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A direct consolidation of brass machined chips wastes has been attempted from a viewpoint of energy-saving
and recyclability. A direct consolidation process from machined chips wastes has successfully been developed
in our laboratory. So a free-cutting brass without Pb has been developed using this consolidation process in our
laboratory by adding graphite powder and CuzS powder as a substitution for Pb. However, ZnS formed during the
extrusion processing disturbs the improvement of machinability of the extruded rod to which Cu:S is added. In this
study, therefore, a surface of 6-4 brass machined chips was oxidized and dezincificated by heating in air in order
to suppress the formation of ZnS. After extruding, the density and mechanical properties such as hardness, tensile
strength and elongation of extruded rods decreased with an increment of CuzS addition while an application of heat-
treatment to machined chips suppressed a degree of drop in density and mechanical properties of extruded rods.
Moreover, a machinability of extruded rods improved with increasing Cu:S addition and more obviously by heat-
treatment.

Keywords: 6-4 brass, machined chips wastes, hot extrusion, free-cutling brass, copper sulphide, oxidation,
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Fig. 1 Appearance of machined chips of 60% Cu-40% Zn alloy.
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Fig. 2 Schematic illustration of hot extrusion apparatus.
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Fig. 3 SEI and EDX analysis of machined chips and treated chips.
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Fig. 4 Appearance of billet and extruded rods.
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Fig. 5 Hardness and density of extruded rods with different Cu:S
additive amount.

—256—

LML AT 2 17 o 72 & & 5 MALTLRE & Bk
BB B R L2 B s, Ml L5
DB L 258N B AR S .

3.3 WEHARBLUEERTE

Fig. 512l S 3Bk & HREENE DO R md. W3Zo
VT E, B ALER A 2T RV ZnSATE K S R
FTuwlkd, EREMH LIV IWELER LT Fi,
TN AR 12 351 BCuSD5 vol% M Tt X o
ERMEAELNZ.INIEZ. 5 vl 3o e L H
LIEMEDALE R TH B DOSEInDBRIE LR TL &,
i LM IS ZnSHE S I LS ERRE EE R
bhad, ThiZa L. MELEM TIRIZE—-E0S
EFRLTWA, Thid, AL EZ/IILICE-T
InSOERHH E - EAFEREELZSRL. 2O
WS, IMBVLEZZ0S D A & I 3 B A RN 7 T
Rewz b, DEICEENEDHEICIOWT, m#kk
WHELH %X RMEORMICE L B WETLTWL
M AT B L7225, INELIEH (I Z oS £ 0
AN holo T ik, MEALBEREZ & T L
TRz T 5o dH 58Il B X Rt o
EREICLDHLEZLNS,

3.4 B|ERHER

Fig. 6Ic 8| ieikB o5 B % m 3. F 37, MELEA &
MBAAMIA D5 ER S %2 3 5 L. BB o
FHRTRTOHEMHFICBVWTHWIRRS 2R L 7.
i, MBEVRLALZ &) BRI h B & 2 408
Bickh, MEXEALE-EEZORSE. T, N
WLBEARY 35 X VAR EH O Wt d . CuSO Ik
oIy hwg|lEms B L OMTERL LR
i A LR o IR ENE S CCuSAFAET 5 2 &
WCED, FAr7VOERBLTRERIEEX T/
OREEFEZBNE, LA L. vol2% e <Tldo [ S,
fhre biIc bH LA ZEZnSoERH Y LTwa
EEbR, BYWHIBREICEWTZInSHER TS Z LI
0, WHERLOERFEAS LD MENIZR Y EmEEA L4
LitEZONRS.

-
[

600 70
o
500 |- o | 80
[o]
%— -1 50
. 400 | R
£ {40 >
o
£ 300 |- £
= ©
7 ||F=mFEE==—= 130 @
@ Untreated rod IS
@ 200 "I"=@-[ Treated rod 20 WY
- | _Tensile strength _ |
100 "3 T Untreated rod 10
Treated rod
o Um— | 0
0 1 2 3

Cu,S additive amount / vol%

Fig. 6 Tensile strength and elongation of extruded rods with different
Cu:S additive amount.
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Fig. 7 Principal force of extruded rods with different Cu:S additive
amount under depth of cutting of 0.5 mm.
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