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(57) An aluminum-based alloy with improved ma-
chining properties which is essentially free of lead, bis-
muth, nickel, zirconium and cadmium and consists es-
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below 0.51 wt.%, tin is at least 1.01 wt.%. There is fur-
ther disclosed an improved method for making screw
machine stock or wire, rod and bar product from this al-
lowy by casting, preheating, extruding, solution heat
treating, cold finishing and thermally processing the
afore-mentioned alloy composition.
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Description

[0001] This invention relates to the field of aluminum alloys, and more particularly to machinable aluminum alloys.
The invention further relates to products made from such alloys, including but not limited to: screw machine stock; cold
finished wire, rod and bar; extruded, cast, drawn or hot and cold rolled wire, rod and bar, and extruded, cast, drawn or
hot and cold rolled forge stock.
[0002] There are several known machining alloys with 2011 and 6262 aluminum (Aluminum Association designa-
tions) being among the most commonly sold. It is generally difficult to measure the machinability of any such alloy.
One ranking system that has been used for some time classifies machinability based on a letter scale with an "A" rating
being most machinable, followed by "B", "C", "D" and "E" ratings taking into account the following characteristics:

(1) Chip Size. Smaller chip sizes are more desired because such chips simplify the machining operation and
facilitate more effective heat removal from the tool - workpiece interface than larger chips. Chips must not be too
small or they interfere with lubricant recirculation during the overall machining operation, such as by drilling or
cutting. Long, thin chips by contrast tend to curl around themselves rather than break. Such chips, sometimes
called curlings, may require manual removal from the machining area and are less effective than smaller chips at
heat dissipation because larger chips tend to block the cooling lubricant.
(2) Tool Wear. Lower tool wear rates are desired to save money by increasing the amount of time a tool can be
used before prescribed tolerances for a given workpiece are exceeded. Lower tool wear rates further increase
productivity by reducing downtime due to tool changeovers.
(3) Surface Finish. Alloys exhibiting a very smooth exterior surface finish in the as-machined condition are more
desired to eliminate or reduce the need for subsequent surface finishing operations, such as grinding and deburring.
(4) Machining Forces. Lower machining forces are more desired to: reduce power requirements and the amount
of frictional heat generated in the workpiece, tool and tool head; or increase the amount of machining or metal
removal that can be accomplished with the same power requirements; and
(5) Mechanical and Corrosion Properties. Mechanical characteristics such as strength, or other properties such
as corrosion resistance, may be "optional" with respect to machinability. They can also be rather important de-
pending on the intended end use for the workpiece being machined.

Although this "A" through "E" rating system is based on the five parameters discussed above, the relative importance
of each parameter changes as a function of intended end use for any given alloy.
[0003] Currently, 2011 is the most popular aluminum machining alloy that is consistently "A" rated. This composition
contains about 5-6 wt.% Cu, up to about 0.3 wt.% Zn, up to about 0.7 wt.% Fe, up to about 0.4 wt.% Si, about 0.2-0.6
wt.% Bi and about 0.2-0.6 wt.% Pb. 6262 aluminum is most often "B" rated but has consistently higher strength levels
and better overall corrosion resistance in the T8 and T9 tempers when compared to its 2011-T3 counterparts. The
composition for 6262 aluminum contains about 0.8-1.2 wt.% Mg, about 0.4-0.8 wt.% Si, about 0.15-0.4 wt.% Cu, about
0.4-0.7 wt.% Pb, about 0.4-0.7 wt.% Bi, about 0.04-0.14 wt.% Cr, up to about 0.7 wt.% Fe, up to about 0.25 wt.% Zn,
up to about 0.15 wt.% Mn and up to about 0.15 wt.% Ti.
[0004] In the near future, it may be desirable to reduce the amount of lead in many products. Legislation may require
Pb level reductions or even elimination from certain consumer goods. A lead-free substitute for 2011 and/or 6262
aluminum would be desirable, therefore.
[0005] It is of interest to provide a substantially lead-free substitute for 6262 aluminum. Another objective is to provide
a lead-free, aluminum alloy with excellent machinability, thereby resulting in reduced manufacturing costs through
faster machining times. It is another objective to provide an alloy which can be substituted for 2011 and/or 6262 alu-
minum in most machining applications, especially those where strength properties for the finished product are relatively
less critical than machinability characteristics.
[0006] Also of interest is to provide an improved screw machine stock and wire, rod or bar product, together with
improved methods for making such products by casting, preheating, extruding, solution heat treating, cold finishing
and thermally processing in various step combinations.
[0007] In accordance with the present invention, one embodiment pertains to an aluminum alloy suitable for machin-
ing. This alloy consists essentially of: about 0.15-1.0 wt.% copper, about 0.4-1.5 wt.% tin, about 0.65-1.35 wt.% mag-
nesium, about 0.4-1.1 wt.% silicon, about 0.002-0.35 wt.% manganese, up to about 0.5 wt.% iron, up to about 0.15
wt.% chromium and up to about 0.15 wt.% titanium, the remainder substantially aluminum and incidental elements and
impurities. On a preferred basis, this alloy includes about 0.45-0.7 wt.% copper, about 0.9-1.3 wt.% tin, about 0.7-0.9
wt.% magnesium, about 0.45-0.75 wt.% silicon and about 0.01-0.05 manganese. It is substantially lead-free, bismuth-
free, nickel-free, zirconium-free and cadmium-free as defined hereinafter. This alloy is typically processed into screw
machine stock or one or more products selected from wire, rod and bar, most preferably by ingot casting and subsequent
hot deformation.
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[0008] There is further disclosed an improved method for making screw machine stock and wire, rod or bar product
from this alloy by casting, preheating, extruding, solution heat treating, cold finishing and thermally processing, pref-
erably to a T3, T8 or T851 temper (Aluminum Association designations). By extruding, cold finishing, and then solution
heat treating (or solutionizing), this same alloy may be processed to such other tempers as T4, T451, T6 or T651. T9
tempering is also available by solution heat treating, thermally processing and cold finishing. The alloy of this invention
may be: continuously cast using known or subsequently developed means; extruded into various product shapes with-
out cold finishing; or even press quenched. After extrusion, products made from this alloy may be tempered according
to T4511, T6510, T6511 or other T6 practices.
[0009] For any description of preferred alloy compositions, all references to percentages are by weight percent (wt%.)
unless otherwise indicated.
[0010] When referring to any numerical range of values, such ranges are understood to include each and every
number and/or fraction between the stated range minimum and maximum. A range of about 0.4-1.5% tin, for example,
would expressly include all intermediate values of about 0.41, 0.42, 0.43 and 0.5%, all the way up to and including
1.45, 1.47 and 1.49% Sn. The same applies to each other elemental range set forth below.
[0011] As used herein, the term "substantially-free" means having no significant amount of that component purpose-
fully added to the alloy composition, it being understood that trace amounts of incidental elements and/or impurities
may find their way into a desired end product. For example, a substantially lead-free, machining alloy might contain
less than about 0.1% Pb, or less than about 0.03% Pb on a more preferred basis, due to contamination from incidental
additives or through contact with certain processing and/or holding equipment. All embodiments of the present invention
are substantially Pb-free. The invention alloy is also substantially free of bismuth, nickel, zirconium, cadmium and
thallium on a most preferred basis.
[0012] The term "screw machine stock", as used herein, describes cold finished wire, rod and bar product together
with any extruded wire, rod or bar product which can be hot and cold rolled by conventional ingot metallurgy techniques
(e.g., DC casting) or otherwise manufactured using known or subsequently developed powder metallurgy and casting
processes. "Cold processing" is defined as working with substantially ambient temperatures while "hot working" uses
heated stock for further processing. It is to be understood that, in some instances, cold processing can also follow hot
working.
[0013] When referring to any preferred tempering treatment for this alloy, including T3, T4, T451, T4511, T6, T651,
T6510, T6511, T8, T851 and T9, it is understood that current tempering practices include: hot working; cold working;
solution heat treating (or solutionizing); and precipitation hardening, either naturally (i.e., at ambient or room temper-
ature) or artificially (using an external heat source). Particulars about any one tempering method may be learned from
Aluminum Association registration guidelines, the disclosures of which are fully incorporated by reference herein.
[0014] While the aluminum alloy of this invention can be made into screw machine stock and wire, rod or bar product,
preferably by extrusion, casting and/or hot or cold rolling, it is to be understood that the same alloy may be made into
other forms and product shapes, including sheet, strip, plate, forgings, clad or foil products, by any known or subse-
quently developed technique, including continuous or semi-continuous casting.
[0015] When referring to the main alloying components of this invention, it is understood that a remainder of sub-
stantially aluminum may include some incidental, intentionally added elements which may impact collateral properties
of the invention, or unintentionally added impurities, neither of which should change the essential characteristics of
this alloy. With respect to the main alloying elements, it is believed that the copper hereof contributes to the alloy's
overall machinability, strength, anodizing response, weldability and corrosion resistance response. The presence of
tin is believed to contribute to both machinability and artificial aging response. For the lesser elements, chromium is
believed to contribute to the formation of fine-dispersoid phases and prevent recrystallization during hot working or
heat treatments. Manganese is believed to add to the alloy's strength, recrystallization and abrasion resistance. Silicon
is also added for strength while iron is generally present as an impurity.
[0016] Tin is considered a viable substitute for lead for several reasons. Sn satisfies a majority of the criteria used
to discern and develop a substantially lead-free substitute for 2011 and/or 6262 aluminum, namely: (1) having a low
toxicity level; (2) generating minimal processing complications when substituting for the above aluminum alloys; (3)
forming a low melting eutectic; (4) being generally insoluble in solid aluminum; (5) forming substantially no intermetallics
with aluminum; and (6) having a net expansion upon melting.
[0017] One essential character of the present invention is believed to flow from the effect of melting a tin-magnesium
eutectic, typically from the temperature rise in the region of a cutting tool during machining. Consequently, this invention
may tolerate small amounts of such other elements as silver to further enhance strength properties without detrimentally
affecting the aforementioned essential behavior characteristics. Evidence of this is noted by the inversely proportional
relationship observed between Sn and Mg contents for the invention alloy. When a moderate amount of tin is present,
Mg levels should be kept comparatively high. But with lower Mg contents, of about 0.9 wt.% or less, Sn contents of
0.95 wt.% or higher prove more beneficial.
[0018] The following examples are provided to further illustrate the objectives and advantages of this invention. They
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are not necessarily intended to limit the scope hereof in any manner.
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[0019] From the aforementioned tables, it is noted that a higher chip per gram number equates to more chips and
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thus smaller sized chips, which in turn indicates better alloy machinability. Using this criterion alone, those invention
alloy compositions with lower Mg contents and relatively higher Sn weight percentages, especially Invention Samples
b and k, outperformed 6262 aluminum.
[0020] Having described the presently preferred embodiments, it is to be understood that the invention may be oth-
erwise embodied by the scope of the claims appended hereto.

Claims

1. An aluminum-based alloy with improved machining properties which is essentially free of lead, bismuth, nickel,
zirconium and cadmium and consists essentially of 0.15-1.0 wt.% copper, 0.4-1.5 wt.% tin, 0.65-1.35 wt.% mag-
nesium, 0.4-1.1 wt.% silicon, 0:002-0.35 wt.% manganese, up to 0.5 wt:% iron, up to 0.15 wt.% chromium and up
to 0.15 wt.% titanium, the balance being aluminum, provided that when copper is below 0.51 wt.%, tin is at least
1.01 wt.%.

2. An A-rated, screw machine stock made from an aluminum-based alloy which is essentially free of lead, zirconium
and bismuth, consisting essentially of 0.15-1.0 wt.% copper, 0.4-1.5 wt.% tin, 0.65-1.35 wt.% magnesium, 0.4-1.1
wt.% silicon, 0.002-0.35 wt.% manganese, up to 0.5 wt% iron, up to 0.15 wt.% chromium and up to 0.15 wt.%
titanium, the remainder being aluminum, provided that when copper is below 0.51 wt.%, tin is at least 1.01 wt.%.

3. The screw machine stock of claim 2, wherein the alloy has been thermally processed to a temper selected from
the group consisting of T3, T4, T451, T4511, T6, T651, T6510, T6511, T8, T851 and T9.

4. A product selected from the group consisting of wire, rod and bar, said product made from an aluminum-based
alloy which is essentially free of lead, zirconium and bismuth and consists essentially of 0.15-1.0 wt.% copper,
0.4-1.5 wt.% tin, 0.65-1.35 wt.% magnesium, 0.4-1.1 wt.% silicon, 0.002-0.35 wt.% manganese, up to 0.5 wt.%
iron, up to 0.15 wt.% chromium and up to 0.15 wt.% titanium, the balance being aluminum, provided that when
copper is below 0.51 wt.%, tin is at least 1.01 wt.%.

5. The product of claim 4, which has been thermally processed to a temper selected from the group consisting of:
T3, T4, T451, T4511, T6, T651, T6510, T6511, T8, T851 and T9.

6. The product of claim 4, which was manufactured by a method selected from the group consisting of: extrusion;
casting; hot and cold rolling; and combinations thereof.

7. A method for manufacturing a machinable aluminum-based alloy product selected from the group consisting of:
screw machine stock; cold-finished wire, rod or bar; extruded wire, rod or bar; cast wire, rod or bar; and hot and
cold-rolled wire, rod or bar, said manufacturing method including casting, preheating, extruding, solution heat treat-
ing, and thermally processing an aluminum-based alloy, said method including providing an aluminum-based alloy
which is essentially free of lead, zirconium and bismuth and consists essentially of 0.15-1.0 wt.% copper, 0.4-1.5
wt.% tin, 0.65-1.35 wt.% magnesium, 0.4-1.1 wt.% silicon, 0.002-0.35 wt.% manganese, up to 0.5 wt.% iron, up
to 0.15 wt.% chromium and up to 0.15 wt.% titanium, the balance being aluminum, provided that when copper is
below 0.51 wt.%, tin is at least 1.01 wt.%.

8. A method of producing a machined aluminum alloy product by casting, extruding, solution heat treating, and ther-
mally processing aluminum alloy stock, said method including providing an aluminum-based alloy which is essen-
tially free of lead, zirconium and bismuth and consists essentially of 0.15-1.0 wt.% copper, 0.4-1.5 wt.% tin,
0.65-1.35 wt.% magnesium, 0.4-1.1 wt.% silicon, 0.002-0.35 wt.% manganese, up to 0.5 wt.% iron, up to 0.15 wt.
% chromium and up to 0.15 wt.% titanium, the balance being aluminum, provided that when copper is below 0.51
wt.%, tin is at least 1.01 wt.%.

9. A method according to claim 7 or 8, wherein said alloy or said stock is thermally processed to a temper selected
from the group consisting of: T3, T4, T451, T4511, T6, T651, T6510, T6511, T8, T851 and T9.

10. An alloy, screw machine stock, product or method of any of claims 1 to 8, wherein the amounts of components of
said alloy are selected from one or more of the following:

(a) 0.45-0.7 wt.% copper;
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(b) 0.9-1.3 wt.% tin;
(c) 0.7-0.9 wt.% magnesium;
(d) 0.45-0.75 wt.% silicon.
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