MARBERBEZTZAWN-EEHI)—
=58 - RANE R R S EDFRAF



Cub0-Znd0ESHE& 4L

_ . szE ESEEN, R
60CU-40ZnIEREE = L ™ S T T T A

ﬁlt $ % %B I:II:IIII % ? % nnl:l 1084 89—+

Temperature /°C

KixER

38888 %8

40mas§%

—HRANMHER S & Cu © ® * ® % gy

Mass percent Zinc (mass%)

(JIS:C3600%)
UTS:350~480MPa BHE : RMREEICEND

X 7-3FEIAE®
= oHfEE®



SEAEE-§ T

> BREEFSE(EHER) [ Cu - 40%Zn ]
BARMHEY  UTS : 500~750MPa 2 1T N
= AP 55 Mn Y Fe
RN B W 8 WERE 25~ | 50~ | 20~
FEEEAR /S 5.0% 7.5% 4.0%
ﬁiﬂiigﬁg Mn, Fe, Al, Ni :a, Bt BER#&{t
GREMEL , Al Si BRESRERIHIME
ZT/I/Z@IEI(J'W’)%HH&L’CO)%H% _EB*EH:'I#%%\%&O) *”Fﬁ

<TEARMEDOEMN>
B8t - AT P 2 8 1E

HERFICECSREY " HatE T B
mmarcormy W A FgEs wmTi

) 3= O EEHIR

WMERMITRICISIEHRERFSEOMFE




REINE RS E
> T2 —RAIERFEE
— AR REI RS E (JIS C3000% &G E)
= REIMEAELETEELT SRIOFRM
Pb : 2.0~5.0 mass%

in . RIEAEMH = fERE=E

(1000ppmEL T 2006FIFFE)

&
a3 | .
ﬁ% >Ij IR RR
';l ~~  Restriction of Hazardous Substance (RoHS)
\ Waste Electrical and Electronic Equipment (WEEE)

HEE - SWERNMH = HUHIM

M EDEE 2RIV —EA
Bi, Si, Se, RN FEE




sEEI V) —REMERREGE

Bismuth
F~DEBE B (0.5Wt%LLT)

IMEEBEDMS (270°C)
AEADFEE /I

EfFGEM P Binfm HMARBIMAE
= DIHIE, #mesE Bl

Graphite
g i
IEIRIR & R A1
EEERZR

E®EMH
= SIS — oA S

(Floating)

Zn vaporization




MRAaEIEIC J:ém:éf’v')—'ﬁiﬁllli =58 ﬁfﬂ‘“%ﬁﬁ%

BMEPICHETEIMRAEE

DRIGERZEM D —R/N
Ot TR RDBEZ AR

@ ich IT-| /ﬁlﬁl*ﬁ*@ﬂﬂq

Billet for Extrusi

HEETIEXFMTELMEE B THR
B A FN E SRR CE G F M A [0

-t

=R ERIASENROER
(E7sa@ b, W dasit)

& [> Hot extrusion

Gr

Uniformly dispersion
composite structure

Additional Brass powder with
particles Super saturated solid solubiliy



MARBEIXICKDHTEIRT)—RAEITE - S5R

800 |

515R5&= TS (MPa)

I

7 35
%/// HRHHESA

MEuplCLHER-BEEIL

g0 —
400
(SiZhn) BisE N — .
300 (SN WITHEE (saiFN)
0 2 4 6 — B

PIEIM T (=1INTEER, *102/s)

RIS ERFE

i

RnAEHRRZHALLERRTTROBARMEZRGS UM Yms
HEZDHLHRBHTFDE— S

"

~*

T2 —RAIE - SREREFESE



(a) As atomized powde: 7
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(b) Heat treated powder

Cu 71.6 wt% Cu 71.8 wt%
Zn 28.4 wt% Zn 28.2 wt%
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Tensile Strength, c/MPa
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1. Using mixed powder of brass
powder and graphite particles
= The graphite particles were
dispersed in the brass alloy.

2. Using the rapid solidified brass alloy
powder with bismuth

= Brass powder with fine bismuth
was obtained.

Brass powder
with Bi

30um

Cast ingot of brass
with Bi

30um
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Atomized brass powder with Bi

Graphite particles.
<

Lead-free machinable brass with
suitable mechanical properties
by powder metallurgy process

« Effect of bismuth behavior during the consolidation process

on the machinability and mechanical properties of brass alloy.

» Synergy effect of bismuth and graphite particles additions on

the improvement of mechanical properties and machinability of
brass alloys
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- Cu-40Zn- X mass% Bi
(X=0~3.2)
Water atomized powder
- Graphite particle

Natural graphite
(Chuetsu Graphite Works Co., Ltd.)

Mean particle size Mean particle size
d =150um d = 5um
: 120rpm 4h
by ball milling machine. Graphite
Punch <
'/

Spark Plasma Sintering (SPSed) === Thermocouple
Sintering temperature :1053K 3 i !
Pressure : 40MPa i
Sintering time : 30 min / |

/
Y Samol ™ Graphite
amp’e Punch

powder
Fig. SPS (Spark Plasma Sintering)

SPSed billet for the extrusion
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SPSed billets

L

Hot extrusion

Pre-heating rate : 0.36 K/s
Pre-heating : 923 K, 180 s , Ar
Extrusion ratio : 37 ( ¢43—¢7 )
Extrusion ram speed : 3.0 mm/s

Mechanical property

Machining test (Dry drilling test)

Tensile test
(Autograph AG-X 50 kN:

Strain rate : 5x 104 s-1

Drill tool : 4.5 (OSG Co. EX-SUS-GDS)
Load : 9.8 N

SHIMADZU) Rotation speed : 900 rpm

Drilling depth : 5 mm

Evaluation : Drilling speed (mm/s)
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Brass with Bi (TG)

Brass with Bi N
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Brass without Bi (DTA)

VB S THTIER

. Zinc evaporation
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(a) As atomized powder
(2.2 mass% Bi)

(b) Annealed at 1023 K
(2.2 mass% Bi)

(c) Annealed at 1023 K
(2.62 mass% Bi)
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Bi existed in
the primary
particle
boundary

(a) Extruded SPSed billet (b) Extruded SPSed billet
of 2.2 mass% Bi brass of 2.62 mass% Bi brass

—  Extruded direction 26
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Content of machinable
elements, (vol%)

Content of machinable
element, (vol%)

Machinability = More effective compared to Gr

Bismuth {

Ductility = Decrease
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(a) Extruded SPSed billet of 2.2 (b) Extruded SPSed billet of 2.62

mass% Bi brass mass% Bi brass

Brittle fracture
= Influence of Bismuth at the primary particle boundary
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Balance of the machinability and suitable ductility

<Influence on the machinability >
Bismuth addition > Graphite addition

<Ductility >
Graphite addition = Elongation slightly decreases
Bi addition (appeared on powder surface)
= Elongation drastically decreases

.

Bismuth addition should be optimized for good balance

of machinability and suitable ductility of extruded brass.

Graphite particles as machinable element are added in
order to cancel the negative impact of bismuth on the
ductility of extruded brass.
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Extruded SPSed billet of the brass alloy with
2.2 mass% Bi and 0.5 mass% Gr

— Extruded direction

* Non segregated Bi
(About 5um Bi dispersed
in the brass matrix)

- Homogeneous
dispersion of Gr in the
brass alloy

(No influence on the
distribution of bismuth)
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Elongation, (%)
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50 |
With Biand Gr X Calouation content o
40 (2.2mass% Bi+Gr) J
Gr = machinability rate
30 standard
Bi 1vol% = Gr 1.71vol%
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0.5
10 <7 04
o 3
0 :).’_ . 0.3
0 1 2 3 4 5 6 7 =Eo02
Modified content of machinable 3 0.1
elements, (vol%)
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e . . 01 2 3 4 5 6
Addition of suitable Bi and Gr Content of machinable

= Keeping the ductility element, (vol%)
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Conventional machinable

brass with lead
(UTS 388MPa,
Elongation 21% )
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Modified content of machinable
elements, (vol%)
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