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COMPANY X - TUNGSTEN NANOPARTICLE RECYCLING 

TECHNOLOGY (WOXXXXXXXXXXA1) 
 

Executive Summary 
 

Tungsten is a critical strategic metal with limited primary supply and growing 

demand. The patented process (WOXXXXXXXXXXA1) offers a novel low-

energy recycling route to produce tungsten (W), tungsten carbide (WC) and 

tungsten oxide (WO₃) nanoparticles from scrap. Compared to conventional 

high-energy methods (pyrometallurgy with H₂ reduction or mechanochemical 

routes)[1][2], the invention uses ambient‐temperature acid/bacterial leaching 

and mechanical stirring to directly generate nano-sized particles without 

milling or surfactants[3][4]. Key advantages include much smaller particle 

size (30–100 nm) with narrow distribution, elimination of energy-intensive 

grinding, and use of waste as feedstock. This “circular” approach aligns with 

Europe’s critical-materials policy and offers significant CO₂/Energy savings 

over primary production[5][6]. Investors should note the large addressable 

market (global W market ~$3.5–5.3 B, growing ~8%/yr[7][8]). Hovewer, patent 

protection in its current form faces novelty and inventive step objections. Yet 

narrower claims focusing on W, WC and WO₃ nanoparticles of defined size 

and produced without milling remain defensible. 
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Technology Overview and Novelty 
 

The patented process produces W, WC or WO₃ nanoparticles via an acid-

bioleaching and mechanical dispersion sequence. Heavy-metal or hard-alloy 

scrap (e.g. WC–Co tools) is mixed with a sulfuric-acid dispersant (ferrous 

sulfate/bacterial solution) for ~5–20 days. Friction and acid dissolve binding 

metals, freeing fine W/WC particles[3]. After washing and centrifugation 

(steps B–E), the slurry is spray-dried to yield nanopowder, which can 

optionally be oxidized (step G) to WO₃. Crucially, no further milling or 

ultrasound is needed to deagglomerate the product – a step unavoidable in 

prior art[3][4]. 

 

In contrast, conventional routes first oxidize or chemically digest WC (e.g. 

with NaOH fusion or H₂O₂ leaching), then reduce WO₃ to W at ∼800 °C[1]. 

The prior EP3138932B1 patent uses a rotating reactor with organic additives, 

but still requires extensive post-milling and surfactants[4]. Mechanochemical 

recycling (ball-milling with NaOH) similarly yields tungstate that must be 

precipitated and reduced. The new method’s combination of gentle leaching 

and mechanical dispersion avoids these high-energy steps. It reportedly 

produces uniform W/WC nanoparticles (30–100 nm) in a single process[3], 

which is “surprisingly” efficient[3]. 

 

However, the European Patent Office cited EP3138932A1 (D1) and 

RU2763814C1 (D2), both disclosing related bio-acid leaching and dispersion 

techniques, questioning novelty of the broad claims. The distinguishing 

feature appears to be the smaller, narrower particle size and the absence of 

post-milling or surfactants. 

 

Technical Advantages 
 

The process runs at ambient–moderate temperature (room temperature 

stirring, ≤90 °C oxidation), using relatively common acids and Fe catalysts. 

Energy usage is estimated far below high-temp routes: recycling metals 

typically saves ~70% of primary-production energy[5]. Because no milling or 

stabilizers are needed, total cost and processing time are greatly reduced. 

The patent claims small, monodisperse particles (50–250 nm mean size) with 

high purity (90–100% W, WC or WO₃)[3]. This should yield high-value 

nanopowders and enable direct use (e.g. in composites) without post-

treatment. In summary, compared to prior art, the invention is novel in (a) 

using an acid/bio catalyst dispersion to digest scrap, (b) continuous pulp 
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extraction to accumulate nanoparticles, and (c) avoiding costly 

deagglomeration[3][4]. These yield sustainable, industry-grade nanomaterials 

at potentially much lower cost. 

 

Nonetheless, only claimed in the patent application variants limited to 

W/WC/WO₃, to defined particle size ranges (≈30–100 nm), and explicitly 

excluding post-milling are likely to be patentable. Broader claims covering Ti, 

V, or Ta oxides lack support and face enablement objections. 
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Market Opportunity 
 

Tungsten Market Size 
 

Tungsten demand is dominated by cemented carbides (hardmetals) – ~65% 

of global use[8] – in cutting tools and mining bits. Global tungsten market size 

was ~$3.5 B in 2017, projected to $8–8.5 B by 2025 (≈8% CAGR)[7]. A recent 

estimate put 2024 market at ≈$4.7 B, rising to $11.6 B by 2031[9]. Europe 

alone consumed ~10,000–14,000 t/yr W (2012–2018)[6], about 12% of world 

supply. Because >90% of tungsten is imported, EU firms are keen on 

recycling and secure sourcing. The EU categorizes tungsten as a critical raw 

material[10], underscoring its strategic importance. 

 

Recycling & Circular Supply 
 

Today ~30–50% of tungsten is met by recycled material[6]. In Europe scrap 

re-use is especially high (45–50%)[6]. However, current recycling mainly 

serves bulk powder and carbide replenishment; high-tech nano-grade W is 

rare. This process taps the secondary supply and adds value. By converting 

scrap into nanoparticles, it opens new markets (nano-composites, catalysts) 

instead of just remanufacturing tools. Given rising tungsten prices and volatile 

supply (recent 30% price jump to ~$430/kg APT in 2024[11]), cost-efficient 

recycling is an urgent economic opportunity. 

 

Application Markets 
 

• Cutting Tools & Machining (Tungsten Carbides): WC nanoparticles can 

reinforce ceramic or metal matrices for ultra-hard coatings and wear 

parts. Major users include Kennametal, Sandvik, Gühring, Ceratizit 

(global toolmakers) and machine shops. Leading tool firms are already 

exploring nano-WC for advanced tools (Kennametal’s binder-jet 

WC)[12]. 

 

• Additive Manufacturing: Metal 3D printing is emerging for custom parts; 

tungsten and WC powders are used in specialized L-PBF/binder-jet 

applications (e.g. GE Additive & Kennametal AM tungsten carbide)[12]. 

The process can feed powder-bed and BinderJet processes requiring 

spherical/ultrafine W(WC) powders (EOS, SLM Solutions, Desktop 

Metal, etc.). EU additive firms (EOS, Concept Laser) could integrate 

recycled powders to reduce costs and support “green AM”. 
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• Electronics & Semiconductors: Tungsten is used in semiconductor 

interconnects and as contacts. W nanopowders can serve as 

precursors or for sputtering targets. Companies like Intel, TSMC, and 

Europe’s STMicroelectronics and ASML use tungsten materials and 

could be clients for specialty W nanomaterials. WO₃ nanostructures are 

also key in smart windows and displays (electrochromic devices)[13], 

with companies like Merck/Asahi Glass and U.S. DOE labs developing 

WO₃ films. 

 

• Energy & Environment: WO₃ has applications in batteries, 

supercapacitors, and photocatalysis[13]. For example, WO₃ 

nanoparticles serve as high-capacitance anodes in Li-ion batteries and 

as catalysts for solar H₂ production. Firms in this space include battery 

(Tesla, Panasonic, LG) and clean-tech companies (Thinfilament, 

NantEnergy). WO₃ sensors (for NOx, VOCs) and catalysts for pollutant 

degradation are commercializing; e.g. industrial sensor-makers 

(Vigilant, City Technology) use tungsten oxide films. 

 

• Aerospace & Defense: Tungsten alloys (heavy metal) are used for 

radiation shielding and kinetic penetrators[8]. While bulk W is used for 

ballast and counterweights (Airbus, Boeing), nanoparticles could be 

developed into advanced composites (e.g. W-polymer for radiation 

shielding in spacecraft). Defense primes (BAE Systems, MBDA, 

Lockheed Martin) might partner on niche shielding or penetrator 

materials. 

 

• Coatings & Composites: Nanoparticles of WC or W can reinforce 

polymers or metals. Research shows W particles enhance polymer 

toughness and electrical conductivity[8]. Industrial polymer/composite 

firms (BASF, Evonik) or automotive companies (BMW, Daimler – for 

brake pads or wear parts) could incorporate W nano-additives. 

 

The Tungsten Industry Association confirms diversified uses: >60% of 

tungsten ends up in transport/manufacturing (automotive tool steels, turbine 

blades)[8], with substantial share in energy, electronics and defense. The 

new process’s outputs directly serve these high-value segments. 
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Competitive Landscape 
 

There are few commercial sources of W, WC or WO₃ nanoparticles. Some 

chemical suppliers (e.g. US-Nano[14], FUS Nano[15]) offer tungsten 

nanopowders via hazardous or expensive routes. Recent research (e.g. 

triangular acid + H₂ reduction[1]) still requires 800 °C. Electrochemical or 

mechanochemical recycling methods can produce nano-W but with 

significant energy or hazardous chemicals[2]. The patent’s approach is 

unique in its simplicity and avoidance of high temperature/surfactants. In 

summary, state-of-art processes are either energy-intensive (pyrolysis or 

high-T reduction[1]) or produce larger particles/impurities. This method yields 

cleaner nano-W directly. 

 

The search opinion, however, notes that prior art documents D1 and D2 

anticipate parts of this process. Competitive advantage therefore rests on 

demonstrating consistent production of finer nanoparticles (≤100 nm) without 

mechanical milling — a feature not disclosed in the cited art. 

 

Potential Clients and Partners 
 

Potential customers include both material users and processors across 

industries: 

 

• Hard-metal manufacturers: Kennametal (USA), Sandvik Coromant 

(SE), GfT Group (DE), Ceratizit (LU) – all produce WC-based tools and 

have R&D on advanced powders. These firms recycle cemented 

carbide scrap and could integrate a more efficient recycling method or 

source nano-WC for specialty grades[12][8]. 

 

• 3D Printing/Additive Manufacturing: EOS (DE), SLM Solutions (DE), 

Desktop Metal (USA). 

 

• Coating and Surface Technology: Oerlikon Balzers (CH), Sulzer Metco 

(CH), Ionbond (UK), Fraunhofer ILT (DE). 

 

• Electronics & Semiconductor: Intel (USA), ASML (NL), Infineon (DE), 

Bosch (DE). 

 

• Energy & Environment: Tesla, Panasonic, LG, Umicore (BE), Siemens 

Energy (DE), Nel Hydrogen. 
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• Aerospace & Defense: Airbus (NL/DE), Boeing (US), Rolls-Royce (UK), 

Lockheed Martin, Thales (FR), BAE. 

 

• Recycling and Materials Firms: H.C. Starck (DE), Global Tungsten & 

Powders (US), Umicore Hard Metals (BE), Tungsten West (UK). 

 

By geography: European targets include Sandvik, Ceratizit, Oerlikon, 

Umicore, ThyssenKrupp (DE), and emerging recyclers (EnviroHoldings, 

Tungsten West). In the US and Asia, companies like Kennametal, Plansee, 

Kennish (China) are obvious leads. 

 

For potential partners, it should be emphasized that even if patent scope 

narrows, the process still offers strategic value as a “green tungsten” 

technology aligned with EU circular-materials policy. 
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Investment Highlights and Assumptions 
 

• IP Strength: WOXXXXXXXXXXA1 has been found by the EPO to lack 

novelty in its broadest form. Narrower claims focusing on W, WC and 

WO₃ nanoparticles with defined properties (particle size, no milling, no 

surfactants) remain plausible[3]. The PCT filing (EP priority) suggests 

strategic protection in major markets. Prior art (D1, D2) discloses much 

of the process, but not the combination of small particle size and 

absence of post-milling. 

 

• Environmental & Economic Advantage: Recycling tungsten saves 

substantial energy and CO₂. General analyses show metal recycling 

often cuts >60% of CO₂ vs primary production[5]. For tungsten 

specifically, eliminating 800–1000 °C reduction steps and grinding 

promises major cost savings. We conservatively assume 50–70% 

energy reduction and corresponding OPEX cuts versus incumbent 

processes[5]. This makes recycled W/WC cost-competitive despite 

chemistry costs. Moreover, recovering value from scrap improves 

margins. EU policies (critical raw materials, Green Deal) provide 

funding and favorable regulation for such circular technologies[6][10]. 

 

• Market Demand: Tungsten market projections (7–8% CAGR)[7][9] 

suggest rising demand. The specific nanoparticle market is nascent but 

likely to follow trends in nanocomposites, catalysis, and electronics. 

Given WO₃’s broad application in sensors and energy (as 

reviewed[13]), even small penetration (e.g. 1–5% of existing tungsten 

usage) represents $50–100M+ potential. 

 

• Risk Mitigation: Tungsten prices fluctuate (recent spike +30% in 

2024[11]), but long-term scarcity and critical status (EU listed CRM[10]) 

suggest a structurally high price floor. Our analysis assumes stable or 

rising tungsten prices, improving project IRR. We also assume 

regulatory incentives for recycling will continue, consistent with EU’s 

circular economy policies[6][10]. Investors should be aware that patent 

prosecution will likely require narrowing amendments. A realistic 

outcome is protection of the specific nanoparticle size/process window, 

not the full broad scope originally filed. 
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Conclusion 
 

The technology retains patent potential in narrower form, focusing on 

nanoparticle properties and defined process features, while still meeting clear 

industrial needs: lower-cost, low-carbon production of specialty W materials. 

The environmental benefit (reduced CO₂ and waste) and premium market 

(defense, aerospace, high-tech) underpin a compelling investment case. All 

claims above are supported by cited data, and assumptions (e.g. market 

growth, energy savings) follow published industry trends[7][5]. 
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