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Mést mpdefﬁ-day techniques had theif beginnings in the previoﬁs cenfury.
Coulometry is:ho exception. ’The'di560veryvdf the special relation which exists
among suéh diséimilar quantities as eQuivalent weights, electrical current,
and time, which forms the basis of coulometry, seems asvincongruous and

_unlikelyvas'the meeting'of the men resﬁonsible for it.

Sir’Humphervaéﬁy; an Engiish géhtlgﬁan-séieﬁtist, discoverer of
elements, and member éf the'Royal‘Academy, had need for a laboratory assistant--
someone to help set up éxpéfiments, tend and opgrate the retort, and do ofher
menial chores. The young man yho eagerly appligd for this position was an
apprénticed Book-binder who had dévelopéa an intense interest in science by
reading the books he bound. His name was Michael Faradéy._

Given the proper environment, Faraday's interest grew ﬁnd matured to
finally encdmpaSS‘the whole of science or "natural philosophy"’as he called it.
He had but Qné»flaw in his education, however. He was no mathematician. Others
whb'could forﬁulate his prose into consiée mathematicai statements were the
ones given credit for his scientific insights. Maxwélls‘s celebrated light

egquations are;.for.example, a mathematical formulation of one of Faraday's ideas.

— , . . )
. Work performed under the auspices of the U. S. Atomic Energy Commission.
. L . " . .
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A meticuloﬁs éxperimenter,bFéréday is foday remembéred primarily for
the work he could bring to cémpietion in hié laboratory. . Cne such effort lead
to_the.formualtion of the law of electroiysis and the esfimation of a'constant;
both of which bear his name.

| Faraday's Law states that the tqtal quanti£y of-chemical chénge
produéed at the electrodes of a cell isvdireétly related #o the quantity of
electricity in coulombs passed; | . |

The quantity of electricity required to produce one gram—equivélent
weight of electrochemical change is 96,487 coulombs and is equal to one
Faradéy (F). His measurement of this constant in 1833 was within‘a few percent
of the presently accepted value. | |

In the intervening 140 years, the law has been verified by the electro-
reduction and ;oxidation of.métals, organic compounds, and gases in aqueous
and non-agueous sdlutiohs and in molten-salt béths, as well as iﬁ solid-
electrolytes.

Ninteehth century genius tha£ he was, Faradaj ¢§uld not have foreseen
the myriad developments and aﬁplications that would spring from his electfo—
chemical observations.

In‘the space effort, fuel-cells and batteries déveloped for man's
voyage to the moon were designed based upén Faraday's Law. |

Coulometric efficiency studies are made in the laboratory priér to
building industrial facilities that produce aluminum by electrolysis, electrorefine
copper, and produce caustic and chlorine by use of & mercury.cell.

| In the medical field, coulometry is being'used to elucidate the

chemistry of blood clotting. The recent discovery that the passage of a small
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current across the broken en@s 5f bones speeds healingvis being_studied
employing cou;ometry.

The'applications of coulbmetry in analytical‘chemistry are many and
varied. Each year, ever greafer amounts of plutonium and fissile uranium are
-being_produced in the burgeoning ﬁucleef'reactor'induétry. So‘much, in fact,
thaflthese elements are‘nOQ items of commefce. This reéuires close agreement
between buyer and Seller; Coulometric methods afe the analYtical techniques
of choiee. Uranium and plutonium methods are being automated to accomodate
the large number of samples the International Safeguards»and Controls Commission
must ahalyze to invenfory these fissile materials‘and.thus preveht diversion.

The iist of‘ceﬁlometrie applicatione is growing daily.A

Coulometry, discussed here, and polarography, presented in the
January issue of IR, both are electroanalytical techniques involving electrolysis;
they differ by the degree of‘electroiysis permitted and in the manner in which
data are processed and presénted;' | |

Polarography therefore miéht be viewed'as a coulometric process. The
amount of.material,eiectrolyZed during the analysis, however, is a very small
percentége of the total sample. For this reason, poiarography is termed a
"relative" fechﬁique. Calibration standerdsvprepered on a weiéht Basis are
required_to quantify the sample concentratien through the comparison of diffusion-
current heights.

In contrast, coulometry involves the measurement of coulombs: the

product of two absolutely defined éuantifies—-the ampere and the second.

Ceﬁlometric analysis, unlike polarography; requires the exhaustive electrolysis
of the sample solution. The sample weight then is determined directly through
the eurrent—time integral using Faraday's Law. Reference to weighed standards,

therefore, is not required.
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For this reason, coulometry is termed an "absolute" method. In this,
it stands apart in utility and applicability, unique amdngféll other wet
“analytical techniques. . |

Instrumentalists recognize two ways of pérforming.coulometric analysis——
by the passage of a constant current through the cell or by’the application
| of a controlled potential to fhe céll. Only ﬁhe latter‘ié’directly selective
_of the eléctroéhemiéal'réactions that take pléce in the cell. This_will become
apparent in the folléwing éxposition.' |

Coulometry is an enigma.. Although'it forms the basis of the field of
electrochemistry ahd predates Heyrdvskyis inveﬁtionvof polafography by 89
years, its first application for chemical analysis came only a scant 35 years
‘ago through the efforts of Szelbelledy and Somorgi (1).

Their development, constant-current éoulometry, is simple in principle
aﬁd in instfuméntal requirements. It is an exteﬁsion of classical volumetric
techniques in whiCh‘a chemical titrant; generated on the passage of a constant
current through the cell,‘reacfs with the sample in the bulk of the solufion.
An electrical switch serves as the buret stobcock. The bulk of the work in
this field was done in a flurry of activity in the 1950'5 and early 1960's. Aé
a result éf these efforts, constént current methéds exisﬁ for.the genefation of
virtually every imasginable titrant.

| To perfofm constant-current coulometry, several réquirements musf be
satisfied. We will first consider instrumentation, electrodes, and cells; then
examiné the underlying principles of thé @ethpd.

The instrumentation required conéists of a galvanostat to force a
constant éurrent through the cell-and a élock/scaler to measure the electro-

generation time.
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A éelvaﬁostat mayvsimply be ‘a high gain, high current operational
amplifier with‘the'two-electrode coulometry cell placed in its feedback loop.
Constant curfent flowihg through the aﬁplifier's input fesister;-from a precision
constant cufrent source, causes a eurrent'of eéual magnitude but of opposite
. polerity to flow'through'the cell to the summing point of the amplifier. The
ebility of the device to maintain a constant current through the cell's
resistanee isvlimitea ehly'b& the aﬁplifier's voitage compliance range.

" The timer/scaler'eﬁplbyed can be‘e simple, inexpensive device using as
its fime—base the 6Q Hz line'ffequency to drive a cloek or an electromechaﬁical
aceﬁmuiating scaler; 'Aifefnatively, it can be a complex all-electronic device
consisting Of’a'thermostated erystal oeCillator and an electronic accumulating
scale?ecapable,of measuring a l-sec interval within better than one part in
a millien’(éj.

The combined precisiqn of some galvanostat-timer/scalers approaches
the 0.001% level.

.The two-electrode celi COesiets'of'e container to hold the solution
titrated, a working electrode at which the titrant is generated, and an isolated
auxilary electrode. A gas dispersion tube is included if iﬁ is necessary to
sparge oxygen from the cell. |

Electrode materialsiused for titranf generation at positive potentials
are generally gold er platinum. These'are selected for their inertness to
aqodization and for their low'background-curfent charecterietice; ‘The high
hydrogen evefvoltage characteristics of mefcury makes it unique for titrant
generation at negative potentials. All three materials are termed "passive"

because they serve simply as a substrate for electron transfer.



6. - | LBL-1694

Electrodes of silver métal, Silver-Silver halide, and mercury amalgams
are termed "active". Silverrion is electroéenerated byianodizétion of silver
metal. The halides, C1~, Br , and I , can be liberated by constant current
reduction of the appropfiate silver-silver halide electrode. Titrations for
chelates with metal ions areleffécﬁéd by ahodization of the appropriate
mercury amalgam.

Thé‘surface area of the working electrodes is generally between 1- and
lO—cm2 and depends direcfly upon the magnitude of the generating current
employed. |

The auxilary electrode, which is not involved in the generation of the
titrant, can be made of'virtually any chemically inert conductor. Graphite,
tantalum, niobium, as well as platinum of gold are cémmohly used.

The brimary consideration in constant current methodology is that the
electrogeneration effiéiency'for ﬁroductidn of the titrant be 100%. Total
efficiéncy, as we shali see, is nevér achieved, But_if can be approached very
closely as a limit.

Generation effiéiency near 100% is assured by maintaining a high
concentration of the substance called the "titfant precursor', from which the
titrant is generated, by employing efficient stirring, and by not exceeding
the limiting currept density of the chemical system.

To see how these factors are interrelated, let's examine the effect
increasing current has on cell potential as measured against a reference
electrode in a well stirred potassium iodide solution contained in a coulometry
cell. This salt serves as a precursor for the generatipn-of iodine, an

important .titrant in classical titrimetry.
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| The scan is divided into three potentiai regions of interest. In the
prewave region, a small change in applied current results in a large.change in
cell potential. In the half—wa%e'region.of the iodide wave, however, the cell
~potential changes very little forvaviarge ihcrease in current. The iodine serves
‘as a sfrong‘potential buffer iﬁ this region. It functions, therefore, as a
cﬁemical means of.controlling cell potential. In the current limiting region
of the wave, the potentiai agaip changes greatlyifdr small further increases
in appiied current. The wave height is difectly relatéd to the precursor
concentration. The final current rise results from‘the electrolyéis of water
to generafe oxygen.

Replacement of'thé electroactive potassium iodide witﬁ electroinactive
sodium sulfate pefmits the evaluation of the background éﬁrrent at various
potential values and'thus the curfént efficiency of the iodine titration system
at any given current level.

Forlexample, at a total current level of 100 mA, if the background
current is 10 upA, the géneration_efficiency is 99.99%. 1If the sample titrated
also undgrgoes'a direct reacfion at the electrode, the overall efficiency is
> 99.99%. | |

Obviousiy, as thé appliéd current level approaches the background level,
the generation‘efficiency approaches 0%.

ff a constant current greater than the limiting cuireﬁt of the iodide
”waﬁe is employed, oxygen in addition to iodine is produced. The generation
- éfficiency for iddige is reduced bj the amount of the oxygen produced, as well
as by the backgroﬁnd current.lével at that potential.

_Since the current which does not produce the titrant éppears as a

‘titration "blank", it is clearly advantageous to select a current level such
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that the blank can be ignored. The highest current.eﬁployed is generally 90%
of the limiting current of the precursor wavé. This selection makes allowance
for any momentary‘fluctuations in the stirring efficiency.

Efficient stirring assures effective transport of the titrant precursor -
to the electrode. The ultimate height of the iodide wave at any given
concentration is détermined by the stirring efficiency. Employing conventional
means of stirring (e.g., magnetic stirring) the limiting current density is
near 0.5 mA/cm?/meq.

In the foregoing, scant mention was_made of the sample species. Since
the molar ratio of percursor to sample is generally made large (2510:1) by design,
the sample substance carries very littie of the total current. If, howevér,
the precursor were absent, the sample might initially carry essentially all the
current depending upon the level of the constant current. But in time, since
the sample is reacting at the ﬁorking electrodé, its current would fall below
the imposed constant cﬁrrent level. The cell'ﬁoteﬁtial; now unbuffered by the
sample, would rapidly drift to the limiting poténtial of the sélvent system.

The current efficiency would then fall substentially below 100%. Consequéntly,
thé titration would be ruined. TFor this reason, the primary titration of the
sample with éonstant curreﬁt is not attempted.

So far we have directed all our attention to the anode reaction and
patently ignored the'céthqde reaction. In our example, iodine liberated at the
anode is reduced to iodide at the cathode. If a sample were present it too
could be caught in an endless redox cycle. A ferrocyanide sample, férvexample, .
would be oxidizea at the anode only to be reduced at the cathode. It would be

quite impossible to determine a titration end point in such a system.
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‘The eleqtrode nof invoived in the electrogeneration of titrant, therefore,
must be isolated fb prevent secondafy elecﬁrolysis. This is easily accomplished
by placing the two electrodes .in physicallyvseparate compartments électrically
connected through a loﬁ leakage salﬁ—bridge. Suéhvbridges have been made from
fritted glasé, porous ceramic or glass, and ion exchange membranes. A bridge
developéd at Léwrence Berkeley Laboratéry (iBL) is a fritted glass tube
containing~abfumed—silica gel'of.the precursor of supporting'and'is quite
satisfactory for this purpose (3);

Virtualiy.any technique used for end point detection in classical
‘titrimetry‘can be used for constant-current coulometric titrations. These
include chemical indicators, spectrophotometry, potentiometry; and amperometry.

Coulométric titratioﬁs find their greatest use in the samplé range
from a few micrograms to a few milligrams. Nanogram qﬁantitiés can be titrated
if special care is.taken to'mihiafurizelthe cell and if highly sensitive endpoint
detection équipment is available.

' When one considérs the scope and ranée of samples covered by the
'consfant—current mefhodology gnd the simplicity of the instrumehtation required,
it is amazing that classical titrimetryvis still more widely used than'codlometry.

The precision attainable.with constant-current coulometry is quite.often

comparable with the time-consuming, classical, weight-volumetric techniques.
An accuracy approaching 0.01% is easily reached under ordinary laboratory
conditions. A precision approaching 0.001% is attained by the Nationai.Bureau
of Standards in:ifs analysis of some reference materials.

For general analytical work, the time required per titrétion does not

exceed 3-5 min. The technique is highly amenable to automation (L4). Several
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sample.aliquots can be titratéd in the same precursor solution before it becomes
too dilute to‘function.properly.

Almost any titrant used in inorganic analysié can be generatedvfrom :
‘the appropriate titrant preéuréor;-at.thé-flick of é switch. These include such

+ + - +
common titrants as Fe2 R 12, ferri- and ferrocyanide, Ceh , OH and H .

et 7i3*, v°*, and Br., which

v + +
Uncommon titrents such as Cr2 , Ag  , Cu, Cl

2? 2 ‘
would be difficult or impdsSible to prepare and store in formal solution because
of their high redox strength or instability, afe also facilely generated.
Cheiometric titrations afe.also possible through the eiectroreduction of the
Hg~EDTA complex. o T

Although_éonstant-curfent titrations are elegantly simple, they have the
same fault as classical titrations. Neither are highly specifiq. All too
often this necessitates a laborious chemical separation of the desired sample
constituent pribr to the analysis.

If only it werelpoésible to dwell at a factitious potential and thus
not be forced to rely on the buffer potential of the titrant precursor, much
greater.selectivity would result. - The sample éould then be oxidized or reduced
directly -at the electrbde. Nb chemical'intermediate—;the titrant--would be
nécessary. And there would be no need for an end point detection system.

Just as tﬁe granting of Alice in Wonderland;s wishes sometimes
compounded her problgms, so it was with controlled-potential coulometry as we
shall soon see. |

The daﬁn ofvcontrolled—ﬁotential'coulometry came with the invention of
tﬁevpotentiostat by Hickling in 19L42. By l§h5, Jaﬁeé J. Lingane, a pioneer in

the field, had demonstrated the great analytical utility of the technique. He
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f;und that upon impbsing.a potential on the_iimiting current plateau of the
sample species, the cell currént'décayed_e#poﬁentially with time to an essentially
conétanﬁ 5ackground cﬁrrent level (5). A plot of the logarithm of the cell
current vs. time yielded‘a straight line,‘thus proving fhat the curreﬁt—time
relationship wasba simplevfirst-order exponential function.

'The‘slope of the log i~t plot, k, was called the electrolysis rate
constant end was characteristic of the electroactive medium and the cell employed.
Thus he found thét k was directly rélated to thevétirring effiéiency,vworking
electrode surface area, and the diffusion coefficient of the sample, but inversely
related to the volume of the solﬁfion electrolyzed.

Since the magnitﬁdé ofv§ affects tﬁé time required'tb make an anélysis,
it has become & figure of merit in cell design.

By now the readér is.probably poﬁdering: if the i-t relation is
eprnential, ;omplete electrolysis is really achieved only at infinity. How does
one make practical use of this fact in chemical analysis?

It is génerally agreed that an electrolysis is complete and can be
terminated Qhen'the_éell current has decayed to < 0.1% of its initial value.

Thé sample species is‘99.9% electrolyzed at this final current value. This basis for
termiﬁatioﬁ is used primarily in the analysis of large samples. |

For small samples, knowihg the value of Xk, the‘time required to electrolyze
the sample to 99.9% completion is calculated and the electrolysis is terminated
at this point. - ‘

"A blank electrolysis on the supporting_electrolyte for the samé period
'required to do the actual titration permits the correctioh of the'sample current

~ for the continuous background current.
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Obviously since the quantitj of eleétricitf in chtrolled—potential‘
coulometry is not a 1inear functidn'in time as in cénstant-current coulometry,
a more sophisticated means of inﬁegrafing the quantity of‘coulombs consumed in
the electrolysis was required.

Various electrochemical and electromechanical integrators were offered,
but met wifh dnlj mddérate success. These intégration techniques invariably
failed at idw.sample concentration levéls.'. | |

The practiéal develoﬁment of the field‘awaited Glenn Booman's introduction
of a potentiostat and current intégfatér,based on operatidnal amplifiers in
1957 (6). Acéurate integration made possible the éontrolled-potenfial
determination of semi-micro quantifies.of material. This development also
permitted miniatufiZation of ﬁhe cell. The analysis time per sample was reduced
from one fo fwo hdufs to about 30 min bécause efficient stirring was easier to
effect in a small cell.

The much greatér accuracy attainable with Booman's integrator gave'
question to the origin of positi&e errors apbroaching_l%'and more under various
conditions of sémple concentration level and control'potential.

Precise and accurate results were obtained for single element samples
having a redox potential near 0.0 V vs. SCE, however, the resulfs were
vgenerally ﬂigh fdr elements oxidized or reduced near the anodic or cathodic
limiting reaction of the solvent. Similar discordant results were obtained
for two element samplés having relatively close redox potentials, if the second
element determined werevirreversible. The result for the first element
electrolyzed was generally high. The result for the second element was usually

low. The magnitude of the error was a function of the sample concentration.

-
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A partial explanation for the pfoblem was given by Booman after mapping
the potential gradienté across his cell. In some regions the potential was
less than-the nominal control potential. This was expected. In other regions
of the cell, the control potential was eﬁceeded! This was surprising and
disturbing.

Thebfirst'truly definitive study of p@tential gradients in controlled~
potential eléctrolysié cells was made in 1966 by Jackson Harrar with the
assistance of Irving Shain at the Lawrence Livermore Laboratory (LLL) (7).
Employing cells with compartmented electrédes and exaggerated geometry, they
clearly demoﬁstrated that the positive.potential'gradient'existed, and further,
that the magnitude of the gradient was a function of the current density and the
spgtial relatién of the referénce electrode with respect to the working éndv
auxiliary electrodes. A general concluéion of these workers(was that the
reference electrode should be placed close to the working electrode on the line
‘of mihimum distance between it and the auxiliary electrode. This is £he basis
upon which all ﬁrésent-day_coulometry ceils‘are designed. Satisfying this
criterion for dc potential control also results in maximum stability in the
potential-cell control system (8);'

Althoughvviable coulometric cells and instrumentation had been developed,
the 20 to 30 miﬁ required to sparge the cell and do. an electrolysis often seemed
to be an inordinately long time. A method requiring such a time expenditure was
not likely to gain wide acceptance.

After some initial'éxperiméntation with conventional pool-type cells
developed by Lingane in the 1940's, the workers at LBL decided that a new

concept in cell design was needed to increase the rate constant, k.



an . ~ LBL-169k

Mark Tﬁain once said that ahyone.cén be succéssfui--all that's required
is confidence and ignorance. We were marked for suCCesé, fér in our confidence,
had Qe been COgﬂizantvof all the electrical and mechanical difficulties awaiting
us in thevdevelopmenﬁ'of the rotated cells, we might not:ha§e made fhe effort.

o The fifSt rotated cell that was developed employed mercufy as the
working electrbde;(9). The sample and mercury were aliquoted into a plastic
cylinder closeduat the bottbm_and partially opened at the top. The cylinder,
mbunted on tﬁeveﬁd of a motor shaft; was rétafed at 1800 rpﬁ. The mercury,
owing to its greater density, was held againét the wall of the cylinder. The
less-dense sample solutioh was'held in a thin~film on top of the mercury . The
solution was contacted and stirred ?ith é stationary, coaxial probe that
contained thé auxiliar& and refefénce electfodes;

The most.oﬁtstanding feétUre 6f this cel; was its rapid sparging
behavior. The cell sélution could be sparged ofvoxygen iﬁ as little as 20 sec.
This,Capabiiity alone permitted the reduction of the analysis time to between 7
-~ 10 and’lS min.v The eiectrolysis rate. constant for this new cell was equal to
any previdusly réported. Receﬁt improvéments ét LBL have reduced the analysis
time by a factor of 3.-

The rotated.platinum cell developed next was analogous to the mercury
céll, but the cylinder was now constructed of platinum'énd iined with platinum
gauze to increase the eléctrode surface area (10). In‘éddition to rapid sparging
.behavior, the ceil'exhibited the highest electrolysis rate constants of any
cell previously devised. With this cell it was possible to make an anélysis
within 3 to 5 min total analysis time. |

These célls, ip conjunction with the modularized, digital, electroanalytical

systém devéloped at ‘LBL (2), enabled the routine analysis of sample constituents
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at the < l-mg level -with a precision approaching 0.01%. This degree of
precision was realized through the development of a new technique termed

"digital nbrmélizétioﬂ" to evaluate the backgrouﬁd curfent.

While viewing‘an'electronic.iogfithmetic'diSPlay.of the digitally recorded
data, a constent number of counts érevsubtracted from eacﬁ data channel until
all the data points in the decay curve fall on a st;aight line. The.summation
of the counts subfraéted ié equal to the backgrouﬁd current contribution. The
&bilit& to treat.each titration on an individual basis in this manner greatly
incredses the pfecision of the results. |

This_teéhnique.also solves the long-standing problem of analyzing certain
nuclear materials‘by coulometry. Alpha—emittefs producé eléctrbactive
radiolosis products such as hydrogen peroxide, chlorine, and other species at a
constant rate ih the sample solution. The magnitude of the background current,
therefore, ;s & function of the concentration of the radioaétive material.
Evaluation of this background was no easy task. The béckground current measured
for the supporting electrolyte alone was obviously different from that obtained
in the presence of the activity.. Digital normalization permits the determination
of the total béckground oﬁ a routine basis -- again with high precision.

A.¥ecently develdpedvcomputer program which fits the electrolysis
current as the sum of two exponentiai equations yields results precise to
within & few percent at < i}-ug level.

Controlled—potential methods exist forva great mény inorganic and
orgenic cbmpounds.. The number is not as great as it might be because of the
enormbﬁs amounﬁ of_time requiréd-to develop methods. prefully, the development
- of the highly-éfficient rotated cells will,spark“the wider interest the field

deserves.
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_Perhaps thé last under-developed eiectroanalytiCai fechniQué_in'the
field ié voitage scanning couiométryvpidneered.by F. A. Scbtt;.R. M. Peekema,
énd R. E. Connaliy.(ll), and by R. C. Propst (12). COntrélled-potenfial .
coulometry was a.giant stéﬁ'forward in terms of,selectivit& over constant-current e
methods, but.alformalvpotential separaﬁion of more than 100 mV is required
between electroactive sample conétituents. Gfeater'resolution than this is
often reqﬂired ahd:would be éffordéd by the invenfion of a practical scahning.
: coulometer. . | |
' Such an instrument would increment pofential by5sensing current demand.
- In potential regions in which ‘there is ﬁo sample curfent; the instrument would
scan rapidly. In potentiai‘fangéé in which the sémple cduld be reduced, the
instrument would incréﬁent the cdntrol potential only:affer fhe samplg in that
increment was_exhaustively électrolyzed.

If the-digital data produced on each potential step were stored in
adjacent membrybchannéls;'a'series of pesks for.each sample constituent would
.be recorded. Thevintégral of each pesk corresponds to the total amount of
material in that peak. Overlapping Samplé peeks are easiiy deconvoluted.with a
digital computer. Some preliminary data'at IBL indicate sensitivity to about
the 10 ppb level using tﬁis technique.

The scanning cowlometer would éombine fhe'adVantages of resolution
obtained with pplarography with the absolute naturé Qf the coulqﬁetric method.

The basis upon which a practical scanning coulometer céuld be built
would involve sensing ﬁhe negative potential gradient which eiists on current
demand in the.rotated cell 180° from the coaxial reference-salt bridge probe.

The time reéuired to make a coulometric scan Qbuid not exceed 10 to 15

min if rotated cells having very high electrolysis rate constants are used.
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Ihdustry éﬂould‘Seriousl& conéider the rotated cell concepﬁf Electro;
synthesis is seldom éttempted on a commerciai scgle unless the product is of -
high valué. Conventionai coulémetry cells do nbﬁ readily lend themselves to
continuous procéSsing. Optimizing the cell geometfy by placing the auxiliafy
énd working electrodes closé togetﬂér compromises the mixing efficiency at the
working'electrode/sdlutidn iﬁterface. The electrolysis rate constant then suffers.
On the other hand, wide spacing of electfodes ﬁo penniﬁ adequate mixing exacts
a\geometrical i?R efficiency loss. Thié»is of particuiar concern in highly
resistive solutions used in organic electrosynthesis.

Iﬁ contrast, thé rotaﬁed céll conCept.lendé itself to continuous
proceséing with avvery.small electrical efficiency loss. Consider. An
industrial rotated cellzwoﬁld consist bf a concentric arrangemént of cells or
comparfments. " Each cell would be controlledbe its potentiostat which would
supply power to the cell{through ﬁhe attaéhed, stationary coaxial probe. The .
feedstock would COntinudusly pass into the fifét cell, overflow into the-next
and so.on untilvit is collected as the finished product in an concave toroid
at the upper edge of the last cell. The ;?R loss in such an arrangement
wquld be mihimal siﬁce ﬁhe working electrode and éuxiiiary eiectrode distances
need not'be.greater-than a few millimeters, and since the rotating wall of
feedstock is very efficiently stirred on.éontacting the stationary cosaxisl
probe,.the.electrolysis rate constant would be quite févofable. |

| One need only solve a series of partial differential equations relating_
the flow rate, ceil volumes, number of COmpartments and the eiectrolysis rate

constant to detérmine the optimum operating conditions.
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XBB 711-145

Normalization of a controlled-potential electrolysis of uranium.

+
A. Raw data 569.8 ug U6 found
B. Normalized data: 561.6 ug UOF found.

Uranium present: 561.8 ug.
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This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
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any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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