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OVERVIEW of CSIR-NML

The foundation stone for the National Metallurgical Laboratory was laid by

the Hon'ble Sri C. Rajagopalachari on 215t November, 1946. The laboratory

was formally inaugurated and dedicated to the nation on 26" November,

1950 by Pandit Jawaharlal Nehru A iarspirit of hope and faithinthef ut ur e o
NML was born out of the visionary efforts of Sir Shanti Swaroop Bhatnagar,

who envisioned a network of research institutions across India to drive
progress in science and technology.

Since its inception, CSIR-NML has played a significant role in India's
industrial revolution, especially in mineral processing, iron and steel making,
ferroalloys, and non-ferrous metal extraction, notably magnesium. In the
early 1970s, the laboratory established A s i &a@est creep testing facility,
which today continues to be the second largest in the continent. CSIR-NML
continues to play a vital role in the quest of the country towards scientific
and technological leadership and providing scientific solutions to the
industries in the areas of minerals, metals, and materials.

Over the decades, CSIR-NML has evolved into a multidisciplinary research
institution, with expertise spanning mineral beneficiation, extractive
metallurgy, indigenous alloy development, corrosion studies, refractories,
physical and mathematical modeling of metallurgical processes, advanced
materials, structural integrity assessment, and sustainable metallurgical
practices.

Beyond industrial research, CSIR-NML is also engaged in outreach activities
aimed at raising public awareness on health, environmental sustainability,
rural technologies, and development issues.

Backed by a team of highly skilled and dedicated professionals, along with
state-of-the-art facilities, CSIR-NML remains steadfast in its mission to
address global challenges and support India's journey toward scientific and
technological excellence.

Vision

To be a nationally relevant, globally benchmarked and self-sustained technology &
innovation center in Minerals, Metals and Materials Engineering.

Mission

To develop technologies that meet the need of the country, provide sustainable
solutions to Industry and add value to our society through dissemination of
knowledge, skill building and developing entrepreneurship




This page is intentionally left blank



FOREWORD

Equipment facilities, manpower and organizational processes
are important knowledge assets which build a strong foundation
for a R&D organization. One can draw a similarity by stating
that manpower and organizational processes are the software
and firmware, whereas equipment facility is the hardware for a

research organization.

This brochure showcases the cutting-edge research & testing
facilities available at CSIR National Metallurgical Laboratory
(NML). The facilities presented in this brochure support precise
scientific experimentation, mineral and material processing,
comprehensive characterization, and evaluation across a wide
range of applications. They also contribute to the advancement
of materials technology.

Professionals and researchers in the minerals, materials, and
metallurgical sectors are encouraged to explore and utilize the
capabilities presented in this brochure to further their work
through CSIR-N ML @éesources.
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Ash Fusion Temperature Determinator

Research Area: Chemical/Coal Analysis

Ash fusion temperatures are a critical Equipment Information
quality control parameter in predicting the

performance of coal, evaluating the

tendency of coal to slag, and controlling the A Model & Make: AF 700,

melting temperature and behavior of mold

powder in steel-casting production. Leco, USA

The AF700 Ash Fusion Determinator A Year of Installation: 2013
automatically monitors ash cone
deformation temperatures. It determines
the ash fusibility temperatures (IT, ST, HT, A Sample: Ash (1 gm in
and FT) using the software's Image
Recognition Functions (IRF).

A complete image history for all analyzed
samples can be digitally archived and
retrieved to make objective determinations
and confirmations of deformation
temperatures.

A Application: Coal analysis

powder form)



Low -Temperature Gray -King (LTGK)

Research Area: Chemical/Coal Analysis

The Low-Temperature Gray-King (LTGK) Equipment Information
analysis of coal is a crucial test used to
evaluate its coking and carbonization
properties. This analysis helps determine .
how coal behaves when subjected to low- A Year of Installation: 2016
temperature carbonization, typically around A Application: Coal analysis
600AC, and is widely used to assess its
suitability for coke production. The process
involves heating a carefully prepared coal
sample in a silica retort under controlled
conditions, during which volatile matter is
driven off, leaving behind a solid coke
residue. The test measures several key
parameters, including the percentage of
coke residue, the degree of swelling or
contraction, porosity, and texture

A Sample: Coal Powder



Crucible Swelling Index

Research Area: Chemical/Coal Analysis

The Crucible Swelling Index (CSI) is a key
test used to evaluate the swelling
properties of coal when heated, providing
crucial insight into its coking potential. This
test involves heating a finely ground 1-gram
coal sample in a silica crucible at
approximately 820AC, during which the coal
decomposes, releasing volatile matter and
forming a plastic mass that later solidifies
into a coke button. The degree of swelling
is then compared to a standard reference
scale ranging from 0 to 9, where 0 indicates
no swelling and 9 represents extreme
expansion. Coals with low CSI values (07 1)
are classified as non-coking, those with
moderate values (2i4) are suitable for
blending in metallurgical coke production,
while high CSI coals (51 9) are ideal for
producing strong metallurgical coke.

SWELLIN
T APPA

Equipment Information

A Year of Installation: 2016
A Application: Coal analysis

A Sample: Coal powder



Bomb Calorimeter

Research Area: Chemical/Coal Analysis
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A bomb calorimeter is used to determine the Equipment Information

calorific value of fuels. A known amount of

the fuels (coal, petroleum products) is burnt

inside a stainless-steel bomb in a water A Model & Make: 6400, Parr,

bucket containing a known volume of water

in excess oxygen. The heat produced by the USA

combustion raises the temperature of the A Year of Installation: 2019

water, which is used to calculate the calorific . .

value of the fuel. A Application: Coal analysis

A Resolution and Range:
100-10000 Cal/g

A Sample: Solids (1 gm in

powder form)



Sulphur Analyzer for Coal

Research Area: Chemical/Coal Analysis

N | [
—
ASTM D4239-18

Sulfur analyzer is used to determine total
sulfur content in coal. Coal is burnt in
presence of excess oxygen and the SO,
gas produced is analyzed using IR
detector. The analysis is fast with each
sample taking 3 min approximately.

Equipment Information

A Model & Make: S-144DR
Dual Leco, USA

A Year of Installation: 2013

A Application: Coal analysis

A Sample: Solids (1 gmin

powder form)



Proximate Analyzer for Coal

Research Area: Chemical/Coal Analysis

Proximate analyzer is used for proximate Equipment Information

analysis of coal. The instrument

determines the moisture, Ash, Volatile

Matter, and loss on ignition content of coal A Model & Make: TGA701

by measuring the weight loss at different

temperatures in controlled environment. I e L

19 samples can be analyzed A Year of Installation: 2019

simultaneously in selectable Nitrogen, S :

Oxygen or Air atmosphere. A Application: Coal analysis
A Sample: Solids (1 gm in

powder form)



CRI-CSR Analyzer for Coal

The equipment measures (i) Coke
Reactivity Index (CRI) and (ii) Coke
Strength after Reaction (CSR), indicative
of the performance of coke in the Blast
furnace. 200 g of sample is heated with
CO, at 1100AC in a retort, followed by
tumbling. The percentage of mass loss
gives CRI, and the percentage of + 10 mm
particles retained by tumbling gives CSR
as per ASTM protocol. The data is useful
in determining coal quality for blast furnace
applications.




Mercury Analyzer for Coal

Research Area: Chemical/Coal Analysis

The Direct Mercury Analyzer (DMA) is an Equipment Information
advanced instrument designed for the
precise measurement of mercury (Hg) in
solid, liquid, and gaseous samples without
the need for complex chemical preparation.
This technique is based on thermal Milestone, USA
decomposition, gold amalgamation, and .
atomic absorption spectrometry (AAS). The A Year of Installation: 2022
sample is first heated in an oxygen-rich A Application: Hg analysis in
environment, releasing mercury vapor. The
vapor is then captured by a gold
amalgamation trap, which concentrates the samples

mercury before it is thermally desorbed and A sample: Solid & Liquid
analyzed using atomic absorption :
spectroscopy

A Model & Make: DMA-80 evo

geological and environmental



C H N Analyzer for Coal

Research Area: Coal Analysis

CHN analyzer is used for the 6 Ul t i mat

anal yd icaald The instrument works
according to the principle of catalytic tube
combustion in an oxygenated atmosphere
and high temperatures. The combustion
gases are freed from foreign gases (for
instance, volatile halogen). The desired
measuring components are separated from
each other with the help of specific
adsorption columns and determined in
succession with a thermal conductivity
detector (TCD). Helium (He) serves as a
flushing and carrier gas. Some useful

111IIIIIH
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Eequipment Information

A Model & Make: CHN 628,
Leco, USA

A Year of Installation: 2016

A Application: Coal analysis

A Sample: Ash (1 gmin

powder form)

applications include the 6 Ul t iamaatl ey s'i_ s O

of coal, determining the elemental
composition of organic compounds to
determine molecular formulas, etc.



Inductively Couple Plasma Optical

Emission Spectrometer (ICP -OES)

Research Area: Chemical Analysis

The iCAP7600 series of ICP OES is a Equipment Information
powerful dual-view spectrometer, which is

used for the analysis of trace, minor & major A Model & Make: iCAP7600/
elements present in aqueous samples like

Water, wastewater, leachate, etc. Analysis of Thermo Fisher Scientific
Mineral, Ores, Metals, Steel, and other Alloy Ltd.
samples can also be done after their digestion _

A Application: Elemental
parameters in aqueous
sample

A Resolution and Range:
0.01 to 20 mg/L

A Sample: Solid and Liquid

10



Atomic Absorption Spectroscopy (AAS)

Research Area: Chemical Analysis

Atomic Absorption Spectroscopy (AAS)
detects elements in either liquid or solid
samples through the application of
characteristics wavelength of
electromagnetic radiation from the light
source. Individual elements will absorb
wavelengths differently and this absorbance
are measured against standards.

11

Equipment Information

A Model & Make: iCE 3000
Series / Thermo Fisher

A Year of Installation: 2010

A Application: Detection and
measurement of the
concentration of elemental
parameters in solution

A Resolution and Range: 0.01
ppm to 1%

A sample: Solids and Liquids



O,/N, Analyzer in Metals

Research Area: Analytical Chemistry

¥

Elemental Analyzer is designed for Equipment Information
wide-range measurement of oxygen,
nitrogen content in steel and other
metal. ferrous and nonferrous alloys

using the inert gas fusion technique. & Model No.-632-200-400

A Model & Make: LECO ON 836

This instrument has Automation and A .
Cornerstone brand  touch-screen Year of Installation: 2021

software together to streamline the = A Application: Measurement of
analysis, while a robust design ensures

reliability. Oxygen & Nitrogen content of

Inorganic materials
A Resolution and Range: O = 0.5
ppm - 5% & N = 0.5 ppm - 3%
A Sample: Pin/turning

12



Inductively Coupled Plasma Mass

Spectrometer (ICP -MS)

Research Area: Chemical analysis

-~

ICP-MS is a top-tier elemental analysis
instrument offering sensitivity and efficiency.
The ICP/MS 7800 features advanced
hardware and delivers high performance, but
its unigue advantage is  workflow
simplification, including simple sample
preparation, method setup, and routine
operation. Sets new standards in elemental

analysis, which simplifies method
development and routine operation. In
helium collision mode, polyatomic

interference is reversed, enabling the
analysis of elements from parts per billion to
high parts per million in a single run. HMI or
high matric introduction technology lets your
analysis sample containing up to technology
lets you analyze samples containing up to 3
% TDS without dilution, reducing sample
preparation and saving time.

ICP/MS Features:

Ultra-Sensitive Detection

Fast Data Acquisition

Robust Design

Intuitive Software

Comprehensive Analytical Capabilities
Low Matrix Interference

Mass Range Flexibility
Collision/Reaction Cell Techrlglogy
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Equipment Information

A Model & Make: [ICP-MS],
Agilent 7800

A Year of Installation: 2020

A Application: Environmental
monitoring, food safety,
pharmaceutical analysis,
geological studies, and
materials sciences etc.

A Resolution and Range: 0.1
pg/L to 0.1%

A Sample: Solid and Liquid



Direct Reading Spectrometer (DRS)

Research Area: Analytical Chemistry

Equipment Information

A Model & Make: Q8 Magellan
Bruker GmbH

A Year of Installation: 2009

A Application: Elemental

analysis of all types of
metals

A Resolution and Range: 10
mg/Kg - 99.90 %

A Sample: Disc shape

This equipment determines the concentration of elements present as alloying elements
or as impurities in steel. CSIR-NML has four base calibration Spark spectrometers for
Fe, Ni, Al, and Mg. It works by exciting atoms in a sample with an electric arc or spark,
causing them to emit light at specific wavelengths, which are then analyzed to
determine the sample's elemental composition.

14



H, Analyzer in Metals

Research Area: Analytical Chemistry

Hydrogen Determination by Inert Gas Equipment Information
Fusion Thermal Conductivity Detection

Determine hydrogen content for Steel,

aluminum & other metals sample with the = A Model & Make: LECO
RHEN602. It has . f_urnace opera;ing RHENG602 & 631-100-500
parameters that optimize sample size, _
accuracy, and precision. The RHEN602 | A Yearof Installation: 2021
handles a wide range of metals, especially A Application: Determination of
at low levels (< 2 ppm). Multiple method :
selection are available that assures optimal hydrogen content in Steel,
furnace and analysis settings for each aluminum & other metals
sample matrix. The RHEN602 provides an .

advanced electrode furnace operating | A Resolution and Range: 0.1

system for more detailed temperature ppm to 0.25 %
profiles and complete control of set points :
and ramp rates. A Sample: Pin shape

15



lon Chromatography

Research Area: Analytical Chemistry

Equipment Information

A Model & Make: Metrohm
882

A Year of Installation: 2013

A Application: Analysis of
anions and cations in
water sample

A Resolution and Range:
2 pg/L to 100 mg/L

A Sample: Solid and Water

lon chromatography is used for water analysis. The instrument is able to measure
concentrations of major anions, such as fluoride, chloride, nitrate, nitrite, and sulfate,
as well as major cations such as lithium, sodium, ammonium, potassium, calcium,
and magnesium in the ppb to ppm range. lon chromatography measures
concentrations of ionic species by separating them based on their interaction with a
resin. lonic species separate differently depending on species type and size. Sample
solutions pass through a pressurized chromatographic column where ions are
absorbed by column constituents. As an ion extraction liquid, known as eluent, runs
through the column, the absorbed ions begin separating from the column. The
retention time of different species determines the ionic concentrations in the sample.

16



CS Analyzer

Research Area: Analytical Chemistry

S gy
) A

ELEMENTRAC" C

The elemental analyzer ELEMENTRAC CS-i Equipment Information
measures the Carbon and  Sulfur

concentration in predominantly inorganic

samples through combustion in an induction = A Model & Make: ELTRA CSi

furnace and the subsequent analysis of the
gaseous combustion products carbon
dioxide and sulfur dioxide. The high | A Application: Measurement of
temperature of more than 2000AC ensures
complete decomposition of the sample and
thus reliable and accurate elemental ores, and other inorganic
analysis over a wide concentration range.

A Year of Installation: 2024
Carbon & Sulfur in metals,
materials

A Resolution and Range:

C =0.01-7%, S =0.001-1 %
A Sample: Pin/Turning/Powder

17



Wavelength Dispersive X -ray Fluorescence

Spectrometer (WD -XRF)

Research Area: Analytical Chemistry

Bruker S8 Tiger is a Fully Automated Equipment Information
Sequential WD-XRF for high speed and high

precision Qualitative and Quantitative analysis

of elements ranging from Beryllium to A Model & Make: S8 TIGER &
Uranium, which is used for the analysis of
minor & major elements in geological,
environmental, metal and alloy samples. A Year of Installation: 2012

Bruker Instruments

A Application: Analysis of
elemental parameters

A Resolution and Range:
mg/Kg to % range

A Sample: Solid Powder

18



UV-Vis Spectroscopy

Research Area: Analytical Chemistry

@

L
LABTRONICS
MOOLL L1728

UV-Vis spectroscopy is an analytical Equipment Information
technique that measures the amount of
@screte wavelengths of UV or visible =& noqar o Make: Labtronics, LT-28
light that are absorbed by or

transmitted through a sample in | A Year of Installation: 2024
comparison to a reference or blank
sample. This property is influenced by
the sample composition, potentially bioactive compounds, functional
providing information on what is in the
sample and at what concentration. The
instrument works on the principle of elements etc.
Beer-Lambert law.

A Application: Characterization of
groups, speciation analysis of
A Resolution and Range: 1 pg/L to 1

mg/L

A Sample: Aqueous

19
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Arc Melting Furnace with Suction Casting

Research Area: Alloy Development

Equipment Information

A Model & Make: Arc Melting &
Hind High Vacuum, India.

A Year of Installation: 2010

A Application: Alloy making,

casting

A Resolution and Range: High (~

99 %) purity alloy & inert (argon)

atmosphere; Max. 200 g ferrous

alloy
A Sample: High purity (~ 99 %)

raw materials

Synthesized special grade of alloys (Fe, Ni, Ti, Cu etc.) under inert atmosphere.

Processing rods (~ 1-10 mm diameter & length 100 mm) and sheets (~ 0.5-2 mm
thickness, 10 mm width & length 100 mm).

Single-step processing method with the consequence of melting of materials and its
suction casting inside a copper mould.

20



Vacuum Melt Spinning Unit

Research Area: Advanced Materials Processing

tiesdcaa , |
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The melt spinning unit involves a rapid
solidification processing route through the
melt spinning technique for the
preparation of the ribbons directly from
the melt. In this technique, the molten
metal is induction melted and ejected into
a rotating copper wheel. The process can
be carried out in air or an inert
atmosphere. The instrument has the
capability of melting 1 kg of Fe-based
alloy. The process parameters include
nozzle slit geometry, separation of nozzle
slit and copper wheel, wheel speed,
ejection melt temperature and pressure.

21

Equipment Information

Model & Make: Designed by
NML: Fabricated at Vacuum
Techniques, Bangalore

Year of Installation: 2006
Applications: Production of
amorphous and nanostructured
ribbons directly from the melt of
ferrous and non-ferrous alloys.
Input material: Alloy ingots
typically for ferrous alloys with
a diameter of 20 to 25 mm,
height ~ 100 mm, and weight
up to 1 kg of Fe-based alloy
Output material: Ribbons of up
to 25 mm width and 30-50
microns thickness.



Vacuum Oven

Low temperature heating of any metallic
material for the purpose of de-
moisturizing & structural relaxation.

22



Hot Dip Process Simulator (HDPS)

Research Area: Hot Dip Coating, Heat Treatment

The state-of-the-art national facility, HDPS,
can provide a comprehensive solution to
industrial issues. It performs a realistic
simulation of thermal treatment,
galvanizing, galvannealing, and
aluminizing processes for Advanced High
Strength Steels (AHSS). The optimized
process parameters can be directly
transferred to the plant for trial.

(AIAIAIA R
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Equipment Information

A Model & Make: HDPS V1.4 &
Iwatani Surtec

A Year of Installation: 2016

A Application: Gl & GA coatings,
Al-Si-X & ZAM coatings

A Resolution and Range:
Annealing temp: up to 1100AC,
DP: +70 to -60/C,
Bath temp: up to 800AC

A Sample: 130 x 220 x (0.3 to 3)

mm & smaller size

23



RF/DC Magnetron Sputtering System

Research Area: Coating

The magnetron sputtering can be used for
coating single layer and multilayers of
metals, alloys, ceramics, and some high-
temperature polymers such as Teflon, etc. It
IS an atomic deposition PVD process, done
by plasma generation. The unit has the
capability of 1x10® mbar. It has 3
magnetron sources with a substrate holder
having substrate heating and biasing
facilites up to 700AC and 200 V,
respectively.

24

WIULT] TARGET RF s
MAGNETRON EFUTTERNG SYSTEM

Equipment Information

A Model & Make: HHV, Multitarget
RF/DC sputtering unit, SN 2178

A Year of installation: 2008

A Application: Coatings single layer
and multilayer of metals, alloys,
ceramics, and composites

A Resolution & Range:
Temperature: 700AC, Biasing
voltage: 200 V, Pressure: 1x10¢
mbar

A Sample: Flat 1 mm - 80 mm

(square, rectangular, or circular)




Pulsed Plasma lon Nitriding

Research Area: Surface Engineering

Plasma ion nltrldlng (PP'N) is used to Equipment Information
modify the surface of steel components

through a controlled nitrogen diffusion

process to achieve high hardness, A Model & Make: Plasmon 600,
corrosion, fatigue, and wear resistance.
PPIN is a modern and environmentally
clean method of incorporating nitrogen in A Year of Installation: 2009
steel components. This makes it possible to
nitride the steel surfaces even without the
formation of a brittle white layer, thus of steel components
reducing the finishing cost of the
component. By controlling the pulse :
duration and repetition time, arc discharge temperature up to 600AC,
can be effectively suppressed, treatment
temperature can be varied without altering
plasma parameters, and the phase kHz, Voltage: 600 V, Duty Cycle:
constitution of the layer can be altered.
Very complex shapes can be treated
successfully, and the active species can |A Sample: Metal components,
also enter blind holes, producing
completely uniform modified layers on all
parts in a heavily loaded chamber

Milman, Pune

A Applications: Surface modification

A Resolution & Range: Nitriding

Frequency: Variable from 1 to 30

Variable

sheets, etc.
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Electron Beam Evaporation Unit

Research Area: Coating
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Electron beam evaporation is used for
coating single layer and multilayers of
metals, alloys, and ceramics. It is an atomic
deposition PVD process, done by Thermal
evaporation, where the coating material is
melted with the help of an electron beam
gun. The unit has the capability of 1x107
mbar. It has 2 electron guns having 4
crucibles in each. The substrate (on which
coating is required) also has a heating
facility up to 700AC.
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Equipment Information

A Model & Make: HHV, Electron
Beam evaporation unit, SN
2237

A Year of Installation: 2009

A Application: For making thin-
film as well as thick-film
multilayers

A Sample: Flat 5 mmi 150 mm
(square, rectangular, or

circular)



Cyclic Corrosion Test (CCT)

Research Area: Corrosion and Coating

To perform corrosion  studies on
metals/alloys/nonmetallic  materials by
means of recreating/accelerating a variety
of  corrosive climates  within  the
convenience of an enclosed test facility.
Facilitates to create 4 distinct climates as
follows:

1) Salt spray

2) Condensation humidity (wetting)

3) Air drying

4) Controlled humidity

Equipment Information

A Model & Make: CC450ip & M/s
Ascott Analytical Equipment
Limited, Great Britain

A Year of Installation: 2017

A Application: Corrosion test in
different environments

A Resolution and Range: Salt
spray, humidity, and air drying

A Sample: Solid
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Closed Loop Corrosion Test RIG Facility

Research Area: Corrosion Characterization

It can be used to simulate the fluid flow
and to study the corrosion rate of
metals/alloys in the presence of
controlled oxygen dissolved in the fluid.
The corrosion test rig can be
operated/controlled through computer
using dedicated software and test data is
recorded at set intervals.
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Equipment Information

A Model & Make: CSIR NML

A Year of Installation: 2017

A Application: to study the flow-
accelerated corrosion

A Sample: Solid




Salt Spray Test Chamber

Research Area: Surface Engineering

The salt spray test is a standardized test Equipment Information

method used to check the corrosion

resistance of coated samples. Coatings ' A Model & Make : Model S450 Xp,
provide corrosion resistance to metallic parts
made of steel, zamak, or brass. Since
coatings can provide a high corrosion Technology Pvt. Ltd., Bangalore
resistance through the intended life of the .

part in use, it is necessary to check corrosion A Year of Installation: 2010
resistance by other means. Salt spray testis = A Applications: To assess the
an accelerated corrosion test that produces
a corrosive attack on the coated samples in
order to predict their suitability for use as a particular coatings/paints in
protective finish. The appearance of
corrosion products (oxides) is evaluated after
a period of time. Test duration depends on environment
the corrosion resistance of the coating; the
more corrosion-resistant the coating is, the
longer the period in testing without showing /uncoated samples
signs of corrosion.

M/s. Unitron Instrumentation

performance/durability of the

exposure to a corrosive

A Sample: Painted/coated
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QUV Accelerated Weathering Tester

Research Area: Surface Engineering
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QUV Accelerated Weathering testing is a Equipment  Information

laboratory simulation of the damaging forces

of weather for the purposes of predicting the = A Model & Make: QUV /Spray, Q-
relative durability of materials exposed to :

outdoor environments. Racks of samples are Lab Corporation, Cleveland
placed in the QUV chamber. Rain and dew (USA),

systems are simulated by pressurized spray _

and condensation systems, while the A Year of Installation: 2010

damaging effects of Sunlight are simulated A App"cations: To Study the types
by fluorescent UV lamps. The exposure

temperature is automatically controlled. of damage, including colour
C_yclical weather conditions can also be change, gloss loss, chalking,
simulated.

cracking, crazing, hazing,
blistering, embitterment,
strength loss, and oxidation by
sunlight and dew

A Sample: Painted/coated
samples
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Muffle Furnace

Research Area: High -Temperature Corrosion

To perform high temperature corrosion Equipment Information
studies on metals/alloys by means of
creating a  variety of  reactive
atmospheres such as (i) Oxidizing (ii) A Model & Make: CWF 12/23 +
Flue gas within the convenience of an Nanodac PR controller +

enclosed test facility with controlled flow

rate. Removable Inconnel Retort & M/s

Carbolite Gero, UK
A Year of Installation: 2016
A Application: Material evaluation
A Resolution and Range: Up to
1200AC
A Sample: Solid
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Thermo -gravimetric Analyzer + QMS (TGA)

Research Area: High Temperature Oxidation & Corrosion
Characterization

Thermo-Gravimetric Analyzer and Equipment Information
Quadruple Mass Spectrometer will be used

in studying and characterizing the thermal

properties such as mass change, thermal ' A Model & Make: Netzsch STA

decomposition, evolved gas analysis for a

wide variety of samples from minerals to AR P AplitEr = Qs

synthesized metal/metal oxide/ 403D&Netzsch, Germany
polymeric/Organic and inorganic A Year of Installation: 2018
compounds. :

A Application: Life expectancy &
thermal stability of Material

A Resolution and Range: RT to
1600°C (heating rate- 0.001 to
50°C/min)

A Sample: Solid
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High -Temperature Electrochemical Cell

Can be used to examine the corrosion
behaviour of the various metal/alloys and
coatings in high temperature corrosive
environment (especially in molten salt
atmosphere).




High Resolution Confocal Raman

Microscope

Research Area: Materials Characterization

Equipment is equipped with 532 nm and
633 nm lasers. It can directly analyze the
flat metallic surface, thin film, and powder
samples without sample preparation. It
can be wused to monitor the in-situ
corrosion product on the metallic surface
after exposure to a certain environment.
Raman spectra can be recorded at
different locations by selecting the
specific particles/ area through a confocal
microscope, which can help to monitor
different molecular structure formation
and growth.
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Equipment Information

A Model & Make: Alpha 300 &
WITEC

A Year of Installation: 2019

A Application: Characterization of
nanomaterials and composites

A Resolution and Range: Laser
wavelength (532 nm & 633 nm)

A Sample: Solid



3D Optical Surface Metrology

Research Area: Material Characterization

Combines confocal metrology in HD with Equipment Information
interferometry to a versatile dual-core
system. High-performance software, simple :
module selection with one click, and A Model & Make: DCM8 &
confocal scanning without movable parts M/s Leica, UK
with vertical resolution up to 2nm for .
surfaces with sloping areas and intricate A Year of Installation: 2019
structures. Interferometry with a resolution A Application: 3D surface
up to 0.1 mm for even surfaces with I
microstructures. metrology measurement
A Resolution and Range: Up
to 2 nm for intricate
structures and 0.1 mm for
microstructures.

A Sample: Solid
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Electron Spectroscopy for Chemical

Analysis (ESCA)

Research Area: Materials Characterization

Electron  Spectroscopy for  Chemical
Analysis (ESCA) or X-ray Photoelectron
Spectroscopy (XPS) is used to identify the
chemical composition of compounds on the
surface of a sample. It utilizes X Rays
(XPS), Ultraviolet light (UPS), or Auger
electrons (AES) to knock off photoelectrons
from atoms of the sample. The energy
content of these ejected electrons is then
analyzed by a spectrometer to identify the
atomic percent of elements present in the
surface (1 - 10 nm usually) of the sample,
chemical state of the constituent elements,
and valence band structure. XPS
measurements can be carried out using
three different sources: monochromatic Al
K-alpha and non-monochromatic Mg K-
alpha and Ag K-alpha in the temperature
range of 100 i 750 K. Besides, XPS has an
option for the in-situ depth profile
measurement. UPS can be wused to
characterize the valence band of electronic
materials at and below room temperature.
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Equipment Information

A Model & Make: M/s SPECS,
Germany

A Year of Installation: 2009

A Resolution & Range: XPS
energy resolution - 0.85 eV for
Al K-alpha, 1.00 eV for Mg K-
alpha, and 1.4 eV for Ag K-
alpha; Minimum element
detection limit is 0.5 % using
XPS, Energy resolution of UPS
is 131 meV

A Sample: Solid sample up to a
maximum size of 7 mm x 7 mm
and thickness of 5-10 mm.
Material should not have
volatile substances




UV-VIS-NIR Spectrophotometer

Research Area: Materials Characterization

Double monochromator with solid- Equipment Information
state facility. Present equipment,

which is highly sensitive and low- | A Model & Make: LAMBDA 750 &
noise, can give accurate results for

even minimum concentration Perkin Elmer
measurements. To calculate the band A Year of Installation: 2019
gap of semiconductors, oxidation state - -
& concentration of transition metals. A Application: For quantitative

determination, reaction kinetic
study, spectral recording,
reflectance, and transmittance
measurement of solid, liquid, and
gel samples.

A Resolution and Range: 190 - 3300
nm

A Sample: Solid & Liquid
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FT-IR Spectrometer System

Research Area: Surface Engineering

Equipment Information

The instrument is useful in detecting the
chemical bond vibration of organic and
inorganic materials.

Obtained spectra help in identifying the = A Model & Make: NICOLET 5700
chem_ical nature of the b_ont_j and the FTIR Spectroscopy, Thermo
functional group present qualitatively.

Generally operated with KBr palate for = A Resolution & Range: 400-4000
powder samples. With available Smart cmt

accessories, we can record the reflectance

spectra of solid powder, gel, and liquid = A Sample: Solid powder, Liquid &

materials. gel, Paint, emulsion
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Differential Scanning Calorimeter (DSC)

Research Area: Materials Characterization

Differential Scanning Calorimeter (DSC)
measures the amount of energy (heat)
absorbed or released by a sample as it is
heated, cooled, or held at constant
temperature. It also performs precise
temperature measurements. Its power-
compensation technique vyields higher
sensitivity to detect a weak transition. The
system has setups for carrying out
measurements at low and high
temperatures. The temperature ranges
are: (i) High temperature: Room
temperature to 725AC, and (i) Low
temperature: -50AC to 725AC. The
measurements can be carried out in a
controlled atmosphere (Ar, He, N,).

Equipment Information

A Model & Make: Perkin Elmer,
Model-PYRIS Diamond DSC

A Year of Installation: 2008

A Applications: Measurement of
phase transition, activation
energy, kinetics of phase
transformation

A Sample: Metallic Strips:
thickness few microns to 1 mm,
width 2 mm, length 2 mm, few
milligrams. Powders of a few
milligrams
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Magnetic Characterization System for Ribbons

Research Area: Magnetic Materials Characterization

Measurement  Platform  for  the Equipment Information
determination of AC magnetic
characteristics of soft magnetic materials
like soft ribbons & foils.

A Model & Make: HyMAC, METIS

A Year of Installation: 2019

A Application: Soft Magnetic
Measurement System

A Resolution and Range: 1-1000
Hz

A Sample: Ribbon /Foil
(Thickness: 20-50 microns,

width: 5 to 10 mm)
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AC Core -loss Tester

Research Area: Soft Magnetic Materials and
Electromagnetic Cores

Equipment Information

The AC core-loss tester can measure AC
magnetic properties for soft-magnetic
sheets, strips, powder cores. The setup A Model & Make: AMH-200
offers dynamic measurement range
between 10 Hz to 200 kHz. The system KS
comprises Epstein frame measurement A Year of Installation: 2017
for Industrial sheets, single strip tester
and winding based toroidal core
measurements. measurement

A Application: Coreloss

A Frequency: 10 Hz i 200
kHz
A Sensors: Epstein, single

sheet, wound cores
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MagStrics for Pipe Inspection

Research Area: Magnetic materials Characterization
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Rep.Rate: 10Hz
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Frequency: 60KHzZ

The electromagnetic sensing device
generates mechanical waves in pipes and
also picks up reflected signals using
amorphous soft magnetic ribbons as sensor
elements.
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Equipment Information

A Model & Make: MagsStrics,
CSIR-NML & Accelor
Microsystems.

A Year of Installation: 2021

A Application: Detect defects in
the pipe

A Resolution and Range:
Minimum defect size: 0.5 mm

A Sample: Pipe




MagRays to Detect Carburization &

Defective Welds

Research Area: Magnetic Materials Characterization

An electromagnetic sensing device based Equipment Information
on change in impedance in response to

feeble external magnetic field / magnetic
phase. A Model & Make: MagRays,

CSIR-NML & Accelor
Microsystems

A Year of Installation: 2022

A Application: Detect
carburization & defective welds

A Resolution and Range: For
relative response studies

A Sample: Plate, Pipe
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Portable Magnetic Sensing Device ( Magstar)

Research Area: Non -destructive Evaluation
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MagStar is a Magnetic NDE device
developed jointly by M/s Technofour,
Pune, and CSIR-National Metallurgical
Laboratory, Jamshedpur. It measures
Magnetic Hysteresis Loop (MHL) and
Magnetic Barkhausen Emissions (MBE)
using a single magnetizing probe. It has
also the option for measuring MHL and
MBE separately. The device is portable,
light weight and has no-line measurement
facility.
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Equipment Information

A Model & Make: MagStar, CSIR-
NML & Technofour, Pune

A Year of Installation: 2012

A Applications: MagStar sensor is
used for transmitting signals of
a frequency range of 50 mHz to
200 Hz for magnetizing the test
object, as well as receiving
MBE and MHL signals from the
test object

A Sample: Plates: length 100 mm
(min), width 10 mm (min),
thickness 2 mm to 10 mm,
Pipes: length 100 mm, diameter
507 100 mm, Rolls




Magnetic Barkhausen Emission Analyzer

Research Area: Non -destructive Evaluation

The Magnetic Barkhausen emission Equipment Information
(MBE) is measured by the instrument
Rollscan 300, which is a digital

Barkhausen  noise  analyzer.  This A Model & Make: Rollscan - 300
instrument can be used for the ' :

measurement of the Magnetic Barkhausen America, Strentech
Emission (MBE) signal. The effect of A Year of Installation: 2007
residual stress, creep, and fatigue on MBE - : _
signals of ferromagnetic materials can be | A Applications: Magnetic
studied. Barkhausen signal in ferritic
steel, Iron, Cobalt, and nickel.
A Sample: Plates, Pipes, Tubes,
Cylinders. The contact area
required for the probes is 10

mm X 10 mm.
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Contact Angle

Research Area: Surface Wettability and Surface Energy

Sample table horizontally = movable
(magnetic slide system) and adjustable
vertically with precision mechanics.
High-performance 6.5-fold zoom lens
Integrated continuous fine focus and
adjustable observation angle.

Video measuring system with USB 3
camera.

LED lighting with manual and software-
controlled intensity, including automatic
temperature drift compensation.
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Equipment Information

A Model & Make: OCA15EC
& Data Physics
Instruments

A Year of Installation: 2009

A Application: Wetting and
adhesion analysis

A Resolution and Range:
6.5X lens



BET Surface Area and Pore Size Analyzer

Research Area: Surface Engineering
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Equipment Information
Brunauer-Emmett-Teller (BET) surface area aup

and pore size analysis based on the
principle of N, adsorption-desorption method
at liquid nitrogen temperature. A Model & Make: NOVA 4000e,
Present equipment offers determination of Ouantachrome, USA

complete BET analysis includes BET
surface area, mesopore size distribution,

pore volume and average pore diameter. materials, ceramics, catalysts,

A Applications: Minerals, Porous

and adsorbents
A Resolution & Range: Minimum
surface area: 0.01 m?/g and
pore size range: 3.5 to 4000 A
A Sample: Inorganic solid in

powder or granular form
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Air Jet Sieve Shaker

Research Area: Powder metallurgy, Additive manufacturing

Equipment Information

A Model & Make: JS1100 &
Labindia Analytical, India
A Year of Installation: 2025

A Application: Powder processing

A Resolution and Range: 0.3-100
g & powders of size ranging 20-
300 mm.

A sample: Dry metal powders

Sieving gas atomized powders, and separating into different size ranges of 20, 32,
50, 70 & 100 ¢ mas per requirement in additive manufacturing /3-D printing.
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Nano Indentation Unit

Research Area: Materials Evaluation

- :

Equipment Information

This XP naniondenter works in continuous
stiffness measurement (CSM) and control
load mode. Berkovich indenter is mainly
used for the determination of mechanical
properties and elastic-plastic behaviour of
materials. It has nano vision and DCM
attachment, also for related studies. The
Load range in XP and DCM mode is given
below

A Model & Makel: Agilent: MTS
Nanoindenter "XP'

A Application: Nanoindentation is
a method of measurement of
the mechanical properties of a
small volume of material as
Hardness, Young modulus,
Fracture toughness, creep, and
load displacement curve. This is
applicable for the mechanical
properties of surfaces, coatings,
multiphase materials, and
layered materials.

A Resolution & Range: In XP
mode 0-500 millinewton, In
DCM mode 0-100 millinewton

A Sample: Thin-film coatings, Bulk
solid materials
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Vickers Hardness Tester

Research Area: Material Characterization

Equipment Information

A Model & Make: VH-50
MD,Chennai Metco, India

A Year of Installation: 2016

A Application: Material evaluation

A Resolution and Range: +/- 1 to
0.5 HV, 8-2900 HV

A Sample: Flat metallic with
surface finish by 1200 grit SiC

paper

Digital automatic Turret Vickers Hardness tester with touch screen display
Testing load: 1 kgf to 50 kgf

Distance of indenter to outer wall: 160 mm

Max. height of specimen: 180 mm

Testing force application method: Automatic loading and unloading
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Universal Testing Machine

Research Area: Materials Evaluation

=" Equipment Information

A Model & Make: 25KS & Tinius
Olsen, UK

A Year of Installation: 2011

A Application: Evaluation of

mechanical properties

A Resolution and Range: Max. 25

kN loading

Tinlus Olssen

A Sample: Metallic materials

Evaluating mechanical strength and ductility through tensile and compressive testing
of metallic samples.
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Scratch Tester

Research Area: Materials Evaluation

SCRATCH TEST—R‘
TR-101
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The indenter drags on the surface of the Equipment  Information
sample with different loads. By using the
I e T, ST 1A Modsl DLCOM Soacn Teser
indenter is used for the purpose TR-101
A Year of installation: 2006
A Application: For finding the
coefficient of friction and scratch
adhesion of the surface and
coatings.
A Resolution & Range: Load 20-
200 N, 1-20 N
A Sample: Any flat, smooth

surface.
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Pin-on-Disc Wear Tester

Research Area: Tribology

Pin-on-Disc wear tester is used Equipment Information

to study the material loss due

to frictional forces between the = A Model & Make: Wear & Friction Monitor,
two moving bodies in contact. CM-9065, DUCOM, Bangaluru, India

The system is capable of = A Year of Installation: 2008

measuring simultaneously the | A Applications: To evaluate material loss due

friction coefficient and wear to frictional forces

loss with time or sliding ~A Sample Size: 50 mm dia x 6 mm thick Pin
distance under varying load. Size: 2x2 to 4x4 mm?2

The lubricability of the fluid can | A TestLoad: 0.2 Nto2 N

also be evaluated. A Standard: ASTM G 99

A Sample: Samples should be flat, and they
can be Ceramics, Polymers, Metals, and
composites. Samples should not be toxic in
nature and should not generate toxic gases
during analyses. Nuclear materials and
hazardous chemicals will not be used in this
system

53



This page is intentionally left blank



[
GO L

2LaP\ il j L
2%, —~a
280 o pp”
8>
s

Metal
Extraction
and
Recycling

MER



This page is intentionally left blank



350 KVA Vacuum Arc Furnace

Research Area: Melting

The Vacuum Arc Furnace at CSIR-NML with
maximum power of 350 KVA and the facility of
charging raw materials under vacuum. The
desired vacuum level can be maintained at a set
point in the range of 10 millibars to 900 millibars.
This facility provides the necessary energy
required for the reduction reactions up to a
temperature of 1600e CThe metallic component
present in the ore, which can be evaporated and
condensed, under the same reduction condition,
can be separately recovered in a condenser
connected with this furnace through a port. The
quantity of raw material can be charged in the
range of 200 i 400 kg depending upon the
requirements. The slag and/or valuable by-
products generated during the reduction reaction
can also be tapped from the in-built tap hole at the
end of the campaign. The unit is specially
developed depending on the input materials and
product requirements.

Equipment Information

A MOC: Mild steel with
refractory lining

A Capacity: 200- 400 kg/batch

AMax Temperature:

A Vacuum Pressure: 10 - 900
mbar

A Applications: Melting at high
temperature and negative
pressure

A Sample: Lump ore

Sponge Magnesium from the dolomite/calcined dolomite can be produced at a pilot
scale of 300 kg. The same facility is also tested for ferrochrome slag processing to
produce the magnesium aluminate spinel refractory and high carbon ferrochrome alloy
at 300-350 kg pilot scale under the feasible thermodynamic conditions.
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Submerged Arc Furnace

Research Area: Process Metallurgy

L
The Battery of Submerged arc furnace at
CSIR-NML consists of 50 kVA, 150 kVA, and
500 kVA units. These facilities are employed to
study smelting reduction behaviour of a variety A Model & Make: Local make,
of raw materials including lean grade ores,
waste materials, ORI, different types of BirleFCO
reductant towards production of a wide A Year of Installation: 1963
spectrum of Ferro alloys namely Ferro
Chromium, Ferro  Manganese, Ferro | A Applications: Smelting
Vanadium, Ferro Phosphorus, Ferro Silicon,
Ferro Molybdenum, Ferro Titanium etc. While
the smaller capacity units are being used to = A Range:Up to 1 Ton
establish the technical feasibility of the
process. The 500 kVA furnace has been
successfully employed for pilot-scale trials to
assess the techno-economic feasibility of a
process. The data generated in these furnaces
is directly used for commercial production.

Equipment Information

Reduction

A Sample: All ferroalloys
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Induction Melting Facilities

Research Area: Process Metallurgy

CSIR-NML has an excellent array of induction
furnaces to produce/ develop specialty alloys.
This array includes air induction furnaces with
5 to 20 Kg capacity and vacuum induction
furnaces with 5 to 40 Kg capacity, equipped
with alloy addition and tapping under vacuum.
These furnaces can be wused for the
development of clean ferrous, non-ferrous,
and intermetallic alloys. The furnaces are
equipped with Optical Emission Spectroscopy
for continuous chemical analysis of samples.
CSIR-NML also has a 15 kW high-frequency
vacuum induction furnace, suitable for
melting/developing of very high purity ferrous
as well as non-ferrous alloys casting under
vacuum.
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Equipment Information

A Model & Make: Inductotherm

A Applications: Alloy
development

A Sample: Ferrous and

Nonferrous alloys




Electroslag Refining Unit (ESR)

Research Area: Process Metallurgy

Equipment Information

A Model & Make: Indigenous
with fully automatic control

DC power source

A Applications: Removal of
non-metallic inclusions and
Sulphur content of alloy

steel and non-ferrous metal.

A Sample: 40 mm diameter
electrode of length ~ 1000-
2000 mm.

Advantages of the ESR Process

A Control of chemical composition and its homogeneity
A Removal of micro- and macro-segregation

A Removal of Sand P to the desired level

A Sound ingot with no porosity, blow hole, pipe, etc.

A Increase of UTS, YS, ductility, and toughness

A Increase in weldability

A Increase in formability

A Control of microstructures

The electroslag refining (ESR) process is used to produce high-quality, clean steel.
The slag is melted up to a temperature of 1700-2000AC by passing current, at which
the consumable electrode is melted into the molten slag. Droplets of molten metal
pass through the slag bath and are collected in a water-cooled mould (steel/
copper). The most remarkable process in metal refining is desulphurization. The
removal of "S" from slag occurs through oxidation of "S" at the interface between
slag and metal bath by atmospheric oxygen. Another important process in
electroslag refining is the purification of the metal from oxygen and non-metallic
inclusions, resulting in low macro-segregation and micro-segregation. This process
is very effective in improving the quality of the steel. It produces metal of desire and
homogeneous structure free from non-metallic inclusions and improved plasticity.
Because of the higher purity and better structure of high-alloyed steels produced by
electroslag refining, their deformability and weldability are also improved.
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Battery Dismantling and Black Mass

Generation Pilot Scale Facility

Research Area: Battery Dismantling
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This is a battery dismantling cum processing Equipment Information
facility which is capable of processing spent

batteries to the tune of 1 ton/day and

generates black mass (< 50 um) devoid of A Model & Make: STAR
copper, aluminium and iron contamination.

This facility is available under HOT mode for EXPORTS

recyclers and entrepreneurs. A Year of Installation: 2023

A Application: Battery
Dismantling for Black
Mass

A Resolution and Range:
< 50 um Particle Size

A Sample: Spent Batteries
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Mixer Settler Unit (MSU)

Research Area: Process Metallurgy

Equipment Information

The mixer settler unit is used for the extraction
and separation, enrichment/ purification of - :
metals from aqueous leach solution using A Applications: Two units of

organic extractants in the continuous mode. different capacities:

The flow of aqueous and organic phases is A Laboratory scale smaller
maintained by the pump as per the capacity: Mixing volume 620
requirement of the process in co- ml and settling volume 860 ml,
current/counter-current direction. Both phases No of stages: 30, Operates at
are mixed in the mixer with adjustable speed | 10 L/h of total liquid flow.
stirrers and then separated in the settler unit |A Pilot scale capacity: Mixing
with picket fences for the distribution of the volume 1000 ml and settling
dispersion over the whole cross-section of the volume 6200 ml, No of stages
settler. The process of metal extraction, 60, It can operate at max 60
scrubbing of impurities, followed by stripping of | L/h of total liquid flow. Itis
loaded metals, is carried out in different stages commonly used for pilot scale
of the mixer settler unit. The regenerated evaluation and demonstration
organic is recycled in the system for the of solvent extraction (SX)
subsequent operation. It can be operated in the process condition. It was
closed loop of the electrolytic cell of 9-10 L lab procured from MEAB

scale or 100 L and 600 L at pilot scale. Metallextraktion AB, Sweden.
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Molten Salt Electrolytic Cell

Research Area: Process Metallurgy

Electrolytic cell are used to extract/ produce
light metals, rare earth metals and able to
produce light metal alloys directly from their
salts. The specific features of electrolytic cell
are cathode and anode at which electro-
chemical reactions occur at high temperatures.
The metal is deposited/ collected at cathode
while anode acts as an inert electrical
conductor. The cell is also used for electro-
refining of an impure metal and produce a high
purity metal at cathode. The fused salt
electrolysis process is conducted at sufficiently
high temperatures so as to keep both the
electrolyte and the metal being produced in the
molten state. The cell is operated in an inert
atmosphere and the metal/ alloys can be
collected continuously or in batch process.
Using this cell light-metals like sodium,
magnesium, aluminum, titanium, rare earths
and alloys like  Aluminum-Magnesium,
Aluminum-Titanium, Aluminum-Lithium, Iron
Neodymium, Magnesium-Cerium, etc can be
produced directly from their salt.
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Equipment Information

A Model & Make: Indigenous.

A Applications: Production of
light metals, rare earths and
light metal alloys directly from
their salt.

A Resolution & Range: 500
ampere electrolytic cell with
DAS facility, Rectifier 600
ampere, AC power source
1000 ampere.

A Sample: Powder salt




High Pressure Reactors

Research Area: Process Metallurgy

Equipment Information

A Applications: Dissolution
and precipitation reactions
at high temperature and

pressure conditions under

different atmosphere

(reducing, oxidizing and
inert).

A Sample: Powder sample

To carryout dissolution and precipitation reactions at high temperature and pressure
conditions, autoclaves of different capacities are available at CSIR-NML. Most of them
are from PARR Instrument Company Ltd. USA and Hoffer, West Germany. The
autoclaves are also suitable for carrying out reaction under reducing, oxidizing and inert
atmosphere. The capacity, MOC and maximum temperature and pressure limits for the
autoclaves are given below.
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High Temperature Softening

Research Area: Process Metallurgy

-Melting (HTSM)

The softening-melting properties of
ferruginous material have an important
influence on the furnace operation, including
pressure drop, distribution of hot ascending
gas, fuel rate, hot metal quantity, etc.
Accordingly, it is desirable to assess the
suitability of the iron-bearing raw material
before its use in the blast furnace. The HTSM
equipment tests the ferruginous raw material
in the laboratory wunder blast furnace
simulated conditions, and the parameters
that can be calculated/ inferred by the test
are softening temperature (Ts), melt down
temperature ™, resistance to gas flow, bed
shrinkage, and % Non-dripped material
(NDM)
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Equipment Information

A Model & Make: Indigenous
Con Com Consultants, Ranchi

A Resolution & Range :

A Operating temperature:
1600AC (Max), Sample bed:
Diameter - 48 mm, Sample
size - 8-10 mm, Weight of
sample - 250 to 300 gms

A Gasinput: Process gas-6 1
pm (30% CO + H, + N,), CO, if
needed, and rest N,

A Gas flow regulation indication -
Mass flow controller Top
Pressure - Up to 2 Kg/cm'

A Sample: Solid materials



High Pressure Autoclave

- 500 Liter

Research Area: Leaching
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The autoclave is designed for high-pressure
leaching operations at optimal temperature
conditions. External heating and cooling
systems are provided to ensure precise
temperature regulation. A heavy-duty motor,
powered by a three-phase electrical supply, is
integrated to enable rotational movement,
promoting uniform mixing and effective
leaching. The autoclaves are suitable for
carrying out reaction under reducing, oxidizing
and inert atmosphere.
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Equipment Information

A MOC: Inner layer of titanium
with stainless steel as outer
layer

A Capacity: 50 - 100 kg/batch

AMaxi mum Temperature:

A Working volume: 400 Liters

A Pressure: 50-100 Bar

A Applications: Dissolution and
precipitation reactions at high
temperature and pressure under
different atmospheres

A Sample: Powder

25



Titanium Autoclave - 30 Liter

Research Area: Leaching
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The autoclave is used for high-pressure
leaching processes at optimal temperatures.
External heating and cooling systems are
integrated to maintain precise temperature
control during operation. The autoclave is
equipped with a heavy-duty motor for
rotation, powered by a three-phase electrical
supply, enabling uniform mixing and efficient
leaching. The capacity, MOC and maximum
temperature and pressure limits for the
autoclaves are given below:
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Equipment Information

A MOC: Titanium vessel with
stainless steel as outer layer

A Capacity: 2-5 kg/batch

AMaxi mum Temperatur

A Working volume: 15-25 Liters

A Pressure: 20-30 Bar

A Applications: Dissolution and
precipitation reactions at high
temperature and pressure
under different atmospheres

A Sample: Powder sample



Leaching Pilot Plant

Research Area: Leaching

The Leaching Pilot Plant is designed for the
hydrometallurgical processing of metal-
bearing materials through  controlled
leaching operations. The plant is equipped
with  reactors and process vessels
constructed from corrosion-resistant
materials, ensuring compatibility with a wide
range of acidic and alkaline leaching
solutions. Heating and agitation systems are
integrated to maintain optimal reaction
conditions and ensure thorough mixing of
the material and leachant. The facility also
includes filtration, solid-liquid separation,
and solution handling units, allowing for
efficient recovery of leach liquor. Precise
process control systems enable monitoring
of temperature, pH, and pressure to ensure
consistent performance. The capacity,
MOC, and maximum temperature and
pressure limits for the leaching plant are
given below:
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Equipment Information

A MOC: Mild steel and
Stainless steel

A Capacity: 100 - 200 kg/batch

A Maximum Temperature: Max.
150eC

A Pressure: Atmosphere

A Applications: Leaching under
different acid media.

A Sample: Powder sample




Attrition Mill

Research Area: Fine Milling/Mechanical Activation

Equipment Information

A Model & Make: PE075

A Year of Installation: 2001

A Applications: fine grinding,
mechanical activation

A Sample: Feed size up to 150

microns

Suitable for fine (wet) grinding of brittle materials like ores, minerals, ceramic raw
materials, slag, fly ash, dyes and chemicals etc. Milling can be carried out at elevated
temperatures (up to 80AC)
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Eccentric Vibration Mill

Research Area: Fine Milling/Mechanical Activation

Eccentric vibrating mill (Model : ESM234-1bs, Equipment Information
Siebtechnik, Germany) is a highly efficient
grinding mill in which comminution is brought
about by impact and abrasive action between = A Model & Make: Model:

grinding bodies and between the grinding
bodies and mill container wall. Accelerated
/efficient grinding in the mill results from the Germany

multl-§X|s V|'bratory movgment of thg mill A Year of Installation: 2006
container (circulatory, elliptical and linear).

The mill is suitable for dry and wet fine = A Applications: High energy
grinding brittle materials of all degree of
hardness, such as ores, low grade hard metal
raw materials, ceramic raw materials, slag, fly | A Sample: Brittle materials up to
ash, dyes and chemicals. The mill can be
used for mechanical activation as well as dry
homogenizing of powders and doping agents.
The maximum feed particle size can be up to
20 mm. Size reduction down to 0-5 micron is
possible. Up to about 1-2 kg material can be
ground per batch

ESM234-1bs, Siebtechnik,

milling

20 mm size
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Rotary Kiln

Research Area: Pyrometallurgy

Equipment Information

Rotary kiln furnace is operating at
1300-1400AC with a throughput of 100
Kg per hour for calcining the different = A Year of Installation: 2005

types of raw materials. A Resolution & Range:

A Kiln Working Temperature: Maximum
1400AC (50% of Kiln Length)

A Burner system: Compressed air-
assisted pressure Jet Burner with
atomizer

A Kiln Dimension: Shell I.D. : 900 mm,
Overall Length: 8800 mm, Rotational
Speed: 0.6 RPM to 2 RPM

A Refractory Lining: 115 mm thick
magnesite refractory brick suitable for
1400AC

A Temperature measurement: At 3
locations along the length using S-
type (Pt-Pt/Rh) thermocouple with
sensors & Transmitter to a Digital
Temperature Indicator
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Down -Draft Sinter Pot

Research Area: Pyrometallurgy

A down-draft sintering pot is used for a Equipment Information
small-scale sintering study of ore fines. It is
cylindrical in shape and made up of a mild
steel plate lined with magnesite ramming :
mass or a suitable refractory capable of A Model & Make: Local vendor
withstanding  both  temperature  and A Year of Installation: 2010
atmosphere of the chamber. It has 380 mm
height and 160 mm diameter with a
capacity of about 10 kg/batch for iron ore 10-12 kg/ batch for iron ore
mix. It has a charging and ignition facility at
the top and the sinter discharge from the
side wall. Five thermocouples at different A Sample: Fines and micro-
heights of the bed provide flame front
movement, and one more for exit gas
temperature measurement. Suction from
the bottom with a measuring facility. It is
facilitated with a digital measuring system
of the inlet air from the top. There is the
provision of oxygen or other gas injection
from the top. It is integrated with a
pelletizer, which  helps in  micro
pelletization of fines prior to sintering.
Pressure drop in the bed is also
measurable by the compound pressure
gauges at the inlet and outlet.

A Resolution & Range: Capacity:

mix

pellets of ores
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Rotary Oxidation Furnace

Research Area: Thermal Oxidation

av

The rotary oxidation furnace is designed for the
thermal oxidation of metal powders and other
materials under controlled temperature and
atmospheric conditions. The furnace operates
on a continuous rotary mechanism, ensuring

uniform heat distribution and consistent
material movement throughout the process. Its
construction includes a zig-zag stainless steel
(SS-310) rotating chamber, supported by a
robust 10 mm thickness (SS) outer shell.
Heating is achieved through externally
mounted electric elements, and temperature
control is maintained through advanced PID
systems. The furnace is equipped with
adjustable speed rotation, allowing precise
control over residence time and material
exposure. It also features an integrated gas
injection and exhaust system to handle
oxidation atmospheres and remove by-
products safely, supported by a fume extraction
unit. The capacity, MOC and maximum
temperature and pressure limits for the rotary
oxidation furnace are given below:
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Equipment Information

A Model and make: VNV Eco
Projects Private Limited

A MOC: Stainless steel

A Capacity: 20 - 40 kg/day

A Maximum Temperature:
Ma x . 1050eC

A Pressure: Atmosphere

A Rotation speed: 0 - 4 RPM

A Lifting & tilting: Hydraulic
jack

A Applications:
Oxidation/roasting at high
temperature under different
atmospheres

A Sample: Powder sample






