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| have pleasure in presenting the 27th Annual Report of Jawaharlal Nehru Aluminium Research
Development and Design Centre (INARDDC), Nagpur for the year 2015-16. INARDDC'’s support to
industry is primarily in Bauxite, Alumina, and Aluminium. With the dedicated efforts of our
scientific & administrative work force, we have completed seven projects worth ¥ 199.38 lakhs.
The Centre is executing six Science & Technology projects approved by SSAG (Ministry of Mines)
with a total value of < 699.56 lakhs spread over 2-3 years. Two industry sponsored projects worth
< 49 lakhs are under execution. Furthermore, 23 new projects were proposed to various agencies
in this year.

While carrying out the above R&D work, the Centre achieved an internal revenue generation of
< 310.86 lakhs. Our scientists have published / presented 10 papers in national & international
journals / conferences. Three final patent applications were filed for indigenous R&D process
developed by INARDDC.

The Indian Aluminium industry successfully achieved the energy reduction target set under PAT
scheme of Ministry of Power, Government of India. JNARDDC continued to play a pivotal role as
the aluminium sector expert of BEE. This year INARDDC stood up to look for industry-academia
connect for development of aluminium metal. Under this effort the institute interacted with
academia and industry with common goal of aluminium R&D. Centre also promoted M Tech
programs in collaboration with VNIT, Nagpur which were based on the technical issues picked up
from Indian aluminium industry. The Centre is in process of setting up additional facilities in areas
of downstream with support from Ministry of Mines for providing end to end solution to aluminium
process industry. JNARDDC in association and support from NALCO and Ministry of Mines is
working to establish “Aluminium Chair Professor” at reputed national academic institution in the
country. We are grateful for the support extended by the Ministry of Mines, Government of India,
the Honourable Members of the General Body, Governing Body, Research Advisory Committee,
Project Monitoring Committee, all the scientists and staff of the Centre, various aluminium
industries (especially NALCO), as well as other industries. We are also thankful to other academic
organisations and laboratories, MECL in particular for the tremendous encouragement and
support given to the Centre to make its achievements possible.

Today we stand at a point, where Indian Aluminium industry, can rely on us, for support guidance
and innovation. We are determined to further advance the quality of our services to the Industry.
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Dr. A. Agnihotri

Director
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Jawaharlal Nehru Aluminium Research Development and Design Centre, Nagpur is a “Centre of
Excellence” set up in 1989 to provide 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 &35.00crores rupees joint venture, supported almost equally by
the Ministry of Mines, Govt. of India and UNDP. The Centre is located 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, an 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.

The Centre 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 as a whole.

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.
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To assimilate and adapt the technologies suitable for raw materials available in India for the
production of 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
organisation 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.

- _ I
Vision

“Develop indigenous technologies and provide value addition services to

both primary and secondary aluminium industries with a special emphasis
on energy reduction and environmental sustenance through scientific
research and development for industrial growth and socio-economic

J

development.”

' " -
Mission \

“Provide modern technological inputs to aluminium industries and other

sectors for value addition, reduction in energy / material consumption and
environmental pollution based on optimum utilisation of existing facilities
and further development of technical capabilities”.
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Geology and evaluation of bauxite deposits

Beneficiation and up gradation of laterites and bauxites

Total characterisation of bauxites including trace elements and organic carbon
Techno-economic evaluation of bauxite deposits for bauxite production and non metallurgical

application

XRD GDS

XRF ICP

Electrophoresis Petrological Microscope
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Hydro Cyclone WHIMS

Bond Work Index Vibrating Screen
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Technological testing of bauxite including large scale laboratory tests for desilication,

digestion, precipitation and settling
Pre-feasibility and basic engineering package for bauxite mining and alumina plant

Energy audit of alumina plant, foundry, steam plant, chemical plant etc.

Mass and heat balance of Bayer's process

Auto Clave Bomb Digesters
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Bottle Precipitator Potentiometric Titrator
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Pilot Plant For alumina

Impact Mill
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Electrolysis process control

Cell monitoring

Energy audit

Process monitoring of aluminium electrolytic cell

Mathematical modelling of process including simulation of aluminium smelter process

Mobile lab for Aluminium Smelter

Bath chemistry simulation




Thermal Camera
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Alloy development
Melt treatment technology & Primary Casting

Defect characterisation

Extrusion Simulation, Friction Stir Welding (FSW)

Universal Testing Machine Induction Furnaces

Scanning Electron Microscope with EDS EBSD
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Roughness Meter Extrusion Simulation




arch Facilities with List of Equipr

Bauxite Division

Wet Chemical Lab (WCL)

X-Ray Diffraction (XRD)

X-Ray Fluorescence Spectrometer (XRF)

Glow Discharge Spectrometer (GDS)
Inductively Coupled Plasma Spectrometer (ICP)
lon Analyser

TLC Sample Spot Applicator

Optical Scanning Densitometer

Petrological Microscope

High temperature sintering furnace

Lab flotation machine

Hydrocyclone test rig

Granulating instrument

Rotary furnace

Wet High Intensity Magnetic Separator

Size reduction and sample preparation
equipment

Laboratory Ferrous Wheel Separator
Rotap Sieve Shaker

Universal Impact Mill

Downstream Division

100 kN Universal Testing Machine

Scanning Electron Microscope with EDS & EBSD
Vicker's hardness Tester

Induction Melting Furnace

Metallurgical Microscope with image analyzer
Resistivity / High Precision Micro Ohm Meter
Digital Rockwell Hardness Tester

Brinell Hardness Tester

Ultrasonic flaw detector

Electro polishing machine

Heat treatment furnaces

Conductivity meter

Roughness meter

Milling machine

Hyperextrude software

Extrusion modeling and simulation

e Large Scale Alumina Laboratory

e Laboratory autoclaves, 5 & 10 Litre capacity
* Bomb Digesters

e Total Organic Control (TOC)

e Low Temperature bath equipment

e Equipment for Precipitation Tests

e Angle of repose apparatus

® Brick making unit

e Potentiometric Titrator

Alumina Division

&Mathematical Modeling /
Glminium Electrolysis Divism

e Laser Particle Size analyser

o Specific Surface Area analyser

* Mercury Intrusion Porosimeter

e Helium Pycnometer

® Thermal Analysis System, (TG & DSC)

= Specific Electrical Resistance (Anode)
&Mettler Softening Point Equipment

* |[nfra Red Thermography

® Three Axis Magnetometer, Gauss meter

e Computer controlled Potentiostat /
Galvanostat

e Thermal Conductivity Meter

e Photoacoustic Spectrometer (PFC
measuring Instrument)

¢ MOBILE VAN for onsite measurement and
studies, fitted with

* Data Acquisition and Processing System

e Heat Flux Meter

e Liquidus temperature measuring kit

\Laboratory Mixing and Kneading Machine
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i ecnnological services =

The Centre has offered technological services to outside agencies by utilizing its expertise and

analytical facilities. Some of the technological services offered include:

Beneficiation and up gradation of bauxites / laterites
Characterization and technological evaluation of bauxites / laterites
Process monitoring of aluminium electrolysis cell

Characterization of 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 madelling
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jjects Completedin 2015-16 & 2§

Setting up of mini-pilot plant for red mud based light weight foamed bricks for NALCO

et 73 NALCO

FOAMED BLOCKS
FROM RED MUD

Foam Brick

Dr Anup K Pujari Secretary, Ministry of Mines inspecting Foam Brick Plant

Under the seven nations Asia Pacific Partnership on Clean Development and Climate (AP-7)
JNARDDC, as the nodal agency from India successfully completed the project entitled
“Management of bauxite residue / red mud” in Nov. 2009. The Centre developed a bench scale
process for Development of Glass Ceramics and light weight aggregates- Foam Products by
utilizing red mud an industrial waste funded by NALCO. The Centre along with NALCO has already
filed joint patent for the above two innovative process.

With a view to scale up the activity to the next level and attract prospective entrepreneurs,
JNARDDC set up the Mini pilot /demo plant at NRTC, NALCO.
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Analysis of impurities (Fe, Si, Ca etc.) in alumina and aluminate liquor
using hand-held spectrometer

et 7B NALCO

The Centre developed an in-situ quantitative analytical tool using hand held spectrometer which
shall assist in spot determination of decisive inorganic impurity elements such as Fe, Si and Ca in
alumina and aluminate liquor.

The real samples tested for quality assessment in the industrial laboratories are generally
considered as a pool of elements of higher and lower concentration range varying from
micrograms to milligrams. Depending on the nature of sample matrix and components of
analytical interests, the analytical procedures and sample preparation steps varies. In general, the
analytical emphasis would be in the precise determination of trace elements (impurity elements)
which are present among a wide range of major components. The analytical accuracy and
reproducibility in the determination of elements in low concentration range is a relentless

challenge for applied chemists.
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Considering this, the Centre has developed in-situ quantitative analytical tools which use portable
visible spectrophotometer for the rapid and cost effective determination of decisive inorganic
elements such as Fe, Si and Ca in alumina hydrate (product hydrate), calcined alumina and process
liquor samples. These elements are impurities and have detrimental impacts on various stages of
alumina production at Bayer plants. The colourimetric procedures developed were calibrated and
successfully used for the termination of Fe, Si and Ca in microgram concentrations present in
alumina hydrate (product hydrate), calcined alumina and process liquor of plant origin.

During the course of R&D endeavor, a selective dissolution procedure was developed for rapid
determination of Fe in alumina hydrate, at room temperature (18-300C). Also, alkali digestion of
alumina hydrate also developed for determination of Si. A typical composition of sample and flux
ratio is identified for preparation of calcined alumina for pH specific colourimetric determination
of Ca.

The complementary analytical procedures developed were demonstrated at NALCO’s refinery
laboratory and adequate training was imparted to NALCO personal for analysis of impurity
elements in real samples as well as NALCO’s R&D needs. In order to protect the IPR rights, two

patents are filed on the determination of iron and calcium.
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Up gradation & utilisation of laterite of east- and west coast deposits

Ministry of Mines J

CGovermment of India

{
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Sample Collection from mines

Under this project, Centre undertook detailed study of various techniques for beneficiation and
optimization of different process parameters for reduction of iron, silica content as well as
increase alumina in the laterite.

The Centre has undertaken the various lab experiments for separation of silica and iron content

on east and west coast laterite. The experiments were carried out under various parameters such

as grain size, time, magnetic intensity, reagents, pressure, etc.

Among beneficiation techniques employed, hydrocyclone, magnetic separation and flotation
techniques were found to be most effective. Reduction of iron content by 25-35 % and silica
content by almost 15 %could be achieved. The beneficiation studies indicate that iron content can
be reduced substantially from ferruginous laterite which shall lead to increase in alumina

percentage.

JNARDDC has suggested the optimized process parameters for up gradation of laterite in the
report. This can be blended with good quality bauxite for alumina production. As a result, the life
of mines as well as supply position of low grade raw material may appreciable increase thereby

leading to optimum utilization of laterite which is lying as a waste at mine site.
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Study on scale formation in bfecipitaﬁan tank based
on the operating parameters to optimize the uptime of tanks at Alumina Refinery plant

et 72 NALCO

Thermal Mapping

Heat Flow Meter and Thermal Camera used for study

A detailed study of scale formation in terms of rate of formation of scales on different
precipitation tanks in the series of a stream and to develop a method for estimation of scale
thickness in precipitation tanks without using sophisticated instruments was undertaken.
Characterization work of precipitation tank scale was also completed. The project recommended
the priority basis of maintenance schedule by estimation of scaling thickness in precipitation tanks
which will lead to energy savings.

Five set of plant measurements (heat flux, thermograph, air velocity) were done. Equation was
developed for estimating the scale thickness in the precipitation on the basis of plant
measurement. Chemical, DSC analysis and thermal conductivity measurements were also carried
out for scale samples. The findings of the project will assist NALCO in increasing the uptime of the
precipitators.
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Development of Ceramic Proppant form PLK and Fly Ash at Laboratory Scale

Raw and sintered granules

Under this project the Centre developed ceramic proppant from PLK and fly ash which can be used
in oil and gas industries. In comparison to high grade bauxite partially lateritised khondalite (PLK)

and fly ash is cheaper and readily available.

Successful completion of the project has resulted in development of proppant for utilization in oil
exploration industry. This is a significant achievement will open new horizons for the disposal and

effective usage of reject/waste material (PLK & Fly Ash).
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Development of a process for
detoxification of SPL 1st cut for recovery of mineral values (Carbon, Soda etc)

1 %vedanta

The project developed an economically viable heat treatment process for destruction of toxic
cyanide present in SPL and also recovered the mineral values such as carbon, sodium and fluoride
for effective use of industrial waste.

This project work achieved destruction of leachable cyanide present in spent pot lining (SPL)
materials (carbon portion). Detailed experiments were carried out for destruction of leachable
and insoluble cyanides using selective heat treatment methods and the experimental conditions
were optimized.

The process steps involved heat treatment of SPL followed by recovery of sodium and fluorine. It
was noticed that the cyanide free carbon, obtained from SPL could be used as a fuel in boiler, fuel
as well as mineralizer for cement industries, recycling into anode, or recycling into ramming pastes
based on the quality of carbon residue obtained after treatment. The recovered sodium is useful
in the Bayer alumina refinery. During the recovery process there was no impurity buildup in the
carbon residue and they possess higher gross calorific value (GCV) compared to original SPL
sample.

The hazardous elements in treated SPL are much below the permissible limits given by CPCB.

Jaw Crusher

Size fraction selected for study
-1.0mm + 0.5 mm, ~50kg







