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Tin and Tin Alloys

Tin metal is silver white, soft, doctile, nontoxic, with a low melting point,
with excellent corrosion resistance in air, lubricity and the ability to form
many useful alloys. Its utility has been known to man since prehistoric times.
Copper artifacts coated with tin have been found dating back 2,000 years.

Hot dip tinning of iron began in the 14th century. In 1843, a British patent
was granted for the electrodeposition of tin but it was not till after World War
[ that electrodeposited tin was able to compete technically or economically
with the simple and well established hot dip method of coating. It was the
need for economy of materials during World War II, however, that really
accelerated the use of electroplated tin.

By far the largest use of tin is the plating of steel strip for the manufacture of
“tin cans”. It represents the largest single application in weight of product of
any electroplated metal. Because of its very limited interest to platers in all
other fields we will not attempt to describe the use of tin in this industry,
Other uses, which utilize less tin, provide extremely valuable functions in the
coating of copper conductor wires, electrical connectors, electronic com-
ponents, fasteners, automotive accessories, food processing equipment and
kitchen utensils.

The use of tin as an alloying element dates back to the “Bronze Age™ but the
application of tin alloy electrodeposits is a relafively recent development.
While it is the nature of tin to alloy readily with many metals, the scope of
this guide will permit us to consider only those alloys of tin with lead, nickel,
zine, cadmium and copper. Most of the applications for electrodeposited tin
and its alloys are functional; however, tin—nickel, tin—copper (bronze) and
bright acid tin are sometimes applied strictly as decorative finishes. The
selection of a particular alloy in some instances would be very simple, if it
were only necessary to choose between the use of tin or one of its alloys;
however, the choice is complicated by competition with a diversity of metals
and metallic coatings.



DESIGN FOR PLATING

The program to improve and control the quality of a metal produet should
start at the desk of the designer. Basic principles of mechanical finishing and
electroplating impose important restrictions on the size and shape of
components. The designer should know enough about these principles so that
he can design to minimize costs of quality finishing while planning products
which will have a long service life. Metal finishing processes are as
complicated as metal stamping, casting or forging with which the designer is
usually more familiar, Proper selection of finishes and processes offers many
opportunities to improve quality, reduce costs, and increase production,
ASTM Designation B-507 can provide the designer with helpful information,

Significant Surfaces

A most important term used when specifying metal finishes is “significant
surface” because on many products the same standard of quality is not
required at all points on the surface. The significant surfaces can be defined as
those normally visible directly or by reflection which are essential to the
appearance or serviceability of the article or which, if they are a source of
corrosion products, can alter the appearance or performance of visible
surfaces. Significant surfaces preferably should be agreed upon between
purchaser and manufacturer and should be indicated on drawings. Further-
more points at which thickness measurements are to be made should be
identified.

Design for Barrel Processing

Metal parts which are to be tin or tin alloy plated do not ordinarily require
polishing with belts or wheels before plating. Those to be cleaned or
smoothened are often treated by barrel finishing or tumbling or other
vibrating processes. In designing to improve quality, consideration should be
given to certain rules applicable to such processing, whether this be surface
preparation or barrel plating:

= Avoid blind holes, recesses and joint crevices which can retain
tumbling compounds and metal debris,

e Avoid intricate surface patterns which will be blurred by barrel
finishing.

e Parts must be sturdy enough to withstand the multiple impacts of
barrel rotation,

o Small flat parts which tend to nest together should be provided with
ridges or dimples to prevent this,
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» Design for good entry and drainage of solutions during rotation by
using simple shapes.

» Significant surfaces must be exterior for barrel work in order to
undergo praper mechanical preparation and cleaning or to receive
their share of metal deposit. They should be convex, if possible,
rather than recessed.

Design for Racking, Draining and Air Entrapment

There are design considerations other than the above for parts which are to be
mounted on racks for processing in cleaning and electroplating tanks. Among
them are the following:

o Products which would occupy a volume in processing tanks large in
proportion to surface area should be designed to be plated in
sections for assembly after coating.

# Consult the plating department to make certain that parts can be
held securely on a plating rack with good electrical contact without
masking any significant surface, Many difficult racking problems can
be solved by design modification,

» Provide for good drainage of cleaning and other processing solutions
from racked parts, Certain shapes tend to trap solution which then
cause contamination by carryover, possible corrosion of the part and
wastage of materials. Carryover also aggravates the problem of waste
disposal. In design avoid rolled edges, blind holes and spot-welded
joints. Provide drain holes in recessed areas.

= Avoid shapes which can trap air on entry into a processing tank if
this air can prevent access of solutions to areas requiring tréatment,
Wherever air can be trapped, hydrogen or oxygen may also
accumulate during cleaning and plating,

Design for Good Distribution of Electrodeposits

The most important factor determining the quality of a coating on metal
parts is its thickness on significant surfaces. Fundamental laws of electro-
chemistry operate to prevent perfectly uniform deposition of an electro-
deposit on a cathode of any useful shape and size. Portions of the work which
are nearer to the anodes tend to receive a heavier deposit. Sharp edges or
protrusions tend to steal a larger share of the current and receive a heavier
deposit. The goal of the designer and the plater is to minimize thickness
variations over significant surfaces. At the same time uneconomical wastage
of metal by excessive build-up on non-significant areas must be avoided.



DESIGN FEATURES THAT
INFLUENCE ELECTROPLATABILITY

The effect of the basic desipn of a product or component upon the
effectiveness or durahility of the plating used has been the subject of much
study and research and many failures for which the plater has been blamed
can be attributed to the original design.

A major contribution to the plating industry was made by the Zinc Institute,
Inc. when it sponsored a design study by Battelle Memorial Institute which
has resulted in the establishment of basic design principles to be applied to
zinc die castings.

The various shapes shown here provide the “do & don’ts” of design
configurations and their relationship to electroplating quality.

Courtesy Zinc Institute, Inc.



Flat surfaces

Flanges

Blind holes

Shaply
angled
indentations

INFLUENCE ON
ELECTROPLATABILITY

The distribution of electraplate is
indicated in an exaggerated fashion

Ideal shape. Easy to plate wniformly,
especially whete edges ae rounded.

Mot as desirable as crowned surfaces,
Usz2 a Ammi25.4mm (0.015 inch/
inch) crown to hide undulations
cavsed by wneven buffing.

Undesirable. Reduced thickness at
center areas and requires increasad
plating time far depositing a min-
imum thickness of durable electro-
prate, All edges should be rounded,
(Edges that will contact painted
surfaces should have a minimum
radius of Bmm [1/32 inch] ).

Lage Tlanges with Sharp inside
angles should be avoided to min-
imize plating costs. Use a generous
radiys on inside angles and taper
the abutment.

Harrow, closely spaced slots and
holes weduce electroplatability and
cannat be properly plated with cor-
iesion-protective nickel and chee-
mium unless corners are rounded.

WMust usually be exempted from mini-
mum-thickness requirements. Where
necessary limit design to 50% of
width. Avoid diameters less than
Gmm {7/32 inch}.

increase plating time and costs for
a specified minimum thickness and
reduce the durability of the plated
part.




Flat-bottom
prooves

V-shaped
ZI00ves

Fins

Ribs

Concave
recesses

Deep
5CO0pS

Spearlike
juts

Rings

Feature

INFLUENCE ON
ELECTROPLATABILITY

The distribution of electroplate is
indicated in an exaggerated fashion

Inside and cutside angles should be
rounded  generously to minimize
costs.

Deep, V-shaped grooves cannot be
satisfactorily plated with corrosion-
protective nickel and chromium and
should be avoided, Shallow, ounded
grooves are better,

Increase plating time and costs for
a specified minimum thickness and
reduce the durability of the plated
part.

Marow ribs with sharp angles usual-
Iy reduce electroplatability, wide
ribs with rounded edges impose no
problem. Taper each rib from its
center to both sides and round off
edges. Increase spacing if possible.

Electroplatability is dependent upon
dimensions.

Increase plating time and costs for
a specified minimum thickness,

Buildep on jut will rob corners from
their share of electroplate. Crown
the base and round off all corners.

Electroplatability is dependent upon
dimensions. Round off corners and
crown  from center line, sloping
towards both sides.

Better Design
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DESIGN
FOR
PLATING

AVOID SHARF

.'I Air hole

Drain hole ”

PLACE HOLES FOR
DRAINING AND AIR ESCAPE

Poor design

ROUND OFF HIGH SPOTS

Dimple

Tapered end to allow

Buildup reduces for. buildup

effective diameter

AVOID STICKING
WHEN EARREL PLATING

Hole I___I

Plug
ALI_UH FOR BUILD UP

Drawings Courtesy “Material = in Design Engeering’’ Manual =192
: "Guide to Electroplated Coatings' February 1962



It is possible to estimate metal distribution ratios from models or mock-ups,
but there are also empirical rules which can guide the designer to improved
uniformity of thickness, hence to improved quality with greater economy,
The sketches illustrate the influence of design as it has been developed from
practical experiences:

* Avoid concave or perfectly flat significant surfaces. Convex or
crowned areas receive more uniform coating.

# Edges should be rounded.

s Reentrant angles or corners should be filleted with a generous radius.
Make such radii as large as possible.

¢ Blind holes must usually be exempted from minimum thickness
requirements.

# Protruding fins, knobs and nrdges tend to rob current from
surrounding areas, hence should be avoided or reduced in height.

s Assist the plater by clearly marking significant surfaces in part
drawings.

*  Avoid use of a varety of basis metals in any one part to be plated.
The contact of dissimilar metals may interfere by galvanic action
with covering power or with adhesion of the deposit.

Because of the excellent throwing power of all of the commonly used tin
electroplating baths, the problem of product design for plating is somewhat
less difficult than it is for many of the other metals. Tin is soft and usually
applied in thicknesses of less than 0005 (15 um), thus avoiding some of the
problems with interference fits, machining or grinding some of the especially
difficult to plate heavy deposits of copper, nickel or chromium on parts that
are not well designed. The same design rules, such as avoiding sharp corners,
deep recesses, narrow slots and broad flat surfaces generally apply, although
the absence of good design is not always as harmful as it is with less tolerant
plating baths.

DESCRIPTION OF THE TIN AND
TIN ALLOY ELECTRODEPOSITED FINISHES

Tin ) Matte: Very pure (99.75 to 99.99%) white tin deposited from either

acid or alkaline tin baths without brighteners.

b) Bright Acid Tin: Specular deposits of pure tin containing very small
quantities of organic material plated from either the sulfate or
fluoborate solutions.
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Tin-Lead

a) Solder Plate: The nominal 60% tin — 40% lead blue-white “matte™
alloy deposited from the fluoborate solution will be understood
except where otherwise noted.

b) Bright Solder Plate: The 60% tin — 40% lead alloy plated from a
solution containing brighteners to produce a lustrous blue-white
metallic deposit.

¢) High Tin — Low Lead Alloy: A nominal 93% tin — 7% lead alloy
specified for special electrical applications to eliminate the risk of
growing “‘tin whiskers”, a phenomenon sometimes encountered with
pure tin deposits.

d) Low Tin Bearing Alloy: The nominal 10% tin — 90% lead bearing
alloy is used primarily as a bearing surface on aluminum and steel
plain bearings for connecting rods.

e} Terne Plate: The 12% tin — 88% lead alloy is commonly used but
the tin content of terne plate may run as high as 50% tin for some
applications. Usually “terne plate™ refers to hot dip coated steel, but
it may also be used for electroplated and reflowed tinlead
electroplated steel. Originally tin was added to this alloy to permit
the bonding of the coating to the steel, since lead does not alloy
with iron,

Tin-Zine

The nominal 78% tin — 22% zine white matte alloy which sacrificially
protects steel by virtue of some “free” zinc in the deposit.

Tin-Nickel

The nominal 65% tin — 35% nickel intermetallic compound, which produces
bright slightly pink colored metallic deposits over a wide range of plating
conditions. The alloy appears to have the composition of NiSn. Many of its
properties do not resemble those of either tin or nickel.

Tin-Copper

a} Bronze: The nominal 12% tin — 88% copper, which may be
electroplated bright to produce a decorative gold color, or which
may be deposited as a matte finish when used as a functional
deposit.

b) Speculum: A nominal 45% tin — 55% copper alloy which produces
bright electrodeposits and has been used as a substitute for
chromium in England,
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Tin-Cadmium

The nominal 25% tin — 75% cadmium deposits in a white matte finish similar
to matte tin or tin-zinc. The superiority of tin-cadmium to cadmium depends
primarily on its excellent throwing power which results in better distribution
of metal.

The alloy may be obtained by either direct deposition from any alloy bath or
by diffusion of two consecutively applied layers of tin and cadmium when
held at 3359F (168°C) for 30—45 minutes. Laminar deposits are attractive to
many platers, because they can be deposited from conventional existing
electroplating baths.

SELECTING THE COATING
(See Centerfold)
PROPERTIES OF THE DEPOSIT

Corrosion Resistance

Tin

This property describes the resistance of the deposit itself to corrosion as
opposed to “rust prevention” or “corrosion protection™ of other metals and
alloys. Tin, for example, is remarkably resistant to corrosion under
atmospheric conditions. Deposits of tin in excess of 0005 are essentially
pore-free, and, under similar conditions, would be expected to outlast zinc
when each is electroplated over steel. Zinc is normally selected for such
applications, however, only because zinc protects iron “cathodically™ or
“sacrificially™. This results in the zinc corroding more rapidly at pores, or
wherever iron may be exposed. Under similar conditions, if the iron or steel
were coated with tin, the iron would normally corrode at exposure sites and
the tin coating would remain intact. Similarly, tin is usually cathodic to
copper* and its alloys, so that they are also protected primarily by
encapsulation or the barrier action of the tin coatings.

When tin or alloys containing tin are “reflowed™ or “hot-dipped™ some tin
will alloy with either ferrous or copper basis metals. This alloy layer has been
reported to improve the protective value of such coatings. The protection also
results from a reduction in the number of pores due to the reflowing as well
as greater protection at the remaining pore sites.

The relatively slow rate of attack of the atmosphere on tin and its cathodic
reaction when combined with more active metals permits tin to be used as
gither an undercoating or a top coating with zinc or cadmium to selectively

*Freshly deposited tin is usually anodic to copper, but tin soon forms a protective
oxide coating in air that prevents it from protecting copper sacrificially.
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improve the benefits of either. When used as a top coating the tin tends to
protect the zinc from attack by the atmosphere. Tin over zinc improves the
resistance of zinc to marine atmospheres, and tin over cadmium improves the
resistance of cadmium to industrial atmospheres. The use of tin under zinc
and cadmium tends to weaken the zinc-iron or cadmium-iron corrosion
couple, thus reducing the rate at which the active metals corrode. The
covering power and throwing power of the alkaline tin baths are superior to
the best zinc or cadmium baths, which means that recesses are protected
better (i.e. with a higher proportion of the average thickness of the deposit),
that porosity is reduced, and that the total thickness of deposited metal can
be reduced without sacrificing corrosion protection. Of course, these
advantages are offset by the inconvenience and added cost of processing the
work through extra operations and the need to maintain another plating bath.
In spite of these disadvantages there are occasions when it may be desirable to
use tin coatings with zinc or cadmium deposits to improve the corrosion
resistance of a complex or critical part, or to economize on the total weight
of deposited metal.

Tin-Zine and Tin-Cadmium

Only the tin alloys containing zinc or cadmium are effective in protecting
ferrous and copper base metals cathodically. As long as the zinc content of
the 78% tin — 22% zinc alloy does not drop below the 8% level, which
represents a eutectic alloy, there will be some “free” or uncombined zinc
available to protect the exposed iron. The 75% cadmium — 25% tin alloy
contains an ample surplus of free cadmium, and even a 30% tin alloy has been
recommended for its excellent protective value. As might be expected,
tin-zinc performs best in industrial areas, while tin-cadmium is preferred in
marine environments,

Tin-Lead

Tin alloys containing lead are all very resistant to atmospheric corrosion and
Terne plate has been used successfully for vears as a roof flashing in industrial
atmospheres, High lead alloys are particularly resistant to the action of dilute
sulphuric acid, such as that used in storage batteries, due to the very limited
solubility of lead sulfate. The solder coatings, used to protect circuit boards
during the copper etching operation, resist all of the commonly used etchants
except ferric chloride and cupric chloride.

Tin-Nickel

Tin-nickel behaves like a noble metal in its resistance to strong oxidizing acids
such as nitric acid, It is the only low cost coating available as an etch-resist for
printed boards, that will resist all of the etchants used to remove the
unwanted copper from the boards. It is resistant to all atmospheric
conditions, and is used in place of chromium as a decorative finish.
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Tin-Copper

The tin-copper alloys have fairly good resistance to atmospheric corrosion
but, like their metallurgically prepared counterpart, they do tarnish, and,
therefore, are usually lacquered. The higher tin alloy, speculum, is more
resistant to tarnishing than bronze and is sometimes used without the lacquer
finish.

Conversion Coatings

The resistance of tin and its alloys to atmospheric corrosion and tarnishing is
assisted by very thin oxide coatings that tend to retard further oxidation. The
use of conversion coatings and passivating treatments are reported to be
beneficial, particularly in the cases of tin-zinc and tin-cadmium. The need for
conversion coatings on the tin alloys is not as great as it is with pure zinc and
cadmium, since the presence of tin in the coatings tends to retard the severity
of attack on the more active metals. Chromate and phosphate coatings are
sometimes used on tin electrodeposits to prevent fingerprinting, and to retard
the tendency to tarnish. Bright tin benefits more from conversion coatings
than matte tin, probably because of the smoothness of the surface which
facilitates the formation of continuous films. Chromate and phosphate
coatings may be specified advantageously as preparation for subsequent
painting or lacquering.

SOLDERABILITY

Tin

Tin and the tin alloys must be counted among the most readily solderable
coatings. The basis for this favorable property lies in the fact that tin is the
critical component of almost all solders. Not only does the electrodeposited

tin tend to alloy with the solder readily, but it also alloys readily with most
base metals. The result is a strong metallurgical bond.

If the electrodeposited tin is reflowed prior to the soldering operation,
the tin will have already formed an intermetallic alloy layer with the base
metal, thus decreasing the time required to form a bond between the parts
being joined. It is apparent, therefore, that the time required for the soldering
operation can be divided into two phases. First the solder must melt, and
then the molten metal must “wet™ the basis metal. In the reflowing
operation, the basis metal is “pre-wet” by the tin or tin alloy, thus
eliminating that phase of the soldering operation. Reflowing serves as a very
valuable quality control test since poor adhesion is exposed and reflowed
metal gives positive assurance that the surface will be solderable.
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Other characteristics of electrodeposited tin that contribute to its excellent
solderability are a low melting point, 450°F (232°C), the purity of the
deposited metal and the excellent throwing power of the bath. While tin can
alloy with many metals at temperatures below its melting point, the alloying
action is accelerated when tin is in the molten state. An advantage of
electrodeposited tin over hot dipped tin lies in the fact that a tin deposit
remains pure, while in the hot-dip process the molten metal tends to pick up
increasing quantities of basis metals until it must be discarded. Many of the
contaminating metals tend to cause weak or brittle solder joints. Uniformity
of electrodeposit thickness tends to provide uniform solder joints.

Because zinc alloys so readily with tin, it is essential that a barrier coat of
copper or nickel be used between the tin and zinc-containing basis metals,
Likewise it is essential to use a barrier coat of nickel over aluminum regardless
of the preparatory system used, prior to depositing tin or tin alloys. Most
barrier deposits should be .0001™ thick. Bright tin solders satisfactorily, but,
at the melting point, the included organic materials may cause a slight
bubbling in the region just beyond the area over which the solder has spread.
This effect is normally considered only a cosmetic defect.

Tin-Lead

Of all the electro plated coatings, it is safe to say that none excel the “solder™
alloy for the ease at which it may be soldered. This does not mean that it is
always the best deposit for all applications that require soldering, but, in
general, it has more favorable characteristics than any other deposit. It melts
at the lowest temperature, namely 358°F (1812C). It should be noted that
the nominal 60% tin — 40% lead alloy includes the eutectic alloy which
contains 63% tin. Therefore, there is almost no solid phase present at the
melting point and it solidifies instantaneously on cooling, thus avoiding the
danger of “cold” joints. Bright solder, unlike bright tin, is not prone to
bubbling at the periphery of the solder flow area, possibly due to its lower
melting point.

Tin-Zinc

This alloy must be ranked with tin and solder as among the most readily
soldered coatings, and in some tests it has demonstrated superior retention of
solderability on aging. Like tin and solder, its aging performance is usually
improved by the use of copper or nickel undercoatings, especially over brass.

Tin-Cadmium

Although cadmium is frequently specified because it is considered to have
excellent solderability, tin-cadmium usually exhibits better solderability than
cadmium itself,

15



Tin-Copper

Unlike the preceding alloys, bronze is not considered to be a soluble coating,
because it does not flow into or fuse with solder at soldering temperatures, Its
solderability is excellent, however, and it can be classed with copper as one of
the most solderable metals, when freshly deposited or properly activated. Its
solderability is readily preserved by a deposit of tin or solder.

Tin-Nickel

Although it can be readily soldered when freshly deposited, it has produced a
wider scatter of solderability test results than any of the alloys previously
discussed, and thus it probably rates as the least solderable of these alloys.
Like bronze, it is not a soluble coating. Fortunately, however, its solderability
can be improved by the application of a thin coating of tin, gold or solder
plate, and the retention of solderability of such coatings is very good. The
best coating for preserving the solderability of tin-nickel is a “flash™ (1.0—-1.5
microinches) of gold. This combination of deposited metals not only
produces deposits that solder well and maintain their solderability for long
periods of time, but it also ranks favorably in wear resistance, appearance and
contact resistance with all competitive coatings.

TOXICITY

By any standards, tin must be ranked among the most widely used metals in
the food handling, packaging and processing industries. Any of the pure tin
deposits may be safely used in contact with neutral and mildly acidic foods;
however, for low pH foods such as citrous fruits it is customary to use a
protective lacquer over the tin to reduce the rate of attack.

Alloys containing lead or cadmium are definitely not acceptable for use in
contact with food. While zing is not rated as a poisonous metal, its use even in
an alloy with tin would not be considered acceptable for most food handling
equipment. Alloys of cadmium should not be welded, and good ventilation is
essential if tin-zinc coated parts are to be welded. It should be noted,
however, that tin and tin bearing alloy coatings tend to interfere with the
strength of welded joints. Spot welding of tin plated steel is performed
successfully, if the tin is not too thick — probably over 100 microinches.

Tin-nickel and bronze, because of their passivity, (like stainless steel or
chromium), are sometimes used in decorative tableware. Often these alloys
are protected by lacquer, although this is not always necessary in the case of
tin-nickel.
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ELECTRICAL PROPERTIES

Tin

As deposited, tin does not have as low a value of contact resistance as zinc,
cadmium or gold, but when it is deposited in adequate thickness, (5-7.5
micrometers), it may retain a low value for a longer period of time. This is
probably due to the fact that tin forms a very thin protective oxide that
retards further oxidation and which may be readily broken to expose fresh
tin when making a sliding contact. Bright tin, due to greater hardness and
wear resistance, is preferred for such service. The use of tin on aluminum
busbars demonstrates the value of tin in preserving low contact resistance on
a metal well-known to be one of the best conductors of electricity. Without a
deposit of tin, however, aluminum would soon oxidize to form a surface layer
that would not pass any current at low voltages,

Tin-Zine and Tin-Cadmium

These alloys both demonstrate low contact resistance when freshly deposited
and retain this property well because of their corrosion resistance and their
tendency to resist the formation of bulky corrosion products.

Tin-Lead

Solder plate generally demonstrates poorer electrical contact performance
than pure tin because of the greater resistance of lead. The alloy also forms a
tenacious protective oxide film but this film is thin and can be readily
broken. It has been reported recently that bright tin lead has served
satisfactorily on the tabs of circuit boards, where contact must be made by
sliding the tabs between spring contacts.

Tin-Copper

Bronze has a higher electrical resistance than either tin or copper, but in spite
of this fact it may still be a superior surface for contacts. The reasons for this
apparent anomaly lie in the fact that bronze is harder than tin or copper,
demonstrates good corrosion resistance without the production of harmful
corrosion films, and that bronze has a high resistance to arcing damage or
welding of mating terminals.

Tin-Nickel

While tin-nickel probably exhibits the poorest electrical contact performance
when used alone, it can be transformed into one of the best contact surfaces
by the use of a thin deposit of gold. Bright acid tin over tin-nickel deposits
also tends to greatly improve the usefulness of tin-nickel in this service.
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HYDROGEN EMBRITTLEMENT

As in all electroplating operations, the deposition of tin and its alloys can lead
to hydrogen embrittlement of hardened high strength steels. This condition
may result from the hydrogen that is generated in acid pickling or activation
of the basis metal or in cathodic alkaline cleaning. Even if these operations
could be avoided completely, it would not be possible to completely avoid
the discharge of a small amount of hydrogen at the cathode during the plating
process, even though most of the processes for plating tin and its alloys are
quite efficient.

It is essential, therefore, to follow the standard procedures for relief of
hydrogen whenever high carbon or high strength alloy steels having a hardness
greater than 35 Rockwell C must be plated. This usually entails baking the
parts at 3759F (1919C) for four hours. Although tin-lead is not generally
specified for such applications, it should be noted that the melting point of
the 60% tin — 40% lead alloy is only 358°F (1819C) and the deposit would
be reflowed during the bake-out operation.

It is possible to achieve some hydrogen embrittlement relief at 3000F
(150°C), and thus avoid the reflowed condition if it is undesirable, although
it would be necessary to obtain approval of the appropriate agency for such a
deviation.

COVERING CASTINGS

Tin

All of the tin and tin alloy electroplating baths demonstrate exceptionally
good covering and throwing power. It would be difficult, however, to find
any plating baths equal to the alkaline tin baths in covering and throwing
power. For this reason, the alkaline tin processes are usually favored for

barrel plating of cast and malleable iron because of the low current densities
that are normally used in this type of electroplating.

Tin-Zinc and Tin-Cadmium

Both of these alloys demonstrate superior coverage and throwing power to
corresponding zinc and cadmium deposits. Indeed, these advantages account
for the superior performance of these tin alloys in corrosion resistance on
many complex shapes and difficult-to-cover castings.

Tin-Lead and Tin-Nickel

While these alloys are not quite as effective as those plated from alkaline
solutions in covering cast and malleable iron, they are capable of obtaining
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adequate coverage when reasonable care 15 used in the preparation of the
castings to avoid over-etching or over-pickling prior to plating.

Tin-Copper

Bronze has excellent covering and throwing power. Its primary functional
application requires the covering of iron castings and forgings that require
selective stop-off of some areas during nitriding or carburizing. Its ability to
protect recesses better than the best throwing copper deposits is amply
demonstrated.

FORMABILITY

Tin and its alloys are all readily formable. Most can be formed safely at any
normally specified thickness of deposit. The possible exceptions to this
statement are the bright deposits of tin and tin-lead which may become too
brittle for good forming, if the deposits contain excessive amounts of
brightener, or if the deposits exceed normally specified thicknesses.
Tin-nickel and tin-copper are harder than the other deposits and more prone
to be brittle but they are almost always more malleable than bright nickel in
nickel-chromium decorative deposits, which are frequently formed.

Tin and tin-lead deposits on wire are sometimes brightened by die burnishing,
a process of drawing the wire through a die that is slightly smaller than the
coated wire, The process is quite effective, but stresses can be set up in tin, if
the reduction is too severe, that reduce the fatigue strength and ductility of
the copper wire,

SPECIFYING THE COATING
Tin
Having selected tin as the coating for a particular application, it is now
necessary for the designer to specify the type of deposit, thickness, porosity

tolerance, adhesion, solderability test requirements, temperature effects, risk
of phase transformation (tin pest) or tin whiskers.

Thickness

Because tin is normally cathodic to iron and copper, its value as a corrosion
barrier depends upon the continuity of the coating. Deposits less than .0005”
thick are not likely to be completely pore-free on normal commercially
finished basis metals. When tin is specified primarily for corrosion resistance,
the common practice is to provide as heavy deposits as practical. For
example, deposits .010” — 020" thick are plated on paper mill beater bars
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used for breaking up pulp in the manufacture of paper. There are very few
applications which justify the use of such heavy deposits, however, and
TABLE 11 shows suggested minimum thicknesses for quality tin coatings for
various service conditions. It should be noted that most applications requiring
tin coatings have corrosion requirements that are classified as mild or
moderate,

No effort to differentiate between the various types of pure tin coatings will
be made, since the suitability of any coating specification depends entirely on
the ability of the coating to pass the performance tests and it is intended to
provide safe minimum standards that are valid for any tin deposit. Therefore,
whether the deposit is matte or bright, it should conform to the suggested
standards for thickness. The bright acid tin deposits normally perform better
in salt spray corrosion tests than any of the matte tin deposits, but none of
the published specifications, to date, recognize any difference between them.
Likewise, because tin is cathodic to almost all of the commonly used base
metals and undercoating metals, the same thicknesses should be applied to
any of the commonly plated basis metals. The use of a copper or nickel
undercoating does not justify the use of thinner tin deposits.

Comparison with Other Thickness Standards

The suggested standards listed in TABLE II provide the designer or purchaser
of electrodeposited tin with a satisfactory guide for minimum thickness
requirements for some of the more common applications and corrosion
conditions, TABLE [II shows the minimum thickness of tin specified or
recommended by several of the most frequently used government and trade
specifications.

TABLE 1l

SUGGESTED STANDARDS
FOR QUALITY TIN COATINGS

Min. Thickness

Thickness Range
Service (mils) (mils)
Condition (micrometers) (micrometers) Typical Applications
VERY MILD — 0.05 05— 01 Insulated copper wire,
Little or no ex- 1.3 13- 2.5 Pistions and other lubri-
posure to atmos- cated machine compon-
pheric conditions. ents.
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MILD — Expo-
sure to relatively
clean indoor
atmospheres.

MODERATE
Exposure to
average shop
and warehouse
atmospheres.

SEVERE -
Exposure to
humid air,
mildly corrosive
industrial en-
yvironments.

VERY SEVERE —
Exposure to sea-
ceast atmospheres,
contact with
certain chemical
COrTosives.

0.1
2.5

0.15
3.8

0.3
7.6

0.5
12.7

1.0
254

0.1 — 0.2
25— 5
0.15 - 03
38 - 76
0.3 - 05
T.6 =127
0.5- 1.0
127 — 254
1.0 50
254 -1279
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Connectors, wires, etc.
plated primarily for im-
mediate solderability or
where storage periods are
short.

This range is considered
best for any parts that
must be reflowed. Con-
nectors, circuit boards,
wire, busbars. Deposits
heavier than .3 mils may
dewel.

Connectors, fasteners, bus-
bars, wire, transformer
cans, chassis frames, ade-
quate for good shelf life
and in service.

Connectors,  wire, gas
meter components, auto-
motive air cleaners. Ade-
quate as a nitride stop-
off.

Water containers, oil drill-
ing pipe couplings.



Sponsor

ASTM

TABLE 11

PUBLISHED SPECIFICATIONS FOR
ELECTRODEPOSITED COATINGS OF TIN

Specification

B-5435

Class or Type

5C1
8C2
5C 3
SC 4

MILITARY MIL-T-10727A Type |

{Electrodeposited)

Type II
{(Hot Dipped)

Minimum Thickness
(mils) (micrometers)

0.2 5
04 10
08 20
1.2 30

As specified by con-
tract

The application guide suggests thicknesses for the following service conditions:

SAE

AMS2408B

Service Condition

Tin flash for solder-
ing

Prevention of galling
or seizing

Prevention of corro-
sion of basis metals

Resistance to forma-

tion of case during
nitriding

AMS2408-1
designates
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Thickness Range
(mils) (micrometers)

0.1-025 25-64

02-04 5 -10
03 min. 7.6
02-06 5 -15

As specified by a
suffix number fol-
lowing the specifica-
tion, for example:

01-03 25-76



AMS2408.6
designates 06-08 15 -20

A tolerance of 0.2 mils (5mm) is understood
unless otherwise specified

Flash electrolytic Approx. 0.1 25

FEDERAL  QQ-T-425 25 0.013 3
(for both hot- S0 0.028 ¥
dipped or electro- 75 0.042 1.1
tinplate) 100 0.054 14

MILITARY MIL-STD-275 & 0.3 7.6
MIL-STD-1495

(Printed wiring
for electronic
equipment)
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Alloy

Tin-Lead
605 40%

Tin-Cadmium

25%  15%

Lead-Tin
85% 15%

PUBLISHED SPECIFICATIONS FOR
ELECTRODEPOSITED TIN ALLOYS

Sponsor

IPC
MILITARY
MILITARY

ASTM

MILITARY

ASTM

TABLE IV

Specification
IPC-ML-910

MIL-P-81728A

MIL-STD-275
{Printed wiring
for electronic
equipment)

B579

sC1
sC2
SC3
SC4

5C1
sC2
SC3
SC4

MIL-P-23408A

B-200

Thicknesses sug-
gested for the
listed salt spray
requirement in
hours per ASTM
Method B117
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Minimum
Thickness
Class {micro-
or Type (mils} meters)
03 76
0.3 7.6
0.3 1.6
Steel
(mils) (micrometers)
02 5
0.4 10
0.8 20
1.2 30
Copper
(mils} (micrometers)
0.2 5
0.3 1.6
0.6 15
1.2 30
1 0.5 12.7
2 0.3 1.6
3 0.2 5
55 Req.  Agreement
Hrs. w/purchase
24 0.24 &
48 0.5 12.7
96 1.0 254
200 1.5 38



To facilitate the

tin or tin alloy coating for any
application, the designer must first
establish all of the requirements
expected of the coating. The follow-

ing list includes
common reasons

tin alloy electrodeposits:

selection of the best

many of the most
for selecting tin or

TABLE |

TABLE | illustrates some of the uses of tin and its alloys and the properties that help to make each application successful. The letters refer to
the preceding list of desirable properties.

METAL
P I |
COATING APPLICATIONS PROPERTIES PROVIDED COMMENTS
: i 1 2 X 1) Steel is protected in cans, because tin is anodic to iron under anaerobic conditions.
Tin Tin plate for cans X X X 2) The outside of cans must remain clean and attractive under a variety of storage conditions.
Copper Wire x1 X X2 X X x1 1) Sulfur in rubber insulation may react with copper to corrode the copper and make the insulation more difficult to strip.
2) Tin assists in drawing operations.
Aluminum Busbar x1.2 X X x1 1) To prevent oxidation and corrosion of the aluminum in industrial and outdoor atmospheres. To reduce the|effect of handling, storing and fabrication on contact resistance.
2) To eliminate incompatible metal couplings.
1) Tin is effective in resisting corrosion by all copper etchants except ferric chloride.
Circuit Boards x1 X2 x3| x x3 2) Tin retains solderability longer than tin-lead under many conditions.
3) Bright tin is used on contacts to provide low contact resistance and wear resistance, for specific applications.
Pistons X X 1) Aluminum pistons are usually coated with an immersion tin deposit, while cast iron pistons are electroplated.
Electrical Connectors X X x 1 X X 1) On “plug-in” and other “‘wiping” contact connectors, wear resistance is provided by bright acid tin.
1) Reflowed tin-lead (solder) is the most widely used etch resist for circuit boards.
. . . 2 3 4 1 2) Reflowed solder is resistant to all copper etchants, except ferric chloride and cupric chloride.
Tin Lead Printed Circuit Boards| X X X X 3) Reflowed solder provides the lowest soldering temperature of all etch resists.
4) Bright or re-flowed solder produces lustrous blue-white surfaces.
Electrical Connectors x1 * X X 1) Solder is used on connectors less frequently than tin because it is more prone to tarnish than pure tin.
Copper Wire, Etc. X X X X 1) The High Tin — Low Lead alloy is used where the risk of tin whiskers must be avoided.
Bearings X1 X X X 1) The Low Tin Bearing alloy resists the formation of lead soaps from contact with breakdown products of lubricating oils.
9 2) Copper, antimony and other alloying elements are sometimes added to the tin-lead bearing alloys for the development of special properties.
Fasteners x1 X X x2 1) While tin-lead usually provides only barrier protection to ferrous and copper base metals, it is resistant to many chemicals and industrial atmospheres.
2) Bright or reflowed solder plate.
Gas Tanks X X X 1) Terne plate may be either hot dipped or reflowed electroplated steel.
Tin Nickel Clock and Watch x1 % % X2 X 1) Excellent resistance to handling and perspiration.
n N Components 2) The color of tin-nickel permits close matching of stainless steel components with easily machined brass parts plated with tin-nickel.
Musical Instruments 1) Tin-nickel is favored as a decorative coating on instruments with complex shapes because of its pleasing color and the excellent throwing and covering power of the
and Surgical X1 x2 1 x2 | x x2 tin-nickel bath.
Instruments 2) Valves and slides are plated because of the excellent wear properties of tin-nickel under light load conditions.
Aircraft Brake Pistons| X )(T X 1) Compatibility with stainless steel mating parts.
Mixing Valves X x1 X 1) Compatibility with stainless steel mating parts.
1) Tin-nickel is resistant to all etchants used to strip copper from circuit boards.
Circuit Boards Jb(1 x2 X X X x3 X 2) Tin-nickel is usually flashed with gold or tin to improve and preserve solderability.
3) Because it serves as an etch resist equal to gold and can also provide excellent wear resistance on contacts, it provides a low cost—high quality coating.
Home appli. & Furn. | X X ¥ | X 1) Because of its excellent throwing and covering power, tin-nickel saves racking and fixturing costs on complex shapes.
1) The corrosion resistance of tin-zinc is better than cadmium in industrial atmospheres and better than zinc in marine air.
Tin-Zinc Fasteners ;(12,3 X X 2) Tin-zinc is anodic to iron and finds its greatest use in preventing aluminum from becoming anodic to ferrous or copper base fasteners.
3) Chromate passivation is beneficial but not essential for many applications.
Electrical Boxes and 1) Excellenf ‘thmwing power permits difficult shapes to be electroplated satisfactorily with less risk of corrosion in recessed areas.
Cabinets x1 | x2 x3 2) Solderability of tin-zinc is excellent, and the ability to retain solderability is outstanding.
3)_Only cadmium approaches tin-zinc in combined corrosion resistance and solderability but at a greater cost.
Aircraft Landing x1 % 1) Tir-zinc is not only more protective than tin on ferrous alloys, but is reported to be much more resistant to "‘tin pest,” the alpha phase transformation of gamma or
Gear Members white tin.
1) Provides excellent corrosion resistance to salt spray with or without passivation.
Tin-Cadmium Fasteners x1«2:11 2) Better throwing p:._:wer_than cadmium; provides more protection in threads for a given thickness.
3) Resistant to organic acids found in wood and other organic packing materials.
Tin-Cop. (Bronze)| Jewelry x1 1) Decorative gold color may be varied from red to white, but requires lacquer to prevent tarnishing.
Household Furnishings x1 1) All decorative bronze finishes are usually applied over a bright copper or nickel undercoat.
Gears and Shafts x1 1) Excellent throwing power provides superior protection on complex shapes against carburizing and nitriding.
U/coat f/decor. chrom| x1 X 1) Bronze is equal to or better than copper as a base for a reduced thickness of nickel and chromium. It is usually considered only during periods of nickel shortage.




Tin-Zinc
T8% 22%

Alloy

Tin-Nickel
65% 35%

Tin-Nickel

SAE

Sponsor

MILITARY

ASTM

IS0

AMS2420A 0.3 7.6
4.3.5

Plating aluminum

for solderability

Minimum

ThicknessZ
Service {micro-
Specification Condition! {mils) meters)

MIL-STD-27 5B 02 5
For printed

wiring use in

electronic equip-

ment
Bo0s Steel
(mils) (micrometers)
sCl 03 7.6
SC2 06 15
SC3 1.0 25.4
sC4 1.8 46
Copper
(mils) (micrometers)
5C1 0.5 38
5C2 06 15
SC3 1.0 254
5C4 1.8 46
2179 3 (severe) 10 25.4

2 (moderate) 0.6 15
1 (mild) 0.32 8

Dihoice of service condition to be subject to agreement between purchaser

and supplier.

2)All ferrous or zinc base metals must be coated with a minimum of 0003
(7.6 micrometers) of copper except for mild service conditions. Bronze,
nickel or tin may be substituted for copper on ferrous base metals by
agreement between the purchaser and the supplier.
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Porosity

The number of pores in electrodeposited tin decreases approximately in
inverse proportion to the square of the deposit thickness. Above a thickness
of 0.0005™, only gross pits or defects originating in the basis metal are not
completely sealed. The most common requirement for tin deposits is the
ability to pass a required number of hours of salt spray without exposing
more than a specified maximum number of corroded spots. Other quality
control tests for porosity that have been used successfully invalve exposure of
the deposit to sulfur dioxide gas in a humid atmosphere, the
ferricyanide-paper test, which reveals any exposed iron by the appearance of
a blue color at each pore, and the hot water test which causes a rust spot to
form at the site of any pore.

Adhesion

It is essential that all electrodeposits that are to be soldered have excellent
adhesion. Deposits plated over oxidized or soiled surfaces cannot be
successfully soldered. As soon as the coating reaches its melting point, or
fusion with the solder begins, de-wetting will occur if the electrodeposit has
not been properly bonded to basis metal. For this reason, one of the best
adhesion tests of fusible electrodeposits consists of reflowing the deposit,
Other specifications require bending the plated part repeatedly until it
fractures, and then inspecting the fracture for signs of exposed basis metal,
All of the adhesion tests for tin deposits, other than the reflow test, involve
destruction of the deposit or the plated part.

Solderability

If tin deposits must be subsequently soldered, their solderability can be
assured by requiring that the deposit be reflowed after plating, or, if this is
not practical, that an agreed upon sample of each load be reflowed. Other
tests for solderability require that the deposit be immersed in molten solder
at standard conditions and be completely wetted within a prescribed period
of time, or that a prescribed quantity of solder flow over a minimum area of
the part at a controlled temperature in a standard period of time. Sound
specification requires an agreement between the purchaser and the plater of
the size of the sample from each lot to be tested and the suitability of the test
selected for the type of work to be tested. (See ASTM B602.) The best test is
usually one that most closely duplicates the actual soldering conditions for
that particular part. The most common test in the printed circuit industry is
the dip test, because it closely resembles the conditions that exist in “wave
soldering™.

To preserve solderability, it is essential to protect the surface of the tin from
exposure to corrosive, humid or dirty atmospheres. This may be done by
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providing a coating of protective organic material such as resin or stearic acid
over the finished parts. Brass or zinc basis metals must receive a minimum
thickness of 0.0001" of a copper or nickel undercoating before tin plating to
prevent loss of solderability, due to the migration of zinc into the tin deposit.
When the basis metal is copper or a copper alloy, or if these metals are used
as an undercoating for tin or a tin alloy, the tin will slowly react with the
copper to form a copper-tin alloy at the interface between the metals. At
room temperature this reaction is very slow, but at elevated temperatures the
reaction is rapid. It is essential, therefore, to assure that such parts are not
stored in a location where they might be subjected to abnormally high
temperatures, because the copper-tin alloy, by itself, does not provide a good
base for soldering. As long as any free tin is available on the surface, however,
the solderability will remain normally satisfactory.

Temperature Effects

Tin plated parts should not be used in service conditions that exceed 300°F
(150°C) without determining the effects of such temperatures on the
deposits or parts. While tin does not melt below 450°F (2329C), it may react
with other metals to form alloys or with the atmosphere to form corrosion
products. Service above 300°F (150°C) is possible but should be thoroughly
tested out before specifying it.

If tin plated parts must be used at temperatures below the freezing point of
water, 32°F (0°C), the tin deposit may be subject to a failure commonly
known as “tin pest”, “Tin Pest” describes a phase transformation of gamma
white tin to a nonadherent powdery gray alpha form of tin. This problem
may be prevented from occurring by alloving a very small quantity of
bismuth, antimony or lead with the tin. A proprietary bath containing
bismuth is available,

Whisker Growth

Electrodeposited pure tin, like cadmium and zinc, may grow thin needle-like
crystals known as “whiskers” within a period after plating that may vary
from a few weeks to several years. A whisker may measure up to .0001" (2.5
um) in diameter, and grow spontaneously to a length of 0.375" (10mm).
Conditions that tend to promote the growth of whiskers are compressive
stresses and uniform temperatures for long periods of time. In most
applications, these slender microscopic crystals would be unnoticed and
harmless, but in closely spaced electronic circuits they are capable of carrying
sufficient current at low voltages to cause serious short circuits or a corona
discharge.

When the formation of whiskers is known to be a potential problem, the
condition may be prevented by specifying that a small amount of lead be
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included in the tin deposit. While 1 to 2% of lead is adequate to substantially
reduce the risk of whiskering, it is customary to specify a 93% tin — 7% lead
alloy to assure that the alloy remains sufficiently high in lead under all
conditions of electroplating to prevent the formation of whiskers. Small
quantities of antimony, copper or nickel in the tin deposit have also been
reported to prevent the formation of whiskers.

Reflowing a pure tin electrodeposit has been shown to minimize the risk of
whisker formation, and deposits over .0002" thick may be less prone to form
whiskers than thinner coatings. Also, heat treatment of a pure tin
electrodeposit in an inert gas atmosphere has been shown to minimize
whisker growth.

TESTING THE FINISH
Thickness

MNondestructive Methods

a) Magnetic Tests — Because tin and all of the common tin alloys are
nonmagnetic, any of the commercially available magnetic
instruments suitable for testing nonmagnetic coatings over magnetic
basis metals may be used to obtain quick measurements that are
normally accurate with 10% of the measured thickness. Good
practice requires that the average of several readings be taken and
that any single reading that varies greatly from the majority be
questioned. ASTM Designation B530-70 describes standard magnetic
methods accepted by ASTM and AES.

b) Direct Dimensional Measurement — Functional deposits of tin and
tin alloys lend themselves to all of the standard methods of
mechanical measurement such as micrometers, calipers, plug gages,
ring gages, etc. The procedure involves measuring the same
dimension of a part before and after plating and finding the
thickness by dimensional difference. In measuring the relatively soft
tin metals, care must be exercised not to apply excessive pressure or
rubbing of the surfaces with the measuring instrument to prevent
low readings resulting from the burnishing effect,

¢) Beta Backscatter Principle — Commercially available instruments
using this principle may be applied to the measurement of very thin
deposits as well as normally heavy deposits. This method is suitable
for measuring the thickness of tin over copper, nickel or iron.
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manner that a critical surface is suspended at an angle between 15
and 302 from the vertical and, if possible, parallel to the flow of fog
through the cabinet. The salt solution is made up with distilled water
containing not more than 200 ppm of total solids and sodium
chloride, substantially free from nickel and copper, and containing
not more than 0.1 per cent of sodium iodide and less than 0.3% total
impurities. The pH of the collected salt solution after atomization
must be in the range of 6.5-7.2. The cabinet must be maintained at
2 1.1

95 £ 30F (35 £ 1.79C). The test is expected to be continuous
unless otherwise specified.

¢) Sodium Polysulfide Test — This test is applicable to tin deposited
over copper or copper alloys. It is primarily used in the evaluation of
tin plated copper wire as described in ASTM Specification B-246.
The plated item is immersed in hydrochloric acid, specific gravity
1.12, for one minute at 60°F, (15.6°C). After rinsing and wiping
dry, the test piece is then immersed in a concentrated solution of
sodium polysulfide saturated at T0OF, (219C) containing flowers of
sulfur in excess of 33 oz./gal. (250 g/l) diluted to specific gravity
1.142 at 60°F, (15.6°C). After 30 seconds immersion, the specimen
is rinsed and wiped dry. It is then immersed for one minute in
hydrochloric acid and after rinsing and drying again the test cycle is
repeated. The blackening of any pores is considered cause for
rejection,

Porosity tests may be used to measure the ductility of coatings by their
application to specimens that have been stressed by bending or elongation. If
the specimen shows a marked increase in porosity, after the application of a
controlled stress to the deposit, it indicates that the deposit has cracked. Such
tests are valuable in determining accurate ductility values.

Adhesion

Adhesion testing is very significant to the plater, since it can provide a
measure of the quality of the cleaning and activation procedures being used.
Fortunately, tin and many of its alloys are malleable and readily fusible, and
these qualities lend themselves well to burnishing and reflow tests which are
rapid and reliable,

a) Burnishing Test — This test consists of rapidly rubbing a small area,
(less than one square inch, 65(}mm2), with a smooth metal
instrument, such as the edge of a buffed copper or steel disc, rubbed
to and fro in a sideways direction with sufficient pressure to bumnish
without cutting or digging into the coating. The combination of
stress applied by the heat and linear expansion of the coating will
cause blisters to appear in a few seconds if the adhesion is defective.

31



b) Quenching Test — This is a nondestructive test that will reveal gross
defects in adhesion. Its prineipal merit lies in its applicability to all
electroplated surfaces without regard to size, shape, or accessibility,
The parts to be tested are heated in an oven to 300° ® 259F (150 %
15°C) for a period of time sufficiently long for the parts to reach the
oven temperature. They are then quenched in a generous volume of
water at room temperature. Adhesion failure is indicated by
blistering, cracking or peeling of the deposit.

¢) Reflow Test — For some purposes, this test may be considered
destructive; however, when reflowing is permissible or specified
it is usually nondestructive. It is much more sensitive than the
quenching test above. It has all the advantages of the quenching
test, in addition to an extreme sensitivity to very minor adhesion
defects. Parts to be tested are immersed in a bath of hot palm oil
at temperatures of 455—5009F (235-260°C) for tin plated work
or 400—500°F (200-260°C) for 60—40 tin lead alloy deposits.
A smooth bright coating completely covering all significant surfaces
indicates good adhesion.

The reflow test is not only an excellent test for adhesion, but it also
serves as a good test for solderability, because any contaminants
within the interface that interfere with smooth relowing of the
deposit will usually prevent good soldering.

d) Bend Test — This is a destructive test that is most suitable to the
adhesion testing of wire and sheet although it can be applied to any
part that can be readily bent. The test specimen is bent over a
mandrel with the plated surface being tested on the outside (away
from the mandrel). The mandrel should have a diameter or width
equal to the diameter or thickness of the sample. The bending of the
sample must continue until the two legs of the specimen are parallel
(1809 bend). Examination at 4X magnification should reveal no
evidence of peeling or cracking of ductile deposits. Brittle deposits
or some basis metals may crack, but it should not be possible to
dislodge the deposit at these cracks.

€) Microscopic Examination — This method requires the cross
sectioning of the deposit and the preparation of a small section by
metallographic polishing and etching. Careful examination of the
interface between the basis metal and the deposit at magnifications
of 400-1000 X can reveal considerable information concerning the
quality of the bond between the two metals. Evidence of debris, or
of a damaged crystalline structure at the interface is a strong
indication of a poor bond.
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f) Knife and Chisel Tests — Among the oldest and most common tests
of the practical plater are the methods which involve prying with a
sharp instrument at the edges of corners wherever the interface may
be exposed. Very poor adhesion can be readily exposed by these
methods.

¢) Examination of Feathered Edges — By grinding or filing through the
deposit at a small angle until the basis metal is exposed, similar to a
thickness examination by the chord method, a relatively long section
of the interface is obtained. Low power examination (3—30X) can
reveal any tendency of the deposit to peel at the thinned edges. A
smooth fine finish and light etching may reveal a poor bond when
the deposit is a soft metal that may be smeared by the cutting
process.

Solderability Testing

Due to the unique solderability of tin and most of its alloys, a variety of tests
are used to determine the suitability of the plated work for its intended
service, The close relationship between good adhesion and solderability has
been mentioned, but it must be stated that good adhesion is a prerequisite of
good solderability. The simplest and most reliable tests are based on either
the extent of wetting or the time of wetting under controlled test conditions.

a) Dip Tests — A small part or a portion cut from a large piece coated
with a noncorrosive flux are dipped into a solder pot containing
solder of a specified alloy at a specified temperature, for a specified
period of time. After dipping in a carefully skimmed solder pot the
test piece is removed from the solder pot, allowed to air cool until
the solder solidifies, and examined for uniformity, smoothness,
adherence and freedom from nonwetting and dewetting. Typical
solder alloys used in the test pot may vary from 4% to 60% tin. The
flux used is uwsually a nonactivated rosin diluted with isopropyl
alcohol to a controlled specific gravity. The temperature is usually
specified to be in the range of 400—-500°F (200—2609C). The time
of immersion in the hot solder may vary from 1 to 10 seconds.
Uniform immersion and withdrawal rates are recommended, but
cannot be readily achieved in a manual method.

The automated dip test was devised to eliminate the unavoidable
errors in the timing of the dipping operation. The [PC specification
IPC—5—801 illustrates a simple cam operated device for providing
the correct speeds of entrance and withdrawal and the correct dwell
time to meet the solderability test specifications for printed wiring
boards,
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The dip tests may be modified by shortening the cyele to a point at
which the work will not accept a smooth solder coat. Thus, by
introducing the time of wetting factor the test is made much more
sensitive, permitting the grading of electroplated surfaces for
solderability.

b) Spread Tests — In this test, a uniform volume or weight of specified

c)

solder, in the form of a pellet, is placed on the test specimen with a
few drops of a nonactivated rosin flux. The part is then heated at a
controlled temperature for a definite period of time in an oven. A
hot plate may be used for rough evaluation of solderability but the
rate of heating will then be less consistent with a resultant decrease
in reliability, After heating, the area of spread can be measured with
a planimeter, and the height of the solder blob by a micrometer or a
height gage. From the area of spread in square centimeters, and the
volume of solder in cubic centimeters, it is possible to calculate the
contact angle of the solder according to the following equation:
Volume
Contact Angle =7.12 m-}

The smaller the walue of the contact angle, the better the
solderability of the surface under test. Contact angles smaller than
12 are considered to be very good.

Another equation utilizes the height measurement of the solder
expressed as the diameter of a sphere that is equal to the volume of
solder used in the test. The spread factor is then calculated as
follows:

Sphere Diameter — Height
Sphere Diameter
The larger the spread factor, the better the solderability of the
surface under test. Spread factors greater than 80 are considered to

be very good.

x 100

Spread Factor =

The Globule Test — This test is especially well suited to test the
rapid evaluation of wires and component leads for solderability. The
fluxed wire is lowered horizontally into a molten globule of solder
resting on a carbon block. The time required for the solder to flow
around the wire is used as the measure of solderability. The shorter
the time, the better the solderability. The test may be repeated in
the same spot, after wiping off the excess solder, to determine
whether dewetting will occur.

d) Artificial Aging — The solderability of any electroplated surface is

usually best immediately after plating. Unfortunately, many plated
parts cannot be assembled for many months, and occasionally for
years, after the plating operation has been performed. It is therefore

34



sometimes necessary or desirable to try to determine what effect
aging may have on an electroplated component.

One method of accelerating the aging process consists of hanging the
specimen in a covered container, at least 2 inches (50mm) above the
surface of boiling water. The specimen should be located in such a
manner that the condensate from the cover cannot drip on it. After
24 hours, the test piece is air dried and tested for solderability by
one of the methods given above,

Other methods of accelerated aging may consist of simply placing
the test piece into an oven, at an elevated temperature, but which is
below the melting point of the deposit, for a definite period of time,
The atmosphere may be air, inert or reducing gas, depending upon
the requirements of the part. These conditions of elevated
temperature not only affect the deposit surface, but also accelerate
the rate of alloying the deposit with the basis metal or undercoating.

Depaosits containing brighteners are generally affected adversely to a
greater degree by elevated temperatures than deposits of pure
metals. Tin alloy deposits may undergo a loss of tin by the readiness
with which tin alloys with many basis metals. Such a loss of tin will
not usually affect the solderability significantly, until the loss of tin
in the deposit is almost complete in any given area. From this, it can
be seen that heavier coatings of an alloy deposit may be more
resistant to aging than thinner deposits. Thin undercoatings of pure
tin may also help to extend the period of satisfactory solderability
of many tin alloy deposits.

Thin coatings of rosin or palm oil are sometimes specified for the
purpose of preserving the solderability of tin and its alloys. Their
function is to protect the surface from any contamination by
exposure to the atmosphere.
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GLOSSARY OF METAL FINISHING TERMS

Adhesion — The attractive force that
exists between an electrodeposit and its
substrate that can be measured as the
force required to separate an electro-
deposit and its substrate.

Anode — The electraode in electrolysis at
which negative jons are discharged,
positive  jons are formed, or other
oxidizing reactions occur.

Anodic Chromate Coating — A chromate
conversion coating produced by making
the work the anode of an electrolytic
cell containing a chromate solution.

Barrel Plating — Electroplating of small
parts in bulk in a rotating container.

Basis Meatal — Metal upon which coatings
are deposited.

Bridging — The formation of a conduc-
tive path between conductors.

Bright Dip — A solution used to produce
a bright surface on a metal.

Bright Plating — A process that produces
an electrodeposit having a high degree of
specular  reflectance in the as-plated
condition,

Cathode — The electrode in electrolysis
at which positive jons are discharged,
negative fons are formed, or other
reducing reactions oceur.

Chromate Conversion Coatings — A
coating produced by chemical or electro-
chemical treatment of a metallic surface
that gives a superficial layer conlaining
compounds of the metal and the
chromium constituents of the processing
selution.

Coloring — (1) The production of
desired colors on metal surfaces by
chemical or electrochemical action (2}
Light buffing of polished metal surfaces
for the purpose of producing a high
luster.
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Comwersion Coating — A coating
produced by chemical or electrochemical
treatment of a metallic surface that gives
a superficial laver containing a com-
pound of the metal.

Corrosion — (1) Gradual solution or
oxidation of a metal. (2) Solution of
metal by the electrochemical
action in the plating cell.

Covering Power - The ability of a
plating solution under a specified set of
plating conditions to deposit metal on
the surfaces of recesses or deep holes.
(Distinguished from throwing power).

Dewaetting — A condition which results
when the molten solder has coated the
surface and then receded, leaving irregu-
larly shaped mounds of solder separated
by areas covered with a thin solder film
without exposing the basis metal. De-
wetting may be caused by electro-
deposits of tin or solder that are too
heavy.

Drag-Out — The solution that adheres to
articles removed from a processing tank.

Electrolysis — Production of chemical
changes by the passage of current
through an electrolyte.

Electrolyte — (1)} A conducting medium
in which the flow of current is accom-
panied by movement of matter. Most
often an aqueous solution of acids,
bases, or salts, but includes many other
media, such as fused salts, ionized gases,
some solids, ete, (2) A substance that is
capable of forming a conducting lguid
medium when dissolved or melted.,

Electroplating — The electrodeposition
of an adherent metallic coating upon an
clectrode for the purpose of securing a
surface with propertics or dimensions
different from those of the basis metal



Eutectic Alloy — An alloy having the
composition indicated by the eutectic
point  on  an  equilibrium  diagram
characterized by a sharp melting point.

Fretting Corrosion — Surface damage
created, especially in a corrosive environ-
ment when there is relative motion and
strong contact between mating surfaces.

Flux — A material used to prevent the
formation of oxides or to dissolve and
facilitate their removal along with any
other substances that might interfere
with soldering.

Hot-Dip Coating The method of
applying a metallic coating by briefly
immersing a clean fluxed article in a
tank of molten metal or alloy.

Hydrogen Embrittlement — Embrittle-
ment of a metal or alloy caused by
absorption of hydrogen during pickling,
cleaning or plating.

Immersion Coating — A metallic deposit
produced in an agueous solution by
chemical or electrochemical action
without the use of externally applied
current.

Interference Fit — Prescribed limits
resulting in interference on assembly.
Uszed where accuracy of location is of
prime importance,

Mechanical Plating — The formation of
an adherent metallic coating upon a basis
metal by impingement of solid particles
of the coating metal

Metal Distribution Ratio — The ratio of
the thicknesses of deposit upon two
specified  areas of a cathode. See
throwing power.

Microinch — One millionth of an inch,
000001 in, = 0,001 mil

Micron (Micro-meter) — One millionth
of a meter.

Mil — One thousandth of an inch, 0,001
in. = 25.4 microns.

Peeling — The detachment or partial
detachment of an  electrodeposited
coating from a basis metal or undercoat,
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Pit — A small depression or cavity
produced in a metal surface during
electrodeposition or by corrosion.

Printed Circuit Board (PCB] — A mass
produced product, manufactured from a
plastic laminate on the surface of which
circuitry is formed by selectively etching
away unwanted copper from a foil
laminated to the plastic or by building
up the circuitry by selectively plating
copper on the board.,

Reflowing or Flow Brightening — The
process of melting an electrodepaosit of a
fusible metal or alloy prior to soldering.
The reflowed deposit is  usually
smoother, brighter and less porous than
the original deposit,

Sacrificial Protection — The form of
corrosion protection wherein one metal

corrodes  in preference o another,
thereby protecting the latter from
COrTOSIon.

Slivering — In circuit board plating, the
tendency of brittle electrodeposited etch
resists to break off thin slivers of metal
after etching has caused the deposit to
overhang the “undercut™ copper
circuitry.

Solderability — The ability of a surface
to be wetted readily by a fusible metal
or alloy. Further definition of this
property may be provided by specifying
the time required for wetting to occur
under controlled conditions or measur-
ing the area of spread of a fixed quantity
of fuzible alloy under standard condi-
tions.

Tarnish = (1) Dulling, staining or dis-
coloration of metals due to superficial
corrogion, (2) The film so formed.

Throwing Power — The improvement of
the coating (usually metal) distribution
over the primary current distribution on
an electrode (usually cathode) in a given
solution, under specified conditions. The
termn may also be used for anodic
processes for which the definition is
amalogous

Work (Plating) — The material being
plated or otherwise finished.



SOURCES OF INFORMATION

Societies and Associations

American Electroplaters’ Society, Inc.
1201 Louisiana Avenue
Winter Park, Florida 32739

American Society for Testing and Materials
1916 Race Street
Philadelphia, Pennsylvania 19103

The Institute of Printed Circuits
1717 Howard Street
Evanston, Illinois 60202

Metal Finishing Suppliers Association, Inc.
222 East Maple Road
Birmingham, Michigan 48011

National Association of Metal Finishers
248 Lorraine Avenue
Upper Montclair, New Jersey 07034

Tin Research Institute
483 West Sixth Avenue
Columbus, Qhio 43201

Zinc Institute, Inc.

292 Madison Avenue
New York, New York 10017
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Particular care is required, when alloys are measured by this method,
because differences in the alloy composition or the density of the
deposit can result in significant errors. ASTM Designation: B567-72
describes this method.

Destructive Methods

a) Coulometric Tests — Commercial instruments are available which

determine the thickness of tin and tin alloys on all of the common
basis metals by this method. Caution must be exercised when
measuring alloy deposits because differences in the alloy
composition  will result in significant errors. The method is
applicable to very thin deposits and may be used to measure the
moderate thicknesses that are usually specified for tin and its alloys,
This method is defined in ASTM Designation B504.

b) Microscopic Measurement — The examination of carefully prepared

cross sections of the electroplated deposit permits the direct reading
of the coating thickness on metallurgical microscopes equipped with
a filer eye piece. This method, described in ASTM Designation B487,
has been widely used by the electroplater. It has the advantage of
permitting delineation of several layers of plating and detection of
alloying effects as well as showing the distribution of the deposits
along a profile. Where there is disagreement in thickness measured
by other methods, the microscopic method has been generally
accepted as the referee test. Efforts are underway to replace the
conventional microscopic method for this purpose by more accurate
profilometer, interference or precise coating weight loss techniques.
Each of these methods depends upon very carefully stripping a small
spot on a plated surface without attacking the basis metal — using
equipment similar to that used in the Coulometric test. The
profilometer and interference methods provide direct measurement
of the deposit thickness, while the coating weight loss method
measures the weight loss from an accurately prescribed area from
which the thickness may be calculated.

Weight Loss on Stripping — It is possible, by carefully stripping a
coating from a basis metal and noting the difference in weight of the
sample, to obtain an average thickness of the deposit. This
information can be of value to the plater to help him to know how
much metal he is depositing on a known amount of work. It does
not show him how the coating is distributed, however, so this test is
used in conjunction with one of the other test methods to accurately
describe the thickness of the coatings.
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Porosity

Due to the fact that tin and most of the tin alloys protect most basis metals
by encapsulation rather than by favorable potential difference, freedom from
porosity is very important to their protective value.

a) Sulfur Dioxide Test — This test is similar to the salt spray test in
application and is suitable for use with tin and tin-nickel over ferrous
basis metals. The samples are suspended above a weak solution of
sulfur dioxide in a sealed cabinet for a period of twenty-four hours
at 680F % 99F (20° % 59C). Voids in the coating are exposed
because iron corrosion products are formed at their location. The
protective value of the coating is evaluated by counting the number
of pores per unit area (Smm squares) on significant surfaces and
finding the percentage of squares containing voids. This value can
then be related to the serviceability of the part.

b) Hot Water Test — The test specimen is immersed in a thermo-
statically controlled aerated water bath at a temperature of 1800 £
59F (829 % 29C), with a pH range of 6.0—6.5, for a period of 3 to 6
hours. Wherever iron is exposed, rust spots will appear on the surface
of the coating. The coating is then evaluated by rating the number of
spots per unit of area.

¢) Ferricyanide (Ferroxyl) Test — The cleaned surface to be tested is
covered by a piece of blotting paper saturated with a solution of
sodium chloride and white gelatin for a period of ten minutes or
more. The paper is then removed from the specimen and developed
in a solution of potassium ferricyanide. Where iron is exposed, a blue
spot appears on the paper. For best results the test must be
performed in dust free surroundings. By duplicating the test on the
same area, it is possible to eliminate the spots caused by extraneous
airborne particles of iron, because only the spots which can be
duplicated are allowed in the count. The test is not useful for
positively identifying pores less than one-half mil in diameter, In an
alternate version of the test, a blotting paper may be wetted witha
solution of sodium chloride and ferricyanide, and the blue color will
develop at the site of pore while the test is in progress.

d) Salt Spray Tests — Both the 20% salt spray test and the more recent
5% salt spray test, ASTM Designation B117-73, are used to evaluate
tin and tin alloy coatings over ferrous basis metals. The number of
hours acceptable before the appearance of rust may be determined
for any specific service or product. A permissible number of corro-
sion spots after a fixed period of testing may be a criterion for
acceptance of other specifications. The test is performed in a cabinet
in which the cleaned parts are suspended or supported in such a

30



