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Preparation of Tungsten Carbide-Titania Nanocomposite
and Its Electrocatalytic Activity
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Abstract: A tungsten carbide-titania nanocomposite was fabricated by combining mechanochemical approach with reduction-carbonization
technology using titania nanopowder as the support and using ammonium metatungstate as the tungsten precursor. The crystal phase, the
diameter of crystallite, and the morphology of the sample were characterized by X-ray diffraction and scanning electron microscopy. The
results showed that the morphology of the sample particles was of irregular granules with same congregations. The crystal phase of the sam-
ple was composed of rutile (TiOz), nonstoichiometric ratio titania (TigO1), bitungsten carbide (W,C), monotungsten carbide (W;C), and
unnamed tungsten carbide. The diameter of TiO, crystallites was 18.8-95.6 nm, that of W,C was 17.4-24.2 nm, and that of W;C was
14.7-15.8 nm. The electrocatalytic activity of the sample for p-nitrophenol was measured by cyclic voltammetry in acidic solution with a
three-electrode system. The results indicated that the electrocatalytic activity of the sample was correlated to its crystal phases, and a syner-
gistic effect existed between tungsten carbide and titania in the nanocomposite.

Key words: tungsten carbide; titania; nanocomposite; electrocatalytic activity; p-nitrophenol; synergistic effect
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Fig. 1. XRD patterns of different samples. (1) TiO,; (2) TA; (3) TA-2;
(4) TA-4; (5) TA-5; (6) TA-6. TA—catalyst precursor (WO,/TiO,);
TA-n—WCI/TiO, catalyst, where n is reduction-carbonization time (h).
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Table 1 Phase composition and crystal sizes of different samples

Sample Crystal phase Content (%) Diameter (nm)
TiO, rutile 53 86.1
anatase 47 42.4
TA rutile 54 95.6
anatase 45 42.7
WO, 1 12.6
TA-2 rutile 95 92.6
anatase 3 —
W,C 2 17.4
TA-4 rutile 98 65.6
W,C 1 24.2
W;C 1 14.7
TA-5 rutile 98 67.4
W;C 2 15.8
TA-6 rutile — 18.8
TigOu - -
Ww,C — 18.3

SEAT T B K (95.6 nm), M B EK AT IR R AR AR R AR
S50 R AG T, B MR AR A, B
B 57 3 Jir i A B ) 1 S G, 4 0 A R A% 5 5
/N (TA-4 FIRLARZ) 0 66 nm, TA-6 1)k 12
{4 18.8 nm).
22 HmEIFER

ANFIFE S SEM B an &l 2 s, TR H,
TiO, B 2 AKMPELAR, P RLA2 2 60 nm, 775 B
BHERIS. TA FEM IR TIHR LS 5 TiO,

B2 ATREE#EMBISEMBE
Fig. 2. SEM images of different samples. (a) TiO,; (b) TA; (c) TA-2; (d) TA-4; (e) TA-5; (f) TA-6.
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Fig. 3. Cyclic voltammogram (CV) curves of p-nitrophenol (0.1

mol/L) over different samples in H,SO, solution (0.5 mol/L). (a) W:C;
(b) Samples: (1) TiO,; (2) TA; (3) TA-2; (4) TA-4; (5) TA-5; (6) TA-6.
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Table 2  Electrocatalytic properties of different samples

Oxidation Oxidation Reduction Reduction
Sample potential current potential current
V) (HA) ) (HA)
w,C 1.037 590.83 0.836 223.32
TiO, — — — —
TA — — — —
TA-2 1.156 36.66 0.838 (0.494) 12.50 (39.30)
TA-4 1.257 71.98 0.838 (0.410) 13.41 (81.91)
TA-5 1.058 19.69 0.872 (0.646) 7.675 (15.84)
TA-6 1.057 19.30 0.872 (0.637) 5.676 (15.24)

The number in parentheses is the value of second reduction peak.
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