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Liquid-1liquid extraction is a unit operation that
bas long demonstrated its usefulness to the chemioal
industry. The applieation of liguideliquid extraction
processes in the chemical industry are too numerous to
mention,

Tue effeativencse or efficieney of an extraction
process is a funetion of several varisblesy 1.e., physical
end chemieal properties of the systen, the flow rates of
the two streams, ti® colum diavoter, the type of packing
used, and the extraection Leight. Onee the ecolumn is
designed and construeted for s partieular system, the
operational efffelency of the colum depends primarily on
which phase is eontinuous end the extraction helight.
Sinece the ecolumn 1 operated with one phase eontinuous and
the other diseontinuous, the extraction Lelight 18 the
romaining variable whieh aust be controlled iIn order to
vinimise ite effeet on the extraction process,

In universities the extraction belght is often
controlled by a needle valve that wust be set by the
oxperiventor. A system of automatie control of the
extraction height would enable the experimentor to i(reat
the extraction height as a constant, Faech eontrol systen
depends primarily on the weasuring or deteeting elewent
for reliadble control.



The purpose of this investigation is to evaluate a
differemtial pressure, mn electriocal espacitance, and mn
eleotrieal resistgnce messuring element to measure the

location of the agquesus-organie interface in a liquid-liquid
axtraetor.



The review of the literature eovered publieations on
the operational ebarastoristies of paecked pulsed ecolums,
the important phyeiea) propertice of the system, (nitrie
acid, trie-n<butyl phosphate, water, and xvlene), and
liquid-level indlestors and thelr adaptation to a econirol
systen,

The operationsl echaractoristlies obitained from the
literature were Qualitative information of flooding and
bold-up,.

Plooding. Chantry, et ai{l), deftnes the flooding
point of a pulse eolum ae the condition at whileh the
bold-up ie teo large to accoxmodate any incroase in elther
phase rate. An inereges in elther phase rate above the
flooding point will vause the dispersed phase to beeome
eontinuous at some point in the eolumn,

Ae the m&!tnﬂp‘n of the pulee 12 inereaved gt o
conatant fregueney the H.B.T.0. decrcases to g oinluus and
then inereases as flooding is approached, When the



flooding point 18 reached, the ecolumm besomes Ineffective
because of the high degree of agltation whieh causes the
drop siges to be too seall to coalesee readily.
Tornton{10) reported that be was unable to reproduee
elther flood point or mass transfor data uvweing a pulsed
packed eolum because of the progressive effect of rendow
packing, The trouble sxperieeed by Thornton was not
exporienced by other investigators{1,1,21), T: was
olizinated by retalning the packing in plaece with varicue
pressure plater, usvally a sereen at the bottom of the
packing and g drilled plate at the top. ,
Hold~up. The bold-up In a packed colum can be defined
a8 the inventory of the disporsod and eamtinvous phases
required to 11l the eolumn, Oayler, et al‘m, give the
following enpirfoal forumula for the Lold-up in a packed
tower,
Va ¢ o vy mev x (1ex)

wheres
Vg = veloelty of disporsed phase, ft/hr.
Vo ® veloetity of eontinuous phase, fu/hr.

Vo @ the megn droplet wveloalty relative to the
° packing at sero flow rates, ft/ur.

x = fractional boldeup
€ m rastional voildage & packing.
Thie relation wae derived for an uwnpulsed eolumn,



Leva and Wen{l), propose turee types of holdeup In

a packed columnt (1) free boldeup whieh comprises the
dlupersed phase drops that rise freely to the interfasce,

(2) operationa) boldeup whieh tekes in the free boldeup
in additlon to the drope freed from the packing by
pulzation, (2) and totel holdeup whiel 18 the entire
holdeup of the diepersed phase within the effeetlive packing
volume., In a puleed columm, operational holde-up 18 the
sajor eontributor to the total boldemwp.

thentry{l) and Megandt{l1) report tuat the offeet
of the eontinvous phase flow rates on bold-up in a puloed
column s "almoet nothing®, whille the dispersed puaso flow
rate bas "some effeet™. The Loldeup 18 more a funetlon of
the pulsing motion then the flow ratee., For example, the
dispereed phase holdeup may inerease from flve pereent in
an unpulsed solumn to fifcy pereent or more in cne whieh
is pulsed.

The puyslegl properiies of the syvsten, tri-nebutyl
phiosplato=xylmo-water-nitrie goid, are suwomarised in
Table I, page 6,
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Momsurenent of liquid leovel can Yo accomplished by
peveral weans, soce of whieh aros
1. Measurement of the liguld level(®) vy using the
liquid ae tue dlelectric for a capacitor whose sbange In
capacitance 18 detected by a resonant fregueney eireuls
or & capacitive bridge elireuls.
2. An induetivestype messuring eireuis(6) gor

deteraining liguid«lovel omploys a float mechanien
linked to the vore of the coll. The movement of the
float changes the posltion of the ecore thereby changing
the mutual induectance of the eoll whieh iIn tum echanges
the eotll lﬂpoametﬁ whioh oguses the current through the
eoll to vary., A meter eonnocted in serles with the ecol)
indiecater ke change in current,

3. An A=C Wheatstone Bridge etreutt{”) usea wiin
a condueting ligquid g the wnimown resistance.

s« A photoelectrie tubo{®) used to receive a beac
of light refracted by the 1lquid., Thie 48 in goneral
o oneoff operation,

5. A ganmgeray souree{®) rgdlgting tnte a tank.

A detector weasures the seattered radlation which is
proportional in guantity to the nuwiber of molecules
enoountered by the direet radiation.



6. Measurement of the 1iquid<lever(5) vy atffer

mtial pressure using either the bLebdbling prineiple
or large dlaphragn instroments,

ntial Pregsure. 7The most sommon type of differe
sntial pressure mawﬂmv{?) uses & nonuetallic diaphrags to
deteot small changes in preesure. The detection of these
suall changes In pressure ls gecouplished through weschanioal
linkage of & #pring to the dispbrege snd spplying pressure
to both sides of the disphragn. One side of the diaphrage
i mapintgined gt a fixed pressure which 18 sgual in magnitude
to the median of the pressure on the other side of the
dlaphrage. A» this pressure varies sbout its median the
movenent of the disphragem 18 transferred through the spring
to an indicator are that woves ascross a calidbrated seale.
This movement ean be translated into a signal that ean be
used to operate g comtrol, The dispbrags type of differen~
tial pressure woasurement is sensitive to pressure differen~
tinles as low ae 0.2 inches of water with sn sceourasy of

21/2 to & 1.0 psr sent of the full scale wovememt of the
indlentor.

& gas source at o fixed flow rate to supply the two
li{nes, One line i vented to the atwospbers mmd the
other i{s sybuerged In the iiguid., The pressure in the



two lines {s set with needle valves. T7The needle valve
on the line that is submerged In the liguid s
adjusted wntil a bubdle rate of é to 3 budbbles por
ainute is obdtained, The two lines gre conneeted

to a differential pressure instrument) sueh as, a
sanometer, through s tes, The pressure drop in the
lines is direetly proportional to the liguid level

in the tank,

errors{5) in pressure measuring instruments aret
(1) frietion, (2) lost motion, (3) hysteresis, Errore
ecsused dy friction are redused by sarefully msebining
pivots end bearings and dy making the moving parts
light in welight. The effect of frietion on the
pointer is reduced by making the sensitive eloment
large and powerful so that frietionsl forees are a
saaller percentage of the avallable forees. Lost
motion or play in bdearings or mechanieal linkage 1o
redused by eareful manufacture of all parts.
Hysteresis is the fallure of the sensitive element

to return to the same position when a given value of
the measured variable is approseched frow opposite
direetions, In industrial instrusents hysteresis,
lost wotion, and frietion are nmeasured together and
the ecoubined error is expressed as percentage of the
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full seale deflection of the instrument. In preeision

instrusents this total error rarely execeeds 1/2 of

1.0 per eent.

Eleotrical Capgoitence. NMoasurements dased upon
variations of oapacitance{®) gre aohteved by any one or
any soudingtion of the following mwechanisust

1., Variation of espmeitance by & change in the
separation of the plates.

2. Variation of capacitanes by a echange in the
area of the plates,

3. Variation of eapacitanee by a ochange in the
induetive eapacity of a dislectrie,

The first of these mechanisms has received the widest
application in engineering gaging systems, In using this
method in 1iquid level weasurement{3:6), one plate of the
eapacitor is suspended adove the liquid and the liquid
iteelf is made the other plate. As the liquid level rises
or falls this will ereate a change in the eapacitance of
the system and this ochange ean be deteeted Ly a suitadle
sleotriec efreuit,

Liquid level measurement and eontroll3) by eleetriesl
capacitance iz achieved by a capasitance probe or probes
fn the liguide, As the liquid level varies, the dielectite
eonstant of the capacitance prode changes. 7This echange in
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capacitance 1 detested by an eleetronie instrunent
operating at either audic or redio frequensies, The
output of the Instrument ean be transformed inte a signal
for eontrol,

T™he prode can be eonstrueted from g bare or sosted
metal strip, Tuls strusture is suspended in the liguid
by attaching it to the vesssl with sowe forms of insulating
material, The capacitance of a parallel plate ecapacitor
with two plates{7:6) oan be salovlated by wse of the
formulal

€ w 0,225 X g

wheret
¢ w» capacitance, mierosierofarads
A = plate area, #q.in,
4 = distance betwosn plates, in,
K » 4lslestrie constant, wnieromierofarads, per ineh.
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Often the applioation reguires e¢ylindriecal instead
of flat plates as sleetroden, A formula for the capsoitance
of a condenser forwed with oonesntrio eylindrioal plates is¢

¢ » capacitanse, wmieromierofarads

K w dislesiric sonstant of material between plates,
nioronierofarads per ineh.

L w» length of eylinder, inches

b » lnmer diaweter of cuter elsetrode, inehes

8 = cuter diameter of Inner oleetrode, iunches,
Commorieal instrusents{?) using these types of proves are
avallabls., PFor a prode capacitance of ten mioromierofarads
a full scale defleetion can bo obtained fron some of these
instrunets with 3 shage of probe capselimes of 0,01
slovonierclarads,

Several dissdvantages(®) of the twoeplate capseitance

nearuring slement ares ochange in sensitivity with ebangs
of plate spasing, or non-linesrity} change in serc setting
with ehenge in tewperaturs, or Sere 4rirt} ehange in
calibration with change In temperature, or temperaturs error}
and danger of random and extranscus effests Yeing recorded,
or instability. These disadvantages are gll reduced by
eareful wechanieal design,
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Resistgnee. The Muﬁ“’ in resistance of an element
say be accomplished by changing sither or both the
tenperature and physical dimensions of the element, These
changes coeur primarily from the change in resistivity of
the material of which the element is composedj that %8, the
material bas elither a tewperature coefficient of resistivity
or a stress soeffiecient of resistivity. (Resistivity s
defined as the resistanee between opposite faces of a
centimeter oubdbe of the waterial,) Resistanee is increased
by an inerease in the length of the sondustor or dy desreasing
the eross-sestionsl arsa of the econdwctor. Changes in
dimemsion and properties may cceur simultansouslys ie.,
an expansion or shrinkage of the materisl caused dy a
change in its tewperature.

In varisble«resistamee slemmts in whioch an elestrolytie
11quid{®) 15 the restistance matertal, wovesent of the
elestrodes shanges the length and perhaps the distridution
of the eurrent paths while not affeeting the resistivity,
This same effect can be produced by moving the liquid or
shanging vhe avount of 1iquid detween the eleetrodes. This
prineiple can be applied to liguidelevel measurenmmnt,

Eleotrieal resistance or conduetivity measurements{®)
of liguid-levels oan be acoouplished dY the use of an A«C
Wheatstone Bridge using a voltage souree of either 60 or
1000 eyeles per sseond, Two eleectrodes placed in the liguid
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form the mnimown lag of the bridge. The deteetor i @
slgetronie instrument whose cutput can be used as the
elgnal for a eontrol system,

The types of elsctrle amm mest often used to
detect changese in oapaelitanee and resistanee are presented
here,

Cupge itanae Detecting Clreuits. The fwnetion of en
electric eireult used with a apseitanes measuring olesent(®)
is to eonvert change in capscitanes into a change in voltage,
surrent, or frequeney snd to indleate or record these
changes, There are two general methods by whieh this
sonversion can be aade, One umales use of two eleetrieally
oseillating elreults coupled together, Pigure 1, page 15,
where the eapacitance of one otelillator i¢ deterwined Yy

the moasuring element) the rysement frequeney of thle elireuit
depends upon the capasitance of thie slement according to
the relationt

R

£ = resonant my, mm”rmt
L = inductanes, benries
¢ = capacitanee, farads,

wheres
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The two eircuits are adjusted to oseillate at ogual
frequeneies with the capacitance weasuring elewent in ite
wodian position. Sinee the two eireuits are industively
coupled together, a change in the fregueney of one will
eauss & change in the plate surrent of the oseillating
electron tube, DBy sareful adjustuent of the two elrenits
the plate current can be made to follow the capasitanee
of the measuring element,

The other wethod uses the veasuring elsuent as a
reactance in a bridge clireuntt, Pigure 2, page 17, If the
eireult is balanced to sero cutput for the statie eondition,
a change 'n the sapacitmmece element will csuse a propor-
tional shange in the ocutput voltage. The output of the
bridge is anplified and recorded by a graphle instrument,
or indlcated by a pointer~type ingtrument,

Resigtance Deteotink Cireuits.(6) The two most popular
mothods for measuring resistance are the null bridge and
A=C bridge elreuit. The null bridge eireuit, Pigure 3,
page 18, 18 the most semsitive mnd has tﬁt greatest asouraey.
This typs of bridge 1s known as a Wheatstone. The operation
of the eireuit em be dedused from Pigure 3, page 183 at
balanee, no current flows detween pointe A and B, the
potential drop seross R,, equals that aoross Ry, and that
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Ry =MEASURING RESISTANCE

E =D-C VOLTAGE SOURCE
G= GALVANOMETER

FIGURE 3. NULL BRIDGE RESISTANCE MEASURING
CIRCUIT
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across Rp equels that soross Ry. If no eurrent flowse
through G, the currents through Ry and R must be equal,
a8 nust be those through Ry end Ry, This eondition om
exist only when

Ry/Rg = Ry/R,

Prou this siiple relationship, if any thres of the resiste
snces are knowm at balanee, then the fourth ean be
caloulated.,

The ﬂtmatinmwt bridge eireuit, Pigure §,
page 20, is preferred over the dirset eurrent hu-n when
it i» necensary to awplify the ocutput. In any A+C dridge
the output inoreases with the departure from dalanceg
unlike Dol Bridge oircuits, direction of wnbalance i# not
elearly indieated by polarity of output current or potential,
However, the phase of the output potential of an A«C dridge
eirouit is changed 1802 by passing through the balanee
point, so that by using phase-smmsitive restifters bdoth
sagnitude and direetion of unbalance may be indicated.
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Tuis section oomtains the purpose and plan of
investigation, materials and apparatus usted, wothod of
prosedure, data, mnd results obtained in this investi.
gation.

the purpose of this investigation is to evsluate a
differential pressure, an olectrical eapacitance, snd an
electrical resistance assasuring slememt to measure the
location of the squecus-organie interfase in a liquid-liguid
extrastor,

The following gemeral plan was followed during thie
investigation.

Literatare Review. A review of the literature was
eonducted in order to determine the operational sharactere

fotics of a pulsed-packed extractor, the physieal properties
of the system, and various methods of measuring 1liguid level
and thelr adaptadility to eomtrol.



Eguipaent. Turee types of liquid-level weasuring wmite
were selected and assembled. These were g differential
pressure, ¢lectrical eapasitance, and an elestrieal
resistance mis,

Data mnd Geagits. The three wnits were tested for
stability and senaisivity md the results cospared. PFrom
the data obtained the =more relisble unit was selested,

—

The following i a list of =aterials used in this
investigation.

Alc. Cowpresmed, 2C pounds per square ineb, gage.
Obtatned from atir supply 1ines in the Chewical Enginsering
Departuent®s Unit Operations Laboratery, Virginia Polyteetntie
Institute, Blacksburg, Virginia. Ussd to operate the
- recordereeontroller and 4ifferential presoure wumis,

Hitris Agid. Reagmt grade, Obsalned from Allted
Chenieal Corp., Rischiiond, Virginia. Used in the agueouns
phase of the sleetrical resistanee systeam,

rd : piphate. Industrisl grade. Odtained
from wzm Solvent %mmum, Cinelnnatl, Ohto. |
Used as the organie phase for the elesiriesl resistance snd
sapacitanece systems,
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¥ater. Single distilled, Obtalned from the distilla-
tion wnit in the fon exshange laboratory of the Chewleal
Enginsering Departamt, Virginis Polytechnie Institute,
Blasksdurg, Virginia. Used as the sgQuecus phase in esech
Systen,

Xviene. Meets ASIN D-9S.46, Cat. Bo. Xel, Lot Ho.
702075, Obtalned from Pisher Solentifie Co., Stlver Spring,
Marylend. Used a8 the orgmnie phase in the differential
pressure systow,

The following is & 1iot of the apparatus used in thie
investigation. |

Alr Menifold. Ommstrueted frow 1/2 ineh standard stesl
pipe with five gate valves snd five pressure gages., Used
to distribute supply ailr to the differential pressure

Begkers. 2000, 3000, end ®l, Obtained from
Plober Seimtifls Co., SMilver Spring, Baryland, Used to
bold orgmie and agQueous phases for sash systenm,



pasitanae suring Unis., Plelden Telstor, Serial
Ho. 33&10. Range 25&566 wieronierofarads, output at full
seals 1,1 uflliamperes or 250 willivolts, Mmmufaetured by
Plolden Instrument Division of Robertshaw Pulten Controls
Co., Philadelphiia, Perneylvania. Used to detect and
fndicate ehanges in eapasitance,
ity Resorder. Resistmace Dynaloe, swltie
reeord m&mt!ﬂw recorder, Model 9160, Serisl No. H24066,
Range 0=100, linear in eonduwetivity (0100 mtere mho with a
eell eonstant of 0,01), Manufectured by the Poxbore Co.,
Foxbore, Massachusetts., Used to record econduwetance
(reciproesl resistance) and s the souree of the 1000 eyvle

eurrent for conduetivity measwrements,
DiLLer a) pare Inptrymen Ranges 0~25 inches
of water, Manufgetured by Foxboro Co., Poxboro, Massaechu-
setts, Used as part of differential pressure wnit.
Differentia) I ;. Range) 0¢2-3.5
inehes of water 4ifferentia) s Model 175D, NMgnufactured by
Moore Produsts, Riehmond, Virginia. Used as part of the
differential pressure mnit.
Heedle Valve. One~guarter ineh. HNmmufaetured dy
Poxboro Co., Poxboro, Massachusetts, VUsed to regulate the
alir supply to the pressure probes.
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Plgstorn Jgok. Right ineh square platform, erose-
mewdered extension jark., Obtained from Pisher Seientifie

Co., Silver Bpring, Maryland. Used as an adjustadle
support for the xylene-wmter systenr used with the Jdifferential
'pruuin mit,

Polyethylens Tubing. Siset 1/4 end 3/8 tneh, LhP-1/4
and 66P+3/8, Manufaetured by Yuperial Brass Co., Cleveland,
Ohie. Used ar alr lines and syphon boses.

Pressure Gsges. 0-30 pounds per squars inch, gage.
Quantityr 7. Manufactured by Taylor Instruments, Used
on alr manifold snd differential pressure instrumente,

Probs. OCapseitance, Coneentrie e¢ylindrical plates,
eight inebes in length. Construeted from teflom eoated 1/@
inoh stainless steel rod snd 1/% ineh galvaniszed steel pipe.
Used ae the measuring element in the capsecitanee wmit.

Probe. Pressure., Qumtityt 2, one ten inehes and the
other 7.5 inehes in lmgth. Oonstructed from 1/4 ineb
stainless stesl tubing and mwounmted two inehes apart in a
stainless stesl plate eight inches in dlameter and 1/4 ineb
thick. Used a® the Dudbling probes for the differential
pressure unit,

Probe. Resistanee., Qumntityt 2, nine inehes in length.
Construeted fromw 1/ ineh stainless stesl tubing snd mounted
1/2 tneh apart in é x 6 x 1/2 ineh plywood board. Used as
the meoasuring element for the resistanee wmis,



180 refontrgller. Serial No. 5%67Th. Manufaetured
by the Brown Instrusents Division of Minneapolis Honeywell,
Philadelphia, Pernsylvanis. Used to record the output of
the capacitance unit.

egrder-Controller. Model 5310, Serial Wo. 255747,
Hanufaotured by the Poxbero Coupany, Foxboro, Massachusetis,
Used to record the ocutput from the differential pressure
mis,

Stopecgek. Class, Obtained from Pisher Selentifie

Go., Silver Spring, Maryland. Used with syphon hoses.




The methods of proeedure used in evaluating the
stabilicy and semsitivity of the 4ifferential pressure,
eleatriecal ecapacitance, and eleetrieal resistence unit
are explained in the following paragraphe.

: resgure Unit., The 4ifferential pressure
mttmuamxaumsnms.num The
beaker, E, was thressfourths filled with 50 per eent
distilled water and 50 per emt xylene, Valves ¥Ysl and
Yeli were opened to supply alr at 20 pounds per square ineh,
gage, to the instrusents. The bdubdble rate was set at six
te eight bubbles per ten seeonds, The position of the
interface was changed in inorements of 1/2-ineh bGetween

the bubble prode ends, starting with both prodes in the
organiec phase to both predbes in the agquecus phase and daek
to both probes in the orgmie phase by raising and lowering
the platforw jaok, P, The ocutput at sach inerememt was
recorded on the reecorder, B, for a series of five tests
oonducted at one day intervals. During the interval between
the dally test, the interfgee was left at & mediasn position
between the probe ends for stadlility teasts and the output
of the wnit recorded defores and after saech dally test,
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flectrical Capacitance Unit. The eleotriesal capacitance
mumm‘nﬁlaummmb,mm. The
beaker, P, was f1lled with 50 per eent distilled water and
50 per esent trien<butyl phosphate. The capacitance
neasuring nstrunment was turned on mmd allowed to wara wp
for one howr. The capacitance megsuring instrusent was then
ealibrated aceording sto the procedure outlined in the
manufacturer's bulletin{7), The position of the interface
was varied in 1/2 ineh inerements by adding one phase and
syphoning off the other, A complete oycle was made for eseh
test} is., the probe depths were waried from complete
submergenee in the organie phase to eowplete submergence in
the aqueous phase snd baok to somplete submergense in the
orgeniec phase. Two tests were condwsted each day for five
days with the capaeitance weasuring wnit bdeing recalibrated
each day between tests. The interface was left at a medim
position for 2 hours for stability tests snd the output
recorded defore and after each day's tests,

Fleetriecnl Resistance Ur The eleetrisal reststance
it wae assemdled as mzum in Pigure 7, page 31, The
beaker, E, was £11led with distilled water and approximately
four milliliters of coneentrated nitrie seld was added to
the water, Half of the resulting dilute seld solution wae
withdrewn and the beaker refilsd with tri-nebutyl phospbate.
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The conduwetivity reecorder, B, was turned on snd allowed to
wara up for one heur. The position of the interface was
varied in 1/2 ineb inerements from 1/2 tneh organte and
five inches of aqueous phase to all organie snd taek to

1/2 tneh organic md five inches of squeous phase, by adding
one phase and syphoning off the other, The interface was
left in a median position for 24 hours for stability tests
and the output of the wnit recorded before md after esach
day's vests,

The data and results odtained from the differential
pressurs, electrieal capacitsnee, and electriecal resistance
units tested are mmm in this seetion.,

obtained from tests to determine the mtﬂﬂw of the
differmtial pressure wnit %o a change in the position of
the interface are presentsd in Tadble II, page 33. The data
for the stadility of the wnit are presented in Tadble ITI,
page 3. Pigure 8, page 35, represents the best ewrve for
the data oomtained in Tadle II, |



Organis Agueous
in, n. Per Oont of Spen®
Test ¥o. 1 2

2. 0,0 i 12.
A 8 g2
3 g
0.5 2.0 g%.e

0.0 2. ’

oss 3 bR

1.0 1.5 k.0  h2.0
%‘g é.g ';f’g 17.5
2.5 0.0 4.0 3

& Spen of a calibrated 315 peig pneumatie recorder.



Date
Organie Aguecus
— T in. .

w% 1.5 1.0
o
MAEAE
MY
VY

1.5 1.0

Sutpat

h1.0
ko.5

-5
%3

15

15

36.5
37.0

o.43
©.32
0.1%
0.06

0,00

0.23, Average
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obtained from tests to determine the ssnsitivity of the
eloetrical capacitance unit ars presented in Table IV, page
37. The data for the stability of the unit are presented
in Tadle V, page 3%, PFigurs 9, page 19, represents the best
gsurve for the dsta emmtained in Teble IV,

Perforngnee of Blectrics

obtained from tests to deterwine the semeltivily of the
elestrical resistance wnit are presented in Table VI, page
42, The data for the stadility of the 'unit are presented
in Table VII, page 41. Pigure 10, page 42, represents the
best eurve for the data eontained in Tudle VI,

serigraanes gL s.Betrisce. HE8 Etan

Ll

The sample ealeulations esployed In emmverting the
data for the differential pressure mnd sleetrical resistance
units’from per eent of span to pounds per square ineh, gage,
and wieromhos, respestively, are presmnted delow,



TABLE IV

Sensitivity of the Zlectricsl Copaecitance Unit
—tzgbe Dopth Qutpnt
Organie Agueocus
in. I, B8
Test Ho. 1 2 3 b s
S5 0.0 1.08 = =
g;.’o. De5 1.% 1.08 ® n
.g *{.g é.gg 3;.‘53 1»@9 P
- ™ - £ 3% - L
1.5 2.0 0. 80 c3§ 0,97 1.09
3.0 2.5 0.70 0. ¢.% 1.02
2.5 1.0 e.? @.If: f*.lg 0,91
alﬁ it ﬂ’ q ﬁ. » (‘Q C};g
1.5 .0 o450 041 a,gz Co
1.0 .5 0,32 0,27 040 0.58
0.5 5.0 0,21 0,18 0.28 0.
0.0 5.5 0.12 # C.17 0.3
it Reeallbrated
0.0 S5 0,10 0,10 0.30 N.11 0.10
0.5 £ 030 022 0.22 0,28 o0, z;
1\&{3’ . as euhe 0032 . 5«&37 ﬁt
1‘5 k’c Q. ' qu ﬁg 0;& Q‘
2.0 1.5 o O, < e, (i
2,0 2 I 0. £.2° 0.0 0.7°
8 a8 o% :i ok i%e o
1.5 L] 1.00 - 1.02
u 1.0 {ﬁ 1 1,08 - 1.1¢
1 1.09 » .
S.5 0.0 1.08 1.07 1.10 S »
f 0 0.5 1.06 1.09 1.09 1.09 1.09
.S 1.0 1.04 1.08 1.08 1.08 1.08
he.0 1.5 0.93 0.99 1.00 0.99 0.98
3.5 2.0 0.83 0.f9 0.RR 0.%9 0. 80
3-0 2.5 GQZZ Gln Qu q 0. O;.
22 S S G
78 s oa  omh oms  odb o3
106 ’405 9032 0.3!; Qo}g 0035 G. g
0.5 5.0 .23 0.23 0,28 0,23 c!in
C.0 5.5 0.13 0.1l # 0.13 3

# « output bevond upper range of indleator.
# - output beyond lower range of indieator.

QLEQ



Drift

L

TABLE V

of the Yleetrieal Capacitance Unit at Constant Interfce

Date Probe Depth Output Drift
Organie Aqueous
Equivalent Inches
in, o, o8 of Interface
2 1.5 2.0 L |
L/1C 2,%
LAl .90
ﬁﬁﬂ% 0.96 r.og
4 /12/62 c.01
LA3/62 1.09 1.25
h/13/62 e.AR
VLY, ¥ C.75 0,62
1,5 2.C 0.00 ¢ 046, Average

"'b‘g"'



MILLIAMPERES

OUTPUT,

0.9r—
08—
0.7 —
06—
05 |—
o4—
o3

o2
o
]

o.l _ VR S

0.0

0.5

1.0 15 2.0 2.5

o] (o] g/g—_——g
®]
o ° g/o o
o
///o
)
o
o///g
e
o

B I W RN SR DU
30 35 40 45 5.0 55

PROBE DEPTH IN ORGANIC PHASE, INcHES

FIGURE 9. CALIBRATION
PROBE

CURVE FOR CAPACITANCE



iai 1!2. Per Cont ﬁf ; .a
Test Yo, 1 2 3 I

Ze0 0a0 1 1 1 1
1 Ca5 10 9 o a
A
3. . -t L
. 2.0 2y 30 3¢ 32
2.5 205 Lo & 3%
E.g 3.0 %l é? &g e
lsf-'; 25 b = 23 o)
IQQ f}mf{} £ ? : bed
0e5 ‘e 2 €9 7 6°
D40 Sel "z 79 A 7h
R b & b L
2.8 3.0 5 £a 2 £s
3.0 2.0 g% 21 35 3
3.5 1.5 26 9 ?z
3 1% O T T
Lim (e 3 e : ; p s
v6 0 1 S ¢ ¥

HOTR: an 0.5 ineh layer of orpanle poase was kept at all tioee.

8 mpan of 0470 nleronhio conduetivity reeorder.
& Conduetivitly recorder beesne erratie.
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TATLZ VIT

Deift of the Klectrical fgsistance Unit ot Constant Interface

Date Probe Depth Cutput Drift
Organie AgQueous

Equivalent Incues

tn. 19, Per Cent of “pag of Interface
wizke 2.5 2.5 13 -
Wit/ E 5 0.20
Eﬁifﬁi 3 -0.10

2.5 2.5 0.00 # 0,175, Average
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Conversion of Diffe-entisl Pressure Unit Data. The
data recorded a® per eent of span for the differentiael
pressure mnit war converted by use of the following formwalas
P=msel2d

wheret
P » output, pounds per square inch, gage
D = output, fraction of spm.

Pmile !2‘@:&33
P w 2,04 petg

Conversion of Electrieal Hest ¢ Unit Data. The
data roeorded as per cent of span for the eleetrieal
rosistance was converied to mleronhos by use of the
following formulas

¢ whD
wheret

¢ = gutput, sieronbios

D = output, per eent of span.

fLanet o

¢ = (W7

lonversion of Stability Datg. The stabllity data for
each unit was eonverted to equivalent Inches of either the
organie or agueous phate by ueing the values obtained fren
the respective ealibration curve of sach wmit.



The following paragraphs diseuss the procedure used,
results obtained, recommendations for future study, and
the limitatione fsmposed on this investigation,

The proeedure used in evaluating the pirmmmm of
each wmit 414 not inelude a study of the effeet of
temperature on the 4rift of the wnits., 7The response time
or the time regQuired for the output of s mit‘ to attain a
steady value after a change in the position of the intere
face wae observed but no data recorded, Only statie teste
were used to evaluate each wnit, where the final epplica-
tion of each unit would be to a systen whose interface 1s
not only echanging but agitated as well, The eomplete
systen wes not used with any unity 1.s., the differential
pressure unit used a system of xylenoewaterg the eleeirieal
capacitance unit used a systen of tri-n«butyl phosphate~
waters the eleotirieal resistance wnit used s systen of
tri-n-butyl phosphate-waterenitrie aecld,
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The results obtalned in this investigation iIndleate
that of the three umites tested the Jifferentigl pressurs
unit was the most stable and had the best reprodueibility
of gain., Although the slceteﬂeax regsistanes unit possessed
the least sere drift, a slight agitation of the interfasd
 eaused the unit to become erratie. |

This investigation evaluated threes specifiec mnite and
not three speeifie methods, The differential pressure wnit
as ‘nuubud was not sensitive enough to give an output
eignal from the resorder<gontroller strong enough to
operate a eontrol valve for the system trien~butyl phosphate
and water,

The response time for the differential pressure and
eleatrionl capacitence wniis was on the order of a few
saeconds vlﬁb the eleetrieal capacitance wnit rupmdixsg
slightly wore rapid than the differential pressure wmit,
The response time for the eleetrieal resistance unit wase
approxinately one minute with the amount of organie phase
inereasing and approxisately five aminutes with the organie
phase decremeing,



differential pressure wnit La® a non-linear ealibration
eurve, The output of the wnit inereased from 4,50 pounds
per square inok, gage, to 6.96 pounds per square ineh, gage,
when both probes were in the organie phase and the longer
probe moved 1/2 ineh into the aquecus phase. The output was
spproxizately linear from the above position to a saximom
value of 7,52 pounds per square ineh, gage. As the
position of the interfsee moved above both probe ends the
ouiput decreased to 7.20 pounds per sguare inech, gage.

The output of the wnlt was cxpeeted to be linear with the
waximun valuwe oeceurring with doth probes extending into

the aquoous phase., A possible explanation for the none
1inearity of the output is that the surface tension at

the interface caused an additional pressure drop to oseur
at the interface., By extrapolation of the linear porsion
and the two end points of the ealibration ecurve the magni-
tude of this surface phenomena expressed in equivalent
output of the unit is approximately two pounds per square
inoch. This means that as the longer bubbler prodbe wae
extended from the organie to the agueous phase two pounds
per square ineb was added to the output and when the shorter
bubbler probe followed iInto the aguwecus phase two pounds
per sguare ineh was subtrgeted from the cutput of the mnit,
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The presence of a maxisun in the ealidbration ecurve will
result in the unit belng wnmetable with the output at or
near the saxioun,

resulte of the tests performed with the electriecal eapaci-
tanee it indleated that this wnit was the least desiradle
of the three wnits tested, It was necessary to recalibrate
the instrument esch day. The output of the unit varied as
nuek a8 0,35 williaspores for the sase position of the
interface, This 18 equivalent to & 1.5 ineb ehange In the
position of the interface.

, of Blsetrieal Resistance Unit. The
results of the tests performed with the elect:ieal resiste

ance wnit indieated a linear response to changes in the
position of the interface of 32.C oleroshos per 0.5 ineb
of ochange. The average deviation of the ocutput at a
constgnt Interface was determined to be equivalent to

2 0,175 inehes.

The recommendations for future study of measuring the
position of the organiec-agueocus interface in a ligquid-liguid
sxtractor using 4ifferential pressurs, electrieal capaoitance
and eleetriecal resistance are dlseussed in the Pollowing
paragraphs.



difference in the lengthe of the bubble prodes in this
investigation was 2.5 inches, This d4ifference was propor=
tional to an output of less than half of the working range
of the unit. It 18 recommended that the difference in probe
lengths be Inereased to five inches in order that the full
working renge of the wnit will be utilised,

Changed the Pleot-ioal Cepasitance Unit. Tue
sleotrioal ecapseltanos unit used in thie investigation
lacked suffiecient stadllity to be applied to a eontrol
gysten, Tt 18 recommended that g erystal oseillator be
wsed with a null bridge cspaclitanes eireuit. The measuring
probe should be divided Into two ogual sections with ese:
ssction forwing a leg of the null Ybridge. The loeation of
the interface would be between the two seetione of the
measuring elemwent.

lectricpl Resistanes Unit., The electriesl resistance
unit used was obeerved to have a response tize several
bundred times longer then the other wnits. It is rvecommended
that the instruwent used with the seasuring element be
changed and the unit re«evaluated on the basie of semeitivity,

LAY B e B M OO 5 B
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stability and responve.
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Puture Study. It is recommended that the above changes
in egseh wnit bde nmade and statie teste performed under
constant temperature eonditions. The final evalvation of
each unit should be based on the statie tests as well ae
teste performed with the wmnits mounted on an operating
1iquid«1iquid extraotor.

The limitatione of the investigation of the evaluation
of a differential pressure, san eleetrical capacitance, and
an eloetrical resistance wnit for weasuring the position of
the organie-agueous interface in a 2iquid-liquid extractor
are presented here, |

A system of xylene-distilled water was used with the
differential pressure wnit.

A systen of tri-n«butyl phosphate-distilled water was
ased with the electr-leal cepacitence unit,

A syston of trienebutyl phosphate-distilled water-nitrie
acid was used with the electriecal resistanee umit,

Bach system wap eontalined in g beaker in order to
perform statie tests,

A series of five tests were performwed on egeh unit
over a period of five days to determine the wnit's senst-
tivity by varying the position of the Interfaee in one~half
ineh intervals.
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The units were left operating at a sonstant interface
between each dally test in order to determine the wnit's
stability, |



The evaluation of the weasurement of the position of
the interfaes In the systemt xylens-wnter with a differe
ential pressurs wnity tri-n-butyl phosphate-water with en
oleetrieal capscitanes unity tri-n<butyl phosphate-watere
nitric asid with an eleotrical resistance wnit led to the
following oconeclusions.

1. The change in output for a one~half ineh change
in the position of the interface for the differential
pressure unit was 0.5 pownds per squars ineh per cne-
half ineh,

2, The output of the &ifferential pressure unit
varied 0.23 inehes of interfacs position at a eonstant
interface,

3. The echange in output for a ome<half ineh change
in the position of the interfase for the eleetrieal

resistance wnit was 0,115 sillisnperes per one<half ineh.

4. The cutput of the eleetrical capacitance unit
varied 4 046 inshes of interface position at a
sonstant interface.



Se m.mwtnowﬁtr"&m tneb shange
in thé pusition of the interface for the sleotrieal
resistance mit was 32,0 wieromhos per ome-bhalf ineh.

6, The cutput of the elsstrisel resistanes unit
varied ¢ 0,175 inehes of interface position at &
eonstant interface.



VI. SBOuRY

The purpose of this investigation was to evaluate &
differential pressure, an electrical capasitance, mnd mn
sloctrical resistance msasuring olement to weasure the
losation of the aguesus-orgmic interface in a liguide
liquid extractor,

Each element was assembled with a weasuring instrument
and recorder into a wnit. The semsitivity of the differs
mtial pressure wunit was deternmined dy suspanding the
woasuring olenent in a system of xylene~distilled water and
varying the interface position In inerements of oneshalf
ineh, Tie stadility of the wnit was determined by
leaving the interfuce at a omnetant position for periods
of 24 hours, The elestrical eapacitanes and resistance
mics used a system of trienesbutyl phosphate-distilled
water end tri-ne<butyl phosphate-distilled water-nitrie acld,
respoctively, and were tested for seneitivity snd stadility
in the sawe manner deseribed for the differential pressure
wmit,

Frou the experimental results it was deteruined that
the smeitivity of the differemtial pressure, electrioanl
capscitance, and eleetrical resistance unit was 0.54 pounds
per square ineh per cne~half ineh change in interface
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position, 0,115 milliemperss per one-half ineoh change

in tnterface position, and 32,0 afercuhos per one-half
ineb change In interface position, respectively., The
drift of the differential pressure, eleetrieal capaecitance
and electrieal resistance unit at a eonstant interface
was 0,23 inehes, #+ 0,46 inehes, and & 0,175 inches,
respectively, | |
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