CHAPTER IV

AVERAGE GAS HOLD-UP

A. Fischer-Tropsch Derived Waxes

1. Reprodacibilily and Effect of Operating Procedure

Reproducibility of hold-ups was investigated by performing the sarme exper-
mmenl at deast twice [using the same batch of wax or fresh wak), whereas, ihe
offect of operating procedure was investigated by conducting similar expetizaent in
Increasing and decreasing order of g.as velocities (using the same batch of wag).

Figure & illustraies heid-up values for FT-200 wax obtained from the same
batch of wax {or different runs ai the same opereling conditions (0,051 m ID
cotimn, 1.85 mm orifice plate distributor, 265 °C, and increasing order of gag
velocilyj. Fresh wax used in the first run, run 11-1, gave lower hold-up values

then run 11-3. Run 11-5 produced large emounts of foarm comapared to run 11-1 or

run 13-4, which barely produced foam. Also, uo effect of operating procedure was .

observed in the absence of foam (g > .04 m/s) in the early riiﬁs, run 11-1 and
run 11-2. During these runs {11-1-5) it was observed that the hold-ups for FT-200
wax increased after cach successive run {i.. continuous usage of the samme baich
of wax for several runs). This might have been caused by changes in moleenlar
structure of FT-200 wax after prolonged heating.

Figure T illustrates the effect of operating procedure on the average gas hold-
up for Sasol reactor wax in the 0.051 m ID column equipped with 1.85 mm orifice
plate. No effeci of operating procedure on gas hold-up was observed. Similar resulta

were obtained wilth Mobil reactor waxes (a0t shown). Different results have been
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reported by Bukur ef af 1987, when using I'T-300 wax ihey observed Liysieresis
t¥pe bohavior when experimenis were comnd ucled inineressing and decreasing order
af superfical gas veloeity. in sumiuary, reproducibility of hold-up dats is betier
for he runs without foam or at high gas velocity ranges than in the presence of

foam.

2. Effect of Temperature

The effeci ¢f operating termperature on gas hoid-np was invesligated by
conducting experiments al 200 °C and ai 265 "C. Most of the experiments were
done in the 0.051 mn 1D column, and a Hmiled number of experiments in the 1,229
m 1D column. 4 1.85 mm single orifice distributor plate was used lor runs in the
0.051 m ID colamiy, wheress the 5 x 1 mm, and the 19 x 1.85 mm perforaied plates
were used for runs in the large colurnn. Resylte from these experiments cam be
summarized as follows:

1. For paraffin waxes, FT-200 and FT-300, runs in the 0.051 m ID column showad
that, an increase in lemperature was accompanied with increase in foam, and
thus higher gas hold-up values.

2. In the absence of foam, hold-up values decreased slightly with decrease in
termperature, |
Figure 8 fllustrates the effect, of temperature on gas hold-up for FT-300 wax.

At increase in {emperature resulied in an increase in gas hold-up values. Runs
conducted at 200 °C and 265 °C show a considerable increase in gas hold-up as
foarm was produced (g {. 0.03 m/s} foliowed by decrea;e in gas hold-up as the
flow regime changed 1o the slug flow. Similar results were obserw:ﬂ with F T~2ﬁﬂ

wax for runs performed in the 0.051 m ID calume at 200 and 265 °CF using the
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1.85 mm orifice plate disiributor. In the presence of foam hold-ups decrensed with
decrease iu temperature and no effect of temperature ou gas hold-up was observed
in the absence of foam.

As reported by Bukur ef al., 1987 no foan {lower hold-up values) was observed
for runs ie the ﬂ.ﬂﬁj m ID with 1.85 mm orifice plaie using FT-300 wax at 160 °C
and the transition to slug flow regime was not observed for the rans conducted at
28070 m the velocity runge employed (0.01-0.09 m/s}.

Runs with reactor waxes [Sasol’s Arge reactor wax and Mobil's reactor waxes}
gave lower values of hold-up than paraflin wayes. However, these values were
similar to those obtained with FT-300 wax in the absence of foam. There was a
slight decrease in Lold-up values as temperature decreased from 965 °C io 200 =C,
and virtually no lostn was produced in these runs. Results obtained with Mobid
reactos wax are shown in Figure 9.

Resnlts [rom experiments conducted with FT-300 wax in the 0.229 m ID
column with 5 x | mum perforated plate distributor are shown in Figure 10. Runs
were made at 170 “C and at 263 *C. Also shown in this figure are hold-up values
obtained by Quicker and Deckwer (1981) al 170 “C using a 0.9 mm nogzle in a
0.093 m I} cotumn. The jet velocities with the 5 » 1 mm perforaisd plate in
this work are identical to those in the Quicker and Deckwer study. At superficial
gas velovities in the range 0.01 and 0.02 /s at 265 °C this distributor produced
a substantial amouni of foam which remained stable at {he top of the interface.
At higher superficial gas velocities, the trend was typical for FT-300 wax at the
same temperature. The run at 170 °C did not produce any foam for gas velocities
etployed, 0.01 to 0.05 m/s. As a result, hold-up values were lower than those

obtained from runs at 263 °CC. These results were significantly different from those
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obtained by (Juicker and Deckwer under simitar conditicns. Their hoid-up values
are slightly higher than the ones obtained in this study.

Several workers have invesiigated the effect of temperature ok gas hold-up
using parafin waxes s the liquid medium, Masl of these experiinents were done
at low gas velocities (< 0.04 m/s), in the fosmy regime. Derkwer ef ai. [ 198}
ooserved a significant decrease in gas hold-up as the temperature was incressed
from 180 °C to 270 °C for eXperimenis conducted in 0.041 m ID colume, and no
effect of temperature was observed for rums in the 010 m 1D column, Quicker
and Deckwer {19%1), while usiﬁg FT-308 wax, found that hold-ups at 170 °C were
higher than values at 130 *C, with both 0.9 mm nozzie and a 19 x 1,1 mn perforated
plate disttibutor. Kuo ef gl., 19835, found that hold-up values for runs with FT-200
wax at 158 “C were substanially Jower than those al 260 °C.

in general, the tempe:‘atu_re effect is significant in the foamy regime, however
once 16 slug flow regime or the churn-turbulent Aow regime, the hold-up values do
not vary much with temperature, These results ajso illusirate that ai sufficiently
low temperatures foamning can be completely prevented. This behavior can be
qualitatively explained in terms of values of Lquid viscosity (Teble 6). Bubble
coalescence increases with lignid vistosity {i.e. as ihe temperature decreases}, and

the tiey bubbles which bujld up the foam at the top of ihe dispersion do noi exist,

mere meym,
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3. Effect of Column Diameler

Results from sindies condueled in the 6.051 = ID colyme and 0.220 m ID
cotumnn, which iflusirate the efect of column diameter on gas hold-up, are shown
in Figure 11, The comparison is bused on runs conducted at 265 *C using 1.85 mm
orifice plate dizizibittor in the 0.051 m ID eolumn, and 19 % 1.85 mm perforated
plaie in thae 0.229 tn ID column (The iwo distributors are dynamically similar, the
jet velociy in the smaller column was approximately 94 % of the jet velocity in
the Jarge column), using Sa;sol rezcior wax in the veloeity range of 0.01 1o 0.12
m/s. No foam was abserved during \bese runs and no significant effeet of column
diameter on the gas hold-ups was observed.

Similar ebservations have been teported by Buiur el ol {19870 with FT-300
wax. In the ahsence of foam they observed no significant effect of eolumz diameter
on held-up values. Simdlarly, Kuo ef al, 1985 while using FT-200 wax for runs in
the (1.082 and the 4,033 m ID columns they observed no significant effect of column
diameter in hold-ups. However, Deckwer 6! al. (1880) conducted experiments in
0.041 and 0.1 m ID columns at temperatures below 250 °C and at low gas velocities,
0.005 to 0.03 m/s. They reporied higher hold-up values from the smalier colimn,
this was because of the ;.:-rcsenr;e of foam caused by low gas velodities.

In general, the gas_hmld—ups are independent of colurmn diameter in the absence

of fomm.
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1. Effect of Distributor Tvpe

Effect of disiributor t¥pe un gas hold-up was investigated in the 0.051 wm ID
column. Three different distzibutors wers used: 1o and 1.85 mm single orifice plates
anc a 40 ym SMP distributor. The orifice plate distribuiors provided jet velocities
in the range of 26.0 m/s 1o 312 w/'s for the T mm orifice and 7.6 /s to 91.0 i/
for the 1.83 min orifice for superficial gas velocities of 0,07 to §.12 m,/s,

The major highlights of theze investigations are:

L. In the foamy regime ihe bold-up values ineressed with decrease in the size of
the orifice diameter. The SMP distributor produced thé highest hold-ups.

2. No effect of distributor type Wa,; obuerved for runs with reactor waxes and in
thi absence of foam.

Figure 12 illustrates resulis obtajyed with FT-300 wax in the 0.051 m ID
column al 263 °C, Al experiments produced foam at low euperficial gas velocities
(< 0.05 m/is} followed by transition o siug flow tegime at high superficial gas
velocities. It was observed that the Ivamy regime (foaming range) increases with
decrease in the orifice size {as shown in Figure 17 the tratisition to slug ﬂmr, Tegime

with the SMP distributor was not complete at 0.12 m/s). The SMP prodizced
the highest amount of foam and the 1.85 mm orifice produced the least ame.unt
of foam. The differences i hold-ups in the foamy regime obtained with different
distributers could be altribuied 10 og differences in the jet veloeities prodiuced by
differen), distribntors. High je velocities (high kinetic energy ) result in large surface
areas which means many sall bubbles, and thus higher hold-up valnes. Onee the
transition to slug flow regime is cumpl.etc there is virtnally no difference in gas
hold-up values for different types of d:stnbutors. Similar results were obuerved

with the FT-200 wax (see Figure 13).
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Figure 12, Effect of distributor type and superficial gas velacity on gas hold-

up.
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Similar observations wers renoriad by Kuo e al, 1985 in their CXDETINC LS
with FT-200 wax, using 1hree different ivpes of BME distribuiors, 13, 80 and 100
pm; and three diflerent {vpes of orifice plates, 0.25, 0.39, and 0.57 mra. They
observed Lhat hold-ups were highest with 13 pm SMP distributor and lowest with
0.57 mm erifice plate distributor. Their studies were carmied oul at Jow gas velooilies
(< 0.04 m/e}, and they had high hold-up values up t0 Y5 R due to foaming.

Figure 14 illustrates the held-ups oblained with Mobil reactor wax in the 0.031
m ID. No significatd effect of distributor type was observed. Similar results were
oblained with Sasol reactor Waxes.

In summary, efiect of disiributor t‘;ype is very significant in the rens where foam

is produced, and hold-up values increase with decrease in the size of the orifice.

B. Pure Liquids

The bubble coluins were operated with Liquids other than molien waxes to
investigate the effect of the lignid medium on hydrodynamics of bubble columns. A
range of the operating variabies used in this study is presented in Table 4. A iotal
of seven runs were performed using pure liquids (distilled water and n-butanct}.
Two runs were dome in the 0,051 m ID colurun using n-bulanol, one with 1.85
tain orifice plate distribuior and the other one with the 48 pm SMP distributor.
Three runs were made with disiilled water, in the 0.051 m [D colurnn using the
1.B5 mm orifice plate and the 40 wm SMP. Two runs with cistilled water iwere
performed in the 2.229 m ID column equipped with & 19 x 1.85 mm and & 5 x
i mm perforated plate distributor. Runs in the small column were performed at
superfidal gas velocities in the range of 0.01 to 0.12 m's; whereas, for runs ir_; the

larger diameter column the superficial gas velocities ranged from 0.01 lo 6.07 m/s

1w drdr e
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lor the 5 ¥ 1 mm perforated disiributor plate and [rom 0.0 to (.08 mids for the
19 x 1.85 mm perfuraled distribuior plate. Tt was not possible i 3¢ at superficial
gas veloailles higher thau specified above due to a high pressure drop across the

distriputors.

1. Filect of Start-up Procedure

Figure 15 shows the efisct of operating procedure an gas hold-up for distilled
water in the §.031 m LD colurmn vsing the 1.85 frun orifice plaie diztributor, Neo
differsnce in hold-ups was observed for runs conducted in the order of increasing
or decreasing superficial gas velocities. In both cases long slugs were observed at

high gas velocities (> 005 m/s).

2. EAect of Column Diameier

Figure 16 compares the average gas hold-ups from the §.051 m ID column
and the .229 m ID column [or distiled water. 1.85 mm orifice plate distributor
was nsed for the small celums and 18 x 1.53 mm perforated plate for the large
column. These two distribulors produce the same jei velucity in the small and the
lerge columns respeciively. The gas hold-ups in the large column were lower than
those obtained in the small column. This may he due to the existence of different
flow regimes in the two columns. Slugs were observed in the small column even at
relaiively low gas velocities; whereas in the large column, ne slugs were seen at all
but 2 more viclent motior and downward movement of fluid along the wall {churn-
_turhulent flow) was observed, Bubbles near the wall showed very complex motions,
They moved up around and down along the wall, with a downward movement being

more pronounced at higher gas velocities.

i LT
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3. Effeel of Dissributor Ty pee

Figure 17 (@) and {b) shows tle average gas hold-ops for p-butsno: and distiiled
water in the 0.050 m ID coiumn and 0.229 m ID columns, respeciively. The 1.85
s orifice plate and the SMP distabutors were used in the 0.031 m ID colurns,
whereas tire 39 x 1.85 miw perforated plate and the the § x 1 mm perforated plate
were tused [or the large wolumn. No effect of distributor Lype on gas nold-up was
observed for runs in the 0.051 m D columa. Slightly higher hold-ups were obtained
lor the 19 x 1.85 mm perforaied piate than for 5 x 1 mm perforaied plate. This
mignt be due to higher jai velocities for the 5 = 1 mm perforated plaze 1han the 19
x 1.85 mm perforated plate. Shnar observation were obtoined with T derived
waxes, [n the absence of [vam the gas hold-up was found to be indspendent of the
type of the distributor. |

in summary, with pure Hguids there is nc significent effact of distributor type

on gas hold-up.

4. Effect of Liguid Medium

The major highlights of this investigation are as foilows:
1. Doth liquids, distilled water and n-butanol, are coalesting mediuais,
2. No fvam was observed in the course of experiments in the range of gus
velocities empioyed., | |
3. At high gas vefocities, the siug flow regime was observed for raps in the
small column with all types of distributors. It was observed that n-butanel

is les¢ coalescing than distilled water. Consequently, at low gae velocities

PR

{< G.02 m/s} fewer small bubbles were observed for the distilled water/nitrogen

system) compared to the n-buianol/nitrogen system. These tmall bubbles
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usually coaiesce 4o furm: larger bubbles and slugs before disengaging. Since
the coalescence rate for the butanal juitrogen system war not as iigh as that
for distilied weler, no slugs were observed in toe izengagement zone in ihe
former case. As ihe superficial gas velonity was increased, large bubbles and
slugs were observed just above the distributor for the distiiled waleT/ nitrogen
-s_.*rstcm, Long slugs (~ 0.2 m) were frequently seen ai high gas velocity
(> 0.08 m/s) at height about 2.2 m above the distmbutor, and only a few
small bubbles were c:bserved._ On the other hand, in the butanol-nitrogen
syslem no slugs were observed Just wbove the distribulor even at high gas
velocity (0.12 m/s). Al high gas velocities, shert slugs (~ (.07 m) and a large
number of smalt bubiies were seen ristug very rapidly at height about 1.7 m
above the distributor.

4. No slugs were obiserved in Lhe large column for the range of gas velocities nsed,
Figure 18 cornpares the hold-ups for distilled water, ﬂ-butar_m]: Saso] reactor wax
(at 2683 "C), and Mlobil reactor wax {al 265 °C) obtained from the 0,031 m ID
column using the 1.85 min orifice plate distributor. Only & small difference could
be observed despite significant difference in their physical properties: for example
(distilied water and t-butanol), the surface tension differs by & factar of 3, the
viscosity by & factor of 2.9, and the density by a factor of 1.4. This shows that, the
average gas hold-up vaiues fur non-foamy liquid mediums are independent of their
physi.cal properties: the surface tension, the density, and the viscosity, Similar
observations have been reported by Bach and Pilhofer {1978) in their studies with

ethylene glycol and octanol.
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C. Agueous Solutions of n-Butanae!l

1. Eflect of n-Butancl Concentration

The presence of aleohols inhibits coalescing behavior of distilled water. T has
been observed by Hikita and Kikukawa (1974); Schuger] e al. (1977}, and Ketkar
et al. {1933)] ihat in the presence of aicohols Lhe bubbles are smaller and rpore
rigid, and have lower rising velocities, resulting in higher gas hold-ups. Also, 11
bus been observed that gas hold-up incteases with an incresse in the aleohol chaln
lengih. Sirnilar irends were observed in both columns, therefure only results from
the 0.051 m are discussed beiow.

Figure 1¢ shows the average gas hold-ups in the 0.031 m ID column using
different concenirations of butasol in distilled water, 0.0 %, 0.5 %, 1.0 %, and
100 % Ly wt., using the 1.85 mm orifice plate distributor. Gag hold-up increased
with increasing concentration of butanol in water {the same tren& was observed
with the SMP c:l_istributorj. These low concentrations of alcohol in distilled
water act Tke impurities {surfactants), and hence hinder the coalescence nature
of distilled water. The resuliing small bubhbles are rigid, have high résiden::e time,
and ascumulate at the interface building a stable cellular foam which canses the
average gus hold-up fo increase. Iucreasing the aicohol concentration increases the
number of small bubbles, therefore giving rise to the gas hold- up valnes, Relatmg
butanol esncentration to s.ufa,he tension of the Imxture. t.e. increasing butannl
ceneentration lowers the surface tension of water and vice versa. reveals that, for
non-pure liguids (mixtures) gas hold- ups increase with a decrease in surface tensmn
up to a certain critical concentration, where the gas hold-ups will start decreasing

as the surface tension approaches that_ of the other pure lignid.
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2. Bilect o7 Start-up Procedure
Figure 20 shows the effect of the o]::er;a.tiug provedire on gas heldoup in the
1051 1D column equipped with 1.85 mm orifice plate distribuior for ihe 1.0 wt
% butinol soiution. No offect of operating procedure on gas hold-up was cbserved.
Due to 1he foaming nadure of this solution, it was expected that the gas hold-
ups would be lower when lhe experiments are performed in decreasing order of gas
velocities, analogous 1o runs with paraffin waxes. However, no changes in foaming

lrend were observed, therefore similar hold- ups were abserved it both cases.

#. BEffect of Column DHameter

Figure 21 shows hold-up values for two sete of distributers it the iarge and
small coluran using the ' wt % n-butansl solutiva. The ii'w; x L83 mm perforated
plate and the 1.85 mm orifice piaie distribusors produce the same jet velocities
in the 0.299 m and 0.051 1 I0 columns, rcépeuti_vely. Likewize, the 19 x 1.0 mm
perforated plate and the 1.0 mm orifice plate distributors prodice the sarme jet
velocities. The 18 x 1.85 mm peorforated plate distributor resulted in higher gas
hoid-ups in the large colurrm than ihe 1.835 mm orifice plate in the swmall column.
However, at high superficial gas velocities (> 0.09 m/s) ihe hoid-ups were the same.
Oz the other band, at lligﬁ gas veiocities, the 1.0 wm single orifice distributer in
tie small column produced higher gas hold-ups than those produced by the 15
% 1.0 mm i the large column. Higher hold-ups in the large culﬁm.n at Jow gas
velocities might be attributed to the nature of How regime being different from
that of the small eolumn, The presence of slugs in the small column tends to
disperse the small bubbles and break the accumulated foam at the interface as

they burst on top. Whereas, for the large column small bubbles do not disengage
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Figure 21, Effect of column diameter and superficial gas velocity on gas
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easily, instead, they foliow the Liquid circvlation in the colvmn, staving longer in
1

the column before 1hey disengage. This process reswils in bigher gas hold-np vaiues

fur the large column at Jower gus velocities.

4. Effect of Distributor Type

Pigure 22 shows ths average gas hold-up for runs with 0.5 wt % butanol soju.
iion it 0.05] m 1D column equipped with 1.85 mm orifice plate and SMP distri k-

uturs. From these runs it was observed thal gas hold-ups for the SMP distribuior

were slightly higher than those from the 1.85 mm orifice plate distributor. Small .

amounts of foam were obeerved for Loth distributors, with that for the SMP dis-
tribulor being slightly higher {APPENDIX C. Rug 5.7 and B-8). Alsc, the SMP
distributor produced more smali bubbles {< 1 ram) {kan the 1.83 mm orifice plate
disiributor. These tiny bubbles were n.onq:oa[em-ing at low gas velocities (< 0.04
m/s). Sono slugs were seen at jow gas velucity, Whereas with the 1.85 mm orifice
plate distributor slugs were secn at gas velocities as low as (.02 m/s.

Figure 23 shows the gas hold-ups for runs in the small column using a 1.0 %
butanel solution for three differeni distrbutors: SMP, 1.0 mm orifice, and 1.85 rmm
orifice plate distributor. The SMP distributa;:r produced large amounts of foam at
iow superfizial gas velocities (< 8.05 m/s) resulting in higher gas hold-ups than the
orifice plate distributors. At high ges velocities {> (.09 m /s large amounts of foam

were observed for all three disiributors (see APPENDIX C. Runs B3-3, B-5, and

B-6). The 1.0 mm orifice plate distributor produced the largest amount of foam

followed by the 1.85 mm orifice plate and the SMP disiributor. Visually, 1t was

observed that SMP distributor produced more tiny bubbles than the orifice plate-

distribuiors. The concentration of these small bubbles increased with increasing

A e e e b e
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Figure 22. Effect of distributor type and superficial gas velocity on gas hald-
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concentration of aleohol. The voalescence of bubbles was more pronounced for the
orifice plates than the SMP (slugs were seen at low gas velocitivs, such as 8.02 m/s
for the 1.55 mm orifice plate distributor and about .03 m/s when S0P distributor
was used]. Moreover, the velocity at which the slugs first appeared inereassd
willt an iacrease v butanol concentration. {i.e., for 1.0 % butanel solution slues
appeared ol superficial gas velocily of .05 m/s and at 0.03 ro/s for 0.3 % butanol
solution while using 1.85 mm orifice plate distributor).

ligher gas hold-ups for the 1.0 mm omifice plate distributor at higher gus
velocities {> 0.08 m/s) can be aitributed to the higher jet wvelociiles for this
distribu’mr as compared to ihe 1.85 mm orifice plate distribuior. The high jet
velecity produced many tiny bubbles which aceumulated on top of the dispersion
a5 & stable foam. This phenomenon resulted in the high gas hold-up values.

Figure 24 shows the cffect of the type of distributors on gas held-ups for 1.0
wt 7 butanol seiution in 0.229 m ID column using the 19 % 1 mun and the 19 x
1.85 mm periorated plate distributors. No effect of dist.ribumr t.,;r,'p-:: on gas hold-up
was observed in these runs. The fiow of gas in the eolumn looked similar for both
distributors. No slugs were observed at all and the amount foam incrsased with
increase in gas velocity {ﬁPPENDI}i G. Run B-16 and Run B-1T7). There were
many small bubbles (< 1 mm) produced by both distributors, which were seen
moving up and down near the wall as the large bubbles moved in zig zag path near

the center of the column.
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5. Comparison Wilk Other Foeming Mediums

Figure 25 presents hold-ups obtained with 1.0 wi % n-butanol seluiion in the
0.051 m ID column wsing 1.83 mm orifice plate and those oblained with I'T-200
wax ai 263 °C in the 6.051 m 1D column equipped with the sarge gas disiributor.
Shown together with this are the Hterature values obtained from Posarac and Tekin
{1987} while using 1.0 wt % butanol solutios in the 0.1 m ID column witk 4 mm
single sparger.

Hold-ups obtained frore the aicohel solutions chow similar trend (c.uminuuus
inerese in hold-up with uy) and close valtes, whereas hold-up vﬁluss from the
FT-200 wax shew a flat proﬁie {ey=30 %) at high superficial gas velocities, This

itlustrates that, different systers have differend Ioaming capacity which depends

‘ot the physical properties of the fniﬂﬁng medinm.
D. Aqueous Sclutions of n-Butanel With CMC

1, Eifect of CMC Concentration

The effect of CMC concentration on gas—hc:;ld-up was investigated by adding
two different concentrations (0.1 and 0.5 wt %) of OMC in the foaming mixture
(aquecus solution of 1.0 wi % n-butenol). Experimenis were performed in the
0.05 m ID column and the 0.279 m 1D coluran. SMP, 1 mm orifice plate, and
1.25 mm orifice plate were used for the small column, whereas the 19 x | mm
perferated plate and the 19 x 1.85 mm perforated plate were used for the laree
column. Figures 26, 27, and 28 illusirate some of the results obtained using these
solutions. |

Visuaily, the 6.1 wi % CMS solution produced more tin;._r bubbles than aquecus

butanol withont the addition of CMC, but the cualescenring nature of the bubbles
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Figure 26, Efiect of CMC concentration and superficial gas velocity on gas
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appeered 1o be the sarme. The tiny Subbles rose very slowly due to the increased

vizrosity of the mixiure {higher drag friction on the buibles}, moreover it was

cbserved thai the bubbles were more rigld ang they had a tendency of cluslering .
» (=]

togerer atd behaving like a single bubble. The cluster of bubbles accurmuiated
at the interface (gas-liquid) as foam, resulting in unexpected large amounts of
loarn and bence, higher gas hold-ups (somelimes higher than those from n-butancl
solution], see Figures 27 and 28. For the 0.5 wi. & OMC mixiure, average gas hold-
up values ware close to those of pure liquids {see Figures 26-28). The coalescence
of Lubbies was high. Slugs and large bubbies were seen at low gas velocities just
asove the distoibutor for the small [:.':;].LIIELL‘L The number of tiny bubbles was very
large and the column losked white due to the presence of maey tiny bubbles in the
sclution. 1t 160k more that 10 hours for all free bubbles 1o disengage, while some
wny bubbles remained ciinging on the walls of the column. No lcam was observed

in any runs using this high concentration of CMQ,

2. Iffect of Column Diatneter

Figure 29 shows the effect of columan diameter ox gas hold-up for aqueous
solution containing 1.0 wt % n-butancl with 0.1 wi % CMC, Hold-ups obtained
irom ke 1.226 m ID column vsing 19 x 1.85 mm perforated plate were consistently
fugiter than those Ubtﬂil;ﬂd_frﬂl?l the 0.831 m ID column using 1.85 mm orifice
i:]a.trs. However, ineressing the conceniration of the CMC to 0.5 wi % the irend
wae reversed (the hold-ups from the small column were higher than those from the
large column), see Figure 30. At this high concentration of CMC no foam was

observed ir either column,

el
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Cornpariug to parafiin waxes. iz the presence of foam small columy gave higher
hold-ups and similar values of hold-ups were oblained in the absence ol foam.
However, these new observations with aquecus solutions tend to coviradict this
observation, which can not be ex plained qualiiﬁtivel}*.} it seems to be the combined
effects of column diameier ang viscosity on gas hold-ups. Stmilar observations were

observed when I mu: distributor plale was used.

3. Effects of Distributor Type

Figure 31 shows ihe effect of distributor i¥pe on gas hold-ups for a.que::ﬁs
mixture contaimng 1.0 wi. % n-butanol and 0. 1wt % CMC in the 0.051 m ID
column. At low superficial gas velocity (< 0.03) smell amount of foam was observed
for all distributors {SM¥. 1 mm oriﬁ{:e and 1.85 mm ottfice] and the holdups
shovied smalt difference. However, at high gas velocities (> 0.05 m/s) the SMP
dastrl butor produced bigher gas hold-up values than the orifice plate distributors.
Also, it was observed that the eas hold-up values for the orifice plate distributors
decreased with incteasing orifice diameter. This trend was similar to what was
abserved with paraffin waxes in the presence of foam.

It is well established that the diameter of bubbles in the column and $hus gas
hoid-up are determined 9y the coalescence behavior of the liquid and the initiai
bubble size at the distribulor. For foamy systerns the rate of coalescence of bubbles
is very low, thus {he init.iai bubble size (size at the distributor hole} iends to
persist. The non-corlescence of these bubbles and the slow rise velocities for the
small bubbles resuits in higher hold-up values for the SMP distributor (small mitial

bubble size} than the hold-ups from the orifice plate distributors.
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Figure 32 shows the effect of the distributer 1ype on gas hold-up for an agueous
mizture cortaining 1.0 wt. % butanci and 0.5 wi. % CMC in the 0.031 m ID
column. The mixture was very thick and looked milley due to the presence of many
tiny babbles. At gas velocities lower than .07 m/'s, the SMP distributor gave
slightly higher hold-ups than the orifice plates, whercas no difference in htﬂd—ups
waz observed for the orifice plaie distributors. In the full;';.r developed slug fiow
regime {uy > 007 myfs), 1 ram orifice plate disiributor gave higher hnid—upa than
either SMP or 1.83 mm orifice plate distributer. This observation was similar to
that .obserwd with paraffin waxes using the same distribuior.

In sumtnary, these results confirm the previons findings with paraffin waxes,
thet in the bubbly fiow regime the gas hold-up decrcases =il iﬁcrease in orifice

sizc, i.e., SMP produces Ligher hold-ups thar orifice plates.

4. Effect of Viscosity on Gas Hold-up

To analyze the effect of liquid viscosity on gas hold-up, the average gas hold-
ups at different superficial gas velocities were plotied against the apparent viscosily
of the iquid on the log-log scale. Results from differeni, distributors (SMP, 1 mrm
and 1.85 mm orifice plates) and column diameters {0.051 m and 0.229 m} were
very muclh alike, therefore only results obtained with 1.25 mom distributos plate are
discussed here.

Figures 33 and 34 illustrate results obtained from the 0.05] = 1D columu &n
the 0.228 m ID columns, respectively. The gae hold-ups showed a maximnm when
aquesus solution containing 1 wi % n-butanol with 0.1 wt % CMC was used (fen
of aboui 1 to 1.5 mPa.s). Similar results with a meximum value of hold-up have

been reported by Bach and Pilhofer (1978) and by Kelkar and Shah (1985}, they
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observed maximum hold ums ar u, of aboul 3 mPas. Dus ta limited daia of Jig 1T
this study, it is nov possihi{?.iu draw the eonclusion that maxdimum hold-np oceurs
al ie ol about | mPa.s. Furthermore, it was obscrved that ihe iocal maximam gets
mere stegpey as the superficial gas velocity Inereased. It was also ohserved Lhat,
there is a strong viscosity dependence on gas hold-up for the large column in the
crurn-iurbulent regime (v, > .02 m/s}, this is iliustrated by high steepmess of
tie lines in Figure 34 than those obiained from the 0,051 m ID columm, Figure 33.

In sumtary, there scems to be a velue of p, where hold-ups tend %o be at
maximum values, then decrease as the viscosity of lhe liquid is increased. These
observations are in agreement with those reporied by Eissa and Schuger] (1975)
and by Kelkar and Shah {1988) while using highiy viscous non-Newtonian solations

of CMLE.
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