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20Zn(Ji = %) A4S M2 THA TR, 24 a-Cu
(AR > N 8% K F 23%, &4l M 281 HV
FEA%E] 250 HV, {Hil BEMRE 15%00 1, X EEE
BT B 1 SR TR = AR S0 T R I a8 ) B ) AT
1 a-Cu /=45, WMARGMEZSY E.
MOSHKOVICH %™V 5% 7 Cu-38Zn-3Pb( Jii & 47
B, %)y& a5 Cu XTESI (HE g BB B ST N, K
PRAE W NN ER 1 A 3~64 MPa. WA EJy 0.35 m/s 61
T, EERIEERE 1N 0.01~0.02, X2&H TR
Kl b, a-Cu s WRAEE®, FmABBHAR, HE
PRI E Po BSUBURIIY S04, i 1A R
B

FEZE SR H 2N I IRAL A B 5 R 28~35 MPa. %
# 15000~20000 r/min. R0 30 G LA bR SRR
—55~135 C, H g ¥ x5 BB &M kL Dy & R EE T
GCr15(HRC65) 4l AN , 1 Lo 251 5o T L PR B 2 R
KW B, 7Ei% %14 R C67300 453541 5 GCrl5
S R VR VD PR R BB AR AT 9 R A DI B A T
I, ASCFEEFTE IR KESFA LA C67300 £t
B AEAS [F) N At FAS R 5 38 5 GCrl 5 5% B I ) B
PEEEITAT N AL BT 20 0 IRAR A 85, e R 11 B8
BRI EE N FT 200~500 N, X fRIEE AN /7 A
11~28 MPa; 3% 4 400~700 r/min, X [ f¥) 4 55
9 0.48~0.84 m/s, FEXTIREE 5 (1) BE ¥R I R TH TR ST
TRAE, TRUET I B R AL thAh, i
HHE K SFIAELA C67300 4 5 8 IO L 23 A g2
PEREREAT T RFEE, AR KA 300 CHRIE 1 h, #
LA NTR AL B G FIRAS, BB KESE 30%4 8 TE

AhHE,
1 £

SRR H Y C67300 £ A AN GCr15 FliAP A&
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H7; K H OLYMPUS 4 4H B85 1 Zeiss Supra 37 K 5

=1 C67300 £E B4Rl GCr15 MRS & 4 1k R4y

P BEUEE C67300 %l 2 4 (1 oW 2H 23 J B 43 ) 1)
TES, HA A 3 g FeCl+30 mL #5F£+100 mL 7
KW K UTM5504-G B H 1 75 B8R 560 /1 I
C67300 s 4 1) J12E ke, HrRE SR B R, 5
FE2 6 mm X 20 mm, FAHIEZEN 0.5 mm/min, FFAETH
PR XCRA 51 KA HVS—1000 % 4k (AR 11
ME &M RAEERE, o ingdi A 300 Ny Nz
)15 s, REAMFEM NN 10 &k, BOLFI4ME; R
F MVF-1A B 7 588 52 B 45 X B0 AU 34T 1 2 R
BRSNS, EEEERISADN A, 1B KAt
T2 N300 CHRIE 1 hAAELSGER KETARTE 30%)
[ C67300 %f 4 M BEIEAY , X BERIA GCr15 AX(FE
AL T 208 860 C¥EEK+200 CIRIK), JHETEHAE
FRBE R BL I o SO AR BE R R B HEAT s b 3, ik
RN 25 °C, e aE Dy 200~500 N, %R
Befih N 118 11~28 MPa; R385 A 400~700 r/min,
XTI TS B N 0.48~0.84 m/s; FEMBTHIFL N 18
mm®, JEYE AN 20 min; Xt TS HE DT
SRS, SREHOLTIME: S A Image-J BAFSuiH
AT AR AR 2 2
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C67300 i HA 1) XRD i an & 1 From. HE 1 7]
H1, C67300 % #i 4 =B i = AHRA L, 40 T N THTCa L T
FCC 45K o-Cu [EEAR. T B2-CsCl 45
f-CuZn FHMINT; 454 D8y -MnsSis M. Kl 2 Piznsy
FIRIB KA FIAELA C67300 FH ¥ OM SAMAH L
K, o 2(a)Mic)Frs Atk A 2L, Kl 2(b)
AR NABETESA L. ATULEH, TiRiE ks
R ELE, a-Cu AR BRCHZ Y, HAFEIRKEE
mn (LB 2(@)F(c)), dikr ROFEEPIANIRES N 20008 15
pm F 13 pm; g2 AR IR, 32 o B2 55 J65 1 MinsSiy
FRAEREARR T ERBA N AR, I ER IR
KSR Geit S RT3 305 5N - 0 83% B 8%

Table 1 Chemical compositions of C67300 manganese brass and GCr15 steel alloy (mass fraction, %)

Element Zn Mn Si Pb Fe Sn Ni P Cu
C67300 32.15 3.23 2.09 0.95 0.08 0.07 0.06 0.02 Bal.
Element Cr C Si Mn Ni Cu S P Fe
GCrl15 1.46 0.99 0.32 0.29 0.04 0.03 0.021 0.017 Bal.
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FE7H 1.343 GPa(137 HV), /A 414 C67300 % 8 8 [ fifi
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Fig.1 XRD pattern of annealed C67300 manganese brass

Fig. 2 OM microstructural images of annealed((a), (b)) and cold-rolled ((c), (d)) C67300 manganese brass samples: (a), (c)
Cross-section morphology; (b), (d) Longitudinal-section morphology

|2 BRI R

Table 2 Mechanical properties of friction pair

Elastic modulus/

Yield strength/

Tensile strength/ Elongation/

Friction pair HaerII:ZSS/ GPa MPa MPa o H/E
GCr1524 7.419 212 - 1617 - 0.035
Annealed C67300 1.343 94 345 447 20.6 0.014
Cold-rolled C67300 1.803 92 410 448 12.6 0.020
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Fig. 3 Engineering tensile stress—strain curves of annealed

and cold-rolled C67300 manganese brass samples

HrepgbERiE E=212 GPa. MUk, wi5H A% GCrls
WIAESR L N H/E=0.035, 1B K&EFAELE C67300 4
B AR R 4> N 0.014 AT 0.020, HPAELA
C67300 4 2 £ 1 i 55 LA B IR KSR 57 43%, HE
N GCrl5 RS L (H/E=0.035).

2.2 C67300 $EE 5 A EETE M AE

B 4(a) T AN A 9 300 N(22 MPa). 3B K2
C67300 i 5 Hi E AN [F] i 2380 B2 N I EEHR R ot 26, w]
PLE . 7E 400 r/min(0.482 m/s) R, JFESEKERIIT 44
YERFAE £<0.07, BEJE 2IUE TIEE EAMBEHRET
SETE £20.06; 4% 438 K #] 500 r/min(0.60 m/s)iT, JBE
BRI £=0.04 TFaR¥6 K, FJaRETE £0.05
BiE: T 600 r/min(0.72 m/s)EE LRI BT 400
r/min(0.48 m/s) IR FH AL, 6 NREH BT, 298
f50.04; MEEHRAR SR KF] 700 t/min(0.84 m/s)if, JEE
BERIBL £330 TR 0.02. A ELA C67300 4 i 4R 1E
400 r/min(0.48 m/s) 1) B3 FE T AN [ 25 fir ] B8 458 K]
It ] A8 i 2 AR — B (LI 4(b))s E 500 N(28
MPa)H A EH T, EEBEEL £ M 0.07 Z#i %2 0.05,
Kl 400 N(22 MPa)f i ZE B RS shECR, £ ¥EA
0.04. 300 N(16.6 MPa)Ail 200N(11 MPa)H (] BE4 X %
AR ELE £20.03 F £=0.02 F A7« WA AL B FIA A
BT NI BRI 2RI VTR R RS OB AT A 1)
PEVRDRHON %, Bofar g in BEE DR o m,  HLBE I 8] 1)
KRN R — M), HENBEERET
SEAESE—HUE T . BRI 5 A [ BE (1) 5
P R 2 PR T o™ 7R A AN 25 50 R A o T T AR A
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Fig. 4  Variations of frictional coefficient of C67300
manganese brass with time: (a) At different sliding speeds with
constant load of 300 N(22 MPa) for annealed samples; (b) At
different loads with sliding speed of 400 r/min (0.48 m/s) for

cold-rolled samples

ARG HeAh, BEEEIR I T BEAEAE TN 2% o
FRRL, W25 BE BN BUR A1k . BE NS,
C67300 Fh AR TEAR BT 1 F R, 21005 T
— ERaE IS 2, W B R R S AR .
5()FR NIB KA C67300 A AIAELE
C67300 ‘i ¥ H FEAN [R5 Zh 1 T8 300 N(22
MPa) [ 735 BER K EO b . W DA, GR K Z& C67300
o B AR ) BE R R B, £=0.07 e/ B £<0.03, TIAELAS
C67300 i 58 4 1) BE F DR BOIC TR KA« B PR A
Z IR B B R, 0 A T RV T AR T
TARBIE RN, SRR EIE R, BRI 2 (8] 0™
LBl AR kD, G 2 AT BE R Ll ek 2>, 5
5 A PR R A 4y 36 K lﬁt@iﬁ%léﬁuﬂzd\”” (E]
C67300 fif 4 7EAN R & fif N3N EA 400 r/min
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Fig. 5  Variations of frictional coefficient of C67300
manganese brass: (a) At different sliding speeds with a constant
load of 300 N (22 MPa); (b) At different loads with a sliding
speed of 400 r/min (0.48 m/s)

(0.48 m/s) [T ¥4 FBE 45 DR 5 1) A8 Ak AR I T 340 2 B
AL 5(b)), HAFLE C67300 H s 1) BE R IR 4L
PR TIRKES C67300 FhEadi iy, HIEMEEEHUR K
BT, RIH R AFRm . At n 2k fir
4200 N (11 MPa)F1 500 N(28 MPa)itf, ARSI
C67300 i B 4 JBE #52 [R 5 AH 22 K, [A) IR K3
C67300 i 58 4 1) B F DX 50k B A FE R 1K T
JRE 4% B0 2 T PR ) s 18K, PR B ARk S ) 2T
(TR Bk /IS, SRR 4 e Fe A ) B ™ AR R TR K, ]
Bt 1 FIT 225 Y P et B B R kD, B 3 R AR T M IR A
Ay FURAEFAT G I, BRIl i 2 (8] 531
FZJ1HK; C67300 Shs /e GCr15 S BS Rl 2 [ =y 1
w3, A RERE, SEUEEMIFERN, Gk
TSRO IAR, 300G A T BEE DR B . 2 R ek
JE M 400 r/min 38 K F] 700 r/min, C67300 % 5 4 (1) BE

FEDIEL £ AN 0.06~0.07 /N2 0.02; T it i 2 faf AL 200
N H§KF] 500 N B, AFERZASH C67300 fif s i 1) BE
PERH 0.03~0.04 1K 5] 0.07~0.08, A ELZS C67300
BRI TR KRR I AR B . At
TEARI B AT . BAOIRAS C67300 24 I i 5
PR, EEBREIIRAL, 214 0.05£0.03. X FEZ
M T C67300 #5548 83% o FEIEAAMY 5 T I L
FSCTE R ARG YR 52, i EL AT DA i i R 2
(eSS AR R LR RS e, 5 T Hik, 1ER
T S5 UKL PR Ak 5 T AR T AN 2 1 4540 PR 4 T 3R T 5
C67300 % ¥4 8% AL AT ¢ ey AR P AR F i T
71, PSRRI B C67300 HhAI+ 9%
MnsSi; EERSZ N LB, REmbihdiae )y, it
M E . Bk, C67300 4 i fi BEMs fEAT A 2E 4
R AR I R AR A R A (i S

2.3 C67300 $HE AN EIRNRE M SRR R MWALIE

=

XTSRES JE ) C67300 s 4 Al GCr15 AW B 4
KIHFEAT T SEM 43471. B 6 Fizn i 300 N(17 MPa)#,
fif T, 1BKES C67300 His 4 AN R R GCrl5 WAEA
[ 1 5hid B R BEHE R T SEM 1% WTUAEH, 1Bk
A C67300 FFHAFE R HAE 400 r/min(0.48 m/s)if &
T, AIRHEMEIR, BRI 5T YR,
HAERMAAAERBEE; Ao, WERE GCr15 MilFER
T IRAS [ BE R BB IR, A B IS () VA R o B 5 TR
KT 5 pm KN BERL ALK 6(a)). EDS BEIG 7>
Wk FeR B BERL A 1) %5 EE & CuZn Fe 2 n R (W
#*3), BHLRERL A MIRKE C67300 % 2 H % [fi it
V&R C67300 4R34 . BERL A4 (I ivh £ B R R
R, DARARTE R TR R BT SRR, S 2L
T C67300 EREHNE R MARLTEAZ, FHIES)IT HIZE
B R BNAFERE, 75 RSN 2R Z 2 75y
2, FEULRRIE RIS, e R, BEE T 38 Y
T, BEYELE C67300 i 78 Hl 1R 2R THI ) B B s 128 7
WeEERR RS A, AR H A RSN B b, i
6(b)Fi, 1B KA C67300 4 EEHLE 500 r/min f)35 &
T, ki C67300 FREHATIRFERT oA KA —
IR GEIRBERL, H C67300 4 A 22 1 i B R B KE
N TR BESS A RGN, [ B B D JE L R B 3
Fo R, CO6T300 % 2 H 10 2 1Mot 7 1) AN D s et
FEFEBEZ I EANWT T B, BERLIC A FEZ AR 6
AR AR XS BRI GCr1S BN R TH WL 52 2 BR T (1 BE KL B
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Bl 6 i 300 N(17 MPa)FIA [ 238 & T 1B KA C67300 £ 3% A B HERIARE R T 1) SEM &
Fig. 6 SEM surface images of annealed C67300 manganese brass under load of 300 N(17 MPa) at different sliding speeds: (a) 400
r/min (0.48 m/s); (b) 500 r/min (0.6 m/s); (c) 600 r/min (0.72 m/s); (d) 700 r/min (0.84 m/s)

=3 K6 LR E BRI AT EDS T4 R

Table 3 EDS analysis results of abrasive particles on worn surfaces of friction pairs show in Fig. 6

Mass fraction/%
Tested particle area
Cu Zn Mn Si Fe (0] Cr Total
A 48.03 22.60 0.22 1.38 25.29 - 1.14 100
B 38.84 16.52 0.18 0.99 20.14 20.79 0.9 100
C 57.61 15.51 2.23 1.06 20.14 2.32 0.39 100
D 43.60 35.49 1.08 0.69 8.50 9.13 - 100

(LI 6(b)), Tt BERE A C67300 % B4 2 1fi i vk B ok
HEAETEX BRI GCr15 4K M. 34y 500 t/min Hf
F EE 4 R BN EE T 400 r/min BRI BT T %, 288 i
FAEBE B RE R, K0 BRI T v e B AN R, T
JRZRAA T 3 B B I AR s A R AR R C67300
R RE A SR A G, BRI R TR AL
EDS 45 B0, BERL B A C T EESA Cu. Zn A5
O JLE (M 3). C67300 w4 FETE 600 r/min [
R, HEBEHEREHRMER AR BB, FIK
R A (LE 6(c)), EDS feil s ras KRB
RRL D FEEA Cus Zn, O. Fe 0 R(NE 3).

X O] BB A H T Sl R K, ViV 1 3 S R G i
KR B sl e, (HEERP = AE EI 2, A
BRI 24%65E N 700 r/min i, C67300 4f

WAL EE LB AT, HomRREREE
6(d)), IXAEHT C67300 %fi b A RE 2 TH 2 i P
RMEE, HIEARBIEAER N RERSE, dhimnfE
BIUI e R vk . 48 E40Hr, 78 300 N(17 MPa)
WA R, HEM 400 r/min 3K F] 700 t/min 5, Bk
A C67300 fif 5 Hil AN BRIl GCr15 AW 3= B BE AR X
R B L AN ) B PR 413 M e AR R R AR B, HLBE
BERA R R

B 7 B A LA C67300 4 s Bt FEAE AR R 3
i FEEBRIE ) SEM 5. I 7 wlg, B EEER
THRER S AT 3G I, A FLES C67300 4l B A i B2 T
) BEAR R P B 18 Jin - 76 200 N(11 MPa){EF R, A4kl
RIS 7 0 D B R MR, BRI ER
B (LB 7(a)). 4EAr 3G K E] 300 N(17 MPa)#hf
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(WLl 7(b)), C67300 s fiArE IR MRIIRIE 2,
B ARSI AN R, KA. XA RER
BT EEAR R R T S K, SRR RIN & R R
T B e, C67300 A 34 i 2 THT R V& 1) Rl ol 25 s %o} v
BNFE AR IR T, (R A R R 2R T SRS T A R
VAREINER « N 5 K F] 400 N(22 MPa)if, BE#
I S B i 2 T AR 4K S 18 1, C67300 6 3404 2 T 9
BN 7 TAAFAETR 7 A 2 38 5 T B s A s,
BER IR 0 AL AR g 57 B 45, HONT BRI GCrl5 B9 H 3
R IR (L 7(c)). 2437 9 500 N(28 MPa)f (I
Bl 7(d)), C67300 fifi v A ialAE 2 ThI 4= 0 4% A2 9 M1 A
SERINGT, SN BI B S EE R T ], ATBOR I R e
YA LS 3] C67300 4w 4 2 A= 6 T B 4h oK BRI«
25 L2 HT, C67300/GCr1 5 X BE 4 Bl 1 42 s 8K i 75 200~
500 N(11~28 MPa)BAL)E B,  JLEE R 32 BE 202
R T PR 57 % 415 oV A 34 R R A B Bt T L A
MFE B HEERS RS, HBRRER, W
BEVBCRUN, WAL C67300 4 35 AR E 2 1 1 %
TR E(LIE 7) 5 BE B D B3R A (LI 4) 0] BB -
FEAH (5] Ji0 2 B4 A B FE R, 300 N AT 400
r/min N FEEKZ C67300 4T H A4 4L4S C67300 4
TR EE R T 1Y) SEM A543 il it B 6(a) R ET 7(0) BT s
SRR B, LA C67300 AL BEHIFLE I A,

BRI ARG . LEYLAND 252950 MUSIC 227 i
W FORE 5 LG ST BRI ) DG R, RIS MEAE it BE RE %
PR, R FE R RE R T 8 D 1 ek B i
MIVER S DRl b A o b vy (AR ) L B PR . AL
A C67300 Hh s A 1 AR AR /N, AP Ry T SRR AR
BB, HAE LS, 5 GCrl5 N ik,
MTAAREI B8 G (T B . S 13— 20 o MR AR 72
POEARIER, W5 TIRKE C67300 % s il ke
7E 300 N\ 400 r/min F AT, S5 W1l 8 Fim.
o] LA HAREEAAAE 15 um BB S), B8R
MnsSis BRI AE T Wi, B0 I RORL L Mot B A
TERRLL, AR N T WL, VR R 7 Tm) R AR
e o 3% T EAAR TR A AR TR, ANERIR LT
bR A EEAA T, 25 s R R AR BT, PR AR
R, MR ELA C67300 FF M I AR L, thAk,
BB AH () 3 A o B, W TR 1 B PR T s S 1k
AR AR RSE s 9040 DS IAR ) 7 AT AT A 0 T
7= 2 B BRI . WAHEED 25U sk 5t bt
UM BLLE TS B 25 55 B 7% tH MinsSis B0k o 1% LERJF 5135
KU, PEERRIMBEIA SR BB AR T B, MY
BR B A IE B R AR T R LU 2 A R TR,
T HLE BER BR R R AR 5 B AT BN B B %
R RE . R R

B 7 WEEEE 400 r/min(0.48 m/s)FIAN AN A 46 AR T A FLAS C67300 EL B AR ¥R M SEM 4
Fig. 7 SEM surface images of cold-rolled C67300 manganese brass under different loads at constant sliding speed of 400

t/min(0.48 m/s): (a) 200 N (11 MPa); (b) 300N(17 MPa); (c) 400 N(22 MPa); (d) 500 N(28 MPa)
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Fig. 8 SEM images(a) and schematic diagram(b) of friction subsurface of annealed C67300 manganese brass under load of 300 N

with sliding speed of 400 r/min

3 g

1) BAESMALE C67300 M EEH a-Cu
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299 8% 9%, FHorhiR KA ) SR EE NI

2) WHELA C67300 HhEH 1 1 F R TR K
Ao B ELA C67300 T SR N 18 ARGRE 00,=410
MPa, f#E 1.803 GPa (184 HV), {HKH5=12.6%, &
KA C67300 % B JE IR EE 00,=345 MPa, FlE
1.343 GPa (137 HV), iK% 5-20.6%, FFitHR2IH
PR A S LR KASH H/E=0.014, ALK
H/E=0.020), HA%LZE C67300 EL¥4M H/IE T
B KA S 43%.

3) BEF C67300 4 ok il FE 504 1) % o 8 FE A
400~700 r/min(0.48~0.84 m/s)Z [AIH i1, JBE 52 [R50 35k
N BELASH £ 0.06 JR/NZ 0.02; GBKE C67300
FEEAR EE PR N £ AN 0.07 YA 0.02, FLE E R G
T8 2 B R AT 1 5 5 450028 T % A R i AV AL B 0
C67300/GCr15 4N B # &Il 1Y) 4 fi %k 7 /£ 200~500
N(11~28 MPa) B AL EH P, PEEERHEIIE R, Bk
A C67300 ffi v A FEHE R KU £ AN 0.04 19K F 0.08; 1M
AFLA C67300 % v A BE 2 [R50 £ M\ 0.03 35 K% 0.07,

FLRE 32 B 2 R B 45105 0 1
0 1T e A N 55 AN B A%
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JE PR B TR KA, HARIR RN, AR I
BUF IO B . X F B TAELE C67300 L FE i 1)
fifiat b H/E=0.020 30T GCrl5 1] H/E=0.035, ¥
HAT A UL EC, MR KEE& & h Tt
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Abstract: The present work investigated primarily the friction and wear properties of annealed and cold-rolled C67300
manganese brass against the GCr15 steel (friction pair) under the conditions of different loads and speeds, as well as the
oil lubrication. The microstructures, mechanical properties, and friction properties of annealed and cold-rolled C67300
manganese brass were characterized by a series of testing techniques. Experimental results show that the C67300
manganese brass is constituted of a-Cu solid solution matrix with a face-centered-cubic (FCC) structure, plus f’-CuZn
with a B2 structure and w-MnsSi; with a D8y structure. The microhardness (184 HV) and yield strength (410 MPa) of
cold-rolled C67300 manganese brass are slightly higher than those of annealed alloy (137 HV and 345 MPa), which
results in a ratio of microhardness to Young’s modulus of the cold-rolled alloy (H/E=0.02) much higher than that of the
annealed (H/E=0.014). The friction coefficients of both annealed and cold-rolled C67300 manganese brass decrease, with
the increase of speed from 400 r/min to 700 r/min when fixing the applied load of 300 N, from f/=0.06—0.07 to /=0.02. By
contrast, the friction coefficients of both annealed and cold-rolled C67300 manganese brass increase with the applied load
from 200 N to 500 N when fixing the speed of 400 r/min, as exampled by the fact that the friction coefficient of
cold-rolled alloy increases /=0.03 to /=0.07. It is found that a relatively lower friction coefficient always appears in the
cold-rolled alloy under any applied conditions, indicating that the cold-rolled C67300 manganese brass possesses a better
wear resistance than the annealed. It is mainly ascribed to the fact that the H/E value (H/E=0.02) of cold-rolled C67300
manganese brass is much close to that of the friction pair of GCr15 steel (H/E=0.035), which is expected to improve the
wear resistance of alloys by matching the H/E values of friction pairs well.
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Foundation item: Project(41423020209) supported by the National Defense Basic Research Funding Project of China
Received date: 2020-01-15; Accepted date: 2020-08-28
Corresponding author: WANG Qing; Tel: +86-411-84708615; E-mail: wangq@dlut.edu.cn

(miE  HH)



