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Effect of interfacial reaction on wear properties of Cus;Niy;C0,5Cr; 5

multi-principal components alloy/diamond composites

GAO Yang', XIAO Haibo'?, LIU Yong™' , ZHANG Wei''
(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
2. Peshing New Metal (Changzhou) CO., LTD., Changzhou 213000, China)

Abstract: Diamond superhard abrasive tools play an increasingly important role in high-end chips, 3C ceramics
processing and other fields. The interface between binder phase and diamond greatly affects the mechanical and
wear properties of diamond superhard composites. In order to study the interfacial bonding between binder phase
and diamond, Cuj;Ni,;C0,5Cr;5 multi-principal components alloy/diamond composite was prepared by spark
plasma sintering (SPS). The interfacial reaction between alloy binder phase and diamond particles was studied by
thermodynamic calculation and experiments. The results show that chromium reacts with diamond at the interface
to form Chromium carbides. Moreover, with the sintering temperature increasing, the thickness of Chromium
carbides layer grows and the cohesion coefficient between the alloy binder phase and diamond increases. When
sintering temperature reaches 950°C, the Chromium carbides layer is uniform and continuous, and the thickness is
about 1.1 pm. The friction and wear tests show that on the surface of the composite sintered at 900°C and 950°C, the
alloy binder phase is removed firstly by the shear stress, and then the diamond particles expose. Due to the
retention of the Chromium carbides layer, the grinding performance of the composites is improved effectively.

Therefore, appropriate interfacial reaction improves the service properties of the diamond composites.
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1 XM ERE®
1.1 FE#

fii FH R 41 19 Cu. Ni, Co. Cr#{&fE N5
BHE R A YUk, KRR IR 1, RAIR
FUTER G SRIEHI R G SR, FhABh
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%1 CugsNiysC0p5Cr 5 EETESIGERH B X5
Table1l Nominal composition of Cuz;Niy;C0,5Cr;5; multi-
principal components alloy binder phase
at%

Cu Ni Co Cr

35 25 25 15

1.2 CugNiy;Co,5Cry; BETEE/ ERAEATIIFIF

K ik L 45 B9 - be 45 (Spark plasma sintering,
SPS) Jr kil & Z A M oBH, BE4s R 1o 40 MPa, %
2535 B 3 ) 3% F 850°C . 900°C Al 950°C . b4k it
L) 100°C /min B2 700°C J5, LA50°C/min
Y T S R AR T, ARG IRE R Y
235 10 min, 7E FF i AOR TR O B b 2 OR 1 e 4
J£ 7120 40 MPa, Be45 )5 1 FE & RSF 18 30 mmx
10 mm. A 3C 53 5 # 850°C . 900°C A1 950°C %e 4%
B & A B RHRE bR 0 i SPS@850°C . SPS@900°C
1 SPS@950°C, L& 2,

R2 HRERES

Table2 Sample name abbreviation

Sample Sintering temperature/C
SPS@850C 850
SPS@900°C 900
SPS@950°C 950

Note: SPS—Spark plasma sintering.

1.3 WA &

i F H A B 2% D/Max 2550 % X 5t £ 7 5%
(XRD) i 3 FE & 1 40 A0 41 A%, 41 35 38 Fil 50~100°,
F4 ¥ 8°/min, K 0.02. ] 3 FH 3B K
Quanta 650 FEG 3 i L T & 1 5% (SEM) WL+ iy
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(a) ¢ Diamond
¢ ® Chromium carbide
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a¥ . -5
JUN e AVae
R SPS@950°C -10
* -15
z -
g k=
E & %, -25
) *0 SN < =30
M_ ML
SPS@900°C 35 L
R
—-40
—45
L34 =50 |
v
. L,n 5 BT -55
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(b) i 3Fe+C—Fe,C Mo+C—MoC
1a17
Z_2Mo+C—Mo,C
3Cr+2C—Cr,C, ™~
4Cr+C—Cr,C
Ti+C—TiC
7Cr+3C—Cr,C,
-
500 1000 1500 2 000
Temperature/K

1 (a) ANFIRBEBEEE R CugsNipsCo,sCris 2 Toua /& NIAE GF K XRD Fi; (b) 48 58N SR /il 3 MBEAG SRR

Fig.1 (a)XRD patterns of Cus;Ni,5C0,5Cr 5 multi-principal components alloy/diamond composites sintered at different temperatures;

(b) Gibbs free energy AG of reaction between metals and diamond as a function of temperature

RT3 b SRR T A B4 SR A RS AL, T
BT R T A 1 e AEET
AGY = AH3S —TASY. (1)

Sof TR IR (K); AGLIRIE TF MR

BN 35 A T E R AE () AHO IR EE T A A5 I
WA (1); ASSMIRE TF BAR R 22 0K ™).
TERR R BT GEH N 1200 KLA ), 4R H

T=298 K i 1 AHS,o 5 AS Soe . THET H 1 AGE 1 12 22
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SPS@850°C

400

(d) —=— SPS@850°C
350 | —e— SPS@900°C
—— SPS@950°C
300
250
200 r

150

Intensity of Cr (a.u.)

100

50 F

12 14 16 18 20
Distance/um
K2 AR BESEH CussNipsCoysCrys 2 FI0A &/ NIAE A bR
RS 4 WA UL R S TSR K2 EDS 444521 (a) 850°C; (b) 900°C;
(c)950°C; (d) AP ML Cr TR &AM
Fig.2 Interfacial microstructure between binder phase and diamond
particles of CuysNiy5C0,5Cry5 multi-principal components alloy/diamond
composites sintered at different temperatures and EDS line scanning
results: (a) 850°C; (b) 900°C; (c) 950°C; (d) Cr content at the interface of

different samples
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Fig.3 Field emission electron probe (EPMA) images at the interface between binder phase and diamond particles of CuzsNiy;C0,5Cr5 multi-principal

components alloy/diamond composites sintered at different temperatures: ((al)-(g1)) 850°C; ((a2)-(g2)) 900°C; ((a3)-(g3)) 950°C
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4 AFEEEBESSHY CugsNipsCoysCrys 2 FIGH 4 /BN A S PENIATBRIAIES . (a) Rbe4S; (b)850°C; (c)9001C; (d)950°C

Fig.4 Morphology of diamond particles in Cus5Niy5C0,5Cr5 multi-principal components alloy/diamond composites sintered at different temperatures:

(a) Unsintered; (b) 850°C; (c) 900°C; (d) 950°C
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Fig.5 Raman spectra on the surface of diamond particles in Cuz;Ni,;C0,5Cr;5; multi-principal components alloy/diamond composites sintered at

different temperatures: (a) Unsintered; (b) 850°C; (c) 900°C; (d) 950°C
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Table 3 Density, hardness, transverse rupture strength (TRS) and cohesion coefficient of Cuz;Ni,;C0,5Cr,; multi-principal
components alloy/diamond composites sintered at different temperatures

Hardness of

Hardness of binder TRS of binder

TRS of Cohesion

. D . . -3

Composite ensity/(g-cm™) composites (HB) phase (HV) phase/MPa composites/MPa coefficient
SPS@850°C 7.8378+0.0028 161.2+5.5 202.23+4.14 1 068.86 868.79 0.187
SPS@900C 8.1232+0.0074 205.2+4.7 202.55+3.28 1 486.08 1016.48 0.316
SPS@950C 8.0187+0.0081 208.7+6.2 205.16£2.37 1 898.94 1 046.84 0.449
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Fig. 6 Friction coefficient ((a), (b)) and wear rate ((c), (d)) of CuzsNiysC0,5Cr5 multi-principal components alloy/diamond composites sintered at
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Fig.7 Wear morphology of Cuy5Ni,;C0,5Cr,5 multi-principal components alloy/diamond composites sintered at different temperatures after friction
under different loads: ((a)-(c)) 20 N; ((d)-(f)) 40 N
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Fig.8 Wear morphology (a) and elements distribution ((b)-(j)) of CusNiy5C0,5Cr,5 multi-principal components alloy/diamond composites sintered at

950°C after friction under 40 N load
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Fig.9 3D-profile micrographs of Cuy5Ni,5C0,5Cr5 multi-principal components alloy/diamond composites sintered at different temperatures after
friction under different loads: ((a)-(c)) 20 N; ((d)-(f)) 40 N

F 4 TEIRERLN CugsNiyCosCris EETAS/ENE
SEaMHHERL

Table 4 Abrasion ratios of Cug;Niy;C0,5Cr5 multi-principal

components alloy/diamond composites sintered at different

temperatures
Composite Abrasion ratio
SPS@850°C 766.7+£57.7
SPS@900°C 1 033.3+208.1
SPS@950°C 1766.7+251.6
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