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Part 1: Study on sorption-stripping cycles 
The ability to reuse the dMNP-DPTA conjugates were investigated by performing up to 15 cycles 
of sorption/desorption tests. Three-step-washing stripping process using either 0.1 M HNO3 or 1 
M HCl as the stripping agent was developed. As shown in Figure 1, for both cases, over 98% of 
Cd was recovered by the first two acid stripping steps, and there was a negligible amount of Cd in 
the third time deionized water washing. No decrease in sorption efficiency was observed during 
15 sorption/desorption cycles.  

   
Figure 1. Mass of extracted and back-extracted Cd during 15 sorption/stripping cycles with dMNP-DTPA 
conjugates.  
Part 2: Study on technetium (Tc) sorption 

Preliminary technetium (Tc) sorption study was 
performed using trace leval of TcO4-, Tc(IV/V), and 
Tc(CO)3+ in aqueous solution. As shown in Figure 2, 
Tc(IV/V) is the most reactive species with either sMNP 
or dMNP-DTPA conjugates with over 95% removal 
efficiency. For TcO4- and Tc(CO)3+ sorption, although 
the sorption efficiency was not as high as Tc(IV/V), 
positive sorption was observed. The sorption efficiency 
could be improved by adjusting the reaction conditions. 

Part 3: Study on trivalent lanthanide (Ln(III)) 
sorption 
Sorption experiments on dMNP-DTPA conjugates were 

conducted for Ln(III) series solution (La-Ho, except Pm). Sorption kinetics and pH effect were 
evaluated. Ln(III) sorption equilibrium was reached after 30 min of contact time. The sorption 
efficiency increased with the increasing the atomic number, which was due to the lanthanide 
contraction wherein the ionic radii of the Ln(III) decrease with an increase in the atomic number. 

Part 4: Study on trivalent americium (Am(III)) and trivalent europium (Eu(III)) separation 
Sorption experiments on dMNP-DTPA conjugates were conducted for Ln(III) series solution (La-
Ho, except Pm) spiked with trivalent Am-243 and trivalent Eu-154. Freshly made dMNP-DTPA 
(New) and dMNP-DTPA after 6 months of storage (Old) were used to evaluate the sample 
degradation. After 2 hours of contact time, the Kd value was 2700 mL/g for Am-254 and 2000 
mL/g for Eu-154 in pH 3.0 buffer.  At pH 1.0, there was no sorption on dMNP-DTPA conjugates 
for both cases. The separation radio of Eu(III)/Am(III) was only ~0.7. Future study is needed to 
increase the separation radio. 
 

Figure 2. Activity of Tc on the particles 
(sMNP, dMNP, and dMNP-DTPA) after 
1 hour of sorption contact time. 



Part 5: Stability of magnetic 
nanoparticles under Irradiation. 
Under the project, a portion of research was 
focused on investigating the irradiation-
induced modification in nanomaterials 
through the understanding of stability and 
sensitivity of nanomaterials under 
irradiation. Our investigation of Si2+ ion-
irradiation (5.5 MeV to fluence of 1016 
ions/cm2) on core-shell iron-iron oxide 
nanoparticle granular films has brought 
forth some interesting results resisting 

irradiation as well as phase change. These core-
shell nanoparticle granular films continued to 
remain ferromagnetic with core unaffected even 
after irradiation. The grain size of the Fe (∼8 nm) 
core remained unchanged, with only the growth of 
shell size from 2 nm to 17 nm. The oxide shell of 
these nanoparticles had stoichiometry change from 
Fe3O4 to FeO under irradiation and the new Fe-FeO 
interface played a vital role in protecting the core. 
It has also been found that valence reduction of 
Iron oxides happen only if pure nanocrystalline Fe 
is present; otherwise no reduction behavior was 
observed. This research finding contributes to 
enhancing the stability of materials through 
stoichiometry and nanomaterials synthesis. 

Part 7: TEM Characterization of MNPs. 
Nano-sized magnetic powder samples coded MNP, sMNP, dMNP, dMNP-DTPA and dMNP-
DTPA-Ln were characterized by using transmission electron microscopy (TEM) technique. 
Figure 5 shows representative microstructures of the samples. In addition, their chemical 
compositions were confirmed by using energy dispersive X-ray spectroscopy (EDS) technique. 
The TEM images clearly show that the successive increase in thickness of coating on MNPs by 
different surface functionalities. The thickness of the first silica coating is ~ 40 nm (Fig. 5b). 
After second coating, the size of particles with polymer structure (silica and polyamine) 
significantly increased to micro-scale (Fig. 5c). The first silica coating was still clearly 
recognizable after the second coating (Fig. 5d). The DTPA attachment did not have a significant 
effect on the particle size and surface structure (Figs. 5e and 5f). The TEM images also revealed 
that the first silica coating was not coated on the individual iron/iron oxide MNPs. Instead, the 
MNPs agglomerated before the surface coating. Another issue with the conventional TEM 
analysis is that it requires dry samples. However, the size and surface structure of dMNP and 
dMNP-DTPA particles significantly changed after dry due to the water-absorbing polymer 
structure of polyallylamine on the second coating. Therefore, other imaging technique will be 
needed which allows doing the sample analysis in aqueous solution. 

Part 8: AFM/MFM characterization of MNPs 
Atomic force microscopy and magnetic force microscopy were employed to characterize core-
shell Fe-Fe oxide 5 µm, Fe-oxide 5 µm and Fe-oxide 40 µm magnetic nano-sized powder 
samples. The AFM images give surface morphology of the 5 µm MNPs (Figs. 6a, 6b). In the 
AFM images, the brighter contrast means higher height of the particles.  For example, the 

Figure 3. Effects of pH and atomic number on the 
sorption efficiency (after 2 hour of contact time).

Figure 4. Sorption efficiency of Am(III) and Eu(III) 
on new and old dMNP-DTPA conjugates under pH 
1.0 and pH 3.0 (after 2 hour of contact time).
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brightest (white color) contrast represents a height over 400 nm. MFM is useful to show magnetic 
domains in the sample. 

The boundaries between bright and darker contrast areas in 
the MFM images of Fe-oxide samples (Figs. 6b and 6c) 
should represent the magnetic domain boundaries in the two 
samples.  

 
Figure 6. AFM and MFM characterization of MNPs. (a) 
core-shell Fe-Fe oxide 5 µm, (b) Fe-oxide 5 µm and (c) Fe-
oxide 40 µm. 
Part 9: Future study plan 
The Tc sorption efficiency will be improved by 
adjusting the reaction conditions, such as changing the 
pH, increase the amount of particles, or conducting the 

tests at macro scale, etc. The separation radio of Eu/Am will be improved either by oxidizing 
Am(III) to a higher oxidation states (Am(V/VI)) to reduce the complexing reaction between Am 
and DTPA, or by conjugating a kind of new metal chelator that has a high sorption selectivity to 
Ln(III) over trivalent actinide (An(III)), such as Di-(2-ethylhexyl)phosphoric acid (HDEHP), to 
the surface functionalized MNPs. Magnetic separator design for the continuous operation will be 
continued. 
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Figure 5. TEM images of MNPs before 
and after surface functionalization with 
silica, co-precipitation of silica and 
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DTPA attached MNPs. (a) Uncoated 
MNP, (b) sMNP, (c) dMNP, and (d) 
dMNP-DTPA. 
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