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Abstract. Several experiments of loading retural uranium foils with hydrogen were dore. The
composition d the surface of the samples was determined using an Oxford EDS spectrometer on an
ISl Scanning Electron Microscope. Images were taken and thorium, protactinium and carbon
concentrations were measured before and after hydrogen loading.

Key words: Energy Dispersive Spectrometry, Uranium, Thorium, Hydrogen.

RESULTS OF EDS URANIUM SAMPLES CHARACTERIZATION
1. INTRODUCTION

The purpose of the project was to determine the surface morphdogy and
possble dement concentration changes as the result of hydrogen loading. A very
clean experiment was designed and performed to load hydrogen in metalli c natural
(regarding Z°U/ %8 ratio) uranium samples. Thorium, protactinium and carbon
concentrations were measured before and after hydrogen loading. The TH/U ratio in
a sample can be used to determine the age of the sample, asin [1]. Thorium is an
important metal as it might be an aternative to uranium in nuclear fisson readors.
For this purpose it is important to know the thorium concentration in uranium
samples and to know whether a low cost physical processas hydrogen loading can
change the above mentioned ratio or not.

2. EXPERIMENT DESCRIPRTION

The samples were weigh and used as cathode in five dectrolysis experiments.
The samples were made of natural Uranium, thin foil, 0.178 mm thick. The purity
is 99.98% and the producer is Good fellow Cambridge Limited, UK. The anode
was made of a platinum plate, circular disc, 2.6 cm diameter, 0.1 mm thick,
99.99% purity (metal basis), Product Number: 267252, Lot Number: 09119EU,
produced by Aldrich Chemicals co. The eledrolyte is 1.15 mm H,SO,, 99.9999%
purity (metal basis), concentration 926 minimum, Alfa Aesar, Stock number
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11000, Lot B05119, in 24 ml of deionized H,O. The details of the electrolysis
process are presented in Table 1. For al the samples above mentioned, SEM
analyses were performed, that is SEM images taken with high magnification, up to
3400 times, were recorded. The Scanning Electron Microscope isan 1SI-SSA0 type.
The compasition of the surface and rear surface of the samples was determined
using the OXFORD EDS spectrometer, available on the SEM Microscope. The
detedor is cooled at 70K and has a 10 mm? areadetector.

Experi|Current(A)| Voltage | Current density | Electrolysis | Total electric
ment (V) (mA/cm?) time (h) charge (C)
S2 15 4 1790 5 27000
DC-1| 0.075 2.95 50 72 19440
DC-2| 0.400 2.87 370 206 296640
DC-3| 0.035 2.39 26 64.75 8158.5
DC-4| 0.150 2.53 54 66 35640

Table 1-Electrolysis parameters for the five experiments

First the surface morphdogy change as a result of hydrogen absorption is
discussd. Than thorium, protactinium and carbon concentration changes, as
determined with the EDS spectrometer attached the SEM microscope are
presented.

3. SURFACE MORPHOLOGY CHANGESASA RESULT OF HYDROGEN
ABSORPTION

3.1 Natural uranium samples

For the beginning two natural uranium samples were anayzed using SEM
and EDS technique. The first sample, labeled U nat. is a natural uranium sample,
taken from the same batch as the other samples and the second one is labeled as
Sample 1. A typical image of the natural uranium surface is presented in Fig. 1.
Magnification is 1.00 KX. Examining Fig. 1 we natice that the surface of the
natural uranium sampleis fisaured and granulated, the granule size being upto 3-4
mm. The fissures are not uniformly distributed though

3.2 Sample DC1

Sample DC1 was electrolyzed and analyzed following the same procedure.
An image of the surfaceof sample DC1, after absorbing hydrogen, taken with a
higher magnification, 2.3KX, is presented in Fig. 2. Examining Fig. 2 we notice
that the topography o the surfaceis different than that of natural uranium surface.
Sample DC1 presents evidence of pitting, which may be cused by the formation of
uranium hydride and erosion. The surface is covered with pits having atypicd size
of 1 mm. The main difference in the topography o the surfaceis that on the natural
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uranium sample surface the granules are protruded above the surface while on the
electrolyzed sample the surfaceis pitted.

Fig. 1- Natural uranium surface, magnification 1.00KX.

Another thing that appeas to be interesting is that fibres were found onthe
part of the sample that was above the dectrolyte level. Results revea that the
average carbon concentration on the fibre is significantly bigger than on natural
uranium sample and than on the sample DC1. The average Th concentration onthe
fibre gopearsto be smaller than in other locations on DCL1.

We must bear in that mindthat in order to have adecent acquisition time the
€lectron beam intensity must be increased. We @an na be sure that the beam was
focused only on the fiber and if it was, part of the dectrons went through the fiber
and interacted with the substrate. This suggests that the fiber is actually a carbon
fiber. Carbon fibers and nanoclusters are airrently produced in electrolysis
experiments, under certain conditions, as presented in papers dealing with
nanatechndogy, [2] being just one of the many.

A higher magnification (0.47 KX) image of the end of the fiber is presented
in Fig. 3. It al'so reveals that the morphology of the surface that was not exposed to
direct hydrogen presaure is different from the morphdogy of the surface that was
under hydrogen presaure. The surface that was above electrolyte level appeasto be
smoather than the surface under eledrolyte. It presents pits as well. Fig. 4 presents
these details with a higher magnification, 3.1 KX.
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Fig. 2-Image on sample DC1, magnification 23KX.

The pits reveded by Fig. 4, having a typical size of 4-5 microns, have a
different pattern than the pattern revealed by Fig. 2, that presents an arealocated
under the eectrolyte level. The surfacein Fig. 4 is snoath, excepting pits, while
the surface in Fig. 2 shows evidence of eroson. Because of the dedrolyte
bubbling, the sulfuric add reached the uranium surface that was above the
electrolyte level in the ésence of dedrolysis current. This produced erosion that
was not combined with hydrogen loading like on the part that was under the
electrolyte level and this might be the explanation for the different pit pattern.

3.3 Sample DC2

The sample labeled DC2 was eledrolyzed at a much higher current density
and for a considerable longer time, as presented in Table 1. A low magnification
(0.022KX) image of the sample is presented in Fig. 5. The image reveals major
evidence of erosion onand near the edge of the sample. The irregular depressons
are probably produced by the uranium hydride that was formed and that did not
remain in asolid state but crumbled and left the surface. The higher current density
produced a more efficient loading.

The mechanical strain produced by lattice expansion might be responsible for
the deep fisaures. A deep fisaure on the sample DC2 is presented in Fig. 6. The
image presents areas that are not clear, because they were beyond the focusing
plane of the dectron beam, revealing that the sample has an irregular topogaphy.
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Fig. 3-Fiber on DC1, magnification 0.47KX

Fig. 4-A spot on DC1 located above dedrolyte, magnification 3.1KX
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Fig. 5- Image of DC2, magnification 0.022 KX, evidence of corrosion

Fig. 6-Fisaure on DC2, magnificaion 2.3 KX.

A higher magnificationimage, 2.2KX, of a spat located above the dedrolyte
level on sample DC2 is presented in Fig. 7. This image reveals a different pattern
than the surface of the natural uranium or of sample DCL1. There are no ganules
protruding above the surface like on natural U sample nor pits under the surface



28¢ D. Chicea J.Dash

like on DC1 sample, but wide fisaures can be seen above the dedrolyte level as
well. The fissures may be produced on thaose locations where a uniform hydrogen
loading occurred, producing lattice expansion.

Fig. 7-Fisares on DC2, above dedrolyte level, magnification 22K X.

A typicd fisare width is 0.5 microns. There ae no signs of erosion either,
which is consistent with the location, that is above the dectrolyte level. Beginning
with sample DC2 a different eledric connection between the platinum cathode
hdder and the cathode was used. The change is that a smaller part of the fail is
bent over the platinum cahode holder and the cnnedion was insulated with
silicon 732 Multipurpose Sealant, 100% silicon rubber. The sealant stopped
electrolyte of getting in contact with that part of the athode and this explains the
ladk of erosion onthe part presented in Fig. 7. Hydrogen diffused through the
sample though, causing lattice expansion. This may be the explanation for the
fissures that appear on the part of DC2 that was above electrolyte, as opposed to
the erosion fdts but no fisaures on the part that was just sprinkled with eledrolyte,
onDC1, presented in Fig. 4. The lack of fisaureson DC1 is evidence of insufficient
loading a, more predsely, that hydrogen did not load up to saturation deep in the
metal while the fisaures on DC2, caused by mechanical strain, reveal that at least
the metal layers under the surfacereaded hydrogen saturation.

3.4 Sample DC4

Sample DC4 was analyzed usng SEM microscope following the same
procedure, that is taking low magnificaion images first and than higher
magnification images on several locations on sample. As presented in the first
section of this paper, sample DC4 was electrolyzed using a smaller current density,
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for 66 hours. The same technique of covering the U-Pt contact with sili con sedant
was used to prevent electrolyte to get in touch with the mntad and corrodeit.

A higher magnification image of a spot located under the electrolyte level is
presented in Fig. 8.

Fig. 8-Spat on DCA4, located above the dedrolyte level, magnification 18KX

Fig. 8 shows both signs of strong erosion, by the irregular deep regions and
of hydrogen loading, by the fisaures that can be seen on the sample. Pits having a
diameter under 1 micron can be seen on the surface & well. Examining spedra
taken on both dark and light locaions on the sample, we notice significant
differences in platinum concentration. The differences in platinum concentration
suggest that the shiny areas on the high magnification images are acually platinum
deposits on the surface

Sample DC3 was not analyses by the time of writing this paper and work is
in progressto perform more experiments having different electrolysis parameters
and to anayze the samples.

4. ELEMENT CONCENTRATION CHANGESASMEASURED BY EDS

The concentration of several elements was measured onthe natural uranium
samples and on each sample dter loading it with hydrogen using electrolysis. The
concentration o thorium, protactinium and cabon was assessed using the
OXFORD EDS spectrometer, avail able onthe ISl SS10 type SEM Microscope.

The concentrations presented in the tables and the standard deviation,
heredter sigma, are atomic concentrations nat mass concentrations. The reason
why atomic concentrations rather then mass concentrations are used is that the
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work described in this paper is performed to make evident element concentration
changes produced by hydrogen loading into the samples. The surface and under the
surface layers are amixture of different elements and the equivalent atomic mass
of the mixture is a function d the cncentration of each element. If the mass
concentration d the element doules, the equivalent mass number of the mixture
modifies but the atomic concentration does not double. In arder to pdnt out the
concentration variation o a specific dement, the atomic concentration is more
appropriate. Therefore the aomic concentrations were used and atomic sigma was
calculated for each element using the mass $gma, the atomic concentrations and
the massnumbers of each element that was on the analysislist.

4.1 Thorium concentration change a aresult of hydrogen loading

First only thorium and uranium were seleded on the list for the quantitative
analysis. Table 2 presents the average values thorium concentrations and the
average standard deviations (s). The averages are @lculated for each sample
separately.

We natice from Table 2 that there does exist an increase of the thorium
concentration as we move from natural uranium to DC-4, but the increase is
smaller than ore sgma. We aso notice that all the other regions display thorium
concentrations that are bigger than two standard deviations, therefore the results
can be considered reliable and accurate.

Sample Th(%) |s Th(%)| Number of spectra Average counts
U nat 0.96 0.43 14 480321
DC-1 1.05 0.37 13 537439
DC-2 1.24 0.43 13 522777
DC-4 1.56 0.63 23 583748

Table 2-Average thorium concentration and standard deviation for the natural
uranium sample and for the samples that were loaded with hydrogen.

Sample DC4 though has a mncentration d thorium that is higher than of the
other samples and the thorium concentration is bigger than onthe natural uranium
sample with an amount comparable with s.

4.2 Protactinium concentration changes as a result of hydrogen loading

For the second type of analysis protadinium, thorium and uranium were
selected on thelist of elementsto be mnsidered for quantitative analysis.

Table 3 presents the average values of the protactinium and the average
standard deviations. The averages are calculated for each sample separately. The
same spectra that were previoudy aaquired were used, except the spectra aquired
on fibers. The analysis was carried on having wanium, thorium and protactinium
on the list of elements. For this analysis two natural uranium samples were
analyzed, U nat. and S-1 and the same three samples that were loaded with
hydrogen.
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Sample Pa (%) s Pa (%) Number of spectra Counts
U nat 0.53 0.41 6 736849
S1 0.31 0.76 11 276881
DC-1 0.5 0.83 16 490949
DC-2 0.78 0.63 16 500043
DC-4 0.81 0.63 22 607998

Table 3-Protactinium average concentrations and standard deviations for the natural uranium sample
andfor the samples that were loaded with hydrogen.

First of all we natice that the protactinium concentrations are smaller than
two standard deviations. The protactinium differencein the sample concentration is
smaller than ore s, and the data points are not in a sufficient amourt to make a
plot. Qualitatively though we notice that there appeas to be an increase of the
protactinium concentration as the total electrolysis eledric charge increases.

4.3 Carbon concentration changes as aresult of eledrolysis

The third type of analysis that we performed was to measure the carbon
concentration on the surface of the samples after hydrogen loading. For this
purpose carbon, thorium and uranium were selected for the quantitative analysis.
The same spectra that were previously acquired were analyzed again, except that
the analysis was carried on having carbon, thorium and uranium on the list. Table 4
presents the average values of the carbon and the average standard deviations for
each sample. Examining Table 4 we notice first that unlike the protactinium
concentrations, the carbon concentrations are significantly bigger than two standard
deviations. Anacther interesting fact is that carbon concentration decreases as we
move from natural U samples to samples that have been subject to a bigger amourt
of H loading, that is DC-1 and than DC-2.

Sample C (%) s C (%) Number of spectra | Average counts
U nat 59.79 0.88 13 775233
DC-1 51.28 0.81 15 469438
DC-2 4276 0.56 16 500043
DC-4 34.57 0.93 23 583748

Table 4-Carbonaverage concentrations and standard deviations for the samples that were |oaded with
hydrogen.

Sample DC-4 has a smaller carbon concentration than the natural uranium
sample athoughthe total charge that passs the eledrolyte during the electrolysis
processwas bigger than for DC-1 and smaller than for DC-2.

When examining the Tables 2 through 4 we shoud be aware that the
concentrations that are written on the SEM analysis sheet are not the @solute
concentrations, whether atomic or massconcentrations. If the analysisis performed
having only one element on the list of elements to be analyzed, a 100% result is
obtained dl the times. If two elements are on the list, the sum of their concentration
is always 100%, although there might be many other elements in the sample. But if
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the analysis is carried on having the same dements on the list, and one sample
shows a higger concentration d one element than cther sample and the
concentration difference is bigger than one standard deviation, than the result is
reliable. It means that the concentration of that particular element is bigger in the
first sample than in the second sample. The EDS analysis was carried on in this
way, having two o three elements on the list, to monitor the variation of thorium,
protactinium and carbon as aresult of natural uranium samples hydrogenation.

Another thing we shoud be aware of is that the EDS analysis gives the
surface and under surface compasition, as it uses a 20 keV eledron beam.
Although we used very high puity materids the surface and undyr surface
compasition can be different than that stated by producer, as a result of absorption
and adsorption. This might be the explanation for the high amount of carbon found
on the surface of the reference uranium sample, as carbon doxide is in air
compasition.

5. DISCUSSONS

The experiments performed so far suggest that the thorium amounrt increased
on the natural uranium sample & the total dectric charge that was transported
through electrolyte increased. They also suggest that the cabon concentration
decreased as the total charge increased. The protadinium concentration in the
sample dightly increased with total electric charge.

In the literature [3 - 6] we found that the thorium concentration in different
samples and in uranium was measured using several methods. In [3] alpha — beta
coincidence was used to determine the Th and U. X-ray photoelectron detedion
was used in [4], a spectrophotometer method was used in [5] and [6]. 28U, U,
22Th, 2°Th and ?®Th concentrations were determined by a mmplex method, that is
by alpha-spectrometry after separation and purification o the isotopes of interest
by using anion-exchange chromatograph and preparation of the samples for apha-
measurements by eledro depaosition, in water samples, in [7]. A different
technique, involving anion-exchange separation is described in [8]. Thorium and
protactinium separation was achieved by high voltage dectrophoresis, as described
in [9]. In spite of the dfort put by qualified librarians to find references on thorium
concentration changes as a result of hydrogen absorption no paper was found to be
published on the subject, therefore we can not compare our results with similar
reports. No work reporting on SEM and EDS analysis done on ratural metallic
uranium samples was found either.

The results presented in this paper are partial results. More work is <heduled
to verify the corrdation suggested by the results we have so far.
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