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RFA: "Nanostructured Materials" 



Industrial Partners 

Companies from the 

Watch Industry 



Electroplating 
A well known industrial process for single elements 

Cu, Ag, Au, Ni Pt, Ni, Zn, Sn ….  plating 

Hard Chrome plating 



Stainless steel electroplating – why? 

Application: 

 Coating of lower cost base material  

Stainless steels combine good mechanical and excellent anticorrosive 

properties as no other material or alloy! 

Problem of Hard Chrome:  

 Formation of cracks! 

Application: 

 Micro-components by LIGA  



MEMS for Mechanical Watches 
Escapement OscillomaxTM Patek Philippe 



Challenges in Stainless steel electroplating  

The three major alloy elements (Fe, Ni, Cr) 

have very different electrochemical properties 

electrolyte composition quantity (mol/L) 

CrCl3 · 6H2O 0.4 

NiCl2 · 6H2O 0.2 

FeCl2 · 4H2O 0.03 

NH4Cl 0.5 

NaCl 0.5 

H3BO3 0.15 



Electroplating of stainless steel (Fe-Cr-Ni)  

Chromium deposition: 

 Cr3+ + 1e-    Cr2+ E°= -0.407 V/ESH 

 Cr3+ + 3e-    Cr E°= -0.744 V/ESH 

 Cr2+ + 2e-    Cr E°= -0.913 V/ESH 

glycine complex water complex 

without glycine 

with glycine 



exposure

dissolution electrodeposition

stripping 

Production of Micro-Parts by LIGA  

LIGA: Lithographie, Galvanik und Abformung 



Composition of the Fe-Cr-Ni Plating  
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Chemical Analysis 

by  

Glow Discharge Optical Emission 

Spectroscopy (GDOES) 

mapping size: 180 x 230 mm 

SEM Fe 

Cr Ni 

Focused Ion Beam (FIB) Analysis 



Microstructure of the Fe-Cr-Ni Plating  
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amorphous  

Some austenitic 

nano-crystalline areas  

Austenite (fcc) 



Properties of the Fe-Cr-Ni Plating  

FeNiCr_A 
(complexed with glycine) 

FeNiCr_B 
(complexed with DMF) 

AISI 316 

Young’s modulus (GPa) 123 107 198 

Hardness (Gpa) 5.1 5.0 3.7 

Icorrosion (A/cm2) 1.657x10-5 5.668x10-6 3.572x10-6 

Ecorrosion (V) -0.414 -0.554 -0.623 
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