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Introduction:

Professor Corrosion & Surface Technology
The Technical University of Denmark

Initiator and manager of several research projects: electro-catalytic-
materials for hydrogen production, catalytic material for methanization,
antibacterial surfaces electro-catalytic and photo-catalytic, low friction
coating for combustion engines, nickel dermatitis/replacement, corrosion
of medical implants in vivo and in vitro etc.

130 scientific articles and 25 patents

Book: Advanced surface Technology "A holisic view on the
extensive and intertwined world of applied surface engineering” by
Per Mgller & Lars Pleth Nielsen




Nickel dermatitis (skin allergy) is a growing problem in numerous
countries. The alarming frequency of sensitization to nickel especially in
the US caused nickel to be selected as the “Allergen of the Year” in
2008 by the American Contact Dermatitis Society. Nickel as coating in
contact with skin has already been regulated by the nickel EU directive
[94/27/EC] since 1994. In the present contribution tin/nickel alloy
coatings (66.9 wt. % Sn), electrodeposited from a chloride/fluoride
containing alloy electrolyte, will be presented as an alternative for both
nickel and bright chromium coatings.

American Contact Dermatitis Society

Promoting Excellence in Contact Dermatitis & Occupational
Dermatology Rasearch, Practice & Education



http://www.contactderm.org/i4a/pages/index.cfm?pageid=1
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Nickel allergy is one of the most common causes of allergic
contact dermatitis — an itchy rash that appears when your

skin touches a usually harmless substance.

: Nickel allergy can affect people of all ages. A nickel allergy —
usually develops after repeated or prolonged exposure to LG
items containing nickel. Treatments can reduce the »
symptoms of nickel allergy. Once you develop nickel allergy, f
however, you will always be sensitive to the metal and

should avoid contact.

©e°®
N2

Cited CNN







Content

The history and the interest of Tin/Nickel
The Tin/Nickel Alloy & The Tin/Nickel Process

Tin/Nickel and Nickel — allergic (contact
dermatitis)?

Corrosion properties of Tin/Nickel



Tin/Nickel was first time described of Monk
and Ellingham 1935

Later a proces was developed by
Tin Research Institute and published

N. Parkinson, J. Electrodep.Tech. Soc. 27,
129 (1951).
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The crystal structure of the Electrodeposited

Sn/Ni was early stated to have a hexagonal
structure like CugSn; of the type NiAs (B8,)

Structure
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The process is based on an acid chloride/fluoride
electrolyte which give the single phase intermetallic
compound NiSn containing approximately 65% w/w
tin and 35% w/w nickel.

NI 60-65 g/
Sn 20-25 g/
30 g/l Stabilizer
PH 4 -4.6




X-ray diffraction patterns
(CuK,) of electrodeposited
NiSn on nickel substrate
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c=510A ¢=5.123A
a=415A a=4.173A

\

Results from
The Technical
University of Denmark

C.C Lo, Structure of electrodeposited
equiatomic tin-nickel alloy, J. Appl. Phys.
51(4) (1980).

Conclusion: A hexagonal structure like described earlier




CONTENT

Tin/Nickel and Nickel — allergic (contact
dermatitis)?




Danish Government in Copenhagen -

/
/
Danish law:

(BEK nr 854 af 16/12/1991) 22 years ago

zippers =



Lidén T. Menné and D. Burrows: Nickel-containing
alloys and platings and their ability to cause dermatitis.
British Journal of Dermatology 1996; 134: 193-198

Nickel dermatitis from contact with
jeans studs (left) and necklace (right)




Lidén T. Menné and D. Burrows: Nickel-containing
alloys and platings and their ability to cause dermatitis.
British Journal of Dermatology 1996; 134: 193-198

Nickel
dermatitis
from contact
' with nickel
plated paint
Spray gun.




Patch tests on the
back

The presence of a rash under an
iIndividual allergen indicates
sensitivity to this substance. This
does not prove that this particular
allergen is the cause, but may
provide a clue of what may be
causing the problem.



Nickel coated brass

Patch tests on the
back



Stainless steel 316

Patch tests on the
back



Tin plated brass control

Patch tests on the
back



Patch tests on the Patch test results.
back



The body's immune system
recognizes allergen as "foreign".
When this happens, white cells
are attracted from the blood into
the skin over several days. This
results in inflammation and the
development of a rash.




Artificial sweat 0,5% NacCl, 0,1% milk-acid and 0,1%

urea. pH correction with ammonia to 6,5.

Critical release of Ni 0,5 pg/cm?/week

Nickel Release Release Allergic skin
Metal content In microgram | in microgram | reaction from
in % pr cm2 pr pr cm2 pr persons with
week in the | week after 3 | nickelallergy
beginning weeks.
Elektrolytic 100 10 70 75
nickel
Nickel/Tin 35 0,5 0,1 22
Coin metal 25 6 3 | (not measured)
Stainless Steel 9 0,04 0,01 3
White Gold 15 0,3 0,02 11
Tin coating on 0 0 0 10

copper

Source: Miljgprojekt nr. 90 : “Nikkelafgivelse fra metallegeringer” Miljgstyrelsen 1988.
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Corrosion potential of Tin/Nickel alloy
compared with selected metals.
M SnNi, as plated
More noble
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Corrosion potential of Tin/Nickel alloy
compared with selected metals.

SnNi, as plated
50 mV is needed to
B )54 SMO generate a corrosion

i Cu W Cr®

B Sn
v W Cr W 504l W Ag
N MW 316L H Au
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Corrosion potential of Tin/Nickel alloy
compared with selected metals.

T SnNi, as plated
g N B 254SMO

H Sn N Cu W Crt
v “ Cr== W o04L W Ag
H Ni MW 316L N Au
M Brass63/37 B DLC
-0.200 -0.100 0.000 0.100 0.200 0.300
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Galvanic current, silver
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Galvanic current, DLC
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Galvanic current, copper
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Polarization curves for tin/nickel

Test solution 3% NaCl in an
acetate buffer pH = 6




Polarization curves for tin/nickel & gold
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Polarization curves for tin/nickel & gold
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Multielement Pourbaix diagramme for gold and chloride

Eh (Volts) Au - Cl - H20 - System at 25.00 C
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Multielement Pourbaix diagramme for gold and chloride

Eh (Volts) Au - Cl - H20 - System at 25.00 C
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Multielement Pourbaix diagramme for gold and chloride

Eh (Volts) Au - Cl - H20 - System at 25.00 C
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Polarization of the gold layer
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Polarization of the gold layer
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Polarization of the gold layer
L N pn s "y N -

The gold layer is stripped over time
from the tin/nickel coating during the
anodic polarization of the work
electrode. In the third last pictures
(to the right) the potential is close to
+1000 mV (SHE) and the gold
coating starts to corrode, forming
colloidal Au(OH)5; which start to
discolor the work electrode.
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Saltspray tests



Corrosion potential of Tin/Nickel alloy
compared with selected metals.

T SnNi, as plated
g N B 254SMO

H Sn N Cu W Crt
v “ Cr== W o04L W Ag
H Ni MW 316L N Au
M Brass63/37 B DLC
-0.200 -0.100 0.000 0.100 0.200 0.300




Salt spray, week 1

st.37 + 20-25um
Cu + 7-10um
' NiSn

§| St.37 + 30pm Ni +
£ 1pm Cr

Cron Ni NiSn on Cu

50 DTU Mechanical Engineering, Technical University of Denmark

st.37+25 pu m Cud
+ 15um NiSn +

Cr on NiSn

27 November
2013

s



Salt spray, week 2

51

Cron Ni NiSn on Cu

DTU Mechanical Engineering, Technical University of Denmark

i st.37+25 p m U
| + 15um NiSn +

Cr on NiSn

27 November
2013
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Salt spray, 19 days

!

st.37 + 30pum Ni + ¥
1um Cr

Cron Ni NiSn on Cu

52 DTU Mechanical Engineering, Technical University of Denmark

st.37 + 20-25um
Cu + 7-10um
NiSn

HE

After 4 months no corrosion
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2013



Conclusion

Sn/Ni coatings cannot introduce nickel dermatitis

The structure of electrodeposited equiatomic NiSn alloy was
Indicated in an X-ray diffraction pattern to mainly consist of a
hexagonal structure of the NiAs type.

Electrochemical results show that NiSn has a passive behaviour that
exceeds that of stainless steel (904) in chloride electrolytes.

Sn/Ni only give slow corrosion or none by galvanic coupling even
with gold.

Sn/Ni can be coated with Cr with good covering power using a new
patented process and in this way replacing conventional bright
chromium plating.
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