












Closure Report

Principal Investigator : Dr. Shyamal Kumar Das

Tezpur University
Distt. sonitpur p.b.no.72 napaam, tezpur, Tezpur, Assam-784011

Total Sanctioned Amount : 32,82,400 (INR)

Total Released Amount : 31,24,200 (INR)

Start Date of the Project: 12 Mar, 2019

Approved Objectives :

The various proposed objectives of the project are as follows: 1. Developing strategies for encapsulation of transition metal
compounds in highly electronically conductive matrix for utilization as cathodes in rechargeable aluminium-ion batteries. 2.
Identification of electrolytes for aluminium-ion batteries which are non-corrosive and compatible with traditional battery
packaging materials. 3. Determination of structure property correlation of the synthesized cathode materials using analytical and
structural tools. 4. Electrochemical evaluation of the synthesized cathode materials. The evaluation mostly comprises of
galvanostatic cycling and cyclic voltammetry testing. 5. Development of prototype of aluminium-ion batteries for powering
small-scale utilities to demonstrate the feasibility of such batteries for large-scale utilization.

Ph.D. Produced/ Likely to be Produced :  2

Technical Personnel Trained :  1

Deviation made from original objectives (If Any)  :

No deviation is made.

Total Expenditure : 22,65,378 (INR)

Date of completion: 11 Sep, 2022

Concise Research Accomplishment :

We demonstrated, for the first time, the rechargeability of an aqueous aluminium-metal battery with highly porous exfoliated
graphite electrodes. In contrast to extremely corrosive and expensive chloroaluminate electrolytes that are predominantly being
used in aluminium-ion/metal batteries, we proposed to use aqueous electrolyte which is least corrosive and highly economic. We
also developed a simple and facile electrochemical method to produce the exfoliated graphite. Building upon this success, in
order to improve the performance of the aqueous aluminium-metal battery, the exfoliated graphite electrodes were further
thermally treated to achieve more porous graphite electrodes. Again, we demonstrated the electrochemistry of tungsten trioxide,
bismuth oxide, bismuth oxychloride, vanadyl ethylene glycolate, molybdenum ditelluride, lithium manganese oxide, lithium
manganese phosphate for aluminum-ion battery in aqueous electrolyte for the first time. We could enhance the stability and
capacity by effective encapsulation of these electrode materials in highly electronically conducting carbon matrix.
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 Experimental/ Theoretical Investigation carried out

We developed a simple and facile electrochemical method to obtain highly porous and highly electronically conducting graphite
matrix. For this purpose, a pair of Cu and graphite electrodes were used and a dc voltage of 3-5 V for 5 minute was applied in
between these electrodes in an electrochemical cell containing aqueous aluminium chloride electrolyte. It is schematically
shown in the attached figure. It resulted in foam like structure of graphite. This was further heat treated at 800 oC for 30 s to
obtain more porous graphite matrix. Electroactive materials such as bismuth oxide, bismuth oxychloride etc. were
hydrothermally grown on this porous graphite matrix to obtain binder free electrodes for aluminium-ion batteries. The most
widely used electrolyte in aluminium-ion/metal battery is chloroaluminate electrolyte. A common example is a mixture of
anhydrous aluminium chloride and 1-ethyl-3-methyl imidazolium chloride ionic liquid. This electrolyte is highly corrosive,
moisture sensitive and expensive. In an effort to getting rid of this electrolyte, we planned to use aqueous aluminium
electrolytes. The investigated electrolytes are aqueous AlCl3, Al(NO3)3, Al2(SO4)3, Altriflate. This could be prepared without
use of any glove box.
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Detailed Analysis of result

We demonstrated, for the first time, the rechargeability of an aqueous aluminium-metal battery in aqueous electrolyte. The Al3+
ion electrochemistry of tungsten trioxide, bismuth oxide, bismuth oxychloride, vanadyl ethylene glycolate, molybdenum
ditelluride, lithium manganese oxide, lithium manganese phosphate is also illustrated for the first time.

Conclusions

As per the proposed objectives, the research work was undertaken and could identify certain novel electrode materials for
rechargeable aluminum batteries.

Scope of future work

The progress made in the project work resulted in the identification of several electrodes and electrolytes for rechargeable
aluminum-batteries. While investigation, it was also found that there are challenges to surmmount to achieve ultra long life and
high storage capacity aluminum batteries. Therefore, this project work opens up ample avenues for making further progress in
the area of rechargeable aluminum batteries.
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Power Stabilizer or
UPS

56,755 Yes Quanta 99 56,700 08 Oct, 2020

Electrochemical
Work Station

9,57,850 Yes Metrohm AUTOLAB204 90 8,40,000 18 Oct, 2019

Equipment Details :

Plans for utilizing the equipment facilities in future:
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