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Table 1 Main chemical components and sources of scrap copper ( %, mass fraction )

o | A A FE RSy A ; ‘ _ _ -
il [ # B Gz 5 fif il b B fi B
R 63.35 1.88 0.36 1.01 0.30 0.42 0.1668  0.3428  0.0018 0.0277 0.0022 4xht R
155Kk 99.00 0.20 0.20 0.20 0.10 0.10 0.0010  0.0050 0.0030 0.0010 0.0010 A& KH
MWeiR A 59.18 3.00 0.29 0.72 0.70 0.36 0.0204 0.0236  0.0031 0.0603 0.0110 A& fif22
H\?b_57'3 57.79 2.77 0.69 0.83 0.43 034 0.0507 0.0573 00110 0.0371 0.0092 4 i
Bk mEe)
H?b57'3 58.62 2.75 0.58 0.77 0.04 031 0.0199 0.0145 0.0181 0.0257 0.0092 4viE o
IS Il
FEFER 0.03 0.58 0.12 0.10 0.00 0.00  0.0000 0.0001 0.0080 0.0000 0.0075 &&F  EHH
1.2 B4rigit fifi Cu-Zn #HIEI RS, B 5 56 Fe U E AL A Fe-Si

Xof UL B B4 R 2 R, 23 Cug,sZn Phys s LAY, TERE DL BRI, B R L
RING A Sr: SeAE I B TS N — %€ 1Y Pb, B R HIAE 0.05% LA ; ALJCE U4 24 &R
Fe, Sn, Ni, Mn, Si, DAIRIGAE 24384, SRf5 M3 “5F oo, LSRRGSR, AR EE SR T
M RN T, DA E & R U 4 wo, (LA R S i X R S I TSR, ek H T 5
21, FEXTA A 2R TR I, Hop, TR PEI7E 0.04% LA 5 Fe, Sn, NiZE HAbITE 8RR
Pb =2 FRGE RO DI MERE, B30 5 45 16 SRR RE BT R 2 SR FE E
1£.0.5%~3.5% 2 1] ; JCZ SifEE 2 | R %O 10, 1] G AN 2R

F2 BEBRNEELZHS
Table 2 Main chemical composition of round bar (%, mass fraction )

= Cu Pb Fe Sn Al Ni Mn Si oA Zn

TE
Gl 57.50 05-35 056 045 0.035 0.26 00453 00368 <020 Alit
1.3 XWHE FPEAE, MR R A, IR

K U 4 i) 25 P A B 5 A B, & 1.2 @(22.45 £0.08) mm; fef, PEHI20 MNZ[a1 85 EAL,
TR LR, e S B AR (BRI L S 4k P B B B R 13 mis, B IR S IR AR AN T
oL BEERN GG D) DK 20K T 8 MN, Zud Bk T 2R, nlFfa . msos et
K ) A A SR A B 4 5 RSk e WA T R 1 B 5 A IR R
XF @198 mm [ EEFH, FRASHEE F LI AR 5 T FH (] — RS (814 A A D10 11 P R I 0 1 52 36
Wk b R B, Hh SIS iR | i AR X4, JEAEMRKRT VI g — M RS, 158, 4
TR 24 (A8 5~15 °C5 SR e AR ELAY H13 1l XF[al—ZR B i, B Ph B S B0 B R 0.5%
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Fig. 1 Process flow diagram for the preparation of brass round bars
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Table 3 Cutting process parameters and cooling methods

for brass round bars

FeHY UISIREER SSRGS BRedtin BHITR

ZH 2 mm 0.15 wm/Z 500 t/min HARAH
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Fig. 2 (a) Cutting force experimental setup and (b) force analysis diagram of the cutting sample
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Fig. 3 Changes in cutting force and roughness values during

surface machining of round bars with different lead mass fractions
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Fig. 4 Metallographic images of lead particle distribution in products containing different lead mass fractions :

(a)0.5%; (b) 1.0%; (¢) 1.5%; (d)2.0%; (e)2.5%; (£)3.0%; (g)3.5%

R4 BTERERESE=REEBTRRT/ S5

Table 4 Distribution of lead particle size/proportion for products with different lead mass fractions

‘ N 0~5 wm 0~5 pm 5-10 pm 510 pm >10 pm >10 pm
POIREDR e AT S i skt 1 i s i
0.5 1470 1456 99.02 8 0.55 6 0.43
1.0 1641 1620 98.69 11 0.70 10 0.61
1.5 2004 1892 94.42 62 3.08 50 2.50
2.0 2874 2629 91.49 154 5.36 91 3.15
2.5 3166 3000 94.77 132 4.17 34 1.06
3.0 4604 3724 80.88 768 16.68 112 2.44
3.5 5837 4453 76.29 724 12.41 660 11.30
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Fig. 5 SEM-EDS analysis results: (a) Microstructure of the impurity phase (al~a5 are the elements distributions of Cu, Zn, Pb, Si and

Fe, respectively); (b) EDS composition of surface scanning; (¢ ) EDS composition of Point 1 in figure (a);

(d) EDS composition of Point 2 in figure (a)
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Fig. 6 Changes in cutting force and roughness values on the

surface of a round bar under different lathe speeds n

S CUIHIEE ) 3, sy VI RE T, Mop gk
O, PRI YIREE R, DIEIEN T 5
W [T, 3 1 070 0 3R T e R
A R SR AN, U0 S, T T
FMIBVEARIE, BN T R mHURE B, 4 n7E 300~
700 v/min i, JN TR EAREEERAR, SR, 2460
ALK/ J] Bt B, 2351 & mimdidie, =4
SRR IS, I miE T B Can H 2 ),
XS ARSI R T AP RIS B, B e 3R 1
JFHE, W AE900~1100 /min iF, JI1 T2 diHLRE B2 458
Fio HIATLAAR 1, n=700 r/min e fE 45 B
UL EERERHIT I g AEREAR T 0 T2 1 RELAS 5 A B
BIEKR,

PLEAE 4RG3, B n=700 t/min, RFEAIEIN
Tk YT S RN TSR TETRURES B Y g e, S
B f20950.10, 0.15, 0.20, 0.25F10.30 wm/Z.
&7 J2&:n=700 r/min B}, AS[EIN k45 5T UIE) A
I TR LR E A b i 2. WL, RS RS
FEO, BRI AT ) F0 3K R R LT S B
FE I, N 0.10 p/Z I, BB N
T 2% RS B f /N, 439k F=120.74 N,
R=1.715 wm; 474 0.30 wm/Z i, #4821 T
DI 0 25 THRDRE BE SR R, 43 il D F=238.63 N,
R=7.718 wm, FHUCHEN, B SE25 530, YIH|
JEFEWAERG I, WA B 1 DA R AR TE ST 13 K,
FYIm Jy F oA h PR BT, BT B
Tk AEPEL (15 0.10~0.15 pm/Z) & F . Y1)
82

Fig. 7 Changes in cutting force and roughness values on the

surface of a round bar under different feed rates f
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Fig. 8 Changes in cutting force and roughness values during

surface machining of round bars under different cooling methods
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Cutting Performance of Cus,;Zn Pb,; ;s Alloy Produced from Scrap Copper

WANG Fachao'?, MA Shuai', HU Dandan’, SHEN Shouwen’, LANG Bin®, LIU Wei', CHENG Jiahui'

(1. Taihang Laboratory In Shanxi Province, Shanxi Taiyuan 030000, China; 2. Ningbo Changzhen Copper Industry
Co., Lid., Ningbo 315000, China; 3. Shanxi Key Laboratory of Copper-Based New Materials, Yuncheng 044000,
China)

Abstract: By analyzing the cutting performance of low copper content recycled brass alloy prepared from scrap copper, influences of
lead mass fraction, process parameters, and environmental conditions on the surface processing quality of the material were studied.
Results revealed the following trends: as lead content increased, both surface machining cutting force and roughness values of the
material initially decreased and subsequently increased. When lead content ranged from 1.5% to 2.5%, surface roughness values
exhibited minimal variation, all achieving relatively ideal levels with an average Ra value of approximately 2.5 wm. Notably, when
the lead content reached 2.5%, surface machining cutting force was at its lowest, measuring F=164.96 N. With lead content fixed at
2.5%, optimal cutting performance was achieved when lathe rotational speed (n) was set at 700 r/min and feed rate (f) at 0.15 pm/Z.
The use of coolant cooling method significantly reduced cutting force on the surface of the material to £=139.37 N, while surface
roughness decreased to R,=2.024 pm. Compared with natural cooling, air cooling method improved surface roughness of the material
during processing, reducing it from R,=2.529 pwm to R,=2.216 pm. This study provided practical process guidance for the efficient and
precise machining of extruded round bars with recycled brass, offering significant potential for applications in material development and
mechanical manufacturing.

Key words: scrap copper; lead content; processing parameter; cutting force; surface roughness
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