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INLEADED FREE-CUTTING BRASS ALLOYS WITH EXCELLENT
CASTABILITY, METHOD FOR PRODUCING THE SAME, AND
APPLICATION THEREOF

Field of the Invention

(L EIEE The present invention is directed to an unleaded free-cutting brass, particularly for an
unleaded free-cutting brass having excellent machinability, leak-tightness, recastability, and

mechamical properties.

Bathgrsund of the

Invantion

RS RARAARAARARS,

B2 Traditional leaded copper alloy possesses good machinability and mechanical
properiies. Leaded copper alloy has been widely used in industrial materials, such as a water
valve or a hardware part in the commodity sector. For copper alloys 1o produce g valve, such
a3 a ball valve, good machimability of the alloy casting is necessary. In addition fo the anti-
corrosion properties of a copper alloy for use in various fluid environments, lead is an
unportant additive element for a copper alloy casting valve of, for example, plumbing
squipment or ship parts. Lead can embrittle nwming scraps of a copper alloy during a
machining process, 5o 45 o improve the machinability of s copper alloy. Howsver, owing fo
the awareness of environmental protection issues, lead, which i conventionslly added for
moproving the machinability of an alloy, bas been under consideration for replacement by
other alloving elements, During a leaded copper alloy fabricating process, a lead-containing
steamy may be produced, which iz detrimental to human health and also causes heavy metal
pollution issues for the enviroument. [n this vewn, advanced countries have recently placed
imcreasing emphasis on environmental protection issues. The Drinking Water Systems
Standards and Protocols of NSF has been published in northern America; the Restriction of
the use of certain hazardous substances {(RoHS 2.0) i Purope; and the Lead-free Law was
passed i California to seriously restrict the lead comient in copper alloys and the amount of
tead leaching in dnnking waler.

G083} To reduce the lead content in a keaded copper alloy, bismuth is often used o replace
iead to improve the machinability thereofl Patent Nog, CN 102828064 B and CN 102071336
B disclose that the machingbility of high-bismuth-containing brass having 0.3 w0 3.3
weight® of bisnruth is very close to that of a3 leaded brass. However, because the melting

point of bismuth is only 271°C, high-bismuth-containing brass has a tendency for hot cracks
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during the freezing course after casting. In addition, & lngh-bisnnuth-containing brass is not
an wieal valve material for welding use, becanse once the welding temperature is higher than
the melting pomt of bismuth, bot cracking often ocours and thus causes a valve leak during
convevance of a high-pressure gas or fhad.

jand} To reduce the wse of bismuth, replacing bismouth with cheap and eamly accessible
silicon 15 g new trend. Conventionally, the suitable additive cloments for an urdeaded brasg
alloy comwpnse silicon, bismmth, graphite, tin, fron, calebum, and so on. Adding 3 suitable
amount of silicon to g brass alloy bas advaniages associated with producing solid sohution
strepgthening and tmproving the Hlowability during casting and the weldability of an alloy.
Therefore, one of the major aspecis for developing an environmental-friendly brass alloy is
adding silicon as an additive for producing an unleaded brass ailoy, such as a conventional
ASTM CET800 sihicon wonze alloy, wherein 3.8 to 4.2 weight™ of silicon is added o brass
atloy. A high-silicon-contsining unleaded bronze alloy having excellent mechamoal strength
and anti-correction performance s achieved. Howsover, due o the increment of the sibicon
content in a convenlional ASTM CR7800 alloy, the range of the mushy zone of the alloy is
sigmficantly expanded.  ASTM C87800 allov is categorized as an alloy having a wide
freezing rangs of 93°C in the materials bandbook (see Copper and copper alloyvs published by
the American Society for Metals, Chapter: Copper Allov). This property can easily make a
casting formed from an ASTM C87800 alloy produce defocts with a locse microstrucihure
during a freezing operation, which renders the as-produced castings to have poor leak-
tightness perfommnance and cause leaking.

UL The conventional CR7800 silicon ronwe alloy i3 a ternary slloy composed of Cu-
147n-451. Because the allov comprises silicon and less than 13 weight™ of zine, 1t has
excetlent anti-derincification corrosion performance similar to that of red copper. However,
the silicon content of the CE7800 alloy being higher than 4 weight% widens the freczing
range of silicon bronze and leads to 8 mushy freeving type during a freesing operation. In die
cagting process, the permanent mold dissipates heat rapidly and suitable runner design can be
used o guwie the freszing directionality of the casting. While mosi other copper alloy
manufacturers use a sand mold casting process, the C87800 alloy castings solidify slowly to
form castings with loose microstructures, which cannot roeet the requircments for praciical
gse,

{8005} Patent Noa, TW 577231 and TW 421674 disclose that although adding 2 to 4
weight%s of silicon as the major strengthening element © an unleaded brass alloy o improve

the castability through enhancing the Howability of the melt, hard precipitates of the - or y-
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phase produced by silicon may reduce the tool life of a cuting tool. Thereforg, a trace
arpount of lead {loss than (L4 weight9e} is still added to imywove the machinability of a tool.

{71 Taha er. ¢/ [Am Shams Enginesring Journal, vol. 3, 2012, pp. 383-392.] conducied
research based on conventions] leaded silicon brass (60 weight%s of Cu, 025 10 5.5 weight®e
of 81, and 0.15 to 0.5 weight% of Pb}. They found that when 1 to 4 weight%s of §i and 0.5
weight® of Al are added to a Muntz metal alloy fo replace lead, and the sibicon content
reaches 3 to 4 weight%e, wludnSt and -CupZnSt roay be precipiiated.  Therefore, the
microstructure of the aslloy becomes finer, and the alloy has higher strength and better
ﬂowabiiiiy: However, the porosity of a casting is also imcreased. Puathawes e &l
[ Advanced Materials Resgarch, Vol B0Z, 2013, pp. 1691737 found that in g Co-Zn-X5i-
0.63n (=05, 1, 2, 3} alloy, when the silicon content is increased, the y-phase may be
precipitated at the phase boundary of the isometric B-phase, so as to form a reticular structure.
The addition of tin may make the B-phase and y-phase of the alloy more uniformly distributed
than those withoot the addition of tin. The hardness s inoreased to HV398, The formation of
the v-phase may ease the nuyning scraps to be broken, whereas the hard and brittle
characteristics of the y-phase may also make ool wear more serisusly,

[60G8] Criven the above, the solid solution strengthening effect of adding silicon is provaising.
Therefore, v order fo control an adeguate amount of silicon 0 prevent the formation of
excessive hard v-phase, thshi e ol (Sambo Copper Alloy Co. Litd, Japan) [Matenals
Transactions, vol. 67, 2003, pp. 219-223} invented an unleaded silicon brass alloy comprising
75.5Cu-381-0.1F-Zn, which is composed of the ¢-, y- and «- phases withowt precipitating 8-
phase and the eguilibrium p-phase. The alloy posacsaes good forgeability, castability, anti~
dezincification performance, and machinabihiy.

Lz ER A wude freezing range influences the filling bebavior of a Hguid phase during freezing.
I the Hguid phase cannot effectively [l the space among  the complex dendrites, fine
porosity is formed in g casting, Therefore, it is very mmportiant to understand the range of g
freezing range of alloy. Takeshi Kobayash: and Tore Maroyama ("Lead-free copper alloy for

52

casting,” Materia Japan, vol. 43, 2004, pp. 647 w0 650} use a thermocouple o show that the
freczing range of an unleaded CACE03 (Cu-108n-27n) alloy is larger than that of a icaded
CACAO6{Cu-83n-5Pb-52n} alloy. This shows that removing lead from a copper alloy
influences the castability of the alloy. Therefore, the melting and casting counditions of a
copper alloy should be strictly controlled.

L) Given the above, a novel unleaded brass alloy, which meets the requirements of both

the lead-free standard and the convenience needed for mass production, 13 desirable o replace



374189821

WO 2017/127284 PCT/US2017/013171

the conventional leaded copper alloy. Such anleaded brass needs to have excellent castability
and machinability without producing any loose microstructure duning 2 casting process. The
high guality valve casting made from such allovs has excelient lesk-tightness and anti-
derincification corrgsion performance sud meets the requivements {or transporting gas or
fhud.

{8611} in this connection, the present invention fargets modifying the composition of a
conventional silicon bronze to address the issues associated with & widened freezing range.
in particular, the siloy composition according to the present invention fargets s casting
process using a sand mold, so that the defects, such as a loose mucrostructure or a shrinkage
cavity tendency, resulting from a mushy freering zone may be reduced, and the quality of a
casting may be tmproved.

Summary of the lnvention

[8612] In order to meet the requiremends of an environmentally sustaingble development and
indusirial gpplications, producing lead-free products with acceptable mechanical strength and
castability is needed. The present inveniwm staris by using conventional cartridge brass as a
base material and further uses silicon as a mawn alloving element along with the complex
addition of 3 trace amount of other alloving elements, such as shuwinure, antimony, tin,
manganese, nickel or boron, to improve the characteristica of an unleaded silicon brass alloy.

{B013] One aspect of the present invention 18 o provide an unleaded free-cutiing brass alloy,
which avouds the long freezing process resulting from a wide freezing range of a conventional
ASTM C87800 high silicon-containing bronze alloy. The wide freezing range prolongs a
freering process of the alloy, so the ss-produced casting is filled with porous microsiruciure,
which loads o poor leak-tighiness. On the other hand, Patent Nos, TW 377931 and TW
421674 disclose that adding a high content of silicon to a copper alloy may produce hard -
and y-phases; therefore, the ool hife of 8 culting tool is reduced, and the processing time of
the cutting or machirung process may be increased. The above issues are also addressed in
the present invention.

G314} Another aspect of the present jnvention s to provide an unleaded brass alloy having
excellent castability, machinability and weldability, wherein the unleaded brass alloy of the
present mvention comprises 65 to 75 weight% of copper, 22.5 10 32.5 weight% of wing, 8.5 t0

2.0 weights of silicon, and other unavoudable mupurities. The alloy composition according
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to the present invention Dulfills the requirements of the materials for producing high quality
valves,

(8615} The addition of silicon according to the present invention may form g small amound of
precipiiates between dendritic oryaials, The precipitaies are the positions for erack fnitiation
in the fuming scraps during & cutting process, so that they may solve the deficiencies of a

high stlicon-containing brass alloy associated with being hardly welded and baving poor

machinability,
8616} Surprisingly, 1§ was found thet when the zinc content of a brass alloy of the present

mmvention s adjusted to 22.5 to 32.5 weight%, the silicon content 15 reduced o 0.5 1o 2.0

weight%s, and the fotal content of copper and zine in the brass alioy 1s 97.5 weight% or more,
mreferably from 97.5 o 98.5 weightds, such brass alloy may continuously crystallize ¢-Cu
from the hguid phase in the two-phase zone. Meanmwhile, the latent heat of selidification may
be continucusly released 50 as to prevent the decrease of the demal tempersture of an alioy.
Therefore, under 8 non-equilibroum freezing condition, once the concentration of the residual
wine atoms in the hguid phase reaches the theeshold for inithiating a penisctic reaction, the -
phase consumes the solute-rich bguid phase, nucleates, and grows from the surface of
primary o-Cu erystalz, Therefore, the perttectic reaction, L+a-Cyu —»g-phase oocurs. In the
cooling curve, the reaction plateau of the peritectic reaction lowsr than the hgudos Hne and
declined to the temperature of 859.7°C, at which the pertiectic reaction is completed. The
mushy temperatore zone 18 only 31.7°C, Therefore, the freezing range of the brass alloy is
narrowed. In other words, by moreassing the zine conternt of the unleaded free-cutting brass
alioy in the present invention, the Hquidus line of the alloy may be significantly decreased.
However, adding the alloving element other than copper and zine to the brass alloy may often
increase the proporiion of the crystallineg phase other than o- and B-phases. This could render
the anishy zone to possibly be solarged to 50°C or more. Surprisingly, it was fonnd that the
mushy zone of the brass alloy of the present mvention, having the total content of copper and
zine of 97.5 weight% or more, preferably from 97.5 to 98.5 weight%, may be significantly
reduced o about 30°C with respect to the conventional brass alloy.

8617} On the other hand, when the brass slloy according 10 the present mvention comprises
the total content of copper and zine baing 97.5 weight% or more, preferably from 97.5 to 98.5
weight%, and .3 to 2.0 weight®s of silicon, the microstructure of the brass alloy is composed
of - and B-phases. A skilled person in the art understands that there s a balance between the
o-phase exhibiting high ductility and the improvement of the machinability of turning scraps

resulting from an aggregation of exceasive sihicon-rich v-phase at the phase boundary. T was

W
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surprisingly found that according o the modification of such alloy composition of the present
mvention, the unleaded free-cutting brass alloy has both an adeguate proportion of the -
phase for exhibiling suifsble ductility, and proper proportion of the y-phase for exhibiting
acoeptable machinability. In addition, the y-phase of the unleaded free-cutting brass alloy of
the present invention way be formed at the interface boundary of the o- and §$-phases with a
significant reduced amount of precipiation. The guantity of the reticular v-phase precipitaied
atong the f-phase boundary is significantly redoced and the v-phase forms in a granular shape
and disinibuted vontformly between the ¢- and f-phases. Therefore, the alloy composition of
the unleaded free-cutting brass alloy according to the present invention makes the alloy

possess adequate mechamcal strength and achieve the officscy of good machinability,

Briel Beseription of the Drawings

G818} Figure 1 shows the cross-sectional images of the recast ingols made from the foundry
scrapes comprising {a} Comparative Example of ASTM C8780( sihcon bronze{prior ant); and
{b} the unleaded frec-cutting brass alloy according to the present invention, S7TIM3;the crogs-
sectional irpage of S73MS shows a relatively dense microstrucivre with good shrinkage.

{019 Figure 2 shows the optical microscope umages of the unleaded free-cutting brass alloy
of the present invention, T73M: () TTIMS, (b)Y T73MSE, {o) T7IMSN,

028 Figure 3 shows the short Coshaped and discontinuous wring scraps by machming the

unleaded fres-cutting brass alloy of the present jnvention: {a} T73IMS, (b)Y T7TIMSRE, (¢}

TTIMEN,
{021} Figure 4 shows the crack-free appearance around the welding beads of a valve cast

from the unleaded free-cutting brass alloy according to the present invention (T73MSR)

Dratnited Description of the Taventiog

9221 The unleaded free-cutting brass alloy according © the present invention may forther
comprise at least one elament selected from the growp consisting of sluminum, tin
manganese, uckel, antimony and boron, wherein the total content of the element(s} 18 2.5
weighi% or less,

0833} The unleaded free-cutting brass alloy according to the present jnvention may further
comprise at least one element selected from tin, manganese, nickel or antimony, wherein the

contents of tin, manganese or antimony are sach C.01 to G.35 weights, or the content of
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nickel 1 0.01 to 0.8 weight%s, and wherew the total content of the cloment(s} 15 2.5 weight%
or fess,

S]] The unleaded freg~cutiing brass alloy according o the prosent invention may further
comprise at teast one element selected from the group consisting of 8.1 1o 1.0 weight of
alumminum, 0.01 fo 0.55 weight% of tn, 0.01 o 0.55 weight®e of manganese, 0.01 o 0.8
weight% of nickel, 4.01 1o 0.535 weight%s of antimony, and 0.001 to 8.1 weight% of boron,
wherein the total content of the element(s} 15 2.5 weight®% or less.

{925} The unfeaded free-cutting brass alloy according to the present invention has a total
content of copper and zine of 7.5 weight%s or more, preferably from 97.3 to 98.5 weight?s,
{B028] The unleaded free-cutting brass alloy aceording to the prosent invention has the lower
timnit of copper content of 65 waightSt, 67 weight®s, or 68 weight¥s, whereas the upper limit
of the copper content s 70 weight%, 73 weight%s, or 75 weight%. The range of the copper
comtent can be any combimation of the aforementioned lower and upper limits, such as

preferably 65 to 75 weight% or 68 1o 70 weight%.

[aG27} The unleaded free-cutting brass alloy according to the present invention has the lower
o of silicon content of 0.5 weight®s, 0.75 weight%, 1 weight%, 1.1 weight%s, 113
weight%, 1.3 weight%, or 1.45 weight%, whereas the upper Limit of the silicon content is
135 weight%, 1.5 weight?s, 175 weight%, or 2.0 weight%. The range of the silicon content
can be any combination of the aforementioned lower and upper limits, such as preferably 1.0
to 1.5 weight%s or 1.1 10 1.35 weight%.

[BO28] The unieaded frec-cutting brass alloy according o the present invention may further
comprise aluminum, wherein the lower Hmit of the aluminum content is 0.1 weights, 6,15
weight®h, 4.2 weight%, or 0.25 weightSe, whereas the upper limit of the aluminum content is
.30 weight%, 0,43 weight®, 0.5 weight%, 0.6 weight®s, or 1.0 weight%. The range of the
aluminum content can be any combination of the aforementioned lower and upper limils,
such as 4.1 to 1.0 weightY, preferably 0.2 o 8.3 weight%, or more preferably 0.15 16 (.30
weight%,

[6029] The unleaded free-cutting brass alloy according to the present invention may further
comprise 0.01 to 0.55 weight’s of tin, wherein the lower hmit of the tin countent s .01
weight¥, 0.05 weight%, 4.075 weightYs, 0.10 weight%, 0.20 weight%, or 0.25 weight%,
whereas the upper limit of the tn content 1s 010 weight%, §.20 weight?s, .25 weight%s, 0.3
weight%, 0,40 weighi%, $.45 weight%, or 0.55 weight%. The range of the tin content can be
any combination of the aforementioned lower and upper limits, such as preferably 0.01 10 0.2

weight™, or more preferably 0.01 to0 0.1 weight¥a.

~J
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{8838} The unleaded free-cutiing brasse alloy according 1o the present invention may further
comprise 0.01 to 0.55 weight%s of manganese, wherein the lower hinut of the manganese
content 1s 0.01 weight%, (.05 weight¥, $.075 weight%, 0.10 weight®s, 0.20 weight¥, or
0,25 weight¥, whereas the upper Hmit of the mangavese content is 0.10 weights, 0.20
weight%, 0.25 weight, 0.3 weight¥s, 0.40 weight%, (.45 weight%, or 0.55 weight%, The
range of the manganese content can be any combination of the aforementioned lower and
upper limits, such as preferably .01 to 025 weight% or more preforably 0.10 to 020
welght%,

{31} The unlcaded free-cutting brass alloy according fo the present invention may further
comprise 0.8 weight% or less of nickel, wherain the lower limit of the nickel content is 0.01
weight%, (.05 weight?s, 0.075 weightSs, (.10 weight%, 0.20 weight%s, or {125 weight%s,
whereas the upper lmit of the nickel content 1 0,10 weight%, 0.20 weight%, 0.25 weight’s,
0.3 weight%s, 0.40 weights, 1,45 weighths, or 0.55 weight™%, 0.65 weaight™, (.78 weightYs,
or 0.80 weight%s.  The range of the nickel coutent can be any combination of the
aforementioned lower and upper limits, such as .01 1o .55 weight%, preferably 0.01 t0 0.23
weight%, or more preferably 0.10 10 .20 weight%s.

832} The unleaded free-cutting brass alloy according o the present mvention may further
comprise .01 to 0.55 weight% of antimony, wherein the lower lirout of the antmony content
is 001 weight%, 0.05 weight%s, 0.073 weightbe, (.10 weight%, (.20 weight%, or 8.25
weights, whereas the opper hnut of the antimony conlent is (.10 weight%, (.20 weight%,
(.25 weight™, 0.3 weight%s, (.40 weight™, .45 weight%, or .55 weight%. The range of
the antimony content can be any combination of the aforementioned lower and upper Hiils,
such as 8.1 to 0.45 weight%, preferably 0,13 to 0.45 weighi%, or more preferably 0.20 o
.45 weight™.

{H633) The unleaded free-culting brass alloy according to the present invention may further
comprise 0.001 t0 0.1 weight% of boron, wherein the lower hmit of the boron content 15
3.001 weight%, 0.005 weight%, 0.01 weightSs, (.02 weight%, 0.03 weight%, (.04 weight%,
$.08 weightds, 0.06 weight?s, 0.07 weightt, 0.08 weight, or 0.09 weaght®s, whereas the
gpper Hmit of the boron content is 0.003 weightSs, 0.01 weight%, 0.015 weightVs, 0.025
weights, 0.035 weight%, 0.045 weight%, 0.055 weight%, 0.065 weight%, .075 weight%,
(3.085 weight%, 0.0%5 weight%, or 0.1 weight®. The range of the boron content can be any
combination of the afovrementioned lower and upper limits, such as preferably 0.001 10 0.08

weight¥ or more preferably 0.001 to 0.02 weight%.

e
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{89341 The unleaded fres-cutting brass alloy according o the present invention bas the
unavoidable lead content of the brass alloy of .15 weight%: or lass, preferably 8.1 weight%
or less.

{8035} The unleaded free-cutting brass alloy according io the present mvention, has the
unavoidable iron content of the brass alioy of .15 weight or less.

{8036} The unfeaded free-cutting brass alloy according to the present venfion comprises
other anavoidable bmpurities, for example, but not Himuted to, at least one clement selected
from bismugh, lead, ton, sulfer, phosphorus or selenin.  The total content of the
unavoidable lmpurities s 0.5 weight% or less, preferably 0.3 weight% or less,

{037} According to one preferable embodiment of the unleaded free-cutting brass alloy
according o the present wmvention, the brase slloy further comprises at least one elevoent
selected from the group consisting of 8.2 1o 0.5 weight% of aluminum, 0.01 to 0.2 weight%
of tin, 0.0 to 0.25 weight®e of manganese, G.01 to 0.535 weight% of nickel, .1 to 0.45
weight% of antimony, snd 0.001 o .05 weight®s of boron, wherein the total content of the
element{s) 18 2.5 weight% or less, and wherein the total content of zine and copper is 97.8
weight%s or more.

{B038} The present inveniion further relates o 2 casting process, wherein a melt of said brass
abloy is used to cast satd brass alloy in a green sand mold, a furan mold, or a metal mold, so
as o produce a casting.

{39 The casting process according 0 the present invention is conducted 81 2 femperairs
wuitable for casting of 930 to 1200°C, praferably 30 to 1100°C, and more praferably 1000 o
1080°C.

{3048} In the casting process of the present mvention, the casting is subjected to machining o
produce 3 machined workpisce and tuming scraps thergof.

411 in the casting process of the present invention, the melt of the brass alloy further
comprises the remelting of the machined workpiece o turning scraps thereof produced by the
method according o the present invention,

G342} As stated above, the unleaded free-culting twass alloy according o the present
imvention has excellent castability, Therefore, it 15 particularly suitable for any casting
products, such as a casting produet produced by a sand casting, 8 gravity casting, a meial
mold casting process; a ship part; a water hardware; a piping part and sccessories thereof; a
valve, such as a ball valve, a gate valve, a check valve, a gate valve with or without a lifting
rod, a buttertly valve; a filter, such as a Y-strainer, a pump; or 4 component having a complex

shape, such as a bearing, a screw, a nul, 3 bushing, a2 gear, or 3 hydraulic component. The
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unleaded free-cutting brass alloy according to the present invention s particularly suitable for
any pressure resistance products, such as g high-pressure valve, a nozede, 3 agh-pressure pipe,
O 8 Pressure pump.

{3431 The fimal and the most wmportant demanding characteristic of the wnleaded free-
cufting brass ailov according to the present invention is the leak-tightoess associated with a
casting material, Thervefore, the present invention further relates 0 an unleaded brass alloy
casting product, such as a valve, for example, a ball valve, a gate valve, a check valve, a gate
valve withowt a lifting rod, & gate valve with g lifling rod, or g butterfly valve; a piping part;
or filter, for example, 3 Y-strminer, which comprise an unleaded fres-cutiing brass alloy
according {0 the present invention.

HHEEEH The undeaded brass alloy casting product according to the present invention cOmMprises
z valve, for example, a ball valve, a gate valbve, a check valve, a gate valve without a lifting
rod, a gate valve with a lifting rod, or a butierfly valve; a piping part; or a fler, for example,
a Y-strainer, which do not leak at a pressure of 906 psi or more.

451 The unleaded brass alloy casting product according to the present invention comprises
a valve, for example, a ball valve, s gate valve, g check valve, a gate valve without 3 hiting
rod, a gate valve with a hifting rod, or a butierfly valve; a piping part; or a filter, for example,
2 Y-strainer, wherein the lower it of the tengile strength is 280 MPa or more, 331 MPa or
more, 3155 MPa or more, 409 MPa or more, 450 MPg or roore.

HEELY The unicaded brass alloy casting product according io the present inveniion comprises
a valve, for exampde, a ball valve, g gate valve, g check valve, a gate valve without 3 hiting
rod, a gate valve with a lifting rod, or a butterfly valve; a piping part; or 2 filter, for example,
a Y-stramner, wherein the lower hmit of fracture elongation is 8% or more, 9% or more, 16%
or more, 20% or more, 25% or more, or 32% or more.

{6847 The unleaded free-cutting brass alloy according o the present invention possesses the
following characteristics and advantages: 1. The alloy according io the present inveniion has
machinability similar o that of a leaded brass, 2. The alloy according to the present invention
has superior recastability and melting convenience. 3. The alloy according to the prosent
mvention has superior mechanical properties, o that it can be ased in 8 welding process
withowt having the risk of producing hot-shortness as that of a conventional bismuth-
containing brass alloy, and has good leak-tighiness. 4. The alloy according to the present
invention has excellent anti-dezincification comrosion performance. The above characteristics
all fulfill the requirements for the use of a high-value and high-quality valve.

The freezing range of the unleaded free-cutting brass alley

10
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{0048] According to an embodiment of the present invention, when 8.1 to 1.0 weight% of
aluminum and 0.01 to .35 weights of tin are siultancously added (o the unleaded free-
cutting brass sloy, since the minor clements, aluminum and tin, pertain to low-melting point
elements with respect to copper, the Hguwd phase of the solute having a low-melting point
may continuously release the latent heat until the whole froezing process has been completed.
Therefore, ihe brass alloy may change states from a luguid phase to a complete solid phase at
a much lower temperature. The temperature difference of the binary-phase zone of the brass
alley having a composite addition of alwnimum and tin 3 about 60°C,

[6049] According o an embodiment of the presemt invention, .1 to L& weightS of
aluminum may be further added to the unleaded free-cuiting brass alloy, wherein the
temperature difference of the binary-phase zone stilf remains 35°C. In addition, by increasing
the aluminum content to 1.0 weight%, the solidus temperature of a brass alloy can be further
reduced, so that the temperature for completing the pentectic reaction can be reduced
gecordingly.

[BGSH] According to an embodiment of the present nvention, .01 o §.55 weight™% of
mangansse may be further added to the unleaded free-cutting brass alloy. The lemperature
difference of the binary-phase zone of the brass alloy may be reduced to about 30°C,

51 Jn the other hand, at least one element selected from the group consisting of silicon,
shimimun, tn and manganese may be added o the unleaded frec-cutting brass alloy of the
present invention (o remove the undesizable gas tn melt and to purify the melt. Therefore, the
gas sources, which form gas pores during a Feezing process, such as oxygen, nitrogen,
hydrogen, or carbon dioxide, may be reduced. In addition to having a narrow freezing range
of the unleaded fres-cutting brass alloy of the present invention, the shape-{illing capacity of
the melt according 1o the present invention can be improved. After the casting and freezing
processes, the unleaded fres-cutling brass alioy of the present invention may form a dense
casting microstructure. Therefore, the vield and leak-tightness performance of the resulting
castings are significantly tnproved.

bdechanical propertics of the unleaded free-catting brass alloy

[Bas2} According to a preferred embodiment of the unleaded free-cutting brass alloy of the
present invention, the silicon content is further reduced to 0.5 to 2.0 weight%s, preferably 1.1
to 1.35 weight®s, 1o prevent excess content of the y-phase from being precipitated at the grain
boundary, which may lmnpart a negative impact on the mechanical properties. According (o
an embodiment of the present invention, .1 to 1.0 weight% of sluminum may be further

added io the unieaded free-cutting brass alloy as a solid-solution-strengthening elemant.
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18953} According o a preforred embodiment of the unleaded free-cuthing brass alloy of the
present invention, when the silicon content 15 reduced 0 0.5 to 2.0 weight, preferably 11 o
1,35 weight%, the Xeray powder diffraction analysis result shows that the mucrostructure of
the unleaded free-cutting brass alloy of the present invention is mainly composed of dual o-
and B-phases. In addition, according to one embodiment of the unleaded free-cutting brass
alloy of the present invention, when .1 to 1.0 weight™ of aluminum can be further added 1o
the brass alloy, the ¥X-ray powder diffraction analysiz result shows that the diffraction peak
around 43.4° assoviated with the B-phase has g much higher intensity than those of the other
peaks., This X-ray powder diffraction analysis resolt s consistent with the microstructure
characterization result showing that the fraction of B-phase is higher than the others.

{3541 Regarding the mechanical strength of the unleaded free-cutiing brass alloy of the
present invention, although the silicon content of the brass alloy i3 reduced to 0.5 w0 2.0
weight%, preferably 1.1 o 1.35 weights, the deficient of silicon can be made uwp by
mereasing the zinge content io 22.5 o 32.5 weight®e or by additionally adding 0.1 to 1.0
weight%s of aluminum. Therefore, the solid-solution-strengthernong effect resulting from
priginal silicon element still can be retained. Hence, the unlesded free-cutting brass alloy
according 1o the present invention has a mechanical strength, which is very close to that of a
commercial CE7800 silicon bronze,

The machinability of the unleaded free-cutting brass alloy

RO Conventionally, the elements, lead and/or bismnuth, are added to the alloy to medify
the machinability of an alloy, so as to prolong the tool Bife of a8 cutting nol, to reduce the cost
of a machiming process, and o produce discontinuous tuming scraps.  However, such
objectives alsoe can be achieved by increasing the countent of zine i the brass alloy of the
present invention to 22.5 o 32.5 weight%, while the total content of copper and zine 5 97.5
weight%s or more. In addition, by increasing the zine comtent, the hardness of the unleaded
free-cutting hrass alloy may also be increased, whereas the B-phase having poor ductibity also
provides weakness points for initiating the cracks, 50 as fo improve the machinability of
frning scraps.  Moreover, according o an embodiment of the unleaded free-cutting brass
alioy, the formation of the hard v- and x-phases by adding 0.5 to 2.0 weights, preferably 1.1
to 1.35 weight®%, of sthcon may alse improve the machinability of turning scraps.

[BG56] According to ancther embodiment of the present wvention, 0.001 o 0.1 weight9s,
preferably 0.001 o 0.0 weight¥, and more preferably 0.001 to 0.02 weight®s, of boron or
.01 1o 0.8 weighi% of wickel can be further added o the unieaded frec-cutting brass alloy of

the present invention. The addition of mickel in the brass alloy may transform the g-phase

12
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from Widmanstitten structures into dendrite structurss. In comparison with the
mijerostructiure of an unleaded {free-cutting brass alloy without adding any boron or nickel, the
v-phase of the boron or nickel-containing brass alloy 15 distnibuied withim the ¢- and f-phases
in granular shapes. Particularly, when boron 5 added o the brass alloy, the y-phase may be
precipitated along the grain boundary, On the other hand, a sibicon-rich sohute Hogud may be
discharged to the interspaces of the frozen a-phase dendrites through the addition of mickel to
the brass alioy. Therefore, an inter-metallic compound of B+ and v-phases can be formed
among the dendrites by adding 8.001 {o 0.1 weight% of boron or (.81 1o 0.8 weight%s of
nickel o the alloy. From an EDS analysis, it is confirmed that the concentration of zine and
silicon of the y-phase 1s higher than that of the matnx

{8057 Although the v-phase produced by adding 0.001 o 0.1 weight% of boron or 0.01 to
0.8 weight% of nicksl may have a negative tmpact on the ductility of a brass alloy, due io the
lack of a conventional cotting-fres clement, such as lead or bisnuth, being added to the slloy,
if is necessary to produce hard precipitaies of 2 compound phase within the alloy for breaking
the continyance of the microstructure.  The precipitates may act as lead added v 8 copper
alloy for enhancing the machinability of the turning scraps withowt grestly retarding the
mechanical properties of the alloy. Given the above, the y-phase affects both the mechanical
properties and the machinability of the alloy. Furthermore, when 3.001 o 0.1 weight®s of
horon or 0.01 to 0.8 weight% of nickel 13 added o the brass alloy, the as-produced granslar v~
phase, which is uniformly distributed between the «- and PB-phases, may form an ideal
precipifating type.

The anti-dezincification corvosion performance of the anieaded free-cutting brass alloy

{B058] The nnleaded free-cutting brass alloy of the present wveniion comprises 22.5 o 32.3
weight% of zine. The fraction of the B-phase in the brass slloy i3 increased with the
increment of the zinc content. When the zine content 15 legher than 135 weight%, U mmay cause
problems associated with a significantly selective dissolntion of zine. Therefore, porous and
loose pure-copper may reside i the swtace demincificabion layer, ie. a dewincification
COrTORIOn Phenomensn.

{8059] The present invention provides an unleaded free-cotting brass alloy having said anis-
dezincification corrosion performance. The brass alloy of the present mvention may further
comprise a trace amount of boron, nickel or antimemy, so as to improve the anti-
dezincification corrosion performance of the brass alloy,

18068] According o an embodiment of the unleaded free-cutiing brass alloy of the present

fnvention, the brass alloy further comprises §.001 o 0.1 weight%, preferably $.02% or less,
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of horon andfor .01 to 0.8 weight%, preferably .01 to 8.55 weight™, of nickel to improve
the anti-dezincification corrosion performance.  According to another embodiment of the
unleaded free-cutting brass alloy of the present fnvention, 0.0 to (.55 weight%s, preferably
0.15 1o .48 weight®%, and more preferably .25 o 0.43 weight% of antimony may be added
to the unleaded free-cutting brass alloy of the present imvention to improve the ant-
dezincification corrosion performance. Therefore, the unleaded free-cutting brass alloy of the
present invention meets the standard under 1SC 6308-1:2014 stipulating a correction standard
of less than 190 um and significantly improves the anti-dexineification corrosion performance
of the brass alloy. The brass alloy of the present invention not only complies with the lead-
free standard of an unleaded brass alloy but also has better anti-dezincification performance.
In asddition, the brass alloy of the present invention sigoificantly inlubits the dezincification
corrosion behavior, when the zine content of the brass alloy is higher than 15 weightfe.

The recastability of the unisaded free-cutting brass alioy

HEEE: One of the aspects of the present invention is o provide a brass alloy having good and
convenient recastability. As stated above, the onleaded free-cutting brass alloy according to
the present invention has g narrower froering range. This allows the phase transformation
process of a brass alloy o gquickly pass theough the mushy freezing zone during freezing.
Hence, the unieaded free-cutting brass alloy according to the present invention may achieve
an excellent casting convenience, The term “casting convenitence” used herein refers to that
situation when the raw materials including furming scraps, runmers, and foundry réturns for
producing the alloy is fed 1o the furnace; due to the relative low melting-point characteristics
of the alloy, both the meling time and the electric power conswmption may be reduced. In
addition, when the fres-cutting alloy of the present invention is recast, no additional machine
or chemical agent is used to remove the gas during 8 refining process. The melt according o
the present inveniion has excellent flowability and purity. Regarding the casting process of
the unleaded free-cutiing brass alloy according io the present invention, since the hurning
scraps and the foundry returns of the castings can be effectively reused, the recycling costs
may be greatly reduced. From the comparative example shown in Figure 1{A), it is obvious
that the casting recast from a conventional silicon brass alloy is filled with porous defects,
whereas the casting recast from the unleaded free-cutting brass alloy of the present invention
reveals not only good shrinkage behavior b also 2 dense microstructure without forming
anty defects of loose swructure.  As shown in Figure 1{B), in companson with the ASTM
CR7RG high silicop-containing brass slioy or the materials disclosed in Patent Mo, TW

577931, since the unieaded free-cutiing brass alloy according o the present invention has

14
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relative low copper content, the costs of the raw material may be advaniageousty reduced. In
asddition, the novel urnleaded brass slloy according to the present invention provides a solution
t the technical problems associated with the formation of defects resulting from a freezing
process,  Therefore, the alloy composition of the present imvention solves the leakage
problems of a conventional silicon brass alloy for use of a lugh-pressure valve produced by &
casting process.

3462} When boron or nickel is added to the unleaded free-cutting brass alloy, the freexing
range still remains around 35°C, and the temperatre difference of the binary-phase zone is
not increased.

j863] Accaording to another embodiment of the present invention, the unleaded free-cutting
hrass alloy further comprises 0.01 to .8 weightS, praferably (L.01 to 0.55 weight%, of mickel.
The addition of nicke! according to the present invention yuay affect the freering type of the
alloy. It is believed that the unleaded frec-cutiing brass alloy according o the present
invention firstly crystallizes the g-phase Ca at 903°C and then the B-phase at 888°C. When
the temperature is decreased to the solidus tomperature of the alloy, 869°C, which represents
that the peritectic veaction of the Pephase and liguwd phase is comapleted, two exothenmae
peaks can be observed from a DBC curve, which comesponds to the two crystallization
sequences of the s-phase and S-phase. Since micke! pertains to an slement for stabibzing the
g-phase of the alloy and has a relative high meliing temperature, the crystallization
temperature of the w-phase may be inereased accordmgly.

BG4} According to one preferred embodiment of the undeaded free-cutting brass alloy of the
present invention, the alloy comprises 63 to 73 weight% of copper and 97.5 to 98.3 weight’
of copper and zinc in total. As stated above, sthicon may posﬁive}y impart 8 sohd-solutiog-
strengthening effect on the brass alloy, Therefore, the alloy of the present invention has good
mechanical strength and ductility.  The additive elements comprise 1.0 1o 1.5 weighi% of
aiticon, 4.1 to 0.6 weight% of aluminum, and at lesst one clement selected from the group
conststing of .07 to 0.2 weight% oftin, .15 to 0.45 weight% of antimony, and 0.01 t0 .25
weight% of manganese.

[8065] According o one preferred embodiment of the vnleaded free-cutting brass alloy of the
prasent mvention, the unleaded free-cutting brass alloy having both excellent machinability
and mechanical sirength comprises 65 0 75 weightds of copper and 1.0 to 1.5 weight¥ of
siticon, and further comprises $.01 to .55 weight¥ of aptimony. The copper-silicon-
antimony compound, which is wniformly precipitated within the o-Cu solid solution, may

produce a free-cutting offect similar to that of a brass alloy added with lead or bismuth,
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during a machining process. In addition, the unleaded free-cutiing brass alloy of the present
vention has advantages regarding being composed of a simple phase structore and having a
temperaturg difference of the binary-phase zone being 30 1o 35°C.

{3166} The principle of adding a large amount of manganese as a solid-solution-
strengthening element in the brass alloy o fome an inter-metallhic compound may also be
applied to the unleaded free-cutting bwass alloy of the present invention, According 1o ong
preferred embodiment of the unleaded free-cutting brass alloy of the present imvention, the
atioy comprises 65 1o 75 weight’% of copper, 22.5 to 325 weaight% of zine, 0.5 o 2.0
weight% of siticon, 9.1 to 0.535 weight™ of manganese, and 97.5 weight% or more of copper
and zme i dotal. It was surprisingly found that 0.1 0 0.55 weight% of manganese beng
added to the undcaded free-cuiting brass alloy of the present invention may form a matrix of
g-phase and a small amount of J-phase, wherein the hard MusBi; inter-metallic compounds
are distributed within the alloy and provide good wear resistance.  The alloy still has a

relatively narrow tomperature difference of the hinary-phase zone, of about 30 to 35°C.

EXAMPLE

JBO6T] The fullowing staies the examples of the present invention. As {0 the techmical
problems associated with the commercial unleaded é()ppﬁi* materials, the following detailed
disciosure and figures of the preferable embodiments of the unleaded fres-cutting brass alloy
according to the present mvention clearly describe the advantages and characteristics over the
prior a1t materials.

6] The embodiments of the present invention are as follows;

Example 1 Producing au snleaded free-cutting brass alloy

18069 C 1104 pure copper, 87800 silicon bronze alloy mmgot, and cartnidge brass are used as
the raw maderisls for melting. Beforg discharging from the firnace, the necessary amount of
aluminum {99.9%;, tn (99.8%), aatirmony (899.8%), boron copper, a 99% manganese copper
alioy comprising 30 to 70 weight% of manganese, or £7541 copper-nickel-zine alloy {copper
-zine -1 3%nickel alloy) can be additionslly added to the melt. According to the desired slloy
composition design, after being weighted with g desired aroount of said smeliing roaterials,
they are fed into a graphite crucible of a high-frequency indoction beating finance in the
sequence from high to low meling-point thereot o be melted.  In order to decrease the
consumption of zine during a melting process, pure zine is added at a temperature of 930°C.

The temperature i then increased to 1050°C+23°C o discharge the melt. After removing the
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slag of the swrface oxide, the melt was poursd imfo a preformed green sand mold at a
temperature of 950°C. The composition of the as-formed casting is characterized by using &
spectrometer {SPECTROMAXY, Germany), and the composition analysis results are shown
in Table |,

G878} The melted materials used in the examples deacribed in the present invention may be
modified and selected by any skilled person in the art as needed.  Except for copper, zine and
silicon, nther components, such as alominum or manganese, are not the essential elemnents (o
the present invention,

{Ba71 Table 1: the chemical composition analysis resulis of the unleaded free-cutting brass

alloy of the present fnvention {in weight%).

Sample Mo,  Zan Bi Al Sn Mn Ni it Fe Fo B

ERIGE. 2805 | 2.25 G.386 0351 0520 0003 000 0063 0.003 G
STIME 29.16 124 0229 (073 (483 G017 000 0.032 0.004 000
SATIMS 2863 125 4,452 0074 048 0017 Q00 0.4031 0005 000
BST3M 2758 135 {101 0.1 0.04 0017 045 0032 006064 GO0
TTIRS 2857 1.32 0,329 (124 (288 (016 000 ©.032 L0602 GO0
TIIMER 2908 13 0,278 0018 0136 0016 0.00 0008 GO 04

TTIREEN 2803 1.29 0238 QI8 0280 0778 000 G032 G001 000

Eranple 20 The elfota of the silicon content

72 The microstructure of the Comparative Example brass alloy 73M4 (81 > 2.0%)
consists essentially of the o, §- and y-phases, where the v-phase is precipitaled at the phase
boundary of the B-phase and within the P-phase. Since the y-plase is hard and brutle, an
excessive amount of the v-phase being precipiiated may overly increase the strength of the
alloy, whereas the ductitity is significantly decreased. The £DS analysis results show that the
y-phase is divected to a zinc- and silicon-rich compound. Because a large amount of rough v-
phase is precipitated at the P-phase boundary, @t may impart a negative mmpact on the
mechanical properties of an alloy. Particularly, it is believed that when the silicon content
exceeds 2.0 weight®e, the excessive silicon-rich y-phase may start to be precipitated af the
grain boundary, However, # was surprisingly found that when the sihoon content of the

unleaded free-cutting brass alloy, S73MS or SAT3MS, of the present invention is reduced o
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2.0 weight%s or less {about 1.24 to 1.25 weight?s), the diffraction spectra show that the
unleaded free-custing brass alloy, 873M5 or SA7IMS, consiete sssentially of dual a- and B-
phases., In addition, the diffraction spectrum of SATIMS shows that the intensity of the §-
phase peak at 43.4° is higher than the other diffraction peaks. This result is consistent with the
microstructure of SATIMS, which reveals that the fraction of the [-phase is increased.

{573 On the other hand, the oucrostructure characterizations of 373MS and SAT3IMS
proved that the w-phase of the slloy forms Widmansiéitien struchure, whereas the rest is the p-
phase. Again, these results are consistent with their diffraction analysis results, In addition,
there are no diffraction peaks associated with the v-phase that can be found in the diffraction
pattern. The SEM image of 873M5 shows that the y-phase 18 mostly formed at the inter-
phase boundary of the o and B-phases, and the amount of the precipitation is significantly
reduced. Therefore, the amount of reticudar-shaped precipitates of the v-phase precipitated
along the B-phase boundary is sigmficantly reduced. Accordingly, the v-phase s transformed
into 8 granular structure and poiformly distributed at the grain boundaries. Given the above,
the experimenial results show that the decrease of the silicon content i an unleaded free-
cutting brass alloy of the present invention may decrease the amount of the y-phase. In other
words, by reducing the silicon content fo 2.0 weight™ or less according to the present
invention, the strength and ductility of the brass alloy can be mmproved, so that the brass alloy
of the present invention has suitable mechanical properties,

Example 3 Chavncteskaton st e machaialiy

D074 In Example 3, a conventional lathe 15 used to determine the machinability of taming
scraps made from different copper alloy compositions under identical machining conditions.
A commercialized disposable tungsten carbide having a nose angle radins of 8.4 mum is used
as the turning tool. The turning conditions, 1 rom of the culting inlet depth, .09 nunfrev of
the feeding rate, and 350 rpm. of the wmrning speed, are used to cheracterize the
machinability of the turning scraps. When the furning process is completed, 20 peces of the
turping scraps are randomiy selected and weighed, and the length of the turning scraps are
measured. The obtained results are categorized according to the 180 3685 standard of turning
scraps, so as to evaluate the machinabibity of a copper alloy.

R8T The microstructure of a conventional 36000 leaded free-cutting brass alloy is
composed of the o- and B- dual phases and pure lead distributed at the o~ and B-phase grain
boundary. The microstructure feastures of the conventional C36000 alloy could meet the
requirements of the machinability and mechanical strength in practical use. Therefore, the

conventional C360040 leaded cutting-free brass is desmed as the standard sample and defined
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as g reference product having a machinability of 100%. In order to meet the requiremenis of
the environmental protection policy, the present inveniion uses the y-phase precipitaies
formed in the microstructures of the unleaded free-cuiting brass alloy, such as T73MS,
T7IMSER, or T7TIMSN slloy, to improve the machinability of the turning scraps. Figure 3
shows that the twmng scraps of the T73MS, T7IMAB and TTIMSN alloyvs bave a
discontinuous C-shaps.

{BG76] Considering the trade-off between the mechanical strength and the machinability of
the alloy, the present mvention 15 direcied fo designing an alloy compostiion having less
fropact on the mechanical strength. By modifying the silicon content, the hard y-phase may
he controlied, so that i is distributed at the phase boundary in 8 granular shape. Therefore, the
detrimental influence of the hand precipitates on the mechanical strength of an alloy may be
minimized. Consequently, the machinability of the brass allov according to the present
nvention reaches a value similar fo that of the U84400 leaded brass (having a machinability
of 90%), and the processing time s close to that of 3 convendional leaded brass. The
unleaded free-cutting brass alloy obviocusly has more advantages for wmass production
compared to the other pwo silicon brass alloys, as shown in Table 2. Figure 3 shows that the
turning scraps of the undeaded free-cutting brass alloy {the T73MS, TT3IM3B, and T73M5K
allovs) have g discontinuous Coshape, This result revesls that the unleaded free-cutting alloy
of the prosent inveniion possesses excellent machinability, and the turmning scraps produced
during a machmng process may not adhere fo the culing tool. (Given the above, the
pracessing time of the alloy according o the present invention can be significantly mintoized

in comparison with those having hard k- and y-phases being present within the microstruciure.

HBG77} Table 2: the processing time for mackining valves having an wdentical size.
Comparative Comparative Comparative
Example Example Example Example
ASTM T73M Series ASTM ASTM
_ CR4404 {87850 {87800
s
Processing g 50 15 15

time {3e0)

G78] In Example 4, an 180 standard testing method, 130 630%5-1:2014, was used o

determing the anti-dezincification corrosion performance of a copper alloy, This standard

testing method s particularly suitable for defermining the anti-dezincificalion corrosion
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performance of a copper alloy having 15 weight% or more of the zinc content,  According to
the ISOC standard festing method, 12.7g of hydrous copper chlonde (CaCly 2H,O) was
dissolved in 1000 mi of de-ionized water (<20 pS/em), and then the copper chloride sohution
was heated and maintained at a temperature of 7545°C through water heating. The sample
was then out into a size of 10x<10x5 mun, so that the exposure arce of the sample for the
testing solution was 100 mme. After being mounted, the surface of the sample was polished
by a #1000 sandpaper. The sample was dipped in the solution for 24b+30 min. After using
de-ionized water to clean the surface of the sample, the sample was cut along the direction
perpendicular o the botiom surface of the bzaker. To avoid the detachment of the
dezincification laver from the samiple, a #2500 sandpaper was used to polish the cross-section
plane, so that the dezincification layer could be distinguished from the wncorroded substrate.
Therefore, the thickness of a dezincification laver and the uniform corrosion depth could be

determined.

{80791 The iotal thickness of a partial dexincification layer of Comparative Example

cartridge brass is 332 ym. The uniform corrosion depth resulting from the copper chlonide
etching solution of Comparative Example C87830 is 174 um; bowever, Comparative
Example C8780{ does not have a partial dezing:iﬁcgti&m faver. The uniform corrosion depth
resulting from the copper chloride eiching sohution of Comparative Example C8T850 18 133
um, whereas the thickness of a partial dezincification layer s 72 pury; therefore, the total depth

of the corrosion laver 1s 205 pm.

[B080} The thickness of the partial dezincification layer of the unleaded free-culting brass

alloy T73MSB is 181 wm.  The uniform comrosion depih of BS73M is 45 um, whereas the
thickness of a partial dezincification layer is ondy 9 pm. Hence, the total corrosion depth of
BE73M is only 54 pm. Given the above, the thickness of s partial dezincification layer
resulting from the copper chloride etehing sohution of T73MSB is much thinner than that of
132 um of Comparative Example, cartridge brass. In addition, the comosion depth of BR73M
is mich thinner than the corrosion depth of 174 pm of Comparative BExample, C87800. The
anti-unifonn corrosion performance of the BS73M alloy according to the present imvention 1s
much better than that of Comparative Example, C87800. However, the partial anti-
dezincification corrosion performance of the BS7IM alloy is slightly worse than that of
87800, The totml comosion depth of the BS73M is thinner than that of Comparative
Example, CR7800. The resistance performance of the BS73M alloy to uniform corrosion and
partial derincification corrosion according to the present inveniion are both better than those

of Comparative Example, C87B50.
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8081} By comparing Example T7IMSB and BST3M with Comparative Example cartridge
brass alloy having 70 weight% of «;:.(_qﬁper snd 30 weight% of zing, the partial desmincification
corresion depth can be decreased from 332 um io a relatively low level. The above resulis
already prove that the unleaded fres-cutting brass alloy according 1o the present invention
have improved the anti-dezincification comosion performance.  Given the above, the
unteaded frec-cutting brass alloy according io the present invention meets the requirementds of
both AS2345 and ISO650%, which are direcied to the standards of an anti-dezincification

performance of a brass alloy,

821 The macrostructure of Comparative Example C87800 alloy prior fo being recast is
mostly composed of colonmar grain structores. In addition, an unfilled porous structure 18
present among dendrite structure.  Sinular macrostructure can be found in Comparative
Example C87800, Comparative Example C87850, and Example T73MSN of the present
inveniion. Afier the alloy has been recast, it is found that the recast ingot of Comparative
Example CE87800 does not reveal a shrinkage cavity tendency during freezing; instead, the top
surface of the ingot is expanded, and 2 large amount of loose defects are present mside the
ingot. It is inferred that because a wide freezing range of Comparative Example C87800
alloy as well as the attachment of mwoisture and coiting oil to the re-melt of the foundry
returns and turning scraps, the gas content of the slloy bauid is increased, and the porosity of
the casting is increased. The wide freezing range of CB7B00 sigmificantly reduces the casting
convenience of the alloy, and the mechanical properties of a recast C87800 alloy cannot
achigve the same level as an original C87800 alloy. It was surprisingly found that the recast
unleaded free-cutting brass slloy of the present invention revealed a normal shrinkage cavity
tendency during a freczing process. kB is found that the macrostructures of Examples T73M3
and T7IVSB before or after being recast are both composed of dense isometric grains
without the presence of porosity. This means that Example T73M3 and T73M3B alloys have
excellent casiing recastability and acoeptable mechanical strength,

{B083} The re-melt of the unleaded free-cuiting brass alloy according to the present invention,
which may pass through the runner several toes and comprises machined workpieces and
turning soraps baving cutting oif attached thereon, may be directly fed into the fumace during
a recycling melting process without adding any refining or degassing agent to the mell.
Meither a chemical degassing process associated with a reduction reaction nor a physical
degassing process involving decreasing the terperature of the melt is needed during &

recycling smelting process.  After the recyeling process of the unleaded free-cuiting brass

21
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alloy has been completed, the melt can be directly discharged when the temperature s
reached. The casting process is conducted at a teroperafure suitable for casting of 930
1200°C, preferably 950 to 1100°C, and more preferably 1000°C o 1080°C. After powring
the mell inio a sand mold, the melt exlobits a normal shrinkage cavity tendency, excellent
castability, casting convenience, and good mold filling ability, Therefore, the unleaded free-
cutting brass alloy according to the present invention bas excellent casting recastability and

mold filling ability,

o

Exampde & ihancsnzation ot the ferstie properties

{684 Although the stlicon content of the unieaded free-cutting brass alloy T73MS s
reduced to about 1.3 wi.%, the zine conlent is increased accordingly to fulfill the deficiency
of the sohid-solotion-sirengthening effect contributed to silicon. Therefore, Example T73835
alloy has 2 mechanical strength which is very close tw that of Comparative Example C87800
stficon bronze.

B85} Since the zine content of Example T73M alloy is designed to become higher, the
guantity of sibicon bemg solid-soluble 1o the o and P-phases s decreased.  The
microstructure characterization of 2 sample cross-section reveals that silicon added to the
alloy cannot be completely dissolved in the o and f-phases. Therefore, when the silicon
concentration is higher than the maximum solid-solubility of the mainx, a hard and bridtle
zinc- and silicon-rich y-phase may be precipitated. From the cross-section mmage of Example
T7AMS, a dumple feature resulied from a tensile deformation of the a-phase can be found. In
addition, the granular v-phase can be found in the fine dimple feature. The result shows that
the gramular v-phase is wniformly distibuted at the - and f-phase boundary. Therefore,
Example T73M3 alloy achieves an excellent doctility. In addition, it was surpnsingly found
that, after adding horon (T73M3B) or nickel (T7IMSIN} to the unleaded free-culting brass
alloy of the present twvention, the clopgation may be significantly decreased. The fracture
surface 1s produced along the interface of the w-phase and v-phase of the unleaded free-
cutting brass alloy of the present invention. Moreover, the addition of nickel may make the
fracture surface extend along the interface of each dendrite structure, which usually has poor
toughness. Therefore, the fracture traces of the §- and v-phases can be found on the surtace
of the dendrite structures without {orming aﬁy obvicus slip bands of the g-phase.

Example 7 The application of the unleaded brass alloy valves

{G8EG] e aspect of the present invention is o provide an unleaded freg-cutting brass alloy
having a leal-tighiness characteristic. The unleaded free-cutting brass alloys of T73IMSE,

T73MSEN, and BSTIM are cast and then machined to form valves, such as ball valves, gate
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valves, check valves, gate valves with or without 8 hifiing rod, butterfly valves, piping parts,
Y-strainers, of valve caps. Except for the slag and sand voids formed on the appearance of a
casting during a casting process, no other void or crack defects can be found. All of the
castings formed fromo the unleaded free-cutting brass alloys of T73M3B, T73MSN, and
BR7IM meet the requircments of a gas pressure fost under 88 pst or more, or the water
pressure test under 900 psi or more {the actual water pressure for testing is from about 1,150
pet to 1,450 psi according to the MAS §P-110 Ball Valves, Threaded, Socket Welding, Solder
Joiny, Grooved and Flared Ends standard.  Therefore, the microstructore festures of the
unleaded free-cutting brass alloy according to the present invention are particularly suttable
for the use of the valve products, which require a prossure resistance of 90{ psi or more.
{87 Example 7 further demonsirates using the re-melts of the unlesded free-culting brass
alloys of T73MSB, T7IMSM, and BE73M{comprising 40% of the turning scraps and 60% of
the foundry returns having identical alloy compositions to those of T73MSB, T73M3N, and
BY73M) to produce castings through a sand mold process. The valves are formed by first
casting T7IMSB, T73MSN and BR7IM alloys, snd then wachining and welding the as-
produced castings. Figure 4 shows the appeargnces of a valve made from the unleaded free-
cutting brass alloy of T73IM3B. 1t can be seen that even the casting is welded; no crack can

-
Ji
i

be found around the beads. Example 7 further shows that the valves formed by casting the re-
melts of the unleaded free-cutting brass alloy of T73MEE, T7IMSN and B373M can pass the
standard of Jeskage without producing any cracks in the mucrostructure.  Therefore, the
valves produced frome the unleaded free-cutting brass alloys of the present invention
sufficiently prove that they have the advamtage of leak-tightness. Table 3 summarizes the
features of T73M3EB of the present invention in comparizon with other conventional alloys,

0881 Substantially, the valves formed from using the re-uelt of the unleaded fres-cutting
brass alloy, T73MSE, T7T3MAN and BS73M, can reach tensile strengths of 3533 MFPa or more,
411 MPa or more, and 450 MPa or nwore, and fracture elongations of 25% or more, 20% or
more, and 16% or more, respectively. The above-mentioned mechanioal properties
sufficiently prove that the tensile sirength and dectility of the unleaded free-cutiing brass
alloy of the present invention can be significantly mproved by adding a suitable amount of
alloying elernent(s). Moreover, the valves formed by casting the unleaded free-cutting brass
alloys according to the present invention all pass the pressure test under 900 psi or more,
preferably 1130 psi or more, and more preferably 1500 psi or more, without producing any

feakage,
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Y Given the above, in view of ithe microstructure, machinability, recastability,
mechanical properties, anti-dezincification corrosion performance, weldability, and leak-
tightness of a casting of the wunleaded free-cutting brass alloy of the present invention,
modified by adding aloving element(s), all of the features distinguish the present Invention
from conventional copper alloys.  Although the above oxarmples relate 1o the valves for
conveying fluid, variations of those preferred embodiments may become apparent to those of
ordinary skill in the art upon reading the forggoing description. The nventors expect skilled
artisans to employ such variations as appropriate, and the inventors infend for the mvention to
be practiced in manners other than as specilically described herein,  Accordingly, thus
fnvention inclodes all modifications and equivalents of the subject matier revited in the clats
appended hersto as permitted by apphicable law. Moreover, any combination of the above-
described elersents in all possible variations thersof 18 encompassed by the mvention, unless

otherwise indicated herein or otherwise clcarly contradicied by context.

24
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What is claimed is:

I
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12.
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14.

An undeaded free-cutting brass alloy, comprising:

copper: 55 1o 75 weight,

zime: 22.5 10 32.5 weight%s,

siticon: 0.3 to 2.0 weight%, and

other unavoidable impurities,

wherein the total content of copper and zine in the brass alloy is 97.5 weight™ or more.

The brass sltoy according to Claim 1, further comprising at least one element selected from the
group consisting of 0.1 1o 1.0 weight% of aluminum, 0.01 10 0.55 weight% of tin, 8.01 16 0.55
weight®s of manganese, 0.01 to 0.8 weight% of nickel, 0.01 to 8.55 weight% of antimony, and
0.001 to 0.1 weighi% of boron, wherein the wial content of the element(s) ¥s 2.5 weight% or
lgss,

The brass alloy according to Claim 1, wherein the y-phase of the brass alloy is uniformly
distributed between phase boundaries of the g-phase and the P-phase of the brass alloy in a
granular shape.

The brass alloy according to any one of Claims 1 to 3, wherein the brass alioy comprises 1.1 1o
1.35 weight% of silicon.

The brass alloy according to Claim 2 or 3, comprising 0.2 to 0.5 weight?t of alumunum.

The brass alloy according to Claim 2 or 3, comprising 0.01 to 0.2 weight®s of tin,

The brass alloy according to Claim 2 or 3, comprising (.01 to 0.25 weight%s of manganese.

The brass alloy according to Claim 2 or 3, comprising $.01 to .55 weightVs of nickel.

The brass alloy according to Claim 2, comprising 0.1 © 0.45 weight% of antimony.

The brass alloy according to Claim 2 or 3, comprising 0.001 to 0.05 weight% of boron.

A casting process comprising a step of pouring a melt of a brass alloy according 1o any of
Claims 1 to 10 into 2 green sand mold, a furan mold, or a metal mold to form a casting,

The casting process according fo Claim 11, wherein the pouring step is conducted st a
temperanirs from 930 to 1200°C.

The casting process aceording to Claim 11 or 12, wherein the casting is subjected 1o a
ropachining siep to produce 2 machined workpiece and turning scraps thereof,

The casting process according tv Clatm 13, wherein the melt of the brass alloy further
comyprises a re-melt from the machined workpiece or tuming scraps thereol produced by the

machining step of Claim 13,

)
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An unleaded brass allov casting product, comprising a2 brass alloy according o any one of
Clavms | to 10,

The unleaded brass alloy casting product according to Claim 15, comprising a valve, a piping
pari, or g filter.

The unleaded brase slloy casting product according to Claim 15, comprising a ball valve, 2 gate
valve, a check valve, g gate valve with or withowt a hfting rod, a butterfly valve, or a Y-strainer.
The unleaded brass alloy casting product according to any one of Claims 15 o 17, wherein the
brass alloy does not leak under a preasare of 9 psi or higher.

The unleaded brass alloy casting product according to any one of Claims 15 1w 17, wherein the
iensile strength of the brass alloy is 280 MPa or higher,

The urdeaded hrass alloy casting product according (o any one of Claims 15 to 17, wherein the

fracture elongation of the brass alloy is 8% or more.
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Figure 1
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