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I have the pleasure of presenting the 36th Annual Report of the 

Jawaharlal Nehru Aluminium Research Development and Design 

Centre (JNARDDC), Nagpur for the year 2024–25. With the 

dedicated efforts of our scientific and administrative teams, the 

Centre successfully completed thirteen projects sponsored by 

S&T (Mines), NITI Aayog, NALCO, HINDALCO, VEDANTA and 

other agencies, amounting to ₹6.32 crore. We are currently 

executing twelve ongoing projects supported by Science & 

Technology (Mines), Ministry of Coal, NALCO and industry partners, while several new 

proposals have been submitted to Ministries, PSUs, and national missions. 

Despite a challenging environment, the Centre achieved an impressive IEBR revenue 
of ₹21.44 crore. Our scientists contributed 45 research papers across reputed national 
and international journals/conferences and secured one and filed two patents, 
reinforcing JNARDDC’s leadership in applied research. 

JNARDDC continued its proactive role in assisting the nation’s think tank NITI Aayog, 
through the Ministry of Mines, in formulating EPR policy guidelines in collaboration 
with MoEFCC. Key institutional achievements include: (i) Establishment of a dedicated 
Recycling Promotion Division (RPD) to promote scientific recycling, provide technical 
support, and facilitate implementation of the National Non-Ferrous Metal Scrap 
Recycling Framework, 2020. (ii) Launch of the Non-Ferrous Metal Recycling Website 
& Stakeholders’ Portal  (nfmrecycling.jnarddc.gov.in) as a national database and 
facilitation platform. (iii) Preparation of a Vision Document on Circularity in Non-
Ferrous Metals. 

JNARDDC continues to support Bureau of Indian Standards (BIS) in the revision and 
formulation of standards for aluminium scrap and aluminium alloys. As the aluminium 
sector expert for the Bureau of Energy Efficiency (BEE) under the PAT-2/3 Scheme of 
NMEEE, the Centre provided continued technical support on energy performance 
benchmarking and compliance. 

This year marked a major national milestone with the Union Budget announcement 
establishing the National Critical Mineral Mission (NCMM). The Mission—approved by 
the Union Cabinet on 29.01.2025 with an outlay of ₹16,300 crore and ₹18,000 crore 
expected investments by PSUs—aims to build a resilient critical mineral value chain 
essential for green technologies. JNARDDC is poised to play a key role in NCMM 
through pilot plants for critical mineral recovery, REE and critical mineral 
characterization, and strategic support to IBM and GSI. The Centre will also serve as 
a “Spoke” in several national Centres of Excellence. 
  

From Director’s desk 
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International Collaborations 

During the year, JNARDDC expanded its global footprint through initiating meaningful 

negotiations for collaborations that strengthen India’s capabilities in critical minerals, 

recycling, and advanced materials: 

 JSC Titanium Institute, Ukraine – Collaboration for indigenization and pilot-

scale demonstration of gallium extraction from Bayer liquor, including 

technology transfer and pilot plant engineering. 

 Daiki Aluminium Industry Co., Ltd., Japan – Technical cooperation on 

aluminium recycling, alloy development (ADC12/LM24), and best practices in 

circularity, feeding into the Centre of Excellence for Non-Ferrous Recycling. 

 RUSAL & Russian institutes (MiSIS) – Knowledge exchange on red mud 

processing, iron recovery, alumina refining improvements, and sustainable 

metallurgical technologies. 

These collaborations have elevated JNARDDC’s international standing and created 

opportunities for joint R&D, pilot trials, skill-building, and technology benchmarking. 

The Centre, as the implementing agency for the S&T–PRISM Programme, ensured 

the sanction of 20 projects worth ₹25.74 crore under PRISM 2.0 and 3.0 aimed at 

empowering startups and MSMEs with innovative non-ferrous and critical mineral 

technologies. 

We gratefully acknowledge the support from the Ministry of Mines, General Body, 

Governing Body, Research Advisory Committee, Project Monitoring Committee, all 

scientists and staff, and our industry partners including NALCO, HINDALCO, 

VEDANTA, GSI, MECL, OMC, CIMFR, QCI and others. 

On the capacity-building front, JNARDDC secured the top rank in the X-Small 

organisation category in Karmayogi learning hours and was honoured by Dr. Jitendra 

Singh, Hon’ble MOS (Personnel). 

India’s aluminium sector is advancing rapidly through decarbonisation, increased 

scrap utilisation, renewable integration, and energy-efficient technologies. In this 

context, we are pleased to inform that JNARDDC will soon be empanelled as a BIS-

recognized laboratory under the Laboratory Recognition Scheme (LRS), enabling us 

to provide accredited testing in alignment with future QCOs. 

As we look to the future, the Centre remains committed to advancing self-reliance, 

driving national missions, and elevating JNARDDC through impactful scientific, 

technical, and R&D initiatives. 

Dr A Agnihotri 
Director 

  



   Annual Report  2024-25 

 

JNARDDC 
5 

 

 

 

Jawaharlal Nehru Aluminium Research Development and Design Centre, Nagpur is a 

“Centre of Excellence” set up in 1989 to provide a major R & D support system for the 

emerging modern aluminium industry in India by undertaking basic and applied 

research in the areas of bauxite, alumina and aluminium. It is a Rupees 35 crores joint 

venture, supported almost equally by the Ministry of Mines, Govt. of India and UNDP. 

The Centre is in its own sprawling campus just outside the orange city of Nagpur and 

became fully functional since 1996. With serene surroundings and housed in a modern 

technical complex with state of art equipments, provide just the right atmosphere for 

the scientists of the Centre to make creative contributions to the technological growth 

of the Indian aluminium industry. JNARDDC, a Central Government autonomous body 

of Ministry of Mines is registered under Societies Registration Act, 1860 (455/87-

Nagpur dated 13.8.1987) and Bombay Public Trust Act, 1950 (F-6778-Nagpur dated 

8.10.1987) as a Trust. 

 

It’s an ISO/IEC 17025:2017 and ISO:17034:2016 NABL accredited Lab and is 

recognized as a Scientific & Industrial Research organization by the Department of 

Scientific & Industrial Research, Ministry of S&T, Govt. of India. It is the only institute 

of its kind in India pursuing the cause of R&D from bauxite to finished product under 

one roof for the growth of aluminium Indian industry. The Centre with its limited and 

highly qualified manpower has developed a brand image for providing quality technical 

support services to primary and secondary aluminium industries. JNARDDC has made 

key contribution in the areas of beneficiation, characterization, technological 

evaluation, up-gradation of bauxites, reduction of energy consumption & 

environmental pollution, by effective utilisation of aluminium industry residue materials 

such as red mud, dross & scrap etc and process modelling for the benefit of aluminium 

industry and the nation. It’s one of the most renowned labs for providing analytical 

testing services and has ventured into recycling in non-ferrous sector.  

The Centre also offers analytical and testing facilities to other non-ferrous industries, 

steel plants, small-scale industries, R&D organisations, and academic institutions 

particularly in the areas of chemical and mineralogical analysis, powder 

characterisation, thermal mapping, micro structural studies, mechanical and non-

destructive testing, failure analysis and technical information.  

  

About JNARDDC 
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 To assimilate and adapt the technologies suitable 

for raw materials available in India to produce alumina 

and aluminium and to develop indigenous know-how 

and basic engineering packages for future alumina and 

aluminium plants to be set up in the country. 

 To undertake research programs especially in the area of reduction in material and 

energy consumption and to provide analytical services to the industries. 

 To set up and operate data banks in the areas of bauxite, alumina and aluminium 

production for the benefit of the industries. 

 To provide training to the personnel employed in the Indian aluminium industry 

through organization of workshops, seminars and group training programs. 

 To provide technological assistance to the secondary aluminium industry 

especially in the areas of downstream processes and wastes recycling. 

 Promotion and development of the recycling industry and transition to a circular 

economy in the Metal sector 

 

 

 

 

  

To be renowned 

nationally and 

globally as primary 

research hub for all 

aluminium products 

and processing 

To undertake 

innovative research 

projects for providing 

complete technological 

solutions to meet the 

challenges for 

sustainability of 

aluminium industry 
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The Centre offers technological services in the following areas:  

 Beneficiation and up-gradation of bauxites, laterites and low grade ores 
 Characterization and technological evaluation of bauxites / laterites 
 Process monitoring of aluminium electrolysis cell 
 Characterization of coal, carbonaceous raw materials CP Coke and CT Pitch 
 Chemical, Physical and Physico-chemical analysis 
 Energy auditing and PFC measurements 
 Alloy development and forming of aluminium alloys 
 Microstructural, mechanical, electrical, EBSD characterization 
 Melt loss assessment and remedial measures 
 Process modelling  
 Recycling and Circular Economy 

 
 

OUR ASSOCIATES 
 

 

Research Areas 
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Research Facilities 

Analytical Division 
 Classical Wet Chemical Laboratory 
 X-ray fluorescence (XRF)  
 X-ray Diffraction (XRD) 
 Inductively Coupled Plasma- Optical Emission 

Spectrometer (ICP-OES) 
 Inductively Coupled Plasma- Mass 

Spectrometer (ICP-MS) 
 Glow Discharge Optical Emission 

Spectrometer (GD-OES) 
 TGA- Moisture, VM, LOI Analyzer 
 Bomb Calorimeter 
 Humidity Chamber & Muffle Furnace 
 Flame Photometer  
 Double beam UV Visible Spectrophotometer  
 Microwave Digestion System 
 Ultrapure water Purification System 
 Fusion Bead making Machine 
 Pellet making Machine 
 Nano-Milling Machine & Spin Coater 
 Bench scale poly aluminium chloride unit 
 Sulphur Carbon Analyzer 

Bauxite & Alumina Division 
 

 Large Scale Alumina Laboratory 
 Laboratory autoclaves, 1, 5 & 10 Litre capacity 
 Bomb Digesters &Total Organic Control (TOC)  
 Low Temperature bath equipment 
 Equipment for Precipitation Tests 
 Angle of repose apparatus & Brick making unit 
 Potentiometric Titrator 
 Universal Impact Mill 
 TLC Sample Spot Applicator 
 Optical Scanning Densitometer 
 Petrological Microscope 
 Rotary &High temperature sintering furnace 
 Lab flotation machine & Hydrocyclone test rig 
 Granulating instrument 
 Wet High Intensity Magnetic Separator 
 Laboratory Ferrous Wheel Separator 
 Rotap Sieve Shaker 
 Bond Mill Index 
 Density Instrument 
 Halogen Moisture Analyzer 
 Gravity concentration/ shaking table 

Aluminium Electrolysis Division 
 Specific Surface Area analyzer 
 Mercury Intrusion Porosimeter 
 Helium Pycnometer 
 Thermal Analysis System, (TG & DSC) 
 Specific Electrical Resistance (Anode) 
 Mettler Softening Point Equipment 
 Infra-Red Thermography 
 Three Axis Magnetometer & Gauss meter 
 Computer controlled Potentiostat / 

Galvanostat 
 Thermal Conductivity Meter 
 Photoacoustic Spectrometer (PFC Instrument) 
 Data Acquisition and Processing System 
 Heat Flux Meter 

 Liquidus temperature measuring kit 

 Lab Mixing and Kneading Machine 

 Mathematical modeling  

Downstream Division 
 100 kN Universal Testing Machine 
 Scanning Electron Microscope +EDS & EBSD 
 Vicker’s hardness Tester 
 Induction Melting& Heat treatment Furnace 
 Metallurgical Microscope + Image analyzer 
 Resistivity / High Precision Micro Ohm Meter 
 Digital Rockwell & Brinell Hardness Tester 
 Ultrasonic flaw detector 
 Electro polishing machine 
 Conductivity meter & Roughness meter 
 Milling machine 
 Hyperextrude software 
 Extrusion modeling and simulation 
 Anodizing lab   
 Erichsen cupping test 
 14 MN Extrusion Press 
 IR Pyrometer 
 Inverted light microscope 
 Laser marking machine  
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S-37: Technology Development for Holistic Utilization of Red Mud for 

Extraction of Metallic Value & Residue Utilization.  

 

NITI Aayog,  S&T (Mines), NML, Jamshedpur, IMMT, Bhubaneshwar, NALCO, 

HINDALCO & VEDANTA:  

Objective : 

 Development of a process for beneficiation of red mud for REE enrichment  

 Development of a process for dissolution and recovery of alumina values from 

the red mud  

 Development of an innovative and viable process for recovery of iron values 

from red mud  

 Development of a process for extraction and separation of Ti and REEs (La, 

Ce, Y, Sc) from red mud  

 Final Residue Utilization in cementitious products/ building materials  

 Master Flowsheet for selected grades of red mud with energy and material 

balance equipped with techno-economic feasibility. 

Background: 

Rare Erath elements are part of critical metals required for strategic and technology 

innovations from electric vehicles, renewable energy to telecommunications, 

aerospace& defense. Primary resources of REE are limited in the country and hence 

recycling and secondary source of REE are important for self-reliance. To address this 

issue, NITI Aayog constituted expert committee to identify the alternate sources, to 

assess & upgrade technologies for extraction of REE for emerging needs of the 

country. This committee identified red mud as one of the potential source s for REE 

and recommended to conduct detailed study to develop process for extracting REE 

from red mud. NITI AAYOG suggested holistic approach to develop process to recover 

REE along with other metal values like alumina, iron, titania. This zero-waste approach 

will make process environment friendly and techno economically more viable. This 

project was a six-patriate approach with the involvement of CSIR-NML, JNARDDC, 

CSIR-IMMT, NALCO, HINDALCO & VEDANTA. 

Projects Completed in 2024-25 : 13 nos. 
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To ensure the economic viability of red mud utilization, JNARDDC employed advanced 

physical beneficiation techniques to concentrate rare earth elements. Using Multi-

Gravity Separators (MGS), 10 kg and 100 kg scale experiments were conducted by 

optimizing key process parameters. Comprehensive mass, water, and energy 

balances were prepared to assess process efficiency. The studies revealed clear 

partitioning of metal oxides, demonstrating the effectiveness of JNARDDC’s 

beneficiation process for different red mud types. 

         

 

  

VEDANTA officials visit to witness Red Beneficiation Process 

Physical Beneficiation of red mud 
showing light and Heavy fractions Multi-Gravity Separator 
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CSIR-IMMT designed a conceptual flowsheet integrating physical beneficiation for iron 

recovery with subsequent extraction of alumina, REEs, and Ti. A two-stage roasting–

magnetic separation produced iron-rich and non-magnetic fractions, processed at 

CSIR-NML and IMMT respectively. The method achieved 48–62% iron and 49–52% 

alumina recovery, with REEs enriched up to 18×. Further sulfation roasting and 

leaching enabled high recovery of Sc, Ce, and La, leading to a modified flowsheet for 

improved efficiency across all red mud types. 

CSIR-NML designed a holistic process combining alkali roasting–leaching for alumina, 

smelting for iron, and slag treatment for REE and Ti recovery. Validated from 100 g to 

200 kg scale, it achieved 75–82% alumina, 95% iron, 55–65% REE, and 72–80% Ti 

enrichment. Two-stage slag treatment yielded >90% pure REOs and >89.5% TiO₂, 

with final residues converted into 18–20 MPa geopolymer products. The energy-

efficient process is suitable for industrial-scale production across different red mud 

types. 

Outcomes: 

• Red mud samples were collected from Hindalco Belagavi, NALCO Damanjodi, and 

Vedanta Lanjigarh and fully characterized. Fe₂O₃ ranged from 39.68–50.80%, 

Al₂O₃ from 18.11–20.56%, and REEs (Sc, La, Ce) showed refinery-wise variation. 

• Multi Gravity Separator (MGS) was used for beneficiation of <20 µm red mud, 

giving improved grade separation and reasonable REE recovery. 

• Water and mass balance sheets were prepared, and 10 kg and 100 kg process 

flow sheets were developed; beneficiated mud was shared with partner labs for 

further processing. 

• A combined process integrating NML’s alkali roasting (for alumina recovery) and 

IMMT’s magnetic separation (for iron recovery) was successfully established. 

• This integrated route enabled optimal recovery of major values and production of 

mixed REE oxides and TiO₂-rich fractions. 

• The process generates multiple saleable or upgradable products, improving 

techno-economic feasibility. 

• Mass and energy balance studies were completed for both combined process 

routes at 10 kg and 100 kg scales. 
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S-38: Red mud valorisation to achieve zero waste, conversion of residue into 

diagnostic X-ray shielding tiles after recovery of scandium 

 

S&T (Mines) with CSIR-AMPRI, Bhopal 

Objectives 

 Optimization and fabrication of ~5g/cc red mud blocks by adding high-Z 

material with red mud through hot compaction.  

 Reducing the hot compaction temperature below 900°C by adding binders to 

make it suitable for large-scale production.  

 Fabrication of joint-free X- and gamma-ray shielding blocks having dimensions 

190 mm X 90 mm X 90 mm through hot compaction.  

 Studying the X-ray attenuation characteristics of the shield from 60 – 150 kVp 

X-rays. 

 Studying the gamma-ray attenuation of shielding both at the joints and body of 

the shield using a 60Co source. 

 Analysing the mechanical strength, density, and leaching characteristics of the 

shield. 

Background:  

Red mud is a highly alkaline waste generated during alumina production, with 1.5–2 

tonnes produced per tonne of alumina. Its improper disposal has caused several red-

mud pond breaches, leading to groundwater, soil, and air pollution, land infertility, and 

health issues such as eye irritation and skin burns. However, red mud contains 35–

55% Fe₂O₃ along with Ti and other high-Z elements, making it a promising raw 

material for radiation-shielding materials. 

Hence this project was undertaken for development of such bricks. lead attenuation, 

respectively. Neutron irradiation tests (4.99 × 10¹³ neutrons) showed no physical 

damage, confirming their stability under high-intensity radiation. The developed blocks 

can be used to build X-ray diagnosis rooms, CT-Scans, Cath lab, particle accelerators, 

cancer treatment bunkers, food sterilization plant, sludge irradiation plant, nuclear 

power plants, etc., by varying the thickness of the shield as per the energy and type 

of radiation.  
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The optimized geometry of the bricks Joint-free bricks 

Outcome: 

 3.2 till 5 g/cc red mud blocks were fabricated by adding various proportions of 

Ba(OH)2 · H2O and Bi2O3 with red mud through hot compaction by optimising the 

temperature and pressure. The radiation shielding blocks were made by utilising 

50 - 100% of red mud. 

 Various clays, sodium hexametaphosphate, and additives were added to decrease 

the hot compaction temperature. The hot compaction temperature of pure red mud 

was brought down from 1175 to 1000°C. 

 The joint-free gamma-ray shielding bricks were made under vacuum using a 

graphite die.  

 The developed blocks possess uniform density throughout the shield. 

 The X-ray attenuation characteristics of the shields were studied as per IEC 61331-

1:2014 standard. 

 13.5 mm thick Red mud: Bi2O3 tile was noticed to possess 2mm lead equivalent 

attenuation at 100 kV. 

 The RMR, RMRBa and RMRBi samples were found to possess 30%, 50% and 

60% attenuation of lead at 1.33 MeV (Cobalt-60). 

 A 270 mm thick RMRBi sample was found to be suitable for building a Cobalt-60-

based radiotherapy bunker, instead of 140mm thick toxic lead & 800mm thick 

concrete. 

 The red mud blocks were found to have 283 MPa strength, which is much higher 

than that of heavyweight concrete. It does not require any additional support 

structure, like lead 

 None of the heavy elements were found to leach above the permissible limit. 



   Annual Report  2024-25 

 

JNARDDC 
14 

 

 

  S-40:Un-diluted Recycling of Cast Aluminium Alloys Containing High Fe 

Impurity Suitable for SMEs 

 

S&T (Mines) with BML Munjal University, Gurgaon and Ramakrishna 

Engineering College, Coimbatore 

Objectives :  

To develop recycled aluminium alloys with higher tolerance for iron impurities by (i) 

modifying the morphology of Fe-rich intermetallic phases using alloying additions (Mo, 

V, Cr, Mn) and (ii) by employing filtration/ sedimentation techniques, thereby improving 

recyclability, mechanical performance, and casting fluidity without dilution using 

primary aluminium. 

Background:  

Aluminium is increasingly replacing heavier metals in critical industries such as 

automotive and aerospace due to its excellent strength-to-weight ratio, corrosion 

resistance, formability, and high recycling potential. Currently, over 400 wrought alloys 

and 200 casting alloys are used worldwide, with Al-Si based casting alloys forming a 

majority of recycled products due to their high castability and mechanical performance. 

However, one of the major challenges in aluminium recycling is the presence of iron 

(Fe). Iron impurities degrade machinability, reduce ductility, and form undesirable β-

AlFeSi intermetallic phases (long needle-like morphologies) that make recycled alloys 

brittle. Conventional alloys like A356, widely used for wheels and engine parts, have 

a very low tolerance for Fe (0.12–0.15 wt.%) and are usually manufactured from 

primary aluminium, limiting recycling use. 

In response, this project focused on two approaches: 

1. Alloy design: Developing new high-Fe Al-Si-Mg alloys with minor additions of 
elements such as Mo, V, Cr that refine Fe-rich intermetallics and suppress β-
AlFeSi formation. 

2. Filtration & sedimentation: Employing nano/micro powders of Mn, Cr, Mo as 
nucleation agents to sediment Fe-rich phases, combined with multi-layer fabric 
filters (mesh sizes 50, 200, 400) for improved melt cleanliness. 

Methodology: 

1. Alloy Development (Iron-Tolerant Alloys): 

 Purpose: Instead of trying to remove Fe, this method accepts high-Fe scrap 
and designs alloys around it. 
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 Approach: Adding Mo, V, Cr (Fe-modifiers) to change Fe-rich intermetallic 
morphology (suppressing β-AlFeSi needles, promoting α-AlFeSi phases). 

 Outcome: New alloys with up to 2.5 wt.% Fe tolerance, maintaining good wear, 
creep, and mechanical strength. 

 Advantage: Fully recycling-friendly, avoids dilution with virgin aluminium. 

 

Figure 1: A356 alloy with high iron showing presence of needle like β-AlFeSi 

 

Figure 2: High-Fe A356 alloy with addition of Cr and V 

 

Figure 3: SEM-EDS Mapping of High-Fe A356 alloy with addition of Cr and V 

2. Filtration & Sedimentation (Iron Reduction): 

 Purpose: Lower the Fe content in recycled aluminium melts to within acceptable 
tolerance levels. 

 Approach: Adding nano/micro powders of Mn, Cr, Mo → act as nucleation sites 
→ Fe-rich intermetallic particles settle at the bottom → filtered using multi-layer 
fabric filters (mesh 200 & 300). 

 Outcome: 0.1 – 0.3 % Fe reduction achieved, improving melt cleanliness and 
castability. 
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 Advantage: Makes scrap usable in existing alloy systems without redesigning 
compositions. 

 

Figure 4: Aluminium alloy sample (a) before and (b) after addition of Mn+Cr flux 
followed by filtration  

Outcome: 

 Vanadium, chromium, and molybdenum were identified as effective alloying 

elements for improving microstructure and suppressing iron-induced brittleness in 

alloys with iron content up to 2.5 wt%. 

 Fabric filtration methods were optimized to reduce iron content in recycled 

aluminium, demonstrating a promising approach to enhancing the quality of 

recycled materials. 

 Newly developed alloys exhibited excellent wear resistance, high-temperature 

performance, and fluidity, making them suitable for high-performance automotive 

applications. 

 The research also identified that manganese and chromium powders could 

effectively act as nucleation sites to facilitate the sedimentation and removal of iron 

from the molten aluminium. 

           Commercialisation-related activities 

 Established incubation centres at SREC Coimbatore as pilot hubs for validating 

and optimizing technologies to support industries in implementing SOPs for iron 

removal and undiluted recycling. 

 Developed new high-Fe alloys that have shown potential and are undergoing 

further validation to advance towards higher Technology Readiness Levels (TRL). 

 Launched a collaborative project to develop and test a two-wheeler piston using 

the newly developed high-Fe alloy, supporting application-driven technology 

integration. 
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S-41: Production of Onyx grade ATH (sodium bicarbonate route) using low-

grade bauxite from the Kutch region of Gujarat.  

 

S&T (Mines) with Kalinga Institute of Industrial Technology, KIIT, Bhubaneshwar 

and industry partner - NIKNAM Chemicals PVT. LTD 

Objectives : 

 Development of process know-how for Onyx grade white ATH production through 

the bicarbonate route using low-grade bauxite from the Kutch region of Gujarat. 

 Development of process know-how for Onyx grade white ATH production through 

bicarbonate route using ATH. 

 Validation of the product ATH for synthetic marble/onyx application. 

Background :  

Gujarat hosts about 350 million tonnes of bauxite, mainly in Kutch and Jamnagar 

(70%). These deposits are largely unutilized because they are low-grade (Al₂O₃ ~35%, 

Fe₂O₃ 25–35%, SiO₂ 2–8%, CaO 2–4%) and unsuitable for the Bayer process, 

contributing to a decline in bauxite exports. Although characterization studies exist, no 

practical utilization route for Gujarat’s low-grade bauxite has been reported. 

 

The project aimed to produce high-whiteness aluminium hydroxide (ATH) from this 

inferior bauxite using a non-Bayer route, since Bayer-derived ATH contains dissolved 

impurities that reduce whiteness. The new method uses sodium bicarbonate instead 

of caustic soda. During digestion of bauxite with sodium bicarbonate at elevated 

temperature, dawsonite forms as an intermediate. Calcination and leaching of this 

intermediate generate clear sodium aluminate liquor with minimal Fe and Si impurities. 

ATH is then precipitated by CO₂ purging in the presence of seed. 

 

The process produced fine ATH with whiteness up to 90% and achieved 85–86% 

sodium conversion, demonstrating a viable method for utilizing Gujarat’s low-grade 

bauxite for high-value non-metallurgical applications. 
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DAWSONITE (Intermediate product) 
                                        
     

 
 

Aluminium hydroxide (ATH)  
(Non-metallurgical grade) 

 

Product ATH 
 
 

 
Experiments at Lab 

Outcome : 

 The project aimed to produce onyx-grade ATH with whiteness greater than 96% 

using the sodium carbonate route for its use in synthetic marble/ onyx application. 

 However, the whiteness of the product developed is only up to 90% through this 

route. Hence, the proposed method is not technically viable for its application in 

synthetic marble and will not be taken up on a higher scale. 

 The produced alumina hydroxide has the composition as Al2O3: 66%, Fe2O3: 

0.015-0.024%, SiO2:0.005-0.009%, Na2O: 0.23-0.24%, particle size (d50): 10-12 

µm, BET surface area: 1.7 m2/g, whiteness of 86-90%. 

 The generated residue consists of a high iron content up to 75% Fe2O3 that can 

be used for low-grade iron ore/ iron-rich cementitious material.   
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S-42: Fabrication of Al2O3 containing cellulose based Ag NPs encapsulated 

collagen dressing and investigation of its therapeutic opportunities in diabetic 

wound healing  

S&T (Mines) with Kalinga Institute of Industrial Technology, Bhubaneshwar 

Objectives 

 To synthesise Al2O3/AgNPs/Collagen/Cellulose device (Ag NPs encapsulated 

collagen matrix will be embedded on cellulose paper) and their characterisation.  

 To investigate antibacterial and antibiofilm activity of 

Al2O3/AgNPs/collagen/cellulose device against pathogenic antibiotic-resistant 

strains like S. aureus, MRSA, and A. baumannii. 

 To assess oxidative stress-associated factors and expression of important genes 

using various molecular approaches. 

 To investigate the biocompatibility of the Al₂O₃/AgNPs/Collagen/Cellulose device 

towards mammalian cell lines (RAW 24.7 & 3T3) using in vitro methods. 

 To evaluate the wound healing efficacy and infection elimination properties of the 

Al₂O₃/AgNPs/Collagen/Cellulose device in diabetic and non-diabetic mice 

(BALB/c) model. 

Background:  

Chronic wounds are typically treated with silver-based formulations, but alumina 

(Al₂O₃) offers a promising low-cost alternative for wound-healing devices. JNARDDC 

developed high-purity bio-ceramic grade Al₂O₃, which was sent to KIIT for toxicity 

testing. An Al₂O₃/AgNPs/Collagen/Cellulose wound-healing device was fabricated 

and tested on mice, showing positive results. Further in vivo trials on rabbits and larger 

animals are planned, pending ethical approvals at KIIT. KIIT also intends to scale up 

the work with support from agencies like ICMR and DBT. 

The project aims to develop an indigenous wound-care material, especially for diabetic 

patients, addressing a market of ~USD 18.3 billion (2019). Alumina for the device will 

be sourced from Indian alumina producers to enable local value addition. 
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Cellulose-Al2O3 sheet 
                                         

 

 

Ag-Col/Al2O3/Cellulose sheet. This sheet system 
demonstrates promising antibacterial activity 
against both gram-positive and gram- negative 
bacteria. Additionally, it exhibits biocompatibility 
with Raw 264.7 and 3T3 cell lines, showing potential 
for wound healing in a diabetic mice model. 

Outcome: 

 AgNPs were synthesised using Urginea indica extract and embedded in collagen 

to form Ag–Col nanocomposites. 

 An Al₂O₃/AgNPs/Collagen/Cellulose wound-healing device was fabricated by 

incorporating these nanocomposites and Al₂O₃ into a cellulose sheet. 

 The device was thoroughly characterised using UV–Vis, XRD, FT-IR, zeta 

potential, FESEM, and EDAX analyses. 

 It showed strong antibacterial and antibiofilm activity against Gram-positive and 

Gram-negative pathogens, including S. aureus, A. baumannii, and MRSA, primarily 

through ROS-mediated mechanisms. 

 Biocompatibility tests showed negligible cytotoxicity on RAW 264.7 and 3T3 cells. 

 In BALB/c mice (normal and diabetic), the device outperformed a commercial 

bandage in healing infected wounds, indicating strong potential for chronic and 

diabetic wound care. 

 Further validation will proceed at KIIT following ethical committee approvals. 
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S-46: Development of low-cost filler material utilizing Lithomargic clay for the 

paint industry as per IS 68 2006 standard  

 

S&T (Mines) with Mundle Paint and Chemicals 

Objectives : 

 To study the various process parameters for possible use of lithomargic clay in 

paint industry. 

 To utilize lithomargic clay for development of low-cost filler material for paint 

industry as per IS:68 (2006) standard 

Background :  

JNARDDC has evaluated bauxite and laterite deposits of India from geotechnological 

point of view. During the field work of bauxite deposits, it was observed that lateritic 

bauxite deposits are associated with lithomargic clay resources. In majority of the 

bauxite deposits, the bauxite ore rests on lithomargic clay zone. In general, the 

thickness of lithomargic clay zone is 0.5 to 10 meters and varies. The lithomargic clay 

is characteristics of high silica, quite low alumina and iron content. The average 

chemical composition of lithomargic clay comprises Al2O3 30-38%, SiO2 30-45%, 

Fe2O3 1-5 %, TiO2 1-4% and LOI 10-14%. Due to its composition, this clay has 

remained unutilized and is commonly treated as mining waste, occupying valuable 

land and creating environmental concerns. Recognizing the potential of this 

undervalued material, JNARDDC undertook a systematic study to explore its suitability 

as a filler material in the paint industry, which requires cost-effective, fine particulate 

additives that enhance product quality and reduce production costs. 

Project Execution: 

 Identification of mines and representative lithomargic clay samples were collected 

from various bauxite mining sites. 

 Samples underwent comprehensive characterization, followed by processes to 

reduce impurities and enhance brightness, gloss, and texture parameters. 

 The clay was ground to specific particle sizes suitable for paint formulations. 

 The prepared material was tested in collaboration with M/s Mundle Paint and 

Chemicals (Mundle Colour Coat), Bhandara, Maharashtra, through multiple trials 

and validation exercises. Experimental and validation results confirmed that the 

modified lithomargic clay filler material meets the requirements as per IS:68 (2006). 
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Process flow sheet for conversion of Lithomargic clay into filler material for paint industry 

              

   

  

Raw Material  
Characterisation 

Lithomargic clay from mine 

Product 
(Filler material) 

Product  
Characterisation 

Chemical 
Mineralogy 
Morphology 

Petrology 

Beneficiation 

Grinding 

Tests at Paint 
industry 

 % Retention 
 Gloss 
 Oil absorption 
 pH 
 Finish 
 Particle size 
 LOI 
 Carbonates as 

CO2 

Lithomargic clay exposed in Pit  

(Udgiri mine, Maharashtra) 

Physical 
Chemical Leaching 

Paper sheet for testing of properties 
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To promote the use of this alternative raw material, JNARDDC organized an 

interactive meet on "Alternative Raw Materials for the Paint Industry" on February 21, 

2025, at its Nagpur campus. The event was attended by stakeholders from the paint 

industry, academic institutions, and R&D organizations. Inputs and feedback received 

from the industry experts were incorporated into the final report, paving the way for 

future scale-up. 

 

Outcome: 

 Developed laboratory process on conversion of lithomargic clay as low-cost filler 

material for paint industries as per IS:68 (2006) standard 

 Facilitated value addition of an unutilized material, contributing to mineral resource 

augmentation and sustainable mining practices.  

 Provided a low-cost raw material alternative for entrepreneurs in the paint and 

allied industries. 

 Encouraged resource optimization, reducing the environmental footprint by 

reclaiming land occupied by lithomargic clay waste 

 The successful development of a low-cost filler material using lithomargic clay 

offers a viable solution for waste utilization in the mining sector and introduces a 

new, affordable raw material for the paint industry. The outcomes of this project 

align with national goals of resource efficiency, sustainability, local economic 

development, and present commercialization opportunities for industries and 

startups alike. 

 

 

 

 

 

 

  



   Annual Report  2024-25 

 

JNARDDC 
24 

 

 

 

   S-47: Development of prototype aluminium seat frame for passenger buses 

 

S&T (Mines) with Automotive Research Association of India, Pune 

Objectives : 

 To design aluminium seat frame based on extruded profiles   

 To simulate the die design, die fabrication and extrude the profiles 

 To develop and validate the prototype of aluminium seat frame for passenger 

vehicles as per AIS 023 standard. 

Background : 

Worldwide, the usage of aluminium extruded profiles in automobile industry has begun 

with small tubes, hollow profiles and the trend is increasing. The specific 

characteristics of aluminium alloys offer the possibility to design cost-effective 

lightweight structures with high stiffness and excellent crash energy absorption 

potential. Lightweight extruded components could compete favorably with steel 

counterparts. In the recent times, low cost of the extrusion tools and the small lead 

times for tool manufacturing, highly flexibility of aluminium extrusions have enabled to 

look into the possibility of aluminium extrusions adjust for specific applications. Hence, 

worldwide efforts are made to replace these components with Aluminium as an 

immediate target to achieve weight reduction in automobiles. In India, the use of 

aluminum alloys is limited to castings for engine, transmission and wheel applications. 

However, greatest scope for weight reduction exists for usage of large amount of 

aluminium in automobile components. Light weighting trend in India has to gain pace 

as each of the components used in automobiles needs to meet safety and other 

mandatory regulations. Hence, the technological gap between the extruders and 

passenger bus manufactures needs to be bridged and profiles intended for 

automobiles has to be customized according to requirements. Also, In India, the use 

of aluminium is limited by the development of cost-efficient technologies for 

development of new profiles and also the technologies suitable for automobile 

applications. Hence, the project aimed at developing a prototype seat frame made of 

aluminium extruded profile in place of steel seat frame for passenger buses which are 

about 30% lighter than steel. 
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Fig. 1 Extrusion Press used for profiles manufacturing 

 

 

Fig 2 Mechanical properties of profiles after ageing 

 

 Aluminium extruders are looking for demand drivers to increase the profit margins 

and higher capacity utilisation  

 Automobile manufacturers are looking ways to lighten curb weight of vehicle for 

fuel efficient vehicles 

 Sub-vendors are unable to invest/promote lightweight designs due to high R & D 

cost and insecure Return on Investment (RoI)  


