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Analysis Methods

FUS-ICP (Fusion-Inductively Coupled Plasma)

An oxidized sample is dissolved in a borate flux and then
diluted in aqueous nitric acid.
various elements in the resulting solution.

FUS-MS (Fusion-Inductively Coupled Plasma-Mass
Spectrometry)

An oxidized sample is dissolved in a borate flux and then
diluted in aqueous nitric acid.
various elements in the resulting solution.

TD-ICP (Total Digestion-Inductively Coupled Plasma)

A sample is digested via sequential addition of hydrofluoric,
perchloric, and nitric acids. The acids are evaporated and the
residue reconstituted in aqua regia.
quantify various elements in the resulting solution.

INAA (Instrumental Neutron Activation Analysis)
Samples are bombarded with neutrons to
radioactive  nuclides. Measurement of the energy and
intensity of the alpha particles generated by their subsequent
decay is used to quantify the various elements present in the
original sample.

PGNAA (Prompt Gamma Neutron Activation Analysis)

Similar to INAA, except the energy and intensity of the alpha
particles generated during neutron bombardment is used to
quantify the various elements present in the original sample.

IR (Infrared)

To determine %C and %S, a sample is burned with an
accelerator in an induction furnace to convert all carbon to
carbon dioxide and all sulfur to sulfur dioxide. Carbon dioxide
and sulfur dioxide are quantified using separate infrared
detectors as they absorb infrared light at characteristic
frequencies.
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Attn: Marion Tetegan Simon Niobium (Nb) 38 ggm 1 FUS-MS
Molybdenum (Mo) <2 ppm 2 FUS-MS
Silver (Ag) 0.7 ppm 0.5 FUS-MS
Report ID: A17-02221 Revised 2 'Tnlgltlgnn ;In) < 0-? m 01-2 Eggmg
. Antimony (Sb) 0.5 ppm 0.5 FUS-MS
S leN : HUPLASO
ample Rame Cesium (Cs) 05  ppm 05 FUS-MS
Barium (Ba) 1,479 ppm 2 FUS-ICP
. Lanthanum (La) 30.8 ppm 0.1 FUS-MS
Report Date: 5/2/2018 Cerium (Ce) 646  ppm 0.1 FUS-MS
Praseodymium (Pr) 7.56 ppm 0.05 FUS-MS
Analysis Methods Neodymium (Nd) 30.0 ppm 0.1 FUS-MS
Samarium (Sm) 6.3 ppm 0.1 FUS-MS
FUS-ICP (Fusion-Inductively Coupled Plasma) Eur(;)pl!um (Elgd 2513 ppm 06015 Egg'mg
An oxidized sample is dissolved in a borate flux and then Tarb(') I:]lu$b( ) 0'9 ppm 0'1 FUS-MS
diluted in aqueous nitric acid. ICP-OES is used to quantify Des I:‘JOSiL(Jm)(D) 5'1 ppm 0'1 FUS:MS
various elements in the resulting solution. Hﬁlrflium (Ho) y 1'0 Egm 0'1 FUS-MS
Erbi E 27 A FUS-M
FUS-MS (Fusion-Inductively Coupled Plasma-Mass TLT;}'LTm(('FZn) 0.38 Egm 0005 FBE-MS
Spectrometry) o _ Ytterbium (Yb) 23  ppm 0.1 FUS-MS
An oxidized sample is dissolved in a borate flux and then Lutetium (Lu) 0.34 ppm 0.01 FUS-MS
diluted in aqueous nitric acid. ICP-MS is used to quantify Hafnium (Hf) 4.0 ppm 0.2 FUS-MS
various elements in the resulting solution. Tantalum (Ta) 26 opm 0.1 FUS-MS
Tungsten (W) <1 ppm 1 FUS-MS
TD-ICP (Total Digestion-Inductively Coupled Plasma) Thallium (TI) 0.2 ppm 0.1 FUS-MS
A sample is digested via sequential addition of hydrofluoric, Lead (Pb) <5 ppm 5 FUS-MS
perchloric, and nitric acids. The acids are evaporated and the Bismuth (Bi) <04 ppm 0.4 FUS-MS
residue reconstituted in aqua regia. ICP-OES is used to Thorium (Th) 3.8 ppm 0.1 FUS-MS
quantify various elements in the resulting solution. Uranium (U) 1.2 ppm 0.1 FUS-MS
Total Carbon (C) 2.21 % 0.01 CS
INAA (Instrumental Neutron Activation Analysis) Graphitic Carbon <0.05 % 0.05 IR
Samples are bombarded with neutrons to generate Organic Carbon (calculated) <0.5 % 0.5 IR
radioactive  nuclides. Measurement of the energy and Carbon Dioxide (CO2) 7.60 % 0.01 CcO2
intensity of the alpha particles generated by their subsequent Total Sulfur (S) 0.14 % 0.01 CS
decay is used to quantify the various elements present in the Sulfate (SO4) 0.31 % 0.05 S04
original sample. Cadmium (Cd) <0.5 ppm 0.5 TD-ICP
Copper (Cu) 47 ppm 1 TD-ICP
PGNAA (Prompt Gamma Neutron Activation Analysis) Nickel (Ni) 28 ppm 1 TD-ICP
Similar to INAA, except the energy and intensity of the alpha Zinc (Zn) 78 ppm 1 TD-ICP
particles generated during neutron bombardment is used to Sulfur (S) 0.120 % 0.001 TD-ICP
quantify the various elements present in the original sample. Silver (Ag) <0.3 ppm 0.3 TD-ICP
Lead (Pb) <5 ppm 5 TD-ICP
IR (Infrared)
To determine %C and %S, a sample is burned with an
accelerator in an induction furnace to convert all carbon to
carbon dioxide and all sulfur to sulfur dioxide. Carbon dioxide
and sulfur dioxide are quantified using separate infrared
detectors as they absorb infrared light at characteristic
frequencies.
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