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APPLI CATI ONS [0001] This application clainms priority to U S

Pat ent Apwbi2eati3osssNo. 12/ 759,402 filed April 13, 2010 woiras2613/032253
continuation-in-part patent application of U S. Patent Application No.

12/ 400, 283, filed March 9, 2009, all of which applications are incorporated
by reference herein in their entirety. TECHNI CAL FI ELD [ 0002] The
present invention relates to brass conpositions with extrenely low to no

| ead content. The conpositi ONgyv&@XRh&FredBAEs ARGy Nabi lity and strength
simlar to that of conventional |eaded brass alloy free nmachining brass.
The al l oys of the invention use sulfur b+ s of sulfur and telluriumin
| ieu of added lead to inprové{EtWEr%éﬁPﬁ% Iﬁ?‘& of the brass all oys.
BACKGROUND OF THE | NVENTI ON [0003] It has been common practice to
add up to 4.5%doedf tRiskRpFARSHEPITMASipkbARI0 L0S.IPARMONEplichEon e NRTab}b2 ty of
the resulting Product. Lead, however, is a toxic substagrgptfél agg its.use in

the prodledAphl3R0H) Whigh isiacostinyatiorrinsprrbRatent gprlicaiqng W atsrheRlisgo ont r ol
proced ; r >$ﬁfEPM§ . . BatlBI bR iAok tat¥d b ER fdréridb t S t he
anmount ﬁ?qﬁggg’zgﬁ’ p unbfcgg?%?@%l?g@vl?gpgép%%ogr | ess begi nn}icng in 2010.

[ 0004] Fherdimartherr entiretie | ead phase in copper |lead alloys can be affected by
corrosive attacks with hot organic or mneral oil. For exanple, when the
tenperature of such an alloy riggsyunicahaselsen known that the oil can
break down to form peroxides and organi c gases which effect a degree of

| eaching on the | ead phase within the alloy. If this |eaching progresses to
any appr eci abl 400921 erfthe preseniciovgnsing melates fo brassjcomposidefsi Wgh srreaehuewpPal
COMPONEN! lead @& C A oo WL HIIO ool mbcidabitie VAP LiAGIEIANS ol firey 15 2
consi der abfe aJvant age 1n reducing, or iT possi bl e, elimnating the

cont ent @neéntioeadeadied hiass plbvydese medhalingibigss. cBrpdioys pbthe invgatianouss spifispysal s
have been put. forward for doi this, ansj der, ' | ead
meor pandBa i firoiae iR DS hiie NG, G IRERORE R ARRY bE Bl |
ease ofalgehi nability and durability of the WO

2011/ 130368PCT/ US2011/ 032253 resul ting product conponent. Repl acenent of

part of the lead by bis i ternati onal Application
publ i shed under No. V@Q%&S@(ﬁﬁ@%gﬁg?@q]ﬁw&&essfuI repl acenent of

part of the |lead w thout significant reduction in the machinability. It is,
however, acconyeto3gd Ibjasskzer comohioa prasticooto ddd apsy di5§elesd taebrgsstrooipositiens
material .. For n urpases.this reduction in transver.se stre h is not a
o gni 1 BRI OBt DR PITROSEP ANGR s SR s PRSI & (Pl feeq e

Pat ent s dkd%n BRDrodubtiéhéfalidly Ol Uairouhddd b lekishiiog bapbipessivesconddigttotedutehe
alloy allow ng for_ reduction_ of |ead t% 2%0[1 the all f)y or Ieg.s.

[ 0007] V¥iericEample. &aliferpie aderter fagisdntian adpuchyingifshe erpaynd af [ead yplmaaigs fixpees

al I oys, (18, HPlc e g 0f0ne same machinability as the lead containing
alloys. This results inthe need for substantial retooling of the equi pnent
used to produce end product, such as plunbing eq ipmept and thag Iig%y I n
addi tion, the d8004p priduthereeraythe dgad PlasedmsPRRe Ueadngflays cemédel ke Wduct s
often c givegﬁacr@@gt'hlhgt{% evi€ beRhiRYal bi1e repekaRipRd Whin IR AGhte sudfemycl i ng
typically can only be done€ by the manufacturer of the alloys. The cost of
shi ppi nglaytises at kas tseaw knaven thatthi eiltdan brdals dawnyio iferar peseedestdnd opgaaicagases
product _¢ost t [ . r E : a
oo 1 r B g o tEsE SRERRLGh il PRI MR ey IS P
cont ai niongnypamdediitde @r@nt, thd comporizet, riédly il ebebyng be sgugtehremp@RIEMSBUMVARY
OF THE II\I\/EN|II O\llf . .. [0009] The present invention conprises a brass
al | oy cOFPEARY BGFIGAT 8bBlt 0. 20% to 1.5%tel lurium sul fur or sul fur
telluriumblends as a substitute for lead, typically added to the brass
conposi tion. | nMoes sdheesorafthertiodi consitisrablbedvaitdgarin ueductig] duif mssible,
telluri ul[ﬂ,sul,fuil blend r n%es. f.rom bou& 0.4% t o apout (1.0% The rssul ting
al l oy t SHMRalng the cantenty of Jead githin RoWdsE mejaligyQmPPHERNS, ETPUPTEBET 3V ess

t han abeﬁlsé}h LT - Pd/\ﬁb;r @bm’g_&hi@.ogsaie @Gﬁs@dﬁre}tﬂleﬁﬁpéﬂtﬁﬂs E(')jf [Ehe irﬁbﬁpﬁb&ﬁedﬁiﬁ@o&idisrlﬁ
essentia silicon free in that no sjlicon is added to the alloys e
only si me@ﬁhrgpsrrégtét‘mls i the pashdas sesyliet M §95¢ w%ﬂﬂay i@ § Jue Hﬁ%ﬁ’f&}ﬁ’ with
the other netals used in the alloy. For exanple, the silicon present is

| ess than 1,000 parts per mllion (ppm), 100 ppm 10 ppm 1 ppm 0.1 ppm
0.01 ppm 0.001 ppm 0.0001 ppm or 0.00001 ppmof the netals used in the
alloy, and in sone cases the netals used in the alloy are conpletely
silicon free. WD 2011/130368PCT/ US2011/ 032253 [ 0010] Brass all oys
of the invention typically have a copper content of from about 98%to about
57% a zinc content of from about 43%to about 2% a telluriumcontent of

a ~Nn7 a2 I NN 7 o o N NS~ A7 2



simlar to that for | ead containing conpositions. This elimnates or
reduces the anmpbunt of retooling needed to use the novel alloys to produce
fi ni shed woaduemesssuch as plunbing fixtures. [0013] The ecmpsgetiiosn2sof the
novel alloys also allows the end product manufacturers to recycle the scrap
fromthe manufacturing process itself. This elimnates the need to return
the scrap to the all oy nmanufacturer for recycling. Yet another key feature
of the present invention is that the alloys containing | ess than about 15%

or from.afei prlddRPOdmpdrent. Qi?;e{cgﬁéht%@(}){%ﬁ b the 82ci Y BisrButk Bhd BR_h proposed in
s

dezincification resistance. [0014] The foregoi ng has outlined rather broadly
t he fealnterasiors) dAprlicatort Alubhshed nundge Nof W /1}3819%enirh1is nigeHtsi Bh shgsessfder

that t i It : i i tter
under st SBATTRALFEheA T i BAd Btk e AERLEGn dApQ b FRYhARRE e
descr i bedomhpméxidrinf toere redictibn ©btransvérse stedngthodf thd matedialk | Birmgang fputposes this

i nventi on. t.I t .sthoul d b(g gﬁgreci at ed.élbg tt p&%e skilled in the art that the
conceptriefﬁ‘hC qmy §aﬁ’8‘éﬁr?e’|sre St SEgC I%:Ipose(‘fln‘may be readily utilized as a
basis for nodifying or designing other structures for carrying out the sane
pur poses of t h¢0(®6EseAnothay epproash.has beahdastubedl is dJ.BePatest! 5,445¢b66y InHbise

skilled in art_that _.such ival ent canstruyctiqgns. do not, depart..from
the spipfuchTd 8Cloyh aiphh s pEE IR Pty SBRP e ieRicR it 1 R RAEA! (el .
The novgloyfoekdr es which are believed to be characteristic of the
invention, both as to its organization and net hod of operation, together

with further obj S dvantages .wi |l be better understqod fromthe
f ol | owi ng descﬁé@ﬁ on ‘éﬁ’%@ﬁﬁ geéfrél?fdi AROXHH cstus%?Pl{WﬂY ilueaflﬁ%ea?il%snﬁgﬁyi ng
fi gur esdo Adt pb&sedshd anfXRAGSRbYity AIBE Ka@ QohtailDIEEVISYs. THIGtes@RGN tiRf nebd or
figures is provided for the purpose of illustration and descripti.on only

and i s wostaqty eiepdias a5thg egwipmantysethtogroduse eng proguctgiich peplpnBEg SAVIPHEENt i on.
[0015] ﬁﬁltﬁﬁi@ﬁﬁfgf%ﬁéé%ﬁﬁ%wggﬁ tili%;ﬁlfad%&&gr& tHe lesd %}S%ts often

phot om crogr ap used i n e C after draw. Figure 2

i s a phenoeti bersedibpiecysiedt byethg|andprefusdmanpgavret. eReycling sipicatrgan polyR]

Fi gure i 1.CLOGH, e - LS I : aw.

vo 20115y B BB, o e R e BB R, heinfld Rndl

phot omi integyeahe ovérall patduet dostyof tieeld iprodBetrpl e EI after draw and et ching at
100x magni fication. [0021] Figure 6 is a photom crograph of the
alloy used in e f 0 e f ] I . +:].0022]
Figure 7 is a MLm th (5187 g][%){? %En %m%:at 3%3%052’)5&%3@?‘%& %g&r?%%ﬁeloﬁr hé(fht %thlb {rsaw and
et chi ngmadhidk®0ity rvimgitar ftoctabt of leall CdABfnikg grodact8 and thatpbat beriresyolgd dphthef t he
alloy used in Sanple E7 after draw. [0024] Figure 9 is a

phot oni BFB§FEph of the alloy used for Sanple E7 after draw and etching at
100x magni ficati on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0025] The brass
al l oys of the present i nBRIEH SUMMARPCHAHEINVENTIONSt nelting copper at a
tenperature of about 1050C. Zinc and telluriumare then added to the nolten

copper. Brass i-s then cast..into billets utilizing. harizgnt

vertical casti t)d()%t ﬂi‘ﬁé’.resﬁﬁé?‘@ng?ﬂ fPrers ?érlafsuatjﬁoﬁ i %tﬁﬁi‘nﬁﬁ{qow %bnoggb'%% used,
they arg 1?5:%@1mddmdsuﬂut Er iadmr ?eillﬁﬁum [b&aagasTm@bgﬁpqaebr IH&Egypﬁ@(ljlya&hﬁ:dttdﬂmeal | oys
is typically copper cathode or_ high grade uncantanm pated an re copper
scrap c'bfﬁifr‘iogpﬁﬂg%ﬁ- Inecnstseyes @SQ%Q?QB"&%‘FS 'gﬁéeq]ﬂlﬂu’@z E}ﬁgﬂ' Pﬁ{ﬁfo"fW}égl.f“rL is a
typi cal rah JRUEdR ¥bou® 01AP4 1054606t 1.6%S ThBadkuRind 2R BhichllE h&OPREd i@ of frbmt he
formati on of the all oys of the invention, er conprises from about 57.00

copp : o 9
t o aboulesoBamabeubf.025% tallgssyhan about 0.001% widpch)is zprsiderad tlepd-frrext Thajabeys
conpone L SIQ: o4t % :
0008 TR EREhGhRtIEERRRPhy o iR i WAL Re Ao Blesem
r epl aceiventradecamdugtitypicallk doundaid, assoglakion iwith the witfemegals veed| inrtheialtayul Ferr

bl ends are added.to inprov hi jlity of .the it h h gative
contribﬂ?ﬁ@%*gFSﬂggapgg%gfe?gﬁﬁ?lg@@%%¥m Fr gb]hgﬁhﬁ$%8ﬁ$h¥?ﬁbgﬁﬁ§mgﬁe
added i 0.1 ppma0OUPpm| AOQI prgm.f0.@001 Pppoiibr QOADYoppm efbiihethlsa¥edih thdwlog] ddy. | n
one serjes of enq%dinqnts,.th helluriun% §uLturfor tellurium sul fur bl ends
range foRmA®iE the metalyused dp the pllpy are complolelysiidiftfent , tel I uri um conpri ses
about 0.5% of the alloy. The anount of WD 2011/130368PCT/US2011/ 032253
tellurium sulfur or telluriumsulfur blends used will depend, in part, on
t he amount of copper used in the alloy, as copper |evels increase the
amount of telluriumused with decrease;, Like |lead, the addition of
tellurium sulfur or telluriunm sulfur %Iends to the alloy creates

di scontinuities in the copper and zinc phases of the alloy |like those shown
in Figures 1-6. The good dispersion of these discontinuities |eads to the

i nproved machinability of the alloys. [0029] One advant age of the present
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Cu Pb Zn Te P Sn A Bal ance <0.01 5.10 0.5 0.011 ---- Balance 0.00 8.82
0.57 .001 ---- C 83.03 0.06 Balance .052 0.05 0.11 WO
2011/ 130366P0M/13620811/ 032253 D 59.41 0.02 Bal ance 0.17 @Cc@®as2014/032253

[0010] Brass alloys of the invention typically have a copper content of from about
98% to about 57%, a zinc content of from about 43% to about 2%, a tellurium content of from
about 1.0% to about 0.02%, a lead content of from about 0.025% to about 0.001%, and a
maximum phosphorous content of about 0.05%. Where sulfur is used in lieu of tellurium, the
sulfur content will range from about 1.5% to about 0.02 % of the brass alloy. In some cases, the
sulfur content will range between 1.5% and 0.5% of the brass alloy, 1.4% and 0.5% of the brass
alloy, 1.2% and 0.5% of the brass alloy, 1.0% and 0.5% of the brass alloy, 0.9% and 0.5% of the
brass alloy, 0.7% and 0.5% of the brass alloy, 1.5% and 0.75% of the brass alloy, 1.5% and
0.80% of the brass alloy, 1.5% and 1.0% of the brass alloy, 1.5% and 1.2% of the brass alloy,
1.5% and 1.4% of the brass alloy, 1.25% and 0.5% of the brass alloy, or 0.75% and 0.5% of the
brass alloy. Where a blends of tellurium and sulfur are used, they will again range from about
1.5 to about 0.02% of the brass alloy, 1.5% and 0.5% of the brass alloy, 1.4% and 0.5% of the
brass alloy, 1.2% and 0.5% of the brass alloy, 1.0% and 0.5% of the brass alloy, 0.9% and 0.5%
of the brass alloy, 0.7% and 0.5% of the brass alloy, 1.5% and 0.75% of the brass alloy, 1.5%
and 0.80% of the brass alloy, 1.5% and 1.0% of the brass alloy, 1.5% and 1.2% of the brass
alloy, 1.5% and 1.4% of the brass alloy, 1.25% and 0.5% of the brass alloy, or 0.75% and 0.5%
of the brass alloy. In some examples, the ratio of tellurium and sulfur may be in a fixed ratio
with the ratio of tellurium to sulfur ranging from 1000:1 to 1:1000, 100:1 to 1:100, 10:1 to 1:10,
1000:1 to 1:1, 1:1 to 1:1000. In some examples, the amount of tellurium and sulfur may be
expressed as a percentage with sulfur being a percentage of the total amount of the
sulfur/tellurium blend. In those examples, the percentage of sulfur in the sulfur/tellurium blend
may be 99%, 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%,
25%, 20%, 15%, 10% or 5% of the sulfur/tellurium blend or range from 1% to 99% or any range

in between of the tellurium/sulfur blend.

[0011] As noted above, in addition to the use of tellurium or sulfur, blends of
tellurium and sulfur can be used. These blends comprise from between about 1% to about 99%

tellurium with the balance sulfur.

[0012] The resulting alloys exhibit excellent machinability and conductivity.
Depending on the composition of the alloy, the tensile strength will vary between 240 MPa and
530 MPa and yield strength will vary from about 200 to about 450 MPa. Conductivity will range
from about 28% to about 49% IACS. The machinability of the novel alloys of the invention is



[0034] The billets were then changed into an extrusion press at a
tenperature rangi ng from about 780C to about 860C. The billets were then
hot extruwledotimsessgh a variety of dies and at different pprassaunes226o
produce nunerous sizes. Each shot was |ubricated prior to extrusion and the
extrusion dies were preheated. The results are shown in Table 2. TABLE 2
Sanpl e Final Draw Si ze Shot Tenp Pressure Length Al 31. 75mm 808C 234MPa 12m
A2 75.40nm 822C 268MF a 18.5m A3 19. 05nm 803C 305MPa 34m Bl 31. 75mm 794C

267MPa d2imBe ma- f%@%@dff&%n%ﬁ@ Wﬁpés@tio@lg.‘ Bfhid %™ or reduces the amount of

retooling needed to use the novel alloys to produce finished products such as plumbing fixtures.

[0013] The composition of the novel alloys also allows the end product
manufacturers to recycle the scrap from the manufacturing process itself. This eliminates the
need to return the scrap to the alloy manufacturer for recycling. Yet another key feature of the
present invention is that the alloys containing less than about 15% or from about 0.0001% to less

than 15% zinc exhibit excellent dezincification resistance.

[0014] The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the invention that
follows may be better understood. Additional features and advantages of the invention will be
described hereinafter which form the subject of the claims of the invention. It should be
appreciated by those skilled in the art that the conception and specific embodiment disclosed
may be readily utilized as a basis for modifying or designing other structures for carrying out the
same purposes of the present invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set forth
in the appended claims. The novel features which are believed to be characteristic of the
invention, both as to its organization and method of operation, together with further objects and
advantages will be better understood from the following description when considered in
connection with the accompanying figures. It is to be expressly understood, however, that each
of the figures is provided for the purpose of illustration and description only and is not intended

as a definition of the limits of the present invention.
[0015] BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Figure 1 is a photomicrograph of the alloy used in Sample C1 after draw.
[0017] Figure 2 is a photomicrograph of the alloy used in Sample C2 after draw.
[0018] Figure 3 is a photomicrograph of the alloy used in Sample C3 after draw.

[0019] Figure 4 is a photomicrograph of the alloy used in Sample E1 after draw at

1000x magnification.



806C 304MPa 34m B4 12. 70nm 870C 265MPa 67m Cl a 25. 40nm 830C 298MPa 18. 4m
C b 25.40nmm 867C 280MPa 18. 4m C2a 50. 80nm 750C 230MPa 21.5m C3a 22. 23nm AF
Hex 830C wo2bRa3@iks5m C3b 22. 23mm AF Hex 837C 324MPa 21 pBmushe 1/032253

[0020] Figure 5 is a photomicrograph of that alloy used in Sample E1 after draw

and etching at 100x magnification.

[0021] Figure 6 is a photomicrograph of the alloy used in Sample E4 after draw at

1000x magnification.

[0022] Figure 7 is a photomicrograph of the alloy used in Sample E4 after draw

and etching at 100x magnification.
[0023] Figure 8 is a photomicrograph of the alloy used in Sample E7 after draw.

[0024] Figure 9 is a photomicrograph of the alloy used for Sample E7 after draw

and etching at 100x magnification.
DETAILED DESCRIPTION OF THE INVENTION

[0025]  The brass alloys of the present invention are prepared by first melting
copper at a temperature of about 1050°C. Zinc and tellurium are then added to the molten
copper. Brass alloy is then cast into billets utilizing horizontal or vertical casting methods.

Where sulfur or tellurium/sulfur blends are used, they are also added with the zinc.

[0026] The copper used to make the alloys is typically copper cathode or high
grade uncontaminated and pure copper scrap comprising at least 99.95% copper and to 0.05%
impurities. Lead is a typical impurity, comprising less than 0.025% of the copper used. In the
formation of the alloys of the invention, copper comprises from about 57.00 to about 98.00% of

the alloy.

[0027]  Zinc is the next major component comprising from about 2.00% to about
43.00% of the alloy.

[0028] Tellurium, sulfur and tellurium/sulfur blends are used as a replacement for
lead. Like lead, tellurium, sulfur or tellurium/sulfur blends are édded to improve machinability
of the alloy without the negativev contribution of lead. Tellurium, sulfur or tellurium/sulfur
blends are added in an amount ranging from about 0.20% to about 1.5% of the alloy. In one
series of embodiments, the tellurium, sulfur or tellurium/sulfur blends range from about 0.4 to

about 1.0%. In one embodiment, tellurium comprises about 0.5% of the alloy. The amount of



50. 8mm 640C 128MPa 4. 6m DI b 50. 80mm 637C 142MPa 4. 6m D2a 25. 4nm 650C 234MPa
18. 4m D2b 25. 4nm 660C 214MPa 18.4m WD 2011/ 130368PCT/ US2011/ 032253 D3a
22. 23mm AF0B@48Gs3assMPa 21. 5m  Hex D3b 22. 23mm 621C 2P6WRm2011/051753

tellurium, sulfur or tellurium/sulfur blends used will depend, in part, on the amount of copper
used in the alloy, as copper levels increase the amount of tellurium used with decrease. Like
lead, the addition of tellurium, sulfur or tellurium/sulfur blends to the alloy creates
discontinuities in the copper and zinc phases of the alloy like those shown in Figures 1-6. The

good dispersion of these discontinuities leads to the improved machinability of the alloys.

[0029] One advantage of the present invention is that the alloys exhibit
machinability similar to that of lead containing alloys while using significantly lower amounts of

- tellurium, sulfur or tellurium/sulfur blends.

[0030] Other materials which may be added to the brass alloys include arsenic,
nickel, manganese, and phosphorous. When phosphorous is used, the amount present will
typically be less than 0.05% of the alloy. Silicon is generally not added to the alloys resulting in

an alloy that is silicon-free as well as lead-free.

[0031] The resulting alloys will generally exhibit excellent machinability and
conductivity as indicated by Ultimate Tensile Strength (UTS) ranging from about 240 to about
530 MPa and a yield strength of from about 200 MPa to about 450 MPa as determined using
ASTM method B140. The actual Tensile strength and Yield strength will depend, in part, on the
actual composition of the alloy. Conductivity of the alloys will range from about 28 to about
45% IACS.

[0032] EXAMPLES

[0033] A series of brass alloys were prepared where the added lead (typically about

2%) was replaced with approximately 0.5% tellurium. The composition of each alloy is shown

in Table 1.
TABLE 1
Sample Cu Pb Zn Te P Sn
A Balance <0.01 5.10 0.5 0.011 -—--
B Balance 0.00 8.82 0.57 001 .
C 83.03 0.06 Balance 052 0.05 0.11




[ 0035] The bars were then passed through a bath of sulfuric pickling acid
and then cold drawn so as to induce the correct nmechanical properties and
grai n si aworequisomeents. Al so this process ensures that pClrase@nnsenss si ze
tol erances are net. The cold draw ng operation was acconplished
effortlessly. The products were then tested for tensile strength, hardness,
conductivity, and machinability. The results are shown in Table 3. TABLE 3
?sgp;e Reduction in Area (%9 Utinmate Tensile Strength (MPa) Yield Strength

a) [ECONGATTI ON HARDNESS [ Rb 11. 24 267. 10.3 30%56|A2 12.8|296.5
341.3 24%87 A3 1791 322 0(29129)2 16%41%6¢ B1 11%21% 302. 78&1. 3 26%

[0034]  The billets were then changed into an extrusion press at a temperature
ranging from about 780°C to about 860°C. The billets were then hot extruded through a variety
of dies and at different pressures to produce numerous sizes. Each shot was lubricated prior to

extrusion and the extrusion dies were preheated. The results are shown in Table 2.

TABLE 2
Sample Final Draw Size Shot Temp Pressure Length
Al 31.75mm 808°C 234MPa 12m
A2 75.40mm 822°C 268MPa 18.5m
A3 19.05mm 803°C 305MPa 34m
Bl 31.75mm 794°C 267MPa 12m
B2 25.40mm 800°C 289MPa 18.5m
B3 19.05mm 806°C 304MPa 34m
B4 12.70mm 870°C 265MPa 67m
Cla 25.40mm 830°C 298MPa 18.4m
Clb 25.40mm 867°C 280MPa 18.4m
C2a 50.80mm 750°C 230MPa 21.5m
C3a 22.23mm AF 830°C 312MPa 21.5m
Hex
C3b 22.23mm AF 837°C 324MPa 21.5m
Hex
Dla 50.8mm 640°C 128MPa 4.6m
D1b 50.80mm 637°C 142MPa 4.6m
D2a 25.4mm 650°C 234MPa 18.4m
D2b 25.4mm 660°C 214MPa 18.4m




59 B2 12.8 322 259.2 24% 63 B3 17.71 322.7 268.9 21% 64 B4 28.32 393.7 393
12%69 C 1 12.8 350.2 291.9 20% 51 C2 11.13 354.9 295.8 20% 52 C3 13 358.8

294.1 22%0 2011/130368 PCT/US2011/032253
D3a 22.23mm AF 648°C 235MPa 21.5m
Hex
D3b 22.23mm 621°C 276MPa 21.5m

[0035] The bars were then passed through a bath of sulfuric pickling acid and then
cold drawn so as to induce the correct mechanical properties and grain size requirements. Also
this process ensures that the correct size tolerances are met. The cold drawing operation was
accomplished effortlessly. The products were then tested for tensile strength, hardness,

conductivity, and machinability. The results are shown in Table 3.

TABLE 3
Sample Reduction Ultimate Tensile Yield Strength | ELONGATION HARDNESS

in Area (%) Strength (MPa) (MPa) (Rb)
Al 11.24 267.9 210.3 30% 56
A2 12.8 296.5 341.3 24% 57
A3 17.71 322 279.2 16% 60
Bl 11.24 302.7 2413 26% 59
B2 12.8 322 259.2 24% 63
B3 17.71 322.7 268.9 21% 64
B4 28.32 393.7 393 12% 69
Cl 12.8 350.2 291.9 20% 51
C2 11.13 354.9 295.8 20% 52
C3 13 358.8 294.1 22% 53
D1 14.10 487.8 378.2 29% 75
D2 14.10 531.6 443 20% 78
D3 14.44 485.3 407.8 19% 76




53 D1 14.10 487.8 378.2 29% 75 D2 14.10 531.6 443 20% 78 D3 14.44 485. 3
407.8 19% 76 WD 2011/ 130368PCT/ US2011/ 032253 [ 0036] Conductivity
t ests werwotzhamasemeduct ed on various sanpl es. Conducti viPCy/udeeiinsREes as
the ratio of zinc content increases. The results ranged from at |east about
28% t o about 49% maxi mum [ 0037] Phot om crographs of Sanples O,
C2 and C3 were taken after draw and are shown in FIGS 1-3. The mcro
structure in the alloys were uniformindicating good dispersion of the
telluriumthroygigpt dfgudt ktgn)fests were then condiRE3%In VRBh &impids! Wonva&ivRy epar ed
where the | ead was repl aced with about O.5%sulfur. The conposition of the
al | oy idmgtichamay the Tatlsl & zinc cpaBhEIndregp/PL e Qyuigrageddrqup aHes abpuif%4rie e

0.537 Oa'bggt 49% maximum.

[0037] Photomicrographs of Samples C1, C2 and C3 were taken after draw and are
shown in FIGS 1-3. The micro structure in the alloys were uniform indicating good dispersion

of the tellurium throughout the alloy.

[0038]  Another alloy was prepared where the lead was replaced with about 0.5%

sulfur. The composition of the alloy is shown in Table 4.

TABLE 4

SAMPLE Cu Zn S Fe Pb

E 86.0 Balance 0.537 0.02 0.01

[0039] In a manner similar to that described above, the alloy was then hot extruded
through a variety of dies and at different pressures to produce numerous sizes. Each shot was

lubricated prior to extrusion and the extrusion dies were preheated. The results are shown in

Table 5
TABLE 5
SAMPLE DRAWN | EXTRUSION BILLET BILLET PRESSURE
SIZE (mm) DIE SIZE | TEMPERATURE | LENGTH (MPa)
(mm) °C) (mm)
El 19.84 22.5 830 800 310
E2 19.84 22.5 830 | 800 305
E3 254 28.1 813 800 312
E4 254 28.1 829 800 315
ES 254 28.1 810 340 259
E6 25.4 28.1 846 800 303




0.01

[ 0039]

I n a nanner

simlar to that descri bed above,

t he

all oy was then hot extruded through a variety of dies and at different

pressur eswbdQopreisése numerous sizes.
extrusion and the extrusion dies were preheated. The results are shown in

Each shot was | ubr ipcatusdoprsnss t o

Table 5 TABLE 5 SAMPLE DRAWN SI ZE (mm) EXTRUSION DI E SI ZE (mm) BI LLET

TEMPERATURE (C) BI LLET LENGTH (nm) PRESSURE (MPa) E

E2 19.84 22.5 830 800 305 E3 25.4

28.1 813 800 312

19.84 22.5 830 800 310

E7 30.16 33 830 800 315

E8 30.16 33 834 800 312

E9 30.16 33 800 800 307
[0040] The bar were the processed as described above and subjected to mechanical

testing. The results are reflected in Table 6.

TABLE 6
SAMPLE ULTIMATE YIELD ELONGATION HARDNESS
TENSILE STRENGTH (Rb)
STRENGTH (MPa)
(MPa0
El 363.1 322.8 12.5 71
E4 342.1 2924 17 68
E7 337.0 290.5 16 72

[0041] As shown from the data above, the sulfur containing alloys have mechanical

properties similar to those of the tellurium containing alloys.

[0042]
shown in FIGS 4, 6 and 8 at 1000x magnification. FIGS. 5, 7 and 9 are photomicrographs of the

Photomicrographs of Samples E1, E4 and E7 were taken after draw and are

same samples after draw and etching at 100x magnification. The microstructure in the alloys

were uniform indicating good dispersion of the sulfur throughout the alloy.

[0043]

detail, it should be understood that various changes, substitutions and alterations can be made

Although the present invention and its advantages have been described in

herein without departing from the spirit and scope of the invention as defined by the appended
claims. Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily

appreciate from the disclosure of the present invention, processes, machines, manufacture,

10



E4 25.4 28.1 829 800 315 E5 25.4 28.1 810 340 259 E6 25.4 28.1 846 800 303
WO 2011/ 130368PCT/ US2011/ 032253 E7 30.16 33 830 800 315 E8 30.16 33 834 800
312 E9 30wbH&oBid36509 PCT/US2011/032253

compositions of matter, means, methods, or steps, presently existing or later to be developed that
perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.

11



800 307 [ 0040] The bar were the processed as descri bed above and
subj ected to nechanical testing. The results are reflected in Table 6.
TABLE 6 SAORLE/1BL3BMATE TENSI LE STRENGTH (MPaO Yl ELD STRENGERD1(NBRF3
ELONGATI ON HARDNESS (Rb) EI 363.1 322.8 12.5 71 E4 342.1 292.4 17 68 E7

337.0 290.5 16 72 [ 0041] As shown fromthe data above, the
sul fur containing alloys have nechanical properties simlar to those of the
tellurium containing alloys. [ 0042] Phot om crographs of Sanpl es

El, E4 and E7 were taken after drawpRpMare shown in FIGS 4, 6 and 8 at
1000x magnification. FIGS. 5, 7 and 9 are photom crographs of the sanme

sanpl es after g&amLa d eéching at 100x magnification. The mcrostructure in
the all oys wer &RghiSCHMPY Bdi cati ng good di spersion of the sul fur throughout
t he all oy. [ 0043] Although the present invention and its

advant ages have begassdfisgcogribiign detail, it should be understood that
various changes, substitutions and alterations can be made herein wthout
departing fromthEPRPirit and scope of the invention as defined by the
appended cl ai ns. zZi\preover, the scope of the present application is not
intended to be limted to the particul ar enbodi nents of the process,

machi ne, manuf acSule; agbnposi tion of matter, nmeans, nethods and steps
described in theygpecification. As one of ordinary skill in the art wll
readily appreciate tromthe disclosure of the present invention, processes,
machi nes, manuf acthared) lead comprises less than 0.25% of the alloy and the Sulfur

comprises from about 0.025% to about 1% of the alloy, and

wherein the alloy has a tensile strength of from about 240MPa to
about 530 MPa, and

wherein the alloy is silicon free.

2. The alloy of claim 1 wherein the copper comprises from about
57% to about 98% of the alloy.

3. The alloy of claim 1 wherein the zinc comprises from about 2.0%

to about 43% of the alloy.

4. The alloy of claim 1 further comprising less than about 0.02%

phosphorous.

5. A brass alloy comprising:
about 57% to about 98% copper;
about 2% to about 43% zinc; and

about 0.025% to about 1.0% sulfur

wherein the alloy has a tensile strength of from about 240MPa to
about 530 MPa, and

wherein the alloy is silicon free.
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conpositions of matter, neans, nethods, or steps, presently existing or

| ater to be devel oped that perform substantially the sanme function or

achi eve swbbantsomkl y the sane result as the correspondipog/sriodsirent s
described herein may be utilized according to the present invention.
Accordingly, the appended clains are intended to include within their scope
such processes, nachi nes, manufacture, conpositions of matter, neans,

nmet hods, or steps. CLAIMS What is clainmed is: 1. A brass alloy conprising:
Copper; Zinc; 6.SUhfhé'ﬁ];]o;adﬂ;ldiﬁl@@uﬂﬁ@k@inﬂriéi@%lésﬁﬁmﬂoaﬂioimS t han 0. 25% of
the alloy and the Sul fur conprises from about 0.025%to about 1% of the

all oy, and wher eil§gdt he alloy has a tensile strength of from about 240MPa to
about 530 MPa, and wherein the alloy is silicon free. 2. The alloy of claim
1 wherein the oARehIGAEIRIdiHAShal @M ya@stkendth%rti@ndiRut 209820 the al loy. 3.
The alloy of claim1 wherein the zinc conprises fromabout 2.0%to about
43% of the all oytoaourhdMita. oy of claim 1 further conprising |ess than
about 0.02% phosphorous. 5. A brass alloy conprising: about 57%to about
98% copper ; ahputrhe¥pdyOoRRaMt WRHIR iRGincAdethpRbRWbo 50260hé 0 about 1. 0%

sul fur wherein the all'oy has a tensile strength of from about 240MPa to
about 530 MPa, amlo¥aherein the alloy is silicon free. 6. The alloy of
claim5 further conprising | ess than about 0.025% | ead. 7. The all oy of
claim 1 having a1y ghél StERAtPhdEin tHerMARaIps2ABMRa otPofaRout 450MPa. 8.
The alloy of claim1l vherein the zinc conprises about 5% of the alloy. 9.
The alloy of clai@h®y wherein the zinc conprises about 10% of the alloy. 10.
The alloy of claim 1l wherein the zinc conprises about. 15% of the alloy. 11.
The alloy of Fd.a!T'EEQHW‘@EMJiRel Fhibin BRIPE RRDridRoBbur48% find he al | oy. 12.
The alloy of claimb5 Having a | ead content of |ess than about 0.5% 13. The
all oy of claimb5aHaxing a | ead content of |ess than about 0.01% 14. The
all oy of claim14 having a yield strength of from about 200MPa to about
450MPa. 15. br : i S . 9 8% copper; about
2% to about 4A]31% ?ﬁ%g?wa%l&a@%h .tg%??/??%ﬁlg%gﬁ%%%gp‘éwggbl end of sul fur
and tellurium whdegein the alloy has a tensile strength of from about 240
MPa to about 530 MPa, and wherein the alloy is silicon free.

12. The alloy of claim 5 having a lead content of less than about 0.5%.

13.  The alloy of claim 5 having a lead content of less than about

0.01%.

14. The alloy of claim 14 having a yield strength of from about
200MPa to about 450MPa.

15. A brass alloy comprising about 57% to about 98% copper; about
2% to about 43% zinc; and about 0.025% to about 1.0 of a blend of

sulfur and tellurium,;

wherein the alloy has a tensile strength of from about 240 MPa to
about 530 MPa, and

wherein the alloy is silicon free.
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