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LEAD-FREE 6XXX ALUMINUM ALLOY

This invention relates to the field of
aluminum alloys, and more particularly to
machinable aluminum alloys. The invention

5 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

10 hot and cold rolled forge stock. .

There are several known machining
alloys with 2011 and 6262 aluminum (Aluminum
Association designations) being among the most
commonly sold. It is generally difficult to

15 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 mchinablé,
followed by "B, *C", ®*D" and “"E" ratings taking
20 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

25 interface than larger chips. Chips must not be
too small or they interfere with lubricant
recirculation during the overall machining
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drawn or hot and cold rolled wire, rod and bar, and extruded, cast,
drawn or 10 hot and cold rolled forge stock. : There are -
several known nmachi ni ng - alloys with 3011 and 6262 al umi num (Al umi num
Associ ati on desi gnations) being anong the nost : commonly sold. It is

general ly difficult dparation,"buel Qs by @RAN1ARY bxt vukkiagy such alloy.
One ranking systemthat h beerﬂiuse for some . tinme classifies
machi nabi | i ty based “5/S4 I%F P8 SoRtraft: fepd R opxl; AroRd g npst

machi nabl e, . fthiemselseny rafher’ €han' Breakd " Buchachips,t aki ng 20
[nto account the foldcquieliea ¥added LB1d%e, may require maghph ChiP S ze.
Smal | er chip sizes are Tore desiTedb&chuses chtps sinplify the

machi ni ng oper adi on remevedcifiriomathenmachining azepcend argedessenoval from
the tool - workpi ecesfedtive thahl analieenchipacatChiedt diEBipatival not be

too small or they interfere with |ubricant recirculation during the
overal | machi ni ng because larger chips tend to block the cooling
lubricant.

(2) Tool Wear. Lower tool wear rates
10 are desired to save money by increasing the
;mount of time a tool can be used before _ q
prescribed tolerances for a given workpiece are
exceeded. Lower tool wear rates further
increase productivity by reducing downtime due.
15 to tool changeovers. _ L
(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
20 £inishing operations, such as gfinding and
deburring. . ' :
(4) Machining Forces. Lower machining
forces are more desired to: reduce power
requiremahts and the amount of frictional heat
25 generated in the ﬁorkpiece. 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
30 Prgpert;gs; 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 depending on.the intended end use for
35 the workpiéce_bging'maehined.
Although thié_'A“.through-'E" rating system is
based on the five parameters discussed above,
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-2- operation, such .as by drilling or_cutting. Long, thin
chi-ps by contrast tend to curl around - themsel ves rather than break.
Such chi ps, WO9%/08586sonetines called curlings, may require nelGRWSIS/11738
renoval fromthe machining area and are | ess effective than smaller
chi ps at heat dissipation because Iarger chips tend to-bl ock the
cool i ng | ubri cant. 3 ¢2) Tool Wear. Lower tool wear
rates 10 are desired to save nnngy by |ncreaS|ng t he anount of

time a tool can be (R TRk e importazices of; #agh; BAZARALETY for a given

wor kpi ece are changaﬁﬂkuiaIsauatﬂbaobfw&atehahasehdruberfor

i ncrease productiV|2¥gfy Jeduc r¥§ downti me due 15 to tool changeovers.
(3) Surface Finish |t|ng a very ,snooth exterior
surface finish in the as- Currqnﬁﬂm.néaléoﬁdithenmasb populdesired to

elimnate 5 aluminum machining alloy that is consistently
: "A" rated. This composition contains about 5-§
wt.% Cu, up to about 0.3 wt.% 2n, up to about
0.7 wt.% Fe, up to about 0.4 wt.% 8i, about 0.2-
0.6 wt.% Bi and about 0.2-0.6 wt.% Pb. 6262
10 - aluminum is most often "B" rated but has
consistently higher strength levels and better
overall corrosion resistance in the T8 and TB
tempers when compared to its 2011-T3
counterparts. The composition for 6262 aluminum ’
15 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
20 about 0.15 wt.% Ti. '
~In the near fﬁture, it may be
desirable to reduce the amount of lead in many
products. Legislation may require Pb level
reductions or even elimination from certain
25 consumer goods. A lead-free substitute for 2011
and/or 6262 aluminum would be desirable,
therefore. '
It is of interest to provide a .
substantially lead-free substitute for 6262
30 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 cbjective to provide an
'35  alloy which can be substituted for 2011 and/or
6262 aluminum in most machining applicaticns,
especially those where strength properties for
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bar product, toge it% improved methods for

making such products by casting, preheating,
extruding, solution heat treating, cold
finishing and thermally processing in various
step combinations.

In accordance with the present
invention, one embodiment pertains to an
aluminum alloy suitable for machining. 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.% magnesium, 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 fram‘wire,,rod
and bar, most preferably by ingot casting and
subsequent hot deformation.

There is further disclosed an impraved
method for making screw machine stock and wire,
rod or bar product from this alloy by casting,
preheating, extruding, solution heat treating,.
cold £inishing and thermally processing,
preferably to a T3, T8 or T851 temper (Aluminum
Association designations). By extruding, cold
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-3- the rel ative inportance of each paraneter changes as a
function of intended end use for ) any given all oy. )

Currently, w@lskosssst he nost popular - 5  al umi num nachi ni npcpokebdeat is
consi stently "A" rated. This conposition contains about 5-6

wt.% Cu, up to about 0.3 w.% Zn, up to about 0.7 wt.%Fe, upto
about 0.4 w.% Si, about 0. 2- 0.6 w.%Bi and about 0.2-0.6 w.%
Pb. 6262 10 alum numin nost often "B" rated but has o

consi st ent |y "hi gher £ihishihd, | end| themdsdhitiosn heat twmg (zﬁrrosi on
resistance in the T e 1-T3
counterparts. The c%rrpom%:?jéﬁi?%% 6%? %%ﬁi%&?%@} %zi.lén sa°o ut
0.8-1.2 wt.% M, abmta'@ch Otlger tempexn as F4, MARkL, a'slaaat)'nﬁsm % Cu

about 0.4-0.7 en@&’iﬁinibpytaﬁé‘ draildblé By a%i%io% Qbsglt 14

T w. % Cr, upto about 0. up. to about . % Zn, up to
about 0.15 wt. E"fﬂnﬁo expally, progeesing QJ%dI'l""l I n
the near future Itfmﬂslbﬁtg. Thecmdyahiﬁ tilg eivention aEwBe:0f lead in
many products né:.guous ;'roc?as erienc&“ fowrt o olrevseulbsequently

developed means; extruded into various product
shapes without cold finishing; or even press

10 quenched. After extrusion, products made from
thi.s alloy may be tempered according to T4511,
'1'6510, T6511 or other T6 practices.

For any description of preferred alloy

compositions, all references to percentages are
15 by weight percent (wt%.) unless otherwise
indicated.
| When referring to any numerical range
of values, such ranges are understood to include
each and every number and/or fraction between
20 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
25 same applies to each other elemental rapge set
forth below.

As used herein, the term
ngubgtantially-£free® means having no significant
amount of that component purposefully added to

30 the alloy composition, it being understood that .
trace amounts of incidental elements and/or
impurities may £ind their way into a desired end
product. For example, a substantially lead--
free, machining alloy might contain less than

35 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-



reductions or even elimnation fromcertain 25 consuner goods. A

| ead-free substitute for 2011 and/or 6262 al um num woul d be
desirabl e, WO96/08586er ef or e. It is of -i nter T/USHSALTIEI de
a substantially | ead-free substitute for 6262 30 al um num

Anot her objective is to provide a | ead-free, alumnumalloy wth
excel | ent machi nabi l.ity, thereby resé#lt+ing in reduced

manuf act uri'ng costs through faster nachining times. It is another
obj ective to provi deemtaimgproceasdngandd oznhalding equipmenti.or 2011

and/ or 6262 ahuMenidithetty oF Eie piesanit 'i‘iﬁeh%ﬁ.%n are

especi ally those where strength properties for the finished

product are rel ati véupataasially; Fh-fnee, Tht?aéﬁ"l‘?&l’iliPPt #1deyr 48 eri sti cs.
Al so of interest i nanecprmmdmm F ddsmuthpchiekell,ock and wre,

rod or bar Prodyct. 400ttt "idhnl unl TP YEA1TRMACUR LORoRKI NG SUCH
preferred basis.

The term 'screiv machine stock", as
used herein, describes cold finished wire, rod
and bar product together with any extruded wire,

10 rod or bar product which can be hot and cold
rolled by conventional ingot metallurgy
téchniques (e.g., DC casting) or otherwise
manufactured using known or subsequently
developed powder metallurgy and casting

15 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

20 also follow hot working.

When referring to any preferred
tempering treatment for this alloy, including
T3, T4, T451, T4511, T6, T651, T6510, T6511l, T8,
T851 and T9, it is understood that current

25 tempering practices include:  hot working; cold
working; solution heat treating (or
solutionizing); and precipitation hardening,
either naturally (i.e., at ambient or room

| temperature) or artificially (using an external-

30 heat source). Particulars about any one |
tempering method may be learned from Aluminum
Aésociition registration guidelines, the
disclosures of which are Eully incorporated by -
reference herein.’ _

35 - While the aluminum alloy of this
invention can be made into screw machine stock
and wire, rod or bar product, preferably by



preheati ng, extruding, solution heat treating, cold finishing and
thermal |y processing in various step.- conbi'nati ons.

US- A- 5, 282, 90¥0 86@B586°>- A- 63- 7354 di scl ose 10 al ui mum baaed SPCTUSIS/NG3I8 Sn
all oy . I n accordance with the present invention, one

enbodi nent pertains to an alum num alloy suitable for machi ni ng. This
all oy consists essentially of: about ©.15=1.0 W . % copper, about
0.4-1.5 wt.%tin, about 0.65- 15 1.35 wt, %magnesmm about_0.4-1.1 w.% :
silicon, about 0eBbRaian, wpasting andier Bt or Soid *PLLIRTA6 i ron. up

to about 0.15 wt.% cheoRBUELIBE URdepsBHOd! tRatl Sthé . dame alldyimayn the

remai nder substanti I y_al.u I nci dent al enment s and
i mpurities, provided Fhﬁ?dﬁhn%ﬁg Qgﬁﬁpg? ‘? %&?ﬁt ®%4n is at
least 1.01 wt.% Owincludipgebheebd btEip, plateal fm;gingﬂuchah&mmt

gagﬁegl Zth aboutsoczgagi g@@ﬁﬂ/o s{ Igb% %ﬁ)g{%ut %e&&%’& manganese

It is substantially flexeleped techrique, sincluding pendinyques or
zirconiumfree and cgeillU8bhtetudss c“tﬁgjl ned her e| nafter. This alloy is
typically proaessed - into crew chi pe stoc nor e products
sel ected fromwre, rod a ?E)’éj:n %/ %r?(fo sting

and subsequent hot deémponents. o:BOthis invent:lﬁm,r elt s uderstbicat| osed an
:omc))trzla\c/tedf Pgﬁnh?gl s al F%QE Mé@?iég preﬁ%n ext”}SQﬁM rn&‘} or bar

indlude some ncidental, intentiona %.y added
elements which may impact collateral properties
of the invention, or unintentionally added |
impurities, neither of which should change the

15 essential characteristics of this alloy. With
reépect 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

20 resistance response. The presence of tin is

" believed to contribute to both.machinability and

artificlial aging response. For the lesser
elements, chromium is believed to contribute to
the formation of fine-dispersoid phases and

25 prevent recrystallization during hot working or
heat treatments. Manganese is believed to add
to the alloy’s 'st're_ngth-, recrystallization and
abrasion resistance. ‘8ilicon is also added for
strength while iron is generally present as an

30 impurity. ' '

' 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

35 2011 and/or 6262 aluminum, namely: (1) having a
low toxicity level; (2) generating minimal
processing complications when substituting for
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net expansion upon melting.

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 invérsely 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 ldwer Mg contents, of about 0.9
wt.% or less, Sn contents of 0.95 wt.% or higher
prova more beneficial. '

The following examples are provided to
further illustrate the objectives and advantages
of this invention. They are not necessarily
intended to limit the scope hereof in any
manner.
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i nclude all. internmedi ate val ues of . about 0.41, 0.42, 0.43 and 0.5%
all the way up to and i'ncluding 1.45, 1.47 and 1.49% Sn. The 25
sane applies to each other el enental range set forth bel ow '
As used herein, the term : . "substantially-free" neans having no
significant _ amount of that conponent purposefully added to 30
the alloy conmposition, it being understood that , trace anounts of
I ncidental elenents and/or inmpurities may find their way into a
desired end product. For exanple, a substantially |ead- free,
machi ning alloy mght contain | ess than 35 about 0.1% Pb, or |ess than
about 0.03% Pb on 3 nore preferred basis, due to contam nation from
i nci dental additivds |BS@BRHEIAIZ IR 5
Wocccocooccoococooo
hmoqtmmvcw#msocs#b
yRanaseoneananan
NNI10O0COO00O0OEHOHe-Irleircded
[ =
in.
eefl ¢ ¢ 1 1 ¢ Ut 0 T 00 T 1L 0
m|°|| | DA N T O TR TN N N R B |
' .
mmm.mncomnhmmﬂﬂﬂ
COrMMMOriMWelridt™>WIN
POOOOOODOOOOOONOO
geeaaaaaaagasassn
[T -X-K-N-N-N-N-N-N-N-N- NN NN N
mmm*vm@vomm#mwm
NOOOOOOOO-HOOONOO
eaaq9aasasasaass
EIOOOOOOQOQOOOOOOO
POArMANBOOLOLAMANOON
® MO R e A e R R A i
_UIOOOOQOOOOOQOOOOQ
DOWHDNDOO NN W
ur‘!"t“!":“.":“!“!?‘!“.‘:.‘!‘!"!“l
HO0OO0OOHMHMHMHNOOHMMH
BQUTVOHLA-MTMEAEHO
c0000000POOVOQ OV
N e r  r ko R n L A R L o K o K
sgggggaagaaeaags
°odaad 44348
N PRNNNNND BN WD D D@
4:885%558&5383%55
GO ord orf ord ord el orl ord orl ord ol ord ol ol orl ori
SRR T T
HNOOOODOOODODO 0.0
CEEEEEEERREEEEES
0l bl e B P




—_—

WD 96/ 08586 - PCT/ US95/ 11738
- 6- _certain processing and/ or hol di ng equi pnent . Al
enbodi ment.s wag od/du8sdr esent i nvention are - substanti al lpcfisokapRs The
invention alloy is al so substantially free of bisnuth, nickel, 5
zirconium cadmumand thalliumon a nost preferred basis.
The term "screw machi ne stock”, as used herein, describes cold
finished wire, rod and bar produCtlgdgether'wﬁth any extruded wre,
10 rod or bar product which can be hot and cold rolled by
conventional ingot netallurgy techni ques (e.g., DC casting) or
ot herw se manuf act ured usi ng known or subsequently
devel oped powder netallurgy and casting 15 processes. "Cold
processing” is ﬂ&fi ned as wor ki ng with substantially anbient
t enper at ures 3 | while "hot working” uses heated stock for
further processiingsd It is to be understood _
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-7- extrusion, casting and/or hot or cold rolling, it isto
be understood that the sane alloy nmay be made into other forns.and
product shapes, including sheet, strip, plate, forgings, clad or

5 foil prbd%&?g‘?’w any known or subsequently- . devel opgtﬂf’%i"ﬁmﬁﬁe,
i ncl udi ng conti nuous or _ sem - conti nuous casti ng.
When referring to the main alloying conponents of this invention, it
i s under st ood 10 that a remmi nder of sub&tantially al umi num may

i ncl ude sone incidental, intentionall dded . el epent s i ch may
i npact col | ateral properties From & emenkicnsd "Gﬁ'@ﬁi'n\tﬂnﬁi‘onal ly
added i Mpur i nioted thathal hilghsy chiph@erd grianngtmber eqbates
essential characteristi of .t.hi s _al " [4€ t to the main
al l oyi ng el ements, i fn(sé‘e °higsbé'%de\%‘a‘st }%'E‘Iitlﬁg @&pzﬁgr %ﬁ'g'%gdf contri butes
to t he al | oywhisheda tursc Hnddigatiesy betteangiioy anodi zi ng
response, wel dagl | | acBithalATIEY ON U2l €HiES PR oRCAARRRS.  The
el1eved to M

presence of tinis contribute to bot chinability and
artificial aging re&hoss inventicn pddeyr compositiops:-wish Iowex Ma i s

believed to contri bdoptiedts and ridlativeIy higher bhneedghrer soi d phases
and -

percentagés, especially Invention S&mples b and
k, outperfdmed 6262 aluminum, - :

10 Having described the presently
preferred embodiments, it is to be understood
that the invention may be otherwise embodied by .
'the scope of the claims appended hereto.



25, -prevent recryst I,"l"ﬁu‘"imﬂm' lmLhot wor ki ng or heat
treatnents. Manganes to the alloy's strength,

recryst al | WO:26/08886and abra%i oh resistance. Silicon iBCHUsssnamsed for
strength while iron is generally present as an 30 I mpurity.

Tin is considered a viable substitute for lead for several reasan
Sn satisfies a majority of the cfil2r+a used to ;gﬁg&gﬂg@pﬂp\s BEEN
devel op a substantially |ead-free substitute for 35 /apER6262

al um num nanely: (1) having a C Uyl MiBcity |evel; generati-ftr
m.ni nal Progessi Ng Coil decdil #:, Wit Frldel! 'n'l(i: eq_r VO

96/ 08586 PCT/ US95/ 11 -
- 8- the FFRRr FIFFIRHEIITAR andcadpimrfree aja,um?inum mel ting
eutectic; (4) bei nfllmpedcnsistiyledientially ofi:n Sbldut ol.us-nym (5)

form ng substag‘ntia&é& ngopper, about 0.4-1.5 wt.% tin, about 0.65-
' 1.35 wt.% magnesium, 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
10 substantially aluminum.

2. The aluminum alloy of claim 1, which

contains about 0.45-0.7 wt.% copper. :

3. The aluminum alloy of claim 1, which

contains about 0.9-1.3 wt.% tin. .
15 4. The aluminum alloy of claim 1, which '

contains about 0.7-0.9 wt.% magnesium.

5. The aluminum alloy of claim 1, which

contains about 0.45-0.75 wt.% silicen.

6. A lead-free, bismuth-free, nickel-

20 free, zirconium-free and cadmium-free, aluminum-
based alloy comprising about 0.15-1.0 wt.%

' copper, about 0.4-1.5 wt.% tin, about 0.65-1.35
wt.% magnesium, about 0.4-1.1 wt.% silicen,
about. 0.002-0.35 wt.% manganese, up to about 0.5

25 wt.% iron, up to about 0.15 wt.% chromium and up
to about 0.15 wt.% titanium, the balance

- substantially aluminum, incidental elements and
impurities. ) o _

7. The alloy of claim 6, which contains
30 about 0.45-0.7 wt.% copper. L
' 8. The alloy of claim 6, which contains
about 0.9-1.3 wt.% tin. _ ,

9. - The alloy of claim 6; which contains -

about 0.7-0.9 wt.% magnesium. . . . - . .
35 10. The alloy of c¢laim 6, which contains_

about 0.45-0.75 wt.%. silicon.. _ _

1. An A-rated, screw machine stock made-

This Sheet Has Been Reﬂlaced
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intermetallics with alyyssi aving a 5 net expansi on upon
nmel ting. Uml‘mmum 'l “ character of the present .
*0

I nvent i on WO 9648586ved 'ow fronst e ef fect of mePET/H§IA1738
tin-magnesi um eutectic, typically from the terrperature ri.se in the
region of a cutting 10 tool during nmachining.: @nsequenti)g-cﬁﬁm s
invention may tolerate snall anmpbunts of -s&éh- i o) 'therfel enment s as
silver to further enhance ~ strength pro ert i es W hbtt: detrimental | y

affecting the af oréwemtacheadcEnes | Birepminmuireeand himmutReri stics.
Evidence of this igrg®} eﬁlﬁﬂinum-baséd'eal &@Ayi@gg@rt ional relationship

observed bet ween C ntent the Jjnvention al | oy.
When a noderat e an‘ﬁﬁﬁnf)fn}f abou ¢ 61 {%\f'e‘f@%ﬁ’oul d be kept
conparatively  2Cabout gf.4- :BLE w\tm t:tmeraﬂ@ztomxm:ls.amfwiamm 0.9

w . % or | ess, s'Sn %gémf &r%?tf T rlw@r on, ¥ MOr €

benefici al . g exanp es e provided to
further illustrated{0R2od;3Btwhed mm Mpsto atput f.5 WE-%nventi on.

They are not necessagh)Yup to abdt S90ES we. 4 | Shbomhiitn ERPupES0l in any
manner .

about 0.15 wt.% titanium, the remainder

substantially aluminum.

10 12. The screw machine stock of claim 11,
wherein the alloy contains about 0.45-0.7 wt.%
copper.

13. The screw machine stock of claim 11,
wherein t:he a.lloy contains about 0.9-1.3 wt.% \

15 tin. : _

'14. The screw machine stock of claim 11,
wherein the alloy contains about 0.7-0.9 wt.%
magnesium. '

15. The screw machine stock of claim 11, .

20 wherein the alloy contains about 0.45-0.75 wt.%
silicon. _ _ _

16. The screw machine stock of claim 11,

wherein the alloy has been thermally processed
to a temper selected from the group consisting

25 of T3, T4, T451, T4511, T6, T651, T6510, T6511,
T8, T851 and T9.
17. A product selected from the group
consisting of wire, rod and bar, said product
made from a lead-free, zirconium-free and

30 bismuth-free, aluminum-based alloy consisting
essentially of: “about 0.15-1.0 wt.% copper,
about 0.4-1.5 wt.% tin, about 0.65-1.35 wt.%
magriesium, about 0.4-1.1 wt.% silicon, about

. 0.002-0.35 wt.% manganese, up to about 0.5 wt.%

35 iron; .up to about 0.15 wt.% chromium and up to
about 0.15 wt.% titanium, the balance ' :
substantially aluminum, incidental elements and -

This Sheet Has Been Replaced

LTI




/

oo W, e

‘WO 96/08586 PCY/US9S/11738

impurities.
18. The product of claim 17, wherein the
alloy contains about 0.45-0.7 wt.% copper.
19. The product of claim 17,‘wherein the '
5 alloy contains about 0.9-1.3 wt.% tin. '
20. The product of claim 17, wherein the
alloy contains about 0.7-0.9 wt.% magnesium.
21. The product of claim 17, wherein the
alloy contains about 0.45-0.75 wt.% silicon. |
10 22. The product of claim 17, which has
been thermally processed to a temper selected
from the group consisting of: T3, T4, T451,
' T4511, T6, T651, T6510, T6511l, T8, T851 and TS.
23. The product of claim 17, which was
15 manufactured by a method selected from the group
consisting of: extrusion; casting; hot and cold
rolling; and combinations thereof.
24. ' In a method for manufacturing a
_ machinable aluminum-based alloy product selected
20 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,
25 preheating, extruding, solution heat treating,
and thermally processing an aluminum-based
- alloy, the improvement which comprises providing
as the alloy a lead-free, zirconium-free and
bismuth-£free composition consisting essentially
.30  of: ‘about 0.15-1.0 wt.% copper, about 0.4-1.5
wt.% tin, about 0.65-1.35 wt.% magnesium, 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.
35 wt.% titanium, the balance substantially
" aluminum, incidental elements and impurities.
25. The improvement of claim 24, wherein

This Sheet Has Been Replaced THIS SHEET HAS BEEN
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the alloy containa about 0.45-0.7 wt.% copper.
26. The improvement of claim 24, wherein
the alloy contains about 0.9-1.3 wt.% tin.
27. The improvement of claim‘24, wherein -

5 the alloy contains about 0.7-0.9 wt.% magnesium.
28. The improvement of claim 24, wherein
the alloy contains about 0.45-0.75 wt.% silicon.
29. The improvement of claim 24, wherein

the alloy is thermally processed to a temper
10 selected from the group consisting of: T3, T4,

T451, T4511, T6, T651, T6510, T6511, T8, T8S51 _
and T9. _ - - ‘
.30. In a method of producing a machined

aluminum alloy product by casting, extruding,

15 solution heat treating, and thermally processing
aluminum alloy stock, the improvement which
comprises providing as said aluminum alloy
stock, a lead-free, zirconium-free and bismuth-
free composition consisting essentially of:

20 about 0.15-1.0 wt.% copper, about 0.4-1.5 wt.%
tin, about 0.65-1.35 wt.% magnesium, 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

25 . wt.% titanium, the balance substantially
aluminum and impurities.

'31.  The improvement of claim 30, wherein
 said composition contains about 0.45-0.7 wt.%
copper. - ' S
30 32. The improvemané of claim 30, wherein
said composition contains about 0.9-1.3 wt.%
tin. _ o
33. The i:nproirement: of claim 30, wherein

said eompos:l.tib_n contains about 0.7-0.9 wt.%

35 magnesium. . g .
34. The improvement of claim 30, wherein

said composition contains about: 0.45-0.75 wt.%
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silicon. _
35. The improvement of claim 30, wherein

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 TS.
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Fromt he af or enent ironed t abl es,

noted that a higher chip per gram nunfer equates m@%ﬁfp'gand
thus smaller sized chips which in turn indicat es betjzmal | oy

, 5 machi Fa®i fwyshe@spngduhtsazeurexamveal;orme,as ceriticath@h@d nvention
al | oy C0nﬁ@&hlh@ﬂ.ﬂﬂ;{rhchgi\s&t%i,hics contents and relatively higher Sn

O e ool SROROEE, 1SREShel L4 LSO Ses B 1y
pr ef er r edmagbbuanahosk andi wire.bnodlmterhamcpraduut. tdgtaihetmawuh/ent i on
me?% Ot BapYLe8acHREHLAY Bhr making L6 MGl WP &l Ay appended
preheating, extruding, solution heat treating, cold
finishing and thermally procesging in various step
conbinations.
_ US-A-5,202,909 and JP-A-63-7354 disclose
10 aluminum-baged Si, Cu, Mg, San alloyg.-
' In accordance with the present invention, ons
embodiment pertains teo an aluminum alloy suitable for
_machining. This alloy ecnsiata egsentially of: about
0.15-1.0 wt.% copper, about 0.4-1.5 wt.% tin, about 0.65-
15 1.35 wt.% magnesium, about 0.4-1l.1 wt.% gilicon, about
' 0,002-0.35 wt.% manganasae, up to about 0.5 wt.% iren, up
to about 0.15 wt.% chromium and up to about 0.15 wt.%
titandiim, the remaindex subgtantially aluminum and
incidental elements and impurities, provided that when .
20 c¢opper is below 0.51 wt.%, tin is at leaat 1.01 wk.%. Om
a prafexred basis, this alloy includee gbaut 0.45-0.7 wt.%
copper, about 0.9-1.3 wet.% tin, aboup 0.7-0.9 wt.%
magneaium, about 0.45-0.75 wt.% sillcon and about 0.01-
0.05 manganese., It is aubstantially lsad-~free, b'ianuth-
25 free, nickel-free, zirconium~freae and cadmium-free as
defined hereinafter. This alloy ig typically processed
into sorew machine stock or one or more products saleated

frem wire, rod and bar, moat prefaerably by ingot casting
and subgequent hot deformation.

30 There im further disclosed an improved method

for making screw machine stock and wire, rod or bar
product from thia alloy by casting, preheating, extruding,
solution heat treating, cold finishing and thermally
prodessing, preferahly to a T3, T8 or T851 tempax

35 (Alumipum Assaciation designations). By extruding, cold
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13- . ca M 1. REPLACEMENT SHEET
" al umi num based al | MH“‘J “%“Irl“«”(!!lmchl ning properties which is
substantially freé Skt ni ckeL zirconi um and cadni um and
conprises 0.15 1.0 wt. % copper, 0,4-1,5 wm.%tin, 0.65-1.35 wt.% nagnesi um
0.4-1.1 wt.%silicon, 0.002-0.35 wt.%-rﬁanganese, up to 0.5 wt.%icon, upto
0.15 wt. % chromumand up to 0.15 w.% titani um the bal ance being
substtially al um num or being substQ-M&M)S. al um num incidental elenents

oast 1 0% w04 2 °“““dﬁdm"““"’m3?‘%‘§f BRS pRel sl bt W

al umi num 5'3%5@&“81117 &pe wfiilead, bismutis eickel Fiatanjurh rad cadmitenand eimmises Orbsand

bi smut h, t b % C e 0, 4- W% tin,
0. 65- 1. 3SQWA)% oh AL 50%/}/ Tgvﬁ &J/iL iy F"gc“)?)wﬁg%“é}g‘; Otgef W%/éﬁlﬂﬁﬂ‘b;nese
up to 0.500029%8.35 wt.%h opngancSe, ip totC. S/(m.% inog, U 18r0l1 3t.0P cltoriutitandody hani um

Bhglr&n&; %i%:]wﬁgbét a.ntlz_{1 % al u |:11nug)m$u s%ﬁnﬁl?%?mﬁg&rémen co%per |seb§![ g\évk

of cl ai m glunvheme intidenfal 3ldntiatd @ h r,%g

sel ect'ed fromthe g:oup ?(l)nSI Sti ngﬁgﬁﬂgrég’ Eil'ogﬂehrﬁﬁ %ﬁﬁhf&b@l@g%?mﬂo

T6511, T8 Wtiaphn ih# ‘F@t 1401 Wt-/° A product select fromthe group

consi sting of wre, .8 based

al 1 oy which is subst ant | ai i Jfree ‘ﬁﬁ#‘gf l&g%dr @gﬁﬂ% D1 g’??%ﬁm%%

COI’]OS/I st esdich issgubgtagiially. ﬁs/s mf&admﬁtnmump,emd MM?MM éstsénnaﬂyfiﬁ‘-é gSWt o
6 magn | 0 M 0 0

iron, up '?"(Sbi%ir‘]fSWt'v\? Ql%p &ra'g %W%Btsg%@y? nlrhfﬁh? /‘bal ance

subst ant | |silicon) 00024035 Wﬁ.Wﬁﬂh@dneﬂ epeN.S v ﬂdﬁpug'té es, wp%oéﬂrgﬂﬁmﬁ hat
when copper i s be é‘?gv\m % .tini1s at |least 1 % 5. The
i

;‘W

product of2nd{uR & %W%@b@ﬁﬁe@m é@%@@d‘&"ﬂéﬂrﬁ@ sel ect ed
fm the gr ayRedC@ppes s Bilow 0,51 W% fn i #7dast T2 W% J6. T651, T6510, T6511,
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, TRS51 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 substantially 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 wi.% iron, up to 0.15 wt,% chromium and up to 0.15 wt.% titanium, the balance
. substantially aluminum incidental elements and impurities, 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 congisting of: T3, T4, T451, T4511, T6, T651, T6510, T6511,
T8, T851 and T9.
6. The product of claim 4, which was manufamtred by a method selected
from the group consisting of; extrusion; casting; hot and cold rolling; and
‘combinations thereof,

CASE: US 307.194 BARTGES
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TéwT:BSl aﬁd .T9 6. TR ct of claim ARE%L “‘““ f%HEe&T
" by a met hod' sel ect ed ““l““ "mmmmnﬁgm sting o:‘ ext usi on; castl ng; hot
and col d rolling; and *corfbi hatfons ttherkbf. CASE: US 307.194 B 7

e Fr e g o, B Al B S S e Fal OV B C et e
Wi re, rodsedectéshfromethe grmigoconsisting nﬁdscww hﬂtmneamt:k'\lu:dl&-ﬁnlshﬁﬁ firepadd oind hot

st i ng, PteRESHH,ire, B o g St i oo M%&f?&ﬁgm@ﬁﬂlchﬂw” oied

processi ngr bar, aditl mhaufechaiRtmathbd nchiptcadtind) Qeeti Qkﬁﬂd:agosdl&idiﬂ an
al um num pased aI I o i ch iIs substantiall y ree of ead ZI rconl um and
bi smuth a gg@@?’?ﬂ%ﬂ‘?@%@ alleppssid metiiod inclyding. o6

tin, 0.655 ?ﬁij

nmanganese, up t%ﬁag A)?Hr%dnguét}' ‘8@ 0 C ?eognf%rgn&a%ggém\% m{% 15
Wt. %t it abismmth ahd mmesscntuﬂstﬁrﬂtllhl 0 widh woppeny .44 165 et dh, @Jﬁéﬂeﬁ s and
i mpuritie rovided tRhat OWl0. 51 wt. % t | east
10T e ogtge mignslem, 01,1 1Y SRR 0 0BRSS R OR SRR e el T oy
product byreggap it g, lsewt%lnhrﬁmlmﬁﬂdldlﬁp 0,08 ait.% tigRfiuAOthe balhntdrer mal |y

pr ocessi n%ugl umaﬂ'lyu all oy . stock, said

uminum, inci elements and impurities, 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 thermally processing aluminum alloy stock, said
method including providing an aluminum-based alloy which is substantially free of
- lead, zirconium and bismurth 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.%
titaninm, the balance substantially aluminum and impurities, 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 ar 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 ta
8, wherein the amounts of components of said alloy are selected from one or more of
the followmg '
(a) about 0.45-0.7 wt.% copper;
(b) about 0.9-1.3 wt.% tin;
(c) about 0.7-0,9 wt.% magnesium;
(d) about 0.45-0.75 wt.% silicon.




t hod i ncl udi ng" providing an al um num based all oy which is subgi
friee of |ead, zi rc'(igl um and bismuth and consi st essentially of g@uss 1. )
wtt. % copper, O. Wt . %tuwmm% PERBYIORGANSIATIONO. 4- 1. 1 ".»
silicon, OOOZICPGBS\M % manganese ‘m%mg‘wt % i ron 0 %
Shr o UmFERNATIONAD, ABPLIGATION, RUSLISHED UND HEdorHRATION TREATY (PRD
and | murum.mmmmmobat vx/nen COppP(n)'IﬁmlHﬁio&Y\hﬁuéﬂon%m%- tin iWwQorY6/08586
| east | 1. %2@290 am? 12, 2"1{‘ qgll pccording to claim7 or 8, wherein

ocC

sai d pl | @a2pl1a py 8)dsterestionad PublitatinmPate: Sl 2i0WasH 1996 (24:03.96)
t he g| 1 AT 16, TOOL, 10910, TO5tL, T8,
T851 {2y Ik&matiddal Application NumbersAN alplaws9samaa mac M Qperarions, Pak AvraneEest. Massqag NN 41462
of any of clains ote8 wherein the ampuhts o onponents of said alloy
are s eﬁ’@&'t‘%’ﬂf‘“?‘?‘bﬁ"l&r?é or  roRemE 1R ES PP lamd) Agsnts: HANDELMAN, Joseph, H.; Lads} &3061 126 West
0.45-D. 7 wt. % copper; (b) abouéistGret, NewSYark, NY619023(US) et al.
(c) a PriGtity Ddlg:O W . % rragne5| um (d) about 0.45-0.75 wt.%
silicbn. 307,194 September 1994 (16.0994) US
(81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH,
CN, CZ, DE, DK, EE, ES, F, GB, GE, HU, IS, JP, KE,
(60) Parent Application or Grant KG, KP, KR, KZ, LK, LR, LT, LU, LV, MD, MG, MK,
(63) Related by Continuation . MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, $G, SI,
US 307,194 (CON) SK, TJ, T™, TT, UA, UG, US, UZ, VN, European patent
Filed on 16 September 1994 (16.09.94) (AT, BE, CH, DE, D

K, ES, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
GN, ML, MR, NE, SN, TD, TG), ARIPO patent (KE, MW,
(71) Applicant (for all designated States except US): ALUMINUM 8D, SZ, UG). :

- COMPANY OF AMERICA [US/US]; Alcoa Technical
. Drive, 100 Technical Drive, Alcoa Center, PA 15069-0001
.(US). Published
With international search report.

(72) Inventors; and .
(75) InventorﬂApplimnts (for Us only): BARTGES, Charles, W. : .
[US/US]); Alcoa Technical Center, 100 Technical Drive, ' *

Alcoa Center, PA 15069-0001 (US). KLEMP, Thomas, J. ' )
{US/US]; Alcoa Massena Operations, Park Avenue East,
- Massena, NY 13662 (US). SCOTT, Gerald, D. [US/US};
Alcoa Massena Operations, Park Avenue East, Massena,
NY 13662 (US). ALLYN, Matthew, D. [US/US}; Alcoa

(54) Title: LEAD-FREE 6XXX ALUMINUM ALLOY
&7 Abstrnct

An aluminum alloy suitable for machining, said alloy consistmg essentially of: about 0.15-1.0 wt.% copper, about 0.4-1.5 wt.% tin, |*
about 0.65-1.35 wt.% magnesium, 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. On a preferred basis, this alloy contains
about 0.45-0.7 wt.% copper, about 0.9-1.3 wt.%tm,about07-09wt.%magnwumandabout045-075 wt.% silicon. The alloy is lead-free,
bismuth-free, nickel-free, zirconium-free and cadmium-free. There is further disclosed an improved method for making screw machine
stock or wire, rod and bar product from this alloy by casting, preheating, extruding, solution heat treating, cold finishing and thermally
" processing the aforementioned alloy composition.




