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Nanoscale WC and Mo,C carbides are synthesized from the elemental metal
powder (with particle size of about 40 um; purity is not less than 99.6% wt.)
and the carbon nanotubes (CNTs, with average diameter of 10—20 nm) by me-
chanical alloying in a high-energy planetary ball mill for the first time. Na-
ture of interaction of the charge components at processing in a ball mill is
studied on test samples (selected at each 1-2 hours of synthesis) using a com-
plex of x-ray techniques. These techniques include: a full-profile analysis for
the primary processing of diffractograms obtained with DRON-3M appa-
ratus; qualitative and quantitative phase analysis for determining the phase
composition of the products of synthesis; x-ray structural analysis to verify
and refine the structural models; Williamson—Hall method for determining
the grain sizes of synthesized carbides and microdistortions of their crystal
lattice. Four hours of charge processing result in a formation of the high-
temperature W,C and Mo,C carbides, the crystal structure of which is related
to the {-Fe,N structure type with vacancies within the metal sublattice. Fur-
ther milling of W—CNT mixture (up to 10 hours) is accompanied by the
W,C+CNT — WC transformation, while processing of the Mo—CNT mixture
leads to its dispersion. The effect of CNTs on mechanochemical synthesis of
the WC and Mo,C carbides is considered. As shown, the mechanical alloying
of W/Mo—CNT is a highly effective method for the fabrication of the WC and
Mo,C carbides. Due to their unique mechanical characteristics (high hard-
ness, wear resistance, and strength), these materials are widely used in mak-
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ing materials for the abrasive and metal cutting tools.

Key words: carbon nanotube, nanocomposite, mechanical alloying, x-ray dif-
fraction.

MexaHOXEeMiUHOIO METOIOI0 y BUCOKOEHEPTeTUYHOMY ILJIaHETAPHOMY KYJIBO-
BOMY MJIMHI 3 IMIOPOIIKiB MeTaJIiB (po3Mip YyacTUHOK — 6au3bKo 40 MKM, UuC-
ToTa He HIKYe 99,6% Mmac.) i ByrieneBux HaHoTpyook (BHT, cepenniii nisgme-
Tep — 10—20 HM) BmepIie cuHTe30BaHO HaHopo3MipHi Kapbizu WC Tta Mo,C.
JIEHHA B MJIVHi TPOBEIEHO Ha TECTOBUX 3pasdKax (Bigbip mpoxAyKTiB cuHTE3U —
yepesd KOKHiI 1—2 roguHu) 3 BUKOPUCTAHHAM KOMILIEKCY PEHTI'€HiBCbKUX Me-
TOIUK, a caMe: HOBHOMPOMiILHOI aHATII3N IJIA IEPBUHHOTO 00pPO0IeHHA Jud-
paxTorpam, ofep:xkanux Ha amapati [[POH-3M; akicuoi Ta KigbKicHOI (hasoBoi
aHaJi3W I BU3HAUEHHA (PA30BOTO CKJIALYy IPOAYKTIB CMHTE3UW; PEHTI'€HOCT-
PYKTYPHOI aHAJNIi3U IJid IepeBipKU I yTOUHEHHA CTPYKTYPHUX MOJeJIiB; METO-
nuku Binbsamcona—Tosa s BU3HaUeHHSA PO3MipiB 3epeH CUHTE30BaHUX Ka-
poimiB i MikpocmoTBOpeHs IXHBOI KpucTadiuHoi rpaTuuni. B pesyabrarTi moka-
3aHO, IO BYKE ITiCJIfg YOTUPHOX TOAUH 00POOJIEeHHA IINXTH IPOAYKTAMY CUHTE-
3u € BUCOKoTeMIepaTypHi Kapoigzu W,C i Mo,C, KpucrasiuHa CTPYKTypa SKUX
HaJIEXKUTD 0 cTpyKTypHOro tumy C-Fe,N i3 BakaHcisgsMu B migrpaTHuIi mera-
ay. Ilomanbine poamentoBauasa cyminti W—BHT (zo 10 roguH) cympoBOIKY-
eTbea neperBopenaam W,C+ BHT — WC, a poamesntoBanusa cyminti Mo—BHT
MPUBOAUTE J0 il aucnepryBaHHaA. CepenHiit posmip 3epna WC Ha KiHIeBii
crazmii obpobsieHHA cKaagae ~4 um, a Mo,C — 0au3bKo 12 HM, 110 CBigUUTH
PO HAHOPO3MIipHiCcTh cuMHTe30BaHUX KapbizmiB. Posrnsmyro BniauB BHT Ha
XapakTep B3aeMOii KOMIIOHEHTIiB IUXTU Ta IIOKAa3aHO, IO MexXaHOXeMidHa
cuare3a W/Mo—BHT e BucoxkoeheKTHBHOIO METOI0I0 OJAep:KaHHA KapbiziB
WC i Mo,C, aki saBaaKu ix yHiKaJIbHUM MeXaHiYHNM XapaKTepUCTUKaM (BHU-
COKii#f TBepaoCTi, 3HOCOCTIiMKOCTi Ta MiITHOCTi) € OCHOBHUMH JIeT'YBAJTbLHUMU
KOMIIOHEHTAMU METAaJeBUX CTOIIiB, IO IIMTMPOKO BUKOPUCTOBYIOTHCA B METAJIO-
00po06JIeHHI Ta IHIITUX TaIy3AX IPOMUCIOBOCTH.

KarouoBi cioBa: ByrJielrieBa HaHOTPYOKa, HAHOKOMIIO3UT, MeXaHOXeMiuHa CH-
HTe3a, PeHTTeHiBchbKa Ju(paKIlia.

MexaHOXUMUUYECKHUM METOIOM B BHICOKOSHEPTeTUUECKOM MJIAHEeTAPHON II1apo-
BOI MeJIbHHUIIE 13 TTOPOIIKOB METAJJIOB (pasMep YacTuil — oKoJo 40 MKM, Uu-
crora He HIKe 99,6% Bec.) u yraepogubix HanoTpy6ok (YHT, cpeguuii nua-
meTp — 10—20 HM) BOepBble CHHTE3UPOBaHBI HaHOpasMepHbIie Kapouasl WC u
Mo,C. HccrmemoBanme xapakTepa B3auMOAEHCTBUS KOMIIOHEHTOB INIUXTHI B
mpoiiecce eé 06paboTKM B MeJILHUIIE TTPOBEIEeHO HA TECTOBBLIX o0Opasmax (oTdop
MTPONYKTOB CUHTE3a — 4Yepes3 KaKAble 1—2 yaca) ¢ MCIIOJIb30BaHNEM KOMILIEK -
ca PEeHTTeHOBCKHUX METOAUK, a MMEHHO: MOJHOMPO(GUILHOTO aHAJIN3a AJIA IIep-
BUYHOM 00paboTKM AudpaKTOorpaMM, IMOJydeHHBIX Ha amnmapare [JPOH-3M;
KauyeCcTBEHHOT0 M KOJMUYECTBEHHOTo (a30BOr0 aHaIn3a AJA ompeneaeHusa (a-
30BOTO COCTaBa MPOAYKTOB CHUHTE3a; PEHTTEHOCTPYKTYPHOTO aHaIu3a AJIA
MMPOBEPKU ¥ YTOUHEHUS CTPYKTYPHBIX MOJeseil; MeTOAUKHN BuibamMcoHa—
XoJsma Ojd ompeaeieHus PasMepoB 3€peH CUHTEe3MPOBAHHBIX KapOMIOB U
MHUKPOMCKAKEHNH MX KPHUCTAJJINUYECKOI pellléTKu. B pesyjbTaTe MOKa3aHO,
YTO ysKe II0CJIe UeTBIPEX YacoB 00pabOTKY IITUXThI MPOAYKTAMU CUHTE3a SABJIS-
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I0TCA BBICOKOTeMIlepaTypHble Kapbouasl W,C um Mo,C, Kpucramiinyeckas
CTPYKTypa KOTOPBIX OTHECeHA K cTpyKTypHOMY Tuny (-Fe,N ¢ Bakancusamu B
noaperiéTke metasaa. JanpHenmuii pasmos cmecu W—YHT (mo 10 gacos) co-
npoBoskaaercsa npespamenuem W,C+ YHT - WC, a pasmosa cmecu Mo—YHT
TPUBOAUT K e€ mucneprupoBanmuio. Cpeguuii pasmep 3epHa WC Ha KOHEUHOM
craguu o6paboTKU cocTaBiasAeT ~ 4 HM, a Mo,C — okoJio 12 HM, YTO CBHUAETEIb-
CTBYeT 0 HAaHOPasMEepPHOCTH CUHTE3UPOBAHHLIX KapoumoB. PaccMoTpeno BiInsd-
Hue YHT Ha xapaxTep B3auMOAeliCTBUS KOMIIOHEHTOB IIIUXThI M IIOKAa3aHO,
uyro MexaHoxuMmuecKkuil cuHTe3 W/ Mo—VYHT aBndercsa BBICOKOIDDEKTUB-
HBIM MeTo/oM moayueHus kapougoB WC u Mo,C, koTopbie 6arogapa UxX YHU-
KaJbHBIM MEXaHNUYECKUM XapaKTepPUCTUKaM (BBICOKOII TBEPAOCTHU, M3HOCO-
CTOMKOCTH U IIPOYHOCTH) ABJIAIOTCSI OCHOBHBIMU JIETUPYIOIIUMHU KOMIIOHEHTA-
MU METAJJINUYECKUX CIJIABOB, IIIUPOKO MCIOJb3YEMbIX B METAJIJIO00paboTKe 1
IPYTUX 00JaCTAX IPOMBIIIEHHOCTH.

KuaroueBsle cioBa: yriaepoaHas HAHOTPYOKA, HAHOKOMIIO3UT, MEeXaHOXMMUUe-
CKUI CUHTE3, PEHTTeHOBCKAas TU(PPAKIU.

(Received March 18, 2018)

1.INTRODUCTION

As known, the principal application for carbides is as the major con-
stituent in ‘cemented carbides’ cutting tools [1]. The term ‘cemented
carbides’ refers to IVb—VIb carbides bonded together in a metal ma-
trix, usually cobalt. Due to its extremely hardness, high abrasion re-
sistance, and strength, the WC monocarbide is the most important one
widely used in making materials for the abrasive and metal cutting
tools. Moreover, in refractory alloys, the carbides of Mo like carbides
of W are used as a minor constituent to act as dispersion reinforces.

Some powder-metallurgy techniques are used for manufacturing the
polycrystalline VIb carbides. Direct reaction of metal or metal hydride
powders with carbon is often the most common laboratory method for
their fabrication. Other techniques are based on a direct reaction of the
metal oxides and excess carbon in a protective or reducing atmosphere;
reaction of the metal with a carburizing gas as well as on precipitation
from the gas phase by reacting the metal halide or metal carbonyl in
hydrogen [1]. Typical reaction temperatures for these processing tech-
niques are 1300—-2300°C.

From the above, it can be concluded that the obtaining of homogene-
ous metal carbides with high purity via the traditional ways of fabrica-
tion is a difficult task. This is attributed to the application of high
temperatures that may restrict the fabrication process. Accordingly,
the high cost of this process is considered a major disadvantage for
these processes and this increases the price of the end product [2].

In our opinion, special focus should be paid on such simple and effec-
tive technique as mechanical alloying/milling of the initial charge of
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metal and carbon powders. The main advantages of this method lie on
the one hand in the possibility of performing the process at room tem-
perature in a ball mill, and on the other hand in the nanoscale products
obtained [3, 4]. Previously, the authors [2, 5, 6] have successfully ap-
plied the direct room-temperature synthesis of WC carbide with a fine
grain size of 5 nm [6] by mixing the correct proportions of W and acti-
vated carbon or graphite and milling the powder mixture for 310 hours
[6] or 120 hours [6] in a planetary ball mill [6]. The milled WC powder
was consolidated and the obtained product demonstrated good mechan-
ical properties: hardness of 21 GPa, Young’s modulus of 800 GPa, and
shear modulus of 400 GPa. As far as we know, the direct room-
temperature synthesis of Mo,C carbide has not been carried out yet as
well as there is no information about direct room-temperature synthe-
sis of the WC or Mo,C carbides using the carbon in a form of carbon
nanotubes (CNTs). However, our research [7] has revealed that the use
of CNTs instead of graphite in the Fe;C carbide preparation makes the
synthesis more productive since the processing time shortens.

Here, the direct mechanical alloying has been performed in order to
obtain the WC and Mo,C carbides from elementary metal-CNT powder
mixture using a high-energy planetary ball mill. Phase composition
and structure of materials obtained have studied and analysed.

2. EXPERIMENTAL DETAILS

Tungsten and molybdenum powders (particle sizes of about 40 pum,
99.6% wt. of purity) and multiwalled CNTs were mixed together in de-
sired proportion. Multiwalled carbon nanotubes used here were syn-
thesized by the catalytic chemical vapour deposition method (CVD) at
TM Spetzmash Ltd (Kyiv, Ukraine). Parameters of CNTs are as follow:
the average diameter is of 10—20 nm, the specific surface area (deter-
mined by argon desorption method) is of 200—-400 m?/g, and their
poured bulk density varies from 20 to 40 g/dm?.

Mechanical alloying of the charge sealed in a vial (stainless steel,
70 mm height, 50 mm diameter) under an argon atmosphere has been
performed in a high-energy planetary ball mill. The hardened stainless
balls were used to carry out the experiments. The rotation speed was
equal to 1480 rpm; the acceleration was about 50 g; the pressure for a
substance particle reached 5 GPa. The cycled milling process (=1-2
hours of treatment and 30 min of cooling time) was carried out under
an argon atmosphere. The vial temperature was held at below 375 K
during the experiments.

The full complex of the x-ray diffraction methods (XRD) has been
used to study the phase transformation occurred during milling of the
Me—C powder mixtures. XRD data was collected for the test samples
selected after a certain milling time with DRON-3M automatic diffrac-
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tometer (CuK, radiation). The diffraction patterns have been obtained
in a discrete mode under the following scanning parameters: observa-
tion range 26 = 20—100°, step scan of 0.05°, and counting time per step
at3s.

The original software package developed by us for the automated
DRON equipment and including full complex of standard Rietveld re-
finement procedure has been used for analysis and interpretation of the
X-ray diffraction data obtained. This package is elaborated using
known algorithms [8] and intended for solving different XRD tasks,
namely, determination of both peak positions and integral intensities of
the Bragg’s reflections by means of full profile analysis; carrying out
qualitative and quantitative phase analysis using PDF data for phase
identification and the least square method for lattice parameters re-
finement; testing of the structure models and refining crystal struc-
ture parameters (including coordinates, atomic position filling, tex-
ture, etc.). More details concerning of this package are presented in [9].

Due to the broadening of the diffraction peaks, it is possible to esti-
mate the average grain sizes D and strains € of the Me—C carbides
formed in the test samples using the classical Williamson—Hall plot
[10]. In this method, the dependences of scaled broadening of reflec-
tions b"(20) on scattering vector S are analysed. The scaled broadening
for each (hkl) reflection could be expressed as b"(20)=(B(20)cos0)/A,
where 0 is the Bragg’s reflection, A is the x-ray wavelength and the
physical  broadening  [((20) = (FWHM_? - FWHM_)"?  (where
FWHM.,,, and FWHM}, are experimental and instrumental broadening,
respectively). Scattering-vector magnitude has defined as S =(2sin0)/A
for each XRD peak.

Using the plots constructed for each Me—C carbide, the average
grain size values D could be found by extrapolating the dependencies
of b"(20) onto S=0 axes as D=1/b"(20) and the averagee values, which
characterize microdeformation of crystal lattice, could be found from
a slope of the b(20) straight line versus S as € = b(20)/(2S).

3. RESULTS AND DISCUSSION

To study the process of the WC and Mo,C carbides formation, a set of
experiments on mechanical alloying of the mixtures containing initial
metal powders and CNTs multiwall nanotubes as the carbon component
(Me:CNTs proportion is equal to 1:1 for WC and 2:1 for Mo,C) has been
performed. In order to control the phase transformations at milling of
the charge, the phase composition of the test samples selected after
each 1-2 hours of treatment in a ball mill have been studied. According
to the XRD results, all test samples treated up to 4 hours in a ball mill
contain initial metal only (or initial metal mainly) since CNT's are x-ray
amorphous and do not contribute into diffraction pattern[7].
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It should be noted that we took under consideration the data of Refs.

[11, 12] on the compounds existing in the W—C and Mo—C phase dia-
grams when analyse the XRD data obtained.
Synthesis of WC carbide. The W,C carbide is the main constituent of
the test sample after 4 hours of milling (Table 1, Fig. 1). According to
Ref. [13], three polymorphous modifications are inherent to this car-
bide, namely, low-temperature (1250-2100°C) W,C with own type
structure, high-temperature (2100-2400°C) W,C with Mo,C-type
structure (distorted &-Fe,N-type structure) and high-temperature
(2400-2780°C) W,C with £-Fe,N-type structure.

So, each of three structure types mentioned above were taken as tri-
al models for crystal structure determination of W,C carbide formed
after 4 hours of treatment in a ball mill. The first calculation has been
made in a framework of the most simple W,C structure (P-3m1 space
group, a=0.2984(4) nm, ¢c=0.4710(4) nm): W in 2(d) 0.333 0.667 0.25
and Cin 1(a) 0 0 0. Refining of atomic position filling, texture and iso-
tropic temperature factors fulfilled in the framework of this type
structure did not lead to a good agreement between experimental and
calculated intensities of reflections at diffraction pattern (the Ry reli-
ability factors did not exceed the value of 0.09), besides it has revealed
an anomalous value of the calculated carbide composition (56(1) at.%
W). Therefore, further calculations for the W,C structure have pro-
vided in the framework of the Mo,C-type structure and the £-Fe,N-one
as well. The correctness of these calculations was controlled by the Ry

; N o
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Fig. 1. Fragments of XRD patterns of the test samples obtained by mechanical

alloying of the W:CNT (1:1) mixture in a ball mill (reflections of the W¢Fe,C
carbide are marked as ‘x’); radiation Cuk,.
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TABLE 2. Crystal data for the W,C and Mo,C carbides formed after 4 hours
processing in a ball mill.

Atom ‘ Site ‘ Site occ. ‘ x ‘ y ‘ 2
W,C (£-Fe,N-type structure)

W 6k 0.93(1) 0.333(1) 0 0.280(3)
C(1) 2d 1.00(1) 0.333 0.667 0.5
C(2) la 1.00(1) 0 0 0

Space group P-31m (No. 162)
Lattice parameter, nm a=0.5168(3), c=0.4710(4)
Independent reflections 27
Total isotropic B factor, nm? B=1.80(2)-102
Calculated content, at.% 65.1(3) W +34.9(3) C
Reliability factor R;=0.049
Mo,C (C-Fe,N-type structure)

Mo 6k 0.80(2) 0.333(1) 0 0.250(3)
C(1) 2d 1.00(1) 0.333 0.667 0.5
C(2) la 1.00(1) 0 0 0

Space group P-31m (No. 162)
Lattice parameter, nm a=0.5174(3), c=0.4744(4)
Independent reflections 16
Total isotropic B factor, nm? B=1.92(6)-102
Calculated content, at.% 61.7(3) Mo +38.3(3)C
Reliability factor R;=0.056

reliability factors, which did not exceed the value of 0.05 for each
model. That is why a more symmetrical model ({-Fe,N-type structure)
was chosen for the W,C carbide structure (Table 2). As a result, calcu-
lation has revealed that the vacancies exist in 6(k) position filled with
the tungsten atoms. Presence of vacancies in a metal sublattice leads to
shift of the W,C composition onto =35 at.% C (Table 2), which is in-
herent to carbon-rich side of the solid solution on the base of high tem-
perature W,C modification [13].

Further processing (up to 10 hours) results in a gradual W,C —> WC
transformation (Fig. 1, Table 1). According to the phase analysis re-
sults, the formation of WC monocarbide is accompanied by the wear
debris, which leads to formation of the cubic W Fe,C carbide with
a=1.093(1) nm. Therefore, the final sample (10 hours of processing)
contains an admixture of W Fe;C phase (marked as ‘x’ at Fig. 1) along
with the WC phase. Crystal structure calculation has revealed that WC
carbide crystallizes in a completely filled structure (own type-
structure, space group P-6m2, a =0.2874(4) nm, ¢c=0.2811(5) nm): W
in1(a)000,Cin 1(d) 0.3330.667 0.5 (R;=0.054).
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Phase compositions of the test samples as well as the refined values
of lattice parameters of the W—C carbides formed in the milled powder
are listed in Table 1.

The average grain sizes D and strains € of the WC and W,C carbides
formed in the final milling products have estimated using the classical
Williamson—Hall plot. These values are summarized in Table 1 and re-
veal that grain sizes are equal to 4—7 nm for W—C carbides synthesized
here by mechanical alloying.

Therefore, results obtained have proved that mechanical alloying of
an equiatomic mixture of the tungsten powder and CNTs results in a
stepwise formation of the W,C —> WC carbides. At the first stage, the
product of such processing is the high temperature W,C carbide (&-
Fe,N-type structure), which is usually formed congruently at 2775°C
[11, 13]. Then, the WC monocarbide forms as a result of
W,C+CNT - WC transformation after 6 hours of milling, at the sec-
ond stage of processing. Finally, WC monocarbide becomes the main
phase constituent of the nanocomposite powder (grain size of about
4 nm) obtained after 10 hours of treatment of the charge in a ball mill.
Synthesis of Mo,C carbide. According to Ref. [13], three polymor-
phous modifications are inherent to Mo,C carbide, namely, high-
temperature (1440-2522°C) Mo,C with W,C-type structure, high-
temperature (1200-1440°C) Mo,C with own type structure (distorted
C-Fe,N-type structure), and low-temperature (< 1200°C) Mo,C.

The diffraction patterns of the test sample processed for 4 hours and
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Fig. 2. Fragment of XRD pattern of the test samples obtained by mechanical
alloying of the Mo:CNTs (2:1) mixture in a ball mill (reflections of the
Mo,FeC carbide are marked as ‘x’); radiation CuK,.



646 0. NAKONECHNA, M. DASHEVSKY]I, and N. BELYAVINA

5 hours in a ball mill (Fig. 2) are similar to each other and to that for
W,C carbide (Fig. 1). That is why the trial model for Mo,C was taken in
a frame of the most simple W,C-type structure with a =0.2991(5) nm,
c=0.4744(2) nm: P-3m1 space group, Mo in 2(d) 0.333 0.667 0.25 and
Cin 1(a) 0 0 0. Although the refining of atomic position filling, texture
and isotropic temperature factors, fulfilling within the framework of
this structural model leads to a good agreement between experimental
and calculated intensities of reflections in diffraction pattern (the re-
liability factors Ry is about 0.07) but the calculated value of Mo con-
tent is equal just to 58(1) at.% Mo, which is not enough for the Mo,C
phase formation as it was mentioned above for the case of W,C. There-
fore, the structural model of the {-Fe,N-type structure was used as a
trial model for Mo,C carbide obtained after 5 hours of treatment in a
ball mill. It was shown that results of calculation listed in Table 2 de-
fine the crystal structure correctly. Although the fraction of vacancies
in the metal sublattice (z 38 at.% C) is somewhat higher than that in-
herent to the carbon-rich side (= 35 at.% C) of solid solution based on
the high temperature Mo,C carbide. It should be noted that good
enough result was obtained in a case of calculation within the frame-
work of the orthorhombic Mo,C-type structure model. However, in our
opinion, more symmetrical £-Fe,N-type structure model is preferable.

D and € meanings of the Mo,C carbides formed in the milled nano-
composite estimated by the Williamson—Hall plots are presented in Ta-
ble 1. It is shown that grain size values for Mo,C carbides synthesized
by mechanical alloying are equal to 12 nm.

Thus, the results obtained have revealed that Mo,C carbide with -
Fe,N-type structure formed after 4 hours of mechanical alloying of the
molybdenum powder and CNTs in a high-energy ball mill.

It should be noted that utilization of CNTs instead of activated car-
bon or graphite [5, 6] has some features. Authors of Ref. [14] have re-
vealed the staged milling of the carbon nanotubes, in which CNTs are
destroyed up to onion-like particles after 15 min of treatment in a
high-energy ball mill and then turned into an amorphous carbon with
further (up to 60 min) processing. Therefore, one might assume that,
at the first stage of mechanical alloying of the metal-CNTs charge, the
two processes take place, namely, amorphization of CNTs and a crush-
ing of metal particles.

The combined effect of these processes results in a penetration of the
carbon atoms into the grain boundaries of metal particles at milling,
which generally increases the contact area between the metal and car-
bon atoms. Consequently, the amorphous carbon particles actively in-
teract with tungsten or molybdenum after 4 hours of processing in a
ball mill already, forming the defect lattice of Me,C carbides. Moreo-
ver, the milling products obtained by mechanical alloying are nano-
crystalline materials with the grain size of 4 nm for W,C/WC carbides
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and of 12 nm for Mo,C.

Unfortunately, the formation of the WC or Mo,C carbides in the test
samples is accompanied by the wear debris leading to creation either
the cubic W¢FesC phase with a=1.093(1) nm or cubic MosFe;C with
a=1.113(1) nm, the amount of which gradually increases with pro-
cessing time increasing. Therefore, we are certain that, after this prob-
lem, the mechanical alloying of the CNT containing charge will give us
a possibility to create novel nanoscale materials with a high potential
in various engineering applications.

4. CONCLUSIONS

Providing experiments have revealed that 4 hours processing in a ball
mill of mixture containing the tungsten/molybdenum powder with
CNTs results in a formation of the high-temperature W,C and Mo,C
carbides. These carbides are known to form congruently from the melt
at normal conditions. XRD study reveals that the model preferred for
description of the crystal structure of both carbides is the £-Fe,N-type
with vacancies in the metal sublattice. Further processing of W—CNT's
mixture (up to 10 hours) is accompanied by W,C + CNTs - WC trans-
formation resulting in existence of the equiatomic WC monocarbide in
the milled nanocomposite. In our opinion, the substitution of the
graphite by the carbon nanotubes is more advantageous for high tem-
perature carbide manufacturing via mechanical alloying route since
the use of CNTs significantly shortens the synthesis time.
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