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(1.Institute of New Energy and Low-carbon Technology, Sichuan University, Chengdu 610207, China;
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Abstract:

Significance The Panxi region is one of China’s most important strategic mineral resource bases, with abundant rare-earth resources and vana-
dium-titanium magnetite. These two resource systems are concentrated in the same region but differ in deposit types, mineral hosts, beneficiation
routes, and downstream utilization. In vanadium-titanium magnetite, vanadium is mainly incorporated into titanomagnetite through isomorphic
substitution, whereas titanium is primarily hosted in titanomagnetite and ilmenite; scandium and other dispersed elements occur in minerals such
as clinopyroxene and ilmenite. By contrast, rare-earth resources in the Mianning—Dechang metallogenic belt are mainly hosted in bastnaesite and
enriched in light rare-earth elements, particularly cerium, lanthanum, and neodymium. Bastnaesite commonly coexists with barite, fluorite, and
calcite, complicating mineral liberation and separation. Therefore, the high-value utilization of Panxi resources requires differentiated mineral-
processing routes, efficient recovery of associated elements, and close integration of resource characteristics with the composition, structure, and
performance requirements of advanced materials.

Progress Recent research on rare-earth functional materials has focused on permanent magnets, hydrogen storage alloys, magnetocaloric materials, lumi-
nescent materials, and electromagnetic functional materials. In Nd—Fe-B permanent magnets, rapid solidification, nanocrystalline exchange coupling, grain
refinement, and grain boundary regulation have been used to reduce the consumption of critical rare-earth elements while maintaining magnetic perfor-
mance. However, increasing the substitution level of La and Ce generally decreases magnetocrystalline anisotropy, coercivity, remanence, and thermal sta-
bility. Future designs must therefore coordinate the substitution of abundant rare-earth elements with grain boundary phase control and long-term reliability.

Rare-earth hydrogen storage alloys provide another route for utilizing La- and Ce-rich resources. Neodymium-free alloy designs improve the utiliza-
tion of abundant light rare-earth elements, while electrode engineering and conductive network construction enhance low-temperature electrochemical kinet-
ics. Nickel powders with different particle sizes can improve charge transfer and low-temperature discharge performance. Remaining challenges include
pulverization, corrosion, capacity decay, and deterioration of heat and mass transfer during repeated hydrogen absorption and desorption.

For magnetocaloric materials, Gd—-Si—Ge and La—Fe—Si systems have been studied to balance magnetocaloric performance, transition temperature,
raw material cost, processing time, brittleness, and device integration. Lower-purity gadolinium, elemental substitution, short-time high-temperature anneal-
ing, and controlled hydrogenation have been used to regulate phase transitions and Curie temperature. Composite forming, porous metallic substrates, and
low-melting-point metallic binders have also improved machinability, thermal conductivity, and corrosion resistance. These studies show that magnetocalo-
ric research is shifting from intrinsic property optimization toward integrated material-heat transfer-device design.

In rare-earth luminescent materials, wet chemical synthesis, particle size control, and surface coating have been used to reduce synthesis temperature,
improve particle uniformity, and decrease interfacial optical losses. Silica modification of YAG:Ce phosphors can also enhance photoluminescence.

The high-value utilization of vanadium~—titanium resources has expanded from conventional metallurgy to hydrogen storage alloys, electrochemical en-
ergy storage materials, smart oxides, MXenes, carbonitrides, hard materials, and high-temperature self-lubricating composites. Vanadium-based body-
centered-cubic alloys possess high theoretical hydrogen storage capacities, but their applications are limited by the high cost of pure vanadium, surface oxi-
dation, impurity sensitivity, pulverization, and insufficient low-temperature kinetics. Metallurgical vanadium-bearing feedstocks and multicomponent alloy-
ing with Ti, Cr, Fe, Mn, and Al provide effective routes for regulating lattice distortion, hydride stability, plateau pressure, and cycling behavior.

MXenes are promising for batteries, supercapacitors, electromagnetic shielding, and catalysis because of their high conductivity, layered structure, and
tunable surface terminations. Conventional preparation techniques usually depend on costly MAX-phase precursors and corrosive fluorine-containing
etchants, followed by complicated washing, intercalation, and delamination. One-step molten-salt and gas-phase synthesis routes have therefore been devel-
oped to shorten preparation cycles, reduce dependence on conventional etching, and improve phase purity. Remaining challenges include precise control of
surface terminations, oxidation resistance, batch consistency, environmental safety, and continuous large-scale manufacturing.

Vanadium oxides exhibit tunable valence states and diverse crystal structures. In VO,, aliovalent doping modifies carrier concentration, local V-V
bonding, structural stability, and the semiconductor-to-metal transition, thereby lowering the phase transition temperature while retaining infrared modula-
tion. In perovskite AVO; oxides, the A-site cation regulates vanadium valence, VO, octahedral configuration, electronic structure, and transport behavior.
CaVO, demonstrates much higher electrical conductivity than rare-earth AVO, compounds, while its stable framework supports reversible lithium insertion
with limited volume change. Fast-charging performance is therefore governed by the coupled effects of vanadium valence, electronic conductivity, lithium
ion migration, and structural stability.

Titanium oxides can be modified through rare-earth doping, defect regulation, heterostructure construction, and surface functionalization to improve
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phase stability, light absorption, charge separation, and catalytic performance. Vanadium-titanium carbonitride powders and cermets have been developed
through multicomponent solid-solution design and controlled carbothermal reduction-nitridation. The introduction of W, Mo, Cr, and V can regulate powder
size, compositional uniformity, sinterability, grain growth, and interface structure. Core-rim regulation, secondary carbide addition, grain refinement, and
multiphase hard-phase design have been used to improve the balance among hardness, transverse rupture strength, fracture toughness, and wear resistance.
For high-temperature tribological applications, nano-TiB2 heterostructures have been incorporated into Ti;AlC, matrices. TiB, particles increase den-
sity, refine grains, improve load-bearing capability, and suppress deformation and crack propagation. At intermediate temperatures, brittle oxide films may
repeatedly form and spall, leading to abrasive, oxidative, and adhesive wear. At higher temperatures, TiB, oxidation produces B,O;, which combines with
TiO,, AL, O,, and SiO, to form a relatively continuous tribofilm. The flow and wetting behavior of B,O, help fill surface grooves and reduce direct contact,
creating synergy between particle strengthening and semisolid oxide lubrication.
Conclusions and Prospects The utilization of Panxi rare-earth and vanadium-titanium resources is evolving from primary extraction and conven-
tional alloy production toward compositionally controlled functional materials, key components, and engineering applications. Performance im-
provement increasingly depends on multiscale regulation spanning mineral occurrence and elemental separation to electronic structure, defects,
grain boundaries, interfaces, phase transitions, and service-induced surface films. Future work should emphasize integrated resource-material de-
sign, efficient recovery of associated elements, reduced dependence on critical raw materials, environmentally friendly MXene synthesis, stable
fast-charging oxide frameworks, low-oxygen carbonitride powders, and reliable performance under high-temperature, corrosive, cyclic, and ther-
mally shock-intensive conditions. Advanced characterization, first-principles calculations, data-driven composition screening, process modeling,
lifecycle evaluation, recycling, and industrial validation should be integrated to accelerate the transformation of Panxi resources into sustainable
materials, technologies, and industrial advantages.
Key words: Panxi region; rare-earth resources; vanadium-titanium resources; functional materials; high-value utilization; strategic minerals; ad-
vanced materials
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