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Deposition parameters vs. composition and morphology
Stainless Steel (SS) alloys are
widely used in many applications for
their excellent corrosion and wear
resistances together with good
hardness and strength. Specifically
AISI 304 (18Cr-10Ni) and AISI 316L
SS are extremely important in
biological and medical sectors.
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• High | i | and long deposition time
 Surface cracks formation

Anodic linear sweep voltammetry in 0.5 mol/L Sulphuric acid

Experimental conditions:
• Temperature 23 °C
• Scan rate 5 mV/s
• Dearated with Ar
• Cathodic pre-treatment
at -0.6 V vs. Ag/AgCl for 15 min
• Anodic polarization from
-0.6 to + 1.8 V vs. Ag/AgCl

XRD
(Grazing Incidence)

CSM Tribometer
Experimental conditions:
• Dry friction / ball-on-flat conf.
• Corundum ball: 6 mm diam.
• Temperature: ≈ 21 °C
• Humidity: ≈ 50%
• Load: 5 N ; Speed: 2 cm/s
• Amplitude: 4 mm (100 cycles)

Corrosion properties of FeCrNi coatings
• Typical active-passive-transpassive regions
• Good passivation (Cr > 20 wt%)
• Passivation (Cr 23.6 wt%) ≈ AISI 304/316L
• Cr < 20 wt% : weakly protective oxide layer
• Cr > 24 wt% : no improvement in passivation

• Electrodeposits: all amorphous
 Independently of Cr wt%
Optical profilometer
Pile-up

Groove

Tribology properties FeCrNi (vs. AISI SS)
• Friction coef. similar at regime: µ ≈ 0.4
• Less stick-slip phenomena
• Lower abrasive wear
• No pile-up
→ lower ductility (AISI are austenitic)
• Presence of ruptures → more brittle
SEM top-views
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Film properties characterisation
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Magnetic properties
• Soft-magnetic
• Low coercivity and remanence
• Saturation magnetisation (MS): Cr wt% dependant
• High Cr wt% → Low MS
- weaker Fe-Fe exchange interactions
- anti-ferromagnetic Fe-Cr interactions

Cytotoxicity test
Experimental conditions:
• 1)-3) Cell adhesion
• 4)-5) SEM: morphology
• 6) released lactate
dehydrogenase (LDH)

Cytotoxicity results FeCrNi (vs. AISI SS)
• Comparable cell adhesions
• No morphological differences
• LDH release (cell deaths): no differences

Side-reactions and incorporation of impurities
Standard (Pt)

Variation of
anode material

Standard
(Cr-Gly 0.4 mol/L)

Pure nickel

XPS: composition and chemical bonding states

Variation of
electrolyte
composition

No Cr-Gly
(Cr-Gly 0 mol/L)

RBS, He and heavy-ion ERDA

XRD (Bragg-Brentano)

Standard (Pt) anode

XRD (Grazing Incidence)
Pure nickel anode

Results
• XPS peaks similar in both cases
- Metallic Fe and Ni in depth
- Cr hydroxide at the surface
- Both CrOx and metallic Cr in depth
- Carbon as organic compound with oxygen
• Ni anode sample: low C at%; film more crystalline

Conclusions and outlook

Electrodeposited SS-like FeCrNi films
present some properties uncommon to the metallurgical
ones: soft-magnetism and amorphous microstructure.
This electroplated material is therefore of great interest
for
potential
bio-medical
and
micro-robotics
applications when combined with micro/nano moulds
creating miniaturised components.

Objectives
• Mastering FeCrNi ternary alloy electrodeposition

‘Environmentally green’ SS-like
FeCrNi Cr(III)-based electroplating
• Low temperatures
• Aqueous media
• No toxic elements:
Cr(VI)-free electrodeposition
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• RBS-ERDA for Standard deposition
- H inclusion follows Cr content
→ Cr hydride/hydroxide inclusion mechanisms
• RBS-ERDA for No Cr-Gly deposition
- No presence of impurities; film is nanocrystalline
• Amorphisation seems not only due to C content

Control over deposition parameters and bath chemistry
→ Films with tailored material properties and microstructure

• Electroplating inside miniaturised moulds

(LIGA, nanoporous and 2-beam lithography moulds)
Investigate miniaturisation effects on material properties, considering:
→ Moulds’ design
→ Microstructure
→ Nanostructured material design

• Creating advanced MEMS/NEMS for bio-medical/micro-robotics applications
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