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This paper deals with the formation of tungsten carbide from carbon coated tungstic oxide
precursors. This study makes use of differential scanning calorimetry (DSC),
thermogravimetric analysis (TGA), X-ray diffraction (XRD), and transmission electron
microscopy (TEM). DSC and TGA data for both coated and mixed 17.2 wt% carbon
containing tungstic oxide demonstrate the superiority of the coated precursor in the
formation of tungsten carbide, as conversion is initiated at lower temperature. XRD
patterns of products from each 100°C isotherm from 900-1400°C, inclusive, illustrate the
formation as it proceeds through lower oxides into tungsten then carburizes into tungsten
carbide for both the mixed and coated samples. © 2000 Kluwer Academic Publishers

1. Introduction milling. Additionally, the use of carbon black intro-
Carbides typically have the advantages of high val-duces impurities into the product [7].
ues for melting temperature, strength, wear resistance, Kodambaka performed the initial research into use
and low thermal expansion coefficient. While many ce-of carbon coated precursors for enhanced production
ramic materials also benefit from a low mass densitypf tungsten carbide. Kodambaka succeeded in synthe-
extremely high values for these properties often outsizing high quality, submicron WC powders at temper-
weigh any detriment, such as high weight. Among theseatures as low as 1100 [7]. As neither DSC nor TGA
is tungsten carbide (WC) [1]. experiments had been performed to illustrate the differ-
WC combines many desirable properties. WC hasnces between the two methods, this research was un-
high hardness, high melting temperature, high fracturelertaken. The TGA and DSC experiments in this work
toughness, high thermal conductivity, and low thermalmade use of very small sample sizes and fast heating
expansion coefficient. WC is therefore used for manyand cooling rates, while Kodambaka used large sample
applications. As acemented carbide (a combination of aizes and very slow heating and cooling rates.
carbide with a metallic binder; in the case of WC, cobalt The benefit of using coated precursors results from
is the typical binder), WC is used in cutting tools, sawthe intimate contact achieved between reactants, while
blade tips, cement drills, and many other high wear apeonventionally mixed powders possess intermittent
plications [1-3]. WC is also used in the manufacturecontact atbest, regardless of the mixing time used. Ther-
of high temperature furnace crucibles and other commodynamic data does not account for contact between
ponents. Newer applications include use in catalysiseactants, while poor contact can prevent reactions from
industries and aerospace coatings [4—6]. occurring at their ideal thermodynamic temperatures.
Most ceramic parts are produced by sintering pow-The intimate contact achieved using coated precursors
ders. Sintering is a process by which the powders arallows the best possibility for a reaction to proceed as
raised to a temperature sufficient to cause mass transfper thermodynamic considerations. Additionally, as the
and densification. WC is typically sintered with Co, to carbon source for the coating is a hydrocarbon gas, there
produce the cemented carbide. is no risk of impurities as with conventional mixing of
WC production generally proceeds as a two-step proearbon black. These factors contribute to the superior-
cess. First, the oxide is reduced to high purity tung-ity of the precursor method, as better quality powders
sten in a hydrogen atmosphere. The tungsten metal @re produced at lower temperatures and shorter times
then mixed with carbon and reacted at temperatures dhan conventional methods [8—-11].
1400-1600C to produce the carbide [2]. This process The methods employed in this research were ther-
requires both high temperature and a long time to commogravimetric analysis (TGA), differential scanning
plete, so WC produced through this method generallycalorimetry (DSC), and X-ray diffraction (XRD). DSC
has large particles and agglomeration, thus requiringlata for the reactions of both coated and mixed samples
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illustrated the reaction onset temperatures. The prodEach oxide particle was coated by a like amount of
ucts resulting from the TGA experiments were furtherporous amorphous carbon, as this process is surface
characterized using XRD. area activated. Coating was continued until the WO
had been coated to 13.2 wt% C. The coated precursor
is shown in Fig. 2. Mixing was performed using appro-
2. Experimental procedure priate amounts of W@C or WO; and carbon black for
2.1. Precursor preparation 60 minutes in a Spex Mixer/Mill (Model 8000, Spex,
The WG; used for this research was yellow tungstenMetuchen, NJ). Following Kodambaka’s recommen-
trioxide powder (Starck, Germany), shown in Fig. 1, dation, the precursor was prepared with less than the
with specific surface area 5%g. Propylene gas,4Els,  stoichiometric 17.165 wt% C, with carbon black being
was the source of carbon for the coated precursor, whiladded to bring the total carbon content to 17.2 wt% C.
carbon black (Monarch 880, Cabot, Waltham, MA) wasThe mixture was prepared with a like amount of car-
used for the mixture. bon. The slight excess was intended to help alleviate the
The coated precursor was prepared by crackitgeC  difficulties caused by poor reactant contact. The overall
gas at 550C, with pyrolytic carbon coating the WO  carbothermal reduction reaction to be studied was:

125 nm

Figure 1 TEM of Starck yellow WQ.

Figure 2 TEM of carbon coated W&
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WOj; + 4C — WC + 3CQy @)

Thermodynamically, reaction (1) occurs below 700 j Mixed
while actual processing sees the reaction completing
above 1400C. WC formation is known to proceed via
the successive formation of lower oxides of W, even-
tually reducing into W, followed by carburization into
WC. The oxides formed include WIOW501 4, W18049,
W,00s8, W240gg With possible formation of other car-
bides: W,C and W;C. The theoretical weight loss for
this reaction is 30.02 wt%.

ExolhermicT

Heat Flow

Coated
2.2. Experimentation

DSC reactions used samples-685 mg powder. The
samples were heated in a Pt crucible at@@nin to
1500C in flowing argon in a Setaram Labsys TG-
DTA/DSC (Setaram Corp., Caluire, France).

TGA was performed in the Labsys using a Pt crucible
heating at 20C/min in flowing argon to isotherms of
900-1400C, inclusive. Each isotherm was performed ; ; : ; 1 ; { :
at least twice to ensure consistent results. (Note: frac- s 600 700 800 900 1000 1100 1200 1300 1400
tion converted= wt% loss/theoretical wt% loss.) Addi- Temperature (°C)
tionally, since large scale synthesis requires a slow heat- ,
ing rate, experiments were performed using@/nin | 9ure 3 DSC Pattern for WC Formation.
heating rate to observe the differences in weight loss
between the precursor and the mixture. These slow rate
tests used 35.0 mg of each sample; these testswere als o |
repeated to ensure consistency.

XRD was performed on the products of each TGA s
isotherm (Model DMAX-B, Rigaku, Tokyo, Japan) us-
ing Cu K, (A = 0.1542 nm) radiation and a scan rate o7
of 2°C/min to determine major species present after
reaction at the given temperature.
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3. Results and discussion

3.1. DSC

Fig. 3 shows the DSC patterns for reaction of both the
WOg3-C mixture and the coated/mixed W@recursor.
The patterns are markedly different. Similar to the con-
trasting patterns noted with DSC of TiC formation [11],
the mixture experiences a second reaction which is ab-
sent in the coated/mixed precursor. The precursor pat-
tern does complete its reactions first, but not at a signif-
icantly lower temperature; neither had reactions above ; : ; 1 ;
1100C. 0 20 40 60 80 100 120
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3.2. TGA Figure 4 Fraction converted as a function of time for coated WC for-

mation.

When TGA was performed, it was noted (Fig. 4) that

conversion completes nearly instantaneously; there igoes however, experience a greater total weight loss,
negligible conversion at 80€, nearly total conversion i, aqqition to a greater weight loss earlier in the exper-

at 900C, with 1000C showing complete conversion jment prior to the onset of the reaction. These greater

for the coated/mixed precursor. For the mixture, ShOWnN,qqes are due to impurities within the carbon black. At

in Fig. 5, there is significantly less conversion at 800 5 gio rate. there seems little difference between the
than with the coated/mixed precursor, with the 1GD0 two samples.

conversion being comparable. This data show that the
precursor is superior to the mixture in that a greater
amount of conversion occurs at lower temperature. 3.3. XRD

The TGA curves from the slow heating rate experi-3.3.1. Coated/mixed precursor
ments are givenin Fig. 6. The reactions for each begin a@Products resulting from isotherms from 9@ to
nearly the same temperature, with the precursor comt400°C, inclusive, were analyzed, and are shown in
pleting very shortly before the mixture. The mixture Fig. 7. Even at 90TC, significant reduction of the oxide
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Figure 5 Fraction converted as a function of time for mixed WC forma-

tion.
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Figure 6 Weight loss of samples using slow heating rate in flowing Ar.

presence has occurred, with WC and W presence bein we W ﬁ}L T
the most notable constituents. The patterns for 1000- A ).

1200C are all very similar, with W and WC being
dominant. It is not until 1300 that WC assumes the
dominant role, as the W intensity has decreased rela:
tive to the WC intensity. Also at 130Q, the higher
degree 2-theta peaks for WC have sharpened and bee
labeled as such. At 140G, the W presence has been
further reduced with WC the only other constituent. It
was therefore deduced that slightly higher temperature
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Figure 7 XRD patterns for coated/mixed WC precursor reacted at vari-
ous temperatures in flowing Ar for 2 hours.

that no presence was noted of other carbide phases, e.g.
W,C, unlike previous research by Kodambaka.

3.3.2. Mixture

Fig. 8 shows the diffraction patterns resulting from the
mixed samples. At 90, no significant reduction has
occurred, with nearly all the peaks being oxides and un-
labelled. The 100TC pattern, though, shows a marked
difference from the 90T pattern. It seems that all the
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YVOLfId seea great(-?r _degree of Comple_tion of the carbuliigure 8 XRD patterns for mixed W@-C reacted at various tempera-
ization of the remaining W phase. Itis important to notetures in flowing Ar for 2 hours.
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