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CVD growth of tungsten carbide (WCx) layers on W(110)

Conclusions

Construction of model metal carbide surfaces is essential for surface catalysis studies over carbide-based catalysts.[1] In the present work, well-controlled growth of tungsten carbide (WCx) layers on W(110)

including carbon-rich R(15×3)-C/W(110) and carbon-poor R(15×12)-C/W(110) structures has been clearly demonstrated using chemical vapor deposition (CVD) on a clean W(110) surface or carbon segregation

from the bulk. In-situ low-energy electron microscopy (LEEM) and micro-region LEED characterizations confirm that the R(15×12) structure forms first and then transforms to the R(15×3) structure by

incorporating more carbon atoms in the CVD or surface segregation processes. Oxidation of the WCx/W(110) surfaces in O2 atmosphere removes surface carbon atoms, driving the structural transformation from

R(15×3) to R(15×12), and to a two-dimensional oxide surface. Our work provides a clear guide for well-controlled growth of model WCx catalysts and the structural transformation between them.[2]

➢ During the CVD growth of tungsten carbides layers, it was found that a carbon-poor

R(15× 12)-C/W(110) structure forms first and then transforms to a carbon-rich R(15×

3)-C/W(110) structure by incorporating more carbon atoms on the surface.

➢ At low temperatures (600 - 800 oC), decreasing diffusion and high nucleation rates

produce small domains with many grain boundaries in the complete carbide layer.

Heating at high temperatures, carbon-rich overlayers transform into carbon-poor layers

with R(15× 12) periodicity by gradually losing C atoms.

➢ The carbon-rich carbide overlayer or carbon-poor carbide surface form when the surface

with high or low carbon concentration in the crystal is cooled, respectively.

➢ Oxidation of the WCx/W(110) surfaces in 1× 10-8 Torr O2 atmosphere removes surface

carbon atoms, driving the structural transformation from R(15 × 3) to R(15 × 12) and

then to a two-dimensional oxide surface.
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Fig. 1. A time-lapsed sequence of LEEM images acquired during CVD growth of WCx on W(110) at 0 min (a), 14.5 min (b), 18 min (c), and 23 min (d) at 1000 oC

upon exposure to 5×10-9 Torr ethylene. 0 min is taken just after the start of the exposure. The start voltage (STV) is 7.0 V. The field of view (FoV) is 10 μm. (e) I(V)

curves from the clean W(110) surface, the R(15×12)-C/W(110) surface (blue), and the R(15×3)-C/W(110) surface (pink).

Fig. 2. Evolution of the surface structure with growth time. (a) A frame of the LEED movie with coexisting structures, (b) I(t) curves of

LEED spots characteristic for the R(15×12) structure (green), two domains of the R(15×3) structure (red and purple), their average

(black), the background (light blue), and the (0,0) spot (orange); I(t) curve (pink) from a 0.03×0.03 μm2 area in the corresponding

LEEM movie taken under the identical growth conditions (ethylene pressure 4×10-9 Torr, 1050 oC).

Fig. 3. LEEM images from a movie when heating a full WCr layer in UHV at 1000 oC (a), 1120 oC (b), 1150 oC (c), and 1180 oC (d). (FoV = 10 μm, STV = 7.0 V). (e) μ-LEED R(15×12) 

pattern during the transition from the R(15×3) to the (1×1) pattern while heating at 1120 oC (STV = 50.0 V). (f) Intensities of the LEED spots marked in (e); red: 1/3 order, green: 1/12 order, 

black: (0,1) spot, and blue: background.

Dissolution of WCx overlayers in UHV

Regrowth of WCx layers by segregation in UHV

Fig. 4. LEEM images of a W(110) surface with low carbon concentration: (a) after cooling from 1100 to 1000 °C on narrow terraces, (b)

another surface after cooling from 1200 to 580 oC, and (c) after heating to 940 °C in UHV. Their R(15×12) LEED patterns identify them

as WCp islands. (d-f) LEEM images of a W(110) surface with high carbon concentration: (d) at 1240 oC, (e) at 1140 oC with high WCp

coverage, and (f) at 1050 oC covered by a full WCr layer with the R(15×3) LEED pattern. STV = 7.0 V; FoV = 10 μm.

Schemes illustrating the structural change
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Abstract

Carbide layers transform from R(15×12) to R(15×3)

Fig.5. (a)-(c) LEEM images of the oxidation of a full layer WCr/W(110) surface by exposure to 1×10-8 torr O2 at 1015 oC: (a) 4 min; (b) 9 min; (c) 12 min; (d) 15 min

after start of exposure. STV = 7.0 V, FoV = 10 μm. (e) AES spectra and (f) I(V) curves taken from WCr/W(110) surface, the O-W(110) surface, and 2D-WOx surface .

LEED patterns of the oxidation of the R(15×3) carbide surface in 1×10-8 torr O2 at 1015 oC at (g) 3 min, (h) 17 min, and (i) 22 min exposure (STV = 50.0 V).

Oxidation of WCx surface structures


