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SUMMARY

Analytical procedures for the determination of ruthenium, rhodium, and
palladium in precursor waste, solvent metal, and final glass waste forms have
been developed. Two procedures for the analysis of noble metals in the cal-
cine and glass waste forms are described in this report. The first is a fast
and simple technique that combines inductively coupled argon plasma atomic
emission spectrometry (ICP) and x-ray fluorescence techniques and can only be
used on nonradioactive materials. The second procedure is based on a noble
metal separation step, followed by an analysis using ICP. This second method
is more complicated than the first, but it will work on radioactive
materials.

Also described is a procedure for the ICP analysis of noble metals in the
"solvent metal" matrix. The only "solvent metal" addressed in this procedure
is lead, but with minor changes the procedure could be applied to any of the
solvent metals being considered in the Pacific Northwest Laboratory (PNL)
extraction process. A brief explanation of atomic spectroscopy and the ICP
analytical process, as well as of certain aspects of ICP performance
(interelement spectral line interferences and certain matrix effects) is
given.
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INTRODUCTION

In 1979 and 1980 the Pacific Northwest Laboratory (PNL), operated by
Battelle Memorial Institute for DOE, conducted a study that evaluated the
technical and economic factors influencing the recovery and use of the noble
metals, palladium, (Pd), rhodium (Rh), and ruthenium (Ru) (produced by the
fission of uranium and plutonim in nuclear reactors) (Jensen 1980). This
study Ted to the funding of an on-going research program to develop a cost
effective, waste management-compatible process for extracting noble metals
from defense, and possibly commercial, fission product waste. In the PNL
process under study, lead oxide, or another suitable metal oxide, is mixed
with the fission products containing the noble metals, a reducing agent such
as charcoal or flour, and glass forming materials. The mixture is fused and
the metal oxide is reduced to the molten metal. During this reducing process,
the molten metal separates the noble metals from the waste, thus forming an
ingot containing relatively pure noble metals.

The objective of this report is to identify quantitative analytical pro-
cedures for examining fission product noble metals in the precursor waste, the
solvent metal, and the final glass-waste form.

The report has three main sections: 1) application of ICP to noble metal
analysis, 2) the noble metal analysis of solid fission product waste forms,.
and 3) the noble metal analysis of the "solvent metal" button.

The first section gives a brief description of basic ICP principles and
then evaluates the performance of the ICP as it is applied to the analysis of
the noble metals. Areas of performance that are addressed for the ICP emis-
sion Tines Ru 240.3 nm, Rh 343.5 nm, and Pd 360.9 nm consist of interelemental
spectral interferences and certain matrix effects. In general, the spectral
interferences for these noble metal Tines from the other elements tested are
minor. These minor spectral interferences can be realiably corrected for.

In the section on noble metal analysis of solid waste forms, two proce-
dures are described. In an ideal situation the ICP noble metal analysis of a
solid material would be obtained by converting the solid into a Tiquid form by



a Nay0,/NaOH fusion and then performing the subsequent ICP analysis directly
on this 1iquid. During the initial part of this work a fast and accurate
noble metal analytical procedure was needed to support the ongoing fission
product noble metal extraction optimization research. At this time the ICP
being used had only the ability to analyze for Ru directly from the fused cal-
cine. A scanning monochromator was available to Took at some of the lines of
Pd and Rh, but because of poor resolving power and a few spectral interfer-
ences, this proved to be inaequate. Under these circumstances, the first pro-
cedure in this section, which uses a combination of ICP and x-ray fluorescence
spectrometry, was developed. This ICP/x-ray fluorescence procedure worked
quite well, meeting of the initial analytical needs of the nonradioactive
noble metal extraction optimization research.

Because of an inability of the x-ray units solid state detector to handle
highly radioactive materials, another approach was needed for the noble metal
analysis of the actual fission material. First, the addition of both Rh and
Pd channels to the direct reading polychromator was tried, in hopes that the
higher resolving power would decrease the size and numbers of the spectral
interferences. This worked for the Rh 343.5 nm line, making it possible to
analyze for Rh directly from the fused calcine, but a problem remained with
the Pd 360.9-nm line. Further investigation revealed an extremely strong
(170%), previously undetected Samarium (Sm) interference. As interferences of
this size cannot be reliably corrected for, the alternatives at this point
were to either search for another 1ine of emission or separate the Pd from the
interfering Sm. Instrumental commitment to the Pd 360.9-nm 1ine, as well as
the fact that such a separation would remove most of the highly radiocactive
components (leaving a sample that would be much safer ana easier to handle)
led to the development of a Zn reduction separation procedure. This procedure
is more complicated and time consuming than the ICP/x-ray fluorescence tech-
nique but will work on either radioactive or nonradioactive materials.

With some further time and effort, a Pd 1ine that does not have these
severe interference problems could possibly be found. If this were the case,
and the radioactivity of the sample that was to be analyzed was of little
importance, then an ICP analysis for all three noble metals could be carried



out directly on the fused solid material. This would save considerable time
and money in costly hot cell sample preparations.

The final section of this report discusses the analysis of the "solvent
metal" matrices. When the noble metal extraction research began, several
metals (Pb, Bi, Sb, Sn, and Cu) were considered as possible "solvent
metals". As the research progressed it became apparent that Pb was probably
going to be the metal of choice so the only analysis procedure given is that
for the Pb matrix. The analytical schemes for the other solvent metals are
basically the same with the only differences being the amounts and types of
acids used in the sample dissolution step.

Also included in this section are the results of a scanning electron
microscope and an electron microprobe analysis of the Pb and Bi "solvent
metal” matrices. The results of these analyses showed that the "solvent
metal" matrices are not homogeneous in composition with respect to the noble
metals. With small sample sizes such as those generated in the lab scale
process, this does not represent a problem because the whole button can be
digested. As the process is increased in size to pilot and production scales,
the size of the button being produced also increases. As this happens, the
difficulty of obtaining a representative sample could increase, making it more
difficult to obtain a reliable analysis.






NOBLE METAL ANALYSIS BY INDUCTIVELY COUPLED
ARGON PLASMA EMISSION ATOMIC SPECTROMETRY (ICP)

The most useful methods for noble metal analysis are those that allow for
the determination of a single noble metal in the presence of others, as well
as for the simultaneous determination of all the noble metals from the same
sample. Because chemical properties of noble metals, and the subsequent reac-
tions they undergo are similar, most traditional methods of analysis such as
colorimetric and gravimetric techniques will not meet these criteria. How-
ever, analysis based on atomic spectroscopy will.

Atomic spectroscopy deals with the direct absorption and emission of
1ight by atoms, with each element having its own characteristic spectrum. In
emission spectroscopy, the spectrum of 1ight emitted by an excited sample is
characteristic of the elements in that sample, and the intensities of the
spectral lines associated with the individual elements are proportional to
their concentrations., ‘

Spectroscopic methods such as x-ray fluorescence and Atomic Absorption
Spectrometry (Cruickshank and Munro 1979; Oumo and Nieboer 1979; Sandoz 1966;
Scharborough 1969) have been used to determine noble metals in a variety of
matrices. We chose to study the application of inductively coupled argon
plasma (ICP) atomic emission spectrometry to noble metal analysis. Because
there are several excellent review papers available on ICP (Fassel 1979;
Fassel 1978; Hanson and Ediger 1980), only a simple explanation of the overall
ICP system, and how it works in the analysis of a sample will be given.

ICP ANALYSIS

Figure 1 shows a schematic layout of the overall ICP system. The ana-
lytical process begins with the introduction of a liguid sample into the
plasma source. A peristaltic pump delivers the Tiquid sample to a crossflow
nebulizer (other types of nebulizers are available) where it combines with the
water-saturated sample, argon gas flow and forms an aerosol that passes into
the expansion chamber. The water saturation of the argon helps keep the nebu-
lizer from plugging during the aspiration of samples containing high salt
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FIGURE 1, Schematic Diagram of an ICP Spectrometer System

levels. In the expansion chamber the larger aerosol droplets condense and
drain as waste, and the finer aerosol is carried up into the plasma where
desolvation, atomization, and finally excitation occur. The characteristic
spectral Tines emitted from the elements in the sample pass into the direct-

reading spectrometer through an entrance slit, and are reflected off a concave
diffraction grating. Different wavelengths of 1ight are reflected at differ-
ent angles, so pre-aligned photomultiplier tubes, each representing a certain

element, can measure the intensities.

This information is fed to the control-

1ing computer where it is translated into the concentrations of the specific
elements and then printed out on the teletype.



INSTRUMENTATION AND ANALYSIS PARAMETERS

A 975 ICP ATOMCOMP® Spectrometer equipped with a 0.5 m Ebert scanning
monochromator was used for the analysis of Ru, Ph, and Pd. Initially, the
analysis of Ru was obtained using the direct-reading spectrometer at a wave-
Tength of 240.27 nm whereas the Rh and Pd analyses were obtained using the
scanning monochromator at wavelengths of 343.49 nm and 360.95 nm, respec-
tively. Toward the completion of this study Rh and Pd channels (same wave-
Tengths) were added to the direct-reading spectrometer and the scanning

monochromator was no longer needed.

The operating conditions for the ICP are shown in Table 1. Al1 three
noble metals were calibrated at concentrations of 0.0 and 10.0 pg/mL. The
0.0 ug/mL standard was a 2% HC1 solution made from ULTREX® HC1 and deionized
water. The 10 pg/mL standards were also 2% in HCl and were made from high
purity 1000 ug/mL Spex Industries ICP standards.

PERFORMANCE

Areas of ICP performance that were addressed consist of interelement
spectral line interferences and certain matrix effects. Because the analysis
of Pd and Rh was studied on both the scanning monochromator and the direct-
reading polychromator, a comparison of the results will be given when appro-
priate.

TABLE 1, ICP Operating Conditions

Forward Power at Generator 1200 W
Coolant Argon F1ow 20 L/min
Plasma Argon Flow 0 L/min
Samplie Argon F1ow 0.75 L/min
Solution Uptake 1 mL/min

®ATOMCOMP is a registered trademark of Jarrell-Ash of Waltham, Massachusetts.
@LTREX is a registered trademark of J. T Baker Chemical Co. of Phillipsburg,
New Jersey.



Interelement Spectral Line Interferences

Interelement spectral Tine interferences are common in all forms of emis-
sion spectrometry including ICP. Because every element has several lines of
emission, most of the major 1ine interferences can be eliminated by careful
selection of the analysis Tines. The weaker interferences, however, usually
cannot be totally avoided, so correction schemes based on measurements of the
concentrations of the interfering elements must be used. The ICP being used
must have the ability to analyze for the interfering element. Thus, it can
assess the degree of the interference from that element from sample to sample.

Table 2 shows most of the interferences for Ru (240.3 nm), Rh (343.5 nm),
and Pd (360.9 nm). Interference values for the Pd and Rh 1ines are given for
both the scanning monochromator and the direct reading polychromator. These
values were obtained by aspirating high purity 100 ppm standards for each of
the elements shown and observing the concentration readings of the noble
metals.

Table 2 shows that in almost all cases the interferences are larger when
the 0.5 m monochromator is used instead of the 0.75 m polychromator. This is
mainly due to the higher resolving power of the polychromator. Another advan-
tage the direct reader has over the scanning monochromator is that the values
of the interferences are more constant with the former. With the monochroma-
tor, the interferences will change slightly as it is dialed to different wave-
lTengths because dialing to exactly the same point every time is extremely
difficult. Therefore, the important interferences must be re-evaluated each
time the monochromator is moved. This is not a problem with the polychromator
because all of the individual photomultiplier tubes are placed at fixed wave-
Tengths. Thus, the interferences are relatively constant and can be entered
into the controlling computer, which then automatically subtracts them from
the appropriate elements each time an analysis is made.

Matrix Effects

In the analysis of noble metals, as it has been described in this report,
there are two basic matrices to be considered. The first is associated with
the Zn reduction-NaZOZ/NaOH fusion separation procedure, in which the



TABLE 2. Percent Interference Values for Ru (240.3 nm), Rh (343.5 nm), Pd
(360.9 nm) From Various Elements

. Interizzences Rh% Interferences Pd% Interferences
Element Polychromator Polychromator  Monochromator Polychromator Monochromator
. Al
B 0.04
Ba
’ Ca
Ce 0.05 0.05 0.48 10 17
Co 0.31 0.02 0.08 0.06 0.07
Cr 0.03 0.28 0.22
Dy 0.09 0.70 8.8 1.8 3.7
Eu 0.80 4,8 0.44 0.56
Fe 1.4 0.28 1.1
Gd 0.01 0.14 0.30 0.49 3.0
K
La 0.08 0.47
Li
Mg
Mn
Mo 0.03 0.87 1.4 0.10 0.08
Na
Nd 0.04 0.35 1.4 3.3 13
Ni 0.02 0.10 0.75
P
Pb
- Pd 0.01
_Rh 0.02 0.10 0.16
Ru 0.04 0.25
si 0.02
) Ti
Im
Ti
In
- Ir 0.04 0.21 0.26 0.85 0,22

(a) Interference values not shown are less than .01%.



concentration of Zn and Na in the final solution is approximately 800 ug/mL
for both. The second matrix deals with the noble metal analysis of the sol-
vent metal buttons in which the final concentration of the solvent metal is
approximately 1000 pug/mL. For this work we chose to look at lead as the sol-
vent metal matrix.

Table 3 shows the results of the direct-reading polychromator ICP analy-
sis for Ru, Rh, and Pd in 2% HC1, Zn/Na (800 ug/mL for both), and Pb (1000 u
g/mL) matrices. The latter two solutions were also 2% in HC1 and were made
from dilutions of the 1000 ug/mL SPEX ICP standards using the appropriate
matrix as the diluent. Pb shows 1ittle or no interference in the determina-
tion of Pd and Rh, but when the concentration of Ru is in the ng/mL range it
does have an appreciable effect. The Zn/Na matrix has a very slight interfer-
ence on all three noble metals, however when the concentrations of the metals
are above ~0.5 ug/mL the effect becomes insignificant.

In each of these cases, where there is a matrix effect the numbers are
biased to the high side. Figures 2, 3, and 4 show that when there is a matrix
effect the linear response curves shift to the high side, maintaining their
linearity and gradually sloping back to the 2% HC1 matrix curve. This indi-
cates that the interfering matrix raises the background levels and remains
constant. At very low concentration levels this background shift can be
appreciable, but as the concentration of the analyte increases the shift
becomes insignificant.

If rough numbers are acceptable in the ng/mL range these matrix effects
can be ignored, but if more accurate results are required these effects can be
eliminated by matrix matching the calibrating standards.
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TABLE 3. The Effects of Zn/Na and Pb Matrices on the ICP Determination of Ru, Rh and Pd(a)

LL

Nogﬁzualta1 Measured Noble Metal Concentration (ug/mL)
Concentration 2% HC1 Matrix Zn/Na Matrix Ph Matrix

(ug/mL) Ru Rh Pd Ru Rh Pd Ru Rh Pd
0.01 0.020 0.005 0.017 0.042 0.020 0.045 0.10 0.007 0.020
0.025 0.031 0.019 0.029 0.057 0.049 0,060

0.050 0.055 0.048 0.051 0.079 0.064 0.085 0.16 0.053 0.051
0.075 0.078 0.073 0.073 0.10 0.087 0.11

0.10 0.11 0.098 0.099 0.13 0.11 0.14 0.21 0.10 0.11
0.25 0.25 0.26 0.23 0.26 0.25 0.28

0.50 0.51 0.49 0.50 0.51 0.48 0.52 0.58 0.50 0.49
0.75 0.75 0.75 0.74 0.74 0.74 0.76

1.0 1.00.99 1.0 1.1 0.98 1.0 1.1 0.95 1.0

2.5 2.62.5 2.4 2.6 2.5 2.5

5.0 5.04.9 5.1 5.0 4.9 5.1 5.1 4,9 4.9

7.5 7.67.5 7.6 7.4 7.4 7.5
10.0 10.00.0 9.9 10.1 9.9 9.8 10.2 10.1 9.9

(a) A1l numbers represent the mean of ten 15-sec burns.
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NOBLE METAL ANALYSIS OF SOLID WASTE FORMS

Two methods for the analysis of noble metals Ru, Rh, and Pd in the glass
or calcine waste forms are described in this section. The first method is
based on a combination of ICP and x-ray fluorescence spectrometry and was
developed as a fast, accurate technique that will work only on nonradioactive
materials. The second method is based on a technique in which the noble
metals are separated from the other components of the fission material and
analyzed by ICP. Although this latter method is more complicated and takes
more time than the first, it will work on radioactive and nonradioactive mate-
rials.

NOBLE METAL ANALYSIS OF NONRADIOACTIVE CALCINE AND GLASS

A fast and accurate analytical procedure was needed in the beginning of
this work for the analysis of noble metals in both the PW-4b-7 calcine and the
final glass waste form. The PW-4b-7 calcine, developed by PNL, is considered
to be representative of commercial fission waste that contains a minimum
amount of reprocessing chemicals (Mendel et al. 1977). In the past, PNL has
analyzed nonradioactive materials of this type by converting them into a
1iquid form via a Na,0,/NaOH fusion (see Appendix for procedure) and per-
forming the subsequent analysis on the ICP. Table 4 gives the results of such
an analysis of the PW-4b-7 calcine.

The elements represented in Table 4 were present on the direct reading
polychromator being used by this laboratory. A scanning monochromator is
available for 1ooking at other elements not present on the direct reader, but
spectral interferences from the other components of the calcine prevented this
method from being used to obtain a re]iab]e analysis for Pd or Rh. Since that
time Pd and Rh channels have been added to the direct reader and (because of
its superior resolving power) analysis for Rh directly from the fused calcine
in now possible. However, because there is a large interference (170%) from
Samarium (Sm) (interferences of that size cannot be reliably corrected for)
analysis for Pd using the 360.9-nm 1ine cannot be made directly from the fused
calcine.
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TABLE 4., ICP Analysis of the Calcine PW-4b-7

Element wt¥
B 0.04
Ba 2.3
Ca 0.32
Cd 0.17
Ce 5.2
Cr 0.56
Eu 0.34
Fe 2.3
Gd 0.60
La 2.5
Mg 0.07
Mn 0.03
Mo 7.5
Nd 7.5
Ni 0.21
P 0.60
Ru 4.2
Si 4.5
Sr 1.8
Te 0.89
Te 0.04
In 0.04
Ir 7.6

The initial analyses for Pd and Rh were obtained by a combination of ICP
and x-ray fluorescence spectrometry. A Spectrace 440® energy dispersion unit
was the type of x-ray used in this work.

®Spectrace is a registered trademark of United Scientific of Mountain View,
California.
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In the x-ray fluorescence spectrum the noble metals Ru, Rh, and Pd have
adjacent peaks. Peak area ratios of Ru/Rh and Ru/Pd are obtained by counting
the solid sample on the x-ray. Because these peak area ratios correspond very
closely to concentration ratios, quantitative concentration values can be cal-
culated for Rh and Pd by usingkthe Ru concentration value obtained from the ICP,

Figure 5 shows the x-ray spectrum for this calcine over the energy region
of 14 to 25 KeV. Each of the elements shown has two peaks corresponding to the
Ka and KB energy transitons. The MoKB interferes with the RuK, peak so the
MoKB must be removed from the spectrum before peak area ratios can be
obtained. Figure 6 shows this same spectrum after the MoK, and KB peaks have
been mathematically stripped away by the controlling computer. From this spec-
trum, peak area ratios of 5.93 and 1.56 are obtained for Ru/Rh and Ru/Pd,
respectively. Using these values and the original Ru ICP concentration of
4,2 wt%, the following concentrations for Rh and Pd are calculated:

Ru/Rh = 5,93 = 4,2 wt%/Rh wt% Rh = 0,71 wt%
Ru/Pd = 1.56 = 4.2 wt%/Pd wt% Pd = 2.7 wt%

\jld KeV

FIGURE 5. X-Ray Spectrum of the PW-4b-7 Calcine in the 14 to 25 KeV
Energy Region
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FIGURE 6., PW-4b-7 Calcine X-Ray Spectrum With the MoKa and KB Peaks Removed
Although this method works quite well for nonradioactive materials (both
calcine and glass), it will not work for highly radioactive materials. The
solid-state detector used by the Spectrace 440® would be overloaded by the
high-level background radiation created by the naturally radioactive mate-
rials. Therefore, another approach is needed for the analysis of the actual
radioactive materials.

NOBLE METAL ANALYSIS OF FISSION PRODUCT CALCINE AND GLASS

Direct ICP analysis for Ru and Rh in the fused calcine or glass is possi-
ble using the ICP lines of emission addressed in this report but because of the
spectral interferences involved, good quantitative numbers cannot be obtained
for Pd. If, however, the noble metals can be separated from the interfering
components of the fission waste, ICP analysis can be used for all three ele-
ments. Another benefit of such a separation would be the removal of most of
the highly radioactive fission products thus leaving a sample that would be
safer and easier to handle.

Two criteria had to be considered for the separation technique: 1) the
technique must quantitatively remove Ru, Rh, and Pd from the interfering compo-
nents present in the fission waste, and 2) the technique must be simple in

18



application because it will eventually be carried out in a hot cell with
manipulators. Of the separation techniques found in the literature (Beamish
1966; Campbell 1968; Zolotov, et al. 1978; Vorbeva, et al. 1974; Vasilyeva,

et al. 1975; Ginzburg, et al. 1975) only two met both of these criteria. One
was a liquid/liquid extraction procedure using the compound para-n-octyl
aniline, but its commercial unavailability coupled with a shortage of time pre-
cluded its use. The second technique was a reduction method in which the noble
metals are reduced to their metallic state, thus precipitating out of solu-
tion. Although several reductants were possible, after a preliminary inves-
tigation metallic Zn was chosen.

In the past, the determination of noble metals by Zn reduction has not
been an accurate or reliable method because it was usually has been applied as
a gravimetric technique (Beamish, 1966, p. 254). In this technique an isolated
noble metal is reduced with excess IZIn from a weakly acidic HC1 medium. This
excess Zn is washed away with dilute HCl and the remaining precipitate is
weighed as the metal. Because Zn is easily attacked by HC1 and because the
noble metals are considered to be inert toward corrosion from HCl, this selec-
tive leaching would appear to be a simple process. However, the degree of cor-
rosive action that HC1 has on Zn and the noble metals under these conditions
depends on the impurities present at the time of the contact (Binzburg, et al.
1975, p. 14-16). Therefore, predictions concerning the degree of corrosiveness
that HC1 will have on Zn and the noble metals cannot be made with any reason-
able degree of certainty.

When the above procedure is used under the proper conditions, the reduc-
tion of tHe'nob1e metals is complete. In addition, only a few other elements
are reduced by metallic Zn in an acid medium. Thus, the first criterion, the
one step quantitative removal of Ru, Rh, and Pd from the interfering constitu-
ents of the fission product waste, has been met. As for the second criterion,
the ease of application, only a few very basic laboratory techniques are
required.

Figure 7 shows a schematic representation of the analysis of noble metals
in calcine or glass. In brief, the initial solid sample is fused into solution

19
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FIGURE 7. Schematic Representation of the Analysis of Noble Metals in
Calcine or Glass

and acidified with HCl. Zn is added and the solution is allowed to stand 12 to
16 h. The precipitate, which at this point contains the noble metals, some
left-over Zn, and some trace contaminants, is separated from the supernate
(discard this solution) and washed with HC1 (save this solution) to remove the
excess Zn. It is then fused back into solution, acidified with HC1, and added
to the HC1-Zn wash solution. This final solution is then to an appropriate
volume and a portion of this is removed from the hot cell for ICP analysis.
(See appendix for the detailed procedure.)

RESULTS AND DISCUSSION

To evaluate the analytical reduction procedure, a set of multiple noble
metal analyses of the PW-4b-7 calcine as well as a series of spike recovery
experiments were completed. The spike recovery experiments were carried out by
spiking a fused calcine with 5000 ug of each of the noble metals. The
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composition of the fused calcine was similar to the PW-4b-7 calcine except that
it contained no noble metals. Tables 5 and 6 show the results of this work.

Rh gave the best spike recovery results; the Pd numbers are a Tittle high
and the Ru numbers are a Tittle Tow. As mentioned earlier, the rare earth Sm
has an extremely strong spectral interference with the Pd 360.9 nm line.
Because ~5% of the rare earths Ce and Nd were carried all the way through the
procedure to the final solution, we can assume that some of the rare earth Sm
carried through also. This would explain the high Pd numbers. Some evidence
exists that small amounts of Ru can be Tost during base fusions at temperatures
above 350°C (Ginzburg, et al. 1975, p. 21). The temperatures at which the fus-
ions described in this report were carried out (550°C) could partially explain
the Tow Ru numbers.

TABLE 5. Noble Metal Analysis of the PW-4b-7 Calcine Via
the Reduction Procedure (wt%)

Sample Ru_ _Rh Pd
1 3.9 0.83 2.8
2 3.8 0.83 2.7
3 4.0 0.85 2.9
4 4.0 0.84 3.0
5 3.7 0.81 2.9
6 3.9 0.83 2.8

TABLE 6. Noble Metal Spike Recoveries (% recovered)

Sample Ru Rh Pd
1 90 100 107
2 93 95 110
3 87 98 105
4 91 100 113
5 90 95 110
6 92 97 108
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If the trends that discovered in the spike recovery results are present in
the analysis of the PW-4b-~7 calcine, the Rh numbers should be near the true
value. The Ru numbers are probably ~10% low and the Pd numbers are ~10% high.
With these adjustments taken into account, values of 4.2 wt%, 0.83 wt% and
2.6 wt% are obtained for Ru, Rh and Pd, respectively. The ICP/x-ray fluo-
rescence analysis procedure gave noble metal values of 4.2 wt%, 0.71 wt% and
2.7 wt% which compare very closely to the reduction procedure numbers.

22



NOBLE METAL ANALYSIS OF THE "SOLVENT METAL"

When lead metal buttons containing the noble metals are dissolved in
dilute nitric acid, a fine, dark, acid-insoluble precipitate is formed. An
x-ray diffraction analysis of this precipitate reveals a complex pattern in
which diffraction 1ines for metallic Ru, Rh, and Pd can be identified as well
as several other lines which annot be identified. Samples of the noble metals
in both Bi and Pb "solvent metal" matrices were submitted for scanning electron
microscope (SEM) and electron microprobe analysis. The photographs of these

analysis are shown in Figqures 8, 9, 10 and 11.

The electron microprobe analysis of both the Bi and Pb matrices show that
Ru is precipitated as small aggregates of relatively pure metal. The micro-
probe photograph of the base metals shows a void area, indicating very Tow con-
centrations where the Ru has precipitated. These photographs indicate that
there is Tittle tendency for the Ru to form intermetallic compounds with either
Bi or Pb. The electron microprobe scans of Rh, Pd, and Te in the Bi metal sam-
ple show two definite phases: a polygonal phase rich in Rh, Pd, and Te, and a
rod-shaped phase rich in relatively pure Pd. In the Pb "solvent metal," the Rh
and Pd precipitate throughout the matrix. This diffuse concentration could
indicate intermetallic compound formation with the solvent metal (Ginzburg,
et al. 1975, p. 14-16). When the Ph buttons are dissolved in dilute nitric
acid, the Pd and Rh are slightly soluble. The degree of solubility, which
varies from sample to sample, probably is determined to some extent by the
degree of noble metals' dispersity, the formation of intermetallic compounds,

and the presence of foreiagn impurities.

Thus, the metal buttons are not homogeneous in composition (with respect
to the noble metals); therefore, sampling could he a possible source of
error. Because of the small metal buttons that are generated in the laboratory
scale process, this does not represent a problem (i.e., the whole sample can be
dissolved and analyzed). When the process is developed to pilot scale and then
to production scale, the size of the metal buttons produced will also
increase. As this happens the problem of obtaining a representative sample

also could increase, making a reliable analysis more difficult to obtain.
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ANALYSIS OF NOBLE METALS IN THE LEAD "SOLVENT METAL" BUTTON

When the noble metal extraction research began, several metals (Pb, Bi,
Sb, Sn, and Cu) were considered as possible "solvent metals." Toward the com-
pletion of the work it became apparent that Pb was probably going to be the
metal of choice; thus, only the analysis procedure for the Pb matrix is
given. The analytical schemes for the other solvent metals are basically simi-
lar, with the only diffrences being the types and amounts of acids used in the
button dissolution step.

A weighed representative sample of Tead metal is placed in a 400 mL beaker
and at ~150 mL of 2M HN03 is added for each 5 g of sample. The acid solution
can either be agitated to facilitate dissolution or allowed to stand for
~16 h. Once the lead has completely dissolved, the solution is filtered (by

vacuum) through a 0.45-um, cellulose-acetate membrane filter.

The filtrate is diluted to 250 mL in a volumetric flask. A 10-mL to
100 mL dilution (using demineralized water) of this solution can be analyzed
for the noble metals by ICP. The precipitate on the membrane filter is trans-
ferred into an alumina crucible. Next, 1.0 mL of a 50% NaOH is added to the
sample and the solution is slowly evaporated t dryness on a hot plate. After
drying, ~1 g of Na202 is added to the sample and it is fused in a muffle fur-
nace at 550°C for 20 min. After the fusion period, the sample is removed from
the furnace and is cooled to room temperature on an asbestos sheet. The cooled
fused mixture is leached with ~25 mL of water (added by drop) and transferred
into a 250-mL volumetric flask. Two 25-mL portions of 40% HC1, followed by one
25-mL portion of dejonized water are used as rinses. This solution is boiled
gently for ~1 to 2 min., cooled to room temperature, and diluted to volume with
demineralized water. A 10-mL to 100 mL dilution of this solution is then ready
for ICP noble metal analysis.
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APPENDIX
SODIUM PEROXIDE/SODIUM HYDROXIDE FUSION PROCEDURE

AND
NOBLE METAL SEPARATION PROCEDURE




SODIUM PEROXIDE/SODIUM HYDROXIDE FUSION PROCEDURE

Accurately weigh (to the nearest milligram) between 0.25 and 0.75 g of
finely ground sample into an alumina crucible containing 2 g of Nay0, and 1 g
of NaOH and mix well. As in any fusion method, solid samples should be ground
to less than 100-mesh seive size to facilitate complete dissolution during the
fusion step.

Slowly heat this mixture on a hot plate to remove any residual
moisture. When the mixture is dry, place it in a muffle furnace at 550°C for
20 min. After this fusion period, remove the crucible from the furnace and
allow it to cool slowly to room temperature on an asbestos pad. (Note: Do
not place the hot alumina crucible directly on a cold, metal surface because
the thermal shock will crack it.) When the crucible is cooled, slowly add
water (by drop) until the more vigorous reaction has subsided. Then bring the
total volume up to ~25 mL. This water-leached sample is transferred to a
250-mL volumetric flask, using two 25-mL portions of 40% HC1 and two 25-mL
portions of deionized water as rinses. The acidified sample is then heated to
a slow boil on a hot plate and cooled back down to room temperature. After
the solution has cooled, it is brought up to volume with deionized water, and
a 10-mL to 100-mL dilution of this solution can be run on the ICP.
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NOBLE METAL SEPARATION PROCEDURE

The preceding Nay0,/NaOH fusion procedure is used to dissolve the solid
sample. After the cooled, fused, crucible contents have been leached with
water, they are transferred to a clean 250-mL beaker, using two 20-mL portions
of 40% HC1 and one 20-mL portion of deionized water as rinses. The solution
is heated to a slow boil for 1 to 2 min and then cooled to room temperature.
Once cooled, the final volume is brought up to ~120 mL with deionized water.
Six grams of 20-mesh granular Zn is then added to the sample, and this
solution is allowed to stand for a period of 12 to 16 h. After the reduction
period, the solution is slowly brought up to a temperature of 60 to 70°C over
a period of 10 to 15 min and then is removed and allowed to cool. The
supernate, plus the suspended precipitate, is decanted from the heavier ZIn
granules and filtered through a 0.45-um, cellulose-acetate membrane filter by
vacuum. The Zn granules are washed with three 10-mL portions of deionized
water after the initial supernate has been decanted off. The filtrate, which
contains most of the dissolved Zn and fission products, is discarded. The
excess granular Zn, which is still in the beaker, is dissolved with 50 mL of
40% HC1 and is brought to a boil on a hot p1ate; While still hot, this solu-
tion is poured over the noble metal-bearing filter paper and is allowed to
stand with no vacuum being applied. After 1 to 2 min, the vacuum is reapplied
and the resulting filtrate is transferred to a 250-mL volumetric flask and
saved. The filter membrane is then removed from the vacuum filtration appa-
ratus and transferred into an alumina crucible. About 1 mL of a 50% NaOH
solution is added to the crucible, and 1ow heat is applied for a period of
~1 h, or until all of the water has been driven off. Once dry, ~1 g of Nas0,
is added, and the mixture is transferred to a muffle furnace where it is fused
at 550°C for 20 min.

After the fusion period, when the crucible has cooled to room
temperature, water is slowly added by drop until the vigorous degassing has
subsided, and then the total volume is brought up to about 25 mL. Using two

20-mL portions of 40% HC1 followed by one 20-mL portion of water, transfer the
contents of the crucible to the original 250-mL volumetric flask in which the
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granular Zn dissolution solution was saved. This solution is brought to a
slow boil, cooled to room temperature, and diluted to volume using
demineralized water. A 10-mL to 100-mL dilution of this solution can then be

analyzed for Ru, Rh, and Pd on the ICP.
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