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ENGLISH SUMMARY 

Lithium-ion batteries (LIBs) are one of the most advanced energy storage devices in 
modern society due to their high energy density, long lifespan, and environmental 
friendliness, etc. However, the fast-growing large-scale smart grids and electric 
vehicle market urgently demand better performances with lower cost of LIBs. To 
meet the demands, new anode materials with higher capacity have been extensively 
investigated. Glass materials show great potentials as anode materials owing to their 
unique disordered open network, tunable composition, simple preparation process, 
low cost and excellent cycling stability, etc.  Nonetheless, the specific capacities of 
glasses are still far from satisfactory for high energy density devices. To overcome 
this problem, in this thesis, we combined silicon (Si), which has high theoretical 
capacity but poor cycling stability due to volume changes, with glasses and fabricated 
Si-glass composite anodes. The structure and electrochemical performances of two 
types of glasses (vanadium-tellurite glass and metal-organic framework glass) based 
anodes have been investigated.  
 
To find an effective strategy to combine Si with vanadium-tellurite glass (VT), two 
methods, i.e., traditional heat-treatment and hot-pressing methods, have been 
explored. The latter method allows Si to be embedded in the VT matrix, and thus the 
Si/VT composite produces a synergistic effect as the volume change of Si can be 
buffered by the VT matrix.  The formation of V4+ arising from the redox reaction 
between Si and V5+ during heat-treatment increases the electronic conductivity. 
Moreover, the glass open network provides numerous channels for both Li+ storage 
and transport. Therefore, the Si/VT composite exhibits better electrochemical 
performances than pristine Si and VT.  
 
In addition, by combining the reflux and melt-quenching methods, Si nanoparticles 
were wrapped into a subset of metal-organic framework (MOF) glass, i.e., cobalt-
ZIF-62 glass, chemical formula Co(imidazole)1.75(benzimidazole)0.25. The ZIF glass 
not only possesses an open network structure beneficial for Li+ diffusion, but also 
buffers the volume change of Si during cycling. After 500 cycles, the 
lithiation/delithiation could induce pronounced structural changes of the ZIF, i.e., the 
distortion or breakage of Co-N, and aromatic rings, leading to an increase in structural 
defects and diffusion channels for the transport and storage of Li+. Furthermore, the 
increased channels lead to more Li+ ions going into ZIF and reacting with Si, and 
thereby achieving a strong synergistic effect and exhibiting excellent reversible 
capacity, rate capability and cycling stability. 
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DANSK RESUME 

Litium-ion-batterier (LIB'er) er en af de mest avancerede energilagringsenheder i det 
moderne samfund på grund af deres høje energitæthed, lange levetid og 
miljøvenlighed osv. Men det hurtigt voksende storskala smarte net og elbilmarked 
kræver batterier med bedre ydeevne og levetid. For at imødekomme kravene er nye 
materialer til anoder med højere kapacitet blevet grundigt undersøgt. Glasmaterialer 
viser stort potentiale som et materiale til anoder, på grund af deres unikke uordnede 
åbne netværk, fleksibel sammensætning, enkle forberedelsesproces, lave 
omkostninger og fremragende levetid osv. Ikke desto mindre skal kapaciteten af glas 
materialerne stadig forbedres yderligere. For at løse dette problem har vi i dette 
speciale kombineret silicium, som har høj teoretisk kapacitet, men lav stabilitet på 
grund af volumenændringer, med glas og kompositanoder fremstillet af Si og glas. 
Strukturen og den elektrokemiske ydeevne af to typer glas (vanadium-tellurit-glas og 
metal-organiske netværker) baserede anoder er blevet undersøgt. 

For at finde en effektiv strategi til at kombinere Si med vanadium-tellurit glas (VT), 
er to metoder, dvs. traditionel varmebehandling og varmpresningsmetoder, blevet 
forsøgt. Sidstnævnte metode tillader Si at blive del af VT-matricen, og således 
producerer Si/VT-kompositten en synergetisk effekt, da volumenændringen af Si kan 
hæmmes af VT-matricen. Dannelsen af V4+ som følge af redoxreaktionen mellem Si 
og V5+ under varmebehandling øger den elektroniske ledningsevne. Desuden giver 
det åbne glasnetværk adskillige kanaler til både Li+ opbevaring og transport. Derfor 
udviser Si/VT-kompositten bedre elektrokemisk ydeevne end uberørt Si og VT. 

Ved at kombinere tilbagesvaling og smelte-køling metoder blev Si nanopartikler 
desuden pakket ind i en undergruppe af metal-organiske netværker (MOF) glas, dvs. 
Cobalt-ZIF-62 glas, med kemisk formel Co(imidazolate)1,75(benzimidazolate)0,25. 
ZIF-glasset har ikke kun en åben netværksstruktur, der er gavnlig for Li+-diffusion, 
men reducerer også volumenændringen af Si under cykling. Efter 500 cyklusser af 
lithiering/delithiering skete der strukurelle og kemiske ændringer af ZIF anoden, dvs. 
forvrængning eller brud af Co-N bindinger og aromatiske ringe, hvilket fører til en 
stigning i strukturelle defekter og diffusionskanaler til transport og opbevaring af Li+. 
Ydermere fører de øgede kanaler til, at flere Li+ ioner går ind i ZIF og reagerer med 
Si, og derved opnår en stærk synergetisk effekt og udviser fremragende reversibel 
kapacitet, god kinetik og cyklusstabilitet. 
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Fig. 3-2 DSC upscan curves of both VT and VTS, which are obtained at 10 K/min in argon. (a) 
DSC upscan to 650K for three times. (b) DSC upscan to 650K for the first time and then to 
725K for the second and third times. The characteristic temperatures such as glass transition 
(Tg) and crystallization onset temperatures (Tc1, Tc2, Tc3 and Tc4) are denoted.  

However, samples VT-650-2 and VT-650-3 show sharp diffraction peaks 
corresponding to Te2V2O9 crystals besides V2O5 peaks, while samples VTS-650-2 and 
VTS-650-3 still only exhibit peaks associated with V2O5 and Si. This suggests that by 
introducing nano-Si into VT glass, the crystallization of Te2V2O9 has been suppressed. 
In addition, this finding also indicates that the compositions of the remaining glass 
matrices in VT and VTS are different after the 2nd and 3rd DSC upscan, even though 
these two samples have the same Tg in each upscan curve.  

 

Fig. 3-3 XRD patterns of (a) VT and (b) VTS after the first, second and third DSC upscans to 
650 K at 10 K/min in argon. 

Fig. 3-4 shows the XRD patterns of VT and VTS after two DSC upscans, i.e., first to 
650K and then to 725K, which are referred to as VT-650-725 and VTS-650-725, 
respectively. Clearly, VT-650-725 shows two kinds of crystalline phases, i.e., V2O5 
and Te2V2O9, while VTS-650-725 shows four types of crystals, i.e., V2O5, Te2V2O9, 
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TeVO4, and Si. This indicates that although the crystallization of Te2V2O9 in VTS is 
suppressed, a new crystalline phase (TeVO4) is precipitated during heating VTS to 
725K. The formation of TeVO4 could arise from the reaction between VT glass and 
nano-Si.  

 

Fig. 3-4 XRD patterns of VT and VTS after two DSC upscans at 10 K/min in argon. The first 
upscan was carried out to 650K and the second one was to 725K, which are referred to as VT-
650-725 and VTS-650-725, respectively. 

3.1.2. STRUCTURAL ANALYSIS OF VT AND VTS 

 

Fig. 3-5 Possible linkage modes between (a) VO4 tetrahedra, (b) VO5 trigonal bipyramids (tbps) 
with TeO3 or TeO4 in vanadium-tellurite glasses [34]. 
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