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1. Introduction

Industrial tungsten and molybdenum single crystals of the technical purity are characterized by the increased content of carbon due to using of impure initial materials. The negative effect of carbon (brittleness) on the tungsten and molybdenum is connected with his very low solubility in these metals and the creation of stable carbides [1]. The rising carbidic phase acts as stress raisers and is the sources of microcracks evoking the embrittlement. This phase, which is specific with their high hardness and brittleness, can appear in the form of thin layers at grain boundaries too and cause the embrittlement along grain boundaries [2]. 

This paper deals with the influence of thermocycling in the protective atmosphere and high-temperature annealing in vacuum on the decrease of carbon content in tungsten single- and polycrystals. Experimental procedures were realized in the cooperation with Institute Metallurgy and Material Science RAN in Moscow, Russia.

2. Experiment


Tungsten single- and polycrystals with the increased content of carbon (0,02 – 0,03 wt.%) were used for experiments. Tungsten single crystals were prepared by electron beam zone melting in vacuum 6,7.10-3 Pa. Polycrystalline tungsten rods were produced by classic procedures of powder metallurgy.

The heating of specimens was realized by direct pass of alternate current. The thermocycling of single crystals was performed in the device for automatic thermocycling in hydrogen atmosphere according to following mode: temperature cycle was changing at intervals 2500 – 1000 °C; the rate of heating and cooling reached 1200 – 1500 °C/min. The thermocycling of polycrystalline rods was made in inert atmosphere of argon with the low content of oxygen (0,02 wt.%) according to this mode: heating at 2700-2900 °C, last 15-20 minutes, cooling to 300-400 °C (10 cycles). The high-temperature annealing has been carried out in the industrial device TVV-5 at 2000 °C in vacuum 1,33.10-4 Pa for 50 and 200 hours.

The substructure of tungsten single- and polycrystals was observed by means of the optical light and scanning electron microscope. The content of impurities was determined by the method of laser mass spectrometry using the mass spectrometer with double focusing EMAL-2 (PO Elektron). Specimens of tungsten with the carbon content from 0,1 to 0,001 wt.% for study of the form and size of tungsten carbides were prepared by the method of arc melting.

3. Results

Because of very low solubility of carbon in tungsten at the room temperature, specific amount of the carbidic phase (W2C) was found in tungsten single crystals. On the basis scanning electron microscopy it was found out, that these carbides have acicular form and their amount and size depend on the carbon content. Tungsten carbides are situated at the grain boundaries as well as inside of subgrains, work as stress raisers and evoke the embrittlement of specimens. 

It was ascertained, that the effective decarburization have been proceeded during thermocycling of tungsten single- and polycrystals with the increased content of carbon in hydrogen atmosphere for the first 20 hours, whereas the content of carbon was decreased about one order (thousandth wt.%). Tungsten polycrystals were decarburized with higher rate, which is connected with the lower density of the polycrystal in comparison with the single crystal. 

The thermocycling influenced the microstructure of tungsten single crystals significantly consequent on these parallel-running processes: multiplication and movement of dislocations and annihilation of growth dislocations, which is connected with the carbon elimination. For given cooling rates and due to increased content of carbon in specimens, the first process dominated and the mean dislocation density was increasing gradually. The disintegration of subgrains (blocs) and the increase of disorientation their boundaries occurred, which led to the creation of polycrystalline microstructure and to the progress of microcracks as a result of thermal stresses.

It was found out, that the long-term high-temperature annealing of tungsten single crystals in vacuum is one of the effective refining methods for the carbon elimination, the rising of their structure perfection and the improvement of their properties. The density of etching pits was decreased about three orders after 200-hours annealing in comparison with the initial state, whereas the angle disorientation of subgrains of the first and second order and their size were not changed virtually. This phenomenon is related to the carbon elimination during the annealing in vacuum and reducing of carbidic phase amount, which lead to the unblocking of dislocations and their follow-on annihilation or ascent of surface.

4. Conclusions

Carbidic phase works as stress raisers independently on their local distribution in tungsten and can cause the embrittlement. For increasing of the plasticity and shape stability of some components as well as devices produced from tungsten single crystals in service life, it is necessary to refine tungsten single crystals from impurities, especially from carbon. 
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