R:ﬂw_ T
. \ — N
1osed uofpe,  G—" M 1
1
N 8—1 | I/
Azerided ‘@1 wo 170 L[ [ /
oul] mo[frong Q_— \“ /]
—
1adeaaqg 1alqqng G —" V “
321Ul suedepo ysaig ¥ _— \“ -
. / /]
BE: .
- -—
pPuing € — |4 / WOote
"
/]
| , |~ WO/
uwnio) sseln g — f - 8l “
/ /]
A -
I91I13G | \\\\ “
Y/ /]
q ) /B
it m / nf 3
L/ 77777 777777777 7777 T
CE i i

]

391Ul aurdapoOg

197INQ sen

uwnio) o1qqng g axnd,



S e L et

5)

(c)
1)
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' funnel and positioned as shown in the figure 5 . The

depth of the liquid in the colurhr; was varied by changing
the length of the overflow line. |
Slug-Flow Absorber

The slug-flow absorber was . similar to..the wetted wall

column. They were made up of known leng.thiof glass

tubing fitting into the upper and'lqwer section of the ab-

sorber as shown in Figure 6. Two absorbers were used to
determine the effect of the position of liquid loading on
mass-transfer in slug' flow., The liquid was fed either at

the top or bottom of absorption column. Slug flow was

- induced by positioning the inlet gas nozzle.

A needle was again used as a bubble breaker.(4) to mini-
mize the end-effect mass-transfer in the outlet section.
Three different diameter,s\of tubing, 0.4, 0.5 and 0.6 cm.
respectively were used while the length was varied from 3

to 14 cm.

Procedure

Gas Analysis ' o | -

The composition of hexane in the gas flow was analysed
with a Thermal conductivity cell and potentiometer. The
electrical circuit for the cell and other éuxiliaries is.sh'own
in Figure 7. .

The T. C. cell was maintained at a constant temperature

-of 30°C i 1° by being placed in an insulzted aluminum

container. The inside of the container was heated by means
of a heafing tape and power supply to.the tape was controlled
manuvallyl with a power~stat .. The current supply to the

T. C. cell wé.s from a power supply controller unit obtained

from Gow Max Company. The poterit'io'xneter employed was
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of model no. 3184 D and able to g1ve a smallest M. V.
readlng of 0.01 M. V

Tne cell was calibrated by passing nitrogen-hexane gas
mixture of a known composition through one side of the

cell and pure nitrogen through the reference side of the
cell and measuring the cell unbalance with the potentlo-v
meter. The saturator gas mixture were prepared by
bubbling nitrogen through liquid hexane as has been des-
cribed previously. The variation in composition was
achieved l:ly changing the temperature of the second water
bath.

The cell unbalance was found to be a function of the current
passing‘ throu.gh the cell as shown in Figure 8. The
maximum deflection was observed at 150 M A. but initially
it was found only possible to maintain the current at 125
ma. when the power supply to the T. C. cell was from the’

.' 12 volt battery. This was dne to the manual potentiometer
(2) not being sufficiently accurate to control the current

at 150.ma. Then, after the power supply was changed, 1t
was decided to keep the cell current of 125 ma for the
remaining runs, '

Gas flow rate was fnund to have virtually no effect on the
cell unbalance and the calibration curve is shown in Figure 9,
A gas m1xture was tested for saturation by condensmg

" hexane in the gas in a ‘dry ice trap The test showed that
the mixture was 99% saturated with hexane. Further, ni-
trogen was bubbled through dodecane at 20°C, 25°C and 27°C
~ and the cell unbalance was found to be neg11g1ble '

Experimental Procedure

" At the start of a run, nitrogen was first_.passed through the

Eamacme Sy
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“absorption and the T. C. cell at a known rate, using the

bubble column, %Fhe liquid was brought to the desired
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by-pass as shown in Figure 2. The dodecane flow was
then Started) T. C. cell checked and potentiometer adjus-

ted to give zero deflection if neces sary. Then, the ni-

trogen was passed into the saturators and into the absorber-

where mass-transfer took place. In the case of the

level before the introduction of hexane saturated gas
mixture from the saturator. The outlet gas composition
was determined by noting the T. C. t?e?‘ll unbalance and
allowing it to reach steady state. A Steady state had been
reached, the M. V. readmg, n1trogen and dodecane flow
rates were recorded together with barometric pressure
and room temperature. The dodecane feed was stopped
and the nitrogen stream diverted back to the by-pass line.
A duplicate run was then carried out by repeating the pro-
cedure. A series of runs were carried out for each con-

tacting length or seal height at different gas rates, liquid

rates and inside tube diameters.
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Y RESULTS AND DISCUSSION

(2) Introduction

Overall efficiency data were obtained for the absorption
of hexane from nitrogen carrier gas in the three different gas-
liquid contacting apparatuses.The gas rates employed varied

from 50 to 100 cc. per min. while the liquid rates were varied

from 2 to 9 cec. per min. Contact times were varied by changing

either the liquid seal height or the length of the absorber.
Each experimental run was carried out in duplicate and the
mean values are shown in the figures. In addition, flow cha-

racteristics in the slug flow absorber were observed photogra-

.phically, The data obtained are given in Appendix I and overall

efficiency data are shown in Figures (10,11, 13-A,14,15,17, 18).
(b) Wetted Wall Column

The flows, both the liquid, as thin film flowing down

" the inside surface of the tube and gas flow rising up the tube, were

found to be laminar, Reynold numbers of flows were from 17
to 43 for gas and 17-26.for liquid. ‘

The overall efficiency data obtained are shown in Flgure
10 and 11. . The figures show that ET increased with increasing
contacting length but decreased as the gas flow rates and column
diameters were increased. Il;l addition, as expected, liquid

flow rate was found to have virtually no effect on ET. The plot

of -Iln (1 - ET) against contact time, ®, showed that, under the

conditionAstudied, very little, if any, end effect mass-transfer
was taking place, and all the stfaight line have been drawn to
pass through the origin at & = O . The mass-transfer coefficient
were calculated from the slope of the straight lines using

equation (10) and are tabulated
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Mass Transfer Coefficient, K

oG
NZ -1.D. of tube ' OG 2 4
cc. /min. cm. (g-mole/sec. atm.cm. ) x 10
50 0.4 0.24
75 0.4 0. 22
100 0.4 0.23
50 0.5 0.15
. 75 0.5 0.16
100 0.5 ¢ 0.17
K . decreased as the tube.diameter increased and was not
oG the
a function of the gas flow rate forp0.4 cm. tube as predicted

the

by equation.(10). Fora0.5 cm. tube, K slightly depended

on the gas flow rate and this could haveobcfaen caused bjr the
incomialete wetting of the surface of the tube or the occurence

of ripples at the gas-liquid interface, but no further studies
were made. The same trend was observed when thé data were
compared with those reported in tl'}e'literatureAfor the absorption
of ammonia at the similar Reynold numbers by Haslem, Hers- -
key and Keen (27). The data, when they were all plotted as |

E,_, against as suggested by Sherwood (19), were

W
T A $DyN
scattered below the curves predicted by Leveque and Gratze

‘equations.

Bubble Column

These results were characterised'by high mass-transfer
efficiencies as shown in Figure 13. The efficiencies were found
to be almost one hundred pér_c':ent in all cases. -‘They decreasea
sligbtly as the gas flow rate was increased.’ Plot.s of -ln(l-ET)
versus contact time, ©, are shown in Figure 13-B. Straight
lines drawn through the points show that end effect mass-transfer

in every case accounted for the majority of the mass-transfer
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taking place. Their values are tabulated as:

N2 - Flow End Effect, EE
cc. /min.
50 ) 0.9930
75 0.9918
100 0.9834

-The contact time, ©, was evaluated from the correlation
reported by Hobler (32) for chain bubbling conditions. Mass

transfer coefficients, K were evaluated from the slope of

eley
the straight lines, assuming uniformity of bubble size,
constant rise velocity and bubble diameter which were calcu-

lated from the equations given by Hobler (32), see appendix (II).

f fficient
Mass Transfer Coefficient, KOG’

N, - Flow K

2 i oG > :
. 4
cc. /min. g-mole/(sec.)(atm)(cm..) x10
50 0.55
75 0.63
100 0.71

‘These values are higher than those found with the wetted '
wall column and increased as the gas flow rate was increased.

However, the rise period covers such a small section of the

total efficiencies measured that no real conclusion can be drawn.

(d) Slug Flow Absorber

() Bottom Loading

The data obtained are shown in Figure 14 and 15. Mass
transfer efficiencies were again high, depended on gas flow
rate;. contact time, tube diameter and liquid flow rate. ET
increased with increase in tube diameter or con'ta.ct time but

fell as the gas velocity was increased.
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Efficiencies were .also found to belaﬁ appar.ent function of
liquid flb_WL rate. The values-of ET were calcglatéd on the
basis of y = 0, which would hold at liquid rates of 7 and 9 .
cc. per min, if the liquid phase Was'completely mixed. In
§1ug flow absorption, this assumption may not hold and an
éffect of liquid flow rate could be expected. This was observed
by separation of the ET versus contacting length curves for
each liquid flow rate as shown in the Figures (14) and (15).

Incomplete mixing is considered to account for asymtopic
values of E_, lower than 1.00 in these runs. For liquid flow

T 5
rate equal to 2 cc. per min., y‘ could not be taken as zero but

2o

the mixing of liquid appeared to be more complete as less
entrainment was observed. In these runs, y* was calculated
‘with the assumption of a completely mixed liquid phase. For
0.6 cm. I.D. tube, all the Eq _A_".versus contacting le'ngth.
.curves at this liquid rate (2 cc. /min.) intersect or lie above
the other curves at other liquid ‘rate. ‘This is assumed to be
due té the more complete liquid mixing in the larger diameter
tube.

. Plots of -1n (I-ET) against © for liquid rate at 7 .cc. per
min. are shown in Figure 16. Contact times were measured
from visual observation and they are in the same order of ma-
gnitude as predicted by Davies (15). In the majority of these
cases, the curves through these points were not straight

lines. It can be séen.thaf end-effect mass-transfer was high
---and theEE values were of the order of magnitude Qf 0.94 to
0.98. At the liquid rate of 7 cc. per min. and-lowest gas rate
of 50 cc. per min. , the plots give straight lines for 0.6 and 0.5

cm. columns and K values were calculated from the slopes

oG
of the curves using equation (12) with surface areas and slug
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frequency calculated from the photographic studies. The values
of KOG were found to be 0.029 x 10-4_ and 0.025 x 10-4

2 \ [}
g-mole/sec. atm. cm. respectively. These values are in

an'order of magnitude lower than the values found for the
bubble column and the wetted wall column. It’is not sure at

present whether this was a true reduction in K or just simply

_ oG
the effect of incomplete liquid mixing, further work is required.

(II) Top Loading

In order to study the effect of‘ liquid distribution, runs
were carried with dodecane introduced at the top of the absorber
and the results obtained are shown in Figure 17 and 18. ET
were slightly lower than those found for bottom loading absor-
ber but Wefé always high and the same general tendencies

found; E,, decreased as the gas flow rate was increased but

T
increased as tube diameter increased. The effect of liquid
flow rate was again observed and asymtopic values less than
1.0 were found. Plots of -1In (I—ET) versus contact time were
made and curvature was again pronounced. End effects were
high. No attempt made to evaluate overall-mass-transfer

coefficients.

(e) Photographic Studies

Photographs were taken for the rising slugs as shown

"in Figure 19-A,B.C. For 0.4 and 0.5 cm. tubes, only those

at gas rate of 50 cc. per min. were obtained because at the
higher gas rates, siugs rose so fast that it was difficult for them
to be pictured with an ordinary camera. Tﬁe size and shape

of slugs depend on tube diaméter and liquid rates. As tube
diafheter was increased at constant liquid and gas flow rates,

the gas slﬁg shape ‘changed and slug length decreased until her'ni-

spherical slug's.were formed for tube diameter equal to 0.6 cm. -
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