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ABSTRACT

A study has 5eén made of éampling techniques in a liquid-

- liquid extraction spray column using first é bell-shaped and a hook-
shaﬁed probe for the dispersed phase and for the:continubus phas;
respectively. Later a piston method was attempted for the dispersed ’
phaseQ. The main interesf in this research was the point concentratibn
inside the column.‘

At first; the timé‘fo reach steady staté was considered
in the absence of sampling, Later on, the‘rate of purging and sampling
was varied for the prdbes up to 14,2 cc./min. for the continuous phase
and 28.2 cc./min. for the dispersed phase. These rates were not
sufficient.to disturb the steady-state. _Tﬁe measdred point
concentration was studied as a function of rate.of sampling.
Coalescence at the dispersed phase (bell-shaped) pfobe entrance did
not take place. |

Finally, a piston sampler was set up aﬁd used in conjunction
with the continuous phase~(hoék-sﬁaped)vprobe as a second.wa&.to obtain
point concentrations of the dispersedbphaée to cbmpére with the ;esults
obtained with the bell-shaped probe. -

AFrom these eXperiments,-it cén be concluded that sampling
rate, varied from zero to 34.0 cc./min. for the continuous phase and
from zero to 28.0 cc./min, for thé dispersed phasg dqes not influence
the.point concentrations measured for'Columﬁséflows; of 54.8 ft3/hr.—ft2
and 72.4 ft,s/hr.--ft2 for the water and ketoﬁe phasééresﬁectifely., The
point concentration 6f the dispersed phase measured with the piston dd
not check definitively‘the results obtained with the bell-shaped probe;

they do indicate that such agreement is fairly probable.
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INTRODUCTION

Tﬁe>1ast decade has seen the unit operation called liquid-
liquid extraction having a rapid growth, These new developments
were due firstly to the industrial users asking for more information
which showed the néed for research. Secondly, the interest of
researchers in mass transfer operations caused the spray column
type of liquid-liquid extractér to be analyzed by many workers (1,2,
3,4,5,6,7,8,9,10,11,12,13).

Mass transfer coefficients wére‘détermined in general by
using the inlet and outlet concentrations and calculating the
logarithmic mean driving force. Several assumption§ were made in
doing such calculations. One of these was that the two liquids
involved were not back-mixing. Another, was that no mass transfer
took place during drop formation or during drop coalescence at the
end of the column, or in other wofds, that end effects were absent.
It can be pointed out that dilute solutions were assumed also (or
constant flows) and constant slope of the equilibrium curvel. These
were the principal assumptions made before the work of many -
1&nvéstigator5nmentioned later in this survey.

In 1950, Geankoplis and Hixon (1) employed a movable
sampling device to remove internal samples of the continuous phase
during operation of a spray tower. This sampler consisted primarily
of a 5 mm. outside diameter (0.12 in. inside diameter) glass tube,
which extended into tBeAextraction section and occupied approximatelyA
1.7% of the column cross sectiomal area. By means of a hook at fhe

end of the samplet, the descending cbntinuous phase was withdrawn;



the samplef tube touched.the wall of the column. These workers
determined the continuous‘phase concentration profile throughout the
column and located a large end effect at the inlet of the continuous
phase. No end effect was found at the dispersed phése ?nlet.

Later on, Geankoplis, Wells and Hawk (2), using the same
method, found the same large end effects at the continuous phase
inlet, and also that these depended neither on the type of system
employed, nor the direction of solute traﬁsfer° They also proved
that the effect of internal sampling is small on thé material balances.
Also, the effegt of internal sampling was small since the deviation

in the over-all material balance, calculated as follows:

Nw = AL (Cw - Cw )
v 1 2
N, = AL (C - Cl )
t t t2 tl
N = Nw + Nt
2
% Deviation = N <N
w t
N x 100

averaged 4 % or less for all runs in the tower,

In 1952, Newman (3) entered the discussion and maintained
that the end effects found by Geankoplis and Hixson (1) and by
Geénkoplis, Wells and Hawk (2), were the results of vertical mixing
of the continuous phase due to the movement of the drops. He showed
that the results of Geankoplis and coworkers {(1,2) were midway between
the results to be expected for truly countercurrent, unmixed flow of
the continuous phase, and the completely uniform concentration in that
phase which would Be produced by very efficient stirring.

One year later, Geankoplis with Kreager (4) studied the
effect of the column height on the ﬁass transfer coefficient. Their

conclusions were the same as to énd effectsfat’ the—s



continuous phase inlet which Geankoplis and Kreager (4) suggest to
be due to the cocurrent flow of continuous phase in the form of
"atmospheres' of continuous phase surrounding and travelling with
the drops of.disperséd phase.

In the same year, Gier and Hougen (5) used two sampling
fechniqueso In the column itself, nine holes were drilled 6 inches
apart along the length of a.6 in. I.D._column to provide an entrance
for 3 in. hypodermié needles which sampled the continuous bhase.

Each needle had a thin-walled brass tube bent into a hook shape so
that the open end of the hook faced in the direction of drop: movement.
These sampling needleg fitted 29 mL hypodermic syringes. Later,
provision was made for sampling the dispersed phase by drilling eight
holes along the length of.thé column, opposite to and midway between
the needle holes already mentioned. The dispersed phase samplers
each consisted of an ‘inverted 1 in. glass funnel connected by Tygon
tubing to a suitably formed length of % in. coppef tubing. They found
the concentration profiles for the continuous phase similar to those:
measured by Geankqplis and co-workers (1,2,4) and showed that the
material balance equation was not applicaﬁle when wri@ten as follows:
dN = 'i,c dC_,
although, it was true that:

dN = Ld dCd

(dN being the mass transfer across the interface between phases in a
height dh of column). This statement is correct even if the same
equations, integrated, both hold for terminal conditions. The reason

for the first equation failing is a serious bulk mixing of the continuous
phase. The second equation holds because the drops do not back-mix.

They also concluded that because of the mixing, the measured heighf

of a transfer unit ( as defined later by Miyauchi (6)¢ must be



~determined graphically from internal conditions,.

Furthermore, it is pointed out by Smoot and Babb (7) that
if longitudinal mixing is extensive, even a graphical integration of
the resulting profile to ébtain the measured Nox may not yield the
"true'" Nox. This is equivalent to stating that in the equation:

Nox = (%PX)M + Correction term
even a graphical integfation using the experimental concentration
profile and this equation:
(Nox)M = . df -
e
will not yield the '"true'" 'value of Nox as definelby this equation:
Nox = Kx a h

\}
X

unless the third term of the first equation mentioned here, is
negligible, Buf this third term is a term which corrects for back-
mixing in the x phase., Then, if the x phase is the dispersed phase,
Nox and (Nox)M are identical, since the correction term goes to zero
because of no mixing in that phase.

In 1954, Heertjes, Holve and Talsma (8) measured the
~concentration of the continuous phase of a spray column by draining
the column in stages at the end of runs and sampling the effluents.
The concentration of the continuous phase appeared to be nearly constant
over the column's height. These results appeared to show the existence
of good vertical axial mixing but they do not agree with those of
Geankoplis and co-workers (1,2,4) where the‘concentration of the
continuous phase was not constant with distance. This difference in
the results may be due to mixing, taking place before draining and

caused by the currents produced by the final rising of drops after



flow is shut off; perhapé the difference may be also due in part
to mixing caused by draining, and aiso to convection due to density
differences,

The foregoing summarizes the information available on
sampling techniques before the start of the research in Canada by

>

Cavers and Ewanchyna (9).) These workers studied circulation in the
continuous phase of a spray column and end effects. Their techniques
consigted of using movable vertical probes based on those of Geankoplis
and co-workers (1,2;4) and those of Gier and Hougen (5). The first
set of internal sampling tubes was constructed of Pyrex tubing,
1/8-in. 0,D, and 0,08-in. I.D.. The continuous phase sampling tube
had one end curved in the forﬁ of a hook with a 3/16-in. I.D, radius.
The probe entrance faced upward, away from the rising drops. " The
dispersed phase sampling tube had one end flared out to %#-in. O.D. in
order to catch the ketone drops. The maximum percent of the internal
cross-sectionnal area of thé column occupied by the two probes taken
together was approximately 4.2%. (The area of two 1/8-in. diameter
circles and one Y%-in, diameter circle is 4.2% of that of a 1.5-in.
diameter circle). These Pyrex sampling tubes did not prove to be
very satisfactory because of breakage problems; however, their =
functioning in other respects was good. A second set of sampling
-tubés was maée out of 1/8-in. 0.D. and 0.020-in, wall thickness
Type 304 stainless steel seamless tubing. The.continuous phase .
sampling tube had one end curved in the form of a hook with a 3/32-in.
I.D. radius. The opening faced the top of the column as before.
The dispersed phase sampling tube was fitted into a flared out gectibn
of 21/64-in, maximum O.D.. In this case, the maximum percent of the

internal column's cross-sectionnal area occupied by the two probes



taken together was 6.2%, These probes were lowered into the column

from the top. This approach therefore was similar to that used for

the continuous phase only’by Geankoplis and co-workers (1,2,4), but
slightl& different from that of Gier and Hougen (5}). Cavers and
Ewanchyna (9) confirmed that the presence of sampling. tubes iﬁ the

column did not change the column operation. Tﬁey also demonstrated

that the direction of sampling ( i.e. from top to bottom or bottom

to top of the column) did not influence the measured point concentrations.
It was also proved that the location of the tubes in the horizontal

cross section had no effect on the concentrations of samples withdrawn,

These workers found no end effects where the dispersed
phase entered the column, but did find end effects at the continuous
phasebinlet to the column, i.e. discontinuities in the concentration
profiles. For the case of transfer of acetic.acid from a continuous
aqueous phase to a dispersed,‘methyl isobutyl ketone (M.I.B.K.) phase,
they explained that the discontinuity in the water phase profile could
be broken into tﬁo parts: one representing the effect of drop agitation
at the interface, and the other the effect gf back-mixing in the aqueous
'phaseg The discontinuity in the ketone phase concentration profile
was attributed to the agitation effect. For transfer of acetic acid
in the reverse direction, the discontinuity in therketone phase profile
was absent, and that in the water phase was attributed solely to back-
mixing in the continuous phase.

Some years later, the work of Cavers and Ewanchyna (9) was
continued by Choudhury (10) who used an apparatus similar to that of
Ewanchyna(1l), He did work also on the sampling technique. He
investigated the minimum purging time required to remove material of

the wrong concentration from the probes. Furthermore, he made these



measurements at various rates of flow through the probes. However,

he did not get én adequate plot for the minimum purge time, but instead

only a few scattered points. Cheudhury mentioned also that the drops

somefimes coalesced at the ketone sampler's entrance. !le had planned

to check the effect of such coalescence on the results for the dispersed

phése sampler by varying the sampling rate for the dispersed phase.
Also, a material balanhce has to be made in interpreting the

results of analyses of dispersed phase samples. The broblem ariées

as to whether or not the hook probe gives a represeniafive sample of

the continuous phase‘concentration for use in this balance,

(Presumably the bell probe, in removing drops, preferentially removeé

continuous phase from near the drops). Varying the sampling rate of

both phases might change the results by changing the average continuous

phase concentration taken in by one or both of the probes. Choudhury

-varied the sambling rate of Woth phases to measure its influence on

the concentrations measured at a point. These experimenfs were made

at a cross-section where the phases were not at.equilibrium even if

Hawrelak (12) thought so. This statement is made because the point

concentrations reported at 6.16 ft from the nozzle were 8.2% from

equilibrium‘ as compared with 19.7%, the maximum deviation between

the equilibrium concentration profile (plot of C _*) (10) and the -

k

i
concentration profile @btained. Choudhury's results were pright, and
théy did throw light on the problem of Cw being represenfative for -

i
the conditions under study. Howeyer, the range of rates covered by

Choudhury (10) was too small.
Choudhury (10) found concentration profiles which had the

same pattern as those measured by the earlier workers (1,2,4,9,11)

*

* This percentage is calculated as ( Cri

- cki) x 100

*
Cei



He fixed for himself the maximum permissible purging or sampling rate
to be 15 cc./min,, without checking the ¢ffect on stead& stateo
Hawrelak (12) designed and constructed a piston-type sémpler
used iﬁ conjunction with hypodermic needles, or with the continuous
phase (hook-shaped) probe, to sample the continuous phase, as a second,
but not completely irndependent, way to obtain point concentration of the
dispersed phase to compare with:the results obtained with -
the bell-shaped probe. The hypodermic syringes were used to take
saﬁples of the continuous pHQSe immediately above and below the ﬁiston
block} the needles entered the column through theasbestos gaskets
sealing the glass column to the piston block. It was discovered later
that -an appreciable volume of ketone phase was entrained in the
continuous phase samples taken by the syringes; the syringe samples
were diécontinued because of the near imposéibility of correcting for
transfer between two phases in the éontinuous phase saﬁpleo It was
decided that the water phase probe saMpler, which showed no ketone
entrainment, could be used in place of the syringe samples, if it was
assumed that the probe sample gave a representative sample of the water
phase. This probe was to be used to sample at the axis of the piston.
A minimum leakage rate around the piston of one to two mls/
min. was encountered after a few seconds; but this leakage occurred
only when the piston was shoved to the left in the block. Sampling
was accomplished by shoving the piston from its right to its left hand
position in the block. The 1%-in. I.D. hole in the piston that was to
slide into line with the column was filled with either water phase
which had leakea from the piston, or with outlet water phase from the
column if there was no such leakage. In this way when a piston sample

was taken the column continued to operate with no appreciable disturbance.



It was interesting to observe that when a piston sample was taken
(portion of éolumn contents removed) a gaé in the ketone phase occured,
which appeared to move up the column for one to two feet.

" The same difficulty ( as specified earlier) arose about the
material balance on which the interpretation of the dispersed phase
samples depends. To be more specific, does the hook probe gives a
representative sample of the continuous phase, the concentration of
which has to be used in this balance? 1In addition, analytical
difficulties were encountered due to the small dispersed phase holdup
obtained. (Holdup = volume pefcent dispersed phase in the column,)
This difficulty arose in using the material balance.equation written
as follows for the piston sampler:

%i T G "V T

Vk

It is evident that the volume of the ketone phase in a sample should
be large so that the equilibrium concentration of solute in the water
phase is considerably different from the iﬁitial value, Only then does
Agsgid the error resulting‘froﬁ having to substract quantities which are’
of about the same magnitude in applying the equation., (This approach
assumes one analyzes the piston sample at equilibriumf Other
possibilities are discussed later.)

The maximum holdup used by Hawrelak (12) was 12.7%,

3

corresponding to a value of (Cw - Cw )* of only 1.2 lb.-moles/ft3x10

i
was approximately - 40.0 1b.-moles/ft§x103. It is difficult

f

where wa

to compare Hawrelak's results with the piston, with those obtained with
the bell-gshaped probe, because of these analytical difficulties, because
of the leakage mentioned earlier, and also because of an error he made

- H . . . . N . P .
N . A L . W N » - . . >



10
in positioning the continuéus phase probe, This was one inch higher
than the axis of the piston in several runs., Howgver, the piston
method appeared to give the calculated initial ketone concentration
always lower than the concentration measured with the bell-shaped probe.

The present work is a continuation of that of Ewanchyna (11),
that of Choudhury (10), and that of Hawrelak (12). All three were
concerned, at least in part, with sampling of the phases. It was
planned to attack the problem by first varying the sampling rate used
with both sampling probes and noting any change in the dispersed phase
concentration results, and secondly by operating the piston sampler
under conditions of very high holdup of dispefsed’phase in the coiumn,
when the analytical problems associated with the piston sampler shéuld
be comparatively small. The possibility of the hook-shaped probe not
providing representatiye samples must be considered with respect to both
sampling methods, and if these samples were not representative, varying
- the sampling rates used with each of the probes might produce chénges
in the reéults. However, if Cwi is considered unrepresegtative, and

it could only be too high, then Cki'comes out too low:

Cki = Ckf - Xﬂ-( Cwi - wa ).
Vk
*
Hence, (C .) is too low; then it will not check with the probe

ki’ piston
sampling results which were obtained at high holdup where the correction
term, Vw/Vk (Cwi - wa), is less important. (Recal} that the piston
samples were obtained with low holdup).
It is interestihg to'note that if cki values were higher, all

the water profiles. calculated using piston flow (10), would be higher,

indicating more backmixing than that assumed ﬁresent heretofore.
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EXPERIMENTAL METHODS

A) Preliminary work.

The appar#fUS arrangement (Fig. 1) was similar to the one
used by previous workers (10, 11, 12, 13) except for a few modifications
to be mentioned later.

A.general reorganisation of the apparatushand a cleaning
were needed because the equipment had been partially disasembled to
facilitate the move of the Department of Chemical Engineering into
a new building; A rotameter had to be reconditionned.

The aluminum tanks used by Choudhury (10) and Rocchini (13)
were corroded. Before replacing them a survey was made of possible
materials to contain M.I.B.K. and aqueous solutions of acetic acid.
It.was fouﬁd that Pyrex and stainless steel were the only suitable
" materials which wére also readily available at a reasonable price.
Taking into account the safety requirements, four stainless steel
tanks were chosen and made as specified on Figure 2. To prevent any
leakage of M.I.B.K. (flash point 75°F (15)) from the feed and storage
tanks, stainless steel tubing and fittings were used to connect both
tanks to the pumps. Polyethylene tubing (with some stainless'steel
fittings and some Saran fittings) was used for the water phase.

Corrosion information was obtained frpm industrial suppliers
of materials for tanks and tubing. The suppliers reported that
polyethylene was not recommended to be used with M.I.B.K., except
where the M.I.B.K. phase was flowing intermittently. A stagnant
M.I.B.K. phase can destroy the properties of polyethylene by taking

out the plasticizer.,
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FIGURE 1, SCHEMATIC FLOW DIAGRAM




TABLE 1. KEY TO FIGURE 1
A - Continuous phase feed tank
B - Continuous phase receiver and storage tank.
C - Dispersed phase receiver and storage  tank
.D - Dispersed phase feed tank
E - Continuous phase constant head tank
F - Dispersed phase constant head tank‘
G - Continuous phase rotameter
H - Dispersed phage rotameter
I - Continuous phase inlet sample valve
1 J2 - Continuous phase flow rate control valves
1 K2 - Dispersed phase flow rate control valves
L - Dispersed phase inlet sample valve
M -« 6-in. I.D. Pyrex top end section
N - Continuous phase inlet stainless steel pipes

O - Drain valve for top end section

P2 - Centrifugal feed pumpsvfor continuous and dispersed phases
respectively

Q - Level of interface
R - Column proper 1%-in. I.D. Pyrex
S - Dispersed phase nozzle

T T - Thermometers

2! T3' 4
u - Special Pyrex reducer 3-in., I.D. to 1l%-in. I.D.
V - Vent connected to a line going outside building
W - Pressure equélizing vent

X - Control for interféce level

Y - Valve for draining the column

Z, - Outlet sample valves for continuous and dispersed phases
respectively

13



TABLE 1. CONTINUED
PTS - Piston type sampler

PS PS_, - Piston sample exit ports

1’ 2
a -~ Dispersed phase sample probe

b

Continuous phase sample probe

c

Travelling block from which sampling probes are suspended
d - Guide on framework for block '¢'

e - Continuous phase éampling rate control valve

e' - Capillary tubing

f - Dispersed phase sampling rate control valve

f' - Capillary tubing

h - Contihuous phase sample bottle

k - Dispersed phase sample bottle

m-- Mercury manometer |

n - Water aspirator (vacuum controlled by air vent at the bottom of
a mercury column and also by 'r")

r - Valve for releasing vacuum

14
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On the grounds that polyethylene was>less expensive than
staihless steel, and that polyethylene was probably at least fairly
resistant to M.I.B.K., polyethylene tubing was installed to replace
;Saran tubing which had been attacked by M.I.B.K. (13). However, to
ﬁrevent mechanical breakage and to give more operating freedom to
the author, stainless steel tubing was used later, in placés where
the M.I.B.K..phase was flowing continuously when the éolution were
being mixed or recirculated with thé column proper not in operatioh.

All rubber tubing was removed from the sampling lines to
prevent any running back of liquid, possibiy rubber contaminated,
into the column., Finally, polyethylene tubing was installed all the
way from the sample receiving flasks to the stainless steel probes.

Initially, the M.I.D.K. had to be distilled as specified
by the pamphlet "Ketones' (14) due to pollution from the use of
Saran tubing by earlier workers (12,13). Also as specified by the
pamphlet, the M.I.B.K., distilled over was collected only between
the temberatures of 114°C and 117?C measured just‘before the vapor
left the distilling flask by the side opening. Ali the available
M.I.B.K. was purified in this way. A black precipitate was left in
the distilling flask. By doing a chromatograph test, the pufity of
"the distilled material was obtained. _Preceding this verification,
a chromatographic analysis was run for the M,I.RK. reserved from
the previous drums, specified as being 99.0% pure by the suppliers.
One peak exists for the pure material (as received) while three peaks
were present for the distilled material, which was composed of M.I.B.K.,
acetic acid, and distilled water. This result.showed that no
undesirablé impurities were left in the distilled material, if the
assumption is made that the observed peaks corresponded to the three

substances mentioned. This assumption was not tested.
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The repairing of a rotameter was necessary. New stainless
steel plates that compress the ﬁacking around the tube were made to
replage those of mild steel which had been corroded by leaking material,
Also, the scales had been shifted relative to the tubes when scales
were reméved and replaced., Both meters had to be recalibrated and
the results are recorded in Appendix I,

The second part of this work was done using a piston sampler
designed and constructed Sy Hawrelak (12) initially. The piston-type
sampler, PTS in Figure 1, was flanged to the glass column by meahs
of standard Corning Type I flanges and hard asbestos gaskets. In
.all céses the piston axis was 1.59-ft. above the nozzle tips. In
normal operation of the column, the phases pass through one of the
holes in the piston. The principle of this sampling method consists
of taking out four inches of the column's phaseé by cutting throuéh
the operating column with'the piston which contains vertically drilled
passages of fhe same inside diameter as the column. Piston samples

were collected at points PS., and P52 in Figure 1, into volumetric

1
flésks by slamming the piston from one side to the other of its
travel.

Past experience with a hard-chromed phosphor bronze cylinder
block and a brass piston coated with soft solder, and also with an
aluminum piston, was that there were always leaks (12). An attempt
to stop this leakage was made by qovering the piston with a polyethylene
sheet, holding it mechanically as shown on Figure 3. This approach
solved the problem of. leaks between the piston and piston biock; also
this made it unnecessary to consider periodic replacement of the soft

. solder piston surface due to corrosion or mechanical damage. The

polyethylene sheet was attached mechanically because cements can not
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“be used due to the danger of solution contamination, particularly
with surface-active materials; in addition, most cements are soluble
in M.I.B.K. (15),

A lever was built to replace the hand driving handle. The
piston diameter tolerances had beep reduced by increasing the piston
diameter with the polyethylene sheet to help reduce the leaks; but
as much friction had to be overcome; a lever mechanism to drive
the piston was required. Figure 4 is a sketch répresenting the lever

used to push the piston into the block.

B) Procedure
1- Probe method

In all the runs performed, mass transfer tock place from
the continuous phase t§ the dispersed phase. The continuous phase
flowed by gravity downward from the top of the column while the
- dispersed phase was fed to the bottom of the column through chamfered
nozzles as droplets.

The reéuired flow rates were set by méans of the rotameters;
during the time needed to regch.steady state, the interface controller
was adjustedvto hold the interface at one particular lével. Throughout
all the runs, the interface remained : two:tofour inches below the
top of the top plate of the Elgin head. During each run, the interface
elevation remained within a range of %-in. but varied over one inch*
range from run to run. Thus fhe height of the column (nozzle tips to
interface) is reported as 7-ft. and 4%-~in. @ ¥%-in. for all runs.
Throughout the course of a run, numerous checks were made on the
interface height and on the fiow meter settings. It was found that

little or no readjustment was necessary.
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The velocity through each of the nozzle tips was held at
a constant'value of 0,357 ft./sec., except for a few runs: To keep
this linear velocity of the dispersed phase through the tips constant
with varying total ketone flow rates through the column, some of the
tips were blocked out by using Teflon caps. Accordingly, the number
of open tips changed with ketone flow rate. Figure 5. shows the
various tip patterns. used. The continuous phase flow rate was held
constant throughout this work. The jets of fluid obtained at the
noézle tips wouid produce uniform drops according to thebJohnson and
Bliss correlation (16), as reported in Appendix V1., These authors
claimed that two different kinds of drop formation éan'take place at
the nozzle depepding on tﬁe velocity tﬁ;ough the nozzle. They mentioned
that two regions exist: one region below which drops cease forming
at nozezle tips and another above which drops ;ease being uniform.
‘The correlation of Johnson and Bliss (16) was used as a guide to
determine whether the velocity used in this work was low enough to
be within the reported region of uniform drop size. However, the
work of Rocchini (13), in which a nozzle tip velocity of 0.362 Fi./scc.
was used, shows that in the present stﬁdy various drop sizes must-
have been present., The distribution was not measured but would be
expected to be close to that of Rocchini (13).

The probe method of obtaining poini concentrations used
by eariier workers (10,11, and 12) needed to be checked. Samples
in the present work were taken in the upw;rd direction: from nozzle
tips to interface, except when the purging and sampling rate stuaies
were donc -, |

The sampling was done at distances from the nozzle which
were the same.as those used by Choudhury (10) and shown in Table 2,

* This velocity was not used for probe samples taken for use
with piston samples.
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. TABLE 2

LOCATION OF STAINLESS STEEL SAMPLING PROBES (1TUBES).

Point number "Distance above nozzle

tips, ft.
1 - 0.078
1A 0.161
2 , 0.445
24 - 1,161
2B 0.911
3 ' ' 0.755
3A 2,161
38 1,661
4 1,060
4A 3.161
4B : 2,411
5 1.379
5A 1.355
5B 4,161
5C 3.786
6 5,161
7 : 6.161
8 7,286
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This approach was decided on to permit easy cowmparison with the work

of Choudhury (10) which had the object of obtaining concentration
‘profiles.

The prbﬁe sample taken were received into clean dry
Erlenmeyer flasks. These were closed immediately to prevent as much
evaporation as possible. Each sample was analyzed either on the same
day as the sample was taken; or, at the worst, not later than the next
day. The volumes of the phases were measured by pouring the mixture
collected in a Qolumetric flask into a gradvate. From each of the
continuous phase samples, a volume of 10 ml. was measured with a
pipette and analyzed by titration with approximatively 0.1 N sodium
hydroxide with phenolphthalein indicator. A similar method Qas used for
the dispersed phase samples, but before titration of 10 ml. from each
ketone layer, 25 ml. of SDAG-1K mixture were added. (SDAG-IKvmixtﬁre is
made industrially by mixing 100 gallons of dehydrated ethyl alcohol with
5 gallons of dehydrated methyl alcohol.) The result was a homogeneous,
single phase in which the end point could be determined easily (or much
more easily than would have been true if two phases had been present),
Sometimes after the analysis had been completed, a ketone layer was
visible on the surface of the mixture in the flask. Perhaps a larger
volume of alcohol should have been used. A blank solution was prepared
for the case of the dispersed phase anaiyses; ‘The blank solution was
the same as a typical solution analyzed except that the 10 mlo.
dispersed phase were not added. Less than a drop of 0.1 N sodium
hydroxide Qas needed tolchange the color of the blank solution. This
amount of titrafing agent was considered negligible and not substracted
from the totallamount needed to titrate the dispersed pbase samples.

-Sodium hydroxide and glacial acetic acid were reagent grade
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( A.C}S. specification) and were obtained from Nichols Chemical Co.,
Ltd, Montreal. Laboratory distilled water was uéed for all runs in
this project. The M.I.B.K. was technicai gréde furnished by the
Canadian Chemical Co., Edmonton, except that in the earlier runs (Run 1
up to and including Run 3) the distilled ketone, described in the
preliminary work, was used, because the suppliers were not ready to
deliver fresh M.I.B.K., However, as scon as thg fresh chemical arrived,
the apparatus including the tanks were washed with this M.i.BOK:.

For all runs, the réte of transfer of acetic acid écross the
interface in the column was calculated in lb,-moles/hr. by two different
equations, One was based on the total change in concentration of the
water phase, and the other on the corresponding total change in
concentration 6§ the ketone phase,
The equatiéns were:

N
w

Nk Lka(ck‘?-ckl)/ 2

Lwa(cw-cw) 1
1 2

These were applied without including the volume of samples taken out

by the probes. Values of Nw and N were slightly different in general,

k

and an average value was determined by use of the following expression:
N =N + N, ' 3

This value was estimated to be better than either Nw or Nk»for further

calculation.
The percentage deviation was calculated for each run as a
measure of the quality of the experimental work, The equation used

was:

Percentage deviation = (N - Nk) x 100 4
N

* The fresh M.I.B.K. then was used for all runs from and including
run 3A, ’ :
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The point concentrations in the units of lh.-moles/ft3 were
readily obtained by titration., With these titration results the
following equation was used to calculate back to the dispersed phase
concentration at the time of sampling:

i = Cke~ Ve (CGim CGer ) S
vk

As far as the probe method is concerned, the general

calculations stopped at this point because the eﬁphasis was put on the

point concentration, rather than on H. T, U., as in previous work.

2. Piston method.

When the piston method was used, the-extraction process was
the same as mentioned earlier and used with the probe method. But,
when the piston sampler was incorporated into.the apparatus, the
procedure was slightly different, When steady state conditions were
achieved, the probes were lowefed to the elevation of the axis of the
piston where purging and sampling of both phases took place
simulténeouslyo Purging and sampling rates and purging times were used
as prescribed by the first part of the present.work and recorded on
Figure 10. Inlet and outlet samples of both phases were taken regularly
from the start to the end of a run and consequently when the probe
samples were being taken. When sufficient volumes of bofh phases had
been obtained, the probes were removed from the path of the piston.

The 1lY%~in. 1I.D. hole in the piston that was to slide into line
with the column was filled with outlet water phése from the column. In
this way, when a piston sample was taken, the column continued to

operate with no appreciable disturbance. After a piston sample had

been taken, sufficient time was allowed to restore the steady state,
l
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which time had been studied as a part of this work., i

The principal change made in the extraction process consisted
in increasing the dispersed phase flow rate to give a larger hbldup of
dispersed phase in the column, and, consequently, in the piston sample.
. Figure 5. shows the setup to the nozzle necessary for ths change of
‘flow. It was planned to use the linear velocity of 0.357 ft./séc. as
mentioned earlier. However, the flow rate for 21 tips to give this
velocify.was‘calculated using the nominal nozzle diameter of O.IO-in;
instead of the actual average diameter of 0.1029-in. (10). The actual
velocitiescalculated on the basis of the latter diameter are recorded
in Table 10, Appendix II.

An acetic acid material balance has to be made between the
initial conditions prevailing in the column at the time of sampling
with the piston, and the final concentration existing in the removed
piston sample at the time of analysis. The equation used was the same
as Equation S5 just given. The quaniity Cwi is found by using the
concentration given by the continuous phase probe at the axis of the
pistbn Just before taking a piston sample., When the latter sample is
taken, Ckf and wa can bg measured and also Vk and Vw. Then Cki can be
calculated: the quantity really needed. This calculation is
permisgible on the basis that:

ki = Ve = Yk
and

V , = V V .
wi wf - w

These last two statements probably are very close to the truth, and

are assumed to be correct within the experimental error of a run. It
should also be understood that the concentration is assumed to vary
linearly inside the four inches long piston. This assumption is based on

previous results(10,11) which show that the concentration versus the
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distance from the nozzle is almost linear over seven feet of the

column's length,



RESULTS
A)Steady state requirements:

It was discovered that the concentration inside the column
influenced the length of time needed to achieve a steady ;tate in
making an extraction run. The éoncentration of the column filled
with the continuous phase feed solution differed from that existing
inside the column which had been operated before; +this difference
was due to the extraction process which took place.

Then, two ways of gtarting a run needed to be investigated.
The first one consiéted in using a column filled only with the conti-~
nuous phase at feed conceptration and with no dispersed phase above
the interface, ( In run 61, (Fig. 6) a slight variation in this
procedure took place: some distilled water had been left in the
" Elgin head from the back-washing operation which preceded). The
second way was the start-up of a run using a column.filled with the
continuous phase left in the column at the end of a previous run and
-with the corresponding dispersed phase above the interface.

To obtain the'time needed to reach a steady state condition
for the first way of startup investigated, the column first was filled
with continuous phase feed solution only, up to the interface level
in the Elgin head. A flow of dispersed phase then was started.
Samples of both feed solutions were taken three times during the
extracting operation whereas the outgoing solutions were sampled
every five minutes. Figure 6 shows the results of a run using an
initial continuous phase concentration slighly different frbm 50.4
1b. molesfofkﬁcétic acitd/ cu. ft. of water due to the presence of

distilled water in the Elgin head before the column Was filled with
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continuous phase feed solution. (Consequently, Run 611 is not included
in the results given on Figure 8.) The continuous phase feed
concentration, of 50.4 ib,-mdles/cu. ft.xlOs, was used in other runs
which were done using the same conditions except for the Elgin head
which was drained before beginning to fill the column. Figure 6A shows
anvexample of the results of one such run. All these results are
recorded in Table 11, given in Appendix II1I.

To realize the second way of beginning a run (as just
mentioned): the column was not operated for one or two days after an
earlier run had.been completed. This time was allowed to elapse in
order to permit the concentrations within the column to approach more
“uniform and, in addition, lower values than those which applied at the
end of the earlier run; extraction continued at a low rate beyond the

end of the earlier run. A new extraction run then was started with the
object of finding the time required to reach steady stéte for thése new
initial conditions. The method of sampling the inlet and wutlet
solutions was the same as mentioned earlier. Figure 7 refers to a run
started with a column where the concentration was lower than 50.4
lb.-moles/cﬁp ft. x103 due to a previous run. Table 12, given in
'Appendix_IIi shows the results of four bthers runs performed using the
same procedure.

This investigation was carried out for a constant continuous
phase flow rate of 54.8 ft?/hr.-ft? while the dispersed phase flow rate
was varied from 72.4 ft?/hr.-ft? up to 208.0 ft?/hr.-ft? o Figure 8
summarizes all the results obtained. (Table 13, given in Appendix III,
lists the same results.)

These runs were all performed to give the results described

-

without using any internal method of sampling. However, after very long
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times when the steady state had been reached, some of the runs were
continued, and internal samples were taken, as part of the study of the

effect of such sampling on the steady state,

B) Purging study:

The purging time is the tiiie needed to achieve a uniform
concentration after the position of the brqbes in the column has heen
changed. The purging time depends on the amount of vacuum appiiéd to
the probes, and the resultant rate of puréing which is controlled also
by the insertion of lengths of capiliary tﬁbe inside the sampling lines.
The vacuum, and these capillarieé condition also the ratebof sampling,
obviously. -

The proceduré followed was to establish a steady state
operation of the extraction column, and then to place the probes at
some convenient distance from the nozzle tips. The probes were filled
at this position for fifteen minutes at the purging rate to be studied.
The probes then were moved to a second position where purging was
carried out for measured times. The positions of the probes mentioned
here weré specifically thosé of sampling positions 2, 2A, 3B, 4A, and
7 as given in Téble 2. (On Figures sampling position is abbreviated to
"Position" or'"Pos!)

) In each run, several samples were taken at various samﬁling
rates. After the probes had been moved to a second (or to a subsequent)
position, a sample was taken every minute. The concentration of the
samples obtained after sufficient purging in all the runs done for this
purpose (Runs 1G,2,2A,2B,2C,7,7B,7C,and 7D) check within approxix’riateiy
0.5% at the worit in the respective phase. The sampling rates used for

" each run in the present work appear in Table 24 (Appendix IV) which also



35

‘shows the minimum purging time for each particular value of the purging
rate, A tyﬁical example of what was obtained for a ﬁarticular run is
shown in Figure 9. All the results obtained for each run concerning
the minimum purge time appear in Tables 14, 15, 16, 17, a87 19,I283t2%,
22, and 23, located in Appendix‘Ivf |

A summarizing plot of the results of all these runs is given
as Figure 10 following. This Figure shows reasonably accurately the
minimum purge time to obtain uniform concentration at various sampling
rates., To be on the safe side for normal extracting operations, at
least 2 to 3 minutes should be allowed.beyond the value of the purge
time obtained from Figure 10. Table 24 corresponding to Figure 10 is.

given in Appendix IV,

C) The influence of sampling rate on point concentrations:

All research work done in the past, using the sampling probe
method, appeared uncertain because of the underlying assumption: that
the measured water pﬁase'probe éoncentrations, pr, are representative
samples of the aqueous phase for use in the material balance for
calculating Cki'

An attempt was made to establish conclusively the continuous
phase concentration profile, The method used consisted in plécing the
probes at various sampling positiens in the columm where concentrations
were reasonably far from equilibrium conditions. Incidentally,
‘Choudhury'’s equilibrium curve (10), available in the laboratory plotted
to a large scale, was used throughout the work for getting equilibrium
concentrations., The specific distances used were 1.59 and . 1.66 ft. from
the nozzle tips. At these locations experiments were made to find any

apparent effect of sampling rate on point concentration.
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Two different kindsof sampling procedure were followed. In
one the probes were purged for 10 minutes at a certain rate. Following
this period this rate was maintained for an additional period long
enough to provide a reasonable volume of sample for analysis, When the
samplin;isgs changed, the sampling lines were purged again for 10
mihutes at the new sampling rate before taking the new sample. This
procedure was ideal* for obtaining concentratioh values which would
differ from each other if the concentration varies greatly with the
sampling rate. Run 9H was performed following this sampling procedure
for both phases. Figures 11 and 12 ( daté in Table 25, Appendix V) give
the results of this run and show that great 'differences in point ¢
concentrations do not exist even if the rates varied from 6.2 to 16.0
cc./min. for the water probe and from 8.2 to 15.6 cc./min. for the ketone
probe., llowever, it was discovered later that these samples were taken

at a position where the concentrations were only 5% (% =(C*, - Cki)xloo)

ki
. Cki
away from the equilibrium concentrations.  Perhaps even in this case,

some changes in concentration would be possible for high rates of
sampling.

Run 5 G was performed in a manner similar to the method used
for‘Run 9H, except that the purge time was applied as prescribed by
Figure 10 in all cases, Other differences were that only the ketone
probei'sampled for all the run; and that the concentrations at the
sampling position were far from equilibrium concentrations. '(This
statement is also true for all the other runs, with the possible
exception 1D where concentrations were still noticeably away from

equilibrium) The water probe sampled just at the beginning and the

* except that in one case a longer purge time would have been required
to_provideasafety factor in addition to the requirements of Figure 10.
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end of the run, and at only one sampling raté. The water probe was
not used for the intervening five samples because it was planned to
study whether or not the ketone probe concentration varied when samples
were not being removed with the water probe. Figure 13 records thé
results obtained in Run 5G for the ketone probe and Table‘25 in
Appendix V gives the corresponding data.

Another Run, 5H, was performed to study further the questidn
of any variations in the ketone probe concentration with sampling rate
when the water probe did ﬁot operate, At the beginning of this Run,
the sampling lines were burged for 15 minutes. Then a sample'was taken
for 3 minutes. The lines were not purged as prescribed by Figure 10
for the next two samples, but were for the remaining three samples. :
This meant that four samples were obtained according to the first
sampling procedure and two accord;ng tothe second procedure to be
described shortly. Figure 14 records the results of Run 5H. (See Table
25, AppendixAV for the tabulated results of Run 5H.) The method of
plotting this figure is that used for Figure 15 and described when that
Figure is presented. |

The second sampling procedure consisted in placing the probe
at location 38‘(1.66 ft from the nozzle tips) and purging for a
sufficient time to purge the probe. After this operation, one sample
‘was taken at the same rate used for purging. Then, instead of purging
the probe again, another sampling rate was set, and used to sample at

the same location. This sampling procedure was employed in Runs 5B 5F,

l L
) -
7E, 7F and 1D ., Each of these puns must be described here separately.

In Run 5B a pdrge of nine minutes was carried out before

1'

taking the first sample of each phase. Then, without purging, another

* In Run 1D a probe location of 6.16 ft. was used.
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sample was taken at a different rate and only with the ketone probe.

Two further samples were obtained in a similar Way. Except for the
first sampie which was done according to tﬁe first procedure, those
taken after were made up of mixtures of solutibns sucked out from the
column at different rates. However, if concentration variations due to
variations of sampling rate are present, the result of this procedure
would be a change in concentration from sample to sample. It is true
‘that concentrations corresponding to definite sampling rates were not
obtained; nevertheless, an absence of concentration change would
indicate no effect of sampling rate on measured concentrations. Figure
15 shows the results of Run 5B1. Each square*is plotted at the
sampling rate being used when the respective samples passed into the
sanple flask., The lines drawn from each square® to the axis of abscissas
reach that axis at the sampling rates which were in use when the liquids
found in the respective sample actually passed into the probe entrance.
from the column. The percentage marked on each of these lines is the
approximate volume percentage of the sample which passed into the probe
entrance at the rate indicated by the line. The triangles represent the
concentration corresponding to an average rate of passage into the probé
entrance. This avcrage rate was obtained by weighting the rate
iﬁdicated by each of the lines according to the corresponding volume
percentage. (These results also are recorded in Table 25, Appendix V.)

Run 5F was performed exactly as Run 5B Figure 16 (and Table

1°
25) shows these results.

The second sampling procedure also was used to perform Run 7E.
No puwrging took place before sampling was begun with the result that the
first two samples in Table 25 could not be used. Ten minutes samples of

each phase were taken simultaneously at various rates ranging up to

* For Figures 17, and 18 circles are used instead of squares.
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14,2 cc./min. for the water probe and from 5.4 to 9.8 cc./min. for the

ketone probe. Each sample represents the results corresponding to more
than one rate'of sampling into fhe probes. Figure 17 shows the results
for the continuous phase prqbe; the same method of plotting was used
as Figure 15. Results for both probes appear in Table 25, Appendix V.,
(The ketone phése results have not been plotted because only a narrow
range of ketone sampling rates was investigates.) No significant
variations in point concentration were found.

Run 7F was performwed as Run 7E. The first two samples in
Table 25 could not he used because of failure to purge. Several samples
of each phase were taken at various rates ranging up to 28.2 cc./min.
for the ketone phase probe. Simultaneous samples were taken with the
water probe at a constant rate of 2.8 cc./min.. The results are shown
on Figure 17A and recorded in Appendix V, Table 25. (The water phase
results have not been plotted because only é single rate of sampling
was investigated.)

Another Run, 1D, was done also by using the second procedure
(except, of course, that the first sample again was taken, in effect,
by the first procedure). In Run 1D, the probes were placed this time
6.16 ft. from the nozzle tips. The sampling lines were purged 20
minutes before taking the first sample of each of the phases. Samples
of each phase were taken at the same time at various rates for 5 minutes,
again without purging between samples. However, as mentioned eariier,
the concentrations measured under these conditions should vary if the
sampling rate influenced the point concentration. No significant
changes in the concentrations were found even though the water sampling
rate was varied from 11 to 34 cco/mih. and the ketone éampling rate from

12,9 to 28.4 ¢c./min.. Figures 18 and 19 record the results for each
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as does Table 25 in Appendix V.

D) The influence of sampling procedure on the steady state concentrations.

During Runs 7E and ?F of the invéstigation of sampling rate
variation for both phases described previously, thé column inlet and
outlet concentrations were measured. The outlet samples were taken to
investigate the influence of the rate of sampling on the steady state
concentrations.,

At first, the continuous phase sampling rate was kept constant
while the dispersed sampling rate was varied over a wide range of rates.
Figure 20 records the concentrations obtained in relation to the
sampling rate in Run 7F. The next operation consisted in varying the
continuous phase samplingArate and holding the other one constant.

These results are shown on Figure 21 for Run 7E. The procedure just
mentioned was dope-to study if the concentration profile of either
phase would change if either rate is varied with the other one held
constant, The concentration profiles were not measured in‘detail.
However, change in the outlet concentration would indicate a change in
the profile.

On Figures 20 and 21, the column's length (nozzle tips to
interfgce) has been included, as well as the sampling réte, shown as
a percentage of the respective phase flow. A maximum deviation in
either run in the outlet concentrations was 2.3% from the mean valué.
The inlet concentrations were constant because they were fixed before
beginning a run;'(A maximum rate of 14.2cc./min. was used on the
continuous phase probe while the maximum used on the dispersed phasé
probe was 28.2 cc./min..) (Note also that the probes were in operation

only for the times shown. There was no additional purging.)
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E) Concentration profiles:

As mentioned in the literatﬁre survey, Choudhury's work did
not inclﬁde the steady state requirements, or an adequate study of the
minimum purge time to chahge the solution inside the probe after‘a
relocétion. Furthermore Choudhury assumed that the continuous phase'
probe sample was representative.: The present work"ﬁas:i
performed to study these effects and consequently it became obvious
that the duplication of at least one of Choudhury's runs was a
necessity. |

Tﬁe first attempts to duplicate the results obtained by
Choudhury were made after kﬁowing the steady state requirements and
also the time needed to change the concentration in the probe wheh
relocation took place. Run 65 of Chouchury's thesis (10) was repeated
five times.

A comparison of the results obtained with those of Choudhury
are shown for Run 5D only, in Figure 22. (Table 10A giveé the data of
this run.)‘ There was a significant difference in results. It is
believed that the difference was caused mainly by an error in analytical
procedure made by the present.investigator.

At the beginning of the present work, two 10 ml. pipettes
were calibrated and.ﬁsed to meésure ;he samplés to be analyzed. The
calibration of bofh pipettes showed that the difference in volume from
each other and from 10 ml, was negligible., After three months of
experimeﬁts,‘a qalibrated pipette was broken and replaced by a new one.
However, due to the previous experience, the new pipette was not
célibrated° However, after long use this pipette was calibrated, and
found to deliver 5% more than those used initially. A second cause of

error consisted of an evaporation_of some dispersed phase from the feed
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tank through the venf system, This evaporation.caused a gradual
increése in thé dispersed phase-feed concentration,

These errors were readily corrected, and Run 8 was perforited
~ to recheck Run 5D and Choudhury's Run 65, Figure 23 showé the results
" of both Run 8 and of Choudhury's.Run 65, These resuits ére given also

in Appendix II, Table 1O0A.

F) Concentration study in the Elgin head:

It should be intéresting to mention here an attempt which was
made to study solute concentrations in the Elgin head. A glass tube
was intioduced‘into a vent line installed on the Elgin head, close to
the center of the column, From this loéation,'several sémples of water
phase and of ketone phase were taken at different distances from the
" column interface, Table 3 and Figure 24 givé‘the results obtained,
Since these concentrations were not related to the point concentrations

inside the column, this study was not carried any further.

TABLE 3
Concentration study in the Elgin head.

Height of Distance Concentration, : Located on

column, from nozzle. 1b.-moles/ft5x10°, Figure 24
ft. ft. : as:

7'- 3.8" 7'~ 0,25" 34.45 A
7'~ 3.8" 7'- 3.30" 34.42 B
7'; 3.8" 7'~ 3.585" 34,20 C
7' 3.8" 7'- 4,05" 15.85 1))
7'- 3.8" 7'~ 4,30" 15.00 ,E

. .

7'~ 3.8" 7'- 6,80" 14,86
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G) Piston sampling.
l.- Influence on steady state:

Three runs were carried out to determine the length of time
‘required to achieve steady state concentrations under conditions of
normal operation using a dispersed phase flow rate of 120.2 ft°/hr.-ft>
and a continuous phase flow rate of 54.2 fts/hr.-ftz. In addition, the
influence on.steady stéte was investigated of the removal of a portion
of the contents of the column and simultaneous insertion of distilied
water, or, on other occasions, of outlet water phase, by means of the
piston.

For the first run, the Elgin head was drained completely, the
column was filled with continuous phase feed solution, and the extraction
process started using the flow conditions just mentioned. Both inlet
solutions were sampled three times each during the run, while both
outlet solutions were sampled every five minutes from the start. At
fifty-two minutes from the beginning of the extracting oﬁeration, the
piston was operated with distilled water in the hole which was to slide
into line with the column proper. Distilled water was used to show the
effect of replacing a column section by a water solution which will give
the maximum disturbance of the steady state. Just after taking a piston
sample, samples of the oﬁtlet solutions were taken every two minutes
for 10 minutes. Another sample of each outlet solution was taken
eighteen minutes after the piston sample had been obtained. Another
piston sample was taken 20 minutes after, and the same procedure for
sampling the outlet solutiohs was repeated. 'From this run, it was
found that the time to obtain steady state after the start of the run
was éomparable to the previous results. Taking a piston éample using

distilled water in the piston hole which was moved into line with the
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column proper resulted in 15 minutes being required for réestablishing
the steady state‘for the water phase. The dispersed phase outlet
concentration was not changed by the pis@on sample being taken using
distilled water to replace fhe column's section. These results are
given in Figure 25,

* Run 9D was performed starting with a column which had been
operated previously. The flow rates were the same as for Run 9C. A
similar procedure was applied to obtain samples of inlet and outlet
solutions, At thirty-two minutes from the béginning of the run, a
piston sample wasg taken, resulting in the replacement of agportion of
the column by a portion of distilled water. As expected, this run gave
a shorter result: for the length of time needed for the colﬁmn to
achieve'steady state when samples were not being taken. In this [Run
gsome disturbance of the outlet ketone phase concentration apparently
took place; however, only one sample showed a deviation from the
no;mal steady value, and the result may not be significant. The
disturbance of the water phase exit concentration was much more
ﬁ;;nounced ( as expected from the previous results). Steady sta£e
was restored in a littlé overklo minutes. Figure 26 records the
results of Run 9D.

Run 9F was performed using exactly the same conditions of
flow as those of 9D and 9C, In Run QF; the probes were used to sample
at the piston. axis with'a purging and sampling rate of 10,0 cc./min,
for the continuous phase and 9.4 cc./min. for the dispersed phas;. The
purging time was 10 minutes. Referring to Figure 10 which specified
the minimum purging times for several purging rates, it can be seen
that 6.2 minutes were the minimum needed to purge the continuous phase

probe at a rate of 0.0 cc./min., and 5.2 minutes were the minimum
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needed to purge the dispersed phase probe at a rate of 9.4 cc./min,.
It waé decided to use 10 minutes to be on the safe side as mentioned
earlier. A piston sample was taktn half a minute after the probe sample,
The piston hole which had to slide into line with the column proper was
filled this time with the outlet continuous phase solution. (This was
the solution to be used in the dispersed phase sampling runs.) The
sampling procedure was repeated three: times. Iigure 27 shows the
results which indicate that the stgady state is not disturbed by a
piston sample when the piston hole sliding into line with the column
is filled with outlet continuous phase solution, _The carrying out of
probe sampling did not affect the steady state, as would have been

‘expected from the results given under the heading of sampling rate

influence on steady state.

2.- Piston point concentrations:

Five runs were performed to obtain information about the
samnpling procedure by means of a piston samplerb,

For the first lun, 9L, flow rates of 120.0 fts/hr.—ft2 for the

2 for the continuous phase were used.

dispersed phase and 54.8 fts/hr.;ft
Samples were taken at the axis of the piston by means of the probes;
half a minute later a piston sample was takeh. Three of these samples
were available at the end of this Run. The purging and sampling rates
used with the water probe was 12,0 cc./min. and with the ketone probe
13.0 cc./min. The purging time used was 10 minutes as compared with
5.2 minutes and 3.8 minutes required to pﬁrge adequately the water and
ketone probes respectively according to Figure 10 for the rates just

mentioned. The average volume percent ketone in the ketone probe sample

was 89.6% while that for the piston sample was 14.5%.
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A second Run, 9F, was performed to check Run 9E, The

dispersed phase flow rate was 119.8 fts/hr.—ft2

and the continuous phase
fiow rate, 54.8 ft3/hro—ft2°‘ As before, the probes were used to sample
at the axis of the piéton; but, after the second sample had been taken,
it appeared desirable to check whether the probes were really at the
piston axis when sampling. It was found that they were one inch too
low. This meant that the probe samples of run 9 and those of 9F
obtained to this.poiﬁt wvere not suitable for comparison with the piston
samples. The error was corrected and Run 9F was continued. The purging
and sampling rates used were 10.0 cc./min, for the continuousvphase
probe and 9.1 cc./min. for the dispersed phase i)robe° The purging time
was 10 minutes whereas the minimum purging time was 5.2 minutes for the
ketone probe and 6.2 minutes for the water probe according to Figure 10
~for the rates mentioned above. Out of four piston samples taken in

Run 9F, the results of the last two were almost exactly the same as those
taken with the dispersed phase ﬁrobe. Run 9E and the part of Run 9F in
which the probes were in the wrong position were ndt discarded. This
course was taken becauée the piston résults obtained were comparable
with one another and with those of Iun 9G which was performed using

the same conditions, Table 4 records the results, from which it can

be seen that the dispersed phase éoncentrgtions of the piston samples

are egual to close

of Runs 9E and 9F at the time of analysis, Ckf’

approximation for all the samples.

The next Run to be described; Run 9G, was a repetition of
9F. Iun 9G was done to verify the results of the previous runs but
with fhe-earlier wrong probe locations avoided: Four piston results
were obtained in this Iun; they reproduce previous.dispersed phase

concentrations at time of analysis very closely as shown in Table 4.
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All the runs performed to obtain piston results to this pbint
were obtained for a drop velocity through the nozzle tips of 0.338
ft./sec.. Reference to Table 4 shows that a maximum volume percent
ketone in the column of 14.8 was found using this dispersed phase linear
velocity in Runs 9E, 9F, and 9G. Itvwas sugéested that this ketone
holdup be increased for the purposé of getting more ketone phase in
a piston sample, Other things being equal, the analysis ( if done at
equilibrium) would be less critical, and, consequently, the piston
dispersed phase concentrations would be more accurate. To increase
the holdup, it became necessary to increase the velocity in the nozzle
tips well above the values-used so far.

vRun 91 was done using the maximum capacity of the ketone
rotameter available at the béginning of the work; 21 nozrle tips were
used, and a velocity of 0.475 ft./sec. in them. Fér Run 9H, the
dispersed phase flow rate was 169.5 ft?/hr.-ft% and the continuous phase
flow raté, 54,8 f%./hr.-ft?. In this Run, the probes were used again to
sample at the piston axis. The piston sémple,was taken half a minute
after the probe sample. The purging and sampling rate used with the
dispersed phase probe was 8.7 cc./min. and with the continuous phase
- probe 6.2 cc./min.. The purginé time was 10 minutes. Reference to
Figure 10 shbws that the rates just mentioned require a minimum phrging
time of 5.4 minutes for the ketone probe and 10 minutes for the water
probe. Thus the 10 minutes allowed was ample fér the ketone probe but
included no safety factor in the case of the water probe. Thé safety
factor was not added in this case because the solutions in the feed
tanks were running out very quickly. The volume percent ketone in a

piston sample now was 22,2%. (The volume percent ketone for the
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corresponding dispersed phase probe samples averaged 92.6%.) The
dispersed phase piston concentrations, found at the time of analysis
ekf’ were lower than previously because of higher dispersed phase flow
rate used., These results also are recorded in Table 4.

For the first time some ketone was present with one continuous
phagg:ggmple out of four as a result of the high keténe holdup. A
correction to the water concentration was made by writing Equation 5

for each probe. The value of C for the ketone present in the water

kf
was taken to be the equilibrium value. The two equations resulting
were ihen solved simultaneously to find the value of cwi' (This
calculation is given in Appendix VIL)

A new rotameter was installed and calibrated for the purpose
of being able to further increcase the dispersed phase flow rate a;d
therefore the column (and piéton sample) holdup. The calibration of
this rotameter is given in Figure 28, following.

. Ruﬁ 91 was performed using a dispersed phase flow rate of
208.0 ft?/hr.-ft% and a continuous phase flow rate of 54.8 ft?/hr;—ft%.
A velocity of 0.584 ft./sec. was used through the 21 tips of the nozzle.
The>probes were used'to sample at the piston axis using a dispersed
phase probe rate of 7.3 cc./min. and a continuous phase probe rate of
6.5 cc./min.. Based on Figure 10 minimum purge times of 6.4 minutes
and 9.6 minutes were required for the ketone and for the water probeg,;
respectively; however, 10 minutes were allowed as purging time. For
the second time, some ketone was present with two continuous phase
samples out of a total of five as a result of the high Ketone holdup
in the column, in spite of low purging and sampling rates. As done
for Run 9H, corrected values were calculated using Equation 5 for each

probe. This calculation was done for Samplés 3 and 5, but only in
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Sample 3 was there any change in the figures?! (See Appendix VIL) Even

3

in Sample 3 the correction was very small, +0.03 x10~ Ib.-moles/ft? for

.Cwi’ and negligible for Cki' ' The ketone was only 1.2% of the total
volume o%ffater in Sample 3, and was 0.9% of Sample 5. The highest
holdups as measured by the piston sampler were obtained in this Run 9I,
the average holdup for five samples being 28,4%. The volume percent
ketone in the dispersed phase probe samples for this Run averaged 96.5%.
- The dispersed phase piston concentrations at time of analysis.Ckf,
again were found to be lower than before due to the increase in the
dispersed- phase flow rate. If was found later that ﬁhe phases were
close to equilibrium. This is probably why the initial dispersed
phase concentration (determined by using the material balance as applied
to the piston samples) checked the probe dispersed phase results within
léss than 2.0% deviation as defined in connection with Table 40(-For)the
case of one sémple out of five in this Run, the % deviation was higher.
The results of this Run appear in Table 4 also.)

Table 5 shows in detail the probe data corresponding to
each piston sample. In a few cases there was too little aqueous phase
in the dispersed phase sample for‘it to be possible to obtain wa by

analysis. The value of Cw was then assumed to be the equilibrium value

f

corresponding to C ., and this equilibrium value was used as Cw in the

£

material balance calculation of Cki' In these cases, the correction

kf

applied to C

K to produce C

ki “es always small, never exceeding 1.5% of
cki°

Subtracting from the Cwi values of Table 5 the wa values of

Table 4, produces difference:s_((;‘vi - waw which do not increase with
increased holdup as was expected; in fact this difference did not

change greatly except for Run 9I where it was comparafively low,

* Change or correction from the values obtained if the ketone in the
water probe sample was neglected - altogether.



. Increasing the holdup was supposed to help to make the difference

between Cw and Cw bigger, but unfortunately the holdup lowers the

i f
mass transfer resistance in the column by increasing the interfacial
area between continuous phase and drops. The result is that equilibrium
between the phases is approached at the location of the sampler as the
holdup increases;

Table 5A records thé probe initial results, the piston
results at time of analysié, and their corresponding equilibrium values.
It also gives the mass transfer driving forces, at the location of the
piston calculated from the ﬁrobg results, Although the holdupvwas
doubled between Run 9G anleun 91, these driving forces were cut doﬁn
be a factor of 7.7 for the water phase, and 5.6 for the ketone phase.
(These faétors should be very close to each other for constant slope
of the equilibrium cﬁrve.) As éhown by Table 5A, this average driving
force for the water phase in Run 91 was 0.44, whereas for Runs 9E, 9F,
and 9G it was 3.4. The average driving force for the ketone phase in
" Run 91 was 0.32, whereas for Runs 9E, 9F, and 9G it was 1.8. It should
be noted that the values of the ketone phase concentration at time of

analysis®*, for the piston ((C__) Table 5A) all seem to be

kf piston’

approximately 2% beyond the equilibrium values (C?®_) calculated from

kf
(c ) . by means of the equilibrium éurve. A similar comment can
wf piston
be made, of course, with reference to the values of (C ) . . These
wf ' piston

are all less than.the equilibrium values (C&f) calculated from
(Ckf)piston again by means of the equil;br1um.curve.

' The probe results of Table 5A show that both phases within
the column were almost at equilibrium at 1.59 ft from the nozzle tips

* For the piston samples, the analysés all were done after the phases
had reached equilibrium,
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for Run 8I. This result was caused b& the extraction taking place
ﬁainly in the upper part of the column., The large amount of ketone
present extracted much more acid from the water entering the column than
that removed in the runs at lower heldup. The concentration of acetic
.acid in the water phase when it reached the piston then was small, and
nearly in equilibrium with the concentration in the ketone phase.
Further details will be given in the discussion on this subject, later

in the thesis.
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TABLE 4

Piston results.

Run Volume Volume Concentrations Average % deviation

number. of percent l1b.-moles/ft3 x10° piston of piston
sample - ketone and probe results
cc. . results from
average.

vk vw Ckf wa.‘ cki Cki
piston results probe

*9E 17.0 100.0 14.5 1:0.34 20,50 6.22 8,34 7.28 -14.3
*9E 17,0 101.0 14.4 9,87 19.50 9,51 7.98 8575 + 8,7
a*9E 17.5 100.0 14.8 9,90 19.68 10.59 7.98 9.29 +14,.0
*9F 17.0 100.0 14.5 10,54 20.96 9.48 8.61 9.04 + 4.8
*OF 17,0 100.0 14.5 10,45 20,79 10.45 8.44 9.45 1 +10,6
9F 17.0 100.0 14.5 1:0.34 20,55 8.28 8.43 8,34 - 0.7
9F 16,0 101.0 13,7 10,22 20.535 7,38 8.08 7.73 - 4.5
9G 16,0 101.0 13.7 '10.22 20.30 6.45 B8.36 7.41 -13.0
9G 16.0 101.0 13.7 110il5 20.35 6.30 8.30 7.30 =13.7
9G 17.0 100.0 14.5 10,15 20.15 7.44 8,33 7.89 - 5.7
9G 17.0 1060.0 14.5 10,15 20.30 8.33 8.28 8.31 + 0.2
aQH 26,0 91.0 22.2 8.00 16.00 8.21 7.20 7.71 + 6,5
*OH 26,0 91,0 22.2 .77 15.80 7.25 7.33 7.29 - 0,5
9K 26,0 91.0 22.2 7.65 15.39 6.64 7.05 6.85 - 3.7
9H 26,0 91}0 22,2 7.65 15.53 6.00 7.10 6.55 - 8.4
91 33.5 83.5 28.6 7.59 15.24 7.02 7.15 7.09 - 1.0
91 33,5 83.5 28.6 7.09 14.25 5.94 6,74 6,34 - 6,9
oI 33.0 84.0 28.2 7.09 14,25 6.58 6.76 6.67 - 1.4
91. 33.0 84.0 28.2 7.07 14.39 6.84 6.76 6.80 + 0.6
91 33.0 84.0 28.2 7.07 14.39 6.84  6.82 6.83 + 0.2

* Runs performed with probes l.-in. below the axis of the piston
a Runs which had a negative (C .- C ) difference
: wi wf

¥ Correction was applied for the ketone in the water probe sample.
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Probe results corresponding to piston results of Table 4.

Run Volume of Volume Concentrations
number. sample’ cc. percent 16.-moles/ft3 x10
(ketone probe) ketone.
Vi Vo Cics | Cog Crei Coi
ketone probe water
*9E 61.5 7.5 89.2 8.76 17.75 8.34 21.20
*9E 38.0 4.0 90.5 8.29 16.64  7.98 19.56
*9E 31.0 3.0 91.2 8,29  16.35 7.98  19.56
*9F, 23.7 1.0 96.0 8.73 #13.20 8.61 21.14
*9F 28.0 2.0 93.4 3.64 #18.00 8.44 20.79
9F 81.0 5.0 94.1 8.64 17.52  8.43 . 20.90
9F 42.0 5.0 89.3 8.70 15.75 8.08 21.00
9G 40.0 4,0 90.9 8.70 17.51 8.36 20.90
9G 48.5 4.0 92.3 8.58 17.51 8.30 20.96
9G 51.5 4.0 92.8 8.58 17.37  8.33 20.61
9G 53.5 5.0 91.5 8.58 17.37 8.28 20.61
ol 39.0 3.0 95,2 7.30 14.60 7.20 15.94
*9H 15.6 0.4 97.5 7.30 14.95 7.33 15.95
9H 38.0 3.0 92,7 7.15 14.31  7.05 15.68
OH 19.0 1.5 92,7 7.18  #15.00 7.10 16.00
91 41.5 2.5 94,3 7.18 #15.00 7.15 15.47
91 36.0 2.0 94.8 6.77 #14.15 6.74 14.71
*91 28.0 1.0 96.5 6.77 #14.15 6.76 14.45
9I 28.0 1.0 96.5 6.77 #14.15 . 6.76  14.48
91 40.0 2.0 95.2 6.83 #14.20 6.82 14.48

* Runs performed with probes 1l.-in. below the axis of the piston

» %

# C

wf

results are equilibrium values corresponding to C

was too small to be analyzed.

kf®

Correction was applied for the ketone in the water probe sample.

The volume
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TABLE 5A

Piston and probe results and their corresponding equilibrium values.

Run Piston Results # Probe Results # Driving
number. C e . . . force at

'Ckf wa wa Cgf Cki : Cwi cgi Ski. probe :
lb.-moles/ft? x 10 1b.-moles/ft°x 10% taecation,

. _ .
Cwi Cwi Cki Cki

9E 10.34 21.30 20,50 9.90 8.34 17.38 21.20 10.25 3.8

1.9
9E 9.87 20.50 19,50 :9.50 7.98  16.65 19.56 9.45 2.9 1.5
9E 9.90 20.60 19.68 9.55 .98 16.65 19.56 9.45 2.9 1.5
OF 10.54 21.70 20.96 10.30 8.61 17.91 21.14 10.25 3.2 1.6
9OF 10.45 21.60 20.79 10.00 8.44 17.60 20.79 10.15 3.2 1.7
OF 10.34 21,30 20.55 10.00 8.43 17.60 20.90 10.20 3.3 1.8
OF 10.22 20.90 20.55 10.05 8.08 16.85 21.00 10.20 4.2 2.1
9G 10.22 20.90 20.30 9.85 8,36 17.40 20.70 10.20 3.5 1.8
9G 10,15 20.70 20.35 9.90 8.30 17.30 20.96 10.20 3.7 1.9
9G 10.15 20.70 20.15 9.80 8.33 17.33 20.61 10.00 3.3 . 1.8
9G 10.15 20.70 20.30 9.85 8.28 17.28 20.61 10.00 3.3 1.7
9H 8.00 16.50 16.00 7.70 7.20 15.00 15.94 7,70 0.9 0.5
9H 7.77 1605 15,80 7.53 7.28  15.15 15.98 7.65 0.7 0.4
oH 7,65 15,95 15,39 7.38 7.05 14.70 15.68 7.55 1.0 0.5
9H 7.65 15.95 15.53 7.40 7.10 14.80 16.00 7.75 0.6 ...0.3
91  7.59 15.80 15.24 7.30 7.15 14.90 15.47 7.40 0.6 0.3
91 7.09 14.75 14.25 6.80 6.74 14.08 14.71 7.10 0.6 0.4
9I . 7.09 14.75 14.25 6.80 . 6.76 14.09 14.42 6.90 0.3 0.1
9I 7.06 14.70 14,39 6.90 .6.76 14.08.14.48 7.20 0.4 0.4
91 . 7.06 14.70 14.39 6.90 6.82 14.20 14488 7.20 0.3 0.4

# The starred values are equilibrium vialues corresponding to the

values of the preceeding column of the Table.
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DISCUSSION
A) Study of time needed to obtain steady state:

The previous work (10,11,12,13) on a liquid-liquid extraction
spray column, did not include an adequate study of the length of time
required to reach a steady extracting operation. It is evident that a
steady state must be achieved before reliable data can be obtained.

In the present work, an investigation was performed to determine
accurately this length of time. As would be expected, there is a
relation between the state of the column at the béginning of a run, the
dispersed phase flow rate, and the minimum length of time necessary for
steady state concéntrations to be reached. (The continuous phase flow
rate was not varied in this stﬁdy but would also have an important
bearing, of course)

As would have becn supposed for the flow rates and the direction
of mass transfer studied here, the higher the concentration jnside the
column at the beginning of a run, the longer is the time needed to
achieve steady state., The time required, of course, depends on the
dispersed phase flow rate when the continﬁous phase flow rate is kept
constant as summarized in Figure 8 given earlier.

There are two factors which influenced this time to reach
steady state. The first one is the initial concentration prgvailing
inside the column mentioned above. A reduction of approximately 20
minutes in the time to reach steady state at a dispersed phase flow rate
of 72,5 ft?/hr.-ft? is achieved whén.the column has béen Opéraied
before so that low concentrations exist to begin with in the continuous
phase. This time reduction‘is reduced lineérly as the dispersed phase
flow rate is increased and finally reaches a reduction of two to three

minutes as flooding is approached. These results all are for a constant
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continuous phase flow rate of 54.8 ft?/hro—ft%. The second factor |
was the precision of level contrél at the interface achieved by the
.interface éontroller. The length of time to reach steady state is very
long when the column as started contains ohly continuous phasé feed
solution, perhaps partly because the interface takes between thirty to
forty minuteé to stabilize at a reésohéble level, When the column has
been used before, the interface is already at this reasonablellevei.

This second factor was of operatidndl nature and could be solied by

. the installation of an automatic level controller.

B) Effect of purging rate on the minimum pupge time to achieve a
uniform concentration in the'probe samples:
As expected, the minimum‘purgingltime was reduced when the

rate of purging was increased as shown in Figure 10 which gave the
results obtained from the investigation of tﬁe minimum length of time
needed to have a uniform concentration in éach of the probe samples
after relocation of the pfobes.

" On the Figure 10 just mentioned, Choudhury's results &ere
included. Thesé are shown by means of dashed ;ineso The present study
covgred a wider range of rates: from 2 fo 13 cc./min. for the water
phase and from 2 t§ 16 cc./min. for the ketone‘phase. A purging rate
of 2 cc./min was considered to be the minimum at which sampling  could
proceed because about 22 minutes>purge‘time is needéd even before
collection of a sample can begin. The upper ends of the ranges were;
‘respectively, a raté of 13 cc./min. for thé water phase, énd 16 cc./min.
" for the ketone phase., These rates were considered to be fairly high
because at this time in the research, it was not known if high rates

perhaps could influence the point concentration obtained and also disturb
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the steady state, After the studies of the rate of sampling versus
the boint concentration, and of steady state disturbance. it.was proved
that the rates, just mentioned, were sufficiently high for the purpose
of determiningbconcentration profiles.

The present results are similar to those of Choudhury for the
continuous phase, but more complete. The present dispersed phase results
in Figure 10 are low compared to those of Choudhury. Choudhury's high
values for the dispersed phase minimum purge time were probably due to
different tube lengths in the sampling lines from those used here. The

curves of Figure 10 were used in the present work. For safety, two or

‘three minutes ordinarily were added to the indicated minimum purge time

as mentioned earlier. Sometimes by design when feed solution supplies
were low,; or rsometimes inadvertently, this extra amount of time was not
always included; However, the purge time was never less than the
minimum recommepded in Figure 10 except for special cases where the

sampling rate was varied to see its influence on the point concentration,

C) Influence of sampling rate on steady state:

The data of Figures 20 and 21, showed that sampling Qates from
0.3 to 8075%‘of the dispersed phase flow of 72.8 ft?/ﬂr.~ft% and fiom
0.9 to 4.5% of the continuoﬁs phase flow of 54;8 ft?/hr.-ft?, caused no
real variation of ouflet concentration; and therefofe.no real effect
on the steady state,

For most samples the sampling time used was 10 minutes,_and,
following this, 20 minutes usually was allowed to elapse before
beginning to take the next sample. During the ten minutes sampling

period the volume of ketone phase in the Elgin head (2.5.-in. of ketone

* 0.3% = 1.1 cc./min., and 8.75% = 28.2 cc./min,
** 009% ?.« 209 cc./mino al’ld 4050% =14.2 Cc./min.
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in a 6.-in. I.D. cylinder) would be replaced four times, and any
A changes in outlet concentration (caused by sampling the ketone phase
at a given rate) therefore should have shown up, if not in the 10
minutes sampling period, then near the beginning of the time between
sa;ples. For the water phase a time of 6.7 minutes is needed to sweep
out by piston flow the volume of continuous phase in the column from
the level of the probe down to the column bottom plus that in 10 ft. of
3/8.-in. tubing and in the interface controller. The amount in the
column was calculated as the volume of the whole empty column below the
probe including that of the expanded portion, minus the volume of the
nozzle for dispersing ketone, and minus the volumes occupied by.the drops.
For the flow rates used in Runs 7E and 7F, Choﬁdhury (10) has shown
that the value of the driving force factor for back-mixing, F, (10), is
about 0.9, so that, under the conditions of these Runs, back-mixing is
not Ver& serious. Therefore during the time of 10 minutes used for
sampling, or near the beginning of thg period following, before the next
sample was taken, any change in concentration caused by sampling would
be expected to show up in the analysis of the water leaving the column,
| In Runs 7E and 7F the concentration of a water'phasé in

equilibrium with the leaving ketone phase was about 5% different. in
concentration from the actual entering.-water phase. Illad the phases
ét the top of the column been in equilibrium little change might have
been expected in the outlet ketone concentration as a result of removing
samples of the phases within the column.

The small disturbances of the steady state found'in the study
seem to be caused‘by fhe interface controller. The concentrations vary
" 3 to 4% due to an interface chanéé of 1.-in, This statement is made

~on the basis of the steady state study, shown in Tables 11 and 12, where
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the steady state is not reached if the interface varies bytthat much,
Then smaller interface changes can produce the concentration vériations
found as part of the work described in the present section. As
ﬁg:tioned earlier, an automatic device should be installed to regulate
the interface level and hold it at a fixed distance from the nozzle tips.

It is interesting to remark here that the steady state
conéentrations can not bé disturbed due to the amount of liquid taken
out by both probes in Runs 7E and 7F if purging and sampling rate of
14.2 cc./min. is hot e*ceeded for the water phase and 28.2 cc./min. for
the digpersed phase. It is to be understood that these sampling rates
are conditioned by the ﬁhase flow rates, and, as just mentioned onl&
one was_investigaﬁed for each phase.

The sampling rate of 14.2 and 28.2 cc./min. are safe for theée
flows. Higher sampling rates than 28 éc./min for the dispersed phase
and 14.2 cc./min. fér the continuous phase might wéll have produced
noticeable disturbance of steady state conditions. 1Indeed, increasing
either sampling rafe indefinitély would be bound to produce this effect
at some sampling rate, and beyond this limif the effect on steady stat;
~would, of course, be meﬁé‘and more evident. The'present results did
not extend to values as high as some of those used in studyihg the
influence of the sampling rates on the point concentrations. Ho&ever,
the high sampling rates used to study if the point concentrationslﬂary
'with the sampling rate, were applied only for that study. These rates
were not and should not be used in normal runs because of possible
influences on the steady state.

Nevertheless, the present results do show that the steady state
condition would not be disturbed by the sampling rates used by the -

present author in determining concentration profiles in the column, and
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in studying the piston method of éaﬁpling, in both of which the rates
of 14.2 cc./min for the water phase, and that of 28.2 cc./min. for the
ketone phase, were not exceeded, or, indeed, approached even closely, in
. the case of the ketone phase. The pfesent results suggest also that
the samplingAratés used by Choudhury (10) would have no effect on the

steady state in almost all of his runs.

D) Drop coalescence at the dispersed phase probe entrance:

When the column was in full operation the sampling process was
carried out usinglseveral rates. At thé time of sampling, the drops
en&ening the bell-shaped probe were observed carefully. Threé modes
of behavior.can be observed depeﬁding on the rate of sémpling.

First of’all, if the sampling precess is not going on, an
interface exists at the end of‘the probe. When the sampling rate is
low, drops gather at the entrance and céme into the probe élowly.
Sometimes two or three drops were pushed out éf the way by the drops
tra#élling upward into the probe. Illowever, no coalescence was ever
observed during operation of the probe. When the sampling rate is
.ihcreased. the drops céme directly into’ the dispersed phase probe
without touching each other, and without stopping at the probe'entraﬁce.
This obscrvation was made in answer to Hawrelak's statement (12) that_
the residence time of ketone drops at the ketdne probe entrance is toé
ldng. Hawrelak also said thatian interface was '"'sometimes" created
‘there, Figure 29 shows the results of the present study of the
behéviour of dropstat the ketone probe entraﬁce and shows what really
haﬁpens there. Never, during pufging or sampling was an interface‘
observed. The statement ofIYawfelak is not believed by the preéent

worker, Ilawrelak apparently did not have detailed information on which
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FIGURE 29. Behaviour of the drops at ketone prébe entrance at

various sampling rates.

3
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to base his statement. Thus he does not say for what conditions an
interface was created at the ketone probe entrance. In the present
wﬁrk, observations were made @lso at much faster rates and consegquently
£ver a biggér range of rates than those used by Hawrelak; absolutely no
change from the behaviour sketched in Figure 29 occurred at the ketone
probe entrance. The difficulty of the residence time being too long,
mentioned by Hawrelak, may be something of a problem for the lower rate
cases as Figure‘29 implies. This problem arises as a result of the
accumulation of drops. But drops accumulate only at very low sampling
rates i.e, from 2.0 cc./min, up to 5.0 cc./min.; for the range between
5.0 cc./min. and 18 cc./min. é ﬁlearing up of accumulated drops is
observed and the situation is intermediate between that of the second
égétch in Figure 29 and the third sketch (which represents a sampiing
rate beyond the normal operation). In other words, the residence time
of#a drop atl the ketone pfobe entrance is not a serious problem as Iong
as the rate is kept above 5.0 cc./min.. >As mentioned later, an upper
value perhaps would be needed to avoid the problem of false point
concentrations due to other liquid coming trom ubqye or under the
sampling position should this happen. This particular matter wili be

discussed later. R '

1

E) The‘effedt of sampling rafern mgasured point concentrations:

The effect was studied of changing each of the probe sampling
rates on the premise that, if changing either sawmpling rate produced a
chénge in the corresponding measured concentration, thén the results
wiéh the corresponding probe would be suspeét. (The absence of such a
change would not, however, of itself prove that the respective probe was

producing the correct result for certain.) Thus such experiments with
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the continuous phase probe would result in an apparent decrease in
concentration as the sampling rate increased if by increasing the
sampling rate the regions near drops made up a larger percentage of the
sample. In the case of the dispersed phase probe, increasing the
sampling rate would have been expected to lower the concentration if
coalescence at the probe mouth had been taking place at low sampling
rates with a corresponding mass transfer into the drops during
coalescence. (However, coalescence is not observed.) If increasing
the dispersed phase sampling rate resulted in continuous phase distant
from the drops making a larger contribution to the continuous phase
taken into the dispersed phase probe along with the drops, then
inpreasing the dispersed phase sampling rate would héve been expected
to produce a larger volume of higher average concentration aqueous phase
as part of the dispefsed phase sample. Inttbe equation used fof

ca}éulating Cki’

®i = %kr " Yy (€i=Cug)
Vk
the term C would have been larger, the factor (C .- C__) would have
. kf wi wf

been smaller (sincg Cwi* given by the continuous phase probe, presumably
would have stayed constant), and the factor Vw/Vk would have been larger. .
Deﬁending on the relative magnitude of the effects of the changes in
these two factors some change in Cki’ either up or down, would be.

expected as a result of the combination of their product with the

increased Ck Partial anwers to the questions posed above are given

f.
by the results obtained by varying the sampling rates and observing the
effects on the measured point concentrations.

Looking at the results presented on this subject shows that

little or no variation of concentration occurred even if the sampling
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rates were as high as 28 cc./min for the dispersed phase probe and 34
cc./min, for the continuous phase probe. |

One interesting aspect of the behaviour of the ketone hrobe was
that, as predicted earlier, the volume percént of ketone containea in a
ketone sample (probe) decreases as the sampling rate increases. This
effect does not present too serious a problemvwith the ketone probe
rates used in this.work, because the volume percent ketone in the ketone
sample was always above 90.0% except for some higher rates of sampiing
where the volume percent ketone was around 85.0% of'the ketone sample.

- The important point is that when the volume percent of ketone is this
>high, the correction for mass transfer after sampling is only small, and
whethef the water sample is representative is of comparatively small
importance.

As indicated in Table 4 and as discussed later, the dispersed
phasé concentrations obtained with the piston deviate from the average
of the probe and piston results within better than P | per cent for
two resplts obtained, one in each of the Runs 9F and 9G, which Runs °
were ﬁot close toaequilibrium conditions. (Runé 9H and 91 were fairly
close to equilibrium, 91 more so than 9H.) The other nine results for
these two Runs show deviations from the average of up to z 14%; however,

four flresults._'-‘.»: in additién to the two already mentioned exhibit .
markedly betfer agreemenf than this. (The arithmetic average of the
percentage deviatién is caléulated to be -1.24%‘for Runs 9E,9F and 9G,
If 9H is included also the result is -1.31%.) These results do not
prove definitively that the piston results check the probe ones, buf
they do indicate that such agreement is fairly ﬁrobable.

- If this agreement is assumed for the moment, and if it is

recalled thatvin the probe samples the volume percent water is very low,

s
v
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so that the problem of whether the water sample is representative is not
too important, then agreement between results from the probe ., and
results from the pjstaj where the volume pefcent water.is very much
higher, does seem to indicate that the water probe giyes samples which
are representative of the water part of the pistbn éample.

Furthermore, and as a‘separate argument, if the results for the
piston and for the probe agree with one another, the inference is very
strong that the continuous phase probe gives water coﬁcentratioﬁs which

are representative for use in the calculation of (C .)

ki’ probe. After all,

the hook probe preferentially samples the main body of the continuous
phase, The values of Cwi so obtained would seem to be more appropriate
for use with the piston éamples, where ketone holdup is low, than with
the probe samples, where ketone holdup is high, and where the water
phase probably is derived on the average from nearer the drops.
Agreement between (Cki)probe and (Cki)piston’ when the same C_.is used

in evaluating each of these, indicates that the region close to the drops

does not contribute sufficient solute fo the water part of the probe

)

sample to make Cwi inappropriate for use in getting (Cki probe.

One should realize that with coalescence at the probe entrance
not a pfoﬁlem, the comparison of.a piston sample and probe sample where
the ketone holdups were the same in each would produce little or no
confirmation of either sampling method.

- Here it is convenien£>to mention that the drops are of different
sizes énd therefore do not all rise at the same rate. Therefore, at any
elevation in the colﬁmn. the concentration of a drop should depend on
its size. Fortunately the small drops are only a smali percentagé of
the dispersed phase (13) and the large drops are in‘a féirly small size

‘range (13), all rising at nearly the same speed.

¢
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F) buplication of Runs:

Figure 23 represents schematically what the author would like
to call good reproduétion of Choudhury's results considering that feed
concentrations are always a bit hard to copy, and reproducibility is
rérely perfect when mass transfer is the subject treated.

As mentioned earlier, the duplication appeared to be much
better after the small errors of a éipette delivering wrong voluﬁe and
of evaporation taking place from the contents of the ketone feed tank,
had been corrected. Thiis, for Run 8, which is most nearly compa;able
with Choudhury's Run 65, the average deviation of the results from those
of Choudhury was 1.6% for the continuous phase concentrations, and 2.2%
for the dispersed phase concentrations. (These deviations are given
,w{thout regard to sign.) Table 6 fecords the point concentrations
obtained in Run 8 and also those of Choudhury. Also included are the
deviation and the percent deviation of the results of lun 8 from

Choudhury's Run 65, at various distances from the nozzle tips.

G) Cencentration study in the Elgin head:

The results obtained in the brief survey of the concentrations
in the Elgin hgad showed that the concentration of theé water phase
changed from the value applicable at the point of entry of tﬁe water
phase into the column, to a lower value, before this phase reached the
interface or entered the column proper. However, it should be noted
that Choudhury (10), and also Ewanchyna (11), assumed that the water
entered at its inlet concentration at the interface and that this
concentration changed over almost zero height of column to some lower
value. These workers also assumed that no further rise in ketone

concentration occurred above the interface. Both assumptions are not



Concentrations in both phases (smoothed values) for Run 8 of this work and Run 65

TABLE 6

of Choudhury.

Phase.

Run 8 7
Choudhury
Run 65

Deviation
of Run 8
from Run 65

Water

- Water

% deviation

Run 8 Ketone
Choudhury

Run 65 Ketone

Deviation
of Run 8
from Run 65

% deviation

Concentration of acetic acid in the phase,

lb.-moles/ft3 x 10%at distance from nozzle tips (ft.)
of
000 Oo& 0.5 1-0 200 3.0 400 500 6-0 700 Inlet Height
of
column. '
} . ft.
25.93 26.30 28.20 30.80 36.30 40.50 43.50 45.80 47.40 49.00 50;40 7.383
26,30 27.00 29.60 32.50 36.90 40.40 43.60 46.20 47.70 49.10 50.40 7.383
-0.37 ~0.,70 -1.40 -1.70 -0.60 +0.10 -0.10 -0.40 -0.30 -0.10 0.00
1.4 2.6 4.7 5.2 1.6 0.2 0.2 0.9 0.6 0.2 0.0
: : Outlet
6,75 7.20 9.00 11.10 15.25 17f80 20.50 22.20 23.40 24.30 24.96 7.383
6.50 7.10 9,30 11.40 15.00 17.80 19.90 21.60 22.90 24.00 24.30 7.383
+0.25 #0.10 -0.30 40,30 +0.25 0.0 +0.,60 +0.60 +0.50 +0,30 +0.66
1.4 3.2 2.6 1.7 0.0 3.0 2.8 2.2 1.3 2.7

3.5

68
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in accord with the present experimental results. In fact, the
concentration of the ketone phéée apbears to decrease above the
interface. It appears that both assumptions used by the previous

investigators are aver-simplifications.

H) Piston results:
1.,- Effect of a piston sample on the steady state:

The first operation done with the piston consisted of finding
the steady state requireﬁents: mainly the influence of a piston sémple
on the outlet concentrations. In Figures 25, 26, it can be seen that a
piston sample disturbs the $teady state for at least 15 @inutes if
distilled water is used aé a liquid for replacing the column Jiquid
taken out by the sampler, FigureLZ? shows that little or no
distgrbances exist when outlet continuous phase is used instead of
distilled water. The first test was done to learn the maximum deviation
from the steady state likely to be encountered, that occurring when a
solution of minimum concentration: distilled water, was put iﬁto.the
piston hole through which the colunn was 923 operating. In normal
operation of the piston sampling deviéé, the filling up'of this piston
hole with outlet continuous phase gives a maximum deviétion of less than
1% in the exit concentration of the continuous phase and of zero in that
of the disperéed phase., With the use of distilled water, the deviation
was always 7% for the cgntinuous phase and zero for the dispersed phase
(except as already noted for one measurement shown on Figure 26).

These deviations were obtained using a continuous.phase flow rate of
54.8 £t2/hr.-ft2 and a dispersed phase flow rate of 120.5 ft>/hr.-ft>,
anwing the effect of a piston sample on the steady state

permits one to operate the sampler only when steady state has been
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restored after the taking of any preceding sample.
S 2.- Comparison of piston and probe dispersed phase samples:

Runs 9F, 9F; 9G, 9il and 91 were made with the purpose of
getting comparisons between C,; &iven by the piston and Cki given by
the probe. Table 4 shows the results obtained in these Runs. The
author would like to mention here that these Runs were made at various
disperéed phase flow rates with a.view to have.s:w a holdup of dispersed
phase which increased in a stepwise fashion as runs progressed. The
same continuous phase flow rate of 54.8 ft?/hr,—ft% was used for.ali the
runs in Table 4. B

But, unfortunately, and as leérned later, the last Run; 91 was
performed with the solutions near equilibrium conditions in the column
ai the axis of the.pistons 'Due to this fact, the five results of Run
9I, have not beeﬁ considered in this discussion. The fact that the flow
'fate of the dispersed phase was always increased caused the mass transfer
resistance in the column to be lowered as a resuit of the increased
interfacial area. The lowered resistance created the equilibrium
conditions mentioned above. In the Run preceding 91, Run QH; conditions
also were not as far from equilibrium as might be desirable.

Run 91 perhaps was close to flooding conditions. According

to‘Sherwood and Pigford (17) (b. 442 Figure 212, curve B) the flooding
veIécity for the dispersed phase should be roughly 245.0 ft?/hr.-ft%
fdr a continuous phase velocity of 54.8 ft?/hr.-ft%. The highest
dispersed phase flow rate used in this work was 208.3'ft?/hr.-ft%.
The increase of the holdup, as mentioned earlier, was
supposed to make the difference (Cwi - wa) bigger. The following

example explains why this procedure was adopted.

Suppose two samples are taken with the piston sampler, but
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with different ketone flow rates to the column so that the holdups in
the column (and in the corresponding sample) are different. Suppose
also that the feed concentrations to the column are adjusted so that in

both runs the values of Cki and cwi at the sampler location are the same.

(Such adjustments were not carried out in the present experiments with

the result that in Table 4, C

., and in Table 5, C ., are seen to
ki wi

decrease as the holdup increases.) Suppose that the two phases of the
piston are allowed to come to equilibrium and are then analyzed. As
mentioned earlier, Equation 5 is used,

Cki = Ckf - vw (Cwi - wa) 5

Yk

Now supposé that of the two sampleé. numbered one and two respectively,

sample 1 has the lower ketone holdup. Hlence

vw o < vW

1

V. >V
Ky Ky

vw<vw
i/2 \%k 11

The situation is as shown in Figure.29A, For the experiments of this

and

work transfer is out of the water and into the ketone phase, Hence

cwi> wa
o “%i € s
Now at equilibrium:
wa . 2Ckf
Hence
wi > ki
Furthermore, recall that:
(c .),=(C .)



Wi

SAMPLE |

K2

VWEE

SAMPLE 2

FIGURE 29A. Two piston semples having different holdup.

ke
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and

(Ceil1= (Cy)s

Considering:the relative volumes of water and ketone in samples 1 and 2
shows that there is more total solute available in sample 1 than in
“gd&mple 2, and, therefore, v
(wa)1:> (wa)2

' Then
(Cyi = Cug)1t < (Cy; - Cplo
and analysis is less critical for sample 2 where the difference is
greater.

Compare now two further runs, one at low holdup and one at

high holdup for which the feed concentrations to the column are

manipulated so that when the holdup is increased the difference (Cwi-waz

is maintained constant. For these two runs, it is evident that the

correction term

in Equation 5 becomes less important at the higher holdup because Vw

is lower. . ‘ ' Vi

As mentioned before the situation as between samples in the
bresent work 'is not as simple as in either of the two illustrations
just_discuésed. Thus in increasing_thé holdup, C . and Cki both
‘décreased and so did their differencg, ‘This point will be considered
again following a look at the effect on the results of when the
ana}ysis is done: beforc the pbases of the piston sample have reached

equilibrium, or after they have done so.

Although the piston samples were analyzed at equilibrium as
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assuhed in the discussion of the last paragraph, the accuracy is not
affected if analysis is done before this condition is reached. Suppose
that the phases Af the piston sample can be separated very quickly;

just after the sample has been taken., Then Cwi and Cw will be

f
practically identical, and even though the difference (Cwi - wa) can

be determined only very inaccurately the value of Cki will be known
quite accurately, because there is almost no correction to be applied,
to C . in détermining Ckibfrom it. (Refer to Equation 5.) On the other
hand, if equilibrium is reached before the phases are separated and

analyzed, (C . - wa) will be larger, and much more accurately known,

wi
as it will have to be in order that the comparatively large correction

and an accurate C_
ki

which is now necessary can be applied to ckf'

obtained. For intermediate casés where equilibrium has not been reached,
but separation of the phases has taken place some time after sampling;
the coprection.will be'obtainable'with only intermediate éccuracy.
However, since the correction will be of only intermediate size, such
accuracy is appropriate. Lvidently, then, and as one would have
ingtinctively assumed, whether or not equilibrium is reached between

the phases of the piston sample before théy are separated should not

affect the accuracy of the final value desired: C But what of the

ki®
eifect of increasing the holdup in the series of piston runs? When oﬁe
ekémines the difference (Cwi - wa), obtainable from Tables 4 and 5, it
becdmes apparent that as the holdup incrgased this difference remained
of the same ordér of magnitude. This result is due to the lower levels
of concentrations Cwi and cki mentioned earlier, which correspond}in
these experiments to the phases in the column béing closer to

equilibrium than they were at lower holdup. In fact, the phases were

almost at equilibrium in the column at the piston location for Run 9I.
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The idea of increasing the holdup to decrease the effect of
small errors in analysis on the final valuesof Cki was seized on with
enthusiasm bﬁt without allowing for other results of increasing thé
holdup, in particular that whereby the phases come more nearly to
equiiibrium at the biston loqation in use. Thus, as the héldup'is
increasing thé mass tranéfer resistance is decreasing and finally one
gets equilibrium conditions in the lower region of the column. (Most
of the extraction of acid from the water took place in the upper part::
of the column as noted earlier.)- The present work teaches that aé ketone
holdup ié increased, arrangements must be made to. feed the water phase
at a concentration high enough so that the phases are not in equilibrium
at thelsampler location. An alternative Qould be to move the samﬁler
toward the top of the column;- The concentration profiles in the axial
direction of the column are not known for the high holdup runs of the
present work, and therefore the conditionsof the‘phases with respect to
equilibrium toward the top of the column are not known in any detail,
However, the wdter entering the column was not near equilibrium with
the ketone leaving.the colﬁmn for Run 9I.

Referring to Table 4, which gives the results obtained with
both methods of sampling the dispersed phase: piston and probe, it can
‘be seen that the probe figures and éhe piston figures are very different
indeed in five cases. In these results, the percent deviatioﬁ, as
Aefined in connection with Table 4, exceeded 10%. >But, the arithmeﬁic
| average deviation of the fegults for.Runs 9E, 9F, 9G and 9H is
calculated to be -1.31%. Also, if the dispersed phase concentration

at time of analysis, (C

kf)piston'_is observed, it is seen that these

results of each Run are infreasonable agreement, The difference between

(Cki)probe and (Cki)piston appearing in Table 4 probably are due to

ES
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three major errors caused by the manipulations associated with the
analyses, aSSShown in Appendix VIII. An error of 21.3% can bé obtained
if the errors are supposed to be cumulative. This result explains why
some values of the dispersed phase éoncentrations obtained with both
methods are so different,

None of the new values of (Cki) determined with the piston
are comparable with those obtained by Hawrelak, because different flow
rates were employed by each worker, However, it is possible to compare
Hawrelak's deviations and the deviations obtained in this work. The
-Values under ten percent deviation in this work are comparatively
numerous (10 out of 15 values if‘only Run 91 is excluded, or 6 out of .
. 11 values if both of Runs 9H and 91 are excluaed). Hawrelak had only
3 values out of 20 in this range of from zero to 10% deviation,

Another interesting remark concerning Hawrelak's results as shown in
his thesis page 63, is that as many as 6 piston results are compared
with a single probe result. In other words, Hawrelak unfortunétely did
ﬁot take a probe sample each time he took a piston sample. (He even

uses a probe sample from one run with a piston sample from another run

- done on a different day.) An examination of his data books confirms

these remarks. Ile was of course.operathu; on the assumptions that he
was able to maintain true steady state, that he could reproduce his
-profiles very accurately, and that he could take probe sawples very
réproducibly.

However,nHawrelak's Run 84, performed using a water flow rate

: 3, 2 = 3 2 .
of 90.0 fti/hr.-ft7, and a ketone flow rate of 90,5 fti/hr.-ft7, to give
a volume percent ketone of 11.6, shows that the average difference

(Cwi - wa), 1.0 lb.—moleS/ft?x103, was bigger in this run than in his

other runs.  This average difference is also bigger than those of the
* Should be halved for comparison with the figures of Table 4.
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present work. However, the percentage deviation of his piston results
from the average of his probe and piston results is generally higher for
Run 84 than for his other Runs, (except for Run 79) and also generally
higher than the present deviatiéns. (None of Hawrelak's values are
below 10% iﬂ Run 84.) This is another indication that the difference
(Cwi - wa) must be made higher ( by increasing the inlet concentration
of the water phase), but that also the volume ratio, Vﬁ/V y in Equation
5 must be smaller.

Considering the present results, the author believes that the
éheck between the two methods of sampling has been put on the right
track. It is now known that the difference between Cwi and Cw? must be
increased by increasing the éolumn feed water concentration. 'Then at

high holdups agreement between the two methods of sampling could be

expected assuming that the uncertainties of the analysis can be overcome.
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SUMMARY

The following statements can be made based on the measurements
described in this thesis;.
l.- A relation was found‘ﬁetwéen the dispersed‘phase flow rate and the
time to reach the steady state. This was done for an average continuous
phase flo@ rate éf 54.8 ft?/hr.-ftz; .The-time depended on the-initial
concentration level inside the column and on whether an intefface with
ketone above it existed in the Elgin head.
2.~ A calibration was done to get tﬁe relation between the purging rate
“and the minimuﬁ purging time required to change the solution present in
the sampling ﬁrobes.(
3.~ No coalescence can be seen at the dispersed phase probe entrance.
Such coaleséence takes place only when not sampling.
4.- The sfeady state seems to be influenced more by the interface
controller than by the sampling rate used with the probes. No real
effect of sampling on the steady state was found for sampling rates up
to 8.8% of a dispersed phase flow-of 72.8 ft?/hr.-ft? and 4.4% of a
~ continuous phase flow rate of 54.8 ft?/hr.-ft?. (These sampling rates in
cc./min. weré 28.2 and 14.2 respectively.) |
Se- The'point concenfratiqn of either phase as measured by the respectivé
probe did not vary with sampliné rate even if‘rates as high as 34 €c¢./min.
for fhe water probe and 28.4 cc./min. for the ketone probe were reached.
6.~ Choudhury's Run 65 was duplicated within 2,2% (average deviation)
for the dispersed phase concentrations and 1.6% (average deviation) for
the continuous phase concentrations. It should be pointed out that thE““'*
inletlconcentrqtions were always as close as poséible td those of

Choudhury, but not exactly the same.

7.~ The dispersed phase initial concentrations obtained by the piston
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method verify those obtained by means of the probes within 2% deviation

for three samples (not including Run 9I) and within 10% deviation for
ten other results out of fifteen. A final check of the probe sampler
by the piston sampler has not been obtained. However, much closer

agreement has been demonstrated in the present work than had appeared

in the earlier investigation. If a large difference between Cwi and Cki
can be obtained at the same time as a high holdup of ketone then a

check of (C _.) and (C, .)

ki’ piston ki 1s‘expectedo But the holdup should

probe

not be as high as in the probeﬂgampie?then3 as noted earlier, the

methods become identical.
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RECOMMENDATIONS .

After haviﬁg worked'for almost two years with the aﬁparatus
described previously, it can be recamrended that ah automatic level
controller for the interfacé would result in a great improvement of the
operation., Installation of a stripping column would pefﬁit work with
the spray column to Se carried out on a more regular basis. The lengthy
back-washing procedure could be carried out while dafa were being
obtained. As far as the apparatus is concerned, these two suggestions
would facilite the research work. considerably.

Concetning'fhe thgoretical aspect of the research, more stu&}lhﬂ'
with the piston is needed. A studj could be madé by varying the
continuous phase concentration.ahd flow rate, so that the phases are
not in equilibrium at'thé location of the sampler evén if the dispersed
phiase flow rate is also high. In the light of the previous sﬁggestions,
an attempt to increase the holdup of the colunin would be welcomé, in
order to get more and more volume peréent ketone in a piston sample.
quever, to do this, new dispersed phase puﬁp would be needed because
the maximum capacity of the present pump was reached in Rﬁn 9. It
should be borne in mind, hdwever,-that the column may have been oéerating
élose to the flooding condition in that run, and much higher holdups may
not be possible. |

Aléng with these suggestions, a recommendation is made that
in measuring the volumes of thé phases of the piston samples the
pfbéedure of pourring from a flask into a gradﬁate be changed back to
the method of Hawrelak, where the phases of eéch piston sample were
collected directly in a graduated flask. Such flasks should be
graduated over a larger range than were those of lawrelak. The larger

range is necessary to provide for higher holdups than those encountered
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by him. The graduated portion éhbuld extend from O to 40 ml.
About the analysis technique, it is also recommended that
a-bigger pipette should be used for purpose of getting the leaét

,possible'error.due to measurement of the volume of the éamples°
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'NOMENCLATURE

Except where noted otherwise, the following nomenclature

waig used throughout the Thesis:

Simbols
A

a

.c* E
ki
kf
wi

wf

K

Ka

NN/A

Cross-sectionnal area of column, ft?.

Interfacial area per unit volume of extraction column;‘ft?/ft?;
Phase éolute_concehtratibn.which could be in equilibrium with
the‘concentratioh of the other phase, 1b.-moles/ft§ x103.

Solute concentration, 1b.—molés/ft§ x 10°,

Initial concentration of solute in ketone phase during internal

sampling, lbo-moles/ft? x 10°

Cohcentration of solute in ketone phase of ketone sample as

" measured at time of analysis, lb.fmoles/ft?>x 10%

Initial concentration of solute in water phase during internal
T aa 5 4 4n3

sampling, lb.-moles/ft. x 107,

Concentration of solute in water. phase of ketone sémple as

measured at time of analysis, lb.-moles/ft?vx 103,

Effective height of extraction section of column, ft..
(measured from nozzle tips to interface.) - ,
Over-all mass transfer coefficient, “lb.-moles :
(hr.) (ft%) (1b.-moles/ftY)

Over-all extraction capacity coefficient, hr 1,

Phase floﬁ rate,.ft§/hr.-ft?.

Amount of solute fransfefred based bn inlet and outlet
concentrations, lb;;moles/hr..

Not applicable.

Number of over-all transfer unifs based bn x phase.

Volume of ketone phase in the ketone.sample, cc.

Volume of lyater .phase in the ketone.sample, éc,

)
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,j‘ Integral sign.

d - Differential sign.

Subscripts .

1 Inlet.

2 Outlet.

k Ketone phaée.
w- Water ﬁhaée;.

c .. :¢ontihuous phase.
d _ Diépérsed phase.
M _ Meaéufed.'

x Pﬁasé X,

i initial.

”f Final.

t :Toluehe.

Superscript

- *3' v EquilibriumVValue.‘



10.
11.
12.
13.

14,

15,

16.
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APPENDIX I
‘RotametersCalibrations.

The rotameters used throhghout this work were calibfated after
the cleaning and re-assembly of the apparatus at the beginning of the
research., The continuous phase rotameter was calibrated using distilled
water (saturated with M.I.B.K.) and containing 50.2 1b.-moles/ft§ x10°
of acetic acid. For the dispersed phase rotameter, M.I.B.K. (saturated
with distilled water) and containing 6.54 1b.-moles/ft? xlO3 of acetic
acid was‘used;. Both calibrations were carried out at room temperntufc.
The results are given in Table 7 and plotted on Figure 30.

Since the smallest divisions of ihe scales of the rotameters just
mentioned were one quarter of the next'largest divisions, it became
obvious that a change of scale to cm. and Wit o divisions would inprove
the precision of the readings since then the decimal system could be
used direcly; in addition, the smallest divisions of the scale would
: be smaller in actual magnitude fhan previously. A second calibration
was done and the results are shown in Table 8 and plotted on Figure 31.

TABLE 7
Rotameter Calibrations.

Water Rotameter. Serial number 14143.
Room and liquid temperature: 72.5 oF
Liquid: distilled water saturated with
M.I.B.K. and containing 50.2 1b.—molcs/ft? x10°

of acetic acid.

Rotameter Reading. Rate of flow, ft?/hr.
0.02 0.1615
0.04 0.3415
0.06 : 0.5080
0.08 0.6675
0,10 . 0.8315
0.12 0.9915

0.14 1.1420
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FIGURE 30, Rotaheter Calibrations. Rotameter Serial No.: 14143.

No.: 14142.
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Ketone Rotameter., Serial number 14142,

Room and liquid temperature: 72.5 °F

Liquid: M.I.B.K. saturated with distilled
water and containing 6.53 lb.-moles/

ft? x 10° of acetic acid.

Rotameter Reading. Rate of flow, ft?/hr.
0.02 00,2320
0.04 0.4150
0.06 0.6150
0.08 0.78350
0.12 1.1850
0.16 1.5510

TABLE 8

Rotameter Calibrations.

Water Rotameter. Serial number 14143,

Room and liquid temperature: 74 °F.

Liquid: distilled water saturatéd with M.I.B.K.
and containing 50,0 1lb.-moles/ft> x 10°

of acetic acid.

Rotameter Reading. Rate of flow, ft:.”/hr°

m .

35 0.0739
50 : 0.1680
75 0,2682
100 0.3885
125 0.5115
150 : 0.6273°
175 : 0.7500
200 0.8840
225 | . 1.0200

Ketone Rotameter. Serial number 14142,
Room and liquid temperature: 73 °F.
Liquid: M.I.B.K. saturated with distilled water

-and containing'G;SS lba-moles/ft? x 10°
R tor Reading tamS %" Rate of flow, £t5/h

. ° w . .

otamesgr eading. (mm | e o 002?26 r
75 0.3830
100 0.3800
125 00,7860
150 1.0220
175 , 1.2780
200 1.5150

225 1.7980
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APPENDIX II
Run data.

The following Tables (9 and 10) show the purpose of each of the
runs and the over-all transfer data. All Runs done in the present work,
which were used to produce the results reported in this thesis are
listed here; Also included are the following characteristics which
concerned the sampling probes: sampling rate for both phases, the
sampling rate as a pércentage of the phase flow rate, the purging time,
and the temperature at which the run was performed. Also included
in Table 10A are the data of Runs 5D and 8 f¥em which the concentrations

profiles were obtained.



Run number.

*1C Sampling rate study
1D Sampling rate study
*1E Sampling rate study
*1F Sampling rate study.
1G Sampling rate study
2 Sampling rate study
2A Sampling rate study
23 Sampling rate study
2C Sampling rate study
2D Sampling rate study
*3 Sampling rate study
*3A DBuplication of Run
65 of Choudhury
*3B Duplication of Run
65 of Choudhury
*3C Point concentration
versus rate
4 Duplication of Run
66 of Choudhury
*5A Reproduction of Run
' 3A
SB1 Duplication of Run
65 of Choudhury
5D -Duplication of Run
65 of Choudhury
*5E Duplication of Run
65 of Choudhury
5F Point concentration
versus sampling rate
5G Point concentration
versus sampling rate
SH Point concentration
versus sampling rate
611 Steady state study
6J Steady state study
*6 1 Steady state study
*61, Steady state study
*6G Steady state study
6K Steady state study
6L Steady state study
6M Steady state study

Purpose of itun.

TABLE 9.

Sampling

rate,

cc./min.

Water Ketone

phase. phase.
v v

A v

v '

Vv \'

v v

v \'§

' '

\' \'

Vv '

\Y \'

v \'4
9,0 13.0
9.0 13.0
A% v
8.2  12.4
8.0 14.0
9.3 13.8
8.9 14.3
809 1300
\' v

v v

v Vv
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A -
N/A N/ A
N/A N/A

* Runs which were not used in this thesis.

V = Varied.

N/A = Not applicable.

Sampling
as % of
phase
flow rate.
Water Ketone
phase; phase.
Vv 1)
i A
\'2 \')
\') Vv
' \'%
\') \')
v \Y
\' v
\') v
\'s A
\' \')
2,9 3.9
2,3 3.3
'S v
1.1 3.8
2;8 4,2
3.2 4,2
3.0 4,3
20 3.9
A \')
Vv A2
.V v
N/A N/A
N/A N/A
N/A N/A
N/A "N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
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Purging Tgmp.

time. F
min. (ave.)
v 77
\% 78
\' 78
\Y 77
Vv 75
v 76
Vv 74 -
v 78
v 78
v 72
A% 74
9.0 75
9.0 75
v 74
8.0 72
9.0 72
9.0 76
9.0 76
9.0 78
\' 71
\' 74
v 72
N/A 74
N/A 73
N/A 76
N/A 73
N/A 72
N/A 69
N/A 74
N/A 73



TABLE 9 Cont..

Run Purpose of kun. Sampling
number, rate, cc./min.
Water Ketone
phase. phase.
7 Sampling rate study V \'
*7A Sampling rate study V v
7B Sampling rate study V i
7C Sampling rate study V v
7D Sampling rate study V \
7E Steady state versus
sampling rate V' vV
7F Steady state versus
sampling rate v \
8 Duplication of Run
65 of Choudhury 16.0 . 10.0
*BA Point concentration
versus sampling rate 7.1 A
*8B Point concentration
versus sampling rate 7.9 v
9A Effect of a piston
sanple on steady state N/A N/A
9B Effect of a piston
sample on steady state N/A N/A
9C Effect of a piston
sample on steady state N/JA N/A
9D Effect of a piston
sample on steady state N/A N/A
9E Piston samples taken 12.0 13.0
9F Piston samples taken 10.0 9.4
9G Piston samples taken 9.6 8.8
9H pPiston samples taken 6.2 8.2
91 Piston samples taken 6.5 7.6

*
V =
N/A

Runs which were not used in this thesas.

Varied.

= Not applicable.

Sampling
as % of

phase

flow rate.
Water Ketone
phase. phase.

c«cw g

<

N/A

<
D
-

~

[l IR I (VR ¢ .-

[ISIL I 3 A % - 4

c < S

<

N/A

N/A

Z
N
-

~

Oyt et DO 2
[« N BRI BNt . 4

114

Purging Tegp.

time. o F

min. (ave.)
A% 75
v 75
vV 74
Vv 75
vV 72
\'4 75
Vv 75
8.0 75
10.0 76
106.0 75
N/A 76
N/A 76
N/A 76
N/A 74
10.0 76
10.0 76
10.0 75
10.0 77
10.0 73



TABLE 10

Over-all transfer data.

Run Concentrations, Flow rates Linear Velocity Over-all acetic Percent
number 1b.-moles/ft3 x 109 £ft3/hr.-ft2 through the acid transfer deviation
Water phase. Ketone phase. Water. Ketone. noziijs:z?s. ;igei'loé?' moles/
o1 Cu2 % % M Ly Ny Ny No Nk x100
N .
1C 5.2 26.2 6.3 24.9 55.8 68.7 0.338 o 16.4 15.7 4.2
1D 50.7 26,5 6.1 24,8 54.6 67.4 0.332 - 16.2 15.4 5.1
Ak 53.7 28.9 6.7 26.3 54.6 67.4 0.332 16.6 16.2 2.4
~1F 37.9 21.5 5.4 18.5 54.8 70.6 0.347 11.0 11.3 2.7
1G . 39.8 22,5 5.8 17.3 54.1 65.9 . 0.324 11.5 10.9 5.4
2 37.6 20.4 5.0 18.4 54.06 68.6 0.335 11.5 11.3 1.8
2A 38.3 22.2 5.5 18.8 55.1 68,7 0.335 10.9 11.2 2.7
2B 39.4 20.5 5.2 19.0 54.6 72.7 0.357 : 12,6 . 12.3 2.4
2C 40,3 21.8 5.8 19.6 54.6 €9.0 0.339 12.% 11,8 6.6
2D 39.5 19.9 4,9 19.1 52.9 71.7 0.352 12.7 12.5 1.6
3 39.7 21,3 5.7 19.3 52.9 "71.8 0.353 11.9 2.0 0.8
3A 38.4 19.5 4.8 18.6 52.7 71.7 0.352 12.2 12.1 0.8
3B - 38.4 19.5 4.9 18.8 52.4 72,7 0.357 12.2 12.4 1.6 -
3C . 34.7 17.9 4,7 16.4 54.7 71.8 0.353 11.3 10.3 9.3
4 34.4 12.1 4.9 14.9 36.3 71.5 0.352 9,9 8.8 11.8
S5A 5.6 25.0 6.6 25,0 52.7 72.7 0.357 16.5 16.4 0.6
5C - 50,4 24.8 6.5 24.1 51.2 72.7 0.357 16.1 15.8 1.9
5D 51.6 24.9 6.5 24.5 B51.1 7.7 : 0.352 16,7 15.8 5.5
5E 51.0 24.9 6.5 24,2 51.2 71.7 0.352 ) 16.4 15.6 5.0
5F 51.1 25.6 635 24.5 52.9 72.7 0.357 16.5 16.0 3.1
5G 50.3 26.3 6.5 24.4 54.1 72.7 0.357 15.9 15.9 0.0
SH 31.4 25.6 6.4 24.6 52.9 71.7 0.352 16.7 16.0 4.3
GIl 49.9 24.4 6.5 24,6 54.9 72.9 0,358 17.1 16.2 5.4
6J 49.9 25.7 6.6 24.8 54.9 73.6 - 0.362 16.3 16.4 0.6
6H 49.7 24.6 6.5 24.9 54.9 72.9 0.358 - 16.9 16.3 3.6
612 49,9 25.1 6.6 24.9 54.9 73.1 0.359 16.0 16.4 2.4
6G 50.1 25.1 6,6 24,9 54.9 72.9 0.358 16.8 16.3 3.0
6K 50.3  25.1 6.8 25.1 54.9 72.9 0.358 16.9 16.4 3.0
6L 50.7 25.3 6,7 25.3 54.8 72.8 0,358 1711 16.6 3.0

Q1T



TABLE 10 Cont.

Over-all transfer data.

Run Concentrations, Flow rates Linear Velocity Over-all acetic Percent
number lb.—moles/ftgx 103 ft?/hr.éftg through the acid transfer deviation
Water phase. Ketope phase. Water. Ketone. . no;:fjszz?s' ;2$§si03fb.—moles/
Co1 w2 Ck1 k2 Ly Ly oo N Nk x100
’ N
6M 50.7 25.5 6.7 25.5 54.8 73.2 0.360 16.9 16.9 0.0
7 48,7 24.4 614 24.3 54.8 72.8 0.358 16.3 16.0 1.9
7A 49.7 24.8 6.9 24.6 54.8 72.8 0.358 16.7 15.8 5.5
7B 49.6  25.0 6.6 24.5 54.8 72.8 0.358 16.5 16.0 3.1
Z2e. 49.5 25.1 6.7 24.6 54.6 72.8 - 0.358 16.3 16.0 1.9
7D 50,7 25.9 7.0 25.3 54.8 72.8 0.358 16.6 16.3 1.8
7E 51.3 25.4 6.6 25.5 54.8 72.8 0.358 17 .4 16.9. 2.9
7F ~  51.9 25.8 7.0 25.8 54.8 72.8 0,358 17.5 16.8 4.1
8 '50.4 25.9 6.8 25.0 54.8 72.7 0.357 16.5 16.2 1.8
8A 51.6 27.2 7.8 25.8 55.0 72.8 0.358 16.4 16.1 1.8
8B 51.5 27.1 8.0 25.7 83.0 73.2 0.360 16.4 15.9 3.1
9A 43.5 16.5 6.8 18.3 54.3 120.0 0.337 17.9 16.9 5.7
9B 43.4 16.7 6.8 18.3 54.2 119.6 0,335 17.7 16.8 5.2
9C 51.4 17.6 6.8 21.8 54.2 120.5 0.338 22.4 22.1 1.4
9D 51.4 17.6 6.8 21.5 54.2 120.5 0,338 : 22.4 21.7 3.2
9k 49.5 16.5 6.4 21.1 54.8 120.5 - 0.338 22.2 21.7 2.3
9F 49.9 16.9 6.4 21.3 54.8 119.6 0,335 22.2 21.8 1.8
9G 50,6 17.6 6.5 21,7 54.8 120.5 0.338 22.2 22.4 0.9
ol 50.8 14.4 6.6 18.3 54.8 169.2 0.475 24.4 24.3 0.4
91 - 50.5 13.9 . 6.7 16.3 54.8 208.0 0.584 24.6 24.5 0.4

911



Data of concentration profiles for Runs 5D and 8. (not smoothed).

Run 5D Run 8

HEIght VoIume 1nm a
of the ketone sample.
probes. A
ft. Vﬁ Vk

0,078 - 0.0 48.0
0.445 5.4 37.6
1.060 5.0 37.0
1.661 5.0 36.0
2.411 4.8 1 36.2
3.161 . 4.0 35.5
4.161 1,0 34.8
5.161 3.8 33.7
6.161 4.2 31.4
7.286 4.0 30.0

Average

Average

Averagé

Avefage

" TABLE 10A.

Concentrations,
lb.-moles/ft3x 10.3

wa

18.90
22.40
26.85
30.30
33.45
36.45
30.85
42.20
43 .50

Ckf

6.57

9.24
12.00
13.86
15.90
17.52
18.87
18.87
23.16
24.96

ck i

6,57

9.11
10.78
12.97
15.00
16.80
18.23
20.69
22.25
23.86

inlet water concentration: 51.61
outlet water concentration: 24,70

inlet ketone concentration: 6.350

C .
wi

26 .40
27.78
31.35
33.32
37.20
39.84
42.00
46.29
48.99
51.72

outlet ketone concentration: 24.50

Height Volume 1in a Concentrations,
of the sample.(ketone) 1b.-mo&es/ft3x10§
probes. :
ft. vw vk wa Ckf cki Cwi
0.078 0.8  32.6 - 7.11 7.11 26.25
1.161 2.3 29.3 24.50 12.00 11.44 31.60
2,161 2.2 28.6 31.55 15.90 15.49 37.20
3.161 2.2 28.2 35.65 18.20 17.81 40.60
4.161 2.4 28.4 39.90 20.40 26.04 44.15
5.161 2.0 28.2 41.30 22,08 21.75 46.00
6.161 2.4 26.4 45.30 23.30 23.28 47.735
7.286 2.0 26.2 45.15 24.70 24.36 49.60
Average inlet.water concentration: 50.40
Average outlet water concentration: 25.95
Average inlet ketone concentration: 6.75
Average outlet ketone concentration: 24.96

LTT
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APPENDIX III
Study of timeé needed to obtain steady state inside the column. °

As mentioned earlier in the thesis, two different concentra-
tion profiles exist inside the column before beginning a run. These
concentrations depend on the liquid filling the column at that time.

If the column is filled with continuous phase feed before
the run starts, and the column hasn't been operated before, thé time
needed to reach the steady state is longer than it is when the column
has been operated before and contains both phases. This result is due
to the higher average concentration which exists in the column in the.
former case and also increased difficulties in steadying out the
interface, Table 11 records @he results obtéined in five runs* where
‘the conditions of the former case applied. .The concentrations of both
outlet solutions: continuous phase, and dispersed phase,. were sampléd
as functions of time. The height of the column has been noted in the
same Table j11. The inlet concentration for the continous phase feed
solution averaged 50.4 1b.-moles/ft§ xlOs and, for the dispersed phase,
6.6 1b.-moles/ft> x10°,

As just mentioned, if the'concentration profiles inside the
column résulted from a previous run, the time needed to reach the
steady state is shorter, due to the smaller average concentration
existing at the start of the run, and due to the existence of a liquid-
liquid interface at the start of the run. Table 12 records the results

obtained for this case.

* All the runs of this sort.



TABLE 11.

Steady state study.

Time, " *Run 61;. *Run 6J
min. Concentrations, _ Column - Concentrations,
1b.-moles/ft3 x10° height, 1b.-moles/ft3 x103
1 G2 % e £t. ‘w1 Gz S

0 .  49.90 - - 6.53 - 49.8 - 6.50
5 19.2 23.4 29.1
10  23.0 24.2 29.1
15 24.6 24,5 27,2
20 . 25.0 24.6 : 26.7
25 - 25.3 24.8 49,9 26.3 6.6
30 25,2 24.8 26.4
35 25.3 24,9 25,9

- 40 ’ 25.2 : 24.9 7.46 25.7
45 25.1 24.9 7.44 25,7
50 49.9  25.1 . 6.53 24.9 25,7
55 25,2 24.9 7.43 25.5
60 25.1 24.9 A 49.9 25.4 6.6
65 25.1 24,9  2.43 ' 25.2
70 25.1  24.9 7.43 25.3
75 25.1 24,9 7.42
80 25.1 24.9
85

.90 49.9 24.9 6,47 24.8 7.43

* Runs started with continuous phase feed filling the column.

In the blank spaces no readingswere taken.

+ In this run there was distilled water in the annular space of

Column
height,
C,  ft.
25.3
25.3
25.1
25.0
24.9 7.46
24.9 . 7.44
24.8 7.43
24.8 7.42
24.8 - 7.41
24.8 7738
24.7 7.38
24.7 7.38
24,6 7.37
24.6 7.36

the Elgin head.

611



TABLE 11 Cont.

Steady state study.

Time, *Run 6M *Run 9A :
min. Concentrations, Column height, Concentrations, Column height,
1b.-moles/ft> x103. ft. 1b.-moles/ft3 x103 ft.

Co1 Cu2 k1 Cr2 Cn Cu2 k1 Cicz

0 50.5 6.6

5 31.9 26.3 27.9 21.8

10 , 28.3 26,2 21.6 21,0

15 27.3 - 43.6 20.6 6.7 20.4 7.29

20 26.7 25,9 . 19.4 20.2 7.24

25 26.3 25.7 43.3 17,7 6.8 18.7 7.24

30 50.7 26.2 6.8 25.3 7.46 17.0 18.2 7.25

35 26.2 25,5 7145 16.6 18.2 7.2

40 25.9 25,7 16.5 18.3 7.28

45 25.7 25,5 7.43 16.5 18.3 7.29

50 25.5 25.5 16.5 18.3 7.30

55 25.3 25,5 7.42 43.4 6.8

60 , 25.5 25.5 '

65 25.2 _ 25.5 7.41

70 - 25.7 25.2 - 7.41

75 51.0 6.7

* Run started with continuous phase feed filling the coluwn.

The blank spacesmean that no reading was taken.



TABLE 11 Cont.

Steady state study.

Time, *Run 9C. *Run 91.
min. Concentrations, Column ' Concentrations, Column
' 1b.-moles{ft3x 109 height, 1b.-moles/ft3x 103, height,
ft. ft.
Cwl Cw2 Ckl Ck2 Cwl Cw2 _ Ckl Ck2
o : :
S 51.3 28.9 6.8 25.2 14.2 14.6
10 26.9 : 23.9 13.9 16.0
15 20.8 23.6 50.4 14.0 6.7 17.2
20 : 19.2 22.9 14.2 17.6
25 51.5 18.8 6.8 22.5 ‘ : 14.2 17.4
30 , - 18.5 : 22.2 7 .86 13.9 16.3 a7.28
35 18.3 v 22.2 13.9 16.1
40 - 18.2 22,2 7.42 13.8 16.2 7.29
45 51.4 18.0 6.8 22.0 13.9 16 .38
50 18.0 22,0 7.40 13.9 16.2
55 - 13.8 | 16.3
- 60 _ 13.8 16.3
65 13.9 16.2
70 o _ 13.9 16.4
75 50.4 13.9 6.7 16.4 7.37

* Run started with continuous phase feed filling the column;
a Interface controller raised. 1.-in. after this reading.

The blank spacesmean: that no reading was taken.



TABLE 12,

Steady state study.

Time, **Run 6K. **Run GL.

min. Concentrations, Column Concentratiogns, Column
" 1b.-moles/ft3x10°. height, 1b.-moles/ftox 10°. height,

ft. ft.

Cwl ¢w2 Ckl Ck2 Ewl Cw2 Ckl Ck2

0 50,1 6.5 7.45 50.8 6.5

5 26.4 23.6 7.45 26.6 23.2 7 .40

10 24.8 24,4 7,45 24,5 24,6 7.39

15 24.8 24.8 7.45 24.6 25.1 7.39

20 25.0 25.0  7.40 25.0 25.3

25 50.3 88.0 6.3 25,0 7.40 25,2 25.3 7.38

30 25,2 24.9  7.40 50.6 25.2 6.7 25.4

35 25.1 25.0 7.40 25.5 25,2 7.38

40 25.0 25.2 7.40 25.4 25.3

45 - 25.1 25.F 7.4% 25.3 25,3 7.38

50 50.3 25.1 6.8 25.1  7.41 50.5 25.2 6.7 25.3 7.38

** Run started with a column which operated before.

Blank space means that no reading was tnken.



Time,
min.

10
15
20
‘25
30
35
40
45

55
60
65

**Run 9B
Concentrations,
1b.-moles/ftSx 103,
Cwl Cw2 le Ck2
43.5 | 16.6 6.8 18.2
: 16.7 18.3
16.6 18,3
16.6 18.3
16.5 18.3
43.4 16.6 6.8 18.3
16.7 18.3
43.2 6.8
17.0 18.5
16.5 18.4
16.5 18,5

** Run started with a column which had been operated before.

a

TABLE 12 Cont.

Steady state study.

Column

- height,

ft.

Concentrations,

**Run 9H

1b.-moles/ft3x 103,

Cwl

50.6

50.9

Cw2

18.4
14.7
14.1

14.4
14.4

14.4

Blank spaces mean that no reading was taken.

Ckl

6.6

Interface controller lowered l.-in. after this reading.

k2

1716
17.5

18.4

18.7

18,7

18.4

Column
height,
ft.

a 7.37

€21
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Table 13 summarizes the results obtained in all these runé.
This Table shows, for each different way of starting a run, the time
in minﬁtes which one should wait to get steady state using the dispersed
phase‘flow rate mentioned. The onntinuous phasg flow rate used was

at a value of 5418 ft?/hr.—ft?

TABLE 13.
Summary of the  time necded to obtain steady state depending on the
concentration in the column .

Lw= constant = 54,8 f%./hr.ft?

Continuous phase feed filling " Runs started from a column

the column before the start which had been operated before.
of a run and no dispersed :

phase present.

Run Time, Dispersed Run Time, Dispersed
number. min, phase flow : number. min. phase flow
' rate, L rate, L
6d 40.0 _ 73.60 6K 20.0 72.90
6M ' 45.0 73.20 . 6L 25.0 72.80
9C 30.0 120.00 9B ‘ 15.0 120,20
94 ~ 35.0 120.00 . on 12.5 169.40

91 12.5 208.00

Note: The time vnlues were taken from graphs méde of the results
given in Table 11 and 12. For safe operation, 5 minutes more

should be added.

Run 6 I. has not been included; this run was begun with
distilled water in the Elgin head.
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APPENDIX IV

Study of the minimum purge time for changing the

concentration of the sqlutioh in the probes using

various rates.

The following Tables, 14bto 23, give the results of eleven
Runs (1G, 2, 2A, 2B, 2C, 2b, 7, 7B, 7C and 7D) performed to study the
time réquired to change the concentration of the material in the probes
using various rates‘of purging.

It can be remarked that in these Tables (14 to 23), for
some funs a complete analysis of the ketone sample is not given; this
was due to the presence of only avsmall volume of water in the ketone
sanple. The smallness of this volume was caused by the low purging
rate which collected 90 to 95% by volume of ketone phase in thé
dispersed phase sample., The effect of such a small volume of water
on the résults would be less than 2% at the worst,

A summarizing Table (number 24) is given at the end of this
Appendix. The purge time was found to fall as the purging rate iﬁcreased

as would be expected.



TABLE 14.

Study of minimum purge time.b
Run 1G.

Note: Probe filled with liquid at sample position 4A and
moved at zero time to sample ﬁosition 7.

Average continuous phase probe sambling rate 4.9 cc/min.
Average dispersed phase probe sampling rate 13.7 cc./min.

o

oG W

- Time, Volume of phases " Concentrations,
- min. (a) in ketone sample 1b.-moles/ft3 x 1095,
cc.

: From to Vw Vk wa _ Ckf Cki Cwi
1 2,2 11.3 27.9 16.2 15.2 32.8
2 2.2 12,0 27.5 15.7 14.7 33,71
3 2.3 11.8 33.1 18.1 18.1 -
4 1.9 11.38 ‘ 34.2 19.0 18.5 37.2
5 2.1 11.6 34.8 19.0 18,5 37.8
6 2.4 11.4 34.1 19.1 18,3 37,8
? 2.1 11.8 34.5 19.0 15,5 -

TABLE 15.

Study of the minimum purge time.
Run 2
Note: Probe filled with liquid at sample position 7 and
‘moved at zero time to sample position 4A.

~ Average continuous phaSe probe sampling rate: 13.8 ce./min.
Average dispersed phase probe sampling rate: 15.7 cc./min,

Time Volume of phases : Concentrations
b 9

min, (a) in ketone sanmple . 1b.-moles/ft3 x 109.
cCoe ) .

From to. V& Vk : wa Ckf Cki Cwi
1 2.4 13.9 ' 33.1 18.0 16.6 36.4
2 2.4 13.3 32.93 17.5 16.7 36.2
3 2.4 15.2 27.3  14.6 15.5 33.4
4 2,6 13.3 27.2 14.5 13.5 32.1
5 2.4 13.6 27.0 14.4 13.6  31.7
6 2.5 13.4 27.2 14.5 13.7 31.7
7 2.6 13.8 26.4 14.5 15.5 31.7
1§ 7.4 38.0 27.6 14.4 13.6 31.8

N uas Ul O

(a) one minute sample.



TABLE 15 Cont.
Study of the minimum purge time.
Run 2

Note: Probes filled with liquid at sample position 44 and
moved at zero time to sample point 2A.

Averaged continuous phase sampling rate: 10.7 cc./min.
_ Averaged dispersed phase sampling rate: 14.5 cc./min,

N s U~ O

- Time, Volume of phases Concentrations,
min., (a) in ketone sample 1b.-moles/ft3 x 105,
) ccC., )
From to vw vk ‘ . wa Ckf Cki Cwi
1 2.4 12.0 26.9 14.6 13.6  32.0
2 2.4 12.6 27 .6 14.7 13.5 31.9
3 2.3 13.0 19,5 10.4 8.6 29,9
4 2.4 12.4 19.7 10i1 8.8 26.4
5 2.4 12.8 20.2 10.1 9.1 25.8
6 2.0 12.0 20.5° 10.2 9.4 25.6
7 2.9 i12.2 19.6 10.3 9.1 25.6
18 11.0 62.5 20.2 10.1 9.2 25.6
TABLE 16.

Study of the minimum purge time.
Run 2A.

Note: Probes filled with liquid at position 2A and moved
at zero time to position 4A.

:AAveraged continuous phase probe sampling rate: 3.8 cc./min.
- Averaged dispersed phase probe sampling rate: 8.7 cc./min.

Time, Volume of phases Concentrations, _
min, (a) in ketone sample 1b.-moles/ft3 x 10°5.
cc.

From to Vw Vk b wa ‘Cka Cki Cwi
0 1l 1.1 8.2 2Z.75 10.45 16.45 25,32
1 2 1.2 8.0 - ~10.13 10.13 25.%0
2 3 1.0 8.3 - 10,39 10.39 25.350
3 4 1.1 8.0 - 13.62  13.62 25,52
4 5 1.1 d.1 - - 14.35 14.35 25.70
5 6 1.0 7.3 - 14.48 14.48 26.30
6 7 1.0 7.3 - 14.10 14.10 26.25
7 8 0.9 7.8 - 14.55 14.55 29.68
8 9 0.9 7.4 - 14.55 14,55 29.72
9 10 0.8 7.6 - 14,61 14.61 31,10
10 11 0.8 75 - 14.61 14.61 31.00
11 2 0.9 7.4 - 14.54 14.54 31.10
12 13 0.9 7.5 - 14.54 14.54 30.65



TABLE 16 Cont.
RUN 2A cont.

Note: Probes filled with liquid at sampling position 4A and
moved at zero time to sampling position 7.

. Averaged continuous phase probe sampling rate: 10.5 cc./min.
- Averaged dispersed phase probe sampling rate: 11.7 cc./min,

. Time, Volume of phases ' Concentrations,
. min. (a) in ketone sample 1b.-moles/ft§ x 1093,
cCe

From Ato vw vk (b)cwf Ckf cki Cwi
(¢ 1l 1.8 . 9.6 - 15.40 15.40 32.4
1 2 1.8 10.2 - 15.55 15.55 32.3
2 3 1.6 10.4 - 16.18 16.18 33.6
3 4 1.4 10.1 - 18.20 18,2 34.4
4 5 1.6 10.0 - 18.20 15.20 36.7
5] 6 1.4 10,1 - 13.20 18.20 36,7
6 7 1.4 10.6 - 18.32 18,32 36.8
7 8 1.7 10.1 , - 18.15 18.13 36.6
8 9 1.5

908 . - 16.83 18-83 36.4

(a) one minute sample

(b) Not enough water in the ketone sample for analysis.

TABLE 17.
RUN 2B. -
Sfudy of the minimum purge time.

. Note: Probes filled with liquid at éampling position 4A and
moved at zero time to sampléng position 7.

Averaged continuous phase probe sampling rate: 8.5 cc./min.
. Averaged dispersed phase probe sampling rate: 7.0 cc./min.

" Time, Volume of phases Concentrations,
“min. (a) in ketone sample : 1b.-moles/ft3 x 105-
cc. :
From to Vo Vi %t %%ke S Cwi

1 0.7 5.2 - 14.7 14,7 31.8
2 1.0 5.0 - 14.4 14.4 3l.4
3 1.2 7.9 - 14.6 14.6 31.9
4 0.7 7.8 - 5.2 15.2 33.9
S 0.4 4.8 - 138.0 18.0 35.9
6 1.0 8.7 - 18.5 13.5 36.5
7 0.5 S.1 - 18.3 18.3 37.2
8 .5 3.5 - 18.3 18.3 37.2
9 0.3 3.9 - 19.0 19.0 37.3

NSO R WO

(a) One minute sample.
(b) Not enough water in the ketone sample for analysis.

Gas



TABLE 18.
Study of the minimum purge time,

RUN 2C

Note: Rrobes filled with liquid at sampling position 4A and

moved at zero time to sampling position 2A,
Averaged continuous phase probe sampling rate: 7.7 cc./min.
Averaged dispersed phase probe sampling rate: 11.97 cc./min.

Time, Volume of phases ‘ Concentrations, _
min. (a) in ketone sample l1b.-moles/ft3 x 109,
cc. :

From to Vw Vk (b)wa ckf Cki ”Cwi

1 1.3 20,2 - 14.2 14.2 32.4
1 2 1.3 11.2 - 13.6 13,6 31.6
2 3 1.0 11.1 - 12, 12, 31.0
3 4 1.2 11.2 - 9.5 9.5 29.1
4 5 1.2 11.2 - 9.5 9.5 26.6
5 6 1.4 11.4 - 5.6 916 25,3
6 7 1.2 10.2 - 9.6 9.6 24,6
7 8 1.2 9.5 - 9.7 9.7 24.4

(a) One minute sample.
(b) Not enough water in the ketone sample for analysis.

Note: Probes filled with liquid at sample positiBnaZdand
moved at zero time to sampling position 4A,
Averaged continuous phase probe sampling rate: 1.6 cc./min.
Averaged dispersed phase probe sampling rate: 5.6 cc./min.

Time, Volume of phases Concentrations, _
min. (a) in ketone sample 1b.-moles/ft? x 10°,
. CcCo.

From to Vw Vk wa Ckf -Cki Cwi

o 1 0.1 3.9 - 18.7 18.7 35.9

1 2 0.0 3.8 - 18.9 18.9 36,3
-2 3 0.0 7.0 - 18.5 18.5 34.7

3 4 0.0 6.2 - 13.6 18.6 36.9

4 5 0.0 4.4 - 19.0 19.0 34.9

5 6 0.3 5.8 - 17.6 17.6 36.0

6 7 0.1 6.2 - 15.6 15.6 36.6

7 8 0.5 6.0 - 14.8 14.8 36.4

8 9 0,2 5.6 - 14.9 14.9 36.3

9 10 0.2 6.6 - 14.9 14.9 36,0

(a) One minute sample.
(b) Not enough water in the ketone sample for analysis.

29
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TABLE 18 Cont.
RUN 2C cont.
Note: Prbbes filled with liquid at’sampling position 2A and
moved at zero time to sample position 4A.

Averaged continuous phase sampling rate: 9.0 cc./min.
“Averaged dispersed phase sampling rate: 11.5 cc./min,

Time, Volume of phases. Concentrations,
min. (a) in ketone sample 1b.-moles/ft3 x 103,

- cc. < : ‘ .
From to Va (. (b) Swe Cres Cki Cui
0O 1 1.2 10.4 - 10.8 10.8 27 .3
1 2 1.2 10.4 : - 11.0 11.0 C27.4
2 3 . 1.2 10.4 - 11.8 11.8 28.2
3 4 0.0 3.8 - 15.8 15.8 30.7
4 S 0.8 7.2 . - 15.5 15.5 32.9
5 6 1.6 11.6 ) - 15.8 15.8 33.9

(a) One minute sample.

(b) Not enough water in the ketone sample for analysis.

TABLE 19.

Study of the minimum purge time.

RUN 2D

Note: Probes filled with liquid at sampling position 4A and

moved at zero time to sampling position 2A.

Averaged continuous phase sampling rate: 10.4 cc./min.
Averaged dispersed phase sampling rate: 12.4 cc./min.

Time, Volume of phases Concentrations,
min. (a)- in ketone sample 1b.-moles/ft3 x 103,
cc. :

From to Yoo Yk wfwr Okt Ciei Cot
1 1.4 11.6 - 13.6 13.6 -
2 l.1 9.9 - 13.8 13.8 29.9

3 1.4 10.6 - 12, 12,7 29.1

4 1.4 10.4 - 9.3 9.3 26.7
S 1.6 11.2 - 9.2 9.2 24.9
6 1.5 11.3 - 9.2 9.2 24.0
7 1.6 11.7 - 9.5 9.5 24.3
8 1.6 11.6 - 9.4 9.4 24.3

NoOo Uk W =O

(a) One minute sample.

(b) Not enough water in the ketone sample for analysis.
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TABLE 19 Cont.
RUN 2D cont.

Note: Probes filled with liquid at sampling position 2A and
moved at zero time to sample position 4A,
_ Averaged continuous phase sampling rate: 1.9 cc./min,
. Averaged dispersed phase sampling rate: 6.5 cc./min.

.. Time, Volume of phases Concentrations,
- min, (a)  in ketone sample 1b.-moles/ft3 x 103.
CC. ’
rom  to Yo Y (b)Cws Cer o S Cwi
1 1.0 5.2 - 10.9 10.9 22,2
2 1.2 5.2 - . 10,9 10.9 24.4
3 1.0 5.4 - - 10.8 10.8 23.7
4 1.0 5.0 - . 10.8 10.8 20.2
5 1.1 4.8 - 10.1 10.1 24.2
6 0.8 6.6 - 12,3 12.3 26.3
7 0.4 6.9 - 14.0 14,0 24.0
8 0.6 6.4 - 14.0 14.0 24,3
9 0.5 6.3 - 13,9 13.9 24,1
10 0.0 6.8 - 14,0 14.0 24.3
0 11 0.8 6.0 - 14.0 14.0 25.1

OO URULD=O =

(a).One minute sample. ‘
(b) Not enough water in the ketone sample for analysis.

TABLE 20
'Study of the minimgm_purge time..
RUN 7,
Note: Probes filled with liquid at sampling position 4 and
moved at zero time to samplbngoﬁn51txon 4A.

Averaged continuous phase probe sampling rate: 2.8 cc./min,
- Averaged dispersed phase probe sampling rate: 5 4 cc./min,

"Time, Volume of phases Concentrations,
min. (a) in ketone sample ' 1b.-moles/fts x 10°
: ' : cec..
From to Vw Vk (b)wa ‘qkf' v Cki Cwi
0 3 0.8 16,2 R - 11.7 11.7 29.8
3 6 0.8 16.4 - 12.2 12.2 29.6
"6 ‘9 0.8 15,1 - 17.7 17.7 29.7
9 12 0.8 14.8 - 17.7 17.7 32.5
12 15 0.8 15.0 - 17.7 17.7 36.4
- 15 .- 18 2.0 24.0 - - 17.4 17.4 38.9
18 21 2.0 26.0 , - 17.4 17.4 38.7

(a) Three minutes sample.
"(b) Not enough water in the ketone sample for analysis.

3
|



TABLE 21,
Study éf theminimum purge time.
RUN 7B.
Note: Probes fillea with liquid at sambling position 1A
and moved at zero time to sampling position 4A.

AVeraged continuous phase probe sampling rate: 2.8 €c./min.
Averaged dispersed phase probe sampling rate: 2.1 cc$/min.

Time, Volume of phases Concentrations, _
min. (a) in ketone sample : 1b.-moles/ft3 x 10°.
CCo :

From - to Ve Yk (b)Cwt Cics Ci Cui
0 3 2.6 3.1 - 12.4 12.4 30.8
3 6 0.4 6.4 - 12.4 12.4 30.5
6 9 0.0 7.3 - © 11.8 11.8 30.9
9 12 0.0 6.8 - . 11.5 11,5 32.6
12 15 0.3 5.7 - 12.4 12.4 38.1
15 18 0.0 4.2 - 17.0 17.0 38.8
17 19 0.0 4.0 - 18.0 18.0 39.3
19 21 0.0 4.0 - - 18.0 18.0 39.3
21 23 0.0 3.8

- 1800 18.0 . 39.4

(a) Three or two minutes samples. _
(b). Not enough water in the ketone sample for analysis.
TABLE 22,
Study of the minimum purge time.
RUN 7C,
Note: Probes filled with liquid at sampling position 4A and
moved at zero time to sampling position 1lA. :

- Averaged continuous phase probe sampling rate: 5.0 cc./min.
Averaged dispersed phase probe sampling rate: 4.8 cc./min.

Time, Volume of phases ' Concentratjons,
min. (a) in ketone sample 1b.-moles/ftY x 10v.
: cc. ' :

From to Vw Vk S wa Ckf Cki . ngi
o 3 0.6 8.2 - o - 18.0 18,0 39.6
3 6 0.8 . 10.8 - - 18.2 18.2 33.6
6 9 0.6 13,2 - 17.5 - 17.5 33.0
9 11 0.3 8.4 - 16.0 16.0 30.9
11 13 0.4 8.8 S - 11.7 11.7 30.6
13 15 0.3 7.9 ' - 11.8 11.8 .30.6
15 17 0.6 8.2 - 11.8 11.8 - 30.6

0.3 8.0 - 11.8 11.8 30.8

17 19

(a) Three or two minutes sample.- :
(b) Not enough water in the ketone sample for analysis.



TABLE 22 Cont,
4 RUN 7C conto

Note: Probes filled with liquid at sampling po&ition 1A and

: moved at zero time to sampling position 4A.

Time, Volume of phases . _ Concentrations,
min. (a) in ketone sample - 1b.-moles/ft3 x 109,
' cc..
From to Vw Vk wa Ckf' Cki
0 . 3 0.6 12.8 - 11.9 -11.9
3 8 0.6 13.5 - - 11.7 11.7
- 6 10 -~ . 0.8 16.0 - 15.7 15.7
10 12 0.6 7.4 - 18.0 18.0
12 14 - 0.6 9.6 - 17,7 17.7
14 16 0.5 9.7 : - 18.0 18,0
16 18 1.0 20,2 - 18.0 1.0

(a) Four, three and two minutes samples.
(b) not enough water in the ketone sample for analysis.

TABLE 23.
Study of the minimum purge time.

RUN 7D.
Note: Probes filled with liquid at sample position 1A and
. moved at zero time to sample position 4A,
Averaged continuous phase probe sampling rate: 3.7 cc./min.,
Averaged dispersed phase probe sampling rate: 2.5 cc./min.

Time, Volume of phases B Concentrations,
min. (a) in ketone sample " 1b.-moles/ft3x 103,
ccC. o

From to Vw Vk wa Ckf Cki
o 3 0.6 6.6 - 12.1 12.1
3 6 0.7 7.8 - 12.2 12,2
6 9 0.0 4.8 - 12,1 - 12,1
9 11 0.0 4.8 - 12.8 12,8
11 13 010 4,9 - 12,8 12.8
13 - 15 0.0 5.2 - 17.1 17.1
15 17 0.0 4,5 - 18.8 18.8
17 19 0.0 - 5.0 - 18.8 18.8
“19 21 0.0 4.9 - 18.8 18.8

(a) Three or two minutes sample ' -
(b) Not enough water in the ketone sample for analysis.

30,7

33.8
39.0
39.0
39.7
39.7
39.7

wi
31.2
31.5
34.1
38.7
40.1
40.4
40,7
40.7
40.7
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TABLE 24,

Summary of all results to deternime the minimum purge
time. (Smoothed values).

Run Continuous phase. Dispersed phase.

number. Sampling Minimum . Sampling Minimum
rate, purge time, rate, . purge time
cc./min min., cc./min min.
1G 12.8 5.0 13.8 3.5
11.0 6.0 15.9 3.0
13.0 5.0 14.9 3.5
24 . 3.8 - 8.7 5.5
24 ~10.5 0 11.7 4.0
2B 8.5 ‘7.0 8.8 | 5.5
2C 7.7 e 12.0 4.0
2C 9.0 . 5.0 11.5 40
2c 1.6 - 5.6 8.0
2D 1.0 -+ 6.5 7.0
2D | 10.4 7.0 - 12.4 5.0
7 2.8 20.0 : 5.4 9.0
7B 2.8 19.0 2.1 18.3
7C 5.0 12.0 4.1 13.0
7C 6.3 10.0 4.5 12.0
7D 3.7 16.0 2.5 16.8

* The minimum purge time was not obtained in these runs; -
the time was too short for the concentration curve to flatten
out. ' : .
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APPENDIX V.,
Point cpﬂcentration veréus samplihg‘rate.
The following Table,‘25, represents the results of the runs
. done tq demonstrate that‘the sampling raté did not influence the point

concentration,



TABLE 285.

Point €oncentration Versus Sampling Rate.

Run Purge Sampling Minimum Purge Rate of Sampling, Volume of Concentrations, Probe
number, time, time, Time according cc./min, "~ phases in lb.-moles/ftYx10°. location.
min. = min. to Figure 10. . ketone sample. -
' - min, : R : €e.
natgr Ketone Water Ketone Vw Vk | wa _ Ckf Chi C.wi
o phase. phase. phase. phase. ' ' : e
oH 10 5 6.0 5.6 10.4 8.4 3.0 39.0 14,6 7.3 7.2 15,8 . 1.59
: 10 5 4,0 3.0 16.0- 15.6 7.0 69.0 15.0 7.3 7.2 16.2 . 1,59
10 5 10,0 5.6 6.2 8.2 3.0 38.0 13.3 7.2 7.1 15,7 - 1.59
10 2 6.4 4,8 9,4 10.3 1.5 19.0 als.0 7.2 7.1 16.2 1.59~
7F 0 ‘10 18.6 25.0 2.8 1.1 0.6 10.4 28.4 19,1 18.9 41.4 . 4A
S0 100 = 18.6 18.6 2,8 2.0 1.8 17.8. 28.0 18.8 18.4 41.2 - 4A
0 - 10 © 18.6 9.4 2.8 5.2 2,0 50.0 27.7 18.4 18.3 41.3 4A
0 4% 18.6 1.0 - 2.8 28.2 24,0 103.0 28.6 18.4 18.5 41.3 44
0 8 : 18.6 3.0 2.8 16.2 19.0 -111.0 28.5 199l&ﬁ}8.43 41.4 44 -
7E 0 10 18.6 6.8 2,9 7.0 14,0 56.0 29.2 19.6 #iG.G 41.2 - 4A
' 0 10 9.8 7.4 6.4 6.2 4,0 58.0 27.7 18.6 17.7 41.2  4A
0] 10 5.2 8.6 11.3 5.7 3.0 54,0 27.7 18.6 17.8 41.3 4A
0 10 7.6 9.2 © 8.1 5.4 3.0 50.5 27.7 18.6 17.7 ~41.2  4A
0 10 4.3 5.0 S 14.2 9.8 6.0 82.0 27,3 '18.3 17.3 41.2 4A-
- S5H 15 5- 6.8 3.6 9.0 13.8 5.0 64.0 26,7 13.5 %2.9 33.3 3B
-5 5 13.8 4.8 4.5 10.2 4.0 47.0 27.0 13.8 13.2 34.8 3B
-5 5 * 6.6 e 7.2 2.5 33.3 27.0 14.0 13.5 = - 3B
8 6 * 9.4 - 5.3 0.0 " 26.5 - 14.0 14.0 - 3B
-7 3 ¥0.6 3.4 6.0 14.5 5.0 38.5 28.2 14.4 13.7 35.0 3B
10 3 * 3.0 - 18.5 5.5 - 41.0  28.6 14.5 13.9 - 3B
5 3 * 2.0 - 18.7 7.0

48.2 28.6 14.5 13.9 - - 3B

9¢T



TABLE 25 Cont. .

Run Purge Sampling Minimum Purge Rate of Sampling, Volume of Concentrations, Probe
number. time, time, - Time according " cCo/min. ‘phases in 1b.-moles/ftx109, location.
min. min. to Figure 10. : ketone sample.
_ min.
Water Ketone Waﬁer Ketone AVk : Vk wa Ckf Cki Cwi
o phase. phase  phase. phase.. _ , , -
5G 18 3 6.6 3.6 9.3 - 13.7 - 4.0 37.0 27.3 14.1 ¥3 2 35.4 3B
. 7 3 o 4.1 .- 12.3 3.8 33.2 27.1 13.8 12.8 - 3B
- 8 3 * 5.6 L - 8.3 2.0 "23.0 25.5 13.9 13.0 - 3B
9 3 * 5.6 - 8,3 2.0 23,0 23.4 13.7 12.7 - 3B
S 3 * 3.2 - 15.0 5.8 39.2 25.8 14,1 12.6 - 3B
5 3 * 2.6 - 17.0 7.0 44.0 283.0 14.3 13.1 . - 3B
6 2 6.4 0.5 - 20.3 5.0 35.5 27.3 14.7 13.6 - 335.7 3B
§§ 9 3 . 7.0 3.6 8.8 13.7 4.0 37.0 26.1 14.0 %2.9 35.5 3B
0 3 13.2 4.6 4.7 10.7 3.0. '29.0 27.6 14.0 13.2 35.6 3B
0 3 * 4.0 . - 12.7 3.0 35.0 26.7 13.9  13.1 - 3B
0 - 9% * 3.2 - 15.0 14,0 125.0 28.4 14.1 13.4 - 3B
0 6 * 2.6 - 17.0 9.0 109.8 28.1  14.2 13.5 - 3B
0 7. * 2,3 - 17.6 17.0 105.2 29.0 14.3 13.2 - 3B
5B, 9- 3 6.6 3.7 9.3 13.6 5.5  36.3 24.6 12.6 2.5 32.1 3B
0 S 13.4 4.8 4.6 18.4 6.0 46,0 24.6 12.5 12.4 32.2° 3B
0o 5 * 2.7 C - 16.6 11.3 71.0 - 25.9 12.8 12.7 - 3b
0 5 7.0 . 8.9 - - . - - - - 32,0 . 3B.
0. S * 0.5 - - 23.3 20.0. 96.6 27.4 13.3 12.4 - 38
o 5} 6.6 * 9.2 - _ - - - - - 32.7 3B
1D 4 5 0.5 1.0 34.0 28.4 27.7 104.3 435.7 23.8. 23.1 47.7 7
: 0 5 1.0 1.0 21.0 - 23.0 25.0 830.0 45.6  23.8 23.1 '~ 47.8 7
o S 5.2 3.8 11.0 - 12.9. 10,2 54.0 44.2 23.5 22.8 .47.9 7
0 5 4.0 2.6 16.0 17.0 12.2 72.6 45.1 23.5 23.1 47.9 7
a = Equilibrium value, not analyzed.
* = Not sampled.
+ = Average water concentration was uqed to calculate these values.
# =

First concentration of water used to do the calculations.

LT
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- APPENDIX VI
Jet characteristic daté, (Jonhson and Bliss).

Reference to Rocchini'é thesis (13)_page 63, showed that he
used a velocity through the nozzle of 0.3623 ft./sec. However,
Choudhury (16) used a velocity of 0;357 ft./sec. as reported in his
thesis, page 26. If was'discoveredrtha£ this differenqe was caused by
the use of slightly different flow rates of dispersed phase.

After recalculating the velocity of tﬁese previoﬁé workers
(lO,lS)band checking the above values to close approximation, it was
decided to‘use.a'value of 0.357 ft./sec. based on the average diameter
" of the nozzle tips presently available. This is‘0;1029.-in. (10).

It became necessary to check if this velocity through the
nozzle would be expected to give uniforﬁ drops. Referring to Jonhson
and Bliss (16), it was discovered fhat the velocity used in this~work
was high eﬁough so that the drops would have céased forming at the
nozzie tips' but not so high that the drops woﬁld have ceased being
uniform. In other wofds; the velocity of 0.357 ft./sec. utilized
-Would give uniform drops.

| Although a linear interpolatién of‘Table IT of the paper by
Jonhson and Bliss (16) indicates that'dropsbshduld, for a nozzle of
‘O 103.-in, I D., cease being uniform when théuvélocity in nozzle tips
reached O 350 ft./sec., according to their curve in thelr Figure 3,
the-velocity plotted at O.11l-in. I.D. appedrs to be too]ow. (This
plotted velocity ié the one from the Table.) In fact, at O.,111l-in. I.D.
nozzle diameter they draw theip curve cénsiderébly above the plotted
point5 It is on tﬁe basis of this féct\that the statement is made fhat

the tip velocity of 0.357 ff./sec; should. produce uniform drops '

+ Not always used.

* It was observed that the drops formed qtralght (not sinuous) jets
except for .one tipj at’ thls ‘tip the jet was sinuous. All jets were.
app. 1%-in. in length, -
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according to Jonhson and Bliss(16).
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APPENDIX VII
Sample calculation of the material balances used in conneetion with
Ruyn 9H water Sample no. 2 which contained ketone.
| "As a result of a high flow rate of dispersed phase and

:perhaps of too high a sampling rate for such a flow, the following
‘calculations have to be made to correct for the preéence of ketone in
the water probe sample.

Equation 5 is applied first to the sample ébtained with the

water probe:

) - (V. /V.) (c. - (Cc ) )

water w k'water wi wf water
probe probe probe

(c_.) =

ki’ ekf

The same equation is applied also to the ketone probe sample:

(Cki) = (Ckf)ketone- (vw/vk)ketone(cwi - (wa)ketoné

probe probe proBe
Where the volume of one phase in the sample is small, ascompared with
the volume of the other phase, an equilibrium value is taken instead of
making use of analysis. In the two equations only two unknowns, Cki
and C_., are left. These, of course, can be solved for.
In Run 9H, Sample number 2, the water probe sample contained
2.6 cc. of ketone and 10.2 cc. of water. From the values listed in
Table 5 the following are obtained after substitution:
(C,.) = 7.62 - 10.2/2.6 (C_. - 15.88)
ki wi
and (Ck.) 7036 - 004/15.6 (e . - 14.95)
i wi
Solving for Cwi‘ it was found that: _
C,;, = 15.95 lb.-moles/ft°x 107
Using this initial value for the water probe gives a values of 7,33
for Cki for the probe dispersed phase. Using Cwi of 15.95 in the

material balance for the piston samﬁle produces a Cki of 7.25.
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APPENDIX VIIX
Possible sources of errors cdausing discrepancies between piston and
probe dispersed phase fbsults.
Problems arising in the analysis of the solutions in the
piston samples were suspected by Hawrelak (12) as being.the sources of

much error in the values of (C, .)

ki’ piston® In Equation 5, the factor

(Cwi - wa) appears in the second term to the right of the equal sign.
The concentrations involved are of about the same order of magnitude
as mentioned earlier, and substracting them tends to ﬁake analytical
errors important. An example would illustrate Eetfer the difficulty
just mentioned.

In Sample no. 2 of Run 9G done with the piston, the phase
concentrations at time of analysis were (C ) and (C )

wf ' piston) kf
3

v piston’
20.35 1b.-moles/ft> x 10° and 10.15 1b.-moles/ftox 10° respectively.

This sample contained 101 cc. of continuous phase and 16 ecc. of

dispersed phase.. The analysis of the continuous phase taken with the

; 3 3 . .
.probe, or (Cwi)probe’ was 20.96 lb.-moles/ft. x 10°. Now, substitution
in Equation 5: .
(Cki)piston = (ka)piston - Vw/vk((cwgprobe - (cwf)piston)
produces,
(Cki)piston = 10,16 - 101/16(20.96 - 20.35)
(C 3

ki'piston = 6.30 lb.-moles/ft> x 10°.

This concentration has to be compared with the one obtained
by the probc method which was 8.30 1b.-moles/ft> x 10°, for which the
voluﬁes were 4 cc. of water.and 48.5 cc. of ketone.

= o - 5 . 096 - .
(Ci)prove = 8 58. 4/48.5(20,9 17.52)
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It seems logical now to consider if it is possible that the
dispersed phase concentrations obtained by the two methods do not check
becauée of possible manipulative errors in analysis. For example, what
éan be the effect of a pipetting error on the final results? Based on
the calibrationsof the 10-ml. pipettes, a possible error of 2 0.4% in
the volume delivered can be expected; ﬂhat can be the effect of errors
in measuring the volumes of the phases in a piston sample? At the
worst, 1 0.5 cc. of water can be taken aé possible errors in Vw’ and
corresponding to these errors, s 0.5 cc. in Vk. Finall&, what can be
the effect of adding one drop past the end point in the titrations of
the ﬁrobe and of the piston samples? Calculationé have been done to
reveal the effectsof the possible errors mentioned above.

| First of all, to be able to really see their influence on

some of the analysis values, the effect of each error has been considered
separateiy; the results are presented in féur cases:

First case:

suppose that in pipetting 10‘m1° of water from the continuous phase
of the probe sample, 10.04 ml. actually was>delivered, gnd, similarly,
9,96 ml from the water phase of the piston sample. All other quantities
measured in the ahalysis were assumed to have the values used to
calculate the results of Sample 2 of Run 9G given earlier invthis
Appendix. Replacing in Equation 5 for the piston sample:

| C_. = 10.16 - 101/16 (20.88 -20.43)

ki

A value of 7.32 lb.-moles/ft? x 10° is found for (C _.) . as compared
ki ' piston

with 6.30 as given earlier. (The difference is 16.4% of 6.30.)
Replacing in'Equation 5 for the probe sample:

ki

A value of 8.30 1b.-moles/ft? X 103 is found for (C, .)
ki probe as compared

C . = 8,58 - 4/48.5 (20.88 - 17.52)
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with 8,30 calculated earlier.
Second case:
suppose that in pipetting 10 ml. of watér from the continocus phase of
the probe sar.ple, 9.96 ml. actually was delivered, and, similarly,
10.04 ml. from the water phase of the piston sample. As before all
other quantities measured in the analysis are taken to be unchanged.
In Equation 5, for the piston sample, then:
C, . = 10.16 & 101/16 (21004 - 20.27)

ki

Then a value of 5.30 1lb.-moles/ft7x 10° is found for (C .) . as
ki'piston
compared to 6.30. (The difference is 15.9% of 6.30) Equation 5 for
the probe sample then is
C; = 8:58 - 4/43.5 (21.04 - 17.52)
3

A value of 8.29 1b.-moles/ft> x 10° is found for (C .)

ki probe as compared
with 8,30 calculated earlier,
Third case:

suppose that the volume of water in the piston sample was actually
100.5 cc. instead of 101.0 as méasured and suppose thaf the
corresponding volume of ketone was réally 16.5 ce., instead of 16.0 cc.,.
All other quantities measured in the‘analysis were as used in the
calculation given at the beginning of this Appendix. |
Equation 5 for the piston sample becomes for thuse conditions:

C . = 10;16 - 100.5/16.5 (20.96 - 20.35)

ki
The resulting (C .) would have been 6.44 lb.-moles/ft) x 103

ki piston
instead of 6.30 the original value. (The difference is 2.2% of ¢.30.)
Fourth case:
suppose that the titrations of each phase of the piston sample, one .

drop was added past the end point in each analysis. (In the titration,

it would be much easier to overun the -end point then to add too little

Pr— - B P L 4
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sodium hydroxide.) Once again, all the other measurements involved
in the basic calculations are assumed correct. In Equation 5, then:
'Gki = 10,13 - 101/16(20.96 - 20.32)
Then the;resulting (Cki)piston ‘would have been 6.09’1b.-m01es/ft§ x10°
as compared with 6.30 obtained originally. (The difference is 3.3% of
6.30.) . |
A calculation was made of the effect of several errors of
the sort discussed in cases 1 to 4 taking place at the same time'in
connection with one piston sample and tﬁe probe sample corresponding
to it.
i An error of 21.3% over the original value of 6.30 lb.-moles

3 3
/ftT x10° for (Cki)piston

is éalculated if due to pipetting error, the
volume analyzed for the probe continuous phase had been 10,04 ml.
instead of the 10 ml. assumed and, if both phases of the piston sample
analyzed had been 9.96 ml. instead of the 10 ml. assumed and, if the
measured volume of the phases qf the piston sample had been measured
too low by -0.5 cec. and too high by +0.5 cc. for the water and ketone
phases respective;y, and finally if 1 drop of 0.1 N NaOH had been added
" past the end point in.the titration of the wéter of the continuous
phase sample. Equation 5 for this case is (for the piston sample):
Cyj = 10-20 - 100.5/16.5(20.85 - 20.43)
For thé brobe sa@ple an error of 0.4% over the original of

8.30 1b.-moles/ft> x10° is cumulated in this way:
a) if the volume analyzed had been 10.04 ml. instead of the 10 ml.

assumed for the'probe‘continuous phase sample,

b) if the volume analyzed had been 9.96 ml. instead of the 10 ml.

assumed for the ketone of the probe dispersed phase sample.
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c) if the volume of water of the continuous phase probe had been
titrated one drop past the end point. Equation 5 for this case is:
C = 8,61 - 4/48.5(20,85 - 17.52)
ki :
1f one can eliminate these pessible errors by analyzing
bigger volumes and by using the highest accuracy to measure the volumes

of the phases of a piston sample, then it would appear that analysis

difficulties should no longer be a problem.



