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alloy, different requirements with respect to environmental conditions items made
from this alloy may be subject too, be able to fulfil different standardized
requirements for specific use of the alloy, and official limits with respect to

10 pollution standards etc.

BACKGROUND OF THE INVENTION
In prior art the standard brass is an alloy comprising at least copper and zinc.
However, different added alloying elements may provide an alloy that can

15 advantageously be used to manufacture items for special use. For example, the

seven most used commercially available brass alloys are as follows:

= CuZnl5 Red brass

» CuzZn30 Cartridge brass
20 » CuZn30Sn1 Admiralty brass

= CuZn40 Muntz

metal

= CuZn40Sn1 Naval brass

= CuZn40Pb1Sn1FelMn0,3Manganese bronze
25 » CuZn22Al2As0,05 Aluminium brass

As readily understood, these brass alloys have different material properties
that are beneficial when producing for example ammunition, using the alloy in
marine environments etc.

30
Generally, the ability of the brass alloy to be subject to machining is an
important parameter which reflects how the brass alloy provides wear and

tear of tools that are used during the machining process. Wear of tools are an
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be subject to machining is an inportant paraneter which reflects how the
brass all gy provides wear and tear of tools that are used %l#i,ng t he

machi ni ng "HPBE@ES ECoRAMiGH Pasameter & predustion Pen's: ¢9MS 8PERS EBStRSHN 65644

| mpor t ant paesmerérealuriy prevfRitioncdh PEsIBG | W@ beddsSallcye@eef the
I nteresting paraneters during production conprising using brass alloys are:
state of surface of the machined parts 5 cutting speed fragnentation of

chips [|ifetd metnk drhwirtRel ofAheOmathmeaddrtd y for casting the brass all oy
is inportant, for exanple 10 tenperature |level for casting, cooling tinme

provi di Ag rest CHEHNE PRREDf the alloy etc. Further, it is also inportant how
easi |y a brasssReedt@tioRX@#BHiss ey be extruded. For exanple, resistance
t owar ds cracki nig when extruded, the force that is necessary to apply when
ext rudi ng, t71 mifetiae ohise teal used for achieving an end result etc. Al of
t hese paraneters are possible to control, to 15 alter, to enhance etc. with
addition of different alloying el enents when manufacturing the brass all oy.

For exanpAéso, dhgiabildy for cpatng fag birags aley isher@tant, yor exam@ai ni ng t he
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an alloy is primarily an econom cal way of producing a cheaper allo
(reduces €he RHhemit isfalee ppeprtanbhevpeatilYembrpshbelidozpxamipte may be
extruded. For example, resistance towards cracking when extruded, the force
that is necessary to apply when extruding, time that must be used for
achieving an end result etc. All of these parameters are possible to control, to
15 alter, to enhance etc. with addition of different alloying elements when
manufacturing the brass alloy. For example, addition of lead may improve the
ability for machining the brass alloy as known to a person skilled in the art.
The content of Zinc in an alloy is primarily an economical way of producing a
cheaper alloy (reduces the content of copper). One problem with the Zinc is
20 the process of dezincification when the brass alloy is in contact with water.
This is for example the case with brass components used in water supply
systems. It is known in prior art that for example arsenic added in small
portions as an alloying element stops or reduces significantly dezincification
of items made of brass alloy in water.
25
The phase map of a copper-zinc system (ref. Fig. 1) illustrates that in the
range of 0-40% Zn in the brass alloy, the brass can be structured in two
different phases, a and B, depending on the temperature and the composition
of the alloy. Below 35% Zinc, alloys are exclusively a phase. But between
30 35% and 40 % Zinc, the structure can be either a pure a phase or a mix of a
and B phase, which is called duplex structure. The B phase is preserved at
room temperature but is subject to a long range ordering at 454°C to form
B . This ordering reaction cannot be avoided even by drastic quenching. Fig. 2
illustrates some of the structures. At room temperature, the a phase has a

35 minimum when there is 64% Cu content in the alloy, while the 8° phase has a
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properties of the allody as Qnomn to a person skilled in the art. t wo
nmost i npoMMCAlingpar aneters are the resistance towards corrosion and the
abilitygto be cold or hot deforned. The ability of the brass to be shaped
i s dependent upon the tenperature and the structure of the alloy. It is
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i t

cold working abilities. 1 reference to the phase map in Fig. 1, the a
phase ébnprises nore copper than the 13 phase. The a phase is therefore
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two phases.
connection is formed and the  phase, which is the less noble one, will be

20 corroded first.

Thus, a duplex brass cannot in any case be protected against corrosion, due

to its nature of a mix of two phases.

25 A pure a structure can be protected against corrosion if an inhibitor is alloyed

in small amounts.

Arsenic, phosphorus and antimony are known examples providing protection
against dezincification. However, there is a risk of inter granular corrosion.

30 Therefore, the content of such alloying elements are usually very small.

However, it has been known for some time that for example lead pollution
from brass alloys (used to enhance machining ability) is harmful to the human
body. [W. Heller, Copper based ailoys in Materials Science and Technology,

35 Eds. R. W. Cahn, P.Haasen and E. J. Kramer, Vol 8, Chapt. 6 (1996)].
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[H Sigurgsgemy. Dezincification and stress corrosion cracking of brass - A
literature survey, Raufoss Materials Technol ogy report 07.10.99, (1999)].
20 Unfortunately lead content results in environmental problenms such as
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cracking of brass — A literature survey, Raufoss Materials Technology report
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20 Unfortunately lead content results in environmental problems such as lead
leaching into the drinking water, lead dust during machining and casting, and
disposal of lead-contaminated foundry sand. Hence it has long been desired to
develop lead-free brass alloys that do not harm humans or the environment.
In addition, maximum content of other heavy metals like arsenic is debated.

25
Further, Arsenic, Phosphorous and Antimony leaking from brass alloys to the
surrounding environment may be a hazard due to possible toxic properties of

such alloying elements.

30 In prior art CN 1616695 describes a brass alloy comprising 80 - 84 wt% Cu,
2,5 -5 wt% Si, 0,02 - 0,1 wt% As and the rest is Zinc.

20 JP 56009347 disclose a brass alloy comprising 25 -37 wt% ZN, 0,005 - 2
wt% Si, 0,002 - 0,5 P, the rest is Cu.
35
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15 arsenic, aluminum and tin. Lead is added to achieve machining capabilities.

These alloys exhibit possible hazards to the environment as described above.

Hence, an improved brass alloy would be advantageous, and in particular a
more environmental friendly brass alloy that at the same time provides good
20 material properties for different manufacturing processes comprising the
improved brass alloy, and at the same time may be produced according to an
economical and technical efficient method for production of the brass alloy

according to the present invention.

25 OBIJECT OF THE INVENTION

It is a further object of the present invention to provide an alternative to the

prior art.

In particular, it may be seen as an object of the present invention to provide a
30 lead-free, free-cutting copper alloy which comprises a certain amount of wt%

copper; a certain amount of wt% silicon; and the remaining wt% zinc, and

wherein the copper alloy optionally further includes one of:

a certain amount of wt% arsenic, or a certain amount of wt% arsenic and a

certain amount of wt% phosphorus.



It is a further object of the present invention to provide an alternative
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wt % arseni ¢ and a certain amount of w % phosphorus. 6 WO
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el emrent that during steps of manufacturing is becomng an integral part of
the material 15 structure of the final brass alloy. In an exanple of
enbodi nent_ of the (Sresent invention, a brass alloy which is suited for

pr oduc ti0orS WMARY: ORJHE ENYENEKN pr of i | es/ rods, wrought products, and

machi ned goods, which can be subject to dezincification due to contact 20
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during steps of manufacturing is becoming an integral part of the material

15 structure of the final brass alloy.

In an example of embodiment of the present invention, a brass alloy which is
suited for production of castings, extruded profiles/rods, wrought products,
and machined goods, which can be subject to dezincification due to contact

20 with water and other liquids is produced.

Brass is exposed to a variety of different types of corrosion, and one of the
most severe corrosion forms of brass in contact with water is dezincification as
explained above. This is a so called selective corrosion types where zinc in the
25 brass alloy is dissolved and the product is left as a porous copper/copper
oxide. In the composition range 30-50 wt% zinc, brass consists of two
crystalline phases, a- and B-phase as explained above. Both crystalline phases
are subject to dezincification, but the a-phase may become resistant to
dezincification by aid of added inhibitors.
30
Brass is an extremely formable material. This causes challenges with respect
to machining of such materials. According to an aspect of the present
invention an improved free-cutting brass alloy without lead comprises silicon

(Si) and phosphorus (P) and Arsenic (As) providing dezincification resistance
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scope of the present invention that different steps of a method according to

the present invention may comprise altering the sequence of steps.

20 BRIEF DESCRIPTION OF THE FIGURES

The improved brass alloy according to the present invention will now be
described in more detail with regard to the accompanying figures. The figures
show one way of implementing the present invention and is not to be
construed as being limiting to other possible embodiments falling within the

25 scope of the attached claim set.

Figure 1 illustrates an example of a phase map for a Cu-Zn system in prior
art.

30 Figure 2 illustrates an example of a respective a phase and B phase structure.

Figure 3 illustrates an example of a phase map according to the present

invention.
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principle of the present invention is to provide an inproved brass alloy
provi di ngA&to.ItBgdpenrtieningl ofsRfergnsas sEFRIRSp o i Bhe Stc- W'Wéﬂeal shoul d

be easy t@oh?cré@@%%%xcﬂfﬁﬂ&% H@Pﬁfﬂyahhéhﬁé OF PR Rer2@Qsig AR AN EHY engnabl lities.
The material shoul d have very resi stance towards corrosion |ik
dezi ncilPi wdkh ggepect to elements’in lcated in the figures shall also not be construed as
limiting the scope of the invention. Furthermore, individual features
mentioned in different claims, may possibly be advantageously combined, and
the mentioning of these features in different claims does not exclude that a
combination of features is not possible and advantageous.
15
The main principle of the present invention is to provide an improved brass

alloy providing at least the following material properties:

e The material should be easy to be shaped.
20 e The material should have good machining abilities.
e The material should have very good resistance towards corrosion like
dezincification.
e The material should not be leaking any possible toxic component from
any alloying element used in the manufacturing of the improved brass

25 alloy according to the present invention.

In an aspect of the present invention, lead is replaced with silicon to provide

machining ability. However, Silicon particles may provide severe wear and

tear of tools used in the machining process. However, limiting the amount of
30 silicon in the material together with heat treatment of the material may

reduce the wear and tear of tools.

Dezincification may be stopped by adding arsenic and/or phosphorus as an

alloying element.



The material should not be | eaking any possible toxic conponent from any
al I oying el enent used in the manufacturigng of the inproved brass 25all oy
accor di ngvbaotdms213sesent i nvention. In an aspect of thepPpraEPeot/os3se€ention,
|l ead is replaced with silicon to provide machining ability. However,
Silicon particles may provide severe wear and tear of tools used in the
machi ni ng process. However, limting the anount of 30 silicon in the
material together with heat treatnent of the material may reduce the wear

and tear ofs &&Qh%ed%v@crtﬁé@é!e%mwnaﬁ gf’b@iaeqea@y @8t e *bAHYnents1d/ or
phosphorus as an all oyi ng_el enent 012/ 032155 CT/ EP2011/ 065644 As

descri bed taBe@nvineaseentt dreamald sHgh ;!ﬁaiﬂﬁg@elt ieARERRSA6Y to Gxtablisbrpbmiht s to

the envir eRNBRTamdeh 6P dRisH of 8AkARE élém‘e%t@ﬁﬁ#&?ﬁ{e}kefs% eeftal traft a limt
for an anount for addition of alloying elenents which nakes it certain that

5 al nos® @mosk all 1€ tag@dded aloyinmelemesniatwivire pasfghetfing npaferil nal
materi al  SEEAY @ndP@réfrs %FPrb% B\dedé&eb?QHé“#ﬁ&heWél %ﬂ%c{@%%'e?ébyst ructure

thereby inhibiting | eakage of these elements to the nmaterial structure.
These | i mitybiig lrakagewé theselefemaerist tof thet materddIfE4GtHEE-t he bi ndi ng of for
10 exanple arsenic in a given material structure. Further, other alloying
el enents may be added to provide other material properties than those
directly désseilipdts mavt wary die o difterent Guethraatdfectimgitiee ibmdimyoflﬁorhd sone of

the ar§@niGahfiie %’Fﬁémh lég\@/éﬁfnC?ét%na'l GtloR et %Ftﬁe{?1 ot?rfé?paqlo?/e %Qﬁanﬁ’ér‘?@ent

i nvention to stab or an interval oyl ng e nts that
provi des they b8 acbie@ru%mrqwﬂdmethere@atetraal rroperties timneti'tosefdltetélypr esent

| nventi on.yeLA;ady %ﬁﬁ?'o‘? Lﬁ%;)%'cﬂ?r&gje@mﬁp& rrﬁﬁ?%ﬁnd QUG bPfhe @ Met hod

for produm ng an i nprove ing to esent Invent ion may
conpri se @ssenyc for' exzapte. dlimmrefoﬂa; g lmwtrbe thcmceped)ftttzermpsm inyeoted heat

resistant tg%s&}b‘?f&ﬁ \&e‘i B?a%"ﬂ?eé@'a Mﬁeﬁ I?wenge pr Yt egseth' provi ded

for in the oven Ie of e |nvent|on
mat eri b thetierias pucs;w’cuea thhtaacmunegebree:jz df¢shemoesergdniventibnom t he fol | ow ng
list of materials: 25 Cu el ektro,

In an example of embodiment of the present invention, a method for
producing an improved alloy according to the present invention may comprise
using a “clean” oven. This may be achieved by replacing used heat resistant

20 stones in the oven with new stones. Then a charge is provided for in the oven.

In an example of embodiment of the present invention material that is used in

the charge may be provided for from the following list of materials:

25 Cu elektro,
Zn 1020ZN/F SHG-Slag Boliden,
Cu/As 70/30 Outokumpu Nordic Brass,
Si.

30 In another example of embodiment of the present invention, the following list

comprising re-circulated materials are used:

Non-isolated copper wire,
Copper rails,

35 Non-treated copper pipes,



Zn 1020ZN F SHG Sl ag Bol i den, Cu/As 70/ 30 Qut okunpu Nordic Brass, Si. 30 In
anot her exanpl e of enbodi nent of the pregsent invention, the follow ng |ist
conpri si nyorer2wi3ersal ated naterial s are used: Non-i sol at edTEPRP@EN6WHS €,
Copper rails, 35 Non-treated copper pipes, 10 WO

2012/ 032155PCT/ EP2011/ 065644 Resi dues from cutting of copper plates or
brass pl ates, Unused copper fromelectrical transforners, Bushings from
artillery RESHUREHOMEHENE i CAPRRT RPESIOTCRBSS PRES, i s within the scope of

the presenjnisRvedtippep fidin WEcthRbEErAbRriepg) both of these lists of
materials when charge is perforned of the oven. The anmount of each

respect i vBUsRINGs Epmuael! e endchrndweapops Wittt ERask #8881 di ng to the fi nal
wt % of each respective material in the final product, as 10 known to a
person skilled in the art. It is also within the scope of the Bresent

i nvent i &n If & wieimthe seprs ehtheprgseat inyention tjysampaiesats fraat beHeobven has

been used iiddi6QRIGHaMIdIE Ao ARarRIWHRM&FEFAR BbiA! €d 10 the art a

cl eani ng charge nmay be use

The amount of each respective material used when charge is performed is
according to the final wt% of each respective material in the final product, as

10 known to a person skilled in the art.

It is also within the scope of the present invention to use a used oven.
However, it is advantageous that the oven has been used with copper or
brass. As known to a person skilled in the art a cleaning charge may be used

15 first before a charge according to the present invention is performed. If
necessary, additional cleaning charge operations may be performed. For
example, if the oven has been used with more than 0,5 wt% lead and arsenic
of more than 0,05 wt% arsenic, two successive cleaning operations are
necessary.

20
The oven is preferably of an induction type of oven providing a stirring of the
materials when they are melted in the oven. If the oven is not of an induction
type of oven, a mechanical stirring mechanism may be used, or a gas system
may be used as known to a person skilled in the art.

25
When a production is ongoing it is within the scope of the present invention to
provide a sample analysis of the output material from the process. This can be
done by performing a casting a small amount of material from the oven, then
performing an analysis of the casted sample while the oven is kept hot. This

30 sample analysis may be used to establish if the chemistry of the alloy is in
order. Any correction may then be performed to correct any deviations by
adding for example further alloying elements in the hot oven. This is known to
a person skilled in the art. Further, the sample analysis may also comprise
using an electron microscopic investigation to identify if any added alloying

35 elements are free in the structure and thereby can leak to the environment.



15 first before a charge according to the present invention is perforned.

| f necessary, additional cleaning chargg; operations may be perforned. For
exanpl e, WD t3emsen has been used with nore than 0,5 wreairrad1asdiar seni c
of nore than 0,05 wt % arsenic, tw successive cl eaning operations are
necessary. 20 The oven is preferably of an induction type of oven providing
a stirring of the materials when they are nelted in the oven. If the oven

i s not of TA8T¢<ENAS BRNYysasens ¥iwnthis haaeaani kodl example; R§Yi&3hani sm may be
used, Or &t IraRe Rt ¥i8Y nade RWNNESMBIRR! $aRheK tHeeftdn the art.
25 When a production is ongoing It is wthin the scope of the present

i nventi on r@@t'ﬁﬂémpdl@etave@@n%leealg?vamgﬁl@ﬂent% mayde paiusted -ethafempemture
process. TRisSoXRsHRicIRDVRY PEHSREMAE At&Ial 108 81s8TRHJorBiRUYw Of

material fromthe oven, then performng an analysis of the casted sanple
whi | e t Re caoling jo§ the pratesig! takfssplgge sbmexaranke, 99 Suigy corlings @yt o

establ | shirbebbenfhRighiidnpaathRPs@ke 8 the rhatePifigha AYwatdection may

then be performed to correct any deviations by adding for exanple further
al | oyi ng éeshveetusingrofi the meterdalanay Tiitdake plagaaufnyoarsepis-comtadnngl ed in the

art. Furthgncehens Weﬁa@@ﬁbéﬂgﬁ e B?Xid.@#f%u%ﬂ’i%ﬁhﬂ:?or‘%séé?gb@’?'ggéﬂéﬁr on
m croscopic I nvestigation to rdentitfy it any added all oyl ng el enments are
free in tmden vsiogne elecdremenichsscoar inveKigadionhdaanvitrismessible tal WO

2012/ 03481 33RGL! ﬁﬁ%%a%@ﬁ%4y4agﬁﬁgefo?%'}a lg‘?‘{]é‘cp%?%ﬁ{?ﬁﬁgv@%ﬂ%é happens.
any may have

For exanpl e, eat treatment of the ndterra een 1 nconpl ete.
Further, the wt% rel ationship between the alloying el enents nay be

di ust ed. sl ent e .
Cterval | 1 [t GERAGRI6Ea s Us REes 0t WA spRifE Fahzis BhRPeEE o e
For exanplstgp pbeaguingk Fooal gingnmven’, far speific use ofimtetielspehean pesfatiing of

the materigl, %a@{]yev\@%PBﬁgﬂaq%%E%t%Ei @ﬁ’epénttﬂgt{ﬁatlgﬁké' %%g}’dé@éct}réke

pl ace. Any arseni c-contal ning phase 1n € faterl oul € avoi ded. Such
condi t lénprecasshwntenie@hekforethissteg affperédreingaamplerasdygiy may only
i nvesti gat

for exanpl gq?eucrefté%%irwig: Siﬁ%ﬁgto éf%ﬁdeaﬁ‘icirpg %?Ce?%%g% %ﬁ §t§]ea?§{'§o?rﬁ%gi) g%e%lggi "

step of debndeaviemndl & anateysiisve poopedsses a step of |earning. For a given
oven, a specific use of materials when perform ng charge may reveal optinal
use of the different materials and provide secure 15 process control .

Ther ef or e Figures3 gluspravés parHaseninag fearpCe-Zhhay steims witdy 1 Gnl S doeondicgssary i n

E/Ih gv\;éagts tlgf% p?%%e%éﬁhggn%?@gfgtsghg eggﬁ"ﬁ:ﬂe (Pg isrﬁaetp%ﬂ.e%l hO\AT I% BoRLRCS %El r& 3N be
phase material. In this example, a triggering of a transformation from a a + B
phase to a pure a phase happens at a temperature of 600 °C.

The step of the sample analysis may be used to establish an optimal

temperature for such a transition, for example by estimating an amount of
25 residual B phase material by investigating over a temperature range. The

temperature providing minimum B phase material is the temperature to be

used. This can be viewed as an iterative process.

It is known in the literature, for example ASM Metals Handbook, 10" ed.

30 1990, ISBN 0-87170-378-5, that a stabilization of the B phaseinana - B
brass can be achieved with the addition of silicon. However, the result as
disclosed in figure 3 indicates that an example of alloy according to the
present invention achieve a remarkable stabilization of a phase in the
temperature range of 400 - 680°C which has not been disclosed or have been

35 explained in the prior art.



Figure 3 illustrates a phase map for a Cu-ZN systemwith 1 % Si according
to 20 the present invention. In this exgpple it is depicted howto obtain a
pure a phaeeoraierssal . In this exanple, a triggering of paTtRPamafesen®t i on
froma a + 13 phase to a pure a phase happens at a tenperature of 600 C
The step of the sanple analysis nmay be used to establish an opti nmal
tenperature for such a transition, for exanple by estimting an anpunt of
25 residual 13 phase material by investigating over a tenperature range.

The t enpergels@vantaye dé Beatindl FaHBrABsRIBABR TR & thel B bhabdvifesMmesgt ure to
be used. ThIS can be viewed as an iterative process [t is known in the

literaturé dF%‘P”%R%[hﬁP@W%t%P@“ﬁ&W@%lﬁomi@BrFaéE’b"f&M withghe same

0- 87170- 3¢8/Zn fhdt inahat ARjy. Iﬁﬁté;smnef cuhgn L3 th a8 Halbrie BetwkerPhass can
be achieved with the addition of silicon. However, the result as discl osed

in figuPe fermaRilitnead dagsee of dexinaiication rESISFNER EBCRilhlg eYthBhasesent
i nvention tﬁSf‘tgﬂ%cﬁlerv%r@ézlﬁ?@ﬁé'atﬁ;rfi@éétéﬁ% Q:Qpr)lllﬁthﬁfﬁele'vﬁof Bgskeapgrature

range of 400 - whi ch has not been di scl osed have been 35 expl ai ned
in the prmasar&tabllI_@tlwbzmwrmw%ﬁﬁ@@f@n&eﬁwmgsﬁummamﬁ;a{m@*gi@rutg t hat

the gener %'bt§|‘i‘|3\p!a"rhzfah‘n @ffe&ﬂ%echqae’ce thet @uﬁhé 'f&ﬁﬁ‘lnﬁeq%éj £Bs pdhebe

expl oited in _higher vvarm ormn pabi y wth anat|0|n
t he all oy 68%6 oF gef tacehtain hi Eircﬂ/BsrailQ)eﬂthb@n%h@@ﬁ dezineifEcationmabi | ity

and degpeecgtiglfe ptkhticptd RBat Geh&hane aﬁ'b@cﬁeﬂférnlléd Iﬁ)rg\%vﬁ%rerﬂﬁéﬁéac#@at can

achi eve dezi nci ; cation resistance cap agllltles In v act a
phase st aliphge &f i469- ﬁéﬁﬁeﬁxpﬁwmenMth@m{er‘@gm hes confipoed dhese | n order

to obtain Lmegwm an%fd%af%r‘ﬁ%er A i.%\ture during form ng has to be

above 680 norder te obtain rati o, and hence higher
dezincifi catl on 10 resistance potential, a heat treatnent can be perforned

h 8 | h
L1 the LRI NS 8 o fNRRELC BIRETIBRGRY tos Hifpd BERLED as
addi ng borabexanphd tza/npenfg@mng amftiehative learntigecydag@e dtissgbed ethoys, et’m)ve
and by perf@[rfah |h£ % ;!Snﬂ ﬂ%ﬁéﬁ%ﬁ 9%%8% hed @hove, the
azar vm th or

envi ronnment a rass I'1"0ys has been

over cone @Nermsmﬁhemamagmerps(umdomad:hiadmngecp@bblllttesé@shmerbeen

achi eved. 20; Acgording to an exanpl e of enbodi ment of the present

i nvention, an inproved lead free, free-cutting brass alloy conprising 60 to
69 W % copper, 0.5 to 2.0 % silicon and the remai ni ng wt % zi nc and 0. 005

Lo 0. 035 Wb AiRERh GiBYaMBIPEPANESHIAEHOLHERD ohlsein AliiIGh, dfipCr | bed

exanpl € o
improved lead free, free-cutting brass alloy comprising 60 to 69 wt% copper,

0.5 to 2.0 wt% silicon and the remaining wt% zinc and 0.005 to 0.015 wt%
arsenic may be produced according to the above described example of
method.

25
A lead-free, free-cutting copper alloy according to the present invention may

be subject to a heat treatment for 30 minutes to 5 hours at 500 to 800°C.

A lead-free, free-cutting copper alloy according to the present invention may
30 be subject to a heat treatment for 30 minutes to 5 hours at 400 to 680°C.

According to another example of embodiment of the present invention, a
casting made from an improved brass alloy is cooled down to room
temperature over a time interval spanning from 1 hour to two hours.

35



25 A lead-free, free-cutting copper alloy according to the present

i nvention may be subject to a heat treaigent for 30 mnutes to 5 hours at
500 to 808C.2012/03245] ead-free, free-cutting copper all oypratmredingeiod the
present invention nmay 30 be subject to a heat treatnent for 30 mnutes to 5
hours at 400 to 680C. According to another exanple of enbodi nent of the
present inyention casti made roved brass alloy is cool ed
down to r é(FatLUPéS@UgY agcer«{%g At ?\ngs%'ﬁdﬁ?ﬁ?'ﬂﬁo'?'rme/%W to two
hours. 13eh}ulréﬁk2ﬁ%%¥55iaﬂgf Eﬁgﬂilﬁfvﬂﬁ?fiﬂéte-lzhﬂf propedred brass all oy

according to the present invention fill the requirenent of providing
the following naterial properties: The material should be easy to be

shaped. 5 The mmeemiaérisingHdild BavessgaethdBeahed.Nng abilities. The material
shoul d have ve good resistance towards corrosion |ike dezincification.

The material® pakRialpdauidkeMg aoy Haskini e abities. conponent from any

al I oyi ng el en”ermwelmeema dHdi ARBYE ey igold rekistdiecd fa%ém@,ctobfﬁ&n ﬂi@@l | oy
according to the present invention. For exanple, alloy conmprising 3 wt%

silicon will tsZbWificRidn.out a tool if it is used in a turn bench for 3000

meter cutting. The haeerdhll $6o5@HBE 'b%Q§all|n¥3taf(9y5bbé§9l@ toR&: SSHBohEST frigh |
provide a cutting of 30 000 neter.
any alloying element used |n the manufacturing of the improved brass

10 alloy according to the present invention.

For example, alloy comprising 3 wt% silicon will typical wear out a tool if it is
used in a turn bench for 3000 meter cutting. If the alloy comprises 1 wt%
silicon the same test will provide a cutting of 30 000 meter.

15
In production facilities, the chip length is of interest when for example
designing tools for the machining of brass alloys. The chip length should not
be so long that it is a hindrance of the operation. 2 wt% silicon provides chip
length of an average of 2 mm. 3 wt% silicon provides a chip length of average

20 2,5 mm. 1 wt% silicon provides a chip length of average 4 mm.



In production facilities, the chip length is of interest when for exanple
designing tools for the machining of brass alloys. The chip | ength shoul d
not be sowbaenp/@Bhess it is a hindrance of the operation. PRTMPI3i063680N
provi des chip length of an average of 2 nm 3 w%silicon provides a chip
| ength of average 20 2,5 mMm 1 w%silicon provides a chip |ength of
aver age 4 L4 WD 2012/ 032155PCT/ EP2011/ 065644 CLAIM5: 1. A brass all oy
conprisinéﬂgﬁ r and zinc, characterized in that the brass alloy further
conprises 0,5 to 2 wt% amount of silicon, at |east one alloying 5 elenent,
wher ein the/¥%96ann nt of the at |east one alloying elepent is identified
i

through art-iA BF3RS Y/&@YprUBRES NAHEPASK SUGeTIRG eharastesized inihatjherkioast he

level of tdneywhipenak |c@M1[ﬂ@se%| ®Bet 2 Wtoh denddit &kiRcorh dtq¥stt diayiidgngo free
amount of the allﬁg element in the brass alloy. 10 2. The brass all oy

accor di Rg ¥YMENk| ire'ﬂ\ﬁ@?&tﬂ°@ﬁé°‘ﬁ?h?fn§heo$t '@aﬁbeneuaélovwgtﬂém%gé of 60 to

69at wt % ¢oRRTied tHRUaRHH tetivid bFdcRBs 'V\ﬂ‘lénnpﬁcfhﬁ?.lcfr?@ﬂﬂ'?e Bfadd: a'iloty0 2,0 wt %
silicon, the alloying elenent is arsenic ad the range of 005 to

0, 015 wt %Hiefepm ehe teh(@' PEHRE Mithey alavnatelementds identified. 6815 lgvelw‘ﬁ@wbgass

al I oy acceidires anfodhtBbiing alméb%rﬁbﬁtﬂiwb%s%wm I s arsenic and
phosphorus added respectively in the range of 0.005 to 0,015 wt % arsenic

and 0.005 to 0.02 wt % phosphorus. 4. A nmethod for producing a brass
al l oy agcor qih'é%rta%s%nlﬁycéc%bmlﬁgtte Gaint?, Wr@ﬁ;{[ﬁfe' Z@uhP of 2BPbLSisN t?\teepS

of: a) using a clean oven by feplacing’ used heat resi stant séones W t
unused he&@nge of S0-e 62atowt®, corapew) the emaMgferiligagelsdn thﬁe*aog@roftgﬁat@dl ng

w % of mabegi 1 a l; i I 0ZN,
Cul he. 70/ 360 aicge SIRBE the Bloffing BERISR 1 oPIME BB i in€ rBRbE B of 003 8 7Ny

of mat eri &0WhWt8o REFeNia) thmgeme@ﬂnmgmmmtmfemt°/o ieyinrovi di ng an anal ysi s
of the sanple casting determning if chemstry of the sanple casting is in
accordance with expected properties f) if step e) indicates any

devi at ilén 3 Jﬂﬂteriérrasala”@yla\igoeﬁeqént%alm 8, atngeeint et Meoydag lebtmentkis and step

e) and St%Psér)uﬁ'a%d';Sr% ‘h'an?%)édH@& 8%;§@e‘cgi\}éw i A ParkleBt 81905 t50! s

accordance wt he expected pro
wt% arsenic and 0.005 to O. 02 wt% phosphorus.

4. A method for producing a brass alloy according to any claim 1 to 3,
20 characterized in comprising steps of:
a) using a clean oven by replacing used heat resistant stones with unused
heat resistant stones,
b) providing charge of the oven by adding wt% of material from a list of
materials comprising Cu elektro, Zn 1020ZN, Cu/As 70/30 and Si,
25 c¢) heating the oven,
d) providing a sample casting of material while maintaining heating the oven,
e) providing an analysis of the sample casting determining if chemistry of
the sample casting is in accordance with expected properties,
f) if step e) indicates any deviation further alloying elements are added to the
30 hot oven and step e) and step f) is iteratively performed until the chemistry is
in accordance with the expected properties,
g) performing an electron microscopic investigation identifying if any free

amount of alloying elements are present in the sample casting,



g) performng an electron mcroscopic investigation identifying if any free
anount of alloying elenents are presentigsn the sanple casting, 15 wo

2012/ 032166RCID/BPBES11/ 065644 h) if any free anmount of alPCoEPe@iebsaent is
present, adjust the amount of respective materials used in step b) until
correct amount of alloying elenent is identified. 5 5. The nethod accordi ng

to claim Jfg_ﬁher in the ste;%aif usi ng a clean oven is omtted and a used
oven is cl'gdh&fYl W%@F}%‘n&ol I ”?ﬁ"@dﬁipﬁﬁs‘?fﬁalag&'“ the afﬂ%“'?ﬁaf’%od

accor di ng rep&dthidimbtanigistisedSiheiRep)b ) AHMIdoPREt AIEHER &F Il @ eldriénfs
material s _conprising non isolated copper wire, copper rails, 10 non-treated

copper pi peg’ &%i dues from cutti ng of copper plates or brass plates,
unused copper fromelectrical transforners, bushings fromartillery and
hand weapons w t hout spark caps. . 7. The method according to any claim4
to 7, conprilkiengeined pEriding & cimmbayherein thgistemof ¢5inNs: 8 HRAUOYRMAES

al | oy by hpditictahdg ﬁé&ﬂé‘\?&di&éléﬁﬁe@'blyQYsiﬁé’%t?P@as!fidHétééaﬁi‘hg%ﬂ”&??é? at a
tenperature range of 500C to 800C. 8. The nethod according™to claim?7

wherein the tenperature range is 480C to 680C 20 9. The method according
to clai mg, merRtRod akEsRBiGtYERImeY Sihdreihn §t%% Q)ﬁ@émbﬁ@@% ERMhentS from

identified through an iterative process. 1 he nmet hod according to any
claim 4 t@ &t ofyeptsrinls sematising nen iselater 2oprRen Wien§orPeMERiS, i s used in

f urt her ob@fgpdiRBAGHESH T Bibeb NRestFSSHra QXttiNgt SO pddiIatRRoObradsker ati vel y
determining the identified | evel.
plates, unused copper from electrical transformers, bushings from artillery and

hand weapons without spark caps.

7. The method according to any claim 4 to 7, comprising a further step of heat
15 treatment of produced brass alloy by heating the produced brass alloy for 30
minutes to 5 hours at a temperature range of 500°C to 800°C.

8. The method according to claim 7 wherein the temperature range is 480°C
to 680°C

20
9. The method according to claim 7, wherein a temperature level for the heat

treatment is identified through an iterative process.

10. The method according to any claim 4 to 8, wherein the amount of added
25 alloying element is used in further batch production of the brass alloy without
the step of iteratively determining the identified level.



