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RESULTS AND DISCUSSIONS

The experimental data are presented in Appendix
A.1 to A.9. The resuvlts and discussions of iodine trans-
ferred from aqueous solution to dispersed phase are as

followg :

6.1 looding Determinations

Pl e o)

The determination of random packing effect results
areshown graphically in Fig.17. St-71less steel rings
were used to deterwine this effect %t af between 0.3 to
1.5 em/sec. and amplitude was given at 1 cm. The results
indicate thet Ilouvding capacities decreasc with increasing
af as cxpected and that flooding capacities are not affected
by random packing. ‘These results siould climinate the
factor of random:packing—effect—Ffor bot.: fleooding data and
efficiency data for this-experimental work and published
work. Indced the inclusion of a =ndom packing effect vould

have been difficult to realize.

JacksoéBRas indicated tnat the variation of surface
~properties influence flooding capacities, such as the
different effect of ceramic and polyethylene rings on
flooding capacities inFig.1. Jackson made his experimental
studies based on the ternary water-hanzoic acid-toluene

and polyethylene rings and ceramic . ..gs as packing materials.
These results werc confirmed in this study on the ternary
water-iodine~czroon tetrachloride using stainless steel

packings and urknowvn teflon-like plastic naterial.
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Figure 18 éhows the variation of flooding capacities with
af using stainless steel rings as packings. Tach lines
represent constant frequencies at 22, 30, 46 and 85.7 pulse
per minute. Flooding capacities decrease with increasing
amplitude. Flooding capacities aifecctzd by af using stain-
less steel rings as packings with the amplitude as paramctor
is shown graphically in Fig.19. Tor straight line
representing a constant at 2, % end 4 cn., the flooding
capacities increase linearly as the frequency increases.

| There are-several remarks that should be made
concerning the floodihg bohavior of tle columns. OFf impor-
tantsto point out is /that unlike th: sork of Jackson the
agitation paramcter for the pulsed pacied coluan can not
be represented .y the cosibined parameter af for flooding
data. In this investigation it was found that the amplitude
a and frequency f play influences on flooding behavior
which are different. Had this influence been of the same
order the four straight lines of Fig.18 would have been a

single curve.

In an attempt to explain tliis different influence
it is worthwhile to look at two scts of data-points of
Fig.18 namely at af=2.86 cm/sec. tl.e sct of data which gives
a higher flooding rate represents a low amplitude(aza.Ocm)
and a high frequency (f=85.7 pnulss/min.) whereas the sets
of data points giving lower flooding rates represcnt a high

amplitude (a=4.0 cix) and a lower freovency (f=4L pulse
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per minute)., These two sets of points give different
flooding rates although the pulsation velocity is the saie.
Visual observations of the low a high f set of data indicate
the higher mean drop diameter. A higher mean drop diameter
would imply that the average rate of fall of drops is
higher which would tend to increase the flooding limit.
A small drop diameter implies a low massage velocity and :0ve
chance of not passing through tl - equipment. Another
point left as yot untried i1s the hold-np of dispersed
phase at thesc two sets of values. Higher or lower passage
velocities are related to hold-up, it 1s kelieved that for
low passage velocities of disversed vhase, the hold-up is
greater than the other case and this increases continuous
vhase flow rate which in turns untrains dispersed phase in
its direction until dispersed pha7vs 1o aot longer capable

of passing thnrough the column anc¢ flooding occurs.

Figure 19, a peculiar obs:rvation may be made,which
represents constant amplitude increases with frequency of
pulsation indicating higher flooding limits at highor
frequency. Mutting this observation another way, flooding
limits increase with increased agitation_tan increased
resistance) and creates a paradox. ‘ae only answer to this
phenomena is that the scparate infliuencesof a and f on
flooding arc very much different and w.e optimal sct up
for maximizing capacities of columns is low amplitude and

high frequencies. This generalization being made notably



for the system and operating ranges on hand.

For flooding characteristics determination of plas-
tic rings as packings, Fig.20 and 21 show the graphical
results as regression lines. The same trend of results
are as Fig.138 anc¢ 19 for stainless stcel rings as packings,
however, quantitative differences were obscrved.

The flooding characteristics couparisons between
stainless steel and plastic rings arc also shoun 18 Fle.oe
and 23, It can be concluded that at various constant values
of a and f, plastie rilige show better performance than
stainless steel rings/ on flooding capacities. A likely
explanation is that /plastic rings are prcferentially wetted
by the organic phase {(carbon tetrachloride) and acdhesive
property changed the droplets dnto extended films on the
plastic surface and this arrangement allowed the continuous
phase to meet with less flow resistance from the disperscd
phase as it would otherwise have umct with a stainless stoc
packing. Consequently, the tendency to drag the carbon
tetrachloride dispersed phase droplets in the direction of
the continuous aqueous phase is thus greater using stainless
steel packings.

At various constants of a, plastic rings also showed
better performance on flooding capecities than stainless

steel rings throughout the range of af used.
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Chantry and coworkers(Q)have iidicated that the
use of higher frequency and lower amplitude would result
in lower HTU and less consumption of rower. They also
indicated that higher frequency tended to create finer
dispersions and lower amplitude tended to create lower
axial mixing. I[owever, they have not indicated the resluts
in flooding capacities, but from this vork it may he
indicated that besides the Chantry indication, the higher

flooding capacities were obtained as well.

The result of Jackscnis work on flooding capacity
influenced by different backings is shovn in Fig.1. Jackson
has indicated that Ale regression lines were obtained,
flooding capacitics deoecreased with‘ increasing af. It
may e noted that a single Iine was - otained at each of

packings. I{ may be »o ssibly described that Jackson may
use the single valuc of frequency and vary the amplitudes
made af increase, so the results for the other value of f
were not obtained. However, the authors. did not give

the detailed coxperimental data in their wor:s.

2.2 Bfficiency. Detorminations

SRy S,

The coluun efficiency was dcteriined from the
concentration difference between phase in and out by using
the fo ving equatior e j

llowing equation, (Yln loub,/f

figure 24 shows the variation of eificiency

affected by af and extraction factors over the range of

af 0.2 to 6.0 ca/sec. and extraction fe petors b, 22, 711
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and 3.56 for plastic rings as packings. The continuous phase
flow rate was given at 12.6 1/h. or superficial velocity Q.12
cm/sec. At each extraction factors, the efficiency increases
with af. It may be noted that efficiency increases rapidly

for low af and reaches assymtotic values for higher af. It is
observed that it is unnecessary to pulse beyond af (.0 cm/sec.

as the assymtotic values has nearly been reached, Ior pulsed
columns maximum puisation is about 8.0 cm/sec. The optimal
results for plastic rings was at an af of L,0 cu/sec, at any
extraction factor, for higher af than this optimal value, the
efficiency obtained was increased by nct more than 1-2%. For

the variation of three extraction factor values, higher extraction
gave higher efficiency due to the higher duispersed phase flow
rate. Low energy consumption was obtained with higher extraction
factors for higher efficiencies, but the final selcction of the
extraction factors rests on economic considerations of solvent

storage costs and solvent recovery costs.

One extremely important result obtained from efficiency

determination is that the pulsing parameter af correclated well
with extraction efficiency. This result is in sharp contrast
with flooding result behavior. This does not necessary mean
that the two results are contradictory as efficiency is.

measured at 50-60% of flooding.
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conditions and the two measurements arce radically different
in nature,

Figure 25 shows the wvariation of efficiency with
af and extraction factors over the range of af 0.3 to 6.0
cm/sec. and extraction factors 14.22, 7.11 and 3.56 for
stainless steel packings. The continuous acueous phasc
flow rate was set at 12.5 liter/hr. or superficial veloecity

0.12 cm/sec. For extragtion/Aactors 14.22 and 7.11, the

2

curves obtained tend to dncrease in cefficiency with
increasing af, for_smotlér |\ éxtraction factor (3.56) a
maximum efficiency wes/ obtained at af 4.0 ca/sec. and the
naximum efficiency wag L43%e« (‘The maximum points were not
obtained by the extraction factors 14.22 and 7.11, but the
curves increase rapidly for low af until an asymtotic
value was rcached. —“he optimal efficiency for extraction
factor 14.22 and 7H11 were -72&%andllBb6.5% respectively.

For stainless steel, higher efficiercies were obtained by

increasing the extraction factor as cxpected.

The graph for extraction factor 3.56 in Fig.25 is
especially interesting as it indicates a loss of efficiency
for af greater than 4.0 cm/sec. This same »henomenon has
been observed for pulsed perforated plete columns and is
explained by the following reasoning. Mass transfer
efficiency is governed by the equation UV = X.a.AQC. vhcre
N is mass transfer rate, X is mass tronsfer coefficient ,

a is area of mass transfer and {\C is decfined as concen-

tration difference of solute betweon continuous phase and
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dispersed phase. If K is assumed té remain constant with
pulsation, it is noted that a the interfacial surface area
increases with pulsation which should result in increased
extraction efficiency. However it is also known that increased
pulsation increases backmixing and the overall effect of back-
mixing is to significantly decrease the concentration potential
A C., For af greater than 4.0 cm/sec. the decrease of mass - .
transfer rate dueto backmixing play an greater influence than
the increase of mass transfer rate due to increased inteffacial
area. It should be noted that for pulsed perforated plate columns
the optimal pulsation would occur at the higher pulsation than

pulsed packed columns.

Figure 26, 27 and 28 show the efficiency couparisons
for both stainlc.s steel and plastic ring: as packings. The
efficiency comparisons at extraction factors 14,22, are shown
in Fig.26, plastic rings gave higher efficiency than stainless
steel by about 15% at any af. It may be possible to offer the
following explanations. In the case of plastic rings, higher
hold-up of dispersed phase were obtained because plastic rings * r:
were preferentially wet by solvent phase which madc carbon
tetrachloride dispersed phase adhesive on the plastic surfaces
as extended film which resulted in increased interfacial area,

Another explanation is perhaps a higher residence time of drops

in the equipment which translates into a higher dispersed
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phase hold-up. Hold~up studies on polyethylene pulsed
perforated plate columns(BB)indicate that wetting charac-
teristics O6f material inside the colwn~ change hold-~up
values. For the case of plastic material end an organic
dispersed phase, the hold-up iz reportoed highcr than for

the casc of stainleos steel pockingse

The efficiency cowparisons at extraction factors
7.11 and 3%.56 are shown in Fig.27 and 23, plastic rings
also gave higher efficiency than <tcinless steel by about
10~15%.

o » Sk [ Do = N 9

Sobotik and Hiaumelblau studied the effect of
plate wetting characteristics and dircction of mass trans-
fer in a pulsed sicve~plate column. The use of stainless
steel or polyethylene plates gave about the same rates
when the acetic acid (as solute) was .transferred from the
water dispersed phase to the contir' sus ketone pnase.
However, substantially higher rates wecre observed for acid
transferred from the continuous ketone phasc to water for
polyethylene plates. An alternative nlates arrangement
gave results intcrmediatec between the performance of all
polyethylene or all stainless steel plate columns. In the
same way, the results for ilodine transferred from continuous
water phase to carbon tetrachloride disversed phase were
obtained by giving higher performaice for plastic rings.

Thus it may be possibly concluded that a similar phenomena
£

should be obtainable when using plastic or stainless stcel
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rings when iodine is transferred from the carbon tetra-
chloride dispersecd phase to the continuous aqueous phase.

Tackson ot als(3has indicated that for the direction of

golute transfer from the continuous vhase to the dispersed
phase the poly~thylene packings gave h-ights of transfer
unit which werc about 25% lower than thosc¢ Ior the sieve-

plate column, with ceramic packingsthc least effective.

It is significant to notec that pulsing cnergy input with

1

volyethylene packing vwas one-fourth that of the sieve-
plate column according to:Jackson., — Yho transfer rates

werc also somewhat better for plastic riugs. Then it may
be concluded that for this work ti.: polycthylene packing

should obtain the better performance than that of stainless

steel plates. Solthe polyethylonc hings gave better per-
formance than both stainless stee} packings and stainless
plates. As a final remark it may besaid that wetting
characteristics of columns play an important role in
influencing both the flooding charact ristics and efficiency
of column. It has been shown in this investigation that

for solute transfer from a continuous &jueous phase to a
dispersed organic phase an organic wetting material would

ve preferable. For the case of back extraction wetting
characteristics do not influence the extraction efficicncy

(28)

accordingz to Sobotik and Himmelblau.
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