Ultrasonic-assisted extraction of critical raw materials from tungsten carbide waste
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The tungsten carbide—cobalt (WC—Co) hard metal or cemented carbide, referred to as a composite material, is
usually composed of WC particles embedded within a Co binder. In recent decades, with the rapid development
of society and industry, the production of cemented carbides has increased, while the reserves of cobalt and
tungsten decrease yearly [1]. W and Co are part of the EU 2017 Critical Raw Materials List [2]. Therefore, it is
necessary to recover cobalt and tungsten from the cemented carbides scraps. According to a U.S. Geological
Survey, nearly 55% of the tungsten consumed in the United States in 2017 was utilized in cemented carbide [3].
It is envisaged that recycling of tungsten carbide will considerably grow in the future, being necessary to find
efficient and green methods for the cemented scrap recovery.

Ultrasound waves are high frequency (>20 kHz) sound waves beyond the threshold of human hearing.
The basic principle of ultrasound-assisted extraction (UAE) is acoustic cavitation and micro-streaming. When high
power ultrasound waves propagate through any medium, a sequence of compressions and rarefactions is induced
in the molecules of the medium causing pressure alteration. The developed negative pressure during the rarefaction
phase advances above tensile strength of the fluid causing the formation of cavitation bubbles from the gas nuclei
of the medium. These bubbles grow over a number of cycles until they become unstable and finally violently
collapse/implode - acoustic cavitation phenomenon [4,5]. This implosion generates high temperature and pressure
which in turn results into high sheer energy waves and turbulence causing combination of mechanical effect on
the material [5,6]. It also develops strong micro-streaming currents that may alter the characteristic of the medium.
Thus, UAE can provide added benefit by increasing the extraction yield at lower temperatures and thus decreasing
extraction time resulting in a better-quality product. Additionally, commercial scale-up of UAE process is
achievable with good return on capital investment [5].

Two types of ultrasound equipment are most commonly used for extraction purposes, namely, ultrasonic
water bath and ultrasonic probe system fitted with horn transducers. The factors affecting the efficiency of
ultrasonic treatments can be divided into three categories: (1) process factors such as frequency, amplitude, power
and treatment time; (2) media factor such as pressure, temperature, viscosity and polarity of solvent and (3) product
factors such as moisture content, particle size and compound of interest [5].

In the work here presented, the extraction of W and Co from WC-Co powder was tested using an
ultrasonic probe system. The WC-Co powder was suspended in different solvents (nitric acid, sodium hydroxide
and sodium sulphate). As UAE process variables we tested the amplitude (10, 30 and 50%,) and different pulse
time (ON/OFF periods; 3/57, 6/54, 12/48 seconds).

The data obtained so far show that the best results for the extraction of W from the WC-Co powder (Figure
1) were achieved with the application of a 50% amplitude with ON/OFF pulses of a 6/54 (seconds) using either

sodium sulphate or nitric acid as medium.
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Figure 1. Amount of tungsten (W) and cobalt (Co) extracted after application of ultrasonic ON/OFF pulses of 6/54

seconds (nitric acid was used as medium).

The UAE has shown to be a promising extraction technique which may save time and costs. The
mechanism through which it aids extraction, the various parameters affecting the efficacy and integration with

other novel technologies for by-product valorisation should be further exploited.
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