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

YField of the Invention

(L EIEY: The present invention iz directed to an unleaded free-cutting brase, particudarly for an
unleaded fres-cutting brass having excellent machinability, leak-tightness, recastability, and
mechanical propertics.

oF the Baveition

,,,,,,,, R AR ARR A AN AR,

Bashgrpund

0B8%2] Traditional leaded copper alloy possesses good machinability and mechanical
properties. Leaded copper alloy bas been widely used in industrial materials, such as 2 water
valve or a hardware part in the commodity sector. For copper allovs to produce s valve, such
as a ball valve, good machmability of the slloy casting is vecessary. In addition to the anti-
corrosion propertias of a copper alley for uwse in various fluid environments, lead is an
wnportant additive element for a copper alloy casting valve of, for example, plumbing
equipment or ship parts.  Lead can embrittle mirming scraps of a copper alloy dwing a
machining progess, 5o a5 o improve the machinability of s copper alloy. However, owing ©
the awareness of environmental protection issues, izad, which s conventionally added for
fmproving the machinability of an alloy, has been under consideration for replacement by
ather alloying elements. During a leaded copper alloy fabwicating process, a lead-containing
steam may be produced, which 13 detrimental to human health and also causes heavy metal
pollution issues for the enviroument. [n this vein, advanced couniries have recantly placed
increasing emphasis on environmental protection issues. The Drinking Water Systems
Standards and Protocols of NSF has been published in northern Americs; the Restriction of
the use of cortain hazardous substances (RolS 2.0) m Furope; and the Lead-free Law was
passed mm California to seripusly resirict the lead conlent in copper alloys and the amount of
fead leaching in drinking water,

[BB03) To reduce the lead comterst in a leaded copper alloy, bismuth is often used to replace
iead o improve the machinability thereof. Patent Nos, CN 102828064 B and ON 103071335
B disclose that the machingbility of high-bismuth-containing brass having 0.3 o 3.5
weight®t of bismuth is very close to that of a leaded brass. However, because the melting

point of bismauth is only 271°C, high-bismuth-containing brase has a tendency for hot cracks
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during the freszing course after casting. In addition, & lngh-bisrmuth-containing brass is not
an ideal valve material for welding use, becanse onee the welding temperature is hagher than
the mehing point of bismuth, bot cracking ofien occurs and thus causes a valve leak during
sonveyance of g high-pressure gas or fluid.

o] To reduce the use of bismuth, replacing bismuth with cheap and eastly asccessible
silicon is g new trond. Conventionally, the suiteble additive clements for an undeaded brass
alloy comprise stlicon, ismmth, graphite, tin, iron, caleiim, and so on Adding a suitable
amount of silicon to a brass alloy has advantages associated with producing solid sohution
strengthening and improving the Howability during casting and the weldability of an alloy.
Therefore, one of the major aspects for developing an envoonmental-friendly brass alloy is
adding silicon as an additive for producing an unfeaded brass alloy, such as a conventional
ASTM CETE00 silicon bronzs alloy, wherein 3.8 t0 4.2 weilght® of silicon is added o brass
atisy. A high-silicon-contsining unleaded bronze alloy having excelient mechanical strength
and anti-correction performoance is achieved. However, doe to the fncrement of the sibicon
content in a convenlional ASTM C878GG alloy, the range of the mushy zone of the alloy s
significantly expanded.  ASTM CF7800 sbloy 1 categonized as an alloy having a wide
freezing range of 93°C in the materials handbook (see Copper and copper allovs published by
the American Soctety for Metals, Chapter: Copper Allov). This property can casily make a
casting formed from an ASTM CRTROO alloy produce defocts with a loose microstructure
during a freezing operation, which renders the as-produced castings fo have poor leak-
tighiness performance and cause leaking.

| BO85] The conventional C87800 silicon bronee alloy i3 a tornary alloy composed of Cu-
147n-43i. Because the alloy comprises silicon and less than 13 weight™ of zine, it has
exestent anti-derincification corrosion performance sinular to that of red copper. However,
tho silicon confont of the CETRGD alioy being higher than 4 weight%t widens the freezing
range of siticon bronze and leads to o mushy freszing type during a freezing operation. In dis
casting process, the parmanemt mold dissipates heat rapidly and suitable runner design can be
used {0 guide the freeving directionality of the casting. While most other copper alloy
manufacirers use 2 sand mold casting process, the C87800 alloy castings solidify slowly o
form castings with loose microstructures, which cannot meot the reguircaents for practical
use,

{60846} Patent Nos, TW S77931 and TW 421674 disclose that although adding 7 o 4
weight%s of silicon as the major strengthening element 0 an unieaded brass alloy 1o improve

i

the castability through enhancing the Howability of the melt, hard precipitates of the k- or v-
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phase produced by silicon may reduce the ool life of a cutting fool. Therefors, a trace
amount of lead (loss than 0.4 weightYe) is still added to improve the machinability of a ool

BD71 Taha o @l [Ain Shams Engineering Journal, vel. 3, 2012, pp. 383-392.] conducied
research based ov conventions! leaded silicon brass (60 weight%s of Cy, 0.25 10 5.5 weight%e
of 81, and 0.15 to 0.5 weight¥% of Pb}. They found thet when 1t 4 weight% of S8l and 6.3
weightS of Al are added to a Muntz metal alloy to replace lead, and the silicon content
reaches 3 1o 4 weight¥e, n-CuednSi and -CupfnBi roay be precipifated.  Therafore, the
miceostructare of the alloy becomes finer, and the alfoy has higher strength and better
ﬂowabiiiiy.ﬁ However, the porosity of a casting is also iporeased.  Puathawee e @l
[Advanced Materials Research, Vol 302, 2013, pp. 169-173] found that in g Cu-Zn-X5i-
0.68n {X=0.35, 1, 2, 3} alloy, when the sibeon content is inoreased, the y-phase may be
precipitaied at the phase boundary of the isometric B-phase, 8o as to form a reticular structure.
The addition of tin may make the B-phase and v-phase of the alloy more uniformly distributed
than those withoot the addition of tin. The hardness 15 fnoreased to HV398, The formation of
the y-phase may sase the muning scraps to be broken, whereas the hard and brittle
characteristics of the y-phase may also make ool wear more serisusty,

[LitE riven the above, the solid solution strengthereng effect of adding silicon is promising.
Therefore, in order {o control an adeguate amount of silicon to prevent the formation of
excessive hard v-phase, {nishi er o {Sambo Copper Alloy Co. Ltd., Japan) [Malerials
Transactions, vol. 67, 2003, pp. 219-225] invented an unieaded silicon brass alloy comprising
758.5Cw-381-0.18-Zn, which is composed of the g-, ¥- and x- phases without precipitating B~
phase and the equilibrium p-phase. The alloy posseeses good forgeability, castabnlity, anti-
dezincification performance, and machinability.

80059 A wule freezing range influences the filling behavior of 8 lauid phase during freezing.
It the boguid phase cannot effectively I the space among  the complex dendrites, fine
porosity 18 formed m g casting, Therefore, 1t is very imporiant to understond the range of g
fresring range of alloy, Takeshi Kobayashi and Tors Mareyama (“Lead-free copper alloy for
casting,” Materia fapan, vol. 43, 2004, pp. 647 1o 650} use 3 thermocouple o show that the
freezing range of an uoleaded CACSO3 (Cu-108n-27n) alloy is larger than that of a leaded
CACAOS6{Cu-583n-5Pb-57n} alloy. This shows that removing lead fom a copper alloy
mnfluences the cagtability of the alloy. Therefore, the melting and casting conditions of a
copper alloy should be sivictly controlled.

98198 Given the above, 2 novel unleaded brass alloy, which meets the requirements of both

the lead-free standard and the converdence needed for mass production, i3 desirable to replace



the conventional leaded copper alloy. Such unleaded brass needs to have excellent
castability and machinability without producing any loose microstructure during a
casting process. The high quality valve casting made from such alloys has excellent .
leak-tightness and anti-dezincification corrosion performance and meets the

requirements for transporting gas or fluid.

[0011] In this connection, the present invention targets modifying the composition of
a conventional silicon bronze to address the issues associated with a widened freezing
range. In particular, the alloy composition according to the present invention targets a
casting process using a sand mold, so that the defects, such as a loose microstructure
or a shrinkage cavity tendency, resulting from a mushy freezing zone may be reduced,

and the quality of a casting may be improved.

Summary of the'lnvention

[0012] In order to meet the requirements of an environmentally sustainable
development and industrial applications, producing lead-free products with acceptable
mechanical strength and castability is needed. The present invention starts by using
conventional cartridge brass as a base material and further uses ‘silicon as a main
alloying element along with the complex addition of a trace amount of other alloying

elements, such as aluminum, antimony, tin, manganese, nickel or boron, to improve the .

characteristics of an unleaded silicon brass alloy.

[0013] One aspect of the present invention is to provide an unleaded free-cutting
brass alloy, which avoids the long freezing process resuiting from a wide freezing range
of a conventional ASTM C87800 high silicon-containing bronze alloy. The wide freezing
range prolongs a freezing process of the alloy, so the as-produced casting is filled with
porous microstructure, which leads to poor leak-tightness. On the other hand, Patent
Nos. TW 577931 and TW 421674 disclose that adding a high content of silicon to a
copper alloy may produce hard k- and y-phases; therefore, the tool life of a cutting tool

" is reduced, and the processing time of the cutting or machining process may be
increased. The above issues are also addressed in the present invention.

CA 3012592 2020-03-23



[0014] Another aspect of the present invention is to provide an unleaded brass alloy
having excellent castability, machinability and weldability, wherein the unleaded brass
alloy of the present invention comprises 65 to 75 weight% of copper, 22.5 to 32.5 -
weight% of zinc, 0.5 to 2.0 weight% of silicon, and other unavoidable impurities.

[0014-a] Another embodiment of the invention relates to an unleaded free-cutting

brass alloy, compriSing:
copper: 85 to 75 weight%,
zinc: 22.5 to 32.5 weight%,
silicon: 1.0 to 2.0 weight%, -

at least one element selected from the group consisting of 0.01 to 0.8 weight %
of nickel and 0.01 to 0.55 weight % of antimony, and

'unavoidable impurities,
wherein the total content of copper and zinc in the brass alloy is 97.5 weight% or more.

[0014-b] The alloy composition according to the present invention fulfills. the

requirements of the materials for producing high quality valves.

[0014-c] Another embodiment of the invention relates to a casting process
comprising a step of pouring a melt of a brass alloy as defined hereinabove into a green

sand mold, a furan mold, or a metal mold to form a casting.

[0014-d] Another embodiment of the invention relates to an unleaded brass alloy

casting product, comprising a brass alloy as defined hereinabove.

[0015] The addition of silicon according to the present invention may form a small
~ amount of precipitates between dendritic crystals. The precipitates are the positions for
crack initiation in the turning scraps during a cutting process, so that they may solve the
deficiencies of a high silicon-containing brass alloy associated with being hardly welded

and having poor machinability.

CA 3012592 2020-03-23



[0016] Surprisingly, it was found that when the zinc content of a brass alloy of
the present invention is adjusted to 22.5 to 32.5 weight%, the silicon content is
reduced to 0.5 to 2.0 weight%, and the total content of copper and zinc in the brass
alloy is 97.5 weight% or more, preferably from 97.5 to 98.5 weight%, such brass
alloy may continuously crystallize a-Cu from the liquid phase in the two-phase zone.
Meanwhile, the latent heat of solidification may be continuously released so as to
prevent the decrease of the internal temperature of an alloy. Therefore, under a non-
equilibrium freezing condition, once the concentration of the residual zinc atoms in
the liquid phase reaches the threshold for initiating a peritectic reaction, the a-phase
consumes the solute-rich liquid phase, nucleates, and grows from the surface of
primary a-Cu crystals. Therefore, the peritectic reaction, L+a-Cu —a-phase occurs.
In the cooling curve, the reaction plateau of the peritectic reaction lower than the
liquidus line and declined to the temperature of 859.7°C, at which the peritectic
reaction is completed. The mushy temperature zone is only 31.7°C. Therefore, the
freezing range of the brass aIIo}y is narrowed. In other words, by increasing the zinc
content of the unleaded free-cutting brass alloy in the present invention, the liquidus
line of the alloy may be significantly decreased. However, adding the alloying
element other than copper and zinc to the brass alloy may often increase the
proportion of the crystalline phase other than a- and B-phases. This could render the
mushy zone to possibly be enlarged to 50°C or more. Surprisingly, it was found that
the mushy zone of the brass alloy of the present invention, having the total content
of copper and zinc of 97.5 weight% or more, preferably from 97.5 to 98.5 weight%,
may be significantly reduced to about 30°C with respect to the conventional brass

alloy.

[0017] On the other hand, when the brass alloy according to the present
invention comprises the total content of copper and zinc being 97.5 weight% or
more, preferably from 97.5 to 98.5 weight%, and 0.5 to 2.0 weight% of silicon, the
microstructure of the brass alloy is composed of a- and B-phases. A skilled person
in the art understands that there is a balance between the a-phase exhibiting high
ductility and the improvement of the machinability of turning scraps resulting from an

aggregation of excessive silicon-rich y-phase at the phase boundary. It was

Ha

CA 3012592 2020-03-23
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sarprisingly found that according o the modification of sach alioy composition of the present
fnvention, the unleaded free-cutting brass alloy has both an adeguaie proportion of the o
phase for exhibiting suitable ductility, and proper proportion of the y-phase for exhibiting
acoeptable machinability. In addition, the y-phase of the undeaded free-cuiting brass alloy of
the present invention may be formed at the interface boundary of the a- and J-phases with a
significant reduced amount of precipitation. The gquaniity of the reticolar v-phase precipilated
atong the B-phase boundary 18 significantly vreduced and the v-phase forms in 2 granular shape
and distributed vntformly between the @- and B-phases. Therefore, the alloy composition of
the unleaded free-cutiing brass alloy according to the present invention makes the alloy

possess adequate mechameal strength and achicve the officsey of good machinability,

Briel Boseription of the Dravines

(G018} Figure 1 shows the cross-sectional images of the recast ingols made from the foundry
scrapes comprising {a) Comparative Example of ASTM CRT30{ silicon bronze{prior arty; and
{b} the undeaded free-cutting brass alloy according to the present inventiony, S73M3;the crogs-
sectional irpage of 873MS shows a relatively dense microstructurs with good shrinkage.

G019 Figure 2 shows the optical microscope images of the unleaded Free-cutting brass alloy
of the present fovention, T7IM: () T73MS, (b) T7IMSE, {c) T73MSM.

[B828] Figure 3 shows the short Ceshaped and discontinuous hurning scraps by machining the

unleaded free-cutting brass alloy of the present invention: {a) T73IMS, (b T7IMSRB, (¢}

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

from the unleaded free-cutiing brass alley according to the present invention (T73MIR).

Phatailed Desvription of the fnventiosg

{8822} The unleaded frec-cutting brass alloy sccording o the present invention may further
comprise at least one eloment selocted from the group conwisting of aluminum, tn,
manganese, nickel, antimony and boron, wherein the iotal content of the glement{s} s 2.5
welght% or less.

{0823 The unleaded free-cutiing brass alley sceording to the present invention may further
comprise at least one element selected from tin, manganese, nicke] or antimony, wherein the

sontents of tn, manganese of antimony are each 0.01 to .55 weight’s, or the content of
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nickel s 0.01 to 8.8 weight®, and wherein the total content of the slement{s) 15 2.5 weighi%
or fess,

D024 The unleaded freg-cuiing brass alloy according o the prosent invention may further
comprise at feast one element selected from the group consisting of 8.1 10 1.0 weight% of
alwomom, 0.01 1o 0.55 weight% of tn, 0.01 o 0.55 weight® of mangsnese, 001 to 0.8
weight® of nickel, .01 to 0.55 weight%s of antimony, and 8.0C1 to 0.1 weight% of boron,
wherein the total content of the element{s) 13 2.5 weight® or less.

B25] The onleaded frec-cutting brass alloy according to the present invention has a iotal
sontent of copper and zine of 87.5 weight% or more, preferably from 97.5 to 98.3 weight%,
B4} The unleaded free-cutting brass alloy aceording o the present invention has the lower
limit of coppor content of 65 waightSt, 67 weight®s, or 68 weights, whereas the upper Hmit
of the copper content 1s 78 weight%, 73 weight®s, or 73 waight%. The range of the copper
comtent can be any combination of the sforementioned lower and upper bmits, such as

preferably 65 10 73 weight% or 68 to 70 weight%.

B2 7] The unleaded frec-cutting brass alloy sccording to the present mvention has the Tower
o of siicon content of 0.5 weight®e, 0.75 weaighi%, 1 woight®h, 1.1 woght¥s, 135
welght%, 1.3 weight%, or 1.45 weight%, whareas the upper limit of the stlicon content is
P33 weight%e, 1.5 weighths, 1.75 weightYa, or 2.0 weight%. The range of the silicon content
can he any combination of the sforementioned lower and upper limits, such as preferably 1.0
o 1.5 weight¥s or 1.1 t0 1.35 weight%.

[B028] The anleaded freg-cutimg brass alloy according to the present sovention may further
comprise aluminum, wherein the lower Hmit of the alumimum content is 0.1 welight%, 0.13
welght¥, 0.2 weighi%, or 0.25 weight®e, whereas the upper lirnit of the aluminum content is
330 weight%, 0.45 weight®, 0.5 weight%, (.6 waight®s, or 1.0 weight%. The range of the
aluminum content can be any combination of the aforementioned lower and upper limils,
sach as (L1 to 1.0 weight%, preferably 0.2 to 8.5 weighi®™, or more preferably 0.15 10 0.30
weight¥%.

{6029} The unieaded free-cutting brass alloy according to the present invention may further
somprise 0.01 fo 0.55 weight% of tin, wherein the lower limit of the tin content is 4.0
weight¥s, 0.05 woightls, 0.075 weight®, 0.10 weight¥s, 0.20 weight9, or 0.25 weight%s,
whereas the upper Limit of the tn content ts 010 weight%, §.20 weightds, 0.25 weight%s, 0.3
weightY, 0.40 weight%, 0,45 weight%, or 0.55 weight%. The range of the tin content can be
any combination of the aforementioned lower and upper lmits, such as preferably .01 10 0.2

weight, or more preferably .01 to 0.1 weight%.
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{8038} The unleaded free-cutting brass alloy sceording to the present invention may further
comprise 0.01 10 0.55 weight% of manganess, wherein the lower hinut of the manganese
content iz 0.01 weight%s, (.03 weight%, 0.075 weight, G.10 weight%, 0.20 waight%s, or
(.25 weight%, whereas the upper Hmit of the mangavese content is 0.10 weight%%, 0.20
weight¥e, 0.25 weight%, 0.3 weight¥s, 0.40 weightds, (45 weight%, or 0.53 weight%. The
range of the manganese content can be any combination of the aforementioned lower and
upper lmits, such as preferably 0.01 to 025 weight™ or more preferably 0.10 to 0.20
welght%s.

{31 The unleaded free-cutting brass alloy according to the present invention may further
comprise 0.8 weight% or less of nickel, whersin the lower Hout of the nicke] content is 0.01
weight®, (.05 weight®s, 0.075 weight%s, 010 weighi%, .20 weightSs, or {L25 weight%s,
whereas the upper limit of the nickel content in 010 weight¥e, 0.20 weight?s, .25 weaight?s,
0.3 weight%e, 0.40 weight%, (.45 welght¥, or 0.55 weight%, 0.65 weaight%, (.78 weightYs,
or .80 weight%. The rangs of the nickel content can be any combination of the
aforementioned lower and upper limits, such as $.01 10 (.55 weight%, preferably (.01 40 0.25
weight®, or more preferably 0,10 to 0.20 weight%

o327} The usleaded free-outting brase alloy according to the present invention may further
comprise .01 to .55 weight%e of antimony, wherein the Jower it of the antimony content
is 0.01 weight®, 0.05 weight?s, 0.073 weight%, 0.10 weight%, 0.20 weight®s, or 0.23
weight®h, whereas the apper lmit of the antimony content is (110 weight™, .20 weight%,
(1L.25 weight™, 0.3 weights, (.40 weightV, 1.45 weight%, or (.53 weight%. The range of
the anthmony content can be any combination of the afvrementioned lower and upper linmils,
such as 0.1 to 0.45 weight%, preferably 013 to 0.45 weight%, or more preforsbly 0.20 (o
3.45 weighi%.

1B833) The unleaded frec-cutting brass alloy accovding to the present invention may forther
comprise 0.001 to 0.1 weight% of boron, wheremn the Jower bt of the boron content is
(1.001 weight%, 0.003 weight%, 0.01 weight%%, (.02 weight¥s, 0.03 weight¥, 0.04 weight™,
G.05 weight%, 0.06 weight®s, 0.07 weightt, 0.08 weighi%, or 0.09 weaight%s, whersas the
apper limit of the boron content is 0.003 weight®s, 0.01 weight%s, 0.015 weight%s, 0.023

aghtSs, 0.035 weighi%, 0.045 weightSs, 0.055 weightY, 0.005 weight%, 3.075 weight%,
{(LO&S weight%s, 0.093 weight¥e, or (.1 weight%s. The range of the boron content can be any
combination of the aforementionsd lower and upper limits, such as preferably 0.001 1o 0.08

weightY% or more preferably 0.001 to 0.02 weightSs

Ee
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B34} The unleaded fres-cutting brass alloy according to the present invention has the
unavoidable lead content of the brass alloy of (115 weight™s or less, preferably 0.1 weight%
or loss.

HEIRRY The unicaded free-cutting brass alioy according io the presenmt invention, has the
ungvoidable ron content of the brass alloy of $.15 weight%s or fess.

{8036} The unleaded frec-cuiting brass alloy according fo the present fnvention comprises
other anavordable mmpurities, for example, bt not lmited o, at least onc clement selected
from bismuth, lead, fonm, sulfer, phosphorus or selemivm.  The iotal content of the
unavoidable impurities is 0.5 weight®e or less, preferably 0.3 weight?s or less,

{037} According to one preferable embodiment of the unleaded free-cuiting brass aliocy
according to the present mvention, the brass alloy further comprises at least one element
selected from the group consisting of 8.2 o 0.5 weight% of aluminom, .07 fo 0.2 weight%
of tin, .01 0 0.25 weight®e of manganese, G.01 to 0.55 weight% of nickel, 0.1 10 0.45
weight% of antimony, and 0.001 0 $.035 weight®s of boron, wherein the tofal content of the
element(s) iv 2.5 weight% or less, and wherein the total content of zince and copper is 97.5
weight%s or mors.

{8038} The present invention further relates to 2 casting process, wherein a melt of said brass
alloy is used to cast said brass alloy in g green sand mold, & furan mold, or a meial mold, so
as {o produce a casting.

{039 The casting process according to the present invention is conducted af 4 femperabire
muitable for casting of 930 1o 1200°C, preferably 950 to 1100%C, and more preferably 10{ to
FO80°C.

{8040} In the casting process of the present mvention, the casting is subjected to machining 1o
produce a machined workpiece and toming scraps thersofl

G041} In the casting process of the present invention, the melt of the brass alloy further
comprises the remelting of the machined workpiccs or fuming scraps thereof produced by the
method according o the present fnvention,

[B0432] As stated above, the unleaded free-cutting brass alloy sccording to the present
inveniion has excellent castability. Therefore, it is particularly suitable for any casting
products, such as a casting product produced by a sand casting, a gravity casting, 8 metal
mold casting process; a ship part; a water hardware; a piping part and sceessories thereof) &
valve, such as a ball valve, a gate valve, a check valve, a gate valve with or without a lifting
rod, a buttertly valve; g filter, such as a Y-strainer; a pump; or a component having a complex

shape, such as a bearing, 2 screw, a mu, a bushing, a gear, or a hydraclic compovent. The

el
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unleaded free-cutting brass alloy according to the present invention s pariicelarly suitable for
any pressure fesistance products, such as a high-pressure valve, a nozele, a hugh-pressure pipe,
OF 84 PrESSOre pump.

{043} The fnsl and the most important demsnding characteristic of the unleaded free-
cutiing brass alloy according to the present invention is the leak-tightness associated with a
casting material, Therefore, the present invention further relates o an unleaded brass alloy
casting product, such as a valve, for example, 3 ball vabve, 3 gate valve, a check valve, a gate
valve without a lifiing rod, a gate valve with g hifling rod, or o butterfly valve; a piping patt;
or filter, for example, 3 Y-strainer, which comprise an unfeaded fres-cutting brass alloy
according 1o the present invention.

HEIE S The urdeaded brass alloy casting product according to the present invention colgprises
a valve, for example, a ball valve, 2 gate vabve, a check valve, a gate valve without a lifting
rod, a gate valve with a Hfting rod, or a buttertly valve; a piping part; or a Slter, for example,
a ¥-strainer, which do not leak af a pressure of 9040 psi or more.

{0451 The unleaded brass alloy casting product according o the present invention comprisas
a valve, for example, a hall valve, a gate valve, a choack valve, a gate valve withowt a hifling
rod, a gate valve with a hifting rod, or a butterfly valve, a piping part; or a filter, for example,
a Y-strainer, wherein the lower it of the tengile etrongth is 280 MPa or more, 331 MPaor
mnore, 355 MPa or more, 409 MPa or more, 450G MPs or more.

i6648] The unleaded brass slloy casting product according to the present invention comprises
a valve, for example, a ball valve, g gate valve, a check valve, a gate valve without s hifting
rod, 8 gate valve with a Lifting rod, or s butterfly valve; a piping part; or a filter, for example,
a Y-strainer, wherein the lowsr hmidt 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 unleadad fres-cutting brass allov according o the present invention possesses the
following characieristios and adventages: 1. The slloy according io the present invention has
machinability similar o that of a leaded brass, 2. The alloy according to the present juvention
has superior recastability and melting convenience. 3. The alloy sccording to the prosent
invention has superior mechanical properiies, so that i can be used in 8 welding process
without having the sk of producing hol-shortness as thet of a conventional bismuth-
contaimng hrass alloy, and has good leak-tighiness. 4. The alloy according to the present
invention has exceliont anti-dezincification comrosion performance. The above characteristios
all fulfiil the requirements for the use of a high-value and high-quality valve.

The freczing range of the unleaded free-cutting brass alloy

10
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{HB48] According to an embodiment of the present invention, when 0.1 o 1.0 weight% of
alumimpn and 0.01 o 0.53 weight% of tin are simultancously added io the unleaded fres-
cutting brass alloy, since the minor clements, sluminum and tin, pertain to low-melting point
clements with respect to copper, the Hauid phase of the solute having a low-melting point
may continuoushy release the latent heat uniil the whole freezing process has been completed.
Thersfore, the brass alioy may change states from 2 liquid phase to a complete solid phase at
a much lower temperature. The temperature difference of the binary-phase rzone of the brass
aHloy having a composite addition of alummum and tn 15 about S0°C.

[8849] Acvording 1o an embodiment of the present invention, .1 o 1O weight% of
aluminam may be further added to the unleaded free-cutting brass alloy, wherein the
termperature difference of the binary-phase zone still remains 35°0. In addition, by ivorsasing
the aluminum content to 1.0 weight™, the solidus temperature of 2 brass alloy can be further

reduced, so that the temperature for completing the periectic reaction can be reduced

aecordingly.
LR According to an embodiment of the present invention, .01 o 935 weight™ of
2 B ) 2

manganase may be further added o the undeaded free-cutiing brass alloy, The lemperature
difference of the binary-phase zone of the brass alloy may be reduced to aboma 30°C,

51 i the other hand, af lesst one element selected from the group consisting of silicon,
shininn, tin and manganese may be added to the unleaded free-cutting brass alloy of the
present invention o remove the undesirable gas in melt and to punify the melt. Therefore, the

as sources, which form gas pores during a freezing process, such as oxygen,

nitrogen,

o

2
hydrogen, or carbon dioxide, may be roduced. o addition o kaving a narrow freezing range
of the unieaded fres-cuiting brass alloy of the present invertion, the shape-filling capacity of
the melt according to the present invention can be improved. After the casting and freszing
processes, the unleaded {res-cutling brass alloy of the present invention may form a dense
casting microstructure. Therefors, the vield and leak-tighiness performance of the resulting
castings are significantly mproved.

bechanical propertiss of the walesded free-cutting brass alloy

[852] According to a preferred embaodiment of the unleaded free-cutiing brass alloy of the
present nvention, the silicon content is further reduced to 0.5 & 2.0 weight%, preferably 1.1
to 1.35 weight®s, 1o provent excess content of the v-phase from bemng precipitated at the grain
boundary, which may impart a negative impact on the mechanical properties. According
an embodiment of the present invention, 0.1 to 1.0 weight% of slumitmiin may be further

added to the unleaded free-cutting brass alloy as a solid-solulion-sirengthening elemant.
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{80583 According to a preforred embodiment of the uniesded free-cutting brass alloy of the
present invention, whon the sihcon content 15 reduced o 0.5 to 2.0 weight%, prefersbly 11 o
1,35 weighiW, the Keray powder diffraciion analysis result shows that the microstrocture of
the unleaded free-cutting brass alloy of the present invention is mainly composed of dual o~
and B-phases. To addition, sceording to one embaodiment of the unleaded frec-culting brass
alloy of the present fnvention, when €.1 to 1.0 weight% of aluminum can be further added to
the brass alloy, the ¥X-ray powdor diffraction analysis rosult shows that the diffraction pesk
aronand 43,47 assoetated with the B-phase has a much higher intensity than those of the other
peaks. This X-ray powder diffraction apalysis result 15 consistent with the microstructure
characterization result showing that the fraction of f-phase is higher than the others.

{90654] Regarding the mechanical strength of the upleaded free-cutting brass alloy of the
present invention, aithough the siicon content of the brass alloy 18 redaced to 0.5 o 2.0
weight%, preferably L1 to 1.35 weight%e, the deficient of silicon can be made uwp by
increasing the zinge content (o 22.53 fo 32.5 weight®e or by additionaliy adding 0.1 o 1.0
weight¥s of aluminum, Therefore, the solid-sclution-strengthewing effect resulting from
original silicon element still can be retained.  Hence, the unleaded free-cutting brass alloy
according 1o the prosent invention has a mechanieal strength, which is very close to that of 3
conunercial C87800 silicon bronze,

The machinability of the unleaded free-cutting brass alloy

{B0SS] Conveniionally, the elements, lead and/or bismuth, are added to the slioy to modify
the machinahility of an alloy, so as to prolong the fool bife of 5 cutting tool, to redoce the cost
of & machimung process, and to produce discontinucus turping scraps.  However such
objectives alse can be achieved by increasing the content of zine in the brass alloy of the
present invention to 22.3 to 32.5 weight¥s, while the total content of copper and zinc is 97.3
weightds or more. In addition, by increasing the zine content, the hardness of the unleaded
free-cutting brass alloy may aiso be increased, whereas the f-phase having poor dactility also
provides weakness points for imtiating the cracks, 30 a3 fo improve the machinability of
rning scraps.  Moreover, according o an embodiment of the unleaded free-cutting brass
atloy, the formation of the hard v- and x-phases by adding 0.5 to 2.0 weight%, preferably 1.1
o 1.35 weighi%, of sthoon may also improve the machinability of turning scraps.

[8056] According to another embodiment of the present invention, 0.001 to 0.1 weight%s,
preferably 0.001 o .05 weights, and more preforably 0001 to 002 weight®s, of boron or
3.0% 1o 0.8 weight% of wicksl can be further added to the unleaded free-cutiing brass alloy of

the present inveniion. The addition of mickel in the brass slloy may transform the g-phase

i2
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from  Widmanstitten structures into dendrite structurss. In comparison with the
rjerostruchure of an unleaded free-cutling brass alloy without adding any boron or nickel, the
v-phase of the boron or nickel-contaiming brass alloy is distribuied withmn the ¢- and B-phases
in granciar shapes. Particularly, when boron s added to the brass alloy, the y-phase may be
precipitated along the gran boundary. On the other hand, 2 sibicon-rich sohste Houd may be
discharged to the inlerspaces of the frozen a-phase dendries through the addition of mekel o
the brass alloy. Therefore, an inter-metallic compound of B- and v-phases can be formed
aroong the dendrites by adding 8.001 o 0.1 weight% of boron or .01 1o 0.8 weight%s of
mickel o the alloy., From an BOS analysis, # 1 confivmed that the concentration of zine and
sificom of the y-phass 15 higher than that of the matnix.

REIRYE Although the v-phase produced by adding 0,001 o 0.7 weight of boron or 001 o
0.8 weight®s of nicksl may have a negative impact on the ductility of a brass alloy, due io the
fack of a conventional cutting-free element, such as lead or bismuth, being added to the alloy,
it is necessary 0 produce hard precipitates of a compound phase within the alloy for byealdng
the contimuance of the microstructurs. The precipitates may act as lead added in a copper
alloy for enhancing the machinability of the heoming scraps withouw! grestly retarding the
mechanical properties of the slloy. Given the above, the y-phase affects both the mechanical
properties and the machinability of the alloy. Fuorthermore, when 0.001 €0 0.1 weight® of
boron or 0.01 to 0.8 weight% of nickel 13 added to the brass alloy, the as-produced granular v-
phase, which is uniformly distributed between the «- and B-phases, may form an ideal
precipitating type.

Fhe anti-dezincification corvesion performance of the snleaded fres-cutting brass alloy

{88581 The unleaded freg-cutting brass alloy of the preserd tmvendion comprises 22.5 to 32,5
weight¥e of zine. The fraction of the S-phase in the brass alloy i3 increased with the
incroment of the zinc content. When the zine content 18 lugher than 15 weight%, i may cause
problems associated with a significantly selective dissclution of zine. Therefore, porous and
loose pure-copper may reside in the swihee demineification layer, Lo, a derincificstion
corrosion phenomenon.

[B859] The present mvention provides an unleaded free-cutting brass alloy having said anti-
dezincification corrosion performance, The brass alloy of the presont fovention may further
comprise a irace amount of boron, nickel or antimony, so as (¢ improve the anti-
dezincification corvosion performance of the brass alloy.

{0668] According to an embodiment of the unfeaded free-cutiing brass alloy of the present

fnvention, the brass alloy finther comprises 0.001 o (U1 weight%, preforably $4.02% or less,
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of boron andfor .01 to 0.8 weight%e, preferably (.01 to .55 weight%, of nickel to tmprove
the anti-dezincification corrosion performance.  According to another embodiment of the
unleaded free-cutting brass alloy of the present invention, 8.01 fo .55 weights, preferably
0.15 to 0.45 weight%, and more preferably (.25 1o 0.43 weight® of antimony may be added
o the unleaded free-cutting brass alloy of the present invention to improve the anti-
dezincification corrosion performance. Therefore, the unleaded free-cutting brass alloy of the
present inventinn meets the standard under 15 6309-1:2014 stipulating a correction standard
of less than 100 wm and significantly tmproves the anti-demmeification 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 altoy but also has betier anti-desincification performance.
In addition, the brass alloy of the present invention sigotficantly inhibits the dezincification
corrosion bebavior, when the #inc content of the brass alloy is higher then 15 weightSe.

The recastability of the unicaded frec-cutiing brass alioy

s} One of the aspects of the present invention is to provide a brass alloy having good and
convenient recastabilitv. As stated sbove, the unleaded frae-cutting brass alloy according to
the present invention has a narrower freesing range.  This allows the phase transtormation
process of a brass alloy 1o gquickly pass through the mushy freezing zone during freezing.
Hence, the unieaded free-cuiting brass alloy according 1o the present invention may achieve
an excellent casting convenience., The term “casting convenience” used herein refers to that
situation when the raw maierials meluding tuming scraps, runners, and foundry réturns for
producing the alloy is fed to the fimnace; due to the relative low melting-point charscteristics
of the alloy, both the melting time and the electric power consumpiion way be reduced. In
addition, when the free-cutting alloy of the present invention is recast, no sdditional machine
or charmical agent is used to remove the gas during s refining process. The melt according to
the present invention has excellent Sowability and purity. Regarding the casting process of
the unleaded free-cutiing brass alloy sccording io the present invention, since the furning
scraps and the foundry returns of the castings can be offectively reused, the recycling vosts
may be greatly reduced. From the comparative examyple shown i 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 frec-cutting brass alioy of the present invention
reveals not only good shrinkage behavior but also 2 dense microstructure without forming
any defects of loose structure.  As shown in Figure 1{(B), in companison with the ASTM
CR7R00 high silicon-containing brass aliov or the materigls disclosed in Palent No. TW

877931, since the unleaded free-cuiting brass alloy according o the present tnvention has
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relative low copper content, the costs of the raw material may be advantageously reduced. In
askdition, the novel undeaded brass alloy according to the present invention provides a solution
to the technical problems associated with the formation of defects resulting from a freezing
process.  Therefore, the alloy composition of the present mvention solves the leakage
problems of a conventional silicon brass alloy for use of a lugh-pressure valve produced by 4
casting process.

{8062} When boron or nicksl is added 1o the unleaded free-cutting brass slloy, the freexing
eange still remains arownd 35°C, and the temperatwe difference of the binary-phase zone 15
not increased.

jaa3] Aceording to another embodiment of the present invention, the unleaded fee-culting
brass alloyv further comprises 0,01 to 0.8 weight, praferably .01 to 0.55 weight's, of nickel.
The addition of nicke! according to the present invention may affect the freesing type of the
alloy. It is believed thai the unleaded free-cutting brass alloy according to the present
invention firstly crystallizes the a-phase Co at 203°C and then the B-phase at 888°C. When
the temperature is decreased to the solidus tommperature of the alloy, 869°C, which represents
that the peritectic yeaction of the B-phase and Hguid phase iz completed, two exothenmic
peaks can be observed from g DBC curve, which corresponds to the two crystallization
sequences of the a-phase and B-phase. Since mcke] pertains fo an clement for stabihzng the
g-phase of the alloy and has a relative high meliing lempersture, the crystallization
emperature of the w-phase may be increased accordingly.

064 According to one preferred embodimsent of the undeaded free-cutting brass alloy of the
present invention, the alloy comprises 63 to 75 weight% of copper and #7.5 to §8.5 weight’s
of copper and zinc in total, As stated above, silicon may positively mpart a solid-solution-
strengthening effect on the brass alloy. Therefore, the alloy of the present tnvention has good
mechanical strength and ductilty,  The additive elements comprise 1.0 to 1.5 weight% of
silicon, 0.1 1o 0.6 weight¥% of aluminvm, and at lesst one element selected from the group
consisting of 8.01 to 0.2 weight% oftin, (.15 to 0.45 weight% of antimony, and 0.01 to 0.23
weight% of manganese.

{065] Agcording 1o ong preferred embodiment of the voleaded fres-cutting brass alloy of the
prasent invention, the unleaded free-cutting brass alloy having both excellent machinability
and mechanical sirength comprises 53 0 75 weight% of copper and 1.0 fo LS weight™ of
siticon, and further comprises (.01 to 0.55 weightYs of antimony. The copper-silicon-
antimeny compound, which is uniformly precipitated within the o-Cu solid solution, may

produce a free-culting offect similar to that of a brags alloy added with lead or bismuth,

s
LA
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during a machining process. In addition, the unleaded free-cutiing brass alloy of the present
fvention has advantages regarding bemng composed of a simple phase structure and having a
temperatire differcnce of the binary-phase zone being 30 16 35°C.

{81166} The principle of adding a large smount of manganese as a solid-solntion-
strengthening element in the rass alloy o form an buer-metallic compound may also be
applied o the unleaded free-cutting brass alloy of the present inveotion.  According to one
preterred embodiment of the unleaded free-cutting brass alloy of the present invention, the
alloy comprises 65 1o 73 weight% of copper, 22.8 o 325 waight% of zine, 0.5 0 2.0
weight¥s of silicon, 8.1 to 0.55 weight% of manganese, and 97,3 weight¥% or more of copper
and zme i total. It was surprisingly found that 0.1 10 0.55 weight% of manganese being
added to the undeaded froe-cuiting brass alloy of the presest inventiom may form a matrix of
a-phase and a small amount of B-phase, whercin the hard Mudbi: inter-metallic compounds
are distributed within the alloy and provide good wear resistance.  The alloy still has a

relatively narrow temperature difference of the bivary-phase zone, of about 30 10 35°C.

EXAMFLE
[Bi6T] The following states the examples of the present fnvention.  As to the techmcal
probloms associated with the commoroial unleaded copper matenals, the following detailed
disciosare and figures of the preferable embodiments of the unleaded fres-cutting brass alloy
according to the present mvention clearly deseribe the advantages and characteristics over the
prioy art materials.
jei6E] The embodiments of the present invention are as follows;

Bxarople 3 Producing an snleaded frse-cutting brass alioy

(8069 {1108 pure copper, TR7E00 silicon bronze alloy ingot, and cartnidge brass are used as
the raw materisls for melting. Beforg discharging from the furnace, the necessary amount of
abuminum (99,9%), tn (99.8%), antimony {99.8%), boron copper, a 99% manganese copper
alloy comprising 30 to 70 weoight% of manganese, or £7541 copper-nickel-zinge alloy {copper
-zine -1 8%nickel alloy) can be additionslly added to the melt. According to the desired alloy
composition design, after being weighted with g desired aroount of said smeliing roaterials,
they are fed into a graphite crucible of a high-frequency induction heating finance in the
sequence from high to bow meling-pomnt thereol (o be melted.  In order to decresse the
consumption of zine during a melting process, pure zinc is added at a temperature of 930°C.

The temperature i then Increased to 1050°C423°C 1o discharge the melt. Afler removing the

is
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slag of the surface oxide, the melt was poursd into a preformed green sand mold at a
temperature of 950°C. The composition of the as-tormed casting is charscterized by using a
spectrometer {SPECTROMAX), Germany), and the composition analysis results are shown
in Table 1,

(G876} The melted materials used n the examples described in the present inveniion may be
modified and selecied by any skilled person in the art as nesded. Except for copper, zine and
silicon, other cormponents, such as aluminum or manganese, are not the essential elersents to
the present inveniion.

Ba71l Table 1: the chemical composition analysis resulis of the unleaded frec-cutting brass

alloy of the present fnvention {in weight5e).

Sample MNe.  Zn Bi Al Se Rn N Bb Fe 3§ 8

73644 2805 2.23 {38

=)
&
(W8]
(¥4
[

8.526  4.003 000 G083 0005 GO0
ST3RE 29.16 124 0229 0073 0483 4017 000 0032 0004 008
SATIMS 2863 123 4452 0074 048 3.017 060 0031 0.003 000
BE738 2758 135 {1.01 (.10 .04 G017 045 0.032  (0.004 000
T7IMS 2957 1.32 0,329 {124 G288 4016 000 G032 00062 608
TIEMSE 2908 13 0278 018 G136 G016 800 CO0s GO0L 01

TIIMEAR 2803 129 0233 4108 0280 0778 006G G032 0001 OG0

Frannde 20 e efets althe sillcon content

{72 The microstructure of the Coraparative Example brass alloy 73M4 (81 > 2.0%}
consists essentially of the a- - and y-phases, where the v-phase is precipitated at the phase
boundary of the B-phase aud within the B-phase. Since the y-phase is hard and brittle, an
excessive amonnt of the v-phase being precipiiated may overly increase the strength of the
alloy, whereas the ductility is significantly docreased. The EDS analysts results show that the
y-phase is divected to a zine- and sihicon-rich compound. Because a large amount of rough v~
phase s precipitated at the B-pbase boundary, @t may wnpart a negative impact on the
mechanical properties of ga alloy. Particularly, it is believed that when the silicon content
exceeds 2.0 weight%, the excessive silicon-rich y-phase may start o be precipitated af the
grain boundary, However, # was swrprisingly found that when the siticon content of the

unleaded free-cutting brass alloy, S73M3S or BAT3MS, of the present mvention 18 reduced fo



§7413682:1 CA 03012592 2018-07-20

WO 2017/127284 PCT/US2017/013171

2.0 weight®s or less {about 1.24 to 1.25 weight%s), the diffraction spectra show that the
unteaded froe-cutting brass alloy, 873M3 or SATIMS, consiate essentially of dual a- and P-
phases. In addition, the diffraction specirum of SA7IMS shows that the intensity of the §-
phase peak at 43.4° is higher than the other diffraction pealvs. This result is consistent with the
microstruciure of SATIMS, which reveals that the fraction of the B-phase i3 inoreased.

HHHRY On the other hand, the mucrostructure characterizations of S73MS5 and SATIMS
proved that the w-phase of the slloy forms Widmansttien structure, whereas the rest s the B-
phase. Again, theso results are consistent with their diffraction anabysis results, [n addition,
there are no diffraction peaks associated with the v-phase that can be foand in the diffraction
patten. The SEM image of 37385 shows that the y-phase 1s mostly formed at the inter-
phase boundary of the o and B-phases, and the amount of the precipitation s significantly
reduced. Therefore, the amount of reticular-shaped precipitates of the v-phase precipiiated
along the B-phase boundary is sigmficantly reduced. Accordingly, the v-phase 15 wansformed
inte 2 grapular structwre and uniformly distributed at the grain boundaries. Given the above,
the experimental results show that the decrease of the silicon content w an unleaded fres-
cutting brass alloy of the present invention may docrease the amount of the y-phase. Inother
words, by reducing the silicon content fo 2.0 weight% or less according 1o the presems
inveniion, the strength and ducility of the brass alloy can be fmproved, 50 that the brass alloy
of the present invertion has suitable mechanical propertics,

Erample 3 Dharsdesiastionnt e ams

74 In Bxarsple 3, a conventional lathe is vsed to determine the machinabiliy of torning
scraps made from different copper alloy compositions under identical machining conditions.
A commercisiized disposable tungsten carbide having a nose angle radius of 8.4 mum is used
as the furning tool. The turning conditions, | mm of the cutting inlet depth, 0.09 nunfrev of
the feeding rate, and 350 rpm. of the turning speed, are used to cheracterize ihe
machinability of the fuming scraps. When the fumning process is completed, 20 pisces of the
turning goraps are randomlby selected and weighed, and the length of the turning scraps are
measured. The obtained results ars categorized according to the IS0 3688 standard of turping
scraps, so as to evaluate the machimability of a copper alloy.

HELRY] The microstructure of a conventional 36000 leaded free-culting brass alloy is
composed of the o- and B- dusl phases and pure lead distributed at the o and B-phase grain
boundary., The microstructure festures of the conventional C36000 alloy could meet the
requirements of the machinability and mechanical strength in practical use. Therofore, the

conventional U360 leaded cutling-free brass i1s desmead as the standard sample and defined
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as a reference product having 2 machinability of 1%, In order to meet the regquirements of
the environmental profechion policy, the prosent invention uses the v-phase precmpitaies
formed in the microstructures of the wnleaded free-cuiting brass alloy, such as T73MS,
TTIMSEB, or TTIMSN slloy, to improve the mechinability of the turning screps. Flgure 3
shows that the wraing scraps of the T73MS, T73MSB and T7IMAN allovs have a

diseontinuous C-shaps.

{8876} Considering the trade-off between the mechanical strength and the machinabiluy of

the alloy, the present nvention is directed to designing an alloy composition having less
fmpact on the mechanical strength. By modifying the sibicon content, the hard y-phase may
he controlied, so that it is distributed st the phase boundary in a granular shape. Thereforg, the
detrimental influence of the hard precipitates on the micchanical strcngth of an alloy may be
minimized. Consequently, the machinsbility of the brase aslloy according to the present
invention reaches a value sivetlar to that of the 84400 leaded brass (having a machinability
of 90%), and the processing time s close to that of a conventional leaded brass. The
onleaded fres-cutting brass alloy obvicusly has more advaniages for mass production
compared to the other bwo silicon brass alloys, as shown in Table 2. Figure 3 shows that the
tarmting acraps of the unleaded free-cutting brass alloy (the T73MS, T73M3B, and T73M5N
afloye) have a discontinuous Coshape., This vesubl reveals that the unleaded fres-cutting alloy
of the present fnvention possesses excoclent machinebility, and the twroing scmps produced
during a machimng process may not adhers to the culting tocl. Given the above, the
processing e of the glloy according (o the presest mvention can be significsntly manimized

in comparison with those having hard x- and v-phases being present within the microsirucure,

7T Table 2. the processing time for machining valves having an identical size.
Comparative Comparative  Comparative
Example Example Example Example
ASTM T7IM Series ASTM ABTM
_ 84408 {87830 87800
s
Processing o 5o 15 18
time {3e0)
ExampledoChtadienaativn of the anb-devinciicstinn vorogive potformancs of G noppenalioy

{B473] In Example 4, an IO standavd festing methed, 3O 650912014, was used to

determming the anti-dezincification corrosion performance of a copper alloy. This standard

testing method is particularly suitable for determining the anti-dezincification corrpsion
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performanee of a copper alloy having 135 weight% or more of the zinc content, According to
the 1SC standard fesiing method, 12.7g of hydrous copper chloride (CuClyZH ) was
dissolved in 1000 mi of de-tonized water (<20 puS/om), and then the copper chloride solution
was heated and maintained at a temperature of 7555°C through water heating.  The sample
was then out into g size of 18x10x8 nun, so that the exposure anca of the sample for the
testing soiution was 100 mm. Adter 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 to the botiom surface of the beaker. To avoid the detachment of the
dezincification layer from the sample, a #2300 sandpaper was used to polish the cross-section
plane, so that the dezincification layer could be distinguished from the voeorroded subsirate.
Therefors, the thickness of a dezincification layver and the uniform corrosion depth could be
determnined.

{0079] The total thickness of a partial desmincification layer of Comparative Exampls
cartridge brass is 332 ym. The uniform corrosion depth resulting from the copper chloride
ciching solution of Comparative BExample {87800 is 174 um; however, Comparative
Example C8780{ does not have a partial dezing:iﬁcfﬁtion laver. The uniform corrosion depth
resulting from the copper chloride eiching sohution of Comparative Exarople C87830 1s 133
um, whereas the thickness of a partial dezincification layer is 72 ey therefore, the total depth
of the corrosion layer 1s 208 pm.

jB0BH} The thickness of the partial dezingification layer of the undeaded free-cuiting brass
afloy T73MSB s 181 pm.  The uniform corrosion depth of BS73M is 45 um, whereas the
thickness of a partial dezincification layer 5 ondy 9 um.  Hoenee, the total corrosion depth of
B573M is only 54 um. Ghven the above, the thickness of a pastial dezincification layer
resulting from the copper chdoride eteling sohstion of T73MSB 15 much tuoner than that of
332 um of Comparative Example, cartridge brass. In addition, the comosion depth of BAT3M
is puch thinner than the corrosion depth of 174 pm of Comparative Example, C87300. The
anti~gniform corrosion performance of the BS73M alloy according to the present fnvention is
much better than that of Comparative Example, CE7800. However, the partial anti-
dezincification corrosion performance of the BS73M alloy i3 slightly worse than that of
CE7800.  The totml corrosion depth of the BS73M s thinner than that of Comparative
Exanple, CR7800. The resistance performance of the BST3M alloy to uniform corrosion and
partial desincification corrosion aceording to the present imvention are both better than those

of Comparative Example, CE7E50.
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8081} By comparing Example T7IMSH and BS7IM with Comparative Example cartridge
brass alloy having 70 weight% of a;x_qﬁps—:r snd 30 weighi¥% of zing, the pantial dezincification
corrosion depth can be decreased from 332 pm to a velatively low level. The sbove results
already prove that the unleaded free-cutting brass alloy according o the present invention
have improved the anti-dezincification comosion performance.  Given the ghove, the
unteaded frec-cutting brass alloy according 1o the present hvention meets the requirements of
both AS2345 and ISOS3G5, which are direcied to the standards of an anti-dezincification

performance of a brass alloy.

of the ronastabilisy s the alloy

{B882] The macrostructure of Comparative BExample C87800 alloy orior to being recast is
mostly composed of colummar grain structures. In addition, an unfilled porous structure i
present among dendrite stmcture.  Sinular macrostructore can be found in Comparative
Example C87800, Comparative Example C87850, and Example T73MSN of the present
fveniion. Afler the alloy has been recast, i is found that the recast ingot of Comparative
Example C87800 does not revesl a shrinkage cavity tendency during freezing; instead, the top
surface of the ingot is expanded, and 2 large amount of loose defects are present inside the
ingot. Tt s inferred ihat because a wide freezing range of Comparative Example CS7800
allov as well as the attachment of moisture and cutting ol 0 the re-melt of the foundry
refurns and turning scraps, the gas content of the alloy bquid s increased, snd the porosity of
the casting is Increased. The wide freering range of C87800 significantly reduces the casting
ponvenisnce of the alloy, and the wechanival properties of a recast U8780{ alloy cannot
achisve the same level as an original C87800 alloy. It was surprisingly found that the recast
unleaded free-cutting brass alloy of the present fnvention revealed a normal shrinkage cavity
tendency during a freezing process. 1 is found that the macrostructures of Bxamples T73M3
and T7TIMSE before or after being recast are both composed of dense isometric grains
without the presense of porosity. This mesns that Example T73IMS5 and T73M35B alloys have
sxcellent casting recastability and acceptable mechanical strength,

{083} The re-melt of the unleaded free-cuiting brass alloy according to the present invention,
which may pass through the runper several times and comprises machined workpicces and
turning soraps baving cutting ol attached thereon, may be directly fed into the furmace during
a recyehing meling process without adding any refining or degassing agent to the mell.
Meither a chemical degassing process assoviated with a reduction reaction nor 8 physical
degassing process involving decreasing the temperature of the melt is needed during a

recycling smelting process.  After the recyeling process of the unleaded free-cutting brass
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alloy has been completed, the melt can be directly discharged when the temperature is
reached. The casting process 15 conducted at 2 teroperature suitable for casting of 930
1200°C, preferably 950 to 1106°C, and more preferably 10006°C o 10807C. After powring
the mell into a sand wold, the melt exlebits a normal shrinkage cavity tendency, excellent
castability, casting convenience, and good mold filling ghility. Therefore, the unleaded free-
cutting brass alloy according to the present invention has excelient casting recastability and

mold filling ability,

Exnample & Hhanctzation ot the il praperties

(84} Although the ailicon content of the unleaded free-cutting brass alloy T73MS is
reduced to about 1.3 wi%, the zine content 15 increased accordingly to fulfill the deficienoy
of the solid-solotion-sirengthening effect coptributad o atlicon. Thersfore, Example T73M3
alloy has 2 mechanical strength which is very close (o that of Comparative Example C87800
silicon bronze.

HHERY Since the zine content of Example T73M alloy is designed to become higher, the
guantity of silicon being solid-soluble io the w and B-phases s decressed. The
microstracture characterization of 2 sample cross-seotion reveals that silicon added to the
alloy cannot be completely dizsclved in the o~ and f-phases, Thorefore, when the atlicon
concerdration is higher than the maximum solid-solubility of the matrix, a hard and brittle
zinc- and silicon-rick y-phase may be precipitated. From the cross-section image of Example
T73M3, a dumple feature resulied from a tensile deformation of the a-phase can be found, In
addition, the granular v-phase can be found 1n the fine dimple feature, The result shows that
the gramtdar v-phase is unmiformly distributed at the ¢- and f-phase boundary. Therefore,
Example T73M3 alloy achieves an excellent doctility, In addition, i was swrprisingly found
that, after adding boron (T73MEB)} or nickel {T7IMIN} to the unlesded free-cutting brass
alloy of the present invention, the slongation may be significantly decreased. The frachuwe
surface 15 produced along the interface of the w-phase and v-phase of the wnleaded free-
cutting brass alfoy of the present invention. Moreover, the addition of nickel roay make the
fracture surface extend along the interface of each dendrite structure, which vusually has poor
toughness. Therefore, the fracture traces of the §- and y-phases can be found on the surface
of the dendrite stractures without forming aﬁy obvious slip bands of the g-phase.

Example 7; The application of the unleaded brass alloy valves
1 194 ‘

[6886] Ome aspect of the present invention is to provide an unleaded free-cutting brass alloy
having 2 leak-tightness characteristic. The unleaded free-cutting brass alloys of T73M3SB,

T73MEN, and BE7IM 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 g Iifting rod, butterfly valves, piping parts,
¥ -strainers, or 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 from the unlesded free-cutting brase alloys of T73M3B, T73MSKN, and
BA7IM mest the requirsments of & gas pressure fost under 83 pst or more, or the water
pressure test under 900 psi or mors {the actual water pressure for testing is from about 1,150
pei to 1,450 psi according to the MSS 3P-110 Ball Valves, Threaded, Socket Welding, Solder
Joint, Grooved and Flared Ends standard.  Therefore, the microstructure features of the
unleaded froe-cutting brass alloy according to the present invention are particularly suitable
for the use of the valve products, which require 3 pressure resistance of 904 psi or more.
HHRRT Examnple 7 further demonstrates using the re-melts of the unleaded free-cutting brass
allows of TTIMSB, T7IMSN, and BR73M{comprising 40% of the turning seraps and 60% of
the foundry returns having identical alloy compositions to those of T73MSB, T73M3N, and
BS73M) to produce castings through a sand mold process. The valves are formed by first
casting T7IMSE, T73MSN and BS7IM alloys, and then machiming and welding the as-
produced castings. Figure 4 shows the appearances of a valve made from the unleaded free-
cutting brass alloy of TT3MSR. It can be seen that even the casting is welded; no crack can

-
i
/

be found around the beads, Example 7 further shows that the valves formed by casting the re-
melts of the unleaded fres-cutting brase alloy of T73MSB, TTIMSN and B373M can pass the
standard of leskage without producing any cracks in the microstructure.  Therefore, the
valves produced froro the unleaded froe-cutting twass alloys of the preseni invention
sufficiently prove that they have the sdvaniage of leak-tightness. Table 3 sunumarizes the
features of T73MEE of the present invention in cormnparison with other conventional alloys,

B8] Substantially, the valves formed from using the re-melt of the unleaded fres-cutiing
brass alloy, T7IMSB, TTIM3N and BS73M,can reach teusile strengths of 355 MPa or more,
411 MPa or ruore, and 450 MPa or more, and fracture elongations of 25% or more, 20% or
more, and 16% or move, respectively.  The above-memtioned mechardeal properties
sufficiently prove that the tensile strength and dectility of the unleaded free-cutting brass
alloy of the present invention can be significantly improved by adding 2 suitable amoant of
alloying element{s). Moreover, the valves formed by casting the unleaded fres-cutting brass
alloys according to the present invention all pass the pressure test under 900 psi or more,
preferably 1150 psi or more, and more preforably 15300 psi or more, without producing any

feakage,
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{B0%5] Given the above, i view of the microstructure, machinability, recastability,
mechanical properties, anti-dezincification corrosion performance, weldability, snd leak-
tightness of a casiing of the unleaded free-cutting twass alloy of the present invention,
modified by adding aloying clementis), all of the features dishinguish the present invention
from conventional copper alloys,  Abthough the above examples relate to the valves for
conveyving fluid, variations of those preferred embodiments may become apparent to those of
ordinary skill in the art upen reading the foregoing description. The mventors expect skilled
artisans 1o employ such variations as appropriate, and the inventors inend for the nvention ©
be practiced in manners othor then as specifically described herein.  Accordingly, thus
invention includes all modificetions and equivalents of the subject matier recited in the claims
appended hereto as permitted by applicable law. Moreover, any contbination of the above-
described elemenis in all possible variations thereof is encompassed by the tnvention, unleas

otherwise indicated herein or otherwise clearly contradicted by context.
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Claims

1.  Anunleaded free-cutting brass alloy, comprising:
copper: 65 to 75 weight%,
zinc: 22.5 to 32.5 weight%,
silicon: 1.0 to 2.0 weight%,

at least one element selected from the group consisting of 0.01 to 0.8 weight %
of nickel and 0.01 to 0.55 weight % of antimony, and

unavoidable impurities,

wherein the total content of copper and zinc in the brass alloy is 97.5 weight%

or more.

2. The brass alloy according to claim 1, further comprising at least one element
selected from the group consisting of 0.1 to 1.0 weight% of aluminum, 0.01 to
0.55 weight% of tin, 0.01 to 0.55 weight% of manganese, and 0.001 to 0.1

weight% of boron.

3. The brass alloy according to claim 1, wherein the y-phase of the brass alloy is
uniformly distributed between phase boundaries of the a-phase and the B-

phase of the brass alloy in a granular shape.

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

5. The brass alloy according to claim 2, comprising 0.2 to 0.5 weight% of

aluminum.
6. The brass alloy according to claim 2, comprising 0.01 to 0.2 weight% of tin.

7. The brass alloy according to claim 2, comprising 0.01 to 0.25 weight% of

manganese.

8. The brass alloy according to any one of claims 1 to 3, comprising 0.01 to 0.55
weight% of nickel.

9. The brass alloy according to any one of claims 1 to 3, comprising 0.1 to 0.45

weight% of antimony.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The brass alloy according to claim 2, comprising 0.001 to 0.05 weight% of
boron.

A casting process comprising a step of pouring a melt of a brass alloy as
defined in any one of claims 1 to 10 into a green sand mold, a furan mold, or a
metal mold to form a casting.

The casting process according to claim 11, wherein the pouring step is
conducted at a temperature from 930 to 1200°C.

The casting process according to claim 11 or 12, wherein the casting is
subjected to a machining step to produce a machined workpiece and turning
scraps thereof.

The casting process according to claim 13, wherein the melt of the brass alloy
further comprises a re-melt from the machined workpiece or turning scraps
thereof produced by the machining step of claim 13.

An unleaded brass alloy casting product, comprising a brass alloy as defined in

any one of claims 1 to 10.

The unleaded brass alloy casting product according to claim 15, comprising a
valve, a piping part, or a filter.

The unleaded brass alloy casting product according to claim 15, comprising a
ball valve, a gate valve, a check valve, a gate valve with or without a lifting rod,
a butterfly valve, or a Y-strainer.

The unleaded brass alloy casting product according to any one of claims 15 to
17, wherein the brass alloy does not leak under a pressure of 900 psi or higher.

The unleaded brass alloy casting product according to any one of claims 15 to
17, wherein the tensile strength of the brass alloy is 280 MPa or higher.

The unleaded brass alloy casting product according to 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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