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Introduction

• Magnetite Nanoparticles (Fe3O4 NPs) 
– Natural 
– Synthesized

• Si-coated
• Chitosan coated

• Metal Recovery System
– Continuous flow
– Nanoparticle capture

Source: National Center for Biotechnology Information. PubChem Database. 

Magnetite

PAA acetal functionalization

Source: Zargar et al. (2015)

Chitosan  



4

Introduction

• Research Objectives

– Modify reactor technology

– Optimize synthesis

– Maximize heavy metal adsorption 

– Minimize/Eliminate environmental concerns
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Nanoparticle Synthesis

Three Steps:

1. Silica coating 

2. MTMS/CPTMS Functionalization

3. PAA Functionalization

d

c

b
a
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SEM Images of Fe3O4 Nanoparticles

Left: Natural Fe3O4 from SkySpring Nanomaterials
Right: Natural Fe3O4 from U.S. Research Nanomaterials

20 µm 100 µm
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SEM Image and EDAX data

Silica-coated Fe3O4 from Dr. Edward Rosenberg’s Lab
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Montana Tech Synthesized Fe3O4 Batch 1

SEM Image and EDAX data
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Montana Tech Synthesized Fe3O4 Batch 2

SEM Image and EDAX data
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Montana Tech Synthesized Fe3O4 Batch 3

SEM Image and EDAX data
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Nanoparticle Adsorption Results
Trial Fe3O4 (g)

Magnetite Nanoparticles
1 122.47 0.5020 97.8 0.19

2 61.08 0.5006 53.6 0.06
54.8 0.05

3 30.64 0.5005 24.6 0.05
25.0 0.04

4 15.58 0.5061 7.0 0.07
5 7.74 0.5013 2.3 0.04

Synthesized Magnetite Nanoparticles
6 7.53 0.5003 0.07 0.06
7 15.47 0.5055 0.05 0.12
8 30.3376 0.5053 1.36 0.23

9 46.0154 0.5029 14.44 0.25
14.55 0.25
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Continuous Flow Metal 
Recovery System

Mixing

Loaded NPs Strip

NP Slurry
Metal Ion 
Solution

Particle 
Regeneration

Treated Water
Magnetic 
Collection

Electrowinning 
(Metal Recovery)
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CFMR Coil Performance

Coil version Current (A) Potential (V) Flux Density (kG)

Prototype 2
7
9
11

8.03
10.37
12.85

0.40
0.50
0.63

Prototype 3
7
9

9.66

29.2
38.4
42.5

0.87
1.14
1.20

Prototype 3
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CFMR Collection Efficiencies

Fe3O4
(g) Ii  (A) If (A) tbreakthrough

(min)
ttotal

(min)
Fe3O4

Loss (g)
Flow Rate

(L/min)
Efficiency 

(%)

15.0015 10.00 9.45 – 1.72 0.72 2.00 95.20
15.0035 10.00 9.25 1.22 3.00 0.426 1.36 97.16
30.0406 10.00 9.15 1.50 3.00 0.265 1.36 99.12
30.0421 10.00 9.04 1.37 4.05 0.220 1.36 99.27
30.0094 9.00 9.00 1.00 4.00 0.791 1.36 97.37
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Initial Conclusions
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Path Forward
• Investigate higher flow rates
• Test additional heavy metals

– Lead, Zinc

• Expand adsorption studies to nutrients
– Sulphates, Nitrates 

• Automate reactor system
– Valve control
– pH and temperature logging

• Study nanoparticle toxicity
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Questions?


