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This work aims to bring awareness to 226Ra pigments and paints 
potential usage in nuclear terrorism attacks

o 226Ra was used in pigments and paints in the early 1900’s
 - IAEA identifies 226Ra as a potential threat
  - Threat of nuclear terrorism events
  - Dirty bombs (RDDs)

o Nuclear forensics analysis
 - Pioneer nuclear forensics for 226Ra materials
 - Nuclear forensic “signatures”

D. I. Harvie, Endeavour 23, 100 (1999).  doi:10.1016/S0160-9327(99)01201-6
S. Friedrich, R. Stan, and Z. Lyudmila, AIP Conf. Proc. 1034, 3 (2008).  doi:10.1063/1.2991254 1



Your University 
Logo Here
Your University 
Logo HereGoals of my thesis project

Outline
Introduction
Project Goals
Radiochronometry
     Model Age
     Experiment
          Goals
          Digestion
          Coprecipitation
          Column Chrom.
Conclusion
NSSC Experience
Acknowledgement
Questions?

Developing a nuclear forensic database

o Radiochronometry
             - Developing radiochemical analysis 

  procedures
  - Dissolution of pigment
  - Separation of elements
            - Gamma spectrometry
             - Alpha spectrometry
             - ICP-MS
 
o Trace metal analysis
             - Developing radiochemical analysis 

  procedures 
              - ICP-MS
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Towards a radiochronometric analysis on the 226Ra pigment sample

224Ra Mock Pigment Sample

~99% ZnS
~1% RaX2

X = Cl or Br

Based on Historical 
Components

226Ra is subbed 
with 224Ra
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Towards a radiochronometric analysis on the 226Ra pigment sample

224Ra Mock Pigment Sample Dissolution using THPC & NH4Cl

Dissolution 
Efficiency

100%

ZnS
BaCl2 
RaCl2 
PbCl2

~99% ZnS
~1% RaX2

X = Cl or Br

Based on Historical 
Components

226Ra is subbed 
with 224Ra

THPC

NH4
+   Cl-

NH4Cl
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Towards a radiochronometric analysis on the 226Ra pigment sample

Separation of Elements within the Pigment Sample

Coprecipitation ReactionDigestion Pure Column Chromatography
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Towards a radiochronometric analysis on the 226Ra pigment sample

Separation of Elements within the Pigment Sample

Coprecipitation Reaction

8



Your University 
Logo Here
Your University 
Logo HereIdentifying the precipitate for coprecipitation

Outline
Introduction
Project Goals
Radiochronometry
     Model Age
     Experiment
          Goals
          Digestion
          Coprecipitation
          Column Chrom.
Conclusion
NSSC Experience
Acknowledgement
Questions?

THPC

NH4
+   Cl-

NH4Cl

9



Your University 
Logo Here
Your University 
Logo HereIdentifying the precipitate for coprecipitation

Outline
Introduction
Project Goals
Radiochronometry
     Model Age
     Experiment
          Goals
          Digestion
          Coprecipitation
          Column Chrom.
Conclusion
NSSC Experience
Acknowledgement
Questions?

THPC

NH4
+   Cl-

NH4Cl

9



Your University 
Logo Here
Your University 
Logo HereIdentifying the precipitate for coprecipitation

Outline
Introduction
Project Goals
Radiochronometry
     Model Age
     Experiment
          Goals
          Digestion
          Coprecipitation
          Column Chrom.
Conclusion
NSSC Experience
Acknowledgement
Questions?

THPC

NH4
+   Cl-

NH4Cl

9



Your University 
Logo Here
Your University 
Logo HereCoprecipitation experimental procedure

Outline
Introduction
Project Goals
Radiochronometry
     Model Age
     Experiment
          Goals
          Digestion
          Coprecipitation
          Column Chrom.
Conclusion
NSSC Experience
Acknowledgement
Questions?

10



Your University 
Logo Here
Your University 
Logo Here

Coprecipitation experimental results and 
conclusions - Preliminary Data

Outline
Introduction
Project Goals
Radiochronometry
     Model Age
     Experiment
          Goals
          Digestion
          Coprecipitation
          Column Chrom.
Conclusion
NSSC Experience
Acknowledgement
Questions?

11



Your University 
Logo Here
Your University 
Logo HereProgress outline towards a separation procedure

Outline
Introduction
Project Goals
Radiochronometry
     Model Age
     Experiment
          Goals
          Digestion
          Coprecipitation
          Column Chrom.
Conclusion
NSSC Experience
Acknowledgement
Questions?

Towards a radiochronometric analysis on the 226Ra pigment sample

Separation of Elements within the Pigment Sample

Coprecipitation ReactionDigestion Pure Column Chromatography

12



Your University 
Logo Here
Your University 
Logo HereProgress outline towards a separation procedure

Outline
Introduction
Project Goals
Radiochronometry
     Model Age
     Experiment
          Goals
          Digestion
          Coprecipitation
          Column Chrom.
Conclusion
NSSC Experience
Acknowledgement
Questions?

Towards a radiochronometric analysis on the 226Ra pigment sample

Separation of Elements within the Pigment Sample

Pure Column Chromatography

12



Your University 
Logo Here
Your University 
Logo HereProgress outline towards a separation procedure

Outline
Introduction
Project Goals
Radiochronometry
     Model Age
     Experiment
          Goals
          Digestion
          Coprecipitation
          Column Chrom.
Conclusion
NSSC Experience
Acknowledgement
Questions?

Towards a radiochronometric analysis on the 226Ra pigment sample

Separation of Elements within the Pigment Sample

Pure Column Chromatography

12



Your University 
Logo Here
Your University 
Logo HereBatch study experimental procedure

Outline
Introduction
Project Goals
Radiochronometry
     Model Age
     Experiment
          Goals
          Digestion
          Coprecipitation
          Column Chrom.
Conclusion
NSSC Experience
Acknowledgement
Questions?

13



Your University 
Logo Here
Your University 
Logo Here

Dw values for Ba-133 and Zn-65 on Chelex-100 in 
THPC/NH4Cl – Preliminary Data

Summary
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Dw values for Bi-207 and Zn-65 on Chelex-100 in 
HNO3 – Preliminary Data

Summary
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Dw values for Ba-133 and Bi-207 on Chelex-100 
in HCl – Preliminary Data

Summary
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Future Work at Texas A&M

Column chromatography will be the main focus
Finish collecting Dw values
More batch study experiments are underway
 Bi-207  | Chelex-100 | THPC & NH4Cl
 Po-209 | Chelex-100 | THPC & NH4Cl
 Pb-212 | Chelex-100 | THPC & NH4Cl
 Ba-133 | Chelex-100 | HNO3
 Zn-65   | Chelex-100 | HCl
 Etc…
Determine a proper separation scheme

Execute procedures on historical sample 2024

Conclusions

o Three different separation 
pathways are currently 
being explored

o Thus far, digestion and 
coprecipitation are not 
viable pathways

o Separation via column 
chromatography can be 
achieved among different 
acids in Chelex-100 resin
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o 10 mL THPC/NH4Cl 
solution

o 40 mL of digestion 
solution

o 2 days refluxing

o If an aliquot evaporates 
to dryness, then we 
have success!

Experimental Details
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Digestion experimental results and conclusions 
- Preliminary Data
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