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ABSTRACT Fe-based matrixes for diamond segments were produced by Fe, Cu, Sn, and Ni powders. The mixture experiment was
designed to predict the effect of element content on the matrixes performance. In the results, the matrix consists of a-Fe phase, y(Fe, Ni)
phase, Cu;;,Sn solid solution, and the brittle phase of Cu;Sn compounds. With the increase of Sn mass fraction, the content of
Cuy;37Sn solid solution by mass decreases, and the content of Cu;Sn brittle phase by mass increases. When the Sn mass fraction
increases to a certain extent, all the Cuy3 ;Sn solid solution in microstructures is transformed into Cu;Sn brittle phase, resulting that the
matrix hardnes increases first and then tends to be stable. The higher the Sn mass fraction is, the more brittle phases in the matrix are,

which will separate the matrix and lower the bending strength. Ni has the effect of solution strengthening in Cu and Fe, therefore the
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hardness and bending strength of the matrix are improved with the increase of Ni content by mass. At the lower Sn content by mass,

the content of Cuy37Sn solid solution by mass increases with the increase of Cu content, resulting in the lower hardness of the matrix.

At the higher Sn content by mass, the content of Cu;Sn brittle phase by mass increases with the increase of Cu content, resulting in the

higher hardness. Cu has the effect of solution strengthening in Ni and Fe, thus improving the bending strength of the matrix.

KEY WORDS Fe-based matrixes; mixture experiment; hardness; bending strength
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Fig.1 Hot-pressing sintering process of the matrixes
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Table 1 Experimental design and results of extreme vertex

method for the diamond segment matrixes

W TR IEDN 1 % HRB, 1%L,

MT  Fe, x; Cus x» Sn, x3 Ni, x4, Wi Y2/ MPa
1# 0.720  0.20 0.05 0.030 95.57 1092.26
2# 0.670  0.20 0.05 0.080 95.86 1213.15
3# 0.620  0.20 0.15 0.030 9796 377.14
4# 0.570  0.20 0.15 0.080 101.94 398.28
S# 0.620  0.30 0.05 0.030 9243 1126.38
6# 0.570  0.30 0.05 0.080 9551 1131.42
T# 0.520 0.30 0.15 0.030 98.93 502.28
8# 0.470  0.30 0.15 0.080 103.54 542.18
O 0.645 0.20 0.10  0.055 99.75 674.83
10#  0.545 0.30 0.10  0.055 98.31 926.00
11#  0.645 0.25 0.05 0.055 95.12 1138.58
12# 0545 0.25 0.15 0.055 99.67 400.07
13# 0.62 025 0.10 0.030 98.94 797.03
14# 0.57 025 0.10 0.080 97.72  827.02
15# 0595 0.25 0.10 0.055 100.29 755.78
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Table 2 Experimental and calculated values of Rockwell
hardness and bending strength of the matrixes

R fififf, HRB P 5RE / MPa
WS IO WEME R /% SIE M WRE /%
1# 9557 9588 032  1092.26 1098.05 0.53
2# 9586 95.87  0.01 1213.15 1181.94 2.57
3% 9796 9857 062  377.14 33875 10.18
4# 10194 101.17  0.76 39828 390.19 2.03
5# 9243 93.04  0.66 112638 1137.68  1.00
6# 9551 9474  0.80 1131.42 1173.03 3.68
7# 9893 9876  0.17 50228 536.70 6.85
8# 103.54 103.07 045  542.18 539.60 0.48
9#  99.75 9958  0.17  674.83 746.73 10.65
10# 9831 99.11 081 926.00 84125 9.15
11# 9512 9496  0.17  1138.58 1111.08  2.42
124 99.67 10047  0.80  400.07 41471  3.66
13% 9894 9757 138  797.03 783.90 1.64
14# 9772 99.72 205  827.02 82729  0.03
154 10029 99.03 126  755.78 781.49  3.40
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K8 TERIETHI L 1 %
frE Fe Cu Sn Ni
1 93.73 2.79 0.40 3.09
2 88.96 345 1.11 6.49
3 2.64 85.03 10.91 1.43
4 1.79 62.11 27.82 7.56
5 1.96 87.62 8.11 2.31
6 4.46 61.69 25.02 8.83
7 3.71 86.75 7.30 2.23
8 2.61 54.05 26.14 17.19
9 3.21 63.75 25.93 7.10
10 5.15 83.43 10.60 0.82
11 5.68 63.39 25.97 4.97
12 3.12 81.63 11.63 3.62
13 1.73 59.49 28.76 10.01
14 2.38 86.23 9.94 1.45
15 2.15 67.07 24.50 6.28
2500 - e
-Cuy;,Sn
2000 »Cu;Sn
@ +y(Fe,Ni)
Z 1500 ]
i )
= 5 f
1000 ﬂ»‘;\ ) T TIAY
M,meu ! 'mw:'wwnmwmw”\w"" it
500 L— : ‘ : , : -
40 60 80 100 120 140 160
201/ (°)
B9 14#REE BTN X ST LRAT 5 11k
Fig.9 XRD patterns of 14# sintered matrix
3 it

CU) ARFE AR I T sy it 1 iR RHALS, &
ST R SRR . P BRI
SRR o 0T UG A 14 R P I A R P00 A A 30 [
75 2 e HERR T 4 WA T B G AR v DA B A s
SR

(2) EAFFRESE Few Cu. Sn Al Ni 14
NG T SRR AR 2 RS R A AR [R], 2 25 Fe BE[A]
&, y(Fe, Ni)#. Cuy37Sn &K K CusSn 1 &4,

(3) Sn JR45ISFE Y B T 52 = Bk L G A4
HIFES 2, Sn 7] 5 Cu A% Cuys,Sn [FHEAFIfE
P£ CusSn A, B8 Sn Jit 570 £ 38 vy, i AR BE P 2 s
4 Sn JRE S HUE B — @G, AR CuissSn
AR AL CusSn MEVERE, RERME S T .
Sn s, MR IETEARER S, BRI,
SEG DTS EE TR

(4) Ni FJEPMELF, SEET Cu Fe 1774
W RAGER, NiJliEs s, A y(Fe, Ni)
WA RS2, Cuys,Sn BVA/RA CusSn AHH Ni 1)
WA FE e, A RT3 s a A B A0 28 9

(5) Cu %5 Sn MNARMEtE CusSn #H, 4
Sn Jit & BUEHKET, Cu &30S, Cuyz;Sn
AR Z, IRRRERE T B 78 Sn &7 B sl
Cu s HE, APt CuSn MEBZ, if
EREFER . Cu 55 Ni. Fe B e E 544,
FEAE A RAGE R, Cu =22 e AP
A — BRI

2 % X u

[1] Jia C C, Song Y Q, Yu M, et al. Effects of rare earth
element lanthanum on the microstructure of copper matrix
diamond tool materials. Rare Met, 2002, 21(2): 90

[2] Long W M, Zhu K, Qiao P X, et al. Study on the welding
technology of diamond saw blade. Diamond Abras Eng,
2002, 129(3): 27
(AR, KB, e, & SRAS R IREERINHT
7. SRIA S EREE R TR, 2002, 129(3): 27)

[3] Wang L, Guo S H, Gao J Y, et al. Microwave sintering
behavior of FeCuCo based metallic powder for diamond
alloy tool bit. J Alloys Compd, 2017, 727: 94

[4] Costa M M, Flores P, Pereira D, et al. Nickel-cobalt-based
materials for diamond cutting tools. Int J Adv Manuf
Technol, 2018, 95(1-4): 1059

[5] Oliveira F A C, Anjinho C A, Coelho A, et al. PM
materials selection: The key for improved performance of
diamond tools. Met Powder Rep, 2017, 72(5): 339

[6] LiuY B, Xu Q, Xu L. Characteristics, status analysis and
development trend of metal powders for diamond tools.
Powder Metall Ind, 2017, 27(4): 1
CRl—, 1R58, 1RR. &WA TRAMHEESARRE.
BUR AT AR R, By Ria 4 Tlk, 2017, 27(4): 1)

[7] Damiri S, Pouretedal H R, Bakhshi O. An extreme vertices
mixture design approach to the optimization of methylal
production process using p-foluenesulfonic acid as
catalyst. Chem Eng Res Des, 2016, 112: 155

[8] Guan Y N. Mixture Experimental Design. Shanghai:



37 55 2 W It

TS B eIuER N Fe JE e NI B AR 2R PERERI 2

- 111 -

[10]

Shanghai Scientific & Technical Publishers, 1990

CRA Y. REHRE BT, B RIgREROR A,
1990)

Huang P Y. Theory of Powder Metallurgy. 2nd Ed. Beijing:
Metallurgical Industry Press, 2004

(FEE=. BARBSEE. 2 e Jba el R,
2004)

Fan J L, Huang B Y, Qu X H, et al. Densification

mechanism of liquid phase sintered tungsten heavy alloy

(1]

during initial solid state sintering stage. Chin J Nonferrous
Met, 1998, 8(Suppl 1): 36

(EF0%E, WiHz, fhikk, & RS ES SR
WIFE A P B B (LB, P A B8R Ik,
1998, 8(3 T 1): 36)

Dai Q L, Wu H Z. Research on Fe-based matrix of
diamond saw-blade. Diamond Abras Eng, 2000, 118(4): 19
(RORKIE, R T, BREE G NI B A I A b4 KL RO 5.
SR 5 B EE L TRE, 2000, 118(4): 19)

(L35 103 )

[7]

(9]

[10]

[11]

Xu Y, Sun Q C, Zhang L, et al. Advances in discrete
element methods for particulate materials. Adv Mech,
2003, 33(2): 251

&Ik, PN, Skeg, &5 R R BOTIERT Rt RE. )
kR, 2003, 33(2): 251)

Cheng Y F, Guo S J, Lai H Y. Computer simulation of
random packing of spherical particles. J Univ Sci Technol
Beijing, 1999, 21(4): 387

(i Ty, Rty FAnta. BRIERRFENLIHES S R T
SEHURERL. JERTRME K253, 1999, 21(4): 387)

Zheng Z S, Zhu Y P, Pei Z X, et al. Characteristics of stress
wave propagation in high velocity compaction. J Syst
Simul, 2009, 21(Supple 2): 226

GBI, AR IZEMG, SERAMN, &5, o ik i B % Hh R 73
FEIBRIERIE. RG07H R, 2009, 21(3E T 2): 226)

Du X, Ceng Y W, Gao R, et al. Effects of particle shape on
friction mechanism based on discrete element method. J
Southwest Jiao Tong Univ, 2012, 47(2): 252

(Fk, B, =, 55 BT IET FUBR A ME XS
PEEENLER 2. 7H RE A0 I8 K F 4K, 2012, 47(2): 252)
Cao M Y, Dong G J, Zhao C C. Research on
pressure-transfer characteristics in the solid granule
medium forming based on the discrete element method. J
Mech Eng, 2011, 47(14): 62

[12]

—
—_—
N

—

[15]

CHFbH, 2 [E5H, B, T BRI i ] A R0h A
AL SR ERT I, MU TAZ 4R, 2011, 47(14): 62)

Yi M J, Yin H Q, Qu X H, et al. Influence of force and
stress wave on the quality of green compacts in high
velocity compaction. Powder Metall Technol, 2009, 27(3):
207

(W7, FHIEE, MR, . 5 RO i
R RIS, M RG-SR, 2009, 27(3): 207)
Huang Z M, Ma Z G, Zhang L, et al. A numerical study of
macro-mesoscopic mechanical properties of gangue
backfill under biaxial compression. Int J Min Sci Technol,
2016, 26(2): 309

Zhang W, Zhou J, Yu S W, et al. Quantitative investigation
on force chains of metal powder in high velocity
compaction by using discrete element method. J Mech
Eng, 2018, 54(10): 85

(b, SN, T, & SEUTE e B R EE
R TR R AT A, UM TR 4AR, 2018, 54(10):
85)

Sun Q C, Wang G Q. Force distribution in static granular
matter in two dimensions. Acta Phys Sin, 2008, 57(8):
4667

(INILUR, TGk, maSHERURORL T i) 0 BE 20 A B 2
1, 2008, 57(8): 4667)



