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1. Introduction – Vanadium has multiple valences involving a complex chemistry. Upon oxidation of 

this metal, the products can progress to oxide compounds or solid solutions of numerous compositions, or 

even into many crystalline varieties of the same polymorph. Among all these species, the equilibrium 

monoclinic dioxide VO2(M1) has received the greatest attention, since it transforms to a tetragonal rutile 

phase of VO2(R) during heating at a certain transition 

temperature (Tc), with an implicit reversible metal-to-insulator 

transition (MIT), that makes it the best candidate for many 

applications in smart glass, switching electronics, or heat 

storage, and also as catalysts. In an attempt to reach an 

economical and environmentally friendly solution on this matter, 

the present work explains a simple, fast, dry, cost-effective, safe 

and clean method (Fig. 1) to achieve thermochromic VO2 from 

the hot oxidation of metallic vanadium precursors, that is a 

novel and original strategy compared to others often based on 

V2O5 reduction. If needed for lowering the Tc, this method is 

compatible with doping, and indeed, W doping is demonstrated. 

 

2. Experimental – V nanoparticles NPs or 85º oblique angle deposited (OAD) V on glass have been 

thermally treated in air in ranges from 400 to 800°C and different heating and cooling rates, and the 

products were studied by SEM and TEM. Experiments of XRD, DSC, TGA, TPO, and MS were used for 

NPs; and vis-IR spectroscopy and electrical measures with changing temperatures were applied to films. 

 

3. Results and Discussion – M1-VO2 powders with better thermochromic properties than commercial 

ones are fabricated after a complete design of experiments [1], by subjecting V NPs to fast heating of 

42°C/s and (a) keeping 700°C for about 10 min plus slow cooling (1 time); or (b) 625°C for 5 min and 

fast cooling (2 times). The mechanisms involved and the reactions of oxidation, as well as, surprisingly, 

of reduction, are described for the mixes of oxides formed during, and after, different reaction stages; just 

like the effect of tungsten added to V powders prior to applying the best 2-cycles recipe [2]. Thus, the 

ideal W concentration to attain particles with similar thermochromic behaviour to our best undoped 

product was found, with a drop in Tc of ~20°C with respect to that for the bulk VO2 (68°C). At higher W 

contents, mixes with lower performances (poorer in M1-VO2) reached remarkable values of Tc < 35°C, 

ideal for smart glass when embedded in transparent matrixes. The same concepts were also adapted to 

oxidize fast heated porous OAD V undoped films with success, firstly by optimizing the control of VO2 

grain size and crystallinity for a nominal thickness of 700 nm (≤ 45 s at 550°C) [3], later for 50 nm films 

showing a Tc decrease of up to 12ºC and remarkable optical performances [4], and finally, by finding 

optima for 100 nm layers (475°C, 40–60s), and 25 nm coats (500°C, 1s) having extraordinary balances of 

luminous transmittance (> 60%), solar modulation ability (~5%), and MIT decay (-15°C) [5]. 

 

4. Conclusions - These systems are applicable in energy efficient smart glazing while paving the way for 

further initiatives towards the simple and cost-effective manufacturing of VO2 coatings at a large scale. 
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Fig. 1. The proposed concept for the M1-VO2 synthesis and 

DSC calorimetric scans for some of our W-doped particles. 
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