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Sintering properties of submicron TiC powders
from carbon coated titania precursor
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The sintering behavior of submicron titanium carbide (TiC) synthesized from carbon coated
titania (TiO,) precursor was investigated in TiC-Ni system. The densification was examined
as functions of initial carbon content (30.95-34 wt.%) and Ni content (3-20 wt.%). The
sintered density of TiC-Ni was markedly decreased with increased carbon content in the
precursor. The amount of Ni had a relatively small influence on the densification of
submicron TiC-Ni cermet compared with TiC (commercially available HCS)-Ni cermets. The
results show that submicron TiC with only 3 wt.% Ni can be sintered to densities above 95%
TD in flowing Ar+10H; at 1500°C and below. The improvements in densification result from
the capillary force increase since it is inversely dependent on the particle size. With
decreased Ni content, the Vickers hardness increased and the fracture toughness
decreased, as expected. However, the sufficient densification cannot be achieved for
commercial HCS TiC powder sintered with Ni (<10 wt.%) under the same conditions.
Therefore, both the Vickers hardness and fracture toughness decreased as the Ni content
decreased. This was due to the increase of porosity in the sintered samples containing
commercial TiC powder. © 2000 Kluwer Academic Publishers

1. Introduction high quality TiC powder with controlled levels of purity
Carbides belong to a broad class of compounds havand morphology. The carbon coating method utilized
ing a number of valuable properties. Metal carbidesjn this research is patented and it is the only method in
particularly carbides of the transition metals, are apthe literature which produces submicron size TiC pow-
plied in industries from refractories to cutting tools, der at low cost [2]. Detailed information on the effect
from electronics to chemical resistant structural appli-of amount of carbon in the precursor on the character-
cations. Titanium carbide is a prominent material inistics of resulting TiC powder will be addressed in a
these types of applications. It combines the advanseparate paper. The present work attempts to provide
tages of a high melting point (3260), high hard- information on the sintering behavior of submicron TiC
ness (Knoop’'s= 32.4 GPa), high electrical conductiv- powder with various sintering parameters.
ity (30 x 10° 1/ohmcm), high chemical and thermal ~ TiC based cermets are typical examples of sys-
stability, high wear resistance, high solvency for othertems undergoing liquid phase sintering resulting in
carbides, and a low density (4.93 gfm a two-phase material with ductile behavior despite a

Titanium carbide is often combined with metals, suchlarge quantity of hard phase. The classic treatment
as nickel, to form cermets, or cemented carbides, whiclof persistent liquid phase sintering breaks the process
have properties superior to those of either constituentnto three stages [3]: 1) rearrangement, 2) solution-
Cermets they combine very high hardness and weaeprecipitation, 3) and coalescence. Capillary forces are
resistance of their carbide phase with the mechanicatnhanced by smaller particles, increasing the rate of re-
and thermal shock resistance provided of the metalarrangement in stage (1). This occurs despite higher
lic binder phase. These properties make them usefuévels of friction between particles. Similarly, the rate
for many applications involving large mechanical andof densification in stage (2) is improved using fine pow-
thermal stresses. Titanium carbide based cermets ackers. Previous research involving persistent liquids in-
often used in the manufacture of cutting tools, grindingdicates superior densification and improved mechanical
wheels, and coated cutting tips [1]. properties result from use of smaller particles [4].

The properties of TiC-Ni cermets depend on the In the present study, first, submicron TiC powders
microstructure. The ideal microstructure desired forwith different carbon contents using carbon coating pre-
TiC-Ni cermets can only be achieved through use ofcursor method were produced and characterized. In this
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step, emphasis was placed in noting the effect of varihol using a Spex Model 8000 Mixer/Mill (Spex Corp.,
able initial carbon content on the resulting TiC pow- Metuchen, NJ). After 2 hours of mixing, the powder
der. In the second step, the sintering of the as-produceslurry was dried in a vacuum oven at’@s Pellets were
submicron TiC powder was examined with emphasisnade by single action, uni-axial pressing in a hard-
placed on the effect of carbon and nickel contents orened steel die (IB-12.95 mm). These pellets were
the densification. made at different pressures to obtain green densities
between 45% and 65% TD. Densification was con-
ducted at 150TC for 2 hours in flowing Ar-10%hl at-
2. Experimental procedure mospheres in a tube furnace. Bulk densities of sintered

TiC powders were produced using the carbon coating€!lets were determined by the liquid (xylene) displace-
process that was first described by Ketcal. [5]. The ment technique. Scanning electron_ micrographs of thg
process consists of two steps. The first step is the coatigP!iShed surfaces of sintered specimens were taken in
of TiO, (P25 Degussa Corp., Ridgefield Park, NJ) with model Hltachl S570 scanning electron microscope
carbon by decomposing a hydrocarbon gas (C3H6) #SEM). Vickers hardness _values were measured with
temperature of 55(. This step was performed in aro- FECO hardness tester using a load of 5 kg. The frac-
tating chamber furnace consisting of a 10 cnx/5 cm ture to.ughness was determined using Vickers hardness
stainless steel cylinder. About 200 grams of Figow-  indention method.

der was placed in the vessel. The vessel was evacuated,

purged with argon, and evacuated again. The vessel was . .

then heated to 55C and filled with propylene gas until 3- Results and discussion

the pressure reached about 3 atm. After approximatelf/!9s 1 and 2 show a TEM micrograph and the XRD pat-
5 minutes the remaining gas was released and the vet&n of the carbon- coated Ti@recursor, respectively.
sel was filled with fresh propylene. The coating step”S Shown in the figures, a very uniform coating of py-
was continued until the desired amount of carbon wago!Ytic carbon on TiQ is apparent. All peaks corre-
deposited. Three precursors were prepared containingPond {0 starting Ti@(anatase and rutile) phase, im-
30.95 wt.% (30F), 32 wt.% (32F), and 34 wt.% (34F) P ylng_that a pyrolytic amorphous form of cart_)on is
carbon. The weight percentage of the carbon in the pred€posited. The BET surface area of the coated pi®-
cursors was determined using thermogravimetric analSursors was measured to be in the range of 44-4g m
ysis in air. The second step involves the formation oféftér being coated with 30.95 wt.%, 32 wt.% and

TiC powders by promoting the carbothermal reduction34 Wt.% carbon. These results showed that uniform car-
of the carbon coated TiDprecursors at 155C for bon coating can be deposited at 56®n TiO, particles

four hours in a flowing argon gas (1L/min). This step PY Using GHe hydrocarbon gas. This way of introduc-
was performed in an atmosphere-controlled tube furind carbon forms an intimate mixing of the reactants

nace (Model CTF 17/75/300, Carbolite, Sheffield, UK) (C and TiQ) with high surface contact between carbon
with 70 mm ID. and titania. These precursors are capable of producing

The precursor material and produced TiC pOW_high-purity TiC powders at low temperatures, because
ders were characterized using X-ray diffraction (XRD)
(Rigaku,Tokyo, Japan) with Cu Kradiation, a BET -
surface area analyzer (Micromeritics, Gemini 2360,
Norcross, GA), and transmission electron microscopy
(TEM) (Hitachi, Model FA 7100, Tokyo, Japan). Oxy-
gen and total carbon contents of the TiC powders weré -
determined by the LECO corporation (St. Joseph, OH),
XRD was utilized to determine the phase constitution
of the powders, and, using Ni as an internal standard
the lattice parameter of produced TiC was determined
The samples with 35 wt.% Ni was scanned front 25
to 140 (26 value) with a step size of 0.02nd dura-
tion time d 1 s ateach step. Lattice parameter values
were obtained at each crystal plane and a was plotted ¢
a function of co%. The least-squares line of the data
was

a=ay+ K’ cofe 1)

whereay is the extrapolated value afwhen co$p ap-
proaches 0 anH’ is the slope of the least-squares line. &
TEM was used to investigate the particle size, size disft.
tribution, particle morphology and degree of agglom-
eration as a function of total carbon.

The produced TiC and Ni powders were mixed in a
WC container together with two WC balls and alco- Figure 1 TEM micrograph of TiQ coated with 32 wt.% C.

85 nm
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4000 calculated to be 31.08 wt.%.
3500 | TiO, + 3C=TiC 4+ 2CO 2

The absence of unreacted carbon indicates the carbon
has been consumed during the formation of TiC. Parti-
cles range in size from 0,4m to 0.3um.
2500 |- Fig. 4bis a TEM micrograph of TiC from the precur-
sor containing (32 wt.%-32F) carbon. The patrticle size
2000 | and the degree of agglomeration both decreased. The
presence of free carbon is noted. The particles shown
are uniform with the exception of unreacted carbon. The
TiC particles range in size from 0.038m to 0.16um.
Fig. 4cis a TEM micrograph of TiC from the precur-
1000 |- sor containing (34 wt.%-34F) carbon. The amount of
free carbon increased compared with Fig. 4a and b. The
EMJ TiC particles are loosely agglomerated with the parti-
cles being mostly spherical with ranging in size from
0 , , , , , 0.02umto 0.1pm.
20 30 4 50 60 70 80 It was apparent from the TEM micrographs that the
TwoTheta degree of agglomeration was decreased with an in-
Figure 2 XRD result of TiG; coated with 32 wt.% C. crease in carbon content in the precursors. Since the
TiO, particles were totally covered by pyrolytic car-
bon, the unreacted carbon layer, which exceeded the
carbon needed in the reaction, separated the particles
after TiC formation. In particular the lower the initial
carbon content the level of the agglomeration the more
TG (Goated with 34% C) were due to reversed reaction of reduction. Thus ag-
l glomeration and particle growth occurred.
- The Ti-C phase diagram [6], indicates that TiC, which
has the NaCl-type fcc crystal structure, exists over a
very wide compositional range. The C/Ti atomic ra-
tio ranges from 0.45 to 0.96. There are few reports
about the change of the particle size when the C/Ti

TiC (Coated with 32% C) . . .
l “ ratio changes. According to these reports, the particle
e Y W size of final product decreases with increased precur-
0 3[0 4]0 5

Intensity

1500 -

Intensity

sor carbon content. The increasing carbon content in
the reactants may result in an increase of the C/Ti ratio
in TIC4 which may lead to the decrease of the TiC par-
TiC (Coated with 30.95% C) ticle size. However, it is not clear that how effective is
this mechanism yet.

: )\ S Oxygen and total carbon content were evaluated to
0 & 70 8% check the purity of the produced TiC powders. Fig. 5

Two Theta

2

shows these values as a function of initial carbon con-
Figure 3 XRD results of reaction products from carbon coated;Ti0 tent in the precursors. The oxygen content decreased
reacted at 1550 for 2 hours in flowing Argon (1L/M). when the initial carbon content was increased. The pro-

file of the total carbon content is opposite to that shown

o in the oxygen content. The lattice parameter of the pro-

the carbon source for the reduction is from hydrocaryceq TiC was calculated as a function of initial carbon

bon gas. Therefore, impurities such as iron (which is;ontent and listed in Table I. The lattice parameter of

ordinarily found in the commercial carbon material) are .o mmercial TiC powder (HC starck) was also calcu-

eliminated. These precursors resulted in the productiofyieq for comparison and is included in the table. The

of submicron and uniform TiC particles with l00se ag- |attice parameter slightly varied as a function of initial
glomeration. Fig. 3 shows the XRD patterns for the TiC

formed from the three precursors which were reacted
at 1550C for 4 hours in f|0Wing argon gas. No second TABLE | Lattice parameter of TiC as a function of initial carbon

phase was detected in these patterns. content in the precursors
Fig. 4a is a TEM micrograph of TiC from the pre- pqq4er Tic Lattice parameter (Angstrom)
cursor containing (30.95 wt.%-30F) carbon. As seenin
Fig. 4a, TiC particles are moderately agglomerated andoF 4.332
sintered together because of the limited availability of32F 4.333
required amount of carbon. From Equation 2, the the?_stc jggz

oretical required amount of carbon in the precursor is
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(b)

Figure 4 TEM micrographs of reaction products as a function of carbon content in the precursors. (a) 30F, (b) 32F, @)r3#tudd)

carbon content and they were in an agreement with thevork of Exneret al. [7] on TiC-Ni composites with
lattice parameter of commercial TiC. excess carbon.

Sintering studies were performed in flowing Ar- The SEM micrographs of sintered and polished sur-
10%H, gas at a temperature of 15@using Nibinder.  faces of TiC powders produced with various initial car-
Fig. 6 shows the results of sintered density measurebon content are shown in Fig. 7. Sintering was per-
ments of TiC-20 wt.% Ni compacts for the various TiC formed at 1500C for 2 hours in flowing Ar-10%kl
powders. These values correlate with 97%TD for thelLiquid phase distribution around TiC grains in the high
30F, 89% TD for the 32F, and 68% TD for the 34F TiC carbon contentsample (Fig. 7c) was less uniformthanin
produced powders. Theoretical density of TiC-Ni wasthe sample with low carbon content (Fig. 7a). Itis appar-
calculated to be 5.72 g/cinit was clear that higher sin- ent that high porosity exists in the samples with higher
tered density was obtained as the carbon content wasetal carbon. The TiC (30F) showed the highest sintered
decreased. This indicates that the densification rate idensities. This may be due to lack of free carbon and
faster for TiC powders with lower carbon content. Thesean increase ix value in TiG,. Free carbon is known to
results are consistent with the previously mentionediecrease the wettability of TiC by Ni. In addition, the
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Figure 4 (Continued)
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precursors.

Figure 5 Oxygen and total carbon content as a function of initial carbon
content in the precursors.

more round than the TiC grains in Fig. 7a. As it can be
diffusion coefficient and activation energies for massseen from Fig. 8, the TiC grains are surrounded by a
transport of C in TiC were found to increase with de-layerwhichis notfoundinthe TiC (product)-Ni system.
creasing free and combined carbon content [8]. It waEDAX was employed to analysis this third phase. The
expected that the diffusion of C in low carbon TiC results indicated that there is Ti content in the binder
would be much faster than in high carbon JiThere-  phase and the surrounding layer consists of (Ti, Ni)C.
duced diffusion of carbon within the sample may alsoThese were indications of the TiC powders produced
have inhibited the sintering [9]. from carbon coating method were more stoichiometric

Fig. 8 shows SEM micrograph of commercial TiC than that of commercial TiC.

(HCS)-20 wt% Ni sample sintered at the same condi- In order to describe the sintering behavior of TiC
tions as the produced submicron TiC. A sintered densit{30F) powder and the HC Starck powder with 20 wt.%
of 96% TD was achieved after sintering with 20 wt% Ni, DSC was utilized. Pellets of each were bro-
Ni. The TiC grains were irregularly round and sepa-ken, to accommodate the size restriction of the Lab-
rated by Ni matrix, while in Fig. 7a, the microstructure sys TG-DTA/DSC apparatus (Setaram Corp., Caluire,
of TiC (30F)—20 wt.% Ni shows angular TiC grains em- France). Multiple samples were reacted under flow-
bedded in a nearly continuous Ni binder. In comparinging argon. Sintering run consisted of heating the sam-
Figs 7a and 8, the HC Starck TiC grains are coarser angles at 20C/min to 1500C, then cooling the samples
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Figure 7 SEM micrographs of TiC-20 wt.% Ni sintered at 15@0for 2 hours in flowing A#-10%H,. (a) 30F, (b) 32F, (c) 34F.

immediately. The DSC curves are shown in Fig. 9.complishing the formation of the Ni liquid phase, with
From the DSC curves it is apparent that commerciathe second being the formation of the,Niy third

TiC (HCS) undergoes a second endothermic reactiorphase.

while the product TiC (30F) powder only one. The sec- Examination of the Ti-Ni phase diagram [6] yields
ond reaction proceeds immediately upon completiondentification of the third phase. At 130@ NigTi

of the first. This can be explained as the first curve acintermetallic compound has an eutectic near this
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Figure 8 SEM micrograph of TIC(HCS)-20 wt.% Ni sintered at 15@0
for 2 hours in flowing Ar-10%H.
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Figure 9 DSC curves of TiC(30F)- and TiC(HCS)-20 wt.% Ni pieces
of pelets heated in a Pt crucible at’2JImin to 1500C in flowing Ar.

TABLE 11 Vickers hardness and fracture toughness values as a func-
tion of precursor carbon content

Vickers hardness Fracture toughness
Sample (kg/mrf) (MPam?/2)
TiC(30F)-20 wt.% Ni 1295 11.09
TiC(32F)-20 wt.% Ni 1024 10.55
TiC(34F)-20 wt.% Ni 219 7.9
TIC(HCS)-20 wt.% Ni 1189 10.99
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Figure 10 Sintered densities for TiC(30F) and TiC(HCS) as a function
of Ni content (Sintering temperature: 15@) time: 2 hours, atmosphere:
Ar-10%H).

from carbon coating method correlates with the higher
amount of total carbon and a lack of free Ti. The DSC

studies confirmed that the submicron TiC powders are
more stoichiometric than the commercially available

HC Starck TiC powder.

Hardness measurements of TiC-20 wt% Ni accord-
ing to initial carbon content is shown in Table Il. The
TiC-Ni system with the lowest carbon content exhib-
ited the highest hardness. It is not possible to isolate the
effect of microstructural changes, due to the presence
of porosity, on the mechanical behaviors. This is caused
by increased porosity coinciding with increased carbon.
In Table Il, the fracture toughness values are included
as a function of initial carbon content in the precursors.
The change in fracture toughness with carbon content
followed a general trend similar to that of hardness.

Since TiC-based cermets are mainly used as cutting
tools and wear resistant parts which need high hardness,
a smaller amount of Ni binder is preferred although the
larger Ni additions tend to enhance the fracture tough-
ness of the product [10]. In order to determine the effect
of the amount of Ni binder on the densification of TiC
(80F) powders—Ni and TiC (HCS)-Ni systems, 3 wt%
(TD =5.05 g/cn?), 5 wt% (TD=5.13 g/cn?), 10 wit%

temperature. This temperature corresponds very closelfTD = 5.33 g/cnt) and 20 wt% (TD=5.72 g/cn¥) Ni
with inception temperature of the second endothermiavere used. The sintered densities of TiC (30F) and

formation for the commercial powder. This composi-

TIC(HCS) with various amounts of Ni, sintered at

tion, NisTi, would make sense, as there cannot be d500C for 2 hours under flowing Ar10H, gas, are

very large amount of free Ti in the commercial pow-

shown in Fig. 10. Despite the fact that the Ni content

der as compared with the amount of Ni in the com-of the samples varied from 3 to 20 wt%, the sintered
pact. The lack of second reaction in the TiC produceddensities of product TiC (30F)-Ni cermet exhibited a
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Figure 11 SEM micrographs of TiC(30F)-Ni wt.% sintered at 15@0for 2 hours in flowing Ar-10%Hl. (a) 3 wt.% Ni, (b) 5 wt.% Ni, (c) 10 wt.%
Ni.

very small range of variance: 99, 100, 99, and 97% TDthe decrease of Ni content: 89, 89, 92, and 96% TD for
for 3, 5, 10, and 20 wt.% Ni, respectively. An important 3, 5, 10, and 20 wt% Ni, respectively.

observation of the submicron TiC (30F)-Ni systemwas The SEM micrographs of polished surfaces of these
that the lowest sintered percent of TD was obtained fosamples are shown in Fig. 11a—c for the submicron
the greatest Ni content. However, the sintered densitie$iC (30F)—3, 5, and 10 wt.% Ni, respectively. Clearly,
of TIC(HCS)-Ni system decreased considerably withthe particles were in contact during sintering and the
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contiguity of particles increased with decreasing Nicarbide grains were not single grain but possessed a
content. The microstructure consists of TiC grains withmosaic structure typical of polycrystalline aggregates.
a discontinuous Ni layer located at the boundaries an@his type of structure is due to the agglomeration of TiC
triple points. The Ni is discontinuous because it doepowders and a mechanism resulting from the incom-
not completely wet TiC in the liquid state. Closer exam-plete wetting of the carbide particles by Ni. If the lig-
ination of the structure indicated that the apparent largeiid Ni phase is unable to penetrate intergranular spaces

Figure 12 SEM micrographs of TIC(HCS)-Ni wt.% sintered at 15@0for 2 hours in flowing Ar-10%H. (a) 3 wt.% Ni, (b) 5 wt.% Ni, (c) 10 wt.%
Ni.
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and completely disperse the solid phase, the particle 12
are drawn together during the consolidation process ., |
The resulting TiC (30F)-Ni exhibits a microstructure
of coalesced nonmetallic grains.

Fig. 12a—c show the SEM photomicrographs of o
TiC(HCS)—3, 5, and 10 wt%, Ni, respectively. With
the decrease of Ni content, vermicular microstructureg
of elongated pores and grains developed. Observatio?sf 71
of microstructural developments clearly illustrated theg 4
different characteristic behavior of the two materials.™
At lower Ni content, it was apparent that much lower

0.5)

—e—TiC(30F)

densification was attained with HC Starck powders. s{  —®-TiCHCS)

The increased Ni content reduced the energy require

for densification [11]. When the Ni content fell below

a certain amount, the surface energy (particle size ¢ 2 - - : :

TiC powders) became the dominant factor influencing
the densification. Submicron TiC powders produced
from the new process give a higher densification dueFigure 14 Fracture toughness of TiC(30F) and TIC(HCS) as a function
both to an increase in the capillary forces resulted fronf Ni content.

high surface area and to a decrease in the distance of

matter transport needed to fill pores. So submicron The initial investigations attempt to provide infor-
TiC powders achieved almost full densification evenmation on the sinterability of submicron TiC powders
with very small amount of Ni binder. Comparatively, produced using a new carbon coating method. It is
the TiC(HCS)-Ni system was found to be more porousalso intend of this paper to study hardness and frac-
because the large particle size resulted in poorefure toughness of resulting TiC-Ni. There are several
densification. experimental techniques by which fracture toughness,
The Vickers hardness as a function of Ni content isK,-, can be measured. The use of the Vickers hardness
shownin Fig. 13 forthe TiC (30F)-Niand TIC(HCS)-Ni indentations to determiri¢,c has become the preferred
systems. As expected, the hardness of TiC (30F)-Nimethod due to its simplicity. This method entails mea-
cermets showed an increasing trend with decreasinguring the lengths of the cracks emanating from hard-
Ni content. This is due to the larger amount of hardness indentations. Since the three-dimensional path
phase with less Ni binder. The change of the hardnesgf the crack cannot be measured, error is automati-
of TIC(HCS)-Ni displayed an opposite trend to that of cally introduced into calculations which rely on crack
the TiC (30F)-Ni cermets produced using submicroniength measurements. Using the technique developed
TiC powders. This opposite behavior is attributed topy Anstis [12], following Equation 3 is employed for

increase of porosity in the structure with decrease othe determination of fracture toughness of the sintered
the Ni content. It is worth noting that for like amounts TiC-Ni samples.

of Ni content, the hardness of TIC(HCS)-Ni is lower
than that of TiC(30F)-Ni. The relatively low hardness
can be explained on the basis of coarser grain size and
higher porosity.

Ni Content (wt.%)

£\ 12 o
Kic=¢ o PG, (3
\'

where: K c: Fracture toughnes$g,; Constant value of

0.0164-0.004,Hy: Vickers hardnes<: Young’s mod-
1900 ulus, P: Indentation loadCy: the average crack length
measured from the center of the indent.

Fig. 14 shows the relationship between the fracture
toughness and Ni content for the both systems. As ex-
pected, the fracture toughness of TIC(HCS)-Niis higher
than that of TiC(30F)-Ni. Because the Vickers hardness
indentation method was used to measure the fracture
toughness, this parameter depends on the crack length.

1700 +

1500 +

1300 +

Vickers Hardness (kg/mm*2)

N The presence of porosity inhibited the propagation of
ey RN cracks and led to high fracture toughness values. Also,
\\-\ the presence of the third, Niiy, phase could slightly
%00 1 ——TICE0FANI Y increase the fracture toughness of fully densified sam-
— @ - TiC(HCS)-xNi -

ples of TIC(HCS)-Ni.

700 +

500

20

10

Ni Content (wt.%)

5

4. Conclusion
The submicron TiC was synthesized using carbon
coated TiQ precursors. The XRD patterns showed that

Figure 13 Vickers hardness of TIC(30F) and TIC(HCS) as a function of the products were single phase TiC. The total carbon

Ni content.
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content. The produced powders with higher carbon conat 1500C for 2 hours in flowing Ar-10%Hkl gas. With
tent have finer particle size, looser agglomeration andiecreased Ni content, the Vickers hardness increased

lower oxygen content.
With 30.95 wtpowders showed:

— fine particle size (0.1-0,3m)

— oxygen content of 1.45 wt%

— total carbon content of 19.3 wt%

— lattice parameter of 4.332 Angstrom
— moderate agglomeration

With 32 wt% initial carbon content in the precursor,
the resultant TiC (32) powders showed:

— fine particle size (0.03—-0,2m)

— oxygen content of 1.12 wt%

— total carbon content of 22.1 wt%

— lattice parameter of 4.333 Angstrom
— loose agglomeration

With 34 wt% initial carbon content in the precursor,
the resultant TiC (34F) powders showed:

— fine particle size (0.02—0,1m)

— oxygen content of 0.98 wt%

— total carbon content of 25 wt%

— lattice parameter of 4.327 Angstrom
— loose agglomeration

TiC-20 wt.% Ni cermets were made through lig-
uid phase sintering, at 1500 for 2 hours in flowing

Ar-10%H, gas. As the carbon content increased, theé.
sintered density decreased. The reduction of densifica-

tion was explained on the basis of the composition vari-
ation and the wettability change due to excess carbon.

As aresult, the Vickers hardness and fracture toughness,
also decreased with increased carbon content. From the.
SEM micrographic observations, the morphologies ofl0-

HC Starck commercial TiC grains were more round an

they were surrounded by a third phase. Energy disper-

and the fracture toughness decreased, as expected.
However, the high densification cannot be achieved for
commercial HC Starck TiC sintered with N&@0 wt%)
under the same conditions. Both the Vickers hardness
and fracture toughness decreased as the Ni content de-
creased, due to the increase of porosity in the sintered
sample.
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