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CSIR-NPL: Vision and Mandate

Vision and Mission

“Accurate and precise measurement are essential to
drive the growth engines of Indian Science & Industry

Shri Narendra Modi as it removes chaos and prompts innovations, which
Hon’ble Prime Minister . . .
President, CSIR in turn, would save precious lives, resources and
time....

a) Developing India’s measurement standards that
are internationally accepted and disseminating
the measurement capabilities to industry,

. government, strategic and academia that
underpin the India’s prosperity and quality of life.

o iencra Singh b) Conducting multidisciplinary R&D with a mission

“?25%2{?;5 Charge) Science & to establish the futuristic quantum standards and

(Independent Charge) Earth Sciences upcoming teChnOIOgieS so that India remains on

Vice President CSIR par  with  international =~ measurement
laboratories.

c) Developing sophisticated analytical equipments
(i.e. import substitutes) under “Make in India”
programme to cater the ever increasing demands
of emerging India.

d) Training of young scientists and industry

Dr. N Kalaiselvi personnel in the area of measurements under

Director General, “Skill India” programme.
CSIR and Secretary DSIR

Mandate

CSIR-National Physical Laboratory (NPL-India) is
mandated to be India’s “National Metrology Institute”
(NMI) by the act of Parliament and is the custodian of
“National Standards” with a responsibility of the
Prof. Venugopal Achanta \ } \
Director, CSIR-NPL dissemination of measurements to the needs of the
Country.
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I am delighted to present the Annual Report 2021-22 of the CSIR-National Physical Laboratory
(CSIR-NPL). Despite the fact that the world has faced enormous challenges this year due to
COVID19, CSIR-NPL has continued to carry out the metrological traceability, R&D activities,
promotion of research culture, and societal work through science and technology intervention, skill
development among youth, and knowledge dissemination. Thus, this year has been full of

achievements and milestones for the institute.

The year 2021-22, witnessed the Platinum Jubilee Year celebration of CSIR-NPL between 4™ and 6"
of January 2022. Dr. Jitendra Singh, Hon’ble Minister of State (Independent Charge) of the
Ministry of Science and Technology & Earth Sciences graced the inaugural function and inaugurated
various facilities. Among them are the LED Testing Facility, the responsive website of CSIR-
NPL, the certification process for Indian-made low-volume PM, s samplers and ambient ozone
analysers, calibration facility for infusion pumps as well as released several Bharatiya Nirdeshak
Dravya (BND®) — CRMs to the nation. Hon’ble Minister praised the enormous efforts made by the
Indian scientists for nation-building and appreciated the role of CSIR-NPL as "National Metrology

Institute (NMI)” of India in advancing metrology towards self-reliant India.

“ Platinum jubilee Celebr!
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As the custodian of national measurement standards in the country, CSIR-NPL has pioneered in
setting up and disseminating standards within the country. Further, as an active partner of
Quality Council of India (QCI), Bureau of Indian Standards (BIS), Legal Metrology Department
and their constituents, CSIR-NPL is consistently contributing to the development of quality
infrastructure in the country. During the period 2021-2022, CSIR-NPL has significantly
contributed to the fundamental and distinct thrust areas of Physical Sciences by establishing a
suitable linkage among ‘Academia- R&D laboratories- Industries’ with a focus on sharing of

resources, ideas and expertise.

In 2021-2022, a number of externally funded and in- house projects were undertaken to address
several national issues to support Make-in-India and ‘Self-reliant India (Atmanirbhar Bharat
Abhiyaan)’ missions of the Indian Government to boost the GDP of the country. During the
current period, the laboratory has established several new significant standard facilities for
testing and calibration to address national issues related to health, wealth, energy, and the
environment. In addition, efforts were made to further strengthen the existing facilities like —
establishment of clinical thermometer testing facility at Regional Reference Standard
Laboratories (RRSLs) Varanasi and Ahmedabad, preservation of the original calligraphic copies
of the Constitution of India kept at parliament library, national testing and calibration facility
for LED lighting sources, established a 5 kN fully automatic dead weight force machine, and
established facility for blood pressure device testing/calibration system at RRSLs. Further, many
outstanding researches carried out that are reported in several high impact journals. New
initiatives are taken up to combat Covid-19, like testing facilities for personal protection
equipment (PPE), ventilators, and IR thermal body scanners; covid-19 and respiratory health
implications study based on PM Physico-chemical characteristics over Delhi, and many others.
Efforts were made towards bilateral comparison of 1 Q and 10 kQ standard resistors (BIPM.EM-
K13.a and K13.b) between CSIR-NPL, India and BIPM, France, establishment of DC low
current traceability in the range of 1 pA to 1pA using Ohm’s law method, establishment of clean
air delivery rate test facility for air purifier/cleaner/device. On the R&D and equipment
development front, a 3-D printer for perovskite solar cells, a novel method of water remediation
of organic pollutants and industrial wastes by solution- route processed CZTS nanocrystals, blue
laser induced phosphor coated white light, and lattice and quasiparticle dynamics study of

APCVD grown MoSe, and WSe, monolayer to validate the quality of 2D materials for electronic
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as well as metrological grade, were taken up. Many strategic materials have also been developed
by using bio-waste like pineapple peel derived porous carbon/PANI composite electrode for
asymmetric supercapacitor application, and human hair derived porous carbon/polypyrrole

composite electrode for asymmetric supercapacitor application.

Further, as we all know, energy can be viewed as the currency of any country. Its demand is
always more than its supply. Keeping this in view, CSIR-NPL took an initiative to develop
carbon paper for PEM fuel cell. Further, CSIR-NPL has designed a new technologically
advanced luminescent security ink for bank cheques and passports, established CNT-activated
carbon composites for efficient dye removal, and synthesised CNT sheets by fluidized chemical
vapour deposition. Apart from this, CSIR-NPL has also released four BNDs related to gold and
silver on 4™ January 2022. Additionally, CSIR-NPL has developed a calibration standard for
UV-Vis spectrometers (BND® 2022). Also, CSIR-NPL tested the ultra-precise time traceability

link over a long distance utilizing white rabbit network, new parameter ‘Gain and Linearity’ of

nanovoltmeter from the PJVS system for the precision measurement and traceability, and re-
established the traceability of multi-Junction thermal converter.

Also, CSIR-NPL researchers received distinct honours in the year 2021-2022. The major ones
are Dr. S.S.K. Titus has been elected as the APMP-TCM Chair in November 2021; Dr. Sanjay
Yadav appointed as Member Governing Council, FCRI, Palakkad, Kerala, for two years; Dr.
V.P.S. Awana elected Fellow, Institute of Physics (UK); Dr. Monika J. Kulshesta elected Fellow,
Metrology Society of India; Dr. Govind, elected Senior Member, IEEE, USA; Dr. Sumit Kumar
Mishra elected Fellow of Indian Social Science Academy (ISSA), Allahabad. The institute has

312 publications in SCI journals, 06 patents granted in India, and 04 foreign patents granted.

Apart from being a key research and development institute, CSIR-NPL plays a vibrant role in
Human Resource Development in the areas of Metrology. CSIR-NPL also provides academic
training to students from various educational institutions across the country, specifically in the
research areas of CSIR-NPL. During the period from 1% April, 2021 to 31* March, 2022 a total
of 69 students were trained towards the fulfilment of their academic degree requirements. Also,
30 research fellows (JRFs/SRFs) joined CSIR-NPL and AcSIR Ph.D. Programme, resulting in a
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total strength of 319 Research Fellows (JRFs+SRFs) in CSIR-NPL as on 31.03.2022. The
institute has also conducted 09 training programmes under the Skill Development Programme.

In addition, for any technology development and its successful implementation close association
and interaction among the various stakeholders is required. For this, the laboratory has always
attempted to reach out to existing and prospective collaborators through various forms of
engagements like MoUs, Technical Services Projects, Licensing of Technology/Know-How etc.
with organizations such as Life Force New Delhi, Indian Oil Corporation Limited Mumbai,
Aashvi Technology LLP Ahmedabad, National Council for Cement and Building Materials
(NCB) Ballabgarh, Voltas Limited Faridabad, Nagman Flow-Level Systems and Solutions LLP
Chennai, Global Systems & Technology Kanpur, Life Force New Delhi and many more. | am
confident that such collaborations will yield high-impact technologies and products that will

benefit the masses by improving their quality of life.

For all of the laboratory's achievements, | would like to acknowledge and sincerely thank the
DG-CSIR, CSIR Headquarters, members of the Research Council, and the Management Council
for their continued guidance and support in managing the activities of the laboratory. The
support of various funding agencies and end-users is also highly appreciated. | hope that our
association with all our partners would continue to benefit society and our nation as a whole.
Finally, 1 would like to acknowledge and thank all scientists and other staff members of CSIR-
NPL for their continued dedication, and commitment to the institute’s objectives and goals. | am
confident that as a team, we will continue to pursue scientific excellence with courage, and do

our best to make India proud through Metrology and Research and Development.

(Prof. Venugopal Achanta)
Director CSIR-NPL
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CSIR-NPL: Enabling Quality Infrastructure

List of selected organizations to whom support, advices and apex calibration services are
being provided

Government/Semi-government Organizations

Air Force; Air India; Bharat Electronics; BHEL; Bhilai Steel Plant; Bureau of
Indian Standards; Central Pollution Control Board; Central Power Research
Institute; Central Public Works Department; Railway Information System;
Central Institute of Mining and Fuel Research; Defense Electronics
Applications Laboratory; Delhi Jal Board; Directorate of Border Security
Force; Hindustan Aeronautic Limited; Indian Oil; ISRO Inertial Systems
Unit; Maharashtra State Electricity Board; Micro, Small and Medium
Enterprise Testing Center; NTPC; Nuclear Fuel Complex (DAE); Ordnance
Factory; Rail Coach Factory; FCRI, DRDO, etc.

Industries

ABB India; ACC; AIMIL Ltd.; Alstom India; Ambuja Cement; Binani Cement;
Birla Tyres; Blue Star; Bureau Veritas; Casio India; Crompton Greaves
Limited; Diesel Locomotive Works; Essar Oil Ltd.; Godrej & Boyce Mfg. Co.
Ltd; Havells India; Honda Cars; International Zinc Association; J.K. White
Cement; JK Lakshmi Cement; Kirloskar Brothers; Larsen & Toubro; Maruti
Suzuki; Mysore Paints & Varnish; Philips India; Piramal Healthcare;
Ranbaxy; Rapid Metro Rail Gurgaon; Samsung India; Endress + Hauser
India Pvt. Ltd.; Capital Power, Itron, Padmini VNA Mechatronics etc.

SAARC Nations

Nepal Bureau of Standards & Metrology (MBSM), Nepal; Bangladesh
Standards and Testing Institution (BSTI), Bangladesh; Measurement Units,
Standards and Services Department (MUSSD), Sri Lanka; National Physical
and Standards Laboratory (NPSL), Pakistan; Bhutan Standards Bureau
(BSB), Bhutan; Afghanistan National Standards Authority (ANSA),
Afghanistan; Maldives Standards and Metrology Unit (MSMU), Maldives.




ANNUAL
REPORT
2021-22

Significant Contributions




Established the Clinical Thermometer Testing Facility at RRSLs
Varanasi and Ahmedabad

We have successfully established the Clinical Thermometer testing/calibration facility
at Legal Metrology Department (LMD), Regional Reference Standard Laboratories at
Varanasi and Ahmedabad. The set-ups were developed under the Technical Services
Project entitled, “Development, fabrication and establishment of testing and calibration
facility for clinical thermometers with maximum device at 2 RRSL Labs”, from Legal
Metrology Department. These set-ups are fully capable for testing of clinical glass
thermometers and digital thermometers as per national and internation standard’s
requirements.

Set-up for calibration/testing of Contact Type Clinical Thermometers, designed
and developed by CSIR-NPL

clinical thermometers, maximum type,

P T ———————
Mounting of multiple dwnlgal lhe]mome’ers in liquid l Set-up for calibration/testing of Contact Type Clinical Thermometers ] "? bring the mercury column down, after
temperature bath with sufficient immersion high I

)
Centrifuge for the Mercury based}

Clinical thermometer calibration/testing set-up established at RRSLs

CSIR-NPL temperature and metrology team at RRSL Varanasi to
install and demonstrate the set-up 1




Preservation of the Original Calligraphic Copies of the Constitution of
India kept at Parliament Library

For the preservation original calligraphic copies of the Constitution of India, CSIR-NPL
has successfully established the hermetically sealed glass receptacles in 1994 with the
collaborations from M/s Getty Conservation Institute, USA. The receptacles are
designed to maintain a nitrogen micro-environment of less than 1% oxygen
concentration at 45% relative humidity (RH). Since 1994 these receptacles are kept in a
designated strong room at Parliament Library and the team of CSIR-NPL along with the
Parliament Library has successfully maintained both the receptacles of English and
Hindi version of copies by monitoring the stated parameters and manuscripts are in
very good condition.

Professor Venu Gopal Achanta, Director CSIR-NPL and team have made a visit to
Parliament Library on 01-02-2022 to Review the Preservation of the Original
Constitution of India, maintained by the CSIR-NPL and Parliament Library.

Prof. Venu Gopal Achanta, Director CSIR-NPL and team at Parliament
Library with the receptacles made for the preservation of the
Constitution of India

National Testing and Calibration Facility for LED Lighting Sources

With the advent of energy efficient LED lighting technology, it has led to manifold increase
in the use of LED lights which in turn resulted in the growth of LED lighting industry and
phasing out old thermo-luminescence based lightings at the same time.

A National testing and calibration facility for LED lighting sources has therefore, become
inevitable to establish the unbroken chain of traceability from SI units and pave the way
for raising quality infrastructure in the country for LED lightings. In this direction, the
Optical Radiation Metrology Section has recently completed the installation of two of its
high end major metrology grade systems, C-type Goniophotometer and Optical Radiation




Test Systems in an externally funded project for the measurement, calibration and testing
of various photometric and radiometric parameters to disseminate the scale of radiation.

C-type Goniophotometer Optical Radiation Test System
Svstem

The testing and calibration facility for LED lighting sources being developed at CSIR-NPL

The state of the art facility, once fully equipped, would not only help significantly in
stopping arrival of substandard/hazardous lighting products in market, reducing
international trade barrier, dependence on foreign calibrations and generation of trained
manpower but also would enhance visibility of CSIR-NPL India in the area of LED
metrology among the leading NMIs.

Established a 5 kN Fully Automatic Dead Weight Force Machine

A 5 kN fully automatic dead weight force
machine was established and characterized
for its performance through Infra project for
calibrating force proving instruments from
50 N to 5 kN with the applied force
uncertainty of 0.008% which is shown in
figure. As the performance of a manually
operating 5 kN machine deteriorated very
badly, this new machine was commissioned
so that we can continue to maintain our CMC.
This machine was also inter-compared with
another 50 kN dead weight machine for its
performance which reaffirms its CMC of
0.008% and also builds our confidence to —

fulfill our mandate. 5 kN fully automatic dead weight force

machine established at Force Metrology




Established Facility for Blood Pressure Device’s Testing/Calibration
System at Regional Reference Standard Laboratories

In align with the mandate of the CSIR-NPL we have established the calibration/testing
system for non-invasive blood pressure (NIBP) devices at Regional Reference Standards
Laboratories, which provided the national traceability of non-invasive
sphygmomanometer. This, in turn, has enabled India to develop a mechanism to test
and calibrate the imported and indigenous digital and mechanical blood pressure
measuring devices. Studies about the traceability and regulation of non-invasive
sphygmomanometers were also conducted. This was performed under the project of the
Legal Metrology Department, New Delhi, for the calibration and testing of the non-
invasive blood pressure simulation technique and its metrological traceability while
enhancing capabilities to fulfill the mandate of CSIR-NPL. In order to establish this
system, different designs were proposed, and one final design was fabricated. After the
completion of the fabrication, two systems were delivered to Regional Reference
Standards Laboratories located at Varanasi and Faridabad.

Facility establishment at RRSL, Faridabad Facility establishment at RRSL, Varanasi
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Final assembled system during testing as per OIML R-16




Temperature Dependent Raman Studies on Tm:03 from 80 K to 440 K

The temperature dependent phonon variation investigations revealed the phase
stability as well as the anharmonic behavior of nano-crystalline thulium sesquioxide.
The most intense stretching Fg+Ag; is found to be asymmetric which could be
successfully analyzed with a BWF line shape. The asymmetry parameter showed a
decrease from 80 K to about 200 K after which it increased marginally and therefore
could not be attributed to heating effects alone. The phonon modes demonstrated
softening with an increase in temperature from 80 K up wards along with an increased
line-width which is attributed to the lattice expansion and perturbation of the
Hamiltonian. Three phonon process is found to be contributing majorly to frequency
shift as well as broadening. The total anharmonicity was relatively higher for phonon
modes with higher frequency shifts as a function of temperature.

Normalized Intensity (a.u.)
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Phonon line shape with the increasing temperature. For mode at 393.1 cm™, the
asymmetry, the peak broadening and shift with the temperature can be observed in
the inset

Temperature Dependent Raman and Magnetic Studies on Ndi-
XSI‘anO3

A study was made on the temperature-dependent magnetic transitions correlated to
variations in the phonon modes in Nd14SrxMnO3 (x = 0.4 & 0.5). The phase-separated
nature is manifested through the occurrence of various phases, e.g., spin-glass (SG),
charge order (CO), ferromagnetic (FM), and paramagnetism (PM), as the temperature is
varied from 20 to 300 K. The temperature-dependent Raman measurements revealed
that although the material is structurally stable in the studied temperature range of 80




K - 440 K, noticeable discontinuities in the phonon mode shifts were noticed. These
phonon mode shifts are found to directly correspond to the magnetic transitions. The
change in the frequency of the Raman modes with temperature, which causes the
observed shift, could be attributed to various factors such as lattice expansion,
anharmonic interactions, spin-phonon coupling, electron-phonon interaction, etc. Here,
we have used spin-phonon coupling along with lattice expansion as well as anharmonic
interactions to predict the behavior of modes below the PM-FM transition and lattice
expansion and anharmonic interaction above it. The work is of great significance in
terms of how two structural investigating techniques can be correlated and give the
indication of structural and magnetic behavior of the sample.
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Correlation between two techniques highlighting the transition behaviour using temperature-
dependent Raman and magnetic measurements

Covid-19 Initiatives: Towards the Establishment of Testing Facilities
for Personal Protection Equipment (PPE), Ventilators, and IR Thermal
Body Scanners

The sudden novel COVID-19 outbreak in March 2020 had thrown an unprecedented and
humongous challenge resulting into nationwide lockdowns, health hazards and
precious loss of lives. The main cause for this situation is Corona virus which is
understood to be spreading at a very fast rate in the community.

The efforts of the government policymakers, administrators, police and security
personnel, health and sanitization workers, daily dwellers to maintain the supply of
essential commodities and finally medical doctors and paramedical staffs are
praiseworthy but simultaneously they are under the constant threat of virus infections.
The present work environments have become a higher risk of transmission and
aerosolized transmission. Wearing a mask is an important safeguard to get protection
from sub-micron droplets and microbial particles suspended in air, especially during
COVID-19 contagious environment. These personals providing such dedicated services
deserve appropriate quality Personal Protective Equipment [masks, face shields, gloves,
goggles, gowns, coverall etc.) and life-saving medical devices (ventilators, oxygen
concentrators, IR thermal scanner, etc.) for patient health and safety. The most
prominent symptoms of Corona disease are rising temperature and breathing problems.




For initial screening of fever of the human body, the IR thermal scanners are being used
at airports, shopping malls, offices, etc. The use of ventilators is required for proper
breathing of patients. Therefore, PPE, ventilators and IR thermal scanners are required
for the proper health and safety of all involved as well as patients. Therefore, the
calibration and testing of PPE, ventilators and thermal scanners is not only extremely
essential for the proper functioning of the instruments but also for health and safety
point of view. Keeping in view of the above, CSIR-National Physical Laboratory (CSIR-
NPL), New Delhi, being National Metrology Institute (NMI) of the India initiated to
set up the Testing Facilities at CSIR-NPL for PPEs (i.e. Face Masks, Gloves, Gowns),
Medical Ventilators, IR Thermal Scanner etc. and provide testing & calibration services
for these items. Initially, the feasibility of the project was done through using our own
existing set-ups and resources and later on excel the project after receipt of the fund.
Some of the works done in-house in our Central Workshop are shown below.

(d) Set-up for Water Wave Transmission Rate (WVTR) testing for PPE samples




Particle filtration efficiency test set up,
which can determine efficiency with
0.3% MU. This means the capability
using this system is that we can report
an efficiency up to 99.7% of a mask
with SI traceability in particle size and
flow (mo body in India has such
PMS design and fabrication in our workshop capability for this test)

(g) Fabrication of Spray Head of Impact Penetration set -up

In-house design and development work of some of the PPE and mask testing facilities initiated at
CSIR-NPL in early phase of Covid-19

Bilateral Comparison of 1 Q and 10 kQ Standard Resistors (BIPM.EM-
K13.a and K13.b) between NPL, India and BIPM, France

A comparison of values assigned to 1 () and 10 k() resistance standards was carried out
between the BIPM (Bureau International des Poids et Mesures) and the National
Physical Laboratory, India. Four travelling standards provided by the BIPM were used
for this comparison.

Outcomes: The final expanded uncertainty assigned to the 10 k() travelling standards is
0.15 pQ/Q and to 1 Q travelling standards is 0.85 uQ/Q.




Establishment of DC Low Current Traceability in the Range of 1 pA to
1pA using Ohm’s Law Method

As per the demand from industries (semiconductor and radiation dosimetry
applications) we have initiated traceability route for low current (dc) and charge
measurements. The current measurement range is from 1 pA to 1 uA. The traceability is
established through Ohm’s law by linking the Josephson voltage standard for voltage
measurements and Quantum Hall resistance standards for resistance standards. The
uncertainty for current measurements is 0.5% for 1 pA and 0.8% for the 100 pA.

Covid-19 and Respiratory Health Implications: A Study Based on PM
Physico-chemical Characteristics over Delhi

Respiratory Deposition Dose of PM;s and PMio Before, During and After COVID-19
Lockdown Phases in Megacity-Delhi, India has been studied during evaluation period.
Considerable changes in particulate matter (PM) during COVID-19 lockdown in major
cities around the world demand changes in exposure assessment studies of PM. The
present study shows the variations in respiratory deposition dose (RDD) of both fine
(PM25) and coarse (PM1o) particles before, during and after Covid-19 lockdown phases
at three sites (with different pollution signatures) in Delhi—Alipur, Okhla and Pusa
road. Exposure assessment study showed mean PMzs RDD (+S.D.) (ug/min) for walk
and sit mode during before lockdown (BL) as 2.41(+ 1.20) and 0.84(% 0.42) for Alipur,
2.71(x1.60) and 0.94(% 0.56) for Okhla, and 2.54(* 1.28) and 0.88(* 0.44) for Pusa road,
which decreased drastically during Lockdown 1(L1) as 0.85(* 0.35) and 0.30(* 0.12) for
Alipur, 0.83(+0.33) and 0.29(%£0.11) for Okhla, and 0.68(+ 0.28) and 0.23(%0.10) for
Pusa road, respectively. Significant decrease in RDD concentrations (Both PM2s and
PM10) than that of BL phase have been found during Lockdown 1(L1) phase and other
successive lockdown and unlock phases - Lockdown 2(L2), Lockdown 3(L3), Lockdown
4(L4) and Unlockl (UL1) phases. Changes in RDD values during lockdown phases were
affected by lesser traffic emission, minimized industrial activities, biomass burning
activities, precipitation activities, etc. Seasonal variations of RDD showed Delhites are
found exposed to more fine and coarse particles’ RDD (walk and sit modes) before and
after lockdown, i.e. during normal days than during lockdown phases showing potential
health effects. People in sit condition found less exposed to fine and coarse RDD
comparison to those in walk condition both during normal and lockdown days.

Certification Processes of Indian Make Low Volume PM:s Samplers
and Indian Make Ozone Analyzers with the Minimum Acceptability
Criteria as Recommended by NPLI CS Certification Committee has
been Launched on Jan. 04, 2022, by Hon’ble Minister Dr Jitendra Singh
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Launching of certification of Indian made low volume PM2.5 samplers & Ozone Analvzers

Lunching of Certification process for Indian made low volume PM;s samplers and Ozone
Analyzer by Hon’ble Minister Dr. Jitendra Singh in the presence of Dr. S. C. Mande (DG-
CSIR) & Prof. Venu Gopal Achanta (Director, CSIR-NPL).

Calibration Setup for Infusion Pump Analyzer

Group has designed the calibration setup for infusion pump analyzer as per IS 13450
(Part 2/Sec 24): 2009 equivalent to IEC 60601-2-24 describes a calibration procedure
particularly for the medical electrical infusion pump device. The schematic of the
designed infusion pump analyzer set up is shown in the figure. In a typical calibration
procedure of infusion pump analyzer, the volumetric flow rate is calculated by directly
converting the mass into volume with respect to a reference temperature normally at
200C, as per methodology mentioned in ISO/TR 20461 (determination of uncertainty for
volume measurements by gravimetric method).

Set up for calibration of Infusion Pump Analyzer
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Calibration certificates have been issued for defibrillator analyzer to biomedical testing
laboratories viz. Electronic Test & Development Centre (ETDC) Guwahati, Godrej&
Boyce, Lawkim Motors Group, Mumbai, Maharashtra, Tektronix, Mumbai.

Establishment of Clean Air Delivery Rate Test Facility for Air
Purifier/Cleaner/Device

Clean Air Delivery Rate (CADR), expressed in m3 h-1, is defined as the measure of the
delivery rate of purified air by an air purifier. CADR is calculated by subtracting the
natural decay rate constant from the total decay rate constant and multiplying the
difference by the volume of test chamber, as measured in m3. CADR calculation is
independent of technology used in air purifier for particle removal. However, same
sized particles of different materials may have different density so removal may be
affected, hence in this facility, particle types can be generated, e.g. dust, smoke, salts, etc.
All parameters like, glass room size and volume, material, air handling unit, etc. are as
per IS 17531: 2021. Using this indigenously designed and developed facility, CSIR-NPL
is now providing services to several industries, including MSMEs.

CADR test facilitv at CSIR-NPL

Perovskite Solar Cells Printer

CSIR-NPL has undertaken to develop futuristic flexible perovskite solar cells (PSCs) and
make them commercially viable. In most research laboratories the PSCs are fabricated
by spin coating or thermal evaporation techniques, which not only limits the size of
solar cells but these techniques are also not feasible for large scale production of these
devices on commercial scale. Since PSCs could be solution processed on any substrate,
global efforts are being made to develop them via conventional printing techniques,
which will enable them to produce roll to roll on commercial scale. We have also
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initiated to develop PSCs via conventional printing techniques and for printing of these
solar cells we have in-house designed and developed a printer, which can print the solar
cells in 30 x 30 cm? area. To control the operation of the printer we developed a
LabView program. The printer can print any kind of material from their solutions on
any kind of substrate. The only limitation of this printer is the print size and it can’t
print the metal electrodes. The following figure shows the photograph of the printer.
The computer program is also shown in the photograph along with other components of
the printer.

Photograph of the perovskite solar cell printer, which can print different layers of

perovskite solar cells in 30 x 30 cm? area. The program, which controls the operation of the
printer, is also shown in the laptop.

A Novel Method of Water Remediation of Organic Pollutants and
Industrial Wastes by Solution- Route Processed CZTS Nanocrystals

CZTS (Cu2ZnSnSs4), a P-type semiconductor with a direct bandgap (1.2 - 1.7eV), earth-
abundant, non-toxic, and has a large absorption coefficient makes it extremely useful in
optoelectronics and light-harvesting applications. In this work, CZTS is prepared by an
ingenious, cost-effective colloidal route using the ‘hot-injection’ method with the usage
of different ligands. The XRD and Raman spectroscopy shows the single-phase highly
crystalline CZTS nanoparticles with kesterite structure. The TEM results show that the
size of CZTS nanoparticles is about 2-5 nm and monodispersity is confirmed by DLS
(Dynamic Light Scattering). FTIR confirms the presence of different ligands used in
CZTS preparation. The Uv-vis absorption shows the direct bandgap of 1.5-1.7eV. The
contact angle study shows the hydrophobic nature of as-synthesized CZTS nanoparticles
which were further ligand exchanged with L-cysteine hydrochloride to make it
hydrophilic to study the photocatalytic degradation activity of organic pollutants and
industrial waste in the water. The photocatalysis experiments were performed under
two conditions: (i) Under bare sunlight (Intensity ~ 900W/m?2) (ii) focusing the sample
under the sunlight via converging lens (1800W/m?2). The photocatalytic efficiencies
were then compared and the best photocatalytic efficiency achieved under sunlight was
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98.4% for organic pollutants and 75% for industrial waste via converging lens while the
corresponding efficiencies with bare sunlight were 98.1% and 73% respectively. To the
best of the author’s knowledge, a rapid and highly efficient photocatalysis of CZTS NPs
employing a converging lens for water-remediation without the usage of noble &
transition-metals has been reported for the first time (graphically shown in figure
below).
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Photocatalytic degradation

Efficiency = 98.4% Efficiency = 98.1%
Rate constant = 0.14 min-! Rate constant = 0.04 min-!
Time taken = 30 minutes Time taken = 90 minutes

Graphical abstract showing photocatalysis procedure

Blue Laser Induced Phosphor Coated White light - Future Technology

The blue laser induced white light is a promising candidate to revolutionize the
luminous intensity of the white light by several orders of magnitude as compared with
the existing blue light-emitting diodes based white light. This emerging technology has
an extremely bright future with endless uses of tunable power of the laser that controls
the intensity of the emitted white light for several applications such as head lights in
automobile industries, rail engines, playground and many more.CSIR-NPL has designed
and developed a prototype device based on phosphor-incorporated sapphire disc (PISD)
on excitation by a blue laser diode produces highly-efficient white light. The CSIR-NPL
has developed this prototype under a consultancy project entitled “Development of YAG:
Ce yellow phosphor integrated with blue diode laser to produce white light for a car
headlight application" funded by Fiem Industries Limited, Sonepat- Haryana, India. This
new approach provides a paradigm shift to produce highly-efficient white light based on
PISD integrated with a blue laser diode as compared with the conventional technology.
Recently, Fiem Industries conducted a joint meeting of industries collaborative
discussion (Yamaha, Japan and Fiem) for futuristic lighting systems development and

related demonstration on 13" October 2021 for automobile head lights with leading
international two wheeler company Yamah, Japan at Fiem Industries Limited, Sonepat,
Haryana, India. CSIR-NPL and Fiem Industries limited jointly presented and
demonstrated a prototype based on Laser Assisted Remote Phosphors (LARP) white
light generation for automotive lighting for automobiles. This joint effort is a stepping
stone towards make in India (Vision of Nation) for future technology based on Blue
Laser Induced White light.
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Demonstration of a blue laser induced phosphor coated white light
prototype device developed at CSIR-NPL

Lattice and Quasiparticle Dynamics of APCVD Grown MoSe; Monolayer

Monolayer MoSe: is one of the fascinating 2D structures in TMDs, which has high optical
absorbance, good thermal stability, and exhibits photoluminescence enhancement
compared to its bulk counterpart. For designing optoelectronic and quantum devices,
the optical properties need to be studied. CSIR-NPL have been synthesized monolayer
MoSe: flakes using a lab-built CVD setup and a broad range of shapes including, sharp
triangle, truncated triangle, hexagon, and rough edge circle has been achieved. The
quality of as-grown monolayer MoSe; flakes are analyzed by optical microscopy, Raman
spectroscopy, and photoluminescence (PL) successively. The lattice and quasiparticle
dynamics are examined under different growth conditions using Raman and PL
spectroscopy. This study will be highly suitable to control the optical properties.

Lattice and Quasiparticle Dynamics of APCVD Grown Monolayer MoSe,
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