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[ Abstract] Two series of Ti(C, N)-based cermet materials originating from the same chemical composition but with dif-

ferent grain size distribution and sintered to different stages of the sintering cycle have been studied using SEM, TEM,

EDX, and XRD. Much of the surrounding structure is formed during solid state sintering. During the solid state sinter
ing, at first, the Mo and W rich (Ti, Mo, W) C inner rim is formed by the interaction among TiC, WC, and Mo,C; then

the Mo and W lean (Ti, Mo, W) (C, N) outer rim is formed. During the liquid phase sintering, the outer rim of coarse

grains grows rapidly throw a solutioir reprecipitation process; also coarse grains grow by particle coalescence. The interface

between coarse grain outer rim and binder is flat (crystal surface) .
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1 INTRODUCTION

Ti( C, N)-based cermets consist mainly of hard
carbonitride grains, hereafter we call it as hard grain,
embedded in a tough binder phase that is based on Co
or Nil''l. Cermets usually contain Mo,C or WC to im-
prove wetting of the carbonitride grains by the
binder .
corerim structure. The formation mechanism of this

Most of the carbonitride particles have

delicate structure is not yet clearly understood. Suzu-
ki et al®! proposed the dissolution of Mo,C and TiC
particles into liquid Ni and reprecipitation of ( T1i, Mo)
C on large particles to form the surrounding struc
ture. Ahn et al'¥ and Chun et al®! suggested the
same core-rim formation mechanism in TrMo-Ni and
Ti(C, N)-WC-Ni cermets respectively. But Yang et
all ® suggested that (Mo, Ti) (C, N) be formed by the
solid diffusion of Ti from neighboring Ti( C, N) parti-
cles to Mo, then the rim structure be formed by dis-
solution of Ti( C, N) and (Mo, Ti) (C, N) particles
into liquid binder phase and reprecipitation onto large
Ti(C, N) particles. For the microstructure is the first
most important determinant of cermets mechanical
properties, a detailed research on the microstructure
evolution of cermets during sintering is very impor
tant for promoting thoroughly understanding core-rim
structure forming mechanism and improving mechani
cal properties of cermets.

2 EXPERIMENTAL

Two powder mixtures with the same composition

of TiCG-10TiN-6. 5SWC-17Mo-1. 7C-25Ni ( mass frac
tion, %) were prepared by milling for 24 h, and then
cold pressed into green compacts. One of them is a
submicron powder mixture, and the other is a micron
powder mixture. The sintering for X-ray diffraction
(XRD) samples was interrupted at different stages of
the sintering process (Fig. 1). Samples for scanning
electron microscopy (SEM) and transmission electron
microscopy (TEM) were prepared by a sinterHIP
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Fig. 1 Sintering process for

XRD experimental samples
(a) —Process of samples sintered at 1200 C or below;
(b) —Process of samples sintered at 1250 T or above
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process at 1420 C171

The microstructure of cermets was studied by a
JSM-5600LV SEM with a Noran Vantage 4015 EDX
system (element detection range from sB-9oU ). The
orientation relationship either between hard grain and
neighboring binder or between two neighboring hard
grains was studied by H-800 TEM selected area elec
tron diffraction (SAED), and elemental distribution
in cermets was studied by H-800 TEM PV9100/ 70
EDX (element detection range from ;Nag,U). Sin-
tered samples were crushed into less than 74 Hm parti-
cles and monitored by X-ray diffraction to determine
the phase transformation during sintering. The rela-
tive intensity of Ti(C,, Ni-,) (111), Ni (111),
graphite (002), WC (100), Mo (110), Mo,C
(101), TiN (200), (W, Ti) Ci- .(200) vs the total
intensity of afore mentioned diffraction peaks was cal-
culated to indicate the relative concentration change of
different phases during sintering. The lattice parame-
ters of the main phases occurring during sintering
were calculated from the measured d-spacing data de-
rived from X-ray powder diffraction peaks.

3 RESULTS AND DISCUSSION

The microstructures of Ti( C, N)-based cermet
are shown in Fig. 2. Hard phase grains have an obvr
ous double layers surrounding structure, in which the

(a)

Fig. 2 Scanning electron micrographs of
normal cermet ( BSE)
(a) —General view; (b) —Surrounding structure and
interface condition of coarse grain

inner rim has the highest average atomic number a-
mong core, inner rim, and outer rim, and its thick-
ness is uneven; however, the outer rim has a average
atomic number between core and inner rim, and it is
much thicker than inner rim. The interface between
coarse hard grain and binder is flat ( crystal surface) .
Particle coalescence through neck growth was ob-
served between coarse hard grains and neighboring
fine hard grains. The flat interface between hard
grain and binder indicates that the growth of outer
rim through binder is controlled by interface reaction,
which is consistent with Refs.[8, 9].

The STEM/EDX analyses of typical core“ inner
rim”-“outerrim” surrounding structure show that the
core is consisted of almost pure TiC; however, the
content of Mo or W is quite high in rim, and their
contents in inner-rim are much higher than their con-
tents in outerrim (Fig.3). SAED analyses indicate
that there is no constant orientation relationship be-
tween hard grain and neighboring binder or between

10~ 12 . .
[10-121. however, in this

two neighboring hard grains
research, the same orientation relationship do exists
between hard grain and neighboring binder whose in-
terface is flat (crystal surface), or between a coarse
hard grain and a neighboring small hard grain. The
orientation relationship may be expressed as
( hkl )Ti(C, N) ” ( hkl )Ni, and ( hkl )Ti(C,N) I/

( hkl) icc,ny. The first type of parallel orientation re-
lationship indicates that the binder can nucleate het-
erogeneously using the hard grains as substrates dur-
ing solidification. Both binder and hard grains have a
FCC structure, so they keep the same orientation re-
lationship to help reducing interface energy and nucle-
ation. The second type of parallel orientation relation-
ship indicates that neighboring hard grains keep the
same orientation relationship through particle rear
rangement to help coalescence during sintering. U su-
ally, small particles are easily to adjust themselves’

angle to keep the same orientation with neighboring
coarse grains; nevertheless, the rearrangement of
coarse grains is restricted by neighboring particles and
needs more energy, so two neighboring coarse grains
rarely have the same orientation relationship.
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Fig. 3 Element distributions in cermet
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Phase transformations of submicron cermet dur-
ing sintering are shown in Fig. 4. Here the interpla-
nar spacings of hard grain and binder change with the
variety of sintering temperature, and the width of
diffraction peaks broadens out rapidly at 1100 C.
The reaction of 2Mo+ G MoyC can be finished at
800 C, and it causes the disappearance of Mo. WC
and Mo,C disappear at 1200 C, and TiN disappears
at 1250 C. The relative intensity of the main phases
are shown in Fig. 5, which shows that the concentra-
tion of hard grain phase increases rapidly at 1100~
1250 'C. That the concentration of hard grain phase
increases with decreasing WC and Mo,C concentra
tion at 1100 C and 1200 C indicates the formation
of (Ti, Mo, W) C innerrim. Because both (Ti, Mo,
W)C and (Ti, Mo, W) (C, N) have the same FCC
structure as TiC, and the varieties of lattice parame
ters among them are almost negligible!"*! | the respec-
tive diffraction peaks of (Ti, Mo, W) C or (Ti, Mo,
W) (C,N) can not be seen, but it is obvious that the
width of TiC diffraction peaks broadens out rapidly
(Fig.4), and the relative intensity of them increases
rapidly (Fig. 5). Taking into account the atomic radii
of the atoms contained in this cermet, which is T1i
(1.4318 A> W (1.3705 A> Mo (1.3626 A > Ni
(1.2458 A> € (0.77 A> N (0.75 A1 the lat-
tice constant of (Ti, Mo, W) (C, N) decreases with
increasing Mo, W (W and Mo occupy some of titani-
um sites in the lattice) and N (N atoms occupy some
of C sites in the lattice) content; therefore, the for
mation of (Ti, Mo, W)C or (Ti, Mo, W) (C, N) caus
es a reduction of TiC lattice parameters without
exception, and that is consistent with the changes of
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Fig. 4 Phase transformation of
submicron cermet during sintering

Fcnphlle(ﬂm)
®—wC(100)
A—TH(,, N,.,){111)
¥—Mol110)
®—Mo,C(101)
»—TiN(200)

A— (W, TG, (200
CyNil111}

1000 1200 1300 1400

8/C

25800

Fig. 5 Relative intensities of different phases in
submicron cermet during sintering

experimental obtained lattice parameters. (That the
lattice constant increases above 1250 Cis due to den-
itrification' ! as shown in Fig. 4) .

Through comparing Fig.5 with Fig. 6, we can
see that a change of pow der particle size does not have
an effect on sintering mechanism, but it does have an
effect on sintering kinetics. That the general muta
tion trend of lattice parameters concerning to different
particle size powder mixtures during sintering is al-
most the same (Fig.7). As for sub-micron cermet,
its TiC core homogenizes with innerrim through dif-
fusion during sintering for its small particle size,
which causes the disappearance of innerrim, and fr
nally it shows a single layer surrounding structure af-
ter sintering. However, when the content of Mo,C,
WC, or TiN is very high, or their particle size is
large, part of those powders will be reserved in cer-
met after sintering' !,

Because the liquid phase is always formed above
1350 C''1° " the surrounding structure of hard
grain phase is mainly formed during solid state sinter
ing process. The inner rim, formed during solid state
sintering, is very unevenly distributed onto the Tr
(C,N) grains (cores), which indicates that bulk dif-
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Fig. 6 Relative intensities of different phases in
micron cermet during sintering
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Fig. 7 Lattice constants of Ti(Cy, Ni- ;) vs

sintering temperature

fusion through the binder is the dominating transport
path rather than surface diffusion(Fig.2(b)). Be
cause the solubility of a grain in its surrounding liquid
varies inversely with the grain size, small grains dis-
solve in liquid and reprecipitate on neighboring coarse
grains surface during the following liquid phase sin-
tering process, and which causes grain coarsening.
The other way of grain coarsening during liquid phase
sintering is grain coalescence through a grain rear
rangement, neck growth, and coalescence process.
Both ways of grain coarsening can be seen in Fig. 2.

4 CONCLUSIONS

1) The corerim structure of Ti( C, N)-based
cermet is mainly formed during solid state sintering.

2) The corerim microstructure forming process
can be described as follows: during solid state sinter-
ing, at first, Mo and W rich (Ti, Mo, W) C inner rim
is formed by the interaction among TiC, WC, and
Mo,C; then Mo and W lean (Ti, Mo, W) (C, N) out-
er rim is formed. During the liquid phase sintering,
the outer rim of coarse grains grows rapidly throw a
solution-reprecipitation process; also coarse grains
grow by particle coalescence.

3) The interface between coarse grain outer rim
and binder, formed by solutionrreprecipitation, is flat
(crystal surface); however, the interface between
hard grain and binder, formed by particle coales-
cence, is irregular.
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