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Ferrogel: Iron oxide functionalized hydrogels

Synthesis: In-situ co-precipitation of iron oxide in hydrogels

Characterization: particle properties (size, extent of agglomeration, uniformly distribution)
swelling properties (ionic strength, pH, specific ions)
physical properties (magnetization, electric conductivity)
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In-situ method: Co-Precipitation
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Fabrication and Modification
* Physical methods

« Wet chemical preparation
» Microbial methods
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Mohammed et al. Particuology, 2017
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In-situ ferrogel
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Sensory: 3 mol/L 8 mol/L
1,6 mol/L AAm
1,5 mol-% BIS FeCIz/FeCI3 NaOH

0,27 mol-% APS

2,1 mol-% TEMED
Actuatory: .. I

2,8 mol/L AAm a
0,03 mol-% BIS hydrogel @ Fel! @ Fe!" T
0,32 mol-% APS FH
0,5 mol-% TEMED

Ferrogel
\ 24 h 24 h /

- Two types of hydrogel: 1,5 mol% vs. 0,03 mol% BIS
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- Dilutions of iron salts and base ; 1 1:10 1:100
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Sensory Ferrogel Actuatory Ferrogel

- black to lightbrown
- brittle to soft
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Sensory Ferrogel

Actuatory Ferrogel

Signal A = SE2 EHT=7.00kv WD=100mm Mag= 20.00KX

—> cubic particles 50 bis 300 nm, 1 pm

In-situ ferrogel: conditioned and air dried > TEM for ~10 nm sized particle
Images made by Sitao Wang
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Magnetization/ emu/g

Sensory Ferrogel Actuatory Ferrogel
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- Superparamagnetic behaviour

In-situ ferrogel: conditioned and air dried
VSM measurements made by Mia Schliephake
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Sensory Ferrogel Actuatory Ferrogel

200% 200%

------ PAAmM Sensorik nativ sseses PAAM Aktorik nativ
150% == PAAM Sensorik 1 150% == PAAM Aktorik 1
%g L00% —PAAmSensorikO,l gg L00% —PAAmAktor?kO,l
) ‘éé PAAmM Sensorik 0,01 g}’ ‘éa = PAAmM Aktorik 0,01
WX 50% w=  50%
== =€
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-50% -50%
1 M NacCl 0 M Nacl 1 M Nacl 0 M Nacl 1M Nacl 0 M Nacl 1 M NaCl 0 M Nacl 1 M NacCl 0 M Nacl
-100% . . . . . -100% . T T | |
0 1 6 7 10 11 14 0 1 6 7 10 11 14
days days
- Swelling properties comparable to ion-sensitive hydrogels:
lonic strength 1 - masking of bonded ionized groups - deswelling
- ~ 80 % deswelling in TM NaCl
- 50 - 100 % swelling in ultrapure water
0 M NaCl = ultrapure water - Dissolution of actuatory Ferrogel 1 and 0,1
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[ 2FeCl; + FeCl, + 8BOH — Fe;0y4 (s) + 4H,O + 8BCl ]

Fe’™ + 30H™ = Fe(OH); (s)
Fe(OH); (s) = FeOOH (s) + H,O
Fe*" + 20H = Fe(OH); (s)

2FeOOH (s) + Fe(OH), (s) = Fe;04 (s) + 2H,0.
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Darezereshki et al. Environmental Nanotechnology, Monitoring & Management, 2018
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1) hydroxides precipitating

2) decomposing due to 1 ionic strength

3) Solid state reaction (10-30 min at RT)

Mascolo et al. Materials, 2013
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Sensory Ferrogel

Actuatory Ferrogel
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------ PAAm Sensorik nativ essees PAAM Aktorik nativ
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o X = PAAM Sensorik 0,1 ¢ R
2 = 100% _ $ — 100%
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- Swelling properties are maintained

—> Stability in ultrapure water

- no long-term stability in ultrapure water

- ~ 300 % deswelling in 0,17M NaCl

0 M NacCl = ultrapure water
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Sensory Ferrogel
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Nm sized particles Superparamagnetic behaviour
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Sensory Ferrogel

I\/IagnqeﬂticFie\d/Oe
- stimuli-responsive ferrogel for

@
—> piezoresistive sensors

- Magnetic field guided control in microfluidics or medicine
- thermoresponsive deswelling due to HF magnetic fields
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Conclusion
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lonic sensitive deswelling

50%

N
o w1
SRS

N
5]
B

PAAm Sensorik nativ
—— PAAM Sensorik 1
=s=—PAAmM Sensorik 0,1
PAAm Sensorik 0,01

0
9
R

(m; - mo)/my) (%]

N
g
R

-100%

0,E+00 1,E-09 LE08 1E07 LEO6 LEO5 LEOD4 LEO02 LE0O2 LEOL 1,

Cnaci [Mol/L]

Actuatory Ferrogel

- stimuli-responsive ferrogel for

- Water remediation
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A volume, A elasticity

Hydrogel
hydrophilic 3D polymer network

volume
phase
transition

value
chemical (pH, I, ¢) or physical (T, B, E)

Microsystem
pressure sensor

Pressure sensor with...

... Bending plate ... Piezoresistive resistors

Hydrogel

Circuit board

Analyte soultion
(Inlet hose)

Analyte soultion
(Outlet hose)

Sensors 2019, 19, 971
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Thank you for your attention!



Applications of iron oxide functionalized hydrogels

« Drug-release devices

magnetic conductive \ ,
« Batteries
Iron .+ Supercapacitors
oxide « Neural protheses
| » Dielectric elastomer
actuators
o Adsorption e.g. heavy chemical CapaCitiVe /j o Responive Sensors

metal ions, proteins
* pH sensitive

hydrogel
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Magnetite iron'" oxide
Fe;O,

ferromagnetic

[ gli [Fe¥*s glo O3

oxidation

cubic crystal structure

[ gl 5,3302,67 glo Oz : :
ferrimagnetic

—

Maghemite iron"" oxide
Y'Fe203
Hematite iron”' Oxide trigonal crystal structure
Beta-FeOOH —— a-Fe;0; g

e ———

antiferrimagnefic
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