
 

Advantages
 New material
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Advantages
Fast charging capability
High stability
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Conclusion

Abstract
     This study explores the development of TiO₂(B)/MOFs composites as a promising anode material for lithium-ion batteries (LIBs). The novel aspect of this research is the synthesis of metal-organic
frameworks (MOFs), particularly MIL-53(Al), from waste materials. These MOFs are then integrated with bronze-phase Titanium dioxide (TiO₂(B)), which is known for its enhanced charge transfer
properties and excellent structural stability. This combination results in significant improvements in the electrochemical performance of MOFs when used in battery applications.The synthesis of MIL-
53(Al) involved utilizing polyethylene terephthalate (PET) derived from plastic bottles to produce terephthalic acid (TPA). This TPA was then reacted with aluminum (Al) extracted from aluminum cans to
form the final MOFs product. On the other hand, TiO₂(B) was synthesized through a hydrothermal process and ion exchange, followed by calcination at 450°C for five hours. The TiO₂(B)/MOFs composites
were synthesized via a physical method, in which the materials were mechanically mixed in a mortar for 30 minutes. Different weight ratios of MOF: TiO₂(B) were tested—25:75, 50:50, and 75:25—to
evaluate their impact on the performance of the final composite. The composite morphology was characterized using scanning electron microscopy (SEM), revealing that the MOF particles were large
and angular, with TiO₂(B) nanorods distributed across their surface. X-ray diffraction (XRD) confirmed that the synthesized TiO₂ corresponded to the bronze-phase structure. These composites were then
tested in coin cell batteries, where electrochemical testing demonstrated that the composite with a 75:25 MOFs: TiO₂(B) weight ratio showed the best performance. This composite exhibited the highest
cycling stability, achieving a specific capacity of 136.06 mAh/g at a current density of 100 mA/g after 50 cycles. Overall, this study indicates that increasing the TiO₂(B) content in TiO₂(B)/MOFs
composites enhances battery performance higher than pure MOFs. This suggests that TiO₂(B)-MOFs composites, due to their stable framework and high porosity, are a promising candidate for next-
generation anode materials in lithium-ion batteries.

Introduction

Experiment

To synthesize TiO₂(B) / MOFs composites anode material using physical methods.1.
To characterize TiO₂(B) / MOFs composites anode material2.
To study the influence of different ratios between MOFs and TiO₂(B) on the battery performance.3.

Objective

Aluminum terephthalate, C₈H₅AlO₅, MIL-53 (Al)

NaOH solution
+ TiO₂

stir 30 min
Hydrothermal

220°C,12 hr
Ion exchange Drying at 80°C, 12 hr Calcine 450°C, 5 hr 

TiO₂

TiO₂(B)

Reference :

Synthesis of TiO₂(B) via hydrothermal process

Synthesis of composite materials between MOFs and TiO₂(B) via Physical method 

Heat 80 °C, Stir

NaOH 
+Ethanol 
+DI water 

+PET

1.30 hr

Filtrate to Sodium
Terephthalate acid

addition of excess
of HCl

24 hr MOFs
(MIL-53(Al))

1hrNaOH
+DI water

+AlCl₃.6H₂O

MOFs + TiO₂(B) Grinding in mortar 20-30 min MOFs + TiO₂(B)

Anode preparation

preparation of
copper foil

Weighing materials under
specified conditions

Mixing in mortar 30 min

Active [MOFs + TiO₂(B) : 70%wt]
Binder [Sodium alginate  : 10%wt]
Conductive [Carbon black : 20%wt]

DI water

Coating onto the surface of a
copper foil with a thickness of

150 um

Cutting 13 mm and drying in
vacuum oven 60°C, 24 hr

Assemble the cell as
shown in the diagram

XRD TEM of TiO₂(B)

 ( 0 2 0 )B
( 0 2 2 )B

 ( 6 2 1 )B

Titanium dioxide bronze phase,
TiO₂(B)

"This research successfully synthesized MOFs via the precipitation method and TiO₂(B) via the hydrothermal method. X-ray
diffraction (XRD) analysis was employed to confirm the crystal structure, validating that the synthesized TiO₂ corresponded to the
bronze phase. The MOFs/TiO₂(B) composite was successfully synthesized using a physical method, with the morphology of TiO₂(B)
nanorods, while the MOFs exhibited large particles. In lithium-ion battery performance testing, the MOFs: TiO₂(B) ratio of 75:25
wt.% demonstrated the highest cycling stability, achieving a specific capacity of 136.06 mAh/g at a current density of 100 mA/g
after 50 cycles. However, after 140 cycles, the specific capacity of the MOFs: TiO₂(B) ratio of 75:25 wt.% was found to be the
highest, reaching 127.49 mAh/g at a current density of 100 mA/g. This study suggests that increasing the TiO₂(B) content
enhances battery performance due to its stable framework and high porosity, which can improve certain properties of MOFs. This
makes it a promising candidate for next-generation anode materials in lithium-ion batteries."

Waste

TiO₂(B)

MOFs

This research

TiO₂(B)

+
MOFs Li-Ion

Battery

TiO₂(B) exhibits high
pseudocapacitive

properties, resulting in
improved fast charge

performance, enhanced ion
migration, and,

consequently, improved
MOFs fast charge efficiency.


