CHAPTER 4

PULSED PACKED COLUMN

ito1 General Considerations

Pulsing can be used with advantage to increase
the mass transfer efficiency in packed coluuns because

of the finer dispersions produced by pulsations.

Svaay et.al.(15)have recently npublished a complete
set of data on pulscd packed coluinns. Their correlations
for the characteristic velocity were applied at the
flooding point to determine the flooding velocitye.

Design velocities equal to 65% of flooding, as recommenced
by Spaay, were utilized to calculate the column diamater,
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Tn the operation of countercurrent extraction
columne it is recognized that at a given flow ratc of one
of the phases, continuous increase of “he other v»hase

" may finally lead to a condition at which the flow pattern
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of the lighter liquid becomes erratic. Hventually a
nortion of the lighter liquid may be swept out of the
tower by the heavy liquid: the column is then said to

be flooded. These criticel flow rates which are inde-~
pendent are called the "limiting flow rates" or "flooding
velocities', The material of the packing has been found

to affect the {looding rates,

Most extraction column processas operate with a
solvent of lower demsity than the aque.us phase and
discrete solvent drops are usually allowed to ascend in
thecontinuous agueous medium, with an interface near the
top of the column. Agqueous phase enterz just below the
interface and solvent phase 1ls fed via tha firet distri-

1 . (12)

butor at the basge of the columns,

(18

Shervood andé Pigford ccucluded that for the

above system flooding of the columan taies place at certain

=}

critical flow rates, 'his phenomenon arises when the

flow rate of the dispersed phase is slowly dncreased
with a constant flow of continuous phase. The additional
column hold-up of dispersed phase thus leaves less space
for continuous phase ané therefore the linear veloclity

of the of the continuous phase is increased. A tendency
to drag the disversed phase droplets in the direction

of the continuous phase thus arises. .‘Then the flooding

point is reached, the dispersed phase is discharged
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along with the continuous phase and countercurrent flow
ceases. For a given diameter of column, flooding can
take place as & result of excessive flcw rate by either
phase, and particularly by both phases simultaneously.
The flooding rate is dependent upon the chenical nature
of the system and the difference of density between the
twophases, in addition to the mechanical characteristics
of voidage and nature of wacking. It is usual to operate
at about 70% of the flooding rate to allow a rcasonable
margin for variations of conditioucs within the systen.
Temperature, compogition of phases, and the presence of
finely divided solids in either phase, affect the flooding
rate.

Golovko, anG Zadorsiii, (19)studied
flooding rates using a 15x15x2 mm. raschig ring packed,
pulsed extraction coluan (100 x 1650 wum.) for the system
carbon tetrachlorid@ - water as a function of puls;%ion
rate, amplitude, and dispersed phase fiow rate. Corre-
lations and inieractions can be cxpresscd in a regression
oguation. The flooding curves arce charactoriged by 3 regions.

1« In the boundary ~ layer -~ controlling region,
the capacity increase with increasing pulsation.

2+ In the region characterized by decreasing
drop diameter, the capaclty decrecses slowly with iancreasing
pulsation.

« In the third region, canacity drops sharply
& 9 ¢



as an emulsion of small droplets is formed.

Jackson, et al.<3)used a Y/2-in, polyéthylene
raschig ring packing, a 1/2-in. ceramic raschig ring
packing and a 3/8~in; ceramic raschig ring packing in a
pulsed vacked column for the system vater-toluene with
varying pulsation rates, auplitudes, and dispersed phase
flow rates. Approximate flooding limits were observed
and are presented in Fieg T Flooding limits were
observed to decrease linearly with increasing pulse
velocity (af)., The dotted lines in #.g.1 correspond to

E <4
-~

ceramic rings of two /sizes. The valuesat zero Hulsing
velocity were token from Ballard and Pi:et(aognd aomaear Lo bo
consistent with the floeoding characteristics observed

for pulsed racked columns. The use of polyethylene

packings leads to'lower flooding limits theus for the

ceramic tvpes. Columns packed with rings so that the

ratio of diameter to packing size was' 4:1 gave higher
flooding limits and better perforraonc: than a ratio of

5%

In order to understand this surface effect for
better designing and enhance the knowledge in this field,
systems with different packing materials should be tested.
The present work was carried out to partly fill this
need. The packing materials used in this present work

are 1/2-in. steinless steel raschig riangs and 1/2~in.

plastic raochig rings.
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L.3 Efficiency of Extraction

Knowledge of mass transfer rates and flooding
limits are basic for the use of packed column for liguid-
liquid extraction. The input of pulsing energy increases
the mass transfer efficiency because of the finer disper-
sions produced by pulsation and promotes counter flow of

the two phases.

The comparison of the overa'. efficiency of the
influence of the wetting characteristics in pulsed packed
column has been shown/ graphically in the Jackson work(E)
using the difference of the oOverall height of transfer
uniits

Increasing the Masgs transféer rats nornits an
increase in tae owbrall efficienGy and a reduction in the
overall neight of .-the column Tequired and in capital

investment roguired.

The importent factors affe=ting the overall sffi-

clency are as follows:

1. Dispersed phase hold-up : Wiezant and Von Berg
were among the early investigators to observe the hold-up
characteristics under pulsing conditions.: At low dispersed
phase rates pulsations improve the ei.ciency 10 to 15
fold and the hold-up risesfrom 5 to 507 or more depending

on the pulsin, cnaracteristics.
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: (2)

2. Masg transfer rates : Feick and Anderson

have reported that the overall mass transfer coefficient
was observed to be enhanced by pulsing Mass transfer

data in terms of overall height of transfer unit (HTU)

based on disversed solvent phase have becn reportoed by
(22)

Potuis et al. for the extraction of acetic acid from

an agueous solution. The sextraction efficiencies {irst
showed an increase wibh pulsé welocit, and then decrecased
after reaching a maximb.| Similar o -sultis were reported

4L 4
1 {L"l)

oy Wiegant and Von #ord/ Foxrwseach vpilse frequency there

i

would be an ontima¥ Auylitude givwing wesimum efficiency.
"M egant and Von Be¥e/voticed that the Her: Eh e
ke, by.__ L anaca. Vvon 8 \,I‘L, NP GG, avila Gile 3 SHE LU railce 0% il vierr

pulsed column was P[dc prEady dgidensndent of the continuous

phase flow rate vut wpaslaifected to sowm: eutent by the

als (h)

flow rate of disPorsed niase. GCoaptry et have indi-
cated that the use oif a pigher frguency cud lower ampli-~

tude would regult in lower ITU an- lLles: consumption of
bower. 'fhey also indicated that Lighs. frequencies tended
to create finer dispers.ouns and lover amplitudes tended 1

lower axiael dispersions.

%. Longitudinal mixing : The available mass trans-
fer data rcporited in terms of overall U are based on the
assumption of plug flow for both piirsns. Poon and

Yo \2 ’96)1 € o ) Rt 3 ) "
coworkers '~ have reported the ax. 1l mizing (longitudinal
mixing) in the continuous and disperse .. phases. It is

observed that tae extent of axial mixing in the continuous

phase remains the same s for unpulsed packed column at
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low pulse intensities. But as the pulse intensity is

increased (especially with increase in amplitude), greater

0

axial mixing could be observed. It is also showm that the
disversed phase Peclet number, Vdd /Edf to account for

a

axial mixin:z, nay be assumed constant havin. a valuc of

(6)

unity. Vermeulen et al. have indicated gpraphical corrao-
lations for the dispersed phase and cortinuous phasec
mixing coefficients. It is‘observed taat tuae wetting

characteristic of the wackiing alters tae dispersed phase

Peclet number or axial mixing.

L, Surface. ¢iffceets 2 Several erverimental studies
have been perforued onrthe above factors by using different
systams. Only the stuBiesiafisurface »roperty effects

Il

will be discusse@in thig“investiggdtion with the =
9
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carbon tetrachloride~iodine-~water, with stainless stecl

5. and-plastic. raschiz-type rings.
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L.l Surface Phenomona

If the continuous phase wets t. e packing, the
3,

dispersed »hase move through the column as small droplsats

only; i{ the disporsed phase wets the pacting, it wild

=
bt

also move down the column as a on the nacking surface
as w?ll oo droplots, In the latter cdse nold-up of
dispersed phasc will increase, &and flooding will probably
tend to occur at low flow ratses. However interfacial

in the packed section, and nigher

6}

surface may increas

.

tranafer rate may result. Conseguontly, the overall



18

efficiency of the column may increac: and permit a reduction

in the overall height of a transfer unit.

The trensfer mechanism in the 'dispersed phase may

also be modified by the nature of the solid surface.

&

Circulation in droplets is an important factor in the

rate
(2&)

observed which are discussed by Skelland and Garner
If the dispersed.phase wets the paciking, circulation may
be increased through tendency of tlhe croplets to rise or
fall which ever the case while in contact with the solid

on one side.

(25 \
Danckwerts” - %)

pronosed the surface renewal theory,
an extension of the penctration theory of Higbie, as being a
betterdescrintion of the mechanisn of mass transfer for the
flow of liguids over-wvackings The mechanism for this case
was postulated as being one of uast-. .y stete daiffusion to
elements of licuid coustantly being rereowved at the inter-

face. It is piroposed snhecialldy for the case of gas apsorp~-

tion but should have equal significance for liquid-liquid

gystems  in racked columns. However no in depth studies
have ever been performed for columns usiny thls tineory.
. (26) , -
Garnar citas a guantitative wsethod for the deter-

mination of the wetting characteristics of various solid
surfaces. Contact angles of drop »f either toluene or

=

water, in the presence of the otacr phase, wers measured.
These angles corresponded to cases wisre the water was

receding and advancing. The differencc in the cosines of
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the two angles is the measure of the hydrophilic or hydro-
phobic nature of the surface and some valuegof interest

are sunmarized in the table below :

Table 4,1 Hydrophobic Charactermof Paclking and Plate Materials

Haterdals Relative Values

PR e sl seuost

Glass ~1.66
Porcelain, glazed ~0. 8¢
¥Mild steel, rustecd- ~0.77
Porcelain, unjlazed 0.8

Mild steel, clean 1.31
Polyethylene 1:85
Teflon " 1.92

The negative and mositive values have relative
significance, and it is seen that polyethylenc is more

hydrophobic than unglazed porcelai:i.

Thesc data werc used by Garancr ot al.(27)t0 show that the
perfornance of a rlate extraction coluwimn (not pulsed) was
influenced significantly by the wetting characteristics
of the plate materials. Buchanan(ZS)found that the rates
of formation and sizes of drops were influenced by the
wetting characteristics of orifice plates.

i
Sobotik and Himmelblau\29)studied the effect of
plate wetting characteristics in a pulsed sieve-plate
column. The use of stainless steel or polyethylene plates

gave about the same rates when the acetic acid was
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transferred from the water phase to the continuous ketone
phase. However substantially higher rates were observed
for acid transferred from the continucus etone phase to
water for polyethvlene plates. An altsrnative plate
arrangement gave results intermediate between the perforn-
ance of all polyethylene or all stainlzss steel plate

columns.

Ballard and Plfet(do)obs erved the flow wmechanism
in a liquid-liquid packed column (no® pulsed) and found
the flow to depend upon ~hether tine isversed or the conti-
nuous phase nreferentially wets the pe kings. Also flooding
limits were correlated for unglazed porcelain ring packing.

{3

Jacikxson et als reported the obsc.rvation of the

ect of surface wetting characteristics on performance

L)

ef
and coupared a packed column with a plate column for the
same systen and operating conditiouns. The water-benzoic
acid-toluene system was used. Th- colamn consisted of a
2-ft.section of 2-in. standard glcss pipe. Pulsing was
provided by a unigue arrangement with a bellows (a 2~in.
expansion joint) and a reciprocating air motor. Plates
for the column were designed for optimum performance as

(10) The plates were

suggested by Sege and Woodfield.
arranged with a 2-in. spacing with 1/0-in. holes and 23%
free area (fifty-two holes on equila®:ral triangles).

The plates were 1/%2~in. thick , and the plate cartridge

for the 2-ft. section of column contaiied twelve plates.
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Packing material for the 2-ft. transfer section consisted
of raschig‘rings in 1/4- to 1/2-in. sizes. Two material
types were selected whichhad different wetting characteris-
tics as given in Table L.1 on page 19; these were unglazed
ceramic rings and polyethylene tubiung cut with length

equal to the diameter.

nesults for a packed column with 1/2-in. ceramic
rings are given in Fig.2. As the pulsin, snergy increased
the overall height of & transfer unit decreased with an
obvious abrupt change in behavior. This as apparently
caused by approaching emulgiiication and some change in
hold-~up vithin the packinge JAlthuugh good transfer was
obtained at the highér energy levuls of pulsing, flooding

occured at lower flow- rates than fcor the sieve-plate

column.

Figure 3 shows that low values of (HTU)owwere

obtained for 1/2-in. polyethylene packing at high pulsing

J

energies, but that flooding occured so early as to render

43

,the column relatively ineffective. ~owvever,as indicated
in Fig.l4, good performance was obtaine’ without flooding
at lowver valuecs of the irequency -amplitu.o product.
The curve lines obtaincd in some cases ‘are possibly the
result of variable circulation rates 1n the dispersed

phase droplects.

Figure 5 shows that the polyethylene packing gave

heights of the transfer unit whiclk were about 25% lower
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than those for the sieve-plate column, with ceramlc packing
the least effective. It is quite significant that the
pulse cnergy input with polyethylen- packing was one-fourtn
that of the sicve-plate column. The transfer rates were

also somewhat vetter for plastic rings.’

Approximate flooding limits were obscrved and are
given in Fig.1 on page 1iL.
Results for 1/L-in. packing were obtained prelimi-~
11 T /9.4 e y (s (30) i
nary to the worikx with 1/2-in. paci:in, by Grove. The

surface area presented/ by the sma . er »acking is greater.

Fiure 6 gives the resulte witu the small ceramic
rings. Contrary t0 tlie resnlts ci.ed ° above the helght
of ‘a transfer unit idecreased with increasing pulse encrgy.
This effect possibly wag the result of low hold-up of‘the
dispersed phese. - “igure 7 indicates the performance
observed with wnolyethylene packing wirsre (HTU)OW decreases
with increasing pulse energy. Train Jer rates are seen to

be definitely much better for the plas®ic rings.

Figure & shows the results obtainec with 1/L-in.
bands. Contrary to the results with plate columns the
flooding limit was drastically reduced and performance was
intermediate. between that and a column packed with either
type of material., Iixed packing, distributed in a random
fashion rather than in an alternative bands, might show
better flooding limits while retaiining good transfer
characteristics. The use of largoer packing might also

lead to better performance of mixed beds.
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Jackson concluded that a pulsed packed column showed
a. performance equal to or exceeding that of a pulsed sicve
plate column for water-benzoic acid-tolucene system. Tae
pulsed coluun limited by lower flooding limits may
exhibit higher efficiencics because of better transfer
periormance.. The wetting charactcristics of the packing
surface can have a pronounced effcct on perfofmance. An
unglazed ceramic packing wet by water gave nigher flooding
limit than a polyethylene packing wet by toluene. Ilowever
transfer rates were substantially nigher for polyethylene
packings. A ratio/of coluin diameter to packing size of
L:1 was found more satisfactory than ~ ratio of 8:1 because
of higher flooding limits., A signi.  cantly lower pulse

energy input wasiipossiile for the wnlasiic packing wet by
the organic pnk 2, The energy requirc.ent was only one-
fourth that for a sieve-plate column wiailch used the same

system, The simplicity of the packed coluun for large

transfer rates in some cases, indicates taat pulsed packed
columnshould be considered for orocessing applications
with liquid-liquid systems. An econowic evaluation would

dictate a final selection.
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