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Non-Ferrous
Fasteners
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I he fastener industry is
centered on the use of steel

fasteners. Existing in a multitude

of sizes, shapes, threads that vary
with the job requirements they all
have one quality in common, they are
made of steel. However there is a
small corner of the technology where
non-ferrous fasteners reside. Who
and why they exist is the basis of this
article. While any metal may be made
into almost any shape, this article
will focus mainly on the threaded
fasteners. Pins, clips and studs may
be available but will only be touched
upon, if at all.

What are your material choices
for non-steel fasteners? Aluminum
comes first to mind. Copper, titanium,
zirconium have been heard of as
have zinc, and tin. Other metallics?
Magnesium, nickel, silver and
gold, platinum, and lead may have
unique and niche applications. The
remaining metallics in the periodic
table are not viable. Cobalt, Tungsten,
Manganese, Chromium, etc. are
extremely too expensive and offer
no advantages over other choices.
There are a few exotic metals made
into select applications for unique
industries which we will mention in
passing. Many of these are not easily
formable and require costly and time
consuming labor to manufacture.
Finally we must include ceramics,
plastics, wood, and 21st century
materials such as carbon fiber and
composites in our non-steel list.

First, let's look at the properties
of a steel fastener and what makes
it so good at its job. Steel fasteners
are strong, malleable, durable, cheap
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to manufacture, have a long history
of usage and technology, are readily
available worldwide, and come in
variety of shapes and sizes to fit
about every conceivable requirement.
Why use anything else? For starters,
the steel corrodes in the presence

of moisture and many chemical
environments. It does not get along
well with other materials, setting up
an electrical flow, called galvanic
corrosion, which rapidly shortens

the attachment'’s life. Its strength

is gained at the cost of increased
weight, a very important point in
today’s weight conscious world.
However, it is not very conductive in
electrical circuits. It is magnetic, an
undesirable property in the presence
of electrical components. And finally,
certain cosmetic issues rule out steel
parts in many applications. How are
these issues addressed with non-
steel fasteners?

A review of the areas where non-
ferrous parts are found lists aircraft/
aerospace, marine, motorcycle,
medical, military, and limited
transportation, and certain cosmetic
areas. Electrical applications also
have a need for conductive non-
ferrous parts. The requirements
that require deviations from the
properties of standard steel parts
and what the non-ferrous ones offer
is as follows. Mainly non-ferrous
parts are used in areas where
corrosion, in whatever form, is a
problem. Secondly, weight reduction
without loss of strength is another
requirement. Retention of strength
under conditions of very high heat
and extreme conditions require
something more than a steel part.
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Finally, cosmetic concerns push the
need for non-ferrous parts which
can often be color coded to match
surrounding areas.

By sheer volume aluminum parts
lead the list. The drive to save weight
has led many industries to use
aluminum instead of steel as their
basic material for sheet metal. It is
light, easily formed with lower energy
using machines, readily available and
cheaper than sheet steel in many
cases. Imported steel has replaced
many local sources as steel mills
shut down due to rising costs to
operateion, health, environmental,
and safety issues as well as the cost
of raw materials. The problem is
how to fasten the aluminum. One of
the negatives of using a steel part is
corrosion. Since almost all usages
of aluminum sheet will be exposed
to the weather in some manner or
other, iron fasteners will rust. Various
corrosion resistant finishes will delay
it but rust will happen. In addition
to the cosmetically objectionable
corrosion, the part may lose strength
and institute various other forms
of failure over the service life. The
repair of rusted parts is always a
major concern and costly. Improper
torqueing will lead to loosening of the
steel fasteners which will relax easily
as the fastener embeds itself into the
soft aluminum substrate.

Aluminum parts do not ‘bleed’
corrosion in most instances so
their use in visible areas, such as
trailer bodies (both commercial
truck and personal recreational] is
an ideal application. Where there

"I think | should have
used steel bolts instead of
aluminum”
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is insufficient clamping capacity to
firmly attach the sheet metal, as

in aircraft or large truck trailers,
aluminum rivets are utilized in
addition to bolts and the total number
of parts is increased. Aluminum
fasteners cost less than brass and
stainless steel parts but more than
steel ones. Since they require no
maintenance their initial cost may
offset the cheaper steel ones in
some applications. Aluminum parts
have the best strength-to-weight
ratio of any commonly in use metal.
Some compositions can be treated
to be stronger than mild steel parts.
Aluminum fasteners weight about
one third as much as mild steel parts.
Fastening aluminum with aluminum
fasteners is the most practical
method of attachment. Aluminum

Is non-magnetic but possesses a
high rate on conductivity making its
use in some electrical applications
economical.

The downside of aluminum
fasteners is the fact that they are
indeed much lower in strength than
steel parts. Their use should be
limited to fairly low load bearing
applications. They tend to corrode
quickly in certain conditions while
offering good resistance to ordinary
atmospheric conditions. Chloride
salts that are used for road de-icing
and dust reduction in many countries
are especially harmful to aluminum.

Before continuing, the corrosion
factor should be discussed. In
addition to general type of corrosion
(rusting and weathering, and
chloride attack) the issue of galvanic
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Galvanic Corrosion Table / TTZE BB &

Most Anodic/& A BHAR

Current Flow From
Anode To Cathode/
FE 7R M B4R 2 BA AR,

A\

Magnesium/t

Zinc/$#

Beryllium/4

Aluminum/45 1100 Series/Z %l
Cadmium4g

Aluminum/4g 2024-T4

Mild Steel/Cast Iron

Cr-Ni Stainless/4&32 AN554M(300 Series/Z %))
Activated/SE{L,

Hastelloy/lAEK&4% “C”

Lead, Tin/4% ' 5

Nickel/4& (Activated/5E1k)
Inconel/48 2% &%

Hastelloy/l§ k&% “B”

Brass, Copper, Bronze/& 4 » £845f @ &4
Monel/ZET3/RE&4

Nickel Alloys/$84 4 (Passivated/4i{t)
Silver/4R

Titanium/£k

Graphite/5 £

Gold/4

Platinum/43

Most Cathodic/& A BB

corrosion should be mentioned.
Galvanic corrosion occurs when two
dissimilar metals are in contact with
each other. The conditions required
are a conductive medium, moisture
in the air is sufficient in most

cases, and that the two metals are
dissimilar and in contact with each
other. An electrical cell is set up with
the cathode metal interacting with
the anode metal. The farther apart
the two metals are on the galvanic
table the faster and greater the
galvanic corrosion occurs. Electrons
flow from the anodic element to the
cathodic one. The farther apart the
two elements are the faster will be

the corrosion rate. Galvanic corrosion
is much more severe than ordinary
corrosion and should be avoided

at all costs. Another factor often
overlooked is that the respective
area of the two elements plays a
great part in the corrosion rate. A
small anode against a large area of
cathode will corrode much faster
than a small cathode against a large
area of anode. However, corrosion
will still occur. The illustration shows
are an area of aluminum structure
held together with steel rivets. Large
anode, small cathode- should be OK?
No, the areas of the several rivets
add up to a large volume PLUS the
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area that this structure was exposed
to was subjected to salt splash from
road deicing. The engineers decided
that they should use a stainless steel
rivet instead. Bad choice-these two
are even farther apart in the galvanic
table and gave an even faster
corrosion ratel!

The table shows some of the
elements arranged in electromotive
order. Tables with almost every metal
have been made but are useless as
no one really uses all the elements. |
have edited the table to include many
of the metals that we are discussing
in this article. While some galvanic
action can occur even within the
same groupings (one kind of brass
vs another and so on) generally the
effect will be very minor. Again, the
farther apart they are in the table, the
faster and more severe the corrosion
will be.

Aluminum fasteners are available
in all steel configurations, sizes, head
styles and types. Some restrictions
on assembly with aluminum screws
and bolts exist. The tendency for the
threads to seize onto each other is
greater with aluminum to aluminum
joints than with steel. Some sort of
lubrication is necessary for assembly
and speed of installation should
be lower when using aluminum
fasteners into aluminum substrates
(these two items account for over
80% of aluminum to aluminum
assembly problems- galling and
seizure). An entire article on
aluminum fasteners alone could be
written (and perhaps it will be).

The next largest volume of non-
ferrous fasteners is those made
of titanium. Their use is mainly in
marine, medical, aerospace, military
and chemical processing industries.
A'large number of titanium parts
find application in sporting goods
such as in light weight bicycles
and motorcycles where the weight
savings offset the high cost of the
parts. Titanium parts are known
for being strong, lightweight and
corrosion resistant and have the

highest strength-to-weight ratio

of any of the other metals used for
fasteners. Being fully resistant to
the effects of chlorine and chlorine
compounds, they are found in
industries where such chemicals
abound such as pulp and paper
manufactures. This resistance to
chlorine makes them an excellent
choice for oil and gas, desalination,
and marine industries.

Commercially pure titanium
(grade 2} is the most commonly used
material while small amounts of
aluminum and vanadium (titanium
grade 5) allows better formability for
specific fasteners. A minute amount
of palladium (titanium grade 7) forms
the most corrosion resistant alloy for
the ultra-corrosion applications of
the chemical industries.

Some other properties of titanium
fasteners are the facts that they have
a fairly low electrical and thermal
conductivity, a high melting point
(<1650°C/ 3000°F), and are non-
magnetic. Machining requires some
caution as the metal will soften and
gall if sharp tools and correct cooling
methods are not employed. Like
aluminum, titanium oxidizes rapidly
in air, giving it an impervious surface
oxide coating against intrusion. It is
attacked by concentrated acids but
resistant to almost all diluted ones. It
reacts at higher temperatures (about
550°C) with halogens and oxygen. It
will burn in a nitrogen atmosphere
at about 800°C making welding a
process that must be done under
an inert gas cover. Military usages
include aircraft, naval ships armor,
and missiles. It is biocompatible (non-
toxic and not rejected by the body)
which makes titanium screws ideal
for medical implants.

Copper has a history extending
back before written records.
While used today for its electrical
conductivity properties, it has little
usage for fasteners beyond small
parts in electrical applications.
Although some high current parts
are of considerable size their usage
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is still much the same as the small
screws. Its conductivity is better than
aluminum and less than silver or gold
but is much cheaper. In an effort to
reduce the cost of copper screws a
clad version [similar to coinage that
many countries are using), consisting
of a copper outer coating over an
aluminum base, is in use for small
electrical connections.

Zirconium's properties are
chemically and physically similar to
titanium. Fasteners are used in areas
where the corrosive environment is
too severe for stainless steels, nickel
alloys and titanium. Hydrochloric,
nitric and organic acids and even
alkalines such as sodium hydroxide
have little effect on zirconium bolts.
Only tantalum bolts can surpass
zirconium's corrosion resistance.

Zinc and tin fasteners tend to
also be rather small in size and
limited to usages in small die casting
where compatibility is required. No
appreciable volume of parts exists in
either metal. Mostly small pins and
other low melting point items that
hold components of small zinc /tin
castings.

Nickel has no known usage as
a fastener metal by itself. Alloyed
with other metals it adds corrosion
and other qualities to the mixture.
However, there are several alloys
which contain a majority of nickel in
their chemistry. The most commonly
known one is Monel. Consisting of
basically about 67% nickel and mostly
copper, this alloy finds numerous
usages in the marine sector and
other high corrosion areas. Like the
other fastener materials mentioned
here, the usages are pretty much
similar. The differential being the
cost and availability. Monel costs
more than stainless but offers better
corrosion protection, especially at
higher temperatures. Like all the
nickel alloys it is very difficult to
machine. Slow speed and low feed
rates will prevent work hardening and
galling in most instances. Galvanic
action occurs if Monel is placed

against steel parts and one boat keel
is known to have disintegrated within
weeks when such a mistake was
made.
Inconel® is another nickel based,
high temperature, and highly
corrosion resistant series of alloys

in use widely. Nickel content varies
from 50 to 72% with copper the next
largest addition. It retains its strength
over a wide temperature range

and resists oxidation and the usual
elements of corrosion noted above.
Inconel is a trade name of the Special
Metals Corp.

Hastelloy® is another series of
similar nickel based alloys with
much the same properties. There
are several (about 22) compositions
available, all with varying amounts
of several other metals. Good in high
temperatures and high stress areas.
It replaces steel parts in places
like pressure vessels in chemical
and nuclear reactors. Hastelloy is
a registered trade name of Haynes
International Inc.

It can be seen that there is a
similarity of usage in many of
the non-ferrous fasteners. High
temperatures and corrosive
environments predominate. The high
cost of these parts limits them to big
money investments such as military,
governments, and large corporations.

The exotics. While the balance
of metals is not commonly found
in other than a few chemical
compounds or museum curiosity
pieces, a few exotics do show up on
the fastener shelves. Here are a few
that | found that are actually made
into fasteners. Beryllium is often
mentioned in conjunction with copper.
Used as areas where the possibility
of an explosion could occur (gas and
combustible substances processing])
it has a place. Beryllium, by itself,
exists as a fastener only in some
limited space vehicle applications
where it's high strength-to-weight
ratio and long fatigue life makes it a
selection choice. It has low ductility
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and is very notch sensitive and must
be handled with care. Its high cost
can only be borne by governmental
agencies. Its usual form is that of a
solid or blind rivet.

Molybdenum is usually found as
an alloying element in steel parts.
However metallic molybdenum
fasteners are available in most
metric and inch sizes from specialty
fastener manufacturers. It has an
extremely high melting point (2620°C)
and can maintain its strength at high
temperatures. Its usage is in military
and space attachments. Since it
oxidizes quickly in the presence of
oxygen at around 600°C its high heat
applications are limited to areas with
an absence of oxygen ( high heat
vacuum furnaces, glass production,
and, of course, outer space).

Tantalum bolts are known for
their superior corrosion resistance
and chemical inertness. It is used
when nickel, titanium or zirconium
alloy parts are not enough to meet
corrosion requirements. It has high
strength up to 2000°C [melting point
is around 3000°C). Having all the
typical properties of a metal, its
corrosion resistance is said to be
similar to glass. Itis one of the most
bio-compatible metals, is radio-
opaque due to its high density (16.6
g/cc) and is chemically resistant to
almost every media at 150°C.

The noble metals, gold, silver and
platinum, have usage in the fastener
arena but as cosmetic and decorative
jewelry items. Too soft for any other
purpose, we'll skip over these.

No discussion of non-ferrous
fasteners is complete without
a mention of the nonmetallic
contributors; plastics, ceramics, and
wood.

Ceramic bolts are generally made
of one of two materials; alumina or
zirconia. They are the most thermally
resistant materials available, good to
2730°F (1500°C). In addition to their
outstanding corrosion and chemical
resistance, their non-magnetic

properties find them used in areas
of various high voltage applications.
Alumina is the first material usually
chosen while zirconia is called

for when additional strength and
toughness is needed. They are
available from suppliers in most
metric and inch sizes.

No discussion about nonferrous
fasteners is complete without
mentioning plastics. One of the
strongest and toughest polymer bolts
available is made from polyamide-
Imide plastic. Trade named
Torlon®(registered to Solvay Plastics),
bolts made of polyamide-Imide show
exceptional strength and stiffness
from cryogenic temperatures up
to 525F (275C).They have excellent
wear resistance as well as inertness
to strong acids and most organic
compounds. They are not metallic
so strength will never be much of a
concern. Their usage is in appliances,
medical devices and such. However, it
is the most metal-like of the plastics.

Polyimide bolts made from
Dupont’s Vespel® are one of the
most temperature resistant of the
plastic materials used for bolts and
fasteners. Good to 350°F (288°C)
for continuous service and 900°F
(480°C] for intermittent exposure.
Resistant to common solvents, acids,
and oils, its low coefficient of friction
adds to its positives. Available also
in metric and inch sizes, it is found
in automotive, aerospace, industrial
equipment and semi-conductor
areas.

Kynar® (product of Boedeker
Plastics) bolts are made of the plastic
compound PVDF, a fluoropolymer
compound of great stability when
exposed to harsh thermal, chemical
and ultraviolet condition. They are
used mainly in pharmaceutical
processing. Readily available in sizes
to fit the market.

PEEK (polyetheretheketone)
is the trade product of Victrex
Manufacturing Ltd, and sold as
Victrex®. Like the rest of the plastics
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parts, it has a low coefficient of
friction, and is chemically resistant to
a wide variety of chemicals, solvents,
acids salts, oil and steam. It has good
strength in temperatures up to 350°F
(175°C).

PTFE is available from several
suppliers. Originally marketed as
Teflon® by Dupont . Patents have
expired and several sources contend
for the market. It has great resistant
to most chemicals, is usable up to
500°F (260°C), and is of excellent
purity for health and medical
applications. It is fairly weaker than
most other plastics, especially at
higher temperatures.

Nylon fasteners are seen in many
non-critical components and are
the usual material of parts sold
in hardware stores. Nylon is now
more of a general plastic name but
was originally patented by Dupont.

It has the greatest strength of any
commercially available plastic,
approaching mild steel in some
applications. It can be found in
almost every plastic application, toy,
appliance, automotive components,
and numerous other everyday items.

Plastic fasteners are a part of the
non-ferrous grouping . They all share
some traits. They are very much
weaker than metal parts. They can
be thermally destroyed at heat levels
metals don't even worry about. Under
load they tend to creep [cold flow])
until they loosen [some much less
than others but still time acts upon
their tightness). They are found in
the medical and chemical industries
mostly. Some types have use in other
industries as noted. Plastics can, and
are, modified by the addition of many
other ingredients. Like making soup,
various things are added to change
the outcome of the stew.

Glass fiber, beads, various resins to
harden, to soften, to make ultraviolet
resistant, anti-fugal chemicals,
lubrications, and so on, an endless
list of add ins. When using a plastic
fastener, get the full list of what is

in it and how those
add ins affect the
properties. Plastic
properties are

very temperature
dependent. Values
listed should be
used with attention
to the temperature
at which the tests
were run. Some
plastics retain more
strength at higher heat than others.

Finally, Modern science is
developing new materials daily.
Carbon fiber, new plastics appear
with each application. New fasteners
for new usages are being tried out
currently.

Wood is the oldest material used
by humankind. We stop here, letting
you think upon the history of threaded
wooden studs and such.

Following is a chart of sorts that
lists some properties of nonferrous
fasteners with whatever data that
could be found about them. The
data on plastics is a wild stab at
what is an approximation of middle
of the road compounds. This is only
for comparison as one value could
be twice what another formulation
yields. The plastic values especially
vary tremendously with heat. Values
given here are for approximate
compounds at about 150°C.

When using non-ferrous fasteners
the possibility of a galvanic coupling
exists and should ever be in one's
mind. One case that shows this was
an engineer’s idea to use a plastic
attachment onto n aluminum sheet.
The part was colored black for
appearance’s sake. When corrosion
occurred he was dumbfounded.

He later was informed that black
colorant in plastics is carbon black.
See the table for where aluminum
and carbon are!

Non-Ferrous Metal Properties

(Data below from best available
sources):

Cuglom Fasiener L0
We make them to-order
Jl;

M RLFEE B0 _E ik Bl - B & ER R 0 £
HERADAIPOA BRI BE BRIS{Et 240
o bR R DM AT HERHEKNER  AIA
IANEMAERIZRE -

WIRAT 4 IWIBTR O BB J MR AR AR N AT
BB R BT IE 2N B A E BT B HY
Em SUHRES flF 2B TEME - ERET
M—MBERNRE M SUBSRATTERR HT
X LE 3B R ) B A o] 52 A 1% 2B R R 45 1 - BB
it FmERRBEIERES - E R THRPA
THE BIUEENIREE - AL AR E
MERR TRMAS ESHIEE

REGAE AANEEXRBERRTY
B BRI A oA AR BRI -
BARLE A AR E AR RO AT -

AMBALFERETZHME - BAE
e RARSR I BHRSRABIEAFI R L 2T 89/
£ UAREERBEHMRIERRISE-

TR ARG TR B B — L4 E
— LR BMEXAR -TIHERRKEENLE
P45 14 L0 88 TE W B P B VE © SR BUEUE R
(e BAEM— PN HEES RS RIREREH
MENYE BROHELEESZZ 0 ENE
TURK - RPRBEAZUEYILIME &
FE47E150°C -

2 ARG BUR B 1 - Wb/ /O oKL E D
BEFMARESHAEN - BIRFIETEX—R
HEEU - AN IRIMEAEXFHNES EH
— MBS B RREN A SRR - XA B4
BN E R G- Filk & AN TRIDEAR
B e kB AE IR AR RRIAZERAY
REEBHRRERE ERBFMERT BE
BN RATERE !

Fke BT S
(AT ERE BRIATRERB RERR)




B ARitiz

TECHNOLOGY

Tensile Strength Ksi (MPa) | Yield Strength Ksi (MPa) Elongation Reduction Area Melting Point
RSB EE Ksi (JEIA) JERR5EE Ksi (JEIH ) R (%) BOER (%) | B2C (F)

7 I I [ 173 I 7T

127

2024-T4 62(428) 40(276) 10 -
6061-Té 42(290) 35(242) 10 -
6262-T9 51(352) 47(324) 5 -
7075-T73 68(470) 56(383) 12 -
Titanium/%k 70(485) 50(345) 28 57 3040 (1670)
@100C 56(383) 37(256) 31
@300C 33(229) 18(127) 43
@450C 26(178) 11(74) 34
Zirconium/4& 55(379) 40(276) Ll ;ql]“h/* 3365(1852)
o 12 (in 1 inch/#t
+2-3% Niobium/45® 70(483) 50(345) ) 3344 (1840)
Nickel Base*
MR AEH
Monel 1
BT RAL 87 (600) 60 (415) 20 -
Monel 2
BRRAS 80 (552) 40 (276) 30 -
Iconel® 2350-2460F
PPN 128(880) 67 (460) 50 1290-1350C
Hastelloy®
mE&E®
@400C 90(621) 35(241) 70
Molybdenum/48 4748(2620)
Tantalum/4B 40(276) 25(172) 50 5642(2996)
+2.5%W 55(379) 35(241) 30
+10%W 90(620) 70(482) 30
Ceramics/[&%&
Alumina/& {45 3762 (2072)
Zirconia/E b5 4919 (2715)
Plastics/#Bfal**
Polyamide-Imide
" 170117
RE - B a
Polyimide
X 5-10 (40-70
e o7
PVDF
7 (50
RRR I o0
PEEK
P 14-51(100-350
SRR 1100-350
PTFE
2 (135
RIURZIE 153
*Nickel based alloys are available in as many as 25 different compositions TRESEF IR ERT T B25MA
per each ‘name’. The data listed is typical of some of the compositions. Actual BYATIG o  RPFTFIAK - LU SRR TH
data for a specific composition may vary widely. B HFEXEYHLRBERT TR
** Plastic properties can vary extremely from one compound to another. AR BT RERE R TS T R o WIS
The exact plastic formulation needs to be known to approximate any data HRBSE R RIER 75 0 DB TE A B 3k A0 BE (531 B9 4T

beyond what is guessed at here. a ATHME = SMNE HSEOME o a]
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