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ABSTRACT

CHEMISTRY OF SOURCE, FISSIONABLE.: AND STRUCTURAL ELEMENTS

Solution Chemistry. A determination of the stability constant for the

thorium-TTA complex which exists in aqueous solutions is in progress. TTA
. . v . . .

labeled with C** will be used in some of the measurements regquired to solve

this problem.

Further molecular weight determinations of the hydrolysis products of
Zr(IV) and Hf(IV) present in chleride solutions have been performed. In a
1 M HC1 + 1 M NaCl mixture the formation’of monodispersed trimers of moleqular

weights 600 and 830, respectively, was demonstrated.

Electromigration studiles of the complex chloride ions of Fe(III), Co(II),
Cu(II), Zn(II), Cd(II), Hg(II), Pb(II), Th(IV), and U(VI) were made using filter
paper as an immobile, phase. Of these,only Th(IV) did not show any ﬁigration
toward the anode, suggesting that it may not form a negatively charged complex

chloride ion.

Measurements on the anion exchange eguilibrium between Dowex-1 and

hydrochloric acid solutions containing Fe(III) indicated that the hypothesis
t

that the resin phase is a special concentrated electrolyte solution may be

valid over fairly wide resin compositign ranges.

Equilibrium exchange measufements on Ti(IV), Zr(IV), Hf(IV), and Th(IV)
in chloride solutions using Dowex-1 showed that a ready separétién‘of these
elements from each other should be possible. Similar studies indicate that
V(IV) is separable from both Ti(IV) and U(VI).

Phase Studies. Preliminary results from investigations on the U0,(NO,),-
H,0 and on the U0, (NO;) ,~HNO,-H,0 systems above 100°C have become available.
Measurements on the former system have now been extended over am appreciable
concentration range and up to temperatures of thermal instability. Funda-
mental investigations.on the U0,S0,-U0,-H,0 system at 25 and 100°C have been

continued.

A research project has been initiated to deter?ine the vapor pressures of
all volatile species above aqueous solutions of UO,F,, 10,50, , and U0, (N0, ),

over a wide range in ‘concentration and in temperature.
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The solubilities of a number of the fission product sulfates in v0,Ss0,
solutions at 250°C were determined using radicactive tracers. The solubilities
of Sr50, and Y,(S0,), in a U0,S0O, solution containing 30 g of uranium per
liter were 0.45 and 50 .mg per 100 g of solution, respectively.

Corrosion Studies. A systematic study has been undertaken of factors
such as pH, stainless steel corrosion products, U(IV) concentrations, and kind
of graphite, which affect the stability of aqueous U0,S0, solutions (HRE solu-
tion types). The effectiveness of several corrosion inhibitors will be
determined. Although for cogent reasons these experiments will be conducted
in guartz tubes, it 1is believed that the results to be found will still be of

value in practical HRE situations.

An electrochemical investigation of the corrosion of type 347 stainless
steel in UO,S0, solutions has also been initiated. A "matched" electrochemical
cell using two test samples of passivated stainless steel as electrodes has
been devised and found applicable td the detection of corrosion processes at
250°C in UO,S0, solutions. ‘This technique should be of considerable use in
the evaluation of corrosion inhibitors. The promising preliminary observation
has been made that the addition of a few hundred parts per million of silica
to the UO,S0, solution will greatly increase the corrosion resistance of

passivated type 347 stainless steel to chleride ions.

NUCLEAR CHEMISTRY

Use of the technique of beta-gamma coincidence spectrometry was initiated

by connecting a scintillation-counter spectrometer to a thin-magnetic-lens

beta spectrometer through a fast coincidence circuit. Currently, measurements
of the energy distributions of beta rays coincident with gamma rays of known
energy can be made. An increased transmission in the thin-lens spectrometer,
an improved energy resolution in the scintillation spectrometer, and a shorter
resolution time—coincidence circuit were also achieved. Preliminary measure-
ments on the I!3! decay with the coincidence spectrometer have indicated the
existence of two low-energy beta groups of 250 and 330 Kev maximum energy

which are in coincidence with 720- and 640-Kev gamma rays, respectively.

Further studies on the two-step decay postulated for the isomeric 245-day
Sn!!®* and 15-day Sn!'7® confirmed the existence of this process in the latter

but not in the former radionuclide.

12



Measurements of beta and conversion electron distribution, of gamma-ray
spectra, and of beta-gamma. coincidence rates were conducted on several of the
technetium radionuclides, including the 2,75-hr Tc%3, 60.0-day qus', 20-hr
Te®5, 4.20-day Tc?%, and the 13 5-min Tc!%!, as a part of a general program to
determine the character of the nuclear energy surface i1n the technetium

region. As a part of this study measurements were also made on 15-hr Nb®® and

10 -day Nb%2.

The presence of gamma rays of energies exceeding the photoneutron thresh-
olds in both beryllium and deuteriumin the decay of the 2.4-hr I!3? jas
confirmed. Evidence for the possible occurrence of Ligh—energy guanta 1n very
low abundance in the decay of the 30-hr Te!3!® + 25-min Te'3! isomers was also

found.

Experimental investigations of methods for the recovery of 9.4-year Kr®®
formed in fission have led to a new procedure for the treatment of uranium

metal dissolver off-gases involving the use of hydrogen peroxide.

Investigations of the fate of the radivactive recoil Br®? atoms produced
in crystalline KBrO3 by neutron capture have indicated that a variety of back-
reactions, thermal and radiafion«induced, may cause these. products to return
to the parent compound. A novel interpretation for the observation that even
at zero time some radiobromine remains combined as bromate is proposed, based
upon assumptions about the capture gamma-ray spectrum and upon a stochastic
calculation of the probability that the resultant momentum imparted to the

Br®2 will not exceed the bond energies of the bromate radical.

The availability of gram amounts of technetium now recovered from Chalk
River wastes has given impetus to studies on the chemistry of this element.
Magnetic susceptibility measurements are.planned, and apparatus for these has

been constructed.

‘RADIO-ORGANIC CHEMISTRY

Radiation, Analytical, and Preparative Chemistry. Three separate ir-
radiation experiments have been performed using CGHSCI‘OOH in aqueous solu~
tion as a target material and Co®® (300 curies) as the radiation source.
Certain reaction products have been identified. The utility of C!'* as an

analytical tool in radiation chemistry studies has been demonstrated.

13



A polarographic method has been developed for the determination of
hydrogen peroxide concentrations in an extremely dilute sulfuric acid solution

containing a constant concentration of uranyl sulfate.

The following millicurie amounts of low- and intermediate-molecular-
weight labeled compounds have been prepared: methanol-C'#, 690.4 mc; potassium
cyanide-C!*, 70 mc; acetic-2-C!* acid, 20 mc; benzoic-7-C!* acid, 65 mc. In
addition, syntheses have been studied or worked out for the following labeled
compounds: glycine-2-C!'*; malonic-2-C'* acid; glycerol-1-C'*; and glycerol-2-
c4,

Synthesis of High-Molecular-Weight Compounds Containing C“f The fol-
lowing millicurie amounts of aromatic polynuclear hydrocarbons have been
prepared: phenanthrene-9-C**, 10.6 mc; l1-methylphenanthrene-9(10)-C!'*, 10 mc;

benz(a)anthracene-5-6-C114, 6 mc.

The compound 2-(thenoyl-a-C!*)-trifluoroacetonme (TTA), 17.3 mc, has been
prepared from acetic-1-C!'* acid in overall yield of 65%.

Isotope Effect Studips.' The bromination of styrene-a-C!* and of styrene-

. N 1
B-C'* has been shown to proceed with no isotope effect.

Certain supplementary experiments in the dehydration of formic-C'* acid
have ruled out the possibility of an erroneous isotope effect. In addition,
mean values of the isotope effects and their 95% confidence intervals at four

temperatures were obtained for the dehydration of tormic-C1* acid.

It has been shown that under certain experimental conditions no isotope

effect can be demonstrated in the absorption of C“O2 by alkaline media.

Mechanism Studies of Organic Reactions. The rearrangement of p-methoxy-
benzylidene(aceto-1-C1%)-phenone oxide has been shown to proceed without

phenyl group migration.

Several substituted acetophenones have been shown to exhibit no exchange
with C!%-labeled acyl halides in the presence of Lewis acids. 1-Methyl-
phenanthrene labeled with C!* has been prepared prior to determination of the

position of its labeling.

CHEMISTRY OF SEPARATIONS PROCESSES

The removal of Pa?33 from neutron-irradiated ThF, (o = 0.077 m?/g) by

gaseous extraction has been investigated. The gases F,, PF;, and PF; and

14



mixtures of these gases were used as extractants at temperatures from 375 to
650°C for 1 to 4 hr. The fractions of activity removed varied from 0.0002 to
0.058; holdup times varied from 1.8 X 10* to 2.4 X 10° days. Nickel con-

tainers were more resistant than platinum.

Among the organic orthophosphates tested for extracting uranium from solu-
tion, tri-n-butyl phosphate was found to compare quite favorably with the
others when considering the factors uranium'distribution ratio, separation of
uranium from fission products, and solvent stability. Tri—sec-p;opyl phos-
phate, tri-sec-butyl phosphate, and .dibutylphenyl phosphate wére found,
however, to extract somewhat more uranium than TBP from an aqueous phase under
a standardized set of conditions. The use of TBP labeled with P®? has materi-
ally facilitated the analytical determination of this compound and its de-
composition products. Commercially available TBP was shown to possess at

least a 98% n-butyl radical content.

Fundamental studies on the kinetics of ion-exchange reactions have
continued. An investigation of the effect of ion-exchange capacity on the
self-diffusion rate of ions through an ion exchanger while the polymer struc-
ture was maintained constant showed this variable to be of an importance
comparable to ionic charge and polymer cross-linking. Lowering of the exchange
capacity at first served to increase the rate until a critical capacity was

reached, after which a dramatic slowing down occurred.

A number of new ion-exchange column separations of the fission product
radioisotopes and other radionuclides of importance to nuclear chemical re-
search were accomplished using strong-base anion exchangers and various
elutriants, including nitrate, perchlorate, thiocyanate, and hydrochloric
acid. Group separations included fluorine, chlorine, bromine, and iodine;
manganese, technetium, and rhenium; selenium and tellurium, arsenic and
antimony; manganese, iron, cobalt, nickel, copper, and zinc. Separations of
tin and indium and of cadmium and indium were devised to assist in other work

on the radiochemistry of tin.

Investigations on the.electrochemicak properties of granular ion-exchange
beds were continued. Measurements of the conductances of the lithium, sodium,
and hydrogen forms of Dowex-50 indicated that either the cation mobilities in
the resin are restricted or the dissociation of the resin salt or acid is in-

complete.

15



CHEMICAL PHYSICS

A neutron diffraction study of the crystal structure of ND,Br at ;195 and
23°C has been completed. Decisive confirmation was obtaingdvfor the conclu-
sion, previously based on indirect'evidenbe, that' at low temperatures the
structure is ordered, whereas at room tEmperafdres there 1s an orientational
disorder of the ammonium ions. The structures, which are based on thg CsCl
lattice, indicate that an attraction between hydrogen and bromine is effective
in determining the atomic arrangement. The ordered phase is probably stabi-
~lized by weak repulsive forces between hydrogen atoms of neighboring ions.
This stabilization is overcome at higher temperatures by the increased entropy

of the disordered structure.

A precise value, 1.26878 t 0.00015, for the chlorine isotope quadrupole
moment ratio, Q(CL%%)/Q(Cl37), was determined; it was found to be independent

of the type of chlorine-containing compound in five instances.

New and interesting information on carbon-chlorine bond characters was
derived from quadrupole spectrum measurements on a variety of compounds using
microwave technigques. It was concluded from the observed value for the
quadrupole coupling in Cl, that the bohding in this molecule is predominantly
P type with little or no S character. Interesting inductive effects on the
carbon-chlorine bond caused by the substitution of atoms of varying electro-

negativity in other parts of the molecules examined were found.

A calorimetric measurement at liquid-helium temperatures of the amount of
beta=ray'enepgylstared in charcoal exposed to a Au!®® source indicated the
absence of any such process to within 1.3%. Accordingly, this possible source
of error in the previously reported C!* decay energy measurement is believed

to be absent.

A program for the study of the high-temperature chemistry of solids has
been initiated, and several X-ray-diffraction spectrometers of special design
are being assembled. Results of interest were obtained on the effécts.of fast

neutrons on the crystal structure of organic acid salts.

RADIATION CHEMISTRY

The alkali halides (KCl, NaCl, LiF) have been irradiated at low tempera-

tures by an intense (300°C) Co®® gamma-ray source. Infrared emission was

16



observed at characteristic temperatures and wavelengths during slow warming

from low to room temperature.

Work was continued on the catalytic activity of ZnO observed after ir-
radiation with gamma rays. The hydrogenation of ethylene at 0°C was again
used to test the decrease in activity after irradiation with Co®® gamma rays
at 15,000 r/min. Positive results were obtained, which remain to be inter-

preted.

The kinetics of the decomposition of liquid water by intense gamma radia-
tion has been investigated in pure water and in the presence of dissolved
H20é, 0,, and ‘H, and mixtures of the three. Acid FeSO, solution was used as
an actinometer. The minimum yield is estimated to be 3.66 moles of H,0 per
100 ev.

A study has been initiated on the protective action of organic solutes
in biological systems. The formation of phenol upon irradiation of an aqueous

benzene solution is now being studied.

Experiments have continued on the stability of uranyl sulfate solution at
temperatures up to 250°C in a type 347 stainless steel container with or with-
out radiation. From analytical results and examination of corrosion specimens
the results of 22 experiments may be classified as "good," "indifferent,” or
"bad," Radiation appears to be beneficial. Failures due to reactor shutdown
may be attributed to reduction and precipitation of uranium incident to cessa-
tion of oxidizing conditions. "Good" experiments correlate with low con-
centration of chloride ion. In nonradioactive experiments bomb performance
was improved by eliminating silver solder and by ensuring perfect passivation

of the stainless steel walls above as well as below the waterline.

INSTRUMENTATION

A previously described 47 proportional counter method devised for the
determination of absolute disintegration rates of beta-emitting radionuclides
has been tested and shown to give rates agreeing to within 2% with those found

by beta-gamma coincidence-rate measurements.

A modified and improved circuit design was devised for a precision pulse
generator to be used in the calibration of beta-proportional and scintillation-
counter spectrometers, as well as for the checking of pulse amplifiers in
general. This latest model has given quite satisfactory performance during

the past six months.
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1. CHEMISTRY OF SOURCE, FISSIONABLE, AND STRUCTURAL ELEMENTS

SOLUTION CHEMISTRY

Aqueous-Benzene-TTA Extraction Method (W. C. Waggener and R. W. Stoughton).
Study has continued on the determination of the stability constant for the
agueous-thorium-TTA complex. Of present concern are: (1) the rate of transfer
of TTA from benzene phase to aqueous phase and (2) the stability of aqueous

monothenoyltrifluoroacetonethorium ion, both as a function of ionic strength,

The complex nature of the aqueous-benzene-TTA system makes the reliability
of spectrophotometric measurements of TTA concentration questionable. It is
planned to check these results by an independent method, using C'%_labeled
TTA recently prepared by V. F., Raaen under the direction of C. J. Collins and
0. K. Neville.

Ultracentrifuge Studies of Inorganic Systems (J. S. Johnson and K. A.
Kraus). During the past quarter further molecular weight determinations on
zirconium(IV) and hafnium(IV) hydrolysis;products have been carried out. This
work has now been discontinued and a final report will be issued soon. The

results to date are summarized below.

Both zirconium and hafnium are trimeric and monodispersed in 1 M HCI—1 M
NaCl with observed molecular weights of 600 and 830 for the two trimers,
respectively. Assuming a composition M(OH), ,,Cl, ,,, the corresponding

theoretical molecular weights are 570 and 830.

At higher acidity (3 M) the molecular weights of the zirconium compounds
are lower and the systéms are no longer monodispersed in both chloride and
perchlorate solutions. However, 'the molecular weights are still higher than

those of monomeric zirconium.

At considerably lower acidity (0.1 ¥) further polymerization occurs.
Thus the zirconium polymer in perchlorate solutions at 4 = 1 has a molecular
weight of about 1400 (possibly a hexamer or heptamer). The molecular weight
of the hafnium polymer in chloride solutions is somewhat lower (910 to 1040),

indicating a lower degree of polymerization.

’

Several experiments were also carried out with zirconiuminl ¥ HClO,—1 ¥
NaClO, which indicate that a trimeric hydrolysis product is present at this
acidity.
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Electromigration on Filter Paper (G. W. Smith and K. A. Kraus). The
complexing of a number of metal ions by chloride ions has been investigated by
electromigration on*filter paper. This work has been temporarily discontinued,

and the results to date are being assembled for a final report.

The following elements have been studied: Fe(III), Co(II), Cu(II),
Zn(II), Cd(I1), Hg(II), Pb(II), Th(IV), and U(VI). The range of chloride

concentration was approximately 0.01 to 8 M. Thorium(IV) shows no migration

‘toward the anode, suggesting that it. does not form a negatively chareed

complex. Mercury(II) shows no migration toward the cathode, which indicates
that it is a neutral or negatively charged complex. All other elements showed
migration toward both the cathode and anode. In the following tabulation
they are given in order according to the chloride concentration at which they

showed no migration, i.e., where the mobility changed from cathodic to anodic:

ELEMENT (c1-]
Hg(II) <0.005
Cd(II) 0.175
Pb(II) 0.9
Zn(II) 2
Cu(II) 5.2
U(vI) 5.6
Fe(III) 8
Co(II) 8

Anion-Exchange Studies of Metal Complexes (K. A. Kraus, G. E. Moore, and
F. Nelson). Activity Coefficient Ratios in the Resin Phase. The ion-exchange
equilibrium for a negatively charged complex M° and chloride ions can be re-

presented by the equation

o - (M) (CL) 7,7 K Yu Yei

i (1)
T MCL) . VYo e’

where parentheses indicate concentrations; 7y, activity coefficients; and sub-

and superscript r, the resin phase. When 7c1/7u is known, or can be considered
constant, variations of'Kar', for example, as a result of loading, can be
ascribed to changes in the activity coefficient ratio ¥, /Y.,  of the species in

the resin phase.
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Neglecting changes in the hydration of the resin in going from R-Cl to
R-M we could consider a series of distribution coefficient measurements as a
function of loading to be carried out at constant total molality in the resin.
Considering, in addition, the resin to behave like a concentrated electrolyte

solution we would expect the following equations to be applicable:
log yblr T eyt bclL (2a)
log 7y" = ay - b,L (2b)

where a., and a, are the values of log ¥ for the pure forms of R-Cl and R-M,
b., and b, are constants, and L = (M) /C is the loading (fraction of capacity

C of resin occupied by M"). Combination of Egs. (1) and (2) yields

log K " Zfl = log K,,° *+ (ag, - ay) + (by + b.,)L (3a)
N
or
log K" = log K, ° % 4+ ) + (by + b..) (3b)
og K,y og K, Ve Qcy - Qy M cl L
c

when 7I/7c1 is constant. Thus a plot of log K, " or Karm7bl/7u vs. L should
yield a straight line with slope (b, *+ b.,).

Using the exchange of FeCl,” vs. Cl°, Egq. (3b) was tested for 4, 6, 8,
and 12 M HCl assuming 7¥/7C1 = constant for each molarity of HCl. It was
found that log K, " varies linearly with loading in the range L = 0.2 to 0.8
in accordance with Eq. (3b). Furfhermore, (by * b.,) was practically inde-
pendent of the molarity of HCl of the aqueous solution. For values of L less
than 0.2 considerable deviations from the linearity principle (Eq. 3a)were
found. Since these deviations could easily be due to nonhomogeneity of the
resin, it appears that considering the resin as a special concentrated elec-

trolyte solution has considerable merit.

Ti(IV), Zr(IV), Hf(IV), and Th(IV) in Chloride Solutions. The adsorb-
ability of these elements by Dowex-1 in hydrochloric acid solutions was
studied from 1 to 12 M. Their behaviors are sufficiently different to permit
their ready separation. Thus Th(IV) was not appreciably adsorbed ‘even in
12 M HC1. Titanium(IV) showed no appreciable adsorption below 9 M HCl, but
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strong adsorption in 12 M HCl. The adsorption of Zr(IV) and Hf(IV) was
negligible below 6 M HCl, but very strong in 9 and 12 ¥ HCI.

Separation of Titanium and Vanadium by Anion Exchange in Chloride Solu-
tions. As mentioned in the previous section, titanium(IV) can be adsorbed by
Dowex-1 from hydroechloric acid solutions more concentrated than 9 M. 1In a
similar series of measurements on vanadium, vanadium(IV) could not be adsorbed
even from 12 M HCl. Thus the separation of these elements can feadily be

accomplished by adsorption from hydrochloric acid solutions more concentrated
than 9 M.

Vanadium(V) is adsorbed at very high HCl concentrations on Dowex-1l. For-
tunately reduction of the adsorbed vanadium to vanadium(IV) occurs readily on
the resin. The adsorption of the element in the higher oxidation state thus
introduces little difficulty, and it is believed that reduction of all

vanadium(V) to vanadium(IV) before adsorption is not necessary.

Separation of Vanadium &nd Uranium. Since vanadium(IV) is not adsorbed
by Dowex-1, it can readily be separated by anion exchange from those elements
which show some adsorption, e.g;, most transition elements, zirconium, and
the elements found in group V-A (niobium, etc.). Of particular interest in
"this connection is its separation from uranium. Since this element had earlier
been found(!'?) to;be strongly adsorbed from HCl solutions more concentrated
than approximately 4 M, the separation of these two elements is very simple

and effective.

PHASE ‘STUDIES

Vapor Pressuye-Temperature Relations of Aqueous :Solutions 6f Uranyl
salts (H. O. Day and C. H. éecoy). The problem as it stands at present is the
determination of the va%or pressures of soflutions of ‘uranyl fluoride, sulfate,
and nitrate over a wide range oficoncengrations and temperatures. The problem
is being approached from two directions: (1) investigation of the relatively
low-pres;uée region from room temperature to 175 or 200°C, and (2) investiga-

tion from 175 or 200°C to the critical point of H20. The equilibrium pressures

(1) K. A. Kraus and G. E. Moore, Chemistry of Protactinium. V. 'Separation of Thorium, Protactinium
and Uranium with Anion Exchange Columns in HCl Solutions, OBNL-330 (April 27, 1949).

(2) K. A. Kraus and G. E. Moore,“AnioL Exchange Studies of Uranium(VI) in HCL-HF Mixtures. Separa-
tion of Pa(V) and U(VI),” Chemistry Division Quarterly Progress Report for Period Ending June 30,
1950, OBNL-795 (Oct. 3, 1950).
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of any substances produced by solution decomposition will also be measured in

these studies.

After an extensive literature survey it was decided to measure the
pressures in the low-pressure region by an absolute method involving a com-
pound manometer system. Suitable apparatus has been designed and is being

constructed.

A preliminary study has been made of the second phase of these investi-
gations. The literature has been reviewed, and a few experimental tests have
been made in a search for a confining metal container if compressibility data

should be desired in addition to vapor pressure data.

The Uranyl Nitrate—Water System Above 180°C (W. L. Marshall, J. S. Gill,
and C. H. Secoy). Results from preliminary investigations of the uranyl
nitrate—water and of the uranyl nitrate—nitric acid-—water systems above
100°C are given elsewhere.(3)> The study of the uranyl nitrate—water system
has now been extended from dilute to concentrated solutions, and up to tem-

peratures of thermal.instability.

Experimental. Mallinckrodt, c.p., uranyl nitrate hexahydrate was used in
the experiments. The procedure described earlier(*) was used. In summary,
solutions of known concentrations of uranyl nitrate were degassed and sealed
in 4-mm-I.D. silica tubing of 10 cm length. At room temperature the liquid-
to-vapor volume ratio was approximately unity. The solutions were rocked in a
cylindrical heating device. In this particular investigation the temperature
was held constant for given lengths of time before proceeding to a higher tem-
perature in order to fix within limits precipitation and vapor phase colora-
tion phenomena. The temperature was measured with an iron-constantan thermo-

couple.

Results and Discussion. The experimental data are given in Table 1.1.
In Fig. 1.1 data are shown graphically together with previous solubility
data(®+'%) in order to indicate the complete condensed system. Region A re-
presents the aqueous solution in which solubility curves BC, CD, DE, and EF

and the precipitation curve FGH are the boundary limits.

(3) V. L. Marshall and J. S. Gill, ‘“Aqueous Uranyl Nitrate and Uranyl Nitrate—Nitric Acid—Water
Solutions Above 100°C,” Homogenecous Reactor Experiment Quarterly Progress Report for Period Ending
February 28, 1951, ORNL-990, p. 136 (May 18, 1951).

(4) W. L. Marshall, J. S. Gill and C. H. Secoy, “The Uranyl Fluoride—Water System,” Chemistry
Division Quarterly Progress Report for Period Ending June 30, 1949, ORNL-795, p. 22 (Oct. 3,1950).

¢ .
(5) 0. Guempel, “Equilibres hétérogenes au sein des mélanges d'eau, d'et.}'xer et d'un sel me’:talhque, T
Bull. soc. chim. Belg. 38, 443 (1929}.

(6) W. L. Marshall, J. S. Gill and C. H. Secoy, The Uranyl Nitrate—Water System Above 60°C, ORNL-797
(Aug. 15, 1950).
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Thermal Deconpositipn

TABLE 1.1

of Aqueous Uranyl Nitrate Solutions

OBSERVATIONS
U0, (NO3),* 6H,0 TEMPERATURE | MIXING TIME
(wt. %) RUN NO. (°c) (hr) SOLUTION VAPOR
3.24 1 250 18 Clear Colorless
260 4 Clear . Colorless
270 4 Yellow solid appeared Colorless
12. 52 2 280 18 Clear Colorless
288-295 2. Clear Slight yellow-brown
295 2 Yellow solid appeared Yellow-brown
30. 53 3 285 3 Clear Stight yellow-brown
300 4 Clear - Yellow-brown
314 is Yellow solid appeared Red-brown
54.78 4 250 18 Clear Colorless
260 2 Clear Slight yellow-brown
- 270 18 Clear Yellow-brown
320 64 Clear Red-brown )
338 4 Clear Intense red-brown (tube explosion)
5 350 2 Yellow solid precipitated Intense red-brown
T2. 48 6 240 . 3 Clear Slight yellow-brown
275- 300 42 Clear Red- brown
312 18 Clear Intense red—browp
328 6 Yellow solid appeared Il'xtense red-brqwﬂ
7 330 18 Yellow solid appeared Intense red-brown
85.83 8 208 2 Clear Slight yellow-brown
215 5 CleaT Red-brown
222 8 Yellow solid appeared Red-brown
280 4 No increase in precipita- '
tion (?)
91.62, 9 184 Melting point of Red-brown above 184°C

U0, (NO, ) , "2H,0
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The precipitations aloﬂg curve FGH were rather slow to appear and were
irreversible under the conditions of this investigation. Therefore it was not
possible to fix the precipitation temperatures by slowly raising the tube
temperature over a short periodof time and still maintain equilibrium, although
this procedure had been feasible in previous studies of quickly reversible
solubility phenomena. The precipitation is explained in terms of a hydrolysis

process. (3

The observed reversible vapor phase coloration due to nitrogen oxides is
indicated by curve FI of Fig. 1.1. The vapor phase containing nitrogen oxides
was, in all probability, present below curve FI, but was not visible as such

in the silica tubes.

The experimental data taken in these studies were found to be strongly
dependent upon complete mixing of solution at all times and upon the liquid-
to-vapor volume ratio. Fdr example, in the preliminary work(3’ capillary
tubing was used in which mixing could not be achieved below about 305°C, and
a slight amount of solid separated from the saturated solutions at about 290
to 300°C in the dry end of the capillary. In this investigation good mixing
of the solution was realized at all times, and solid appeared only as indicated

in Fig. 1.1.

The U0,S0,-U0,-H,0 System (W, L. Marshall, J. S. Gill, and C. H. Secoy).
A fundamental investigation of the U0,SO,-U0,-H,0 system at 25 and 100°C is in

progress. This work is reported in detail elsewhere.(”)

Solubility of Fission Product Sulfates (B. Zemel). The determination of
the high-temperature solubilities of the more insoluble fission product sul-
fates, by means of radiocactive tracers, has been continued using stainless
steel bombs and filter disks; this has permitted the separation of solution
and precipitate at an elevated temperature. To avoid corrosion, especially in
determining solubilities in the presence of uranyl sulfate solutions, the
bombs were provided with platinum liners, and the stainless steel filter disks

were replaced by alundum disks.

Solubility studies were made on SrSO,, Y,(SO,),, and BaSO, in UO,SO,
solutions, and on Ag,SO, and La,(S0,); in water. The measurements on SrSO,
and Y,(80,), in UO,SO, and of Ag,SO, in water were completed up to about
350°C; the others are not yet complete. The values for Ag,S0, were checked by

potentiometric titration.

(7) W. L. Marshall and J. S. Gill, **The Urany! Sulfate--Uranium Trioxide--Water System,” ORNL-990,
op. cit.,, p. 134,
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At 250°C the solubility of SrSO, in U0,SO, (30 g of uranium per liter)
was found to be 0.45 mg per 100 g of solution; for Y,(S0,); in UO, SO, 0.05
g per 100 g of solution; and for Ag,SO,, 0.2 g per 100 g of solution. As a

¥

further check an attempt was made to determine at least part of the Ag,SO,
solubility curve by the quartz-tube method, but this compound proved to be too

photosensitive and the results were considered unreliable.

A detailed account of this work will be presented in the HRE quarterly
report (ORNL-1057).

CORROSION STUDIES

Corrosion Studies with Synthetic HRE Solutions (M. H. Lietzke). A series
of experiments has been started in an effort to determine what factors influ-
ence the HRE solution stability in stainless steel vessels. The effects of
pH, corrosion products of the stainless steel, uranium(IV) concentration,
graphite, etc. on the stability of the uranyl sulfate solution are being in-
vestigaied,,CorrOSion inhibitors suchas nitric acid, tungstates, and molybdates

are being added to uranyl sulfate solutions to determine their effects.

A comparison of the stability of uranyl phosphate solution in 1.5 ¥

H,PO, and of the uranyl sulfate solution is also being undertaken.

These solutions, with and without pieces of passivated or unpassivated
steel, will be sealed in quartz tubes which will be heated to 250°C and rocked
during the heating process. Visual observations on the tubes will be made
periodically. After a suitable lenéth of time (usually 100 hr) the tubes are
to be removed from the furnace. the solutions and any precipitates formed will

be analyzed, and the effects upon the steel will be noted.

It is realized that because the experiments are being carried out in
gquartz tubes the results may not be strictly comparable to those obtained in
the stainless steel test loops. Dissolved silica present in the former solu-
tion may act as a corrosion inhibitor, and hence a solution stabilizer. It is
believed, however, that the beneficial or harmful effects of the variables
listed above can still be observed even though quéntitative limits may be

different.

Experimental results will be reported in detail in the next HRE quarterly

report.
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Electrochemical Corrosion Studies (J C. Griess and M, H. Lietzke). An
electrochemical investigation of the corrosion of 347 stainless steel in
uranyl sulfate solutions has been initiated. The study was limited to steel
which had been rendered passive by pretreatment in nitric or chromic acid and
to date has been confined to emf measurements on steel specimens passivated by
J. English in a manner previously described.¢®’ Briefly, the steps in this
pretreatment and passivation were (1) degreasing in an organic solvent,
(2) etching in either a mixture of hydrofluoric and nitric acids, or a sat-
urated solution of ferric chloride in concentrated hydrochloric acid, and
(3) heating at 250°C for 24 hr in either 1% nitric or 2% chromic acid.

A number of specimens have been examined using the cell "passivated
stainless steel ’UOst4 solution|S.C.E.," where the U0, SO, solution contained
30 - g of uranium per liter. Since cells of this type are easily polarized it
was necessary to use a vacuum-tube potentiometer for the measurements, which
were made at either room temperature or 100°C. The results from these experi-
ments can be summarized as follows: Potentiometrically there is essentially
no difference between a steel specimen which has been passivated in nitric
acid and one passivated in chromic acid. The potential of the cell "passive
stainless steel l'U02804 solution|S.C.E. is about 0.4 to 0.5 volt with the
steel the positive electrode. Any one specimen gives a constant v.alue but no
two specimens give identical values. Changes in temperature Eause only slight
changes in potential. If untreated steel is substituted for the passivated

steel, the potential of the cell is approximately equal to zero.

When a passivated steel surface is scratched below the liquid level, the
potential of the cell changes instantly to approximately zero. However, there
is a tendency toward self-healing, even in a uranyl sulfate solution, and the
potenﬁial of the cell approaches its original value after a short period of
time. The presence of a small amount of nitric acid increases the rate of
self-healing; a very small amount of dichromate brings about extremely rapid
self-healing. An increase in temperature from 25 to 100°C has no noticeable

effect on the rate of self-healing.

In general a passivated steel surface behaves much like an oxygen elec-
trode, i.e., it is sensitive to the pH of the solution as well as to oxygen
pressure. A few of the surfaces were photosensitive but this was not generally

true.

(8) Summary of section on corrosion, Homogeneous Reactor Experiment Quarterly Progress Report for
Period Ending August 31, 1950, ORNL-826, p. 107 (Oct. 24, 1950).
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At room temperature the passivated steel retains its passivity (potential
about +0.5 volt vs. S.C.E.) for at least five days in a uranyl sulfate solu-
tion containing as much as 0.1 M potassium chloride. At 100°C urider the same
conditions the passivity of the steel is destroyed (poteﬂlial about 0 vs.

S.C.E) within a few minutes.

All the above experiments were carried out at 100°C or less, at which
temperature no aifficulty was encountered in using a referehce electrode.
Since it‘wd§ desirable to measure changes in potentials at 250°C and since
there were no suitable reference electrodes available, a new system of detect-
ing changes in potgntial was necessary, It was decided to utilize the cell
" passive stainless steel !U02804l passive stainless steel." If the two
electrodes were identical, the potential of the cell would be zero; 1f one
electrode lost its passivity there would be a change in potential. Py deter-
mining the polarity of the cell it would be possible to determine which elec-
trode had become active. If both electrodes should become active at the same
time, there would be no detectable difference in cell potential and the cell
would be useless. However, previous experiments indicated ‘that it was highly
unlikely that two separate pieces of steel would lose their passivity at

exactly the same time.

Using the above system, the potential of a cell at 100°C was followed
overnighp by means of a,vibrating-reed electrometer combined with a Brown
recorder. ‘ The potential remained essentially at zero but fluctuated 15 mv.
In the morning enough solid potassium chloride was added to make the chloride
ion concentration 0.05 M. About 15 min after adding potassium chloride there
was a sudden change in potential amounting to about 450 mv. The ¢ell remained
in this state for a 10-min period; then the potential again chanéed to ap-
proximately zero. By means of a saturated calomel electrode it was shown that
each‘electrqde had, lost its passivity. Hence our interpretation of the
potential chénges was as follows: At the end of the first 15-min period one
electrode became active and the other retained it passivity, thereby changing
the cell éo "active stainless steel | U02804| passive stainless steel';
10 min later the breakdown of the passivity of the second electrode occurred,
after which the two electrodes were again equivalent and hence the cell poten-
tial was zero. Several identical experiments have given similar results and
have confirmed the belief that a cell of this type would ‘be useful to detect

changes in passivity.
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When the electrodes were removed from the cell after a potential measure-
ment had shown them to be no longer passive, it was possible to observe active
corrosion at a few localized areas. If the electrodes were removed shortly
after they had lost their passivity, it was necessary to use high magnifica-
tion to observe the corrosion. If the electrodes were allowed to remain in
the solution for several hours, the corroded areas were visible without

magnification.

To test the described electrode system at 250°C an American Instrument
Company bomb was used. In the head of the bomb was incorporated an electrical
connector (American Instrument Catalog No. 406-101) to allow the introduction
of an electrically insulated lead. For the first run a glass liner was used
to protect the interior of the bomb. Each electrode consisted of 1.5-mm-
diameter passivated stainless steel (347) rod. One electrode was introduced
through the head of the bomb; the second was inside the glass liner, with the
top of the wire pressed firmly against the inside wall of the bomb. The walls
of the bomb thus served as one terminal of the cell and the electrically
insulated lead served as the other. Inside the glass liner was placed 60 ml
of U0,80, solution (30 g of uranium per liter)