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Abstract--Coalescence frequency and coalescence time were measured in electrolyte solutions. Marruc- 

ci model was acceptable to predict the coalescence time ~f one pair bubble in the dilute solubon of electro- 
lyres. Transition concentration decreased with increase t~f bubble forming frequency. This tendency was 
same as the results in low molecular alcohol solution. 

For a bubble cohmm study, the effects of electrolyte on the gas holdup and bubble characteristics were 
investigated. The inhibition effect of bubble coalescen:'e uf the K2SO 4 was slightly higher than that of the KCI 
at a same ionic strength. In this work, transition concentration was 0.36 kmol/m 3, which is larger than the 
value predicted in pair bubble study. 

INTRODUCTION 

The knowledge of the coalescence behavior of bub- 
bles in various liquids and solutions becomes impor- 
tant to improve the performance of bubble columns or 
distillation towers, and a vast number  of papers have 
been reported in the broad fields [1-6]. In spite of 
considerable research, however, the mechanism of 
bubble coalescence is still unclear. Traditionally, 
bubble coalescence phenomena  have been studied on 
a :swarm of bubbles in a gas-liquid contacting equip- 
ment [1,2] or on a pair of bubbles [3-6]. 

Correlations and experimental data for the average 
holdup in bubble columns are ubiquitous in the litera- 
ture, however, the large scatter in the reported data 
does not allow a single correlation. This large scatte~ is 
mainly due to the extreme sensitivity of bubble coales- 
cence to the materials in the system and to the trace 
impurities, which is not well understood [7]. Namely, 
physical properties such as density, viscosity or surface 
tension could not explain an observed phenomenon  
in a bubble column completely, especially, in com- 
mercial processes in which trace amounts of surface 
aclive impurities are frequently present. 

The retardation of bubble coalescence caused by 
the electrolytes is very interesting, and further infor- 
mation of these phenomeaa  is required to apply to 
various chemical engineering fields. 

**To whom all correspondence should be addre.~ed. 

The purpose of this work is to investigate the coa- 
lescence behavior of contacting bubble grown on adja- 
cent nozzles in the electrolyte solutions. This tech- 
nique offers a very simple and reliable solution to the 
surface contamination problem, since fresh clean sur- 
faces are formed shortly before each coalescence event 
occurs. The coalescence time was measured by an 
optical sensing method and compared with some 
mathematical models. Also, the effects of the electro- 
lytes on bubble properties were investigated in a bub- 
ble column. Critical transition concentration, which is 
important for bubble coalescence phenomena,  was 
determined only in side-by-side growing bubbles, 
because of its :simplicity and reproducibility. Experi- 
mentally, the transition concentration is defined as the 
concentration resulting in 50% coalescence percent- 
age. And coalescence percentage is defined as the per- 
cent ratio of the number  of coalescing pairs over the 
total number  of pairs contacted. The values of critical 
transition concentration obtained in this work and in 
literature were compared to the Marrucci parameter 
[5]. 

THEORE~CAL BACKGROUND 

When two bubbles come into contact, a thin liquid 
film forms between them, draining until an instability 
forms. Then coalescence occurs. The bubble coales- 
cence mechanism is considered to be a three step pro- 
cess: (1) the approach of two bubbles to within a dis- 
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Table I. Properties of gases  and electrolyte solutions 

'~ ~ 106 ,UC,* lOS PL" 10a & • 103 o- D* 109 
System kg.m-3 Pa.s kgm-3 Pa.s raN/m m2s-I 

Air-KCl 

{0.1-0.3 kmoll m 3) 

Air-K2SO 4 

('3.02-0.1 knlol I m 3) 

1.21 1 . 8 3  1.00l-1.014 0.998-1.003 72.3-73.2 1 69 

1 002-1.01 1.006-1 021 72 8-73.2 1.3{} 

*Calculated from the Nernst equation [lO]. 

tance of 10-s-I0 -6 m, (2) further thinning of the liquid 
layer between the bubbles to a thickness of about 
10-8m, (3) rupture of the thin liquid layer via an in- 
stability mechanism. The first step is an extremely 
rapid thinning of the film down to a quasi-equilibrium 
thickness at which the surface forces on the film are 
balanced. The quasi-equilibrium thickness is related to 
the solute concentration at which the transition front 
mobile to immobile surfaces occurs, ard this critical 
transition concentration can be evaluated by the Mar- 
rucci parameter 

I ~ ,=Ct4k~/ ,~  (li 

Whenever the value of Marrucci parameter, I~,,t is 
larger than 1.89, the time needed for coalescence is 
determined by the further thinning of the quasi-equi- 
librium film down to the rupture, and is described as 
coalescence time, tco. Transition concentration deriv- 
ecl from the criteria of Marrucci parameter is repre- 
sented as: 

c~=0.084R~;T~ ',~A~/'R ', ' ~  (d c~/dc} ~ (2! 

"['his equation wil l  be used to predict coalescence be- 
havior in salt solutions. 

The coalescence time, tco, required for two gas 
bubbles to coalescence as they approach each other 
can be calculated from Marrucci's theory. Marrucci [5] 
suggested a following equation from the mass balance 
between the fi lm and the out side l iquid at any instant. 

t c o -  !X,,C~/4D )~f2I ~,,, !3} 

where f is a function of l~,~t, ho and h~ as described by 
Marrucci. The Eq. (3) is based on the assumption thai 
complete equilibrium exists between surface and 
solute concentrations in the film as the film is being 
stretched. And Marrucci's model allows for the dif- 
tusion of solute into the liquid film from the liquid uul- 
side the film as a mechanism for film thinning. But 
Andrew [8] considered a differen! situation of film 
thinning. He considered a model wbere relatively 
thick film is being stretched, and calculated the 

increase in surface tension which arises fo~ a given 
stretching rate, as a result of slow diffusion to the 
surface. According to Andrew's concept, tco can be 
computed by: 

tco-- 

~re 2 s "[2Cl:d~/dc 2+hAp'd~/dcll2h~,App ~ " dh. 
2DR,;T,, 

{41 

To adapt Eq. (3) and Eq. (4) for predicting coalescence 
time, initial film thickness (h o) and final film thickness 
(h,) nmst be well known. In this work, initial and final 
film thickness were calculated from the approximate 
expressions, which were used in previous report [9]. 

EXPERIMENTAL 

Potassium chloride and potassium sulfate are used 
as the electrolyte, and the physical properties of them 
are listed in Table 1. Bubble colunm study was carried 
out in a plexiglas column of 0.1 m i.d. and 1.6 m high 
as shown in Fig. 1. Oil free compressor air was sparged 
into the bed through three 6.3 mm i.d. perforated feed 
pipes with 23 holes of 1 mm i.d. drilled (opening area 
0.92%) horizontally and equally spaced with distance 
of 10 ram, and gas flow rate was measured with rota- 
meter. Four manometer taps were mounted flush with 
the wall of the column at 0.3, 0.45, 0.9 ancl 1.05 m 
above the distributor. The gas holdup was determined 
by measuring the static pressure with water mano- 
meter at four points in the column (static pressure 
gradient method). The clear liquid height was kept at 
about 1.2 n'L Air was introduced into the bed with 
desired superficial velocities which ranged from 0.011 
to 0.05 m/s. When a steady state was reached, the 
pressure profile up to the entire height of the column 
was measured using the l iquid manometers. At the 
same time bubble properties were measured with the 
bubble [)robe. The electrical resistivity probe consisted 
of two needles which were made of chromel-alumel 
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Fig. I. Experimental set-up for bubble column study. 
I. Main column 2. Distributor 
3. Pressure tap 4. Probe 
5. Probe circuit 6. OP amp. 
7. Oscilloscope 8. A/D converler 
9. Microprocessor t0. Rotameter 

11. Air line 

wire with 0.20 mm in diameter and coated with epoxy 
resin except for the needle tip. The vertical distance 
between the two tips was maintained 2 mm. The 
probe, was supported by a stainless steel tube which 
served as an electrode and was placed perpendicularly 
to the moving direction of the bubbles and at the 
middle of the column cross section and 0.6 m above 
the gas distributor. At this location, the effect of 
sparger design on the bubble size distribution can be 
neglected and the bubble size distributions have 
become stationary [11]. This means that a steady state 
balances of breakup and coalescence is achieved at 
this height. Adc  voltage was applied to the probe and 
the signals from the probe were amplified and 
observed by an oscilloscope and stored in a micro- 
processor through a rapid A/D converter. Ferom these 
digitized data, the bubble characteristics (vertical 
bubble length and frequency) were determined. Full 
details of the data processing are given elsewhere {12]. 

In pair of bubble, attention was focused to the case 
of contacting bubbles grown side-by-side. "['he experi- 

menial apparatus used in this work is similar to that of 
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Fig. 2. Bubble coalescence  percentage vs. solute 
concentration. 

previous investigators {3,4]. The advantages of the 
experimental equipment in this work are such that the 
measuring method of coalescence time is by optical 
probe, and synchronization of bubbling from two 
capillaries is by the stepping motor control. Bubbles 
were formed through two nozzles (No. 14 gauge hypo- 
dermic tubing) in a bubble chamber, which was a glass 
vessel with a thermostatic water jacket and a plate 
glass window, which permits undistorted observations 
from outside. The ends of the two nozzles were 0.85 
mm apart. Feed gas (nitrogen) was pre-saturated with 
distilled water and fed to each nozzle through two gas- 
tight syringes. Gas feed rates were controlled by two 
variable speed stepping motors which were controlled 
independently by a microprocessor. The rate of gas 
injection ranged from 0.007 • I0 6 to 0.076 x 1(/-s rag/ 
s in this work. Bubble coalescence percentage and 
bubble coalescence time were detected by optical 
sensing method. The measurement with optical 
sensing method were described in more detail at the 
previous paper [9,13]. All experiments were carried 
out at temperature of 20 • I~ The solutions were 
prepared by using distilled and deionized water whose 
conductivity was always lower than 10-4S/m. 

RESULTS A N D  DISCUSSION 

I. T r a n s i t i o n  c o n c e n t r a t i o n  
The coalescence properties are mainly dependent 

on the added salts. Fig. 2 showed the bubble coales- 
cence percentage vs. solute concentration with solutes 
or bubble forming frequency. The transition concen- 
tration decreased with increase of bubble forming 
frequency. The transition concentrations at f , -0 .92  
and f,= 1.84 were 0.14 and 0.19 kmol/m :~ respec- 
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Table 2. Ionic strength and transition concentration 

103 

do/dc c/5, kmol / m 3 

Solule (.uN m2/tool) Exp/2 TheorehcaP 3( )~4 
ct{do'/dc) 2 

(/./N 2. s / mol) 
1.6 Icm + ? 

NaCI 1640 0.175 0.05t)(0.07) 

Na2SO 4 2730 0,061 0.018(0.025) 

Mt~CI 2 3200 0.055 0.013(0015) 

LiCI 1630 O. 16 0051(0.057) 

KCt 1 4 4 0  0.23(0.19)' 1 0.065(0.08) 

NaBr 1300 0.22 0,081}{0.09) 

M RSO 4 2120 0.032 0,03{}{0.045) 

K2SO 4 2580 (0.06) ~ I 0.02(1(0.025) 

CaCI 2 3040 0.055 0.01,1{0.017) 

1.11(1.09) 

(1.40) 

1.06 

1.12 

.471 

.455 

.563 

425 

.477 

.372 

.144 

.399 

.508 

0.175 

0.183 

0.183 

0.160 

0.230 

0.22 

0.15 

0.18 

0.165 

6.08 

5.87 

7.28 

5.49 

6.16 

4.80 

1 86 

5.16 

6.57 

1. This work. 
2 Lessard and Zieminski [14]. 
3. From Eq. {2). 
4. Cakulated from Oolman and Blanch's n,:<leJ [15]. 
5. Referred to Ihe hnal [ilni Ihickness a[ Ihe actual Iranslhun v,uncentratior~ 
6. Ii~nic strength. 
7. The value a! transition t~mcentrati,.m. 

tively. If a bubble is generated, the concentrations of 
an electrolyte at the interface and in the bulk liquid are 
initially equal. However the ions have a tendency to 
move away from the interface. This results in an 
enrichment of the liquid phase, accompanied by an 
increase in the surface tension. If the bubble forming 
frequency is increased, the surface tension gradient at 
the bubble surface will be decreased because that the 
transport of ions in the bulk liquid requires some time. 
Therefore the coalescence hindering effect of elec- 
trolyte will be decreased. 

The experimental data of transition concentration 
in Table 2 were taken from this work and the publica- 
tions of previous investigators [ 14,15]. Table 2 showed 
that observed transition concentration for the various 
salt solutions is very close to a constant value of the 
ionic strength, 0.18-0.20. This indicates that the 
surface activity of the salt solution is prin-arily depend- 
ent on the total concentration of ions in the solution. 
Also, the actual transition concentrations taken from 
the literature were compared with those predicted 
from Eq. (2). The predicted values were lower than the 
observed value, but this disagreement between theoq' 
and experiment is within the precision with which 
certain of the physical parameters used in the analysis 
can be estimated The value of the Hamaker constant 
and do-/dc are important parameters in the problem 
that can not be estimated with great accuracy. Also the 
parameter c(do/dc) 2 at the observed transition concen- 
tration was evaluated and was shown ir  Table 2. The 

parameter is a measurement  of the dynamic surface ef- 
fect caused by the addition of the solute. Namely, it ex- 
presses the degree of easiness for two gas bubble in 
dilute solution to coalesce. The parameter had the 
similar value about 4 x 10 4-5 x 10 -4 for each electro- 
lyte. By additionally using the activity coefficient func- 
tion, r  in the parameter, a better representation of 
the data might be achieved. At [}resent this is not yet 
possible because of lack of data on coalescence inhibi- 
tion for a larger variety of electrolytes and ~ .  

2. B u b b l e  c o a l e s c e n c e  t ime  
Table 3 showed the bubble coalescence time in 

electrolyte solutions. K2SO 4 gave a higher coalescence 
inhibition effecl than KCI did at the same ionic 
strength. 

With disc radius of the order of 0.1 to l ram, the 
distance X D should be in the range of 1-100,um or a 
few percent ol the disc radius [6]. The coalescence 
times at the wdue of X~-; of 1 ,um for two electrolytes 
were shown in Table 3. And this Table showed that 
the solute having values of Ir in the range 2-10 such 
as KCI or K2SO 4 could be adapted to Marrucci s model. 
This means that diffusion to the surface is fast 
compared with the time-scale on which the fi lm is 
stretched. [n other words, since the solute diffusion 
t ime associated with the electrolyte system is small, 
complete equilibrium is obtained within the him. 
3. B u b b l e  s i z e  d i s t r i b u t i o n  a n d  g a s  h o l d u p  

It is conwmient to define the bubble size dis- 
tribution as the number  fraction of bubbles cf a given 
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Table 3. Comparison of the observed with the pre. 
dicted values of coalescence  times 

(, 

Solua' (mollm3) 
tco(mS) 

Observed Andrew model* Theoretical 

(Eq. 31 

KCI 

K2SO4 

100 l0 0.653E-3 5.27 

140 15 0.147E-2 20.50 

200 19 0.340E-2 62.00 

230 36 0.465E-2 90.80 

250 51 0.610E-2 124 90 

300 112 0.830E-2 178.1 u 

l0 14 0.310E-4 0.72 

20 16 0.270E-3 0.92 

30 17 0800E-3 7.40 

45 20 0.2 IOE-2 38 60 

50 36 0.27t) E-2 54.60 

70 42 0.580E-2 t 44.60 

100 110 0.130E-I 355.00 

*Calculated from Eq. (4). 

size existing in the entire volume of the dispersion. A 
typical probability density function in this work was 
shown in Fig. 3, where the distribution exhibits a large 
deviaQon from the mean and a high degree of skew- 
ness. On the basis of graphical methods, it has been 
shown that the logarithmic normal distribution most 
satisfactorily reproduces the original experimental 
histogram when applied to the distribution of bubble 
size in a bubble column [16]. 

TfLe log-normal probability distribution law is 
given by [17]: 

p ( L ~ / = -  11 e x p I _ (  I n ( L ~ - a ' 2  (5) 
42~r5 , 2/92 i ,  

where a=]n tL~) 

# = I n  ia~) 

and L~ is the vertical bubble length. 
Fig. 3 also showed the effect of U G on the 

probability density function where the size distribution 
parameter were taken from the experimental data. The 
probability density function could be approximately 
consklered a Gaussian curve for a low superficial gas 
velocity (less than 0.02 m/s). With increasing super- 
ficial velocity the peak decrease significantly shifts to 
higher bubble diameters. This indicates that a redis- 
tribution of small bubbles into medium and large bub- 
bles occur. At higher superficial gas velocities large 

3.0 

-- 2 .0 -  
"~, 
g _ 

= l O i j  

00 ' 

a ,8 2 t'c~mls) 
/ 1 1: 0.8906 0.0178 O J i l l  

2: 0.7778 00829 0.02 
3: 0.6017 0.]708 003 
4: 0.5479 0.2547 0.04 

2 5: 03435 04474 {)05 

0.8 1.6 2.4 3.2 

Vertical bubble length, xl0 2m 

Fig. 3. The effect of superficial  gas velocity  on the 
probability densi ty  function of vertical bub- 
ble length in the bubble column (liqud: tap 
water). 

l 
a fie 

K I:  -0.387 0.316 

2: --0.325 0.418 
1 3: -0.344 0.447 

..D 

0 
2 

Vertical bubbk' lenglh, • It) 2m 

Fig. 4. Probability density  function of bubble length 
in the bubble column (1Ja= 0.05 m/s, (1): 
K2SO 4 (0. ! lunoi/m3), (2) KCI  (0.3 iunoi/m3), (3) 
tap water}. 

bubbles arise due to bubble coalescence. The bene- 
ficial effect of the gas flow rate upon the coalescence 
phenomenon could be ascribed to produce a large 
number of bubbles per unit volume and thus inoease 
the frequency of the collisions in this bubbly flow 
regime. 

The influence of the electrolytes on the bubble size 
distribution was shown at a constant superficial gas 
velocity (UG = 0.05 m/s) and ionic strength (0.3 kmol/ 
m 3) in Fig. 4. Generally at higher concentration, the 
portion of small vertical bubble length was larger ~han 
that at lower concentration. This figure indicated that 
the inhibition effect of bubble coalescence of the 
K2SO 4 was slightly higher than that of the KCI. Fig. 5 
showed the probability density distribution curves 
relative to K2SO 4 solutions for a superficial gas velocity 
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Table 4. Coalescence frequency constants 

System C1 C2 

Tap water -0044 21.65 ~' 

Electrolytes 

KCI 0.l kmol/m 3 -0.339 28.32 

KCI 0,18 kmol/m 3 -0.481 26.3(} 

KCI 0.30 kmol/m 3 -0.457 20.39 

K2SO 4 0.1 kmollm 3 -0.516 21.52 

O' f12 c(kmollm3)i 
6 1:-0.6766 0.1143 0.02 

1 " ~ [ ~ 5  2:-0.6845 0.1245 0.03 .;... 

o.o8   0.04 
r /  " ~ / 2  4:-08100 0.0891 0.05 

-~' l / , ~ "  1 5-0.8008 0.0684 008 

0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 

Vertical bubble lengih, xlO-2m 

Flg. 5. Variation of probability density function with 
electrolyte  concentration (electrolyte: K2SO4, 
Ur m/s). 

of 0.03 m/s. With increasing K2SO 4 concentration, the 
curves shifted to the left and became more sharpened. 
Zieminski and co-workers [14,18] reported that for 
every electrolyte there is a critical concentration up Io 
which the non-coalescing tendency increases signif- 
icantly and after which the effect becomes negligible. 
Marrucci and Nicodemo [19] used a porous plate as a 
distributor reported the average diameter of the 
bubbles vs. KC1 concentration for a number of super- 
ficial gas velocities (0.1 x 10-2-1.48 x 10 -2 m/s). Their 
results showed that the mean bubble size was constant 
after reaching an ionic strength (0.23 for KCI) which is 
same value that observed in the pair bubble study. But 
when using perforated plates which distribute much 

larger bubbles, the inhibition of the coalescence pro- 
cesses has a poor effect. Fig. 6 showed the effect of the 
ionic strength on the vertical bubble length and bub- 
ble passing frequency in case of K2SO 4. The bubble 
passing frequency is defined as the number of bubbles 
detected by the lower or upper tip of the bubble probe 
in a unit sampling time (1 sec). This value is larger 
than theoretical point bubble frequency, N o , which is 

E 

:>  

20 

tO 

10 

5 

, I 

O 

Udm/s) 
E] O.Ol I 

o ' ~  + 0.02 
" ~  x 0.03 

o '~"~o  O 0.05 

X }1I O 

O r-i 1~ 

I I I I I | I I 

o UG(m/s) 
o [2  0 . O i l  

o + 0.02 0 

o ~ x 0.03 
o 

o o O 0.05 

x 

f , I I I [ I I , ! 

0.06 0.12 
C{mcentration, kmol/m 3 

Flg. 6. The effect of the Ionic strength on the vertical  
bubble length and bubble passing frequency. 
Symbols  on the Y-axis mean the values at the 
orifice plate, which are  calculated from the 
Eq. (6) or Leibson's correlation [20]. 

defined as the number of bubbles moved vertically in 
a unit time. 

N,,= 1.5,UJd~ (6) 

If the bubble moves laterally during measurement, the 
chord measured by the two tips will be different. 
Therefore, experimentally, Np will be measured by 
rejecting the bubble if this difference is significant. 
Anyway, bubble passing frequency measured in this 
work will represent the effect of added salt on bubble 
characteristics. From the extrapolation according to 
the slopes, mean bubble size was predicted not to be 
affected by ionic strength after any ionic strength (0.36) 
is reached. Therefore, transition concentration can be 
explained to depend on the gas velocity and sparger 
design. In addition, the column diameter has some in- 
fluence if it is small not enough to remove wall effect 
(<:0.15 m). 

The addition of an electrolyte hindered the appear- 
ance of large bubbles and results in increased gas 
holdup values as shown in Fig. 7. It has already been 
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{).2 O Tap water 5 
+ 0.02 kmollm3-1 g/" 

0105 ~ K2SO4 n __~Z~. f"~ 
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Fig. 7. Gas holdup vs. U G for; 111 Klm et al. [241; 121 
Akita & Yoshlda [20]; (3} Hikita & Kikukawa 
[25]; {4) Bach & Phllhofer [26]; {51 Mersmann 
[27]; {61 Kelkar e ta l .  [22]. 

pointed out m the literature [20-22] that the gas 
holdup m aqueous electrolyte solutions is slightly 
larger than that in pure liquids or non-electrolyte 
solutions. Shah et al. [7] reviewed the voluminous 
literature on the gas holdup and point out the large 
discrepancies m these correlations. Fig. 7 showed that 
the present gas holdup values are higher than those 
obse~'ed by other investigators [20-23]. Probably, this 
might be due to the use of a different distributor plate. 
Hikita et al. [21] and Akita and Yoshida {20] both used 
a single nozzle sparger as a gas distributor, while a 
perforaled plate wilh holes of 1 mrn diameter was used 
in this work. Freedman and Davidson [23] ca'tied out 
Ihe holdup experiments with two different distributor 
plates in the presence of an electrolyte solulion and 
observed that the distributor plate had a significant 
effect at low gas velocities. A distributor plate having 
holes of smaller diameter resulted in higher holdu!) 
values. An electrolyte solution can maintain tiffs small 
bubble size by virtue of its non-coalescing tendency. 
However, Kelkar et at. [22] reported that at higher gas 
velocities (0.07 m/s or more) this non-coalescing tend- 
ency ends, and the bubble size is no longer governed 
by the distributor plate. 
4. B u b b l e  c o a l e s c e n c e  f r e q u e n c y  

Bubble coalescence frequency" in the bubble 
columr was ana{yzed on the base of the concept of 
Miller [28], which presumed that coalescence occurs 
as a first rate dependence on mean bubble concentra- 
tion. 

2.0' 

E 

• II)[ 

o 

Exlmrinlenta] dala; 
0 J i n  [ 1 2 ]  

~ o  ~ ~ . ~ - ' -  li2 

i i i I ~ i 

l 9 3 4 5 h 

[J~.. xl0 2 n'Us 

Fig. 8. Initial bubble s ize  In stagnant liquid for; (I) 
Davldson & Amick[29] ( l - h  based on the cor- 
relation equation for a s ingle bubble, I-2: bas- 
ed on the correlation equation for coalescent  
bubbles1; (2) Tate's law; (3) Leibson[30]; (4) 
Bhavaraju et at. [31]. 

N,~,,,- N,~oexp { - f<. 6'i {7) 

Two phase holdup time, r  is calculated from two 
phase volume, VTp, and two phase velocity, Urp. 

Bubble concentrations for either mean or imtial 
conditions are obtained from the data about gas 
holdup. E, arid bubble size. All factors are same as 
those described by Miller. 

Numerous investigators have examined the pro- 
cess of bubble generation, and a number of correla- 
tions for predicting the initial bubble size at orifice 
plate are available in the literature. Fig. 8 showed the 
comparison of calculated bubble size to the experi- 
mental value. The Leibson's correlation [30] was 
agreed well with the experimental value in this sys- 
tem. 

The relation between the vertical bubble length 
and equivalent diameter can be written as [11]: 

d , -  2.547L~. {8} 

The frequency of bubble coalescence is a function 
of bulk liquid flow, gas flow and gas holdup in a 
column. Miller assumed that the coalescence frequen- 
cies have the following dependence on two phase 
velocity: 

f, ,=C, U,-,, ~--C, U {.,. ~9) 

and the constants for each system were given in Table 
4 and the coalescence frequency vs. two phase velocity 
curves were shown in Fig. 9. 
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Fig. 9. Coalescence  frequency  vs.  two p h a s e  veloci-  
ty. 

Miller [28} found the frequency, f~, to be of the 
order of 0.02-0.07 s t for air-water systems. This work 
showed that all the system investigated had the similar 
range of frequency factor, but the depe.ndency of the 
frequency on Ure was not same tendency. In Miller's 
system, hole diameter of distributor is about 3. ] mm (t 
mm in our system) and column diameter is 0.229 m, 
which is sufficient size to remove wall effect. Therefore 
at low gas flow rate, coalescence frequency in Miller's 
system was to expected to be higher than in our sys- 
tem. 

C O N C L U S I O N S  

Marrucci model could be applicable to predicl the 
coalescence time of one pair bubble in the dilute 
solution of electrolytes. The effect of bubble forming 
frequency on bubble coalescence frequency was inves- 
tigated. Transition concentration decreased with 
increase of bubble forming frequency. This tendency 
was same as the results in low molecular alcohol 
solution [9]. 

For a bubble column study, the gas holdup in- 
creased with an increase in the gas velocity arid elec- 
trolyte concentration, caused by the retention of finely 
dispersed bubbles. The bubble size distribution was 
narrow for a small gas feed rate or for electrolyte 
solution. The inhibition effect of bubble coalescence of 

the K2SO 4 was slightly higher than that of the KCI at a 
same ionic strength. In this work, transition concen- 
tration was 0.36 kmol/m 3, which is larger than the 
value predicted in pair bubble study. 

N O M E N C L A T U R E  

A 

C 

C 

Ct, C 2 : 
Ci 

Co �9 

C! 

D 
do 

fa 

f~ 
f,. 
h 
hr 
ho 

l 

lent 
k~ 

L, 
Lm 

N BM 

N~ 
Np 
P(L~ 

Ap  
R 
RG 

tco 

T e 

Uc 
Uye 
Vrp 
X~ 

Hamaker constant of molecular interactions 
[J] 
concentration of solute in film [mol/m 3] 
[= 2c /dol,-i 

constants, Eq. (8) 
concentration of ions, i [mol/m 3] 
a constant depending on the geomet D' of 
nozzle:.;, the gas flow rate and physical pru- 
perties of the liquid [m/s li2] 
transition concentratioi~ [mol/m 3] 
diffusion coefficient [m2/s] 
bubble diameter or equivalent bubble diame- 
ter [ml 
a function of [c,Tt, ho and h r proposed by Mar- 
rucei [5] 
activity coefficient 
bubble coalescence frequency [s -I] 
bubble forming frequency [s -1] 
film thickness [m] 
final fihn thickness [m] 
initial film thickness [m] 

ionic strength [ = 2-1 2.,'c,z~ ] 

Marrucci parameter, as defined in Eq. (1) 

L t AR ,/ J 
vertical bubble length [ml 
diameter for which the cumulative distribu- 
tion curve have a value of 0.5 [m] 
mean bubble concentration [m -3] 
initial bubble concentration [m -3] 
point bubble frequency [s -1] 
probability of a bubble of size L, existing in a 
sample of bubbles 
internal pressure m the film [N/m 2] 
radius of bubble [m] 
gas constant [J I k.mol] 
elapsed time from bubble contact to coales- 
cence {s} 
temperalure [K] 
superficial gas velocity [m/s] 
two phase velocity [= 4(Q a + QL)hrC!Bc 2] [m/s] 
two phase volume [m 3] 
depth of the diffusion film [m] 
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z i : number of charges of ions, i 

Greek I.etters 

6" 

0 
/J 

p 
r 

am 

size distribution parameter 
void fraction 
lwo phase holdup time [= 4VrehrdB2I-Irp] iS] 
viscosity [Pa.s] 
density [kg/m 3] 
surface tension iN/m] 
ratio of the vertical bubble length for which 
the cumulative distribution curve has the 
value of 0.841 to the median vertical bubble 
length 
activity coefficient function [ : (1 + d In fa/d In 
c:) -I] 

Subscripts 

G : gas 
L : l iquid 
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