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Materials Characterization Studies on LANA75/85 Materials for Replacement Beds [U] 

Kirk L. Shanahan 

December, 2016 

Abstract 

During FY15 and FY16, a purchase order (PO) was placed with Japan Metals and Chemicals, USA after an 
open bidding procurement process for 282 kg of LaNi4.25Al0.75 and 226 kg. of LaNi4.15Al0.85.  These 
materials were to be used in Tritium Facility replacement beds for existing beds that have reached the 
end of their useful life.   As part of the PO, a 100 g. sample of each material was delivered to the SRNL 
Hydrogen Processing Group for characterization studies as is typically done for all newly acquired 
hydride materials.  The PO actually employed a “trust but verify” approach where JMCUSA was allowed 
to ship materials it felt met specifications without SRS confirmation, as long as the data used to do so 
was delivered to SRS as part of the PO documentation package.  Subsequent SRNL analysis revealed that 
the material met all specifications and was of very high quality.  This report documents those findings. 

Background 

In FY14 the Tritium Facility (TF) determined the upcoming need to replace La-Ni-Al alloy (LANA) –based 
storage beds due to tritium aging effects on the hydride material.  Funding for materials procurement 
was identified and the replacement effort was initiated by requesting the Hydrogen Processing Group 
(HPG) of Savannah River National Laboratory (SRNL) to identify the technical specifications that would 
need to be met by any new material procured.   After surveying prior technical specifications and 
consulting with TF and SRNL personnel familiar with material requirements, a new specification was 
written and issued (M-SPP-H-00531).  Following that a purchase order was initiated (PO# 0000233061).   

During the material specification and purchase requisition (PR) writing process, multiple requests were 
made to vendors for Material Safety Data Sheets (SDS) and unit prices for two materials, LANA75 
(nominally LaNi4.25Al0.75) and LANA85 (LaNi4.15Al0.85).  However, the vendor did not supply this 
information until after a PO was placed with them (pricing) and the material delivered (SDS).  Because of 
this, the PR used an estimated price and included a statement that the SDS would not be available until 
later.  The original PO specified the procurement of 182 kg. of LANA75 and 126 kg of LANA85.  Once the 
actual unit price had been determined, it was found to be ~25% of the original estimated price, and 
funds allowed the purchase of 100 kg more of each material.  The PO was then modified to reflect the 
higher quantities.  The PO was finally placed on Sept. 30, 2015.  

JMC, USA requested clarification from SRS on the order of manufacture, and SRS replied that the 
LANA75 material should be manufactured and delivered first, followed by the LANA85 material.  
JMCUSA then coordinated with their parent company, and the materials were manufactured in JMC’s 
Oguni Plant.  The LANA75 material was delivered to SRS on April 21, 2016 and the LANA85 on Aug. 17, 
2016.  Due to administrative issues, the LANA75 was not delivered to SRNL until May 31, 2016 and the 
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LANA85 was not delivered until October 10, 2016.  The 100 g samples were express mailed and received 
by SRNL on April 15, 2016 (LANA75) and July 26, 2016 (LANA85). 

In retrospect, there were several minor paperwork issues that arose involving the delivery of the 
samples and bulk materials.  All were eventually resolved and the bulk materials were moved to a 
storage location in the TF.  For future reference, the sample delivery at HTRL needs to be specified in the 
PO, as Receiving was expecting delivery at their facility, and a better way to handle the SDS 
unavailability was needed, as Receiving procedure was to not accept chemicals without a SDS currently 
entered into the electronic SDS system.  Thus the materials were held briefly in N-Area Receiving until 
these issues were resolved.  Also, the PO should have specified bulk material delivery on-site to the TF 
instead of to SRNL, as that necessitated a second transfer when they were delivered to HTRL and then 
had to be moved to the TF. 

As soon as the 100g samples were received, work was initiated to characterize the materials.  A sample 
was prepared at HTRL for hydrogen and deuterium absorption/desorption (abs/des) studies to 
characterize each material’s performance and to compare with supplier data.  Specifically, how well the 
material conformed to the specification was determined, i.e. plateau pressure at 80 oC, plateau flatness, 
and working capacity were derived from ~80 oC isotherms. As well, thermodynamic characterization 
(abs/des enthalpy and entropy) with both hydrogen and deuterium isotopes were conducted.  JMC also 
supplied data packages with the samples and bulk materials detailing their analytical studies, and these 
are included in Appendix I.    Another sample of each material was prepared and delivered to ADS for 
chemical composition determination by ICP-ES and ICP-MS, Cl determination by NAA, and for 
physical/chemical characterization by XRD and SEM/EDX analysis.  All of these results will be presented 
below, primarily in Appendices II, III, and IV.   

Results and Discussion 

The technical specifications (Section 3.1 of the specification) place requirements on the materials’ 
behavior towards hydrogen.  A summary of the requirements is given in Table 1.  (Note that there was a 
typographical error in the LANA85 material’s original plateau pressure specification.  This was corrected 
with a Supplier Deviation Disposition Request (SDDR-13397, 2/17/2016).)  Minimum working capacity, 
plateau flatness, plateau pressure, and total chlorine content are specified.  Pressures are specified in 
atmospheres and capacity in H/M units, where the H/M number is the ratio of H atoms to metal atoms 
in the sample. 

The first three requirements are to be determined from an 80 oC hydrogen (protium) desorption 
isotherm.  The last requirement (Cl content) was determined at SRNL by neutron activation analysis 
(NAA).  No signal was detected for Cl in the NAA, thus the analytical result (Table 1.) is that the Cl level is 
less than the detection limit of the technique as applied to that specific sample.   

Figure 1a directly compares the SRNL measured isotherms with the digitized version of the JMC-supplied 
LANA75 isotherm (original JMC data shown in Appendix I).  Note that the digitization process may not be 
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perfect, so the second comparison (Fig. 1b) is a ‘photoshopped’ overlay of the JMC figure and the SRNL 
results for comparison.  The JMC isotherm seems to drift between the SRNL absorption and desorption 
isotherms.  The reason for this is unknown but may be related to how activated the sample was and/or 
the parameters used for isotherm determination.  Figure 2 presents a favorable comparison of the JMC 
LANA75 material’s isotherms to another LANA75 material used in the 2003 TFM&C project.  The original 
80 oC D2 abs/des isotherm reported in 2004 is supplemented by a recent (2014/15) redetermination of 
the same isotherm on TFM&C LANA75 that had been shelf-stored since 2003.  The difference in 
isotherms reflects sample-to-sample reproducibility, and illustrate that the differences noted between 
SRNL and JMC isotherms fall well within normal variation. 

Figures 3 and 4 present all the experimentally determined isotherms for the LANA75 material.  Figure 5 
is the LANA75 van’t Hoff plot.  Given that only two points are used to construct each van’t Hoff line, the 
precision of the results is not maximal, and the values should be considered estimates only.  The linear 
regression equations for the alpha, plateau, and beta regions are shown on the Figure in the key.    
Figure 6 presents an example mid-point plateau pressure determination plot using the methodology 
described above.  The plateau region equation (shown on the van’t Hoff plot) typically encompassed 
roughly the range needed for the plateau slope evaluation, and the results listed in Table 1 were 
computed from those linear regression fit equations.  Figures 7 and 8 present all the experimentally 
determined isotherms for the LANA85 material.  Figure 9 is the van’t Hoff plot. 

The purchase specification required the use of the plateau pressure at Q/M=0.35.  This assumes an 
approximate maximum capacity of ~0.7 Q/M.  The data however show a greater span than this, which is 
reflected in the larger working capacities measured vs. the specified values, so while the use of the 0.35 
value is not a problem in the specification, it may not represent the true mid-point composition, and use 
of the true mid-point is preferred for thermodynamic parameter determinations. 

Table 1.  Product Requirements vs. SRNL Sample Results 

                                                           LANA75   LANA85 

                                                        Specification Found         Specification Found 

Plateau Pressure 80 oC (atm) 0.26-0.61 0.278, 0.282 0.079-0.237    0.154, 0.152 

Plateau Slope (∆lnP/∆(H/M)) ≤1.25  1.09, 0.84 ≤1.25  1.14,1.02 

(determined between 0.2-0.5 H/M)       

Working Capacity  >0.67  0.74, 0.74 >0.55  0.628, 0.622 

(determined between P(atm))  (0.026-6.1)   (0.086-1.32) 

Chloride Content (ppm)  <250  <119  <250  <123 
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An isotherm was supplied for each material as part of the deliverables, and is included in Appendix I.  
(These isotherms are also compared directly to SRNL results in the Figures below.)  SRNL verified the 
materials’ performance and extended the effort to include two temperatures and isotherms with 
deuterium as well.  From these isotherms the thermodynamic parameters of enthalpy and entropy of 
decomposition were estimated by using the plateau pressure values from each isotope at two 
temperatures.  The method used to determine the relevant pressures is to determine the composition 
midpoint between the intersection points of the plateau with straight lines drawn through the alpha and 
beta phase regions.  The natural log of the pressure values at those mid-point compositions is then 
plotted against the reciprocal temperature (K), and the slope and intercept of that line calculated.  The 
enthalpy and entropy are then computed per the van’t Hoff equation,  

                                                    (1/2)ln(P) = -∆H/RT + ∆S/R   (1) 

Note that this gives the enthalpy and entropy in terms of moles of H atoms.  Often, these values are 
given in terms of moles of molecular H2 instead, in which case the values are twice that when expressed 
per mole of H.  Table 2 presents these results in absolute values.  (By convention, absorption, which is 
spontaneous, has a negative sign and desorption a positive one on enthalpy.)  Diaz, et al [2] have 
presented thermodynamic parameters for several LANA alloys, in particular for LANA75.  They report an 
enthalpy of formation of -10.6 kcal/mole H2 and an entropy of formation of -28.2 cal/mole H2/oK (note 
that they incorrectly state the units as kcal/mole/oK) (-5.3 kcal/mole H and -14.1 cal/mole H/oK)  This 
substantially agrees with our values determined here, especially when considering that our values are 
determined from only two temperature points and thus have a higher percentage of error.  
Interestingly, it seems to be the entropic term that defines the isotope effect.  

Table 2.  Thermodynamic Parameters for JMC LANA75 and LANA85 (absolute values) 

                                          Absorption                                                         Desorption 

                              Enthalpy            Entropy                                 Enthalpy              Entropy                               

                             (kcal/mole H)     (cal/mole H/K)                  (kcal/mole H)     (cal/mole H/K) 

LANA75  

  Protium                  5.31                   14.01                                         5.36                  13.99 

  Deuterium             5.54                   14.82                                         5.56                  14.71 

LANA85 

  Protium                  5.30                    13.40                                        5.34                  13.35 

  Deuterium             5.55                    14.32                                        5.71                  14.54 
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Figures 10 and 11 show the XRD spectra obtained from the new materials.  The spectra indicate high 
quality materials.  There are no spurious peaks detected, and the observed peaks are sharp.  
Contaminants (either other phases or elements) would lead to broadening and/or peak shoulders.  
Figure 12 is a difference spectrum computed by subtracting the scaled spectra.  Scaling was 
accomplished by dividing all spectrum data points by the maximum value from the original spectrum 
(normalization).  This did not match intensities in the strongest peak, so there are still strong peaks in 
the difference spectrum that reflect this.  The intensity differences may be dependent upon the 
distribution of reflective planes presented to the x-ray beam in each specific sample, and thus should 
not be considered as informative by themselves and thus are not particularly relevant.   

What is relevant is the observation of the characteristic structure obtained when subtracting two similar 
but offset peaks.  This shape is illustrated with an artificial case in Figure 13.  Note that peak “A” follows 
the “B” peak in Figure 13.  If the reverse were true the characteristic shape observed would also be 
reversed, i.e. first a positive going peak that then transitions into a negative going one.  The typical 
structure can be seen in several places in Figure 12, which simply indicates that the XRD peaks of 
LANA85 are slightly offset from LANA75 as expected.   This feature can be seen in the difference 
spectrum most clearly for the negative peaks at ~35.4, 42.1, 58.5, 62.6, 63.76, and 68.2 degrees (2θ 
values).   This was expected but was very difficult to see without the use of the difference spectrum. 

SEM/EDX studies were also conducted and the SEM results are shown in Appendix III.  EDX reports are 
included as reported by ADS in Appendix IV.  The XRD, SEM, and isotherm data are all consistent with a 
very high material quality level.  Even so, some morphology differences can be noted. 

Material chemical composition was determined by Inductively-Coupled Plasma (ICP)-Emission 
Spectroscopy (ES) and ICP-Mass Spectrometry (MS).  The compositions are very close to stoichiometric 
with possible slight excess La.  Actual computed results from the ICP-ES results are La1.019Ni4.176Al0.824 
(LANA75) and La1.022Ni4.105Al0.895 (LANA85) (calculated assuming the Ni+Al sum is at the nominal 5.0 
value).  Forcing the Ni values to the nominal ones produces these values: La1.037Ni4.25Al0.839 (LANA75) and 
La1.033Ni4.15Al0.904 (LANA85).  For the LANA85 sample the La and Al signals were measured.  After 

converting results, reported as mg/g, to moles, the ratio of the Al/La obtained was 0.88, while the 

nominal value for LANA85 is 0.85.    JMC results (see Appendix I) give LaNi4.19Al0.74 and LaNi4.14Al0.84 when 
the La value is forced to 1.0, which convert to La1.013Ni4.250Al0.750 and La1.005Ni4.158Al0.842 if the sum of the 
Ni and Al is forced to 5.0.  Both sets indicate a very slight La excess. 

These numbers are overall averages, the actual material may have compositional variations through it, 
which may be seen in SEM and XRD data in some cases.  These numbers imply that both materials have 
a slightly higher than nominal La and Al content, or alternatively, are slightly Ni deficient. 

The ICP-MS technique was used primarily to determine what if any contaminants were present.  This 
was also determined from the ICP-ES reports.  The ICP-MS results for LANA75 and LANA85 have positive 
values reported for Co, Sm, and W contaminants, but these values are not significantly above the check 
standard’s values (which are above the instrument’s detection limit), and are 4-5 orders of magnitude 
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lower than the counts reported for the primary constituents of La, Ni, and Al.  As such, if present at all, 
they will be on the ppm or 10’s of ppm levels, and are in fact probably present in the materials used to 
dissolve and dilute the LANA samples.  The ICP-ES of the LANA75 did not show any signals for possible 
contaminants.  The ICP-ES results for the LANA85 material showed low counts for Li and Mg, but again 
these will be on the ppm or 10’s of ppm level, if truly present.  More sample determinations are 
required to confirm this and solidify the actual level if any.  However, the materials are of very high 
purity. 

Prior LANA procurements have generally obtained materials with a slight La deficiency.  This was 
requested for the new materials but not required.  Both materials may be slightly La-rich (up to ~2-3% 
depending on how it is calculated and allowing for some variation if additional samples are run), but 
only one sample was analyzed for each material and that number may be subject to revision if more 
samples are measured.  Excess La is thought to be a potential problem in that La is a getter, and may 
hold tritium in the material, creating a higher T content than desired when disposing of used material.  
However, there is no indication of free La in the XRD results (Figures 10, 11, and 12), and some variation 
in the EDX analyses, possibly indicating that there may be some slight compositional variation that alloys 
all of the La, eliminating the T gettering concern.  (However, EDX signals inherently vary such that the 
technique is not considered to be fully quantitative.)  The materials should be entered into a tritium 
exposure program to assess this more concretely.  Further, tritium aging will induce significant changes 
in the materials’ thermodynamics which needs to be quantified. 

Conclusions and Recommendations 

These studies have shown that all product requirements were met and the materials are of high quality 
(minimal inclusions, homogeneous).  Tritium aging studies are recommended to assess material 
property changes with age.  It should be noted that recent studies [3] have indicated that the amount of 
cycling a sample undergoes can affect the extent and type of changes observed in isotherms.  In 
addition, recently published tritium aging studies on Pd alloys [4] have reported extreme sensitivity to 
cycling.  Therefore, tritium aging studies should investigate these issues in La-Ni-Al alloys. 
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Figure 1a.  Comparison of SRNL 80 oC H2 Desorption Isotherms and JMC results for new LANA75 
material 
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Figure 1b.  Photoshop Overlay of SRNL 80 oC H2 Desorption Isotherms and JMC results for new 
LANA85 material (JMC data is open circles, black line)(SRNL data is closed symbols, colored lines) (P in 
MPa) 
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Figure 2. Comparison of new JMC material’s 80 oC D2 isotherms (SRNL data) with two TCON LANA75 
batches (Absorptions are dashed lines, desorptions solid) 
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Figure 3. All SRNL data for JMC LANA75.  H2 (red) and D2 (blue) absorption/desorption (A/D in key) 
isotherms at 50 & 80 oC.  (Absorption isotherms use dashed lines and unfilled symbols, 1 and 2 
designate 1st and 2nd run at that temperature.) (Q= H or D) 
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Figure 4.  Expanded lower Peq region of Figure 3. 
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Figure 5.  Van’t Hoff Plot for JMC LANA75 Material.  (Note: Y axis is ½ ln(Pplat) ) 
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Figure 6.  Example Isotherm Analysis for Determining Mid-Plateau Pressure for van’t Hoff Plot (linear 
fits are made to each region of plot, the intercept points define the plateau end points, the mid-point 
gives Pplat).  This example uses the 2nd 80 oC D2 desorption isotherm. 
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Figure 7.  All SRNL data for JMC LANA85.  H2 (red) and D2 (blue) absorption/desorption (A/D in key) 
isotherms at 80 & 125 oC  (Absorption isotherms use dashed lines and unfilled symbols, 1 and 2 
designate 1st and 2nd run at that temperature.) (Q = H or D) 
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Figure 8.  Expanded lower Peq region of Figure 7. 
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Figure 9.  LANA85 van’t Hoff Plot (Note: Y axis is ln(Pplat), not ½ that) 
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Figure 10.  JMC LANA75 XRD Spectrum 

 

Figure 11.  JMC LANA85 XRD Spectrum 
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Figure 12.  XRD Difference Spectrum (JMC LANA85(scaled)- JMC LANA75(scaled)) 

 

Figure 13.  Example of a Difference Spectrum produced from 2 peaks that are slightly offset 
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Appendix I.  JMC supplied data on new LANA materials 

 

Part 1.  LANA75 

80 oC H2 Desorption Isotherm 

Quality Test Report 

 

Part 2.  LANA85 

80 oC H2 Desorption Isotherm  

Quality Test Report 

 

Part 3.  SDS (applicable to both LANA75 and LANA85) 

SDS – unactivated material 

SDS – activated material 
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Part 1. LANA75 - 80 oC H2 Desorption Isotherm 
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Part 1. LANA75 - Quality Test Report 
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Part 2.  LANA85 - 80 oC H2 Desorption Isotherm 
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 Part 2. LANA85 - Quality Test Rep
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Part 3.  SDS – unactivated material (either LANA75 or LANA85)
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Part 3.  SDS – activated material (either LANA75 or LANA85)
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Appendix II.  ADS ICP Results 

Table A-II-1.  ICP-MS Results on LANA85 

ICP-MS Results 

 

  File Name:  Shanahan 3680,3690 

Instrument:  Agilent:  Bldg 773A, Rm B142                        Analysis Date:   10/25/2016 

 Analyst:  Mark Jones                                         Reviewer Name:  Mark Jones 

 Comments:  100Kx IDF Al La  Reported %RSD values reflect variance of replicate measurements. 

 Method Detection Limit (MDL) = Instrument Detection Limit (IDL) x Dilution Factor Method Uncertanty is  20%  

   

ADS Blank 

 

LaNi4.15Al0.85 

   

 

Opening 
Check 

 

LW3680 

 

LW3690 

 

Closing 
Check 

 

 

Standard 

 

100 X 

 

94.0911 X 

 

Standard 

 m/z ug/L 

 

ug/g 

 

ug/g 

 

ug/L 

 Al 1.03E+01 (9.36E-01 %RSD) < 1.00E+01 (N/A %RSD) 5.95E+04 (3.31E+00 %RSD) 1.04E+01 (1.14E-01 %RSD) 

V 9.70E+00 (4.33E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.94E+00 (5.11E-01 %RSD) 

Co 1.00E+01 (1.44E+00 %RSD) < 5.00E+00 (N/A %RSD) 7.24E+00 (1.09E+00 %RSD) 1.01E+01 (7.62E-01 %RSD) 

Ga 1.03E+01 (1.29E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.04E+01 (1.27E+00 %RSD) 

Rb 1.02E+01 (8.27E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.04E+01 (2.87E-01 %RSD) 

Sr 1.02E+01 (8.32E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.03E+01 (3.86E-01 %RSD) 

Y 1.01E+01 (1.52E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.03E+01 (7.37E-01 %RSD) 

Zr 9.53E+00 (4.89E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.62E+00 (5.69E-02 %RSD) 

Nb 1.01E+01 (1.40E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.01E+01 (6.01E-01 %RSD) 

Mo 9.93E+00 (1.22E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.01E+01 (4.57E-01 %RSD) 

Ru 9.97E+00 (1.12E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.01E+01 (1.62E+00 %RSD) 

Rh 1.01E+01 (7.18E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.03E+01 (5.82E-01 %RSD) 

Pd 1.00E+01 (6.05E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.01E+01 (3.16E-01 %RSD) 

Ag 1.02E+01 (6.59E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.03E+01 (1.79E-01 %RSD) 

Cd 9.95E+00 (9.82E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.02E+01 (1.51E+00 %RSD) 

Sn 9.96E+00 (2.23E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.02E+01 (1.47E-01 %RSD) 

Sb 1.01E+01 (1.26E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.02E+01 (1.45E-01 %RSD) 

Te 1.01E+01 (1.50E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.03E+01 (7.20E-01 %RSD) 

Cs 9.96E+00 (6.44E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.01E+01 (3.54E-01 %RSD) 

Ba 9.97E+00 (3.13E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.02E+01 (1.16E+00 %RSD) 

La 1.05E+01 (1.03E-01 %RSD) < 5.00E+00 (N/A %RSD) 3.53E+05 (9.40E-01 %RSD) 1.04E+01 (4.05E-01 %RSD) 

Ce 1.01E+01 (9.59E-01 %RSD) < 1.00E+01 (N/A %RSD) < 9.41E+00 (N/A %RSD) 1.03E+01 (1.16E+00 %RSD) 

Pr 1.02E+01 (1.46E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.03E+01 (1.00E+00 %RSD) 

Nd 1.01E+01 (1.55E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.03E+01 (1.05E+00 %RSD) 

Sm 9.91E+00 (1.25E+00 %RSD) < 5.00E+00 (N/A %RSD) 2.60E+01 (3.59E+00 %RSD) 1.00E+01 (4.29E-01 %RSD) 

Eu 9.83E+00 (1.58E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.88E+00 (8.78E-01 %RSD) 

Gd 9.95E+00 (1.72E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.01E+01 (7.46E-01 %RSD) 

Tb 1.01E+01 (1.57E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.01E+01 (1.18E+00 %RSD) 
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Dy 9.75E+00 (1.17E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.77E+00 (6.28E-01 %RSD) 

Ho 9.92E+00 (9.93E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.98E+00 (1.12E-01 %RSD) 

Er 9.79E+00 (1.44E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.73E+00 (1.01E+00 %RSD) 

Tm 1.00E+01 (1.07E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.01E+01 (1.36E-01 %RSD) 

Yb 9.87E+00 (1.15E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.85E+00 (4.59E-02 %RSD) 

Lu 1.02E+01 (9.96E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 1.02E+01 (1.87E-01 %RSD) 

Hf 9.77E+00 (8.10E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.69E+00 (1.51E+00 %RSD) 

Ta 9.93E+00 (4.87E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.94E+00 (8.24E-01 %RSD) 

W 9.59E+00 (8.85E-01 %RSD) < 5.00E+00 (N/A %RSD) 1.47E+01 (2.91E-01 %RSD) 9.51E+00 (1.21E+00 %RSD) 

Re 9.69E+00 (8.32E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.59E+00 (1.16E+00 %RSD) 

Ir 1.01E+01 (1.03E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.93E+00 (6.25E-01 %RSD) 

Pt 9.77E+00 (4.91E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.72E+00 (1.21E-01 %RSD) 

Tl 1.01E+01 (5.77E-01 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.96E+00 (6.02E-02 %RSD) 

Pb 1.00E+01 (1.37E+00 %RSD) < 5.00E+00 (N/A %RSD) < 4.70E+00 (N/A %RSD) 9.83E+00 (1.73E-01 %RSD) 
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Table A-II-2.  ICP-MS Results on LANA75 

ICP-MS Results 
  

    

File Name: Shanahan 1695,1696  Analysis Date: 6/27/2016   

Instrument: Agilent:  Bldg 773A, Rm B142                       Reviewer Name: Mark Jones   

Analyst: Steve Moody                                           

Comments: N/A       

Method Detection Limit (MDL) = Instrument Detection Limit (IDL) x Dilution Factor   

Method Uncertanty is +/- 20%  Reported %RSD values reflect variance of replicate measurements.  

   LW1695 
ADS Blank 

  LW1696 
La-Ni-Al 
Dissolution  
of 1684 

     

   90.9091 X   90.9918 X      

m/z Opening Check 
Standard 

(ug/L) 

-- ug/g -- ug/g -- Closing 
Check 

Standard 
(ug/L) 

-- 

La 1.00E+01 (9.78E-01 %RSD) < 4.55E+00 (N/A %RSD) 3.34E+05 (8.14E-01 %RSD) 1.01E+01 (1.95E+00 %RSD) 

W 9.76E+00 (1.29E+00 %RSD) < 4.55E+00 (N/A %RSD) 1.80E+01 (1.64E+00 %RSD) 9.90E+00 (9.52E-01 %RSD) 

Sm 1.00E+01 (4.50E-01 %RSD) < 4.55E+00 (N/A %RSD) 1.32E+01 (5.90E-01 %RSD) 1.01E+01 (1.60E+00 %RSD) 

Co 1.02E+01 (8.61E-01 %RSD) < 4.55E+00 (N/A %RSD) 5.07E+00 (1.15E+01 %RSD) 1.02E+01 (3.08E+00 %RSD) 

Ce 1.01E+01 (2.13E-01 %RSD) < 9.09E+00 (N/A %RSD) < 9.10E+00 (N/A %RSD) 1.02E+01 (1.20E+00 %RSD) 

V 9.92E+00 (9.56E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 9.83E+00 (1.46E+00 %RSD) 

Ga 1.04E+01 (3.71E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.02E+01 (1.90E+00 %RSD) 

Rb 1.01E+01 (8.14E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.00E+01 (8.46E-01 %RSD) 

Sr 1.01E+01 (2.64E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.01E+01 (6.96E-01 %RSD) 

Y 1.01E+01 (1.29E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.01E+01 (7.34E-01 %RSD) 

Zr 9.89E+00 (1.62E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 9.81E+00 (1.03E+00 %RSD) 

Nb 1.04E+01 (3.51E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.05E+01 (8.37E-01 %RSD) 

Mo 9.92E+00 (7.81E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.00E+01 (1.97E+00 %RSD) 

Ru 9.96E+00 (9.45E-02 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.00E+01 (3.03E-01 %RSD) 

Rh 1.03E+01 (9.28E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.04E+01 (2.14E-01 %RSD) 

Pd 1.01E+01 (1.06E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.01E+01 (8.57E-02 %RSD) 

Ag 9.97E+00 (4.34E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 9.99E+00 (5.70E-01 %RSD) 

Cd 1.01E+01 (8.00E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.00E+01 (9.68E-01 %RSD) 

Sn 9.99E+00 (5.77E-02 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 9.98E+00 (5.41E-02 %RSD) 

Sb 1.01E+01 (9.18E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.00E+01 (2.30E-01 %RSD) 

Te 1.01E+01 (2.13E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.00E+01 (2.45E+00 %RSD) 

Cs 9.97E+00 (8.55E-02 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.00E+01 (1.07E+00 %RSD) 

Ba 1.02E+01 (1.31E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.03E+01 (9.31E-01 %RSD) 

Pr 1.01E+01 (1.15E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.02E+01 (7.37E-01 %RSD) 

Nd 1.00E+01 (4.93E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.00E+01 (1.69E+00 %RSD) 

Eu 1.00E+01 (5.02E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.02E+01 (1.01E+00 %RSD) 

Gd 9.92E+00 (3.21E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.01E+01 (1.09E+00 %RSD) 

Tb 1.01E+01 (7.53E-02 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.02E+01 (1.77E-01 %RSD) 

Dy 9.77E+00 (1.31E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 9.92E+00 (2.10E+00 %RSD) 

Ho 1.00E+01 (1.86E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.03E+01 (1.20E+00 %RSD) 

Er 9.74E+00 (5.53E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 9.86E+00 (1.64E+00 %RSD) 
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Tm 1.01E+01 (1.88E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.02E+01 (2.35E-03 %RSD) 

Yb 9.87E+00 (1.94E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 9.93E+00 (4.70E-01 %RSD) 

Lu 1.01E+01 (1.38E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.02E+01 (1.67E+00 %RSD) 

Hf 9.46E+00 (3.28E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 9.50E+00 (3.31E+00 %RSD) 

Ta 1.01E+01 (4.20E-02 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.01E+01 (1.34E+00 %RSD) 

Re 9.61E+00 (1.90E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 9.93E+00 (3.96E+00 %RSD) 

Ir 9.99E+00 (3.81E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.01E+01 (1.57E+00 %RSD) 

Pt 9.88E+00 (1.07E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.01E+01 (9.64E-01 %RSD) 

Tl 1.02E+01 (1.53E-01 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.03E+01 (8.53E-01 %RSD) 

Pb 1.00E+01 (1.49E+00 %RSD) < 4.55E+00 (N/A %RSD) < 4.55E+00 (N/A %RSD) 1.03E+01 (1.33E+00 %RSD) 
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Table A-II-3.  ICP-ES Results on “LANA75" 

ICP-OES Results 
     

Description: 
 

ADS Generated Blank 
  

Travel Copy: 
 

LW-AD-PROJ-160602-3 
  

Instrument: 
 

Perkin-Elmer Optima ICP-ES 
  

Reviewer: 
 

John Young 
  

Comments: 
 

Majors on 1kx, all else on 100x 
 

      
Method Detection Limit (MDL) = Instrument Detection Limit (IDL) x Dilution Factor. 

Uncertainty is the RMS of the method uncertainty and the sample uncertainty. 

      
USER_DESCRIPTION:   ADS Generated Blank Dissolution of 1684 

 
USER_SAMPLEID:   ADS Generated Blank La-Ni-Al Dissolution of 1684 

SAMPLE_ID:   
 

LW1695 
 

LW1696 
 

SAMPLE:   
 

LW1695 
100x ADS 
Gen Blk 

 

LW1696 Cx LaNiAl Dis 1684 

 

    Element 
 

ug/g %RSD ug/g %RSD 

Al  
 

< 809  N/A 47900 10.1 
La  

 
< 181  N/A 305000 10 

Ni  
 

< 133  N/A 528000 10.3 
Na  

 
< 1000  N/A < 1000 N/A 

Ce  
 

< 1130  N/A < 1130  N/A 
Co  

 
< 120  N/A < 120  N/A 

Ba  
 

< 15.6  N/A < 15.6  N/A 
Nb  

 
< 156  N/A < 156  N/A 

V   
 

< 158  N/A < 1580  N/A 
Re  

 
< 194  N/A < 195  N/A 

Si  
 

< 1950  N/A < 1960  N/A 
Pb  

 
< 224  N/A < 224  N/A 

Cu  
 

< 227  N/A < 227  N/A 
Mo  

 
< 267  N/A < 268  N/A 

P   
 

< 335  N/A < 335  N/A 
Mn  

 
< 36.1  N/A < 36.1  N/A 

Fe  
 

< 37.6  N/A < 37.6  N/A 
Sr  

 
< 4.29  N/A < 4.29  N/A 

S   
 

< 441  N/A < 441  N/A 
B   

 
< 447  N/A < 447  N/A 

Ag  
 

< 458  N/A < 458  N/A 
Cd  

 
< 49  N/A < 49.1  N/A 

Nd  
 

< 490  N/A < 491  N/A 
Ca  

 
< 517  N/A < 518  N/A 

K   
 

< 5440  N/A < 5440  N/A 
Zn  

 
< 59.3  N/A < 593  N/A 

Sn  
 

< 593  N/A < 594  N/A 
Cr  

 
< 70.5  N/A < 70.6  N/A 

Mg  
 

< 7.48  N/A < 74.9  N/A 
Ti  

 
< 78.5  N/A < 78.6  N/A 

Zr  
 

< 90.8  N/A < 90.9  N/A 
Li  

 
< 91.5  N/A < 91.6  N/A 
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Table A-II-4.  ICP-ES Results on “LANA85"

ICP-OES Results 

Description: samples 

Travel Copy: LW-AD-PROJ-160914-2 

Instrument: Leeman Prodigy ICP-ES 

Reviewer: Rachel Deese 

Comments: Al, La, Ni 100x; Fe confirmed on 3 emission lines, La and Ni over calibration but within demonstrated linear range 

 Method Detection Limit (MDL) = Instrument Detection Limit (IDL) x Dilution Factor. 
Uncertainty is the RMS of the method uncertainty and the sample uncertainty. 

 
USER_SAMPLEID:   ADS Generated Blank LaNi4.15Al0.85 

 
SAMPLE_ID:   LW3680 LW3690 

 
UNITS:   mg/L mg/L 

Element   
    

Ag  
 

< 15.3  (N/A %RSD) < 14.4  (N/A %RSD) 

Al  
 

< 39.8  (N/A %RSD) 59200  (10 %RSD) 

B   
 

< 48.2  (N/A %RSD) < 45.4  (N/A %RSD) 

Ba  
 

< 1.16  (N/A %RSD) < 1.09  (N/A %RSD) 

Be  
 

< 0.483  (N/A %RSD) < 0.454  (N/A %RSD) 

Ca  
 

< 12.4  (N/A %RSD) < 11.6  (N/A %RSD) 

Cd  
 

< 16.1  (N/A %RSD) < 15.1  (N/A %RSD) 

Ce  
 

< 40.1  (N/A %RSD) < 37.7  (N/A %RSD) 

Co  
 

< 32.6  (N/A %RSD) < 30.7  (N/A %RSD) 

Cr  
 

< 15.7  (N/A %RSD) < 14.8  (N/A %RSD) 

Cu  
 

< 54.6  (N/A %RSD) < 51.4  (N/A %RSD) 

Fe  
 

35.7  (20.4 %RSD) < 22.3  (N/A %RSD) 

Gd  
 

< 35.2  (N/A %RSD) < 33.1  (N/A %RSD) 

K   
 

< 294  (N/A %RSD) < 276  (N/A %RSD) 

La  
 

< 12.3  (N/A %RSD) 348000  (10 %RSD) 

Li  
 

< 36.7  (N/A %RSD) 224  (10.2 %RSD) 

Mg  
 

< 2.38  (N/A %RSD) 28.8  (11.1 %RSD) 

Mn  
 

< 2.82  (N/A %RSD) < 2.65  (N/A %RSD) 

Mo  
 

< 46.6  (N/A %RSD) < 43.8  (N/A %RSD) 

Na  
 

< 50.8  (N/A %RSD) < 47.8  (N/A %RSD) 

Ni  
 

< 105  (N/A %RSD) 591000  (10 %RSD) 

P   
 

< 208  (N/A %RSD) < 196  (N/A %RSD) 

Pb  
 

< 456  (N/A %RSD) < 429  (N/A %RSD) 

S   
 

< 13100  (N/A %RSD) < 12300  (N/A %RSD) 

Sb  
 

< 235  (N/A %RSD) < 221  (N/A %RSD) 

Si  
 

< 200  (N/A %RSD) < 188  (N/A %RSD) 

Sn  
 

< 131  (N/A %RSD) < 123  (N/A %RSD) 

Sr  
 

< 1.06  (N/A %RSD) < 0.997  (N/A %RSD) 

Th  
 

< 99.3  (N/A %RSD) < 93.4  (N/A %RSD) 

Ti  
 

< 89.6  (N/A %RSD) < 84.3  (N/A %RSD) 

U   
 

< 515  (N/A %RSD) < 485  (N/A %RSD) 

V   
 

< 6.09  (N/A %RSD) < 5.73  (N/A %RSD) 

Zn  
 

< 22.5  (N/A %RSD) < 21.2  (N/A %RSD) 

Zr  
 

< 7.07  (N/A %RSD) < 6.65  (N/A %RSD) 
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Appendix  III.  SEM results 
 

ADS conducted standard SEM/EDX studies on the virgin LANA75 and 85 materials.  Figures A-III-1 
through 6 are from LANA75, while Figures A-III-7 through –20 are from LANA85. 

  



SRNL-STI-2017-00003, Rev. 1 
 
 

 

51 

Figure A-III-1.  LANA75, very low magnification (59X) 
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Figure A-III-2.  LANA75, very low magnification (59X) 
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Figure A-III-3.  LANA75, very low magnification (122X) 
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Figure A-III-4.  LANA75, very low magnification (122X) 

 



SRNL-STI-2017-00003, Rev. 1 
 
 

 

55 

Figure A-III-5.  LANA75, very low magnification (106X) 
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Figure A-III-6.  LANA75, low magnification (263X) 
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Figure A-III-7.  LANA85, very low magnification (12X) 
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Figure A-III-8.  LANA85, very low magnification (12X), box shows location where photo no. 11593 was 
taken (lower right corner) 
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Figure A-III-9. LANA85, very low magnification (12X), box shows location where photo no. 11595 was 
taken (center of image, slightly to left)  
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Figure A-III-10.  LANA85, very low magnification (12X), box shows location where photo no. 11597 was 
taken (above center, large area)  
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Figure A-III-11.  LANA85, low mag (108X) 
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Figure A-III-12. LANA85, low mag (108X) 

 



SRNL-STI-2017-00003, Rev. 1 
 
 

 

63 

Figure A-III-13. LANA85, low mag (308X) 
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Figure A-III-14. LANA85, low mag (308X) 
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Figure A-III-15. LANA85, intermediate mag (442X) 
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Figure A-III-16. LANA85, intermediate mag (442X) 
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Figure A-III-17. LANA85, intermediate mag (852X) 
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Figure A-III-18. LANA85, high mag (852X) 
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Figure A-III-19. LANA85, high mag (2000X) 
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Figure A-III-20. LANA85, high mag (2000X) 
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Appendix IV.  ADS EDX results on LANA 

The following two sections (Parts 1 and 2) are the written report from the ADS analyst.  The numbers 
“1684” and “3683” are internal ADS LIMS numbers.  Samples were examined as whole, unaltered 
particles and after cross-sectioning. 

Part 1.  LANA75 Material - LANA 1684 Whole particles (LANA75)  Report from H. Ajo, ADS 

Energy dispersive spectroscopy (EDS) and scanning electron microscope (SEM) imaging were performed 
on a LANA samples mounted on carbon sticky tape on an aluminum SEM stub, without carbon coating.  
SEM imaging and EDS conditions were 20 kV, variable pressure = 66 Pa nitrogen.  Because the EDS was 
not performed at high vacuum, there is some overlap in spectra between regions due to the scattering 
of the electron beam by nitrogen. There is carbon and oxygen in the EDS spectra, due to the diffuse 
nature of the x-ray generating region, which may allow carbon from the epoxy to be detected, as well as 
the “adventitious” carbon film seen on most items not processed and analyzed in ultrahigh vacuum.  The 
oxygen seen in all spectra may be due to residual oxygen in the SEM chamber or may be part of that 
“adventitious” carbon film. 
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LANA 1684 Cross section 

Energy dispersive spectroscopy (EDS) and scanning electron microscope (SEM) imaging were performed 
on a LANA sample mounted in epoxy and cross sectioned, without carbon coating.  SEM imaging and 
EDS conditions were 20 kV, variable pressure = 66 Pa nitrogen.  Because the EDS was not performed at 
high vacuum, there is some overlap in spectra between regions due to the scattering of the electron 
beam by nitrogen.  In the LANA sample we see some silicon due to silicon carbide grit embedded in 
LANA (this can be seen as the many dark spots embedded in the LANA), which are shown as closeups in 
the EDS.  There is also carbon and oxygen in the LANA Spots, due to the diffuse nature of the x-ray 
generating region, which may allow carbon from the epoxy to be detected, as well as the “adventitious” 
carbon film seen on most items not processed and analyzed in ultrahigh vacuum.  The oxygen seen in all 
spectra may be due to residual oxygen in the SEM chamber or may be part of that “adventitious” carbon 
film. 

 

 

Spectra group themselves into: 

LANA Spots 1-4 and 8-9 

SiC from polishing Spots 5-7 strongest element is silicon 
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Epoxy Spots 10-11 highest peak is carbon and includes traces of chlorine and sulfur 
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Was looking for different phase in Spot 4, looked the same as all the other spots, difference in color 
is probably due to heavier carbon contamination. 
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Part 2.  LANA85 Material -  Particles LaNi4.15Al0.85 3683, Report from H. Ajo, ADS 

 

Note: `1` is an area.  
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Note: `1` is an area. 
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Note: `1` is an area. 
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