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GALVANIC CORROSION OF METALS
The galvanic series is a common means of ranking the relative activity of
metallic couples. The galvanic series does not provide a measure of the 
corrosion current which will flow in a dissimilar metal couple, but it does
indicate which couples are likely to incur significant corrosion damage. In
galvanic couples consisting of two very incompatible metals, it is possible to
reduce the corrosion rate through good design practice. In this situation, it is
best to maximize the ratio of anode to cathode surface areas. For a particular
current density, the corrosion rate on the more anodic metal will be lower
the larger this ratio, because the corrosion reaction is spread over a larger
surface area. In addition, if corrosion products build up on the cathode, they
will build at a faster rate the smaller the surface area of the cathode relative
to the anode. In this situation, the deposits could create a barrier that slows
down corrosion.

The above technique is used in reverse to enhance the performance of electrical
contacts. It is desirable that electrical contacts remain clean to provide a low
resistance connection. When corrosion occurs, metal is removed from the
more anodic metal. This process cleans the more anodic metal. By making
the electrical contact out of one metal and surrounding it by a larger surface
area of a more cathodic metal, the contact will be cleaned by the corrosion
reaction. The contact may corrode away eventually, but it will function more
reliably during its shortened life.

The probability that two dissimilar metals will corrode when coupled together
can be predicted from their difference in the electrochemical potentials. This
information is tabulated in the Metals Galvanic Compatibility Chart on page
5-2. The common metals and their anodic index are listed along the left side
of the chart. The metals are grouped in 0.05 volt increments, with some of
the groups containing no common metals. Group Number One (left hand 
column) contains the most cathodic metals and has an anodic index of zero.
The anodic index increases as metals become more anodic. The arrow (on the
far right hand side of the chart) points in the direction of increasingly anodic
metals. On the right side of the chart, typical finishes available on metallic parts
manufactured by Laird Technologies are listed along the top. The colored bars
indicate the galvanic compatibility of these common finishes to the metals listed
on the left. The color code is based on both the electrochemical differences
between the metals and the finishes and the corrosiveness of the environment.
The chart shows that the force that drives the corrosion reactions is directly
related to the electrochemical difference between any two metals. By reducing
this difference, the corrosion rate is decreased.

BASIC CORROSION PREVENTION
Whenever possible, avoid the use of dissimilar metals. The following five steps
may be taken to prevent, or at least minimize corrosion potential in the
event that it is necessary to use dissimilar metals in intimate contact with one
another:

1. Limit contact between metals with widely different electrochemical
potentials. The Metals Galvanic Compatibility Chart, on page 5-2, indicates
which metal pairs have large differences in electrochemical potential.

2. Insert a third metal between the two dissimilar metals which reduces the
potential difference of the galvanic couple. For example, nickel or tin plated
copper is suitable for use with aluminum and silver combinations.

3. Design the flange interface so that the surface area of the anodic metal
is significantly larger than the cathodic metal. The electromotive force
(EMF) difference remains the same. However, the current density is
decreased, so the corrosive attack on the cathodic metal is reduced.

4. Eliminate moisture, salts and other electrolytes from entering the 
joint interface by improved flange design or, if not possible, use an 
environmental seal outboard of the conductive element in a dual 
EMI shield/environmental seal.
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METALS GALVANIC COMPATIBILITY CHART
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1 Gold; Au-Pt alloys; wrought platinum; 0.00
graphite carbon 

2 0.05
3 Rhodium plating 0.10
4 Silver; high-silver alloys 0.15
5 0.20
6 0.25
7 Nickel; nickel-copper alloys; titanium, 0.30 

titanium alloys; Monel
8 Beryllium copper; low brasses or bronzes; 0.35

silver solder; copper; Ni-Cr alloys; austenitic
corrosion-resistant steels; most chrome-moly steels;
specialty high-temp stainless steels

9 Commercial yellow brasses and bronzes 0.40
10 High brasses and bronzes; naval brass; Muntz metal 0.45
11 18% Cr type corrosion resistant steels; 0.50

common 300 series stainless steels
12 0.55
13 Chromium or tin plating; 12% Cr type corrosion 0.60

resistant steels; most 400 series stainless steels,
i.e., 410 and some cast stainless steels

14 Terneplate; tin-lead solder 0.65
15 Lead; high-lead alloys 0.70
16 Wrought 2000 series aluminum alloys 0.75
17 0.80
18 Wrought gray or malleable iron; plain carbon and 0.85

low-alloy steels; armco iron; cold-rolled steel
19 Wrought aluminum alloys except 2000 series cast 0.90

Al-Si alloys; 6000 series aluminum
20 Cast aluminum alloys other than Al-Si; 0.95

cadmium plating
21 1.00
22 1.05
23 1.10
24 1.15
25 Hot-dip galvanized or electrogalvanized steel 1.20
26 Wrought zinc; zinc die casting alloys 1.25
27 1.30
28 1.35
29 1.40
30 1.45
31 1.50
32 1.55
33 1.60
34 1.65
35 1.70
36 Wrought and cast magnesium alloys 1.75
37 1.80
38 Beryllium 1.85

COMMON METAL SURFACES
GROUP METALLURGICAL CATEGORY ANODIC

NUMBER INDEX, V GOLD RHODIUM SILVER NICKEL

For harsh environments (presence of fair to good ionic conductors), all metals 
in contact with each other should be no more than one level of the chart apart to
minimize corrosion. This is shown by the dark blue regions of the plating bar
chart under specific platings. Outdoor applications, high humidity and salt air 
fall into this category.

For normal environments (storage in warehouses or non-temperature/humidity-
controlled environments, etc.), the difference between dissimilar metals should
not exceed 0.25 volts (5 chart levels counting the origin). This is shown by the
light blue regions of the chart under specific platings.
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COMPATIBLE SURFACE FINISHES FOR LAIRD TECHNOLOGIES PRODUCTS

BERYLLIUM TIN
COPPER TIN LEAD CADMIUM ZINC

SMALL
SURFACE

CATHODIC

ANODIC 
LARGE SURFACE

For office environments (temperature and humidity controlled), 0.5 volts can be tolerated
(10 chart levels counting the origin). This is shown by the dark gray regions under specific
platings. Caution should be maintained when deciding that your application is temperature
and humidity controlled. Many devices intended for use in office environments are stored
in warehouses for extended periods of time before and in between use.

These are general guidelines which apply under most circumstances, but corrosion is a very complex
subject whose details could not possibly fit in this space. If you are not sure which metals are 
compatible, please feel free to contact Laird Technologies and talk to our corrosion experts.
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Visit www.lairdtech.com for more information on Laird Technologies engineered EMI, antenna and thermal interface product lines.

NORTH AMERICA

Our USA toll-free telephone number is
+1.800.843.4556

Chicago, USA
1751 Wilkening Court
Schaumburg, IL 60173
Phone +1.847.839.6000
Fax +1.847.519.9682

Delaware Water Gap, USA
Shielding Way
P.O. Box 650
Delaware Water Gap, PA 18327
Phone +1.570.424.8510
Fax +1.570.424.6213

San Diego, USA
1825 Diamond Street
San Marcos, CA 92069
Phone +1.760.736.7007
Fax +1.760.736.7008

San Jose, USA
2030 Fortune Drive
Suite 100
San Jose, CA 95131
Phone +1.408.544.9500
Fax +1.408.577.0691

St. Louis, USA
3481 Rider Trail South
St. Louis, MO 63045
Phone +1.314.344.9300
Fax +1.314.344.9333

EUROPE

Czech Republic
Prumyslova 497
462 11 Liberec
Czech Republic
Phone +420.48.8575111
Fax +420.48.8575303

Germany
Äußere Oberaustraße 22
83026
Rosenheim, Germany
Phone +49.8031.24600
Fax +49.8031.246050

France
13-15 rue des Entrepreneurs
91560 Crosne, France
Phone +33.1.69497979
Fax +33.1.69497980

United Kingdom
Birches Industrial Estate
East Grinstead
West Sussex
RH19 1XH UK
Phone +44.1342.315044
Fax +44.1342.312969

ASIA

Kunshan, China
28 Huanghe South Road 
Kunshan Economical & Technical Development Zone 
Kunshan City, China 
Phone +86.512.5737-6767 
Fax +86.512.5737-6766

Seoul, Korea
A-4th Floor, Woorim Lion’s Valley
371-28,Gasan-Dong, Gumcheon-Gu,
Seoul 153-786 Korea
Phone: +82.2.830.2095
Fax: +82.2.830.1945 

Shanghai, China
Building 1, Number 58
Hua Ning Road, Lane 4018
Shanghai, P.R. China 201108
Phone +86.21.6442.8018
Fax +86.21.6489.6055

Shenzhen, China
No. 2 Building, 2nd Industry Park
Tangxiayong Songgang Town
Baoan District, Shenzhen City
Guangdong Province China 518105
Phone +86.755.2714.1166
Fax +86.755.2714.1199

Singapore
750E Chai Chee Road #03-07/08
Technopark@Chai Chee
Singapore 469005
Phone +65.624.38022
Fax +65.624.38021

Suzhou, China
No. 228 Tongyuan Road
Suzhou Industry Park
Suzhou, P.R.China 215006
Phone +86.512.6252.6590
Fax +86.512.6252.7226

Taiwan
4F, No. 6
Hou-Sheng Road
Luchu, Taoyuan, Taiwan 338
Phone +886.33.129292
Fax +886.33.129090

Tianjin, China
Building B, Fenghua Industrial Park
66 on the Ninth Avenue, TEDA
Tianjin, P.R. China 300457
Phone +86.22.6629.8160
Fax +86.22.6629.8158

Tokyo, Japan
Shin Yokohama Business Center Building 7F
2-6, Shin Yokohama 3-chome, Kohoku-ku
Yokohama-shi, Kanagawa 222-0033, Japan
Phone +81.45.4736808
Fax +81.45.4736162

Yokohama, Japan
2-12-8 Sachiura, Kanazawa-ku
Yokohama-shi, 236-0003, Japan
Phone +81.45.7851063
Fax +81.45.7851064

NOTICE: Although the information and recommendations set forth herein (hereinafter “information”) are presented in good faith and believed to be correct as of the date hereof,
Laird Technologies makes no representation or warranties as to the completeness or accuracy thereof. Information is supplied upon the condition that the persons receiving same will
make their own determination as to its suitability for their purposes prior to use. In no event will Laird Technologies be responsible for damages of any nature whatsoever resulting
from the use or reliance upon information or the product to which information refers. Nothing contained herein is to be construed as a recommendation to use any product, process,
equipment or formulation in conflict with any patent, and Laird Technologies makes no representation or warranty, expressed or implied, that the use thereof will not infringe any
patent. The data set forth in all tables, charts, graphs and figures herein are based on samples tested and are not guaranteed for all samples or applications. Such data are intended
as guides and do not reflect product specifications for any particular product. NO REPRESENTATION OR WARRANTIES, EITHER EXPRESSED OR IMPLIED, OR MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE OR OF ANY OTHER NATURE ARE MADE HEREUNDER WITH RESPECT TO INFORMATION OR THE PRODUCT TO WHICH INFORMATION REFERS.

Ultrasoft®, Sticky Fingers®, Magnefil®, ElectroNit®, Contips®, Snap-Tite® and Grip-Tite® are registered trademarks of Laird Technologies.
Poron® is a registered trademark of Rogers Corporation.
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