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PHOTOMETRIC STUDTES. OF REDOX REACTIONS. IN
'St ELECTROCHEMICAL TMPLICATIONS*

- J. P. Young f’,"“"‘
Oak Ridge National Laboratory ?ﬁ*%" Eg ;
Oak Ridge, Tennessee

I will first show a few slides to introduce you to the experimental
techniques developed for handling corrosiye molten fluoride salts for
spectrophotometric study.

FIRST SLIDE

This is a cut-away drawing of the original h\igh-temperature cell
assembly. Of importance is simply to note that the sample, confined in a
windowless container, is placed in the center of the heated portion of the
furnace and light from a Cary recording spectrophotometer, model lh,_pa.sses
through the furnace by means of the light beam ports.

NEXT SLIDE

This is 'a photograph of the presently used furnace. It is an all
nickel apparatus, so that the sample containingM;anpartment is relatively
free from possible hydrolytic contaminants. A sample is placed in the
compartmented 1id in a dry box and then can be transferred to the cell assembly
for subsequent melting without exposure to the atmosphere. By means of vacuum
and helium gas the atmosphere inside the cell assembly is exchanged with helium
and the sample lowered into the heater portion of the asssembly, prior to melting,

by means of the quartz rod shown.

*Research sponsored by the U. 8. Atomlc Energy Comsission under contract
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NEXT SLIDE
We have developed several types of windowless sa;nple holders, this
18 one of them (called a captive liquid cell). Liquid is maintained in
R the plane of the smaller holes in the cell and light pa:ses through the
. lower, larger, holes for spectral study. The cell is attached to a holder
vhich is cemented to & quartz rod. As explained in the last slide, the
sample holder then can be manipulated from outside the cell assembly. In

all experiments reported today the sample container was made from Cu

except where noted.

If anyone desires more information as to the apparatus and techniques,
please contact me after the meeting and I will be glad to discuss the
various aspects with you. Since the\*dajg ‘acquired from these techniques
3 will be of interest to more people, however, I will proceed to a discussion
of results.

HEXT SLIDE

Shown here are the solvents which we have used in our various spectro-

photometric studies along with the composition of the mixtures vhere appli-
cable and also the melting points. Although not listed on the slide, we have
snbly performed some studies in cther solvents such as Li.KCl, pure LiCl and other
—— ; materials which are 1iquid at temperatures above 100°C. My remarks today

will be limited essentially to a discussion of results which were cbtained

by the use of the first three solvents. The alkalil fluoride eutectic is a
useful solvent for fundamental research. The next solvent listed will be the
coolant salt for the soon to be completed Molten Salt Reactor Experiment

which will be operated at Oak Ridge Hational Laboratory. The third sslt listed
is the fuel solvent for the same reactor. In the reactor this eclvent will







!
‘e

ding

" identified as the result of the reaction of Zr metal, ‘the melt remained
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colorless. From this, it is inferred that Zr is oxidized directly to Zr(IV).
This conclusion is in line with the electrochemical findings of D. L. Manning
for the polarographic study of Zr in fluoride melts.
NEXT SLIDE

Considering the spectrophotometric observation of the reaction of U and
UF3 with LiF-NaF-!CF these reactions can be written. If has ‘n;t I;e;n 1;5sit.>le
to determine, spectrophotometrica.lly, vhich of the reactions IIa or IIb occur;
possibli both occur. The overall effect of these reactions, however, is that
lower valent uranium will be oxidized to U(IV) in this solvent under the
experimental conditions of this study. A reaction of small amounts of HF in
the sample with U° should also have been shown.
NEXT SLIDE

Since it is known that alkali metals are generated by the reaction of
active metals with LiF-NaF-KF and since alka.‘l.i metals are believed to form
colored solutions with their respective molten halides, 1t was of interest to
prepare these solutions and obtain their spectra. Since spectrovchotometric
studies of molten fluoride salts are don; 1n windowless containers, Na or K
cannot be edded directly to the solution as they would immediately distill
out of the melt. It was found that a solution believed to be K and/or Ka in
LiF-!aF-KE’ could be prepared, however, by the reaction of an excess smount of
Mg or Y vith the eutectic. The resultant blue solution exhibits one broad
ehsorption peak as shown here, with a maximum at 615 mu. The resonance
ubfmtimmctmofmnkﬂimnsmlminthewphnsmmm
the solution. Since L4 ie not @ volatile as the other alkali metals, solu-
tions of 11 in the eutectic could be made by direct sdditons of this metal
to the melt. However, as indicated by free energy consideretions, 14 is
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ﬁrogress:lng, but this will give you an idea of the reactions that can oqcur.
Uranium has been observed to reduce U(IV) to U(IIT); beryllium metal has been
observed to reduce U(IV) to U(ITI) and in other experiments in which the sur-
face of a piece of beryllium metal, in contact with melts which contein 1" and
Zr, has been analyzed by x-ray diffraction zirconium metal and uranium metal
(as an alloy with Zr) has been found. In experiments designed to produce
Zr(III) in such melts 'ny the reaction Zr° with Zx(IV), no colored dissolved.
species has been observed. From this evidence it is conciuded that zz° will
not react with the solvent and also that a rather cbvious way to prepare
solutions of Zr(III) is of no value.

The blotted out portion of this slide porported to show that U° does not
react with solvent. This has not been verified in practice. Since the thermo-
dynamic values for the various products and reactants involved are still open
to question, a case could be made for the reaction of urenium with either Zr
or Be ions to form U(ITI). It is also quite possible that w° is simply
reacting with impurity metal ions in solution, Fe, Ni, Cr, to form U(III).
Experimentally it has been st ~— that U(III) grows into such melts slowly.
Work is presently under way to determine the reaction mechanism. I have talked
for some time without mentioning the normal spectrophotometric terms such as
wavelength, molar absorptivity, ete. I assume that the audience is not here
to hear gbout spectra per se. In this case I should mention, tho, that the
U(III) spectrum in the near UV portion is extremely sensitive because of a
high molar ebsorptivity (ca. 500). Putting it another way, one could easily
see U(III) concentrations down to some 200 ppm and less. Thus on a molar basis
or‘mle fraction basis in these wmelts a small maount of U(III) can be resdily
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ves carried out with considerable cooperation of G. P. Smith of the Metals

and Ceramics Division of Oak Ridge National Laboratory. The spectrum has

] been interpreted to have probesble octahedral symmetry in the alkali fluoride
: melt. Ni(II) has been studied in many melts, but I believe this is the
first cese observed for this ion to have peaks of proper position and
ion intensity for simple octahedral symmetry. :
LAST SLIDE
The interpretation of this spectrum of FeF- in the same alkali fluoride
o e et et e s e i S SNt
?E.]f-_}-& much less precise. The most logical case to be made for this spectrum
is that Fe(II) exists mainly in 0, symmetry (causing large pesk at 10,000 wave
‘ numbers) with & small fraction of the ioms in '1"1 symmetry (causing peak at Ca.
. !
' i 5400 wave numbers). More work of this kind will be carried cut as time permits.
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UNCLASSIFIED
ORNL-DWG. 63~ 4526

FORMATION OF ALKAL! METALS BY REDUCTION OF
ALKALI HALIDES

MF + +- R® — - RF, + M°
Temperature 1000°K

Solvent RO Resopance Absorption| AF Reaction/ Equivalent Reduced
Lines Observed K Na Li
LiF-NaF-KF Fe None 44 47 56
Cr None 38 41 50
U | K, Na 16 19 28
(UF3) K, Na 20 23 32
Zr K, Na 17 20 29
Mg K, Na -3 0 9
Y K, Na -2 1 10
Li K, Na -42 -9 —_
LiCi-KCl u None 30 25 26
Mg None 25 20 21
Ca K ( Na impurity ) 5 0] i
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ORNL-DWG. 64-4219
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Spectrum of FeF, in Molten LiF-NoF-KF ot 525°C.
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ORNL-DWG 63-99
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Spectrum of NiFp in LiF~NaF-KF at 500 °C.




UNCLASSIFIED
ORNL-DWG. 64-7210

Solvent: LiF- Bel—'2 -ZrF4
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Loss of UF4 by the Reaction
UF4‘P 1/4 Zr?% s UF3+ 1/4 ZVF4.




UNCLASSIFIED
ORNL DWG. 64-7211

REACTIONS
W + 3uF > 4UF
45 3

1/4 70 + UF,—> UF, + 1/4 ZtF,

0 ——> UF, + 1/2BeF,
1/2 Be™ + UF4 0

—> U+ BeF,

0 0
Be) + 1/2ZF,—> 1/2Zr + BeF,
20 + SOLVENT —> NR
0

U’ + SOLVENT ——> NR
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~ Spectrum of Li° in Molten LiCl at 650°C.
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Tentotive Spectrum of (Na,K?) in LiF-NaF-KF,

Mg+ LiF-NaF-KF at 525°C.
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Growth of U(II) in LiF - NaF-KF by
the Reaction 1/3U° + MF—> 1/3 UF, + M°
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F+ LU° — Lur, + M

F+ UF; — UF, + M°

4UF; —> U® + 3UF

F+ UF, — UF, + — H,
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ORNL-LR-DWG. 59366

SAMPLE PORT
LID
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High Temperature Cell Assembly.
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ORNL DWG. 64-7212

MOLTEN FLUORIDE SOLVENTS

mole % m.p. °©
LiF — NaF — KF 46.5-11,5-42.0 4
LiF — BeF2 67 - 33 4
LiF — BeF2 - ZrF 65-31-4 450
NaF — ZF, 50 - 50 512
LiF
NaF 985
KF 856
RbF 760
CsF 68
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United
States, nor the Commission, nor any person acting on behalf of the Commission:
i A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, completeness, or usefulness of the information contained in this report, or that the use
"of any information, apparatus, method, or process disclosed in this report may not infringe
privateiy owned rights; or .

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.

Ag used in the above, ‘‘person acting on behalf of the C: ission?’ inciudes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee of such contractor prepares,
disseminates, or provides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor,




