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Fabrication and wear performance of (Cu-Sn)
solution/TiCs bonded diamond composites

The Cu(Sn)-TiC, bonded diamond composites were prepared by in
situ reaction sintering of Cu, Ti,ShC and diamond powders. Effect of Ti,ShC content on
the phase composition, microstructure and grinding properties were studied. The result
shows that Ti,ShC was decomposed to TiC, and Sh. And then, Sh atom dissolved into
the crystal lattice of Cu and formed Cu(Sh) solution. The rich C formed at the interface
between diamond and the matrix. Excess Ti,SnC inhibited the formation of Cu solid
solution and reacted with Cu to form CusSh. Additionally, its matrix was mainly
composed of TiC, with better wear resistance, which may improve obviously the
grinding performance of the composites. The grinding ratio value of copper-diamond
composite was only 132. The grinding ratio value of the composite contained higher
Ti,SnC content in the raw materials was 636.

Keywords: reaction synthesis, diamond, Cu, TiC,.
INTRODUCTION

There are three main types of diamond grinding tools. resin
bonder, metal bonder and ceramics bonder [1]. Each tool possesses its own
limitations and flaws. For example, the vitrified bonder has a large brittleness and
poor elasticity. Resin bonder had a poor resistance and vulnerable to alkali erosion.
Its bonding between the binder and the diamond particlesis poor. Metal bonder has
apoor self sharpness, easy to plug the heat and difficult dressing.

It is possible to solve these problems by using complex binders such as metal-
ceramic, metal-resin. Many studies concentrate in the fabrication of the complex
bonded diamond composites [2, 3]. For example, Zh. Wang et al. fabricated R,O—
B,03z-Al,03-SiO, ceramic bonders with doping Ni, Co, Fe powders [4, 5]. Effect
of these metals on the mechanical properties of ceramic bonders were studied.

Zhang X. H. et a. added Ti or Si powder in diamond and borosilicate glass. The
thermal stability of diamond in the obtained composites was improved obvioudy
[6,7].

Metal-based complex bonders can be fabricated by adding ceramic powder to
metal powders [8]. But directly adding ceramic particles especially nano particles
into metal bonders are often not uniformly dispersed in the metal matrix. In addi-
tion to, the cost is relatively high. Therefore, metal and ceramic complex bonders
need not only a strong interface between metal and ceramic, but aso the strength
effect of nano particles. Thisiswhat researchers have been pursuing.

Recently, some researchers fabricated Cu(Sn) solution/TiC, composites by in
situ reaction technology from Cu and Ti,SnC powders. Due to the strong interfacial
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bonding between TiC, and Cu(A1), Cu(Sn)/TiC, composites have good bending
strength and good grinding properties. J. Zhang et al. [9] studied the structural
stability of Ti,SnC in Cu prepared at different temperatures by high-resolution
transmission electron microscopy and X-ray diffraction. Menggi Li et a. [10]
fabricated Cu-Al alloy matrix composites containing in-situ TiCqs particles by
sintering of a mixture of Cu and Ti,AIC powders. Zhenying Huang et al. [11]
prepared submicro-layered TiCog/Cu(Al) composite has been by hot-pressing a
mixture of 50 vol % Ti,SnC and 50 vol % Cu powders. Xinhua Chen et al. [12]
prepared Fe matrix composite reinforced by the in-situ generated TiCx grains using
the element Fe and Ti,SnC powders.

In this study, the TiC/Cu(Sn) solution complex bonded diamond composite
was firstly prepared by in-situ reaction between Ti,SnC, Cu and diamond. The
effect of Ti,SnC content on the phase composition, microstructure and mechanical
properties of the composites were studied.

EXPERIMENTAL PROCEDURE

Powders of Ti,SnC (99.0 % pure, ~ 10 um), Cu (99.0 % pure, ~53 um) and
diamond (74/100 um) were mixed with a different raw materias ratio (Table 1).
Then, these powders were ball-milled in a planetary ball mill (XM-405) for 3 h
using agate balls to achieve homogeneous mixed mixtures. Finaly, the mixtures
were put in a 20 mm graphite mold and subsequently spark plasma sintered at
1000 °C with holding time of 15min under a vacuum environment with a pressure
of 20 MPa. The sintered samples were ground and analyzed by The X-ray
diffraction (XRD) experiments were performed in a rotating anode X-ray
diffractometer (Rigaku Ultima V) with CuKa radiation. Scanning electron
microscopy was conducted using a FE-SEM with an energy-dispersive
spectroscope (EDS).

Material composition, wt %

Sample | Cu Ti,SnC Diamond
1 80 20
2 70 10 20
3 60 20 20
4 40 40 20
5 20 60 20

RESULT AND DISCUSSION

Figure 1 shows that XRD patterns of different composites. From Fig. 1,
sample 2 composed of Cu, TiC and diamond. Ti,SnC diffraction peaks were not
observed, indicating that it was decomposed to Sn and TiC,. The theoretical
composition of the resulting TiC, should be TiCys. Here the lattice parameter of
TiC, is 4.3102 A in this sample, while that of standard TiC is 4.3287 A. The
tendency that the lattice parameters data of TiCy increase with x in the very wide
non-stoichiometric range agrees with the previous reported data result [13].

Sn peaks from decomposed Ti,SnC were not observed. Meanwhile, Cu peaks
moved to small angle. These results show that Cu(Sn) solid solution was formed
because of its' larger lattice parameters.

These phenomena were the same as the results of the literature [9-11]. The
reason was that Ti,SnC was decomposed to Sn and nonstoichiometry TiCys. Thus,
The Cu(Sn) solid solution were formed by solid solution of Sn into Cu lattice,
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which leads to the increase of lattice constant and the decrease of diffraction angle
of Cu. Thereaction formula (1) was as followed:

Ti,SNC+ Cu — 2TiCys + Cu(Al). Q)

Intensity, arb. units

30 ' 40 ' 50 " 20,deg
Fig. 1. XRD of the composites: diamond (<), Cu (¥), CuzSn (@), Sn (V), NiC, (m).

Cu pesks gradually moved to small angle as Ti,SnC content increases in the
composites, indicating that solid solution degree of Cu was increased. Additionally,
TiCx diffraction peaks were also gradually increased. But the sample 5 composed
of CuzSn, Ti»SnC, Sn, TiC, and diamond when Ti,SnC content was excess. This
result shows that chemical reaction was occurred between Cu and Sn. Excess Sn
element may remain in the product.

Figure 2 shows that the fracture morphology of the composites. From Fig. 2, a,
there were bigger pores between Cu and diamond in sample 1, which indicates Cu
had a bad bonding with diamond. The matrix showed typical dimples morphology
of Cu. From Fig. 2, b, some smaller holes were existed in the local interface
between diamond and the matrix in sample 2. It indicates that the matrix had a
good adhesion with diamond. The combination between diamond and matrix in
samples 4 and 5 was very close (Figures 2, ¢, €). From Fig. 2, d (enlarge zones in
the circle of the Fig. 2, ¢), one transition layer with athickness of about 4um can be
observed on the interface in sample 4. The C, Sn, Ti and Cu element contents were
93.42, 0.67, 4.62 and 1.30 at %, respectively. From this data, it can be concluded
that the C atoms on the surface of the diamond were diffused into the matrix, and a
rich C transition layer is formed on the interface. Compared with sample 4, the
surface of diamond in sample 5 was much straighter and thinner with a thickness of
about 0.5 um (Fig. 2 (6)). These transition layer may improve the holding fore of
the matrix to diamond, which ensures that diamond is not easy to fall off during the
grinding process. It may probably improve the grinding properties of these
composites.

Figure 3 shows the grinding properties of the composites. From Fig. 3, al
composites contained Ti,SnC in the raw materials had a much higher grinding ratio
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value than that of sample without contained Ti,SnC (sample 1). The grinding ratio
value of the composites gradually increased with the increase of Ti,SnC content.
The sample 5 had a maximum grinding ratio value of 636. These values were about
4.8 times that of sample 1.

a b
C d
e f

Fig. 2. Fracture morphology of the composites: samples 1 (a), 3 (b), 4 (c, d), 5 (g, f).

Based on the above study, Ti,SnC content had an obvious affect on the compo-
sition, microstructure and grinding performance of the composites. We did some
discussion on this as followed.
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Fig. 3. Grinding performance of composites.

Because Cu had bad wetting ability and large difference in coefficient of expan-
sion to diamond, bigger pores between diamond and Cu were formed in sample 1.
Therefore, these diamonds were easy to fal off in the process of grinding, which
can reduce the grinding performance. When the Ti,SnC was added to the raw
materials, non stoichiometric TiC, and Sn were obtained by reaction of Cu and
Ti,SnC. On the one hand, Sn atom dissolved into the crystal lattice of Cu and form
Cu(Sn) solution. On the other hand, the C atoms on the surface of the diamond
diffused into the matrix, and the rich C transition layer formed at the interface
between diamond and the matrix. And then, C atoms probably react with TiC, to
form C-rich TiC,. It is helpful to promote the combination of matrix and diamond.
With the increase of the content of Ti,SnC, TiC, and Sn content were increased.
This will more promote the combination.

However, too much Ti,SnC content in the raw materials may promote the form
larger amounts of Sn. From Fig. 1 results, excess Sn inhibited the formation of Cu
solid solution and reacted with Cu to form CuzSn. Thus, the matrix was mainly
composed of TiC, with better wear resistance. Therefore, the grinding performance
of sample 5 was obvioudly further improved compared with sample 4.

In this study, Cu-TiC, bonded diamond composites were prepared by in-situ
reaction sintering of Cu, Ti,SnC and diamond. It provides a new idea for
fabrication of metal ceramic complex bonded diamond composite material. In the
further research, we will consider that other MAX phase materials such as Ti,AlC,
TisAIC, or Cr,AIC may be used to combination of Cu, Fe or Al based metal
matrix. Thus different kinds of new metal ceramic matrix composites can be
obtained.

CONCLUSION

The Cu-TiCx bond diamond composites were prepared by in situ reaction
sintering from Cu, Ti,SnC and diamond powders. Ti,SnC was decomposed to TiCy
and Sn. And then, Sn atom dissolved into the crystal lattice of Cu and formed
Cu(Sn) solution. TiC, may react with C atom on the surface of diamond to form
TiCy, which promotes the bind between the matrix and diamond. The grinding ratio
value of Cu-diamond composite was 132. The grinding ratio value of the
composite contained higher Ti,SnC content in the raw materials was 636.
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Busueno enaue smicmy Tio9NC na gazosuii cknad, mikpocmpykmypy i wini-
Gysanvni enacmusocmi armaznux komnosumie 3i 36 sazyiouum CU(SN)-TiC,, ompumanux in Situ
pearyitinum cnikannam CU, Ti,SNC i armasznux nopowkis. ITokazano, wo TioSNC poskradaempces
na TiCy i SN, nomim amom N nponuxac 6 kpucmaniuny pewimky CU i ymeopiocmucs po3uun
Cu(n). bazamuii eyeneyem nepexionuii wap ymeopioemsCs Ha KOPOOHI PO3OLLY MIdC AIMA30M i
mampuyero. Haonuwor Ti,NC ynoginshioe ymeopenns meepoozo poszuuny CU i e3acmodie 3 Cu,
ymeopioouu CUsN. Mampuys 6 ocrnosnomy crkradanacs 3 TICy, skiti mae Kpawuti onip 3HOCY,
wo Mmooce noainwumu egexmuericmeo wiQyeanns xomnosumis. Koegiyiecum winipysanms
MIOHO-AIMA3HO20 KOMNO3Umy 00pieHiosas 6cvoco auute 132, a xoegiyicnm winigpyeanns komno-
3umy 3 eucoxum emicmom Ti,NC 6 cuposuni — 636.

Knrouosi cnosa: peaxyitinuii cunmes, armasz, Cu, TiCy.

H3zyueno enusnue cooepocanus Ti,NC na ¢azosuiii cocmas, MuKpocmpyx-
mypy u wnugosanvivie CEOUCMBA AIMA3HBIX KOMRO3umos co ceazyiowum Cu(S)-TiC,, nory-
yennvix iN Situ pearkyuonnvim cnexanuem Cu, Ti;SNC u armasuwbix nopowxos. Ilokazano, umo
Ti,NC paznacaemes na TiICy u N, 3amem amom N nponukaem 6 KPUCMAIUYECKYIO DEULEINKY
CU u obpaszyemesi pacmeop CU(). Boeamviii yenepodom nepexoousviii cloil obpazyemcs Ha
epanuye pasoena medxncoy aimazom u mampuyei. Hzovimox Ti,SNC samednsem obpazosanue
meepdozo pacmeopa CU u ezaumooeiicmgeyem ¢ Cu, obpasya CusSn. Mampuya 6 ocrnoenom
cocmoum u3 TiCy, umeiowezo ryuuiee conpomusienie u3HOCy, 4mo MoJicen Yayuuums 3ppex-
mueHocme wiaugosanusn komnosumos. Kosgpguyuenm waughosanus meono-aimasnozo Komno-
3uma umen sHayeuue ecezo auwv 132, a xospduyuenm waughosanus xomnozuma ¢ 6biCOKUM
cooepacanuem TioNC 6 coipve — 636.

Knioueswie cnosa: peaxyuonnvlii cunmes, aimasz, Cu, TiC,.
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