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Analytical Methods
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 Laser-Induced Breakdown Spectroscopy (LIBS)
– Elemental Analysis
– Develop and Test Multivariate Analysis Calibration
– Estimate Detection Limits

 Raman Spectroscopy
– Mineralogical Analysis

 Field demonstration of a breadboard instrument
– Designed from laboratory LIBS and Raman investigations above
– No Sample Preparation Required
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Sirven et al., JAAS

Backpack
LIBS for the IAEA
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LIBS and Raman Instrumentation
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 LIBS instrument development started with 
Ocean Optics Spectrometers
– Readout noise limited detectors
– Not gated detectors

 ChemCam Instrument – LIBS only
– Based on Ocean Optics Spectrometer design, 

significantly better, more expensive detectors
– Still not gated.

 LDRD DR Developed Raman-LIBS 
Spectrometer (RLS)
– Same detectors used in ChemCam
– Gated detectors

 SuperCam – Raman and LIBS
 VEMCam – Venus Raman and LIBS
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Samples
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 LIBS Spectral 
Libraries
– Spectra for each pure 

REE
– Identify emission lines 

in LIBS spectra

 Calibration
– 28 Samples Prepared
– Coal Matrix
– Between 1 and 5 

REEs in each sample
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REE Library Spectra (ChemCam)
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Calibration Spectra
ChemCam vs. Ocean Optics
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Ocean Optics spectrometers are not adequate for this analysis.
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Calibration Spectra
ChemCam vs. Ocean Optics
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1.5 m standoff distance 5 cm standoff distance

Ocean Optics spectrometers are not adequate for this analysis.
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Coal Matrix vs. Doped Sample
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Coal with 1% Eu
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Coal vs. Ash LIBS Spectrum

Slide 11

Coal

Ash
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Typical Geochemical Samples
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Calibration Analysis
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 Partial Least Squares (PLS)
– PySAT Program developed by Anderson (USGS) and Clegg
– Used to develop calibrations for ChemCam and SuperCam
– Leave one target out analysis

• One target is treated as an unknown
• Repeated for all targets

 Variables
– X: LIBS Spectra, all wavelength channels
– Y: Concentrations

 Developed 15 separate PLS models
 Uncertainty Analysis

– 3 replica measurements per sample

 Estimate detection limits (conservative and likely)
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Calibration Curves
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Detection Requirements for 
Instrument Design
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REE Elemental Detection Limits
Estimates vs. Requirements
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 Design instrument to 
meet requirements 
(Lin et al.)

 In situ analysis, not 
remote like ChemCam

 Obtain more certified 
calibration standards
– Requires correct matrix

 Sampling protocol

Elements Max Mean Conservative Likely
Y 185 8.94
La 236 11.19 100 10
Ce 506 20.69 150 15
Pr 67.5 6.48 70 5
Nd 236 13.36 200 10
Sm 19.9 1.94 60 4
Eu 5.83 0.43 50 5
Gd 39.7 2.8 60 5
Tb 4.08 0.33 50 4
Dy 19.2 3.39 20 3
Ho 4.59 0.75 40 1
Er 11.2 1.54 20 2
Tm 1.99 0.44 30 2
Yb 9.27 1.02 20 1
Lu 10.1 0.16 20 1

Not in study

Requirements (ppm) LIBS DL (ppm)
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Summary

Slide 18

 LIBS can detect all REEs with a coal matix
– Detection limits specified by Lin et al. should be 

achievable in a field deployable instrument.

 A gated detector would significantly improve the 
detection limits and quantitative analysis
– Ocean Optics spectrometers could be used but 

probably would not realize the required detection 
discussed in Lin et al.

 REE Mineralogy will be determined by Raman 
spectroscopy
– Also requires gated detector.
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Backup
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