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(CSIR-CGCRI) was established in 1950 at Kolkata as in the area of glass, ceramics and related materials that + Major Facilities Created
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of Scientific and Industrial Research (CSIR). The benefit for the people of India
institute is a premier R & D organisation dedicated + Staff News
to harnessing S & T capabilities in the field of ¢ X% YHRR
glass, ceramics, fiber optics and photonics, water .
technologies, refractories and allied materials for Appendix
the strategic needs and also for rural and societal
developments of the country. In the emerging VISION + Innovation Indicators: Patents and
technological scenario, these areas are increasingly Publications
becoming important and the institute has been
playing a significant role in the developments relating Enduring innovation in science & technology of .
to these sectors and thereby poised to take on the materials to attain the status of an ultimate centre ¢ Glimpses of Some Important Events &

challenges of the future. of excellence in glass and ceramics technology Activities
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. COD Chemical O Demand cience and lechnology Chairman - Member
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¢ CSIR Coun.cq of Scientific and Indu§tr|al Research o NPOL Naval Physical & Oceanographic Laboratory . Eﬂw a-'-l\_y“ . HI"Q . DPTHI
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e cw Continuous Wave + ONGC Oil and Natural Gas Corporation
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. P . _ &y + PDMS Polydimethylsiloxane Professor, Department of Materials Engineering, Indian Director General, Naval systems and Materials &
¢ DFB-FL - Distributed Feedback - Fiber Laser + PEO Polyethylene Oxide Institute of Science, Bangalore - 560012, India DS, Defence Research & Development Organization,
i . . Visakapatnam 530027, India
¢ bsT Department of Science & Technology ¢ PPCP Polypropylene Copolymer Plastic Iﬂw, g Eﬁﬂﬁ'qﬁ"'[ faum, uRdg fagm S=m™= P
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Organization ) _ SleRStefl, fa=RaTa=4 - 530027, HRd
. EM Electro Magnetic * PZT Lead Zirconate Titanate
i
) ) ) + QCW Quasi Continuous Wave
¢ EMSI Electron Microscope Society of India
o FAU Fauiasit ¢ RI Refractive Index
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) ) ¢ RRCAT Raja Ramanna Centre for Advanced '
¢ FBG Fibre Bragg Grating Technol .
o FBR Focused Basic Research echnofogy Prof. John Philip Prof. Devendra Kumar
¢ RSW Radiation Shielding Window Member  Member
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I Ad
o FIT East Track Tl lati + SERB Science and Engineering Research Board .m- 1N W .;n. WW
ast Track Translation
¢ SERC Structural Engineering Research Centre o o™
* GC-MS Gas Chromatography—Mass Spectrometry DS Total Dissol i Solid g
. otal Dissolved Solids
¢ GDC Gadolinium Doped Ceria o .
¢ GnP Glass nano Particles ¢ TEM Transmission Electron Microscope Professor, Homi Bhabha National Institute and SO/H, Professor, Department of Ceramic Engineering, Indian
o ICP Inductively Counled Pl ¢ TFL Thulium Fibre Laser IGCAR, Kalpakkam — 603102, India Institute of Technology (BHU), Varanasi 221005, India
nductively Coupled Plasma
* TSS Total Suspended Solids MHIR Q'rg}q IR MR, RR1fe Selifafar yrRdta MRt
¢ |IEST Indian Institute of Engineering Science & P y @ﬁ Al R Qﬂ\?rﬁ / W ; ! fav,
Technology + VSSC Vikram Sarabhai Space Centre 3R, dAUdDH - 603 102, HRd IR @W: IRIORT - 221005, YRS
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The R&D efforts of the country are progressively being
oriented to perform in a mission mode. Short duration, high
impact initiatives that are aligned to national needs are being
increasingly patronized and supported. Similarly, multi-
institutional network efforts with stakeholder participation
from the initial stages are becoming increasingly manifest
in India’'s research ecosystem. Theme based projects,
mission projects, industry-sponsored projects and so on are
some of CSIR’s response to this changing milieu. Enhanced
participation in mission initiatives has formed the institute’s
key focus during the current year.

The unique positioning of CSIR-CGCRI in the national
innovation space has made this easy. Optical glasses, fibre
lasers, strategic ceramics, specialty glasses etc. constitute
key domains where the country has been involved in one or
more mission-mode initiatives to circumvent the challenges
of technology denial, import substitution and indigenous
production. Our institute during the current year has taken
up a major facility creation project on development of optical
glasses for the Indian Space Research Organization along
with establishing a facility for induction heating glass melting
for production of Nd-doped phosphate glass. The time bound
development and delivery of radiation shielding glass blocks
of defined specifications using the refractory pot technology
has also been upscaled. Efforts are on to create a niche in the
area of high power fibre lasers for strategic applications with
industries on board. Supply of silicon nitride EM windows
of defined specification has been undertaken and the same
is currently being upscaled with participation of industry.
As a part of CSIR’s 4M Theme, the institute has initiated a
number of focused basic research and niche creating projects
as also fast track translation projects. These initiatives are
expected to consolidate the institute knowledgebase in the
days to come.

Notable in the field of technology transfer has been that
of the licensing of 30W continuous wave thulium laser
technology to industry. New industrial linkages with Tata
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Director’s
Message

Steel in partnership with our sister laboratory CSIR-National
Metallurgical Laboratory has been established to speed up
formulation of joint industrial R&D projects.

Collaboration with academia and research linkages with
other institutions to sharpen knowledgebase and innovation
capability has been given substantial focus. We have
established linkages with ARCI Hyderabad, Indian Institute
of Technology (BHU) and IIEST Shibpur for collaborative
research and student capacity building.

During the period April 2019 and March 2020, our scientists
have published around 160 papers in peer reviewed journals.
Three patents have been filed in India while eight patents
have been granted in both Indian and foreign jurisdictions
namely Korea, China, Turkey, Germany and the European
Union. One major technology has been transferred and seven
students have been awarded with the PhD degrees. Several of
the scientists have received peer recognitions and prestigious
awards. The institute’s continued endeavor to bolster public
connectivity has been highlighted in the major role it has
played during the India International Science Festival 2019
that was held in Kolkata. Open day sessions and programmes
under the CSIR school connect initiative have continued to
attract attention.

Last but not the least, | would like to highlight that CSIR-
CGCRI has left its imprint in the international stage as a true
pioneer of glass and ceramics institutions. It has won the bid
to host the International Congress of Glass for the year 2025
and some important events as a run-up to that.

| am happy to present a compilation and more detailed
account of the aforesaid and other activities in this Annual
Report for 2019-20.
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Executive
Summary

@ Overview

The R&D milieu of the institute during the year 2019-
20 has been dominated with focused efforts to leverage
technological and knowledge capabilities in frontier areas of
glass and ceramics. This has been pursued through theme-
based projects, mission projects, industry-sponsored projects
and also with the expanded stakeholder base covering
many diverse sectors. Along with the traditional domains
of atomic energy and defence, space programmes have
also made significant inroads. Supplemented with this has
been enhanced participation in the sectors of power, steel,
telecommunications, minerals and so on. A key feature of
the efforts has been time bound development and delivery of
products and processes.

" Innovation Indicators

The R&D activities have resulted in publication of around
160 papers in peer reviewed journals, with 03 patents being
filed in India and a total of 09 patents being granted (04 in
India and 05 abroad). One technology has been successfully
transferred to the industry.

F-E Flagship Initiatives

In addition to providing an overview of the entire research
profile of the institute covering all the eleven verticals,
this report also provides a snapshot of some of the flagship
initiatives undertaken during the current year. Among
them are the technologies for refining of Almora magnesite
through fusion in electric-arc furnace and development
of high aggregate alumina from sillimanite beach sand; a
process for tannery waste water treatment using membrane
bioreactor; setting up of induction heating glass melting
facility for production of Nd-doped phosphate glass;
development of new generation nano-metal oxide / graphene
polymer composite materials for use in wearable electronics;
upscaling of refractory crucible technology for making RSW
glass that includes development of 60L refractory crucible
and successive glass melting and development of 60L
scale refractory stirrer; FBG Based Sensor Technologies,
that comprise of two key technologies using optical fiber
Bragg grating based sensors for power plant applications
namely a stator end-wind vibration monitoring system and a
distributed temperature monitoring system for use in Air Pre-
Heater; and also development of fiber Bragg grating based
distributed feedback laser for sensor applications.

@ Mission Projects

As a part of mission mode initiatives two FTT projects are being
pursued. The first is the preparation of synthetic high alumina
aggregate from sillimanite beach sand for refractory application
and the second is the preparation of superior fused magnesia
from impure Indian magnesite for self-sustenance.

In addition, three projects in the category of FBR and NCP
are being pursued. The first is the development of Hydrophobic
Ceramic Hollow Fiber Membrane (HCHFM) for MD-based
Domestic Water Purification System, while the second involves
development of surface modified adsorbents with higher
sorption capacity for specific contaminants removal in water/
industrial wastewater.The third project being taken up involves
development of new generation nano-metal oxide/graphene-
polymer composite materials for use in wearable electronics.

As a part of CSIR Mission a gas sensor has been developed
based on ternary nanocomposites which can detect trace
acetone of exhale breath for monitoring diabetes non-invasively.
A handheld, cost effective breath analyzer has been fabricated
in our laboratory to measure acetone by analyzing exhale breath.

/&\ Human Resource
&-a& Development

In various domains of materials science and engineering, a
total of seven students have been awarded the PhD degree
from different universities. The institute also accommodated a
number of summer interns for providing exposure in R&D work
being undertaken in the institute.

*7%) New
°%*  Projects

A total of 20 new projects were initiated in the institute during
the period of report that covered the broad domains of sensors,
fibre optics, refractories, glass & specialty glass, energy storage
and efficiency, water purification, advanced materials application,
skill development, healthcare and industrial process optimization.

Social Connect
Programmes

The social connect programmes of the institute continued to
be spearheaded by the Outreach Centres through various skill
development and rural capacity building initiatives. Centralized
testing and characterization services provided by the institute
has also enabled access to such facilities by a cross section of
government and industrial customers. As a part of the CSIR school
outreach programme Jigyasa, around 250 students were exposed
to the institutional activities.

-

a1 ufdae 2019-20

™

Collaboration

Academic linkages through MoUs were finalized with
ARCI, Hyderabad, IIT(BHU), Varanasi, IIEST, Shibpurand
NIT, Jamshedpur. Industrial participatory linkages for
technology and knowledge development were inked with
BioradMedysis, Tata Steel and ONGC. A bilateral seminar
on refractory was organized with the Wuhan University
of Science and Technology as a part of the institute’s
international programmes. Seventeen participants from
China and eight from India took part in the programme. With
a focus to expand international linkages, a brainstorming
session was also held with a visiting delegation from Taiwan
to explore possibilities of joint R&D.

Awards, Accolades
and Mobility

A number of scientists and students received peer
recognitions and various awards. Research visits have also
been undertaken by the scientists to Italy, USA, Mexico,
Germany and Taiwan. The institute has also been chosen
to host the International Glass Congress in the year 2025
through an international selection process.

Many new facilities were added that included among others
induction glass melting facility, biomaterials synthesis lab,
facility for glass melting using higher capacity refractory
crucible, femtosecond pulsed laser inscription system,
non-contact profilometer, laser assisted ultra-precision
machining facility, membrane distillation set up and so on.

O Miscellaneous

The total number of human resources stood at 291
during the closing of the report period. 18 staff members
superannuated during the report period. 5 individuals have
been transferred to the institute while 2 were transferred
out.
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R&D Profile
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The R&D profile of CSIR-
CGCRI is spread across eleven
interconnected research
verticals
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GOOD HEALTH 1 3 CLIMATE
AND WELL-BEING ACTION
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Mirror Finished Pair of

Surface roughness
Tungsten Carbide (WC) Moulds { <5 nm) for WC mould
Fabricated at CSIR-CGCRI measured at CSIR-CGCRI
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Tfafafy 10 . 3R 60 . WREET Rbaed § Agayyl gl
SIHH R BT T o fUrae & AUES! &I e
FRb 10 it Robac HRIaa Hf SIRUTS Y 7 (RR 3R Tgad-
RRR) faafra fovan w1 51 FRIT @Iy arel Td s areh
B T BT DI T 3R Ribaed pRaa & S ot upfa
F SMYR WR fEomed 31 72 2Rt Ig a1 T § o ey siet o
FHREa, sHfiwad 06 ige faeam & HiREa & fad ot /R
g1 Hgaqul 511 &1 FReron i fam foan o war 51 gTaiifes
TR 1 T[UI 6 8 b JHAT & | 39 fausid, Wiz aroit
& PRI A QIY-Tad Bid ! [Urad] U &1, gl bad Uh
frgam &Y b1 T ugd fobar S Tepar Tl IWIad AMISST BT
3G aaA B W W B

U U5 & U 3 YR & ¥U H, Hid & Uge § Wexh =
Y fawlid 60 T Ribacs BRI & T el S A IS
ST g, SN 3 I & W1y WreieRt & ufanferd 81 S dRg & &
DREd B AT foar a1 § SR 9 aIEE R 72% 4 3%
HASC BB HH HRIGIARC 3R HRSH IRUI & Gy AT
81 39 $Red & W HMOR T 1500°C W F&a feu e
T % feTT 1250°C TR AU 146 kg/cm? UTd {1 ST 8 1 34
HRIEA | IAEd TN 420 x 260 x 98.4, 185 x 132 x 20, 185
x 134 x 21 3R 300 x 155 x 50 mm? & H & 9gd &4 sl
3R Tug SRl & Try ufkguf 3| degensiR-Weidlemang

Stainless steel mould

o I Uierur oo T § SiR et aifesa Tufal &1 srurer
a1 T 81 SWRIed B &1 Th 3faled ged 60L W
fifhaest WrRR &1 fasr™ oT1 T 2 3feg 1-8139 716 §U 60
Td W R foaffpe 960°c R fRepma fu 1T iR 15200 W
SifaA BRI B 718, 3R RN IR g famr = fgem aa
Iehl BT FATT IGT TR |

IRITT I T NMUTRT JUFfaes 3a0d & WY afdhd
J B3y aRareHe &1 afEreH R 1 3 d o
it & It Aetd | Ry wu ¥ 9 il & Iuh &
fore geh UR, SFRIER Ud @iia Sld & 9 & o 2 fun. oo &
I TR HI -Ah1ge R uifergRds smeia A femfe
D! BRI HAT, I WG Nd:Glass ToR & forT ST 7
Td FHadl e W &faiRd 3= AR & Iy UfeRucae™
TS 818 RUcioRM Tid-oidt &1 fasRyd &1, Sigi H1eX daay
Ted aTge NUTRd TERTeRM (CRfERH, 1054 THTH
98-99%) &I fSoz b T 3 TP SHTRTEsS & TRAYT
3R U § 39 3lde & fo U v, fafie UeR & o
IS Pl fapid B & forg ur & e, 3-3% @ 3R
TR wifers I &1 T AfRe § Ui R4 & =Y § g
PIIS P JHCY P AIHH T Y 991 H Avred iy &
IO, Ufdfsid & Ay 7o W URaRl S (Ti0,-2r0,) Bl
AR &1, AF> TXAF-TASMSIR &7 H 30% (3MTH:
300 x 300 fiHt 2) iR srufue FRET 'Si0,-PEO’ 3MeTRd

BTS (HARAT >4H) 3R Urelt HTai-e (@) Tsgee () W
TRSIBIN® (100°) ABUIRIE HifeTT BT fad™ : 300 x 300
mmz)%’l

() Y-SR DI qN
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CLEANWATER
AND SANITATION

39 afded & ded ofd e W Ps Qi 81 Ugd e _)
Uy AR & fore ufpar e gty o1 forad mse!-
QaTd TORATSTI & 1Y AR SIRTGeR (THEISR) Ufshar
it o1 99 Ais SrRueeR Ufshar & Ut uRume & YR
TR 3 B UfehdT od Whd A $I 715 | TSR ufshar gRT (3,
Ty 3R I URMG deiel 4 g3 d=ll TR Sienfie
SRy &1 <Meq fobar Tl 3ifiead 96% WSt gem 3R
94% 3N g 10 H ° &1 IHT T T HOH H3nst &
forg srfimam Weiiet gem ok w1 et 3t g8 vaTe Haw:
14 G2 3R 16 U P TISMRSA H 92% 3R 91% | AeqH 3iR
% cop @S Udtg gl A ~ 92% i3St &l ger feum 37
UBR & UMD F forw wiftry s 90% F 3ifde Tl
gl IUER & T THSISR I Uiy &) tive dal
&1 FSBIE G&IdT (NO,, PO, NH,-N) T FR1&101 &3 & forg
fopam T o, 4 Tt T Uar T 3R Rig fde a1 g
JUENT & o et 3k Heiieh off Aw 3|

T 3R gew H 31 9gd gU, s MeF & forg R ds=
YT AT ehIhee ¥ & TTY SIA-TIf & =fAe U Uabiepd
Mt & fawla fear T 81 39e S84 3l TR &
I ¥ I B aTdt STediet U1 & TR I 7 R W

e & forw i yeyE g1 S IET & FR ¥ fAsfyd
TR O S IS & 9 H ST AT §, B HH ANl b
9 T yRaifaq foar o, S for Ridfed & qry-ary et
ST ST MUY S H Cu (1) UTg ST BT g & g a9
T M, HIA R ITY HTsoia-e YTl 3{eqg=i F UdT Terdl
7 1% 98.74% fiu=r 5.1 3R 97.15% cu(ll) & Fpia diea &
o9 (1) RAgacs Se I Uiy s/ R s g1 fawia
TAER W Cu (1) 3T & T Sifidmdy el T 4 9
& Tudh gug & IR UTg T & 4d Gied & 588.25 mg”!
T T

TP AR U H RIS B84 &7 ITaT 3 2-Si1s Id1eA
$ R SRR / wiewH Ulhal I USTEH TSI /
It = At 2-5is Idred & fou sfhegas et &
TSR o IUART fbT oI aTdt TSTEHT B Jyaarul 3R
THTIAT & e Wexlt ok smafad R el &1 wiemn
oo m Ul A Aieyd HUHSTS3R-TATS STy,
Prdgm o 1¢ iR usternr fbu MU A1 Sregg ¥ uar I@n § &
ey & TomgHl &) I T F Sifie Tigar iR A H A
T YT T g |

(@) TG (5) SIFUNYUT & ULTd BT ThHSTISUH HIbaro

i ufadeT 2019-20 ¢ H‘% | Annual Report 2019-20

v/ = CSIR-Central Glass & Ceramic Research Institute, Kotka

3T b U fog

Ribeed

SIYART & fory HfemHTSe g% de 3d ¥ S

YR AUse R Ridfesws 3= vegfomn 9q=g 9

gUIRR wgss HAfRmm

R a9 Rhacdt F=n a8 e Iuam
& ¥ ¥ W 3R e I & far omar g1 URd™
(fHRT o> 1700°C 3R T IRIfpd> 3) H a1 B &
fore wufiresan €1 fire 6t 3, Fifer S= aroe &R o H fUeeq
& IWOT B T DI 37D UG & BRI, S Kbt o7 B
famedr 31 9w, YRdlg H9ge & Sfd SUN & forg
Il Y BT Ush URH SMTIRIhdT & 7S 3|

IR ! & H G T, TGS 3RS SHR 3 R
TE-Id & Wegd ¥ s JATse ot Y R 9 AARm
fohed & e BT SR =Y & TWd §U U UGS §15
B 37 wgs AU Y= o1 SUANT T 9 I MgO-C, AT-
P b IdTeT b g fbar o Tebar § 3R Reprersr farge

Impure Almora Magnesite

et Se-oi Fear e uferly fear =nful

3P 1Y B, ST b WeRl AYYTSe BT U UMD fAzayu
32T I B P oy fovam am ot St Hiawr & eMeypdiar sk
P HId & SUTRTHArsl & fore Suanft g 39 I g, 10
Tiex RIS &1 BT Teb 317 -UrSTT Ghyer Rt 1 2§,
T ST AATEe SR 3 RRAIS = A1d R oM &
MYy P L a1 51 Thar g1 AAZC S T AUD YT b
e, Tt o TAT, 3P 37aTaT 3R e &) fRUfd g1yt &
TS B fouem & TareH & fiiege & g goadH (2 fbum) &
e 3R Tg 1 b 1T STRRR GUR fbar 71 8| meis
TARRT Bt MgO IR SIS &1 U He@yul Sl & A1y
83.85% ¥ 91.81% dP d¢ s | 39 3eOT J IUT Scl Tat
Tfsrar & fog Whoed g

Processed Almora Magnesite

MgO-83.85 Melt processing through g0-91
Si0,-3.36 arc melting SiO,- 3.68
Fe,0,-4.70 Fe,0,- 1.69
Ca0-4.18 Ca0-1.92

A gdamh § o SeeR dlg SR ST ST gRT IUANT fahu
ST B | BTelife, g @il Bl AR et SR el et st
FHH 7 YR Ribac! fAafareht 1 smarfad s= A IR 4RI
P F N garg o 81 SN & HToR, TS 3R-
Hioiftemas ¥ 9x & ¥ 9 gay gt u1g fswefor ufekan

¥ RM I T IU-3IdTe, Rifermrge wg de ¥a 3 Ridfew
F TGO T4 fadh g w1 & e U oSt Ugd &1 71

YT, 150 fHraud I= T TE &1 qhadydd
famfa forar mar a1 SR Ribacdls el & ¥ U & I

ST &7 Geuis Ribedt Welersy, GFf SeR 3R fam
THR &, B Yeuids farar w1 g1 fordbe 3R isgd@ & =u §
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I Rid UTIgad Y= ! AEHRe ¥ U 3 SUdas 9= &
T ST fama T o1 S 3% Hifdd iR |t Ui & T
# goia ufkom feard €1 A fibaesieT 3¢t &l qaR o
T YT 3R 37 UHl-HebAdea Tl o1 Hedich+ foam 7 T, ot

R} TUUE B S de} BIAR, HIabdl | fRUd Th
TS DI TRRDHRUT SHT8 I U fohal 7T UT| THIUE = COD
6500 mg/L, BOD, 1000 mg/L 3R Cr+¢ At &1 70 mg / L HT
fafkre A feaman| 99 A JRiRuaeR o1 31eq ¢kl ToUe
% 1Y foa 7T U1 3R Ueh gt Sfiar] aiféa &t g o
T ot 3R COD, BOD, iR gaRIIdeIc hITtH Bl e & SHUR
TR AT 71 T | Sia3fashdur & forg forieR geasiial &1 uRfies
U ¥ IRy Tl €. s @ R fafY, decier waeeH
Tiemr, SuHet SR TRi&UN) % U H UgEHl T4

oz 3 T STRd SER Igam R RRA®
3feeTthee ¥ TS dOR & & oY deHge od &1 IuanT
foam T 1| IR A TwsUes U Sl ¥ Ued & U H
Tdh T GIY G 98 & 769 & A1 TRIHT 2.5 AZHI B
TS & 1Y 4.85 TITH BT 3T T MHR @ g1 59
A SRTaeR ufshar # U uRumy & YR W dd Whd J
D7 ST Ufshal B SR ST 7T | THETSIR Ufshal gRT
g, 7o ok I TR Weiiet 1Rt g8 wadlt TRt ofieflss
SUfRTE HT IUAR fo5ar | Siftrwan 96% Heiiet Ruaad iR
94% SiefTe! Read 10 9¢ & TSRS H I RS Hisfe!
IS UdTied He- o (o8 YT fohdT 74T o1 U1 7ead Hiefisl &
forn sifrram deiist gem ok & Wit 1=t g3 vaTe HH:
14% 3MR 16 ¢ P TIIMRC H 92% 3R 91% UTI | HAH 3MR

I | T Ribadis et & Hres U a1 fas i
HfEfd gér Mieiersy A IeaeHg yuf-Aad wexiAt &t
ot ISR foban|

g A et ois uarg A ~ 92% dteii<t &t ger fean g4
T IR & THIUC & ford shifery s 90% 3 i ol
P 3{cATaT, BT A1, et 3R it Bl g & 1Y,
THSISR BT WY U YHIEE FTU I 3THT-3T 99 B
fore Auguy, A SR 30 HUd ST & o fam mam, S st
fAepTae gerar femmar 21 30 fire & w9y iR R fifte
T BI >97% I TGl Uil T o

TrUe & Wigd f$wd o1 dua & fau uve awl
(NO,, PO,*, NH,-N), & fsehr, WY e1g3fl &1 Ug == quT Qi
WSt Td SH3NST BT Ua1 T & T G&fa1 HI g BT ura
PR AP gRT THAISR NI TIIIE & Jaiiadh rafdbe
H TS| 3T UhaT & IRUTRGET AT W, e, s
ddl (NO,, NH,-N) P! g 0 ¥ Gerl T 3R THSR &
TR YR 4T BT UaT T T, St Ay iR I Wieiiet
IS drel ¢RI e @ g gaTfed Biell §, 59 YebR alg T
@1 AT DY U Bl 8| THANR & gare § SRIFRRT o
BT I T FHedk & 6 o fad ~ 8.04 TH / TA (e
gor) R TR deE S § smiffey wecidse &
FARIBE, WA SR fafis swawr: walt &1 ~ 1.05 mg/g @
UR, T &1 107.5 mg/g &I YR 4T T BT 1.92 % &I
YR |

£,

T ufdde 2019-20
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Algae treated Raw effluent

effluent

MBR + Algae

MBR treated
effluent treated effluent

IUAR & fafid =arolf & &8 orafliy & T

Nd-SItS HIThc A & Idled & [od

g a-l-
AoR WY TH JihT A ERe IR § S IRk S
AT P T fIaRUr & 1Y § S R T AU a7 AoR
SIS Uit & ded A9 Bl ¢ | Fad 3 ST fhar S
ITe S ST gotH Jadt § iR faRy = U ¥ 3= Wfed AoR
STV & forg Ng+ | 3= Tfad 3R 3= St aoRl o forg,
HeThIThe Y BIke Bl 3Tb I I h19-T &b BRI
T 31fi Te fpar wTaT &, S e GHT deb Ul ioitad,
HH R-3fUadd JaHidh AR 3= goH gedt ga=iadr, s
H M (BH fUue &1 auAF) 3R T8 8 Udhdl & TyHd
TS & 0 H §9141 74711 TAST: doR Ty [$3h THdhRR
dcdl B GRolE BT P W B & forg RI 1R CTE & e
P WY Cuz SIS WM PR B B TaIHhar gl g
BT8 UTaR-818 TSl (TIUITES) AR &1 IuanT fafid dor
iR ufafsransti & & B e =u o S 8, S
I ol T Hifde! o fRUTT & T, wieAT Hifdet iR
uard o |y Hifciep! b1 FHIBRUI 8| dieh U J, $o TR /
TANTAT Fishd 70 ¥ I Wfad b Aok [Ah BrRiH oI
(@R BTSIle - TuHe); IREH hexd R R - 3id
IR T Sy 3t TauRfed by (SIRUGEI-
TIHRIRIMEI), T (UFL_2M) T @ gT €1 St ke, ST
3R = & +ff 3T BRIPH &1 URA ), RIRITS, SR I
St 1ifaet TaT & fore S= wfdd aoR & e # wfha
0 9 i 2 OE Nd: Biihe Y fe%b / TS &1 uanT
ishg T & 0 7 far o 8 | Aioifiemans Nd3+--3fs
Biahe TN gy R Taditeud doR Red & forg Iuged
o & fawm o wffa @1 31 YIF A 5L Wha fueq o
Ufehan Wit &7 UeeH far 81 3@, 8Td € §f 98 PR &

a1 ufdae 2019-20

Nd-SIt R T sl b Idlad & ol 15 Td Whel g
e @1 gfawr &1 T UrIeie Wie wifd fobar mar 8, s
T2 Bt iR Tt TE BT db-lw 71 39 TIF H 15 L @
frgem arell Searm Hel WA § S ey ad S &t
gfaen, sref-Teenferd @ e fSargy, wHfer yfea, sk
It gsfei JusmRur e €1 59 93 &1 o 1 # foamn
T B | I8 I HeAT He@yu! § 15, 59 gfaen & znfia aaft
Ul W w0 § fasfa ok @ie M e w2 A oo
Nd3+: TI&he T Sl oI aRd} b o=Ifa a1 B 1

Final melting Room

o 1; FioRfiemas & Nd-Site doR N & Idled &
fo1T 15 L &md b1 SeaRM BifeT ey Afed T gfaen

£
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R 2: N3+ BiThe T sdldh

3T U IR FRA & oL s SMRARBR Icferd Tt ot Jurarl 9gd WRed BT a1fgT iifos o 3R STkt fHror &

10000 et H ThiRferd) ol a1 T B

U1 A gaae ed H ST & fog 73 i) & A-41g
JHIRITZS / A1 dgaieh T I

UEH A goaeie, S b SoeeiHed B U IuRdT gen
& 8, S W U I Heayul THBR! Bl R @t Aty
T & U W R A &) ShsdT 81 Ug-H arg W 9
SIS S I §, SR b fepelt riielt SRTE TR Al bR
e & & fore adian g1, Safs R ¥ IRR & 3 &
3IFT BT 3R U H RMEHS g Ieoge Gaq!
I TR-TSRGARSE TRTAT 3R HFRIEAN YU & BRI SHY
TSigafaee agR & ARBRY & =0 H ST ST 81 geiifdd,
@ fdffed HRaAT STagTRS UM & a1 IR & =Y
A 37 IUTNT B Adbell 3| T YT SATHATSS P TgAD pUlfoIe
& IRATOT A T AR & Th T U &F B GG Bl
faaman 81 37 AR # goaeie @, Wiy TR, aiafafy
ST SUANT B Gabdl &l BFH =1 ol Sifadss SiR JthH

IS Hea AR s # wmfda far S 9ddr gl
renfsuaRdey diEitauy), uidifdsiey wRss
didEium) iR uTedizurgeia Ruure (@$d) S8 uiferR ga7w
FTRIWR 1 ifvd AT Ue $Rd & | TRURD IR TR Tt
wreite gl @ A are, gare a1 1 &1 uar S ard
IR BT G AT 3! fawgd A9 W1 3R 3= Tde=iierar
21 9 ficp 3iTeRIgS / B H-UlR Sraifore JRAT 7eifaa
F Y IgR AU, BT IS thaex 3R 58 AoRHc I
DI TISIUNT, SATSNT 3R Wiearyde faftrl S W,
AT 3R AT YHTHT TRIpT BT SUTNT HRp I fobar
T 1 B3 IR, o HUINe dab-id! & deigafdes
I BT 3R TG & o T dhiah! H Sy & Ucws
Feed & IUANT Ud IQ 91 far mar e g1 39 Wi
¥ i, Y, TRETED, TUAS 3R Ueigafaed o &7
IR I sreqg fooan T | IAiftd i sifadss 3 RIS
HTHTRD UK B 3R ICTSE WA & 3|

a1 wfdae 2019-20
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Intensity (a.u)

e

1 1 L
10 20 30 40 50 60 T0 &0
2 Thela (degree)

o 1 @) AT B T zno FARTSY BT T faady WaeH

3 UHR HUIfe BT IUIANT ITYa Saidcis & SH1d & d1G
WA YR 1 fAufor = & fore foran man § iR ofd & Adfda
R iR vafarufia aft & TRem & foIT & Uaeh 9ga® WRd
F 1y U fpam | MR oeie & 3R I8 I Ydgxiier,
T 3R TS & o | T st @ fagd uivag Ut
P THIT SaRI ST HaT8 gRT =N fbar 7/ o1, S 95 o

R 19 gRT Fifa faman o711 519 ue 916t 99 & 3reiA
Eﬁ'dT%' @ fored SITelt o a3k ISRUN BT Th IRWRS
fIRTo S1T 8, St U tioigafeee &rvar & forg el g g
T IR TE e § IR B9 & a1, 3aaeH Y aTedt e
& H1H § U FRAR g9 UdTe IAF B & forg Iarferd
fopar ST 21

WA 3R fIRed 3Aaei—ad & IugNT B S areht IR B
e Uit aret fasialt wral wR MR St 2R, s agavor
3R Nt giaer & wor et ot graife, deiie e
UHIG & HRUT 341 S ifaass nuld TR oI FeRed
& U H IugId U T, FOTRR 3T ST W-Hanferd o=,
T 3R TRT I/ & ¥ F g QT 81 IHF AW A 37T B
T &R 4 v o7 3ifpad diees U fbar 3R 59T IUAIT
Hs A 3MGIeH o fb Iet & s, Hig-t 3R Halls &
gl ®f TR | foar T o1l 99 Wi & UHE &I
3T DR & forg ITNT foam ST €, o I8 urn T fob SR
J gdAH-dleeo! fARwdTel 1 T farar, Sgt adHT daiea
& URT P01 & fauRia SrguTfae Tl

deg

B2azgs

ang
] deg e
83 dog O
Lol (]
ey

(d)

7 2 (@) T & B0 P o AU e 3w, (d) Tiagd Bt fte f$ilt R aaaH-diees faRwarsh, @) a=itd
AFIGFRER P Geob F ST ¥ <7 b1 I @7 &, (9) HREITST diecsl $3cyc |
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Y AT Bt TR 3R Jaamdt Ushfa & SR AMG Tt
T ol HOGT S HeM ARIRG Migard §1 0P 3,
AP, ICZe U SMAZS & HUltore 30 WiSiiei-d
UHTd & HRU W-HIferd Sglbarited JER BT YR & b
T 3 IR v Gag=hadr ¥ 3iR TdbdT & 91y o4, TR
3R wf Bt R A & e §1 gUR g gRI fawid
W-YIferd, A W, 3P TS ¥ H, I g,

IRERT R IFPF dAaUe § SR 39 I F faw
¥ fow ug= I IuHRT B B3 SN 811 @I IS 1 |
JBTAD Ydd! de 3R g UifenR &t arisrfefaferdt iasy
7 U A1 3R WSS Selag i IUBRUN H 3 G IR
% IUAIT B W& R g

IRUTS Y TN o g Ribaes] B

REGIE A ARCEAL:

Ffe ot faferor uftRerr fa et wema a7 & fere Ribae st plyaa
AB-11d & SN B Y&H B o [T Suwabiei Ufchar & g
YT M A1 Ued T 60 diex Ribaes HiRaa R Hitre
T fUge 1 fasr ot 8’1 60 iR Wl Ribaedl e
B1 fabrd U1l

Rhaedt 3R it A forgeq &1
P TR

SRS TN fUHaH ! hardl b YR UR, 10L T ST
&Y 19 BT IUTNT &b FebTd I Al GRT W= w4
fa®Rid 10L A Siat &1 Ribaes! HRITA B SRTTS &G TN
60L Xrd T forerarar STaT &, St fob AR Hieler f-Afed wea
& R o fAfHfa 60L HRIST BT ITaNT Foveh Y= e T B

BTelifep, qUf Tied 3R qifdd TRU P 76 $ oY, 57 piaa
P I dYHM 31ufd, 1500°C F 31fh TR BRR BT ATTID
7| ST, B HICS HRITA DI 900°C R foRgre ¥ Fawra fean
T, f9% 916 1400°C 3R 3fd H 1520°C R . fioH W94
fofies, das o s9% guf T SR difdd @R M6 (R 3)
& fore Riex forar mam1 T swfon fovar man w4ife S 9w
o3RS & UNT I ATH TR HRIGd BI 3R A B
Tt gfaem et ot

A firew e fafies, gias o 39 oRe & o HiRed BrRR
T U § 1 39 ITUHE W 72% ¥ 3R REATST BT TS BIB
B fpiaiaEe iR sR<H @RUT & Iy fbar o g1 39
BRI o [ TITHSHR e 1500°C TR FHobTet f[GT T 751 &
fo 1250°C TR T 146 T / it 2 UTeet fa wiran 1 34
FRiea o Iarfed Ix0 9gd &1 dlel 3R 420 x 260 x 984,
185 x 132 x 20, 185 x 134 x 21 3R 300 x 155 x 50 mm?
& 3w | g SN F Y Uhed I §1 60L HRIET A
I T BT ULe0r CGCRI H fpar mam § oiR ot aifed
0T T SuTer b T 8 | Ao uferiy SR g smaxa®
THe0r & T 39 7o 1 SUSRE (@1eh) B 4t S T B

60L T Ribaed} feR o1 faor

10L RShaedt Hiae & forg fevy +ft foreet gu e & gof <
¥ fou Topell fowga & 3MuR R fAeRyd fear mr & aife
S T SeTeh Y AR TR O T | ReR HHfIRIA 3R
BT A BT IV HRdl §U TE 60L el RIpaL! DY
HI B IS AR F Y 91 3R 1520°C F FW T
SR BR B o1 o foran man 379-8k9 & AfHa 2 eeg
60L Tha R f9f&Pe 960°C TR BIR fFT 7MY 3R 1520°C R
A, o S faftes, gas & 26 - 29 30| 2019 & §AR
dp1on! Al ot IR H I Wic Wi | ifaw Bl
B T8 | 39 R B 60L Ribaedt HRa & Bl & uyd &
$P B [T IYT TS 3 3fgg Afed T H grar |

(@) T & G4 qUT (@) e & UYTd I8 Sial DI & MY 60 L HIerd dret Hiraa

i TRaeT 201920 (EDW Annual Report 2019-20
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‘Researc 1ﬁst»tut’e,

P1gT STl HIfET P I1Y 60L HI3RT aral Rbaest
HIREd H RIaeS HRITSSY AN I

60L BT dlal Re®

TWhaTel SuTRd SOR renfifdbai

ol waA! o fore fawfRa urenfifesat

HugaE MR- STE A TR wiie Sy & forg SiifPewe BrgaR s AT Smenfia WO &7 SN B §U &l UE da-idh!
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|

ol (@) IEIIA W, (@) T 8, (1) FAe=0r iR Ser AT
HIGCITR & GRS, (9) ST 3¢ W T ReX
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R&D Profile

1 REDUCED

INEQUALITIES Advanced Mechanical &
= Materials Characterization and

Instrumentation

The materials characterization and instrumentation vertical
has continued to provide services for the structure-process-
property correlation of novel materials through state-of-art
facilities such as differential thermal analyser, thermos-
gravimetric analyser, high temperature and cryogenic
temperature dilatometer, particle size and zeta potential

analyser, magneto-rheometer, thermal conductivity analyser,
surface area analyser, mercury intrusion porosimeter and
fourier transform infrared spectroscopy.

An initiative for development of new generation nano metal
oxide/graphene-polymer composite materials for use in
wearable electronics has also been carried out.

Nano ceramic polymer-composite based flexible strain sensor

GOOD HEALTH
AND WELL-BEING

Bio-Ceramics and
Coatings

S

The vertical has focus on both the strategic and healthcare
sectors. On the strategic front, the ongoing work on
development of two types of high heat resistant enamel frits
[CB-ABK-13 frits (467.5 Kg) and CG-B-55A frits (500 kg)]
have progressed further. The products have been sent to
Hindustan Aeronautics Limited (HAL), Koraput for further
validation and application in MIG series aero-engine parts.

Research under the healthcare vertical consisted of
development of anti-bacterial bioactive glass, fabrication of
nano-conjugates for cancer therapy, synthesis of sugar glass

nanoparticles among others. The Indo-Egyptian project on
development of anti-bacterial bioactive glass nano fibres have
been completed successfully. In another project, novel nano-
conjugates comprising ShRNA-LDH, miR-LDH have been
fabricated and their efficacy in treatment of cancer has been
established at the in vitro cellular level.

In yet another initiative, sugar glass nanoparticles (SGnP)
based nano-encapsulation system has been successfully
developedusing inverse micellization technique and
subsequent optimization of process parameters to achieve

¥ gfadaT 2019-20 & Annual Report 2019-20

e

agglomerate free SGnP powders with desirable particle size
range. This SGnPbased nano-encapsulation system can be
potentially utilized for controlled drug/protein delivery in
tissue engineering and regenerative medicine applications.

There has also been a successful development of a minimally
invasive hybrid nanocomposite-derived injectable hydrogel by
combining bioactive glass nanoparticles (BAG) with stimuli-

-

= CSIR-Central Glass .&'Qér;afnl:i.c-"' Researct _ .lnstitut'e',

responsive multifunctional poly(ethylene glycol) and poly(N-
vinylcarbazole) based copolymeric hydrogel for using as
bone graft substitutes in cancellous bone defects or low load
bearing applications.

In addition to the aforesaid activities, a Biomaterials Synthesis
Lab facility has been established to provide state-of-art
capacity in R&D in bio-ceramics and related disciplines.

A. MABGmscq B. Magnified
dressing image of (A)

AT
q\:‘\‘*‘\}b-ﬁd‘\
v g
Pt

C.Hemostasis by direct compression in
surface wound /arterial bleeding

using MABGmscg dressing D. Deep arterial bleeding in  E. Hemostasis by insertion

military combat of MABGmscpdressing

Application of mesoporous antibacterial bioactive glass microspheres impregnated surgical
cotton gauze (MABGmscg) dressing in arterial bleeding by direct compression and insertion
techniques respectively

CLEANWATER
AND SANITATION

Ceramic
Membranes

Major activities of this vertical comprised of development of
hydrophobic ceramic hollow fiber membrane for MD-based
domestic water purification system; development of SAPO,
FAU, graphene based membrane and mixed matrix membrane
forgas separation application and development of a process for
preparation SiC ceramic support using industrial waste followed
by oxide bonding technique for filtration application.

Performance evaluation of hydrophobic ceramic tube for MD process,
and evaluation of permeability characteristics of SiC membrane
are currently under progress. A new initiative on development of
zeolite based membrane for application of enrichment of coal bed
methane in bench scale is also being undertaken.

Gas permeation set-up
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GOOD HEALTH
AND WELL-BEING

_4,\/\, Fibre Optics and

In continuation of ongoing activities in the domains of specialty
optical fibres and fibre lasers, the year under reporting
witnessed significant progress in technology development
and translation. The institute up-scaled the development of
two key technologies using optical fiber Bragg grating based
sensors for power plant applications. These are (a) the stator
end-wind vibration monitoring system and (b) the distributed
temperature monitoring system for use in Air Pre-Heater. FBG
based vibration sensors specifically designed and developed
for use in high voltage environment is made of machinable
ceramic material. Lead optical fiber coming out of the sensors
directly transmit the sensor signals to the control room where
the vibration signatures of twelve individual sensors deployed
at different locations on the stator end winding are displayed
and recorded in real time. Two prototype vibration systems,
one at DADRI power plant, the other at KORBA power plant
and one distributed temperature sensor at DADRI power plant
of NTPC have been installed and commissioned successfully.

In a project on development of fiber Bragg grating based
distributed feedback laser for sensor applications,intrinsically
photosensitive erbium doped fiber having ultra-high NA
(~0.30) with low core diameter (~ 3.0 p) have been developed.
DFB-FL having output power of more than 60.0 pW @100
mW pump power at 980nm along backward direction with low
threshold pump power of 5.0 mW has also been developed.
The phase shifted grating needed to produce the fiber laser
was inscribed at CSIR-CGCRI. These DFB-FL will be used for
development of optical hydrophone during the second phase
of the project

A diode-pumped all-fiber CW/QCW Thulium laser for operating
wavelength of 1.94 uym has been developed to deliver CW

CW-Yb-Fiber Laser Module

Photonics

power up to 30 W with efficient thermal management in air-
cooled operation. Such TFL operating at 1.94 ym can be a
potential alternative to the presently clinically used Ho:YAG
laserat 2.12 pm for lithotripsy. Ex-vivo preclinical investigation
shows that the designed TFL is consistent to breaking up the
urinary stone in a controlled manner with almost uniform
fragments of < 1.6 mm at a considerable fragmentation rate
with minimum retropulsion which can reduce the overall
procedural time and potential for future clinical use to perform
lithotripsy safely and more efficiently with less complications.
Further, towards achieving a technological prowess in soft
tissue vaporization and ablation that could have significant
medical application, a stable Thulium fiber laser at 1.94
um has been designed in water-cooled operation to provide
>150 W of laser power effective for soft-tissue surgery in
treatment of benign prostatic hyperplasia (BPH) with other
application in superficial upper and lower-tract transitional-
cell carcinoma, urethral and ureteral strictures, ureteropelvic
junction stenosis and posterior urethral valves.

CSIR-CGCRI has also developed the prototype CW Yb-fiber
laser module of collimated power 60W at 1074nm with M2
value < 1.10 using in-house fabricated double-clad octagonal
Yb-fiber. This module was initially tested at ARCI, Hyderabad
for additive manufacturing (AM) during the month of July,
2019. The performance of the module was satisfactory and
the power fluctuations are within permissible limit for the
targeted applications.

As an important capacity strengthening exercise a laboratory
test-bed has been set-up at the Fibre Optics and Photonics
Division for measuring the high power characteristics of a
fiber laser system. The test-bed is established for measuring
the laser power using double-clad 20/400 micronYb-fibers.

Test-bed for high power fiber llaser
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Three important activities have been pursued under this
vertical. The first comprised of the continuation of work on
solid oxide electrolyser cell (SOEC). More detailed studies on
Ba, ,Sr.Co, Fe, .0, , (BSCF) was carried out in order to find
its applicability as a new anode material for SOEC. The BSCF
powder was synthesized by solution combustion synthesis
technique and single cell in a range of diameters 16mm
— 30 mm was fabricated and tested. Cell performance has
been compared among BSCF-6482, BSCF-5582 and LSCF-
6482 mixed ionic and electronic conducting (MIEC) and
conventional electrode (LSM) materials. Higher performance
(1.37 A/lcm2@1.3 V, 800°C) with high hydrogen generation
rate (0.57 Nl/cm?/h) was found during steam electrolysis
with cell fabricated using BSCF-6482 having minimal area
specific resistance 0.33 Qcm?. Under similar operating
condition, BSCF-5582, LSCF-6482 and LSM exhibited
hydrogen generation rate of 0.35, 0.28 and 0.23 Nl/cm?/h
respectively.

The second component comprised of a technology
demonstration project on mixed ionic and electronic
conducting (MIEC) based dense ceramic membrane
technology for gas separation. Ba,,Ce,,.Zr, ., Tb, 0.,
(BCZT), a potential candidate for separation of H, from a
mixture of gases which was developed, fabricated Ni-BCZT

based MIEC discs of diameter 20 mm were tested in an

indigenously designed permeability test set-up. A reasonably
high permeability flux for H, (1.5 ml cm?min) from a mixture
of N, and H, was observed for such samples at an operating
temperature of 900°C. A prototype membrane assembly that
can hold upto 09 numbers of such MIEC discs have been
designed and fabricated so as to increase the total output.
The testing of the prototype was under progress.

The third component consisted of sponsored project on solid
oxide fuel cell (SOFC), LSCF-based novel composite cathode
developed using combustion synthesis technique, were
fabricated into single cells of dimension 10 cm x 10 cm x
1.5 mm having configuration NiO-YSZ/YSZ/GDC/LSCF using
optimized processing techniques. Electrochemical testing of
coupon single cells of same configuration was carried out in
an indigenous test set-up. A current density of more than 1
A/lcm? was obtained at an operating temperature of 800°C
using H, and air. Fabrication and testing of a short stack (8 —
10 cell) having the developed single cells is currently being
carried out.

A DST-IIT Delhi initiative on Energy Storage Platform on
Batteries has been taken up with two major objectives of
developingi) ceramic separator suitable for Na-ion or similar
batteries and ii) solar light driven H, generation by water
splitting using novel photocatalytic and photo-electrochemical
catalysis.

FESEM images of the cells after electrolysis test using (a) BSCF-6482 and
(b) LSM as oxygen electrode
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GOOD HEALTH 13 CLIMATE
AND WELL-BEING ACTION

e

One of the major activities of this vertical consisted of the
development of low ppm moisture sensor and digital meters
for online measurement of moisture present in transformer
oil. A nanocomposite type, capacitive sensor comprising of
dip coated y-alumina and sputtered chromium oxide thin film
was developed. Gold was used as top and bottom electrode
The moisture content in transformer oil was varied using this
machine and the sensor was calibrated accordingly using a
transformer oil breakdown voltage measurement machine.
It was observed that the sensor could detect around Sppm
trace moisture in transformer oil. Suitable electronics to
read sensor capacitance and convert the same to transformer
oil trace moisture concentration in ppm using a proper
calibration curve; a transmitter-receiver system to transfer
the ppm reading (moisture content in ppm in gas phase) by
wireless mode up to 300m;and an LCD unit to display the
ppm reading have also been developed to provide an off-the-
shelf solution to stakeholders.

As a part of a central project on nano-biosensors and
microfluidics for healthcare applications, a method for
detection of exhale breath acetone has been standardized,
that would ensure a non-invasive nano-biosensor based
technique in diabetes detection. The exhale breath acetone
concentration >2 ppm in breath is considered as diabetic.

a-Alumina Substrate

Electroding &
&

7-Alumina coating

Functional Materials
and Devices

Accordingly, a gas sensor has been developed based on
ternary nanocomposites which can detect trace acetone
of exhale breath for monitoring diabetes non-invasively. A
handheld, cost effective breath analyzer has been fabricated
in our laboratory to measure acetone by analyzing exhale
breath. Results are being compared with GC-MS to validate
the device.

In another initiative, development of thin sheets of PVDF
and PVDF piezo-ceramic composites of thicknesses from 0.5
mm to 1 mm and lateral dimension 100 mm x 100 mm or
more and having piezoelectric coefficient of ~ 30 pC/N has
been undertaken. PZT-PVDF composites of the mentioned
dimensions were developed. The process was optimized and
the fabricated composites were poled at different conditions
for obtaining maximum piezoelectric coefficient. Films
having piezoelectric coefficient varying from 25-30 pC /N
were fabricated. The stability of the value of the piezoelectric
coefficient was measured and supplied to NPOL (Kochi) for
testing as sonar sensors.

Development of multi-detection methods (resistive/opto/
electrochemical) for pesticide residue in food matrix under a
CSIR mission mode programme namely “Food and Consumer
Safety Solution (FOCUS)” has also been pursued.

Screen printed
Top Electrode
Sputtered Chromium
,/' oxide coating

-Alumina coating
(transparent)
Bottom
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Sereen Printing

Sputtering Unit

Sensor development process
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Glass

The current year under report has witnessed a significant
thrust to capacity strengthening in the domain of glass
science and technology. The most significant of this is
establishment of a pilot plant of 15 L scale glass melting
facility for the production of large sized Nd- doped laser glass
blocks following bottom pouring flow casting technique. The
facility comprises of 15 L glass melting induction furnace
having provision of bottom pouring facility, semi-automatic
glass casting device, annealing furnaces, and material
handling devices. It is important to mention that, all the
equipment involved in this facility are indigenously developed
and procured.

The Architectural Glass Melting Facility that was established
in the preceding year has become functional in terms of
measurement and testing. The measurement setups have
been made to conform strictly to the standards to test the
float glass for spot faults, reams, strings, lines, linear and
optical faults. Apart from this, the float glasses are also being
tested for tin side and visual transmission (VLT) as well as
bloom test. The regular testing of float glass samples of
different industries from India and abroad has begun.

This important work on the development of novel glass
based solid electrolytes for Na-ion batteries initiated earlier

is being pursued with successive stepwise improvement
in performance.Three glasses namely NAPS-50, NAPS-
100 and NAPS-150, which are designed taking sodium
superionic conductor (NASICON) type NAP (Na,ALP.O,.)
glass as the parent glass and doping silica for phosphorous
in the stoichiometry of 0.5, 1 and 1.5, respectively in the first
instance. Similarly, alterations such as NAPS-150 glass being
taken as the parent glass and silica added into it for alumina
resulted in synthesized glasses namely Na,Al, P, Si, O,

(NASPS-1.4), NaAl P,.Si O, (NASPS:16) and

16° 18718712

Na,Al P, ;Si, . O,, (NASPS-1.8). Further to this, NASPS-1.4,
NASPS-1.6 and NASPS-1.8 glasses were taken and studied
for the influence of ion-exchange process on the mechanical
and electrical properties.Improved ionic conductivity is

observed with the addition of NaF for AL,O,.

A new project for development of process technology in 5 L
scale for selected five types of optical glasses (three crown
and two flint verities) have been taken up for space science
application. To begin with, optimization of the chemical
compositions of all the five optical glasses have been
undertaken. The token samples have already been handed
over to ISRO-VSSC for evaluation and the test reports on
their birefringence have shown it to be well within the desired
values.

Optical glasses developed at CSIR-CGCRI

Non-Oxide Ceramics

This vertical has been associated with primarily projects of
strategic applications. In the ARDB sponsored project on
electrical and optical evaluation of doped SiC coatings on
silicon for device fabrication, enhanced optical properties and
lifetime of the boron doped SiC thin film on silicon has been
achieved. Quantum efficiency enhancement by 30% and
lifetime of 212 ps and 232 ps for the visible and NIR emission,

respectively, can potentially pave the way for application
of the doped SiC on Si in LED devices. Electrochemical
property of the material shows a higher specific capacitance
than the bulk SiC. The piezoelectric coefficient (d33) value of
the optimized SiC/Si thin film was found to be higher than the
reported value of SiC at room temperature.
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As a part of another initiative on development of replicative,
rapid, net shape manufacturing process for precision glass
optics, several novel optical glass grades with suitable
chemistry have been developed at CSIR-CGCRI for
precision molding operations. This would enable low cost
indigenous fabrication of precision optics, thereby mitigating
the dependence on imported mouldable optical glass. A
novel laser assisted ultra-precision machining facility has
been established at NOCCD for fabricating hard ceramic
molds with very high form accuracy and surface finish (Ra <
5 nm) leading to very high precision optics fabrication.

In yet another ongoing project, 12 nos. silicon nitride
electromagnetic windows of approx. half a meter height have
been delivered to the sponsor which was more than double
the number as required under the MOU.

In a major capacity strengthening exercise, a novel
laser assisted ultra-precision machining facility has been
established at NOCCD for fabrication of hard ceramic / alloy
moulds with very high form accuracy and surface finish. The
facility is slated to achieve ductile mode machining of brittle

DECENT WORK AND
ECONOMIC GROWTH

i

Ceramics

Alumina-based refractories are ubiquitous in several high
temperature structural applications and the use of synthetic
and purer raw materials for manufacturing of refractory
products is a prerequisite for clean steel production. As a
part of the work under this vertical, 100 kgs of high alumina
(72%) aggregates were developed from sillimanite beach sand
(a byproduct of rare earth extraction process of beach sand
minerals), calcined alumina and additives through reaction-
sintering process. Shaped and unshaped refractory developed
from these aggregates showed better properties as compared
to commercially available products.

Mirror Finished Pair of

Surface roughness
Tungsten Carbide (WC) Moulds { <5 nm) for WC mould
Fabricated at CSIR-CGCRI measured at CSIR-CGCRI

ceramic materials to enable attainment of extremely low Ra
values ( < 5 nm) with an appreciably high material removal
rate using laser assisted diamond turning compared to the
finishing achieved by the traditional surface grinding process
for ceramics.

Refractory and Traditional

In another component, magnesite of Almora region that
contains a significant amount of CaO, SiO, and Fe,O,was
refined through fusion in electric arc furnace and the impurity
content substantially reduced. This fused magnesite can
be used for the production of shaped and unshaped high
performance magnesia based refractory. Magnesia based
refractories are extensively used as lining materials for primary
and secondary steelmaking processes although Indian raw
magnesites cannot be used for these applications due to the
presence of high impurity content.

Specialty Glass

The activities of the specialty glass technology vertical
are essentially centered around strategic and industrial
applications of state-of-art glass technologies. During
the period under reporting one of the key initiatives being
pursued was radiation shielding glass development using
the 10 litre and 60 litre specialty refractory crucible. The
RSW glass (stabilized and un-stabilized) has been developed
in 10L Refractory Crucible by optimizing the melting
parameters such as heating schedule, casting temperature,
mold temperature, inert gas purging sequence and stirring
schedule. The composition of the crucible (Coarse body and
Fine body) was designed based on composition of the glass
and its nature of corrosion in the refractory crucible. It has
been observed that in coarse body crucible, maximum six
nos. of melting could be carried out without observing any
crack or significant corrosion in the crucible, although the
glass quality is somewhat compromised. In contrast, the
fine body crucible yielded defect-free glass quality although
only a single melting could be carried out prior to cracking.
The optimization of the above parameters is currently under
progress.

As another part of this initiative, glass melting in indigenously
developed 60L refractory crucible by tilt casting technique in
a raising hearth furnace has been undertaken in partnership
with industry. Two such crucibles have been fired and more than
72% mullite is formed at this temperature with significantly
lower cristobalite and corundum phases. The HMOR value for
this crucible is obtained around 146 kg/cm? at 1250°C for
the samples fired at 1500°C. The glasses produced in these
crucibles were near perfect with very few seeds and negligible
cords in the dimension of 420x260x98.4, 185x132x20,
185x134x21 and 300x155x50 mm3. They have been tested

Stainless steel mould

at CSIR-CGCRI and have been found to comply all the desired
properties. An additional component of the above work was
the development of 60L scale refractory stirrer. 2 Nos. of
such in-house fabricated 60L scale stirrer biscuit fired at
960°C and final firing was done at 1520°C, and were found to
sustain three melting cycles without developing cracks.

In addition to the mission mode strategic component stated
above, the vertical also operated a number of sponsored
projects. Some of these include development of light weight
and anticorrosive material for shoe outsoles where nano-
graphite incorporated polyurethane based nanocomposite
has been developed upto 2 kg batch level for making light
weight, anticorrosive and flexible shoe-outsoles for the use of
military personnel working especially in marine environment.;
development of antireflection and high reflection sol-
gel derived coatings with high laser damage threshold on
quartz glass and KDP optics for high power Nd:Glass laser
where quarter wavelength optical designed single layer and
double-layer sol-gel derived metal oxide based antireflection
(transmission, 98-99% at 1054 nm) coatings have been
fabricated on quartz glass optics; a process for the synthesis
of graphene oxide and its application in paints; utilization
of toxic waste in glass making by way of incorporation of As
contaminated sludge obtained from water filtration, e-waste
glass and tannery solid waste into glass matrix to develop
various glass products.;development of transparent coatings
(Ti0,-Zr0,) on glass with reflection values >30 % in the Visible-
NIR region (dimension: 300 x 300 mm?) and development
ofthermal curable ‘Si0,-PEQ’ based hard (hardness >4H) and
hydrophobic (100°) nanocomposite coating on polycarbonate
(PC) substrate (dimension: 300 x 300 mm?2).

(a) 10L Coarse
body Refractory
Crucible, (b)
10L Coarse
body Refractory
Crucible with
Fine body
Coating, (c)
Molten glass
casting in 10L
coated Crucible
and (d) Cast
glass in red hot
condition

Jise.

GCRI. Kolkata

Photographs of (a) the created facility

Glass souvenir
prepared from
Tannery solid
waste

Sillimanite based high Alumina aggregates and products thereof (reactor/smelter) and (b) shoe-outsoles

P s P coae
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CLEANWATER
AND SANITATION

Technology

Multiple activities on water purification has been carried
out under this vertical. The first one comprised of process
development for tannery wastewater treatment involving
membrane bioreactor (MBR) process integrated with micro-
algal bioremediation. Based on the result obtained in batch
mode bioreactor process further processing was carried out
in lab scale. Low, medium and high initial COD loaded raw
tannery industrial effluent was treated by MBR process.
Maximum 96% COD removal and 94% BOD removal was
obtained for high initial COD loaded effluent at HRT of
10h. Maximum COD removal for medium COD and low COD
loaded effluent was 92% and 91% at HRT of 14 h and 16
h, respectively. Both medium and low COD loaded effluent
showed ~ 92% BOD removal. Chromium removal was more
than 90% for these three types of effluent. Tertiary treatment
of MBR processed effluent was carried out by microalgae to
observe the removal efficiency of the nutrients (NO,, PO,*,
NH,-N), trace heavy metals and also remaining COD and BOD
for safe discharge or reuse of the effluent.

In a second component being pursued, an integrated
technology development involving bio-sorption with ceramic
membrane based microfiltration for treatment has been

undertaken. It aims at treatment of toxic metal containing
wastewater generated from small scale industries and sludge
management towards safe disposal The biochar developed
from jute industry waste commonly known as jute caddies was
proposed as low cost, easy to prepared, efficient and suitable
adsorbent for removal of Cu(ll) metal ions from synthetic as
well as from simulated jute industry wastewater. The studies
showed about 98.74% removal at pH 5.1 and 97.15%
removal of Cu(ll) at un-adjusted pH of the Cu(ll) simulated
jute industry wastewater. The maximum adsorption capacity
for Cu(ll) ions onto the developed biochar was found 588.25
mg? at original pH of the metal solution within 4h of the
contact time.

A third component included enzyme concentration / recovery
from hydrolysis / fermentation process for 2-GE production
using ceramic membrane. Indigenous and imported ceramic
membranes were tested for separation and concentration of
enzymes used in hydrolysis of hemicellulose compounds for
2-GE production. Membrane modules were fabricated and
tested at CSIR-NIIST, Trivandrum. Study showed that more
than seven times concentration of enzymes in the system and
trace amount in membrane.

FESEM morphology of A) Prepared Surface Modified Adsorbent from fabric waste before adsorption;
B) & D) after adsorption
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Superior fused magnesia from impure Indian
maghnesite and synthetic high alumina aggregates
from sillimanite beach sand for refractory application

Magnesia is the most important refractory raw materials used
mainly in the steel and cement industries. Indian magnesite
(Salem, Almora origin) is not getting preference to serve in
harsh steelmaking conditions (tapping temperature > 1700°C
and slag basicity >3) due to their tendency to form low
melting phases at elevated temperature, which deteriorates
the refractory properties. Therefore, impurities removal has
become an absolute necessity for proper utilization of Indian
magnesite.

Keeping in view of the above, the CSIR-CGCRI has taken
up a project with special attention towards the purification
of impure magnesite and the production of large magnesia
crystals through fusion technique. These fused magnesia
aggregates can be used mainly for the production of MgO-C,

Impure Almora Magnesite

Mag-chrome and fired magnesite refractory brick —which
should show better corrosion resistance.

A comprehensive analysis of the indigenous magnesite of
Almora was done to generate data which will be helpful for
future researchers and users of the raw material. Also, an
arc —melting facility of 10 Litre crucible capacity has been
established, which can be used for further research on
magnesite and other ceramic raw materials. After extensive
trials with magnesite, the correct batch composition, sequence
of addition and operating conditions has been achieved. The
melting operations have been progressively improved to melt
and purify larger mass (2kg) of magnetite. MgO content of
the fused magnesia increased from 83.85% to 91.81% with
a significant reduction of impurities. The data generated from
this study is scalable for the larger process.

Processed Almora Magnesite

MgO-83.85 Melt processing through Mg0-91.81
Si0,-3.36 arc melting SiO,- 3.68
Fe,0,-4.70 Fe,0,- 1.69
Ca0-4.18 Ca0- 1.92

Alumina-based refractories are ubiquitous in several high
temperature structural materials which are mostly consumed
by the iron and steel industries. However, the continuous
depletion of pure minerals and lack of indigenous resources
have forced Indian refractory manufacturers to trust upon
imported raw materials. In view of the above, CSIR-CGCRI
has taken a great initiative to develop synthetic high alumina
aggregates from sillimanite beach sand, a by-product

generated during rare earth metal extraction process from
beach sand.

Approximately, 150 Kg high alumina aggregates were
successfully developed and their usefulness as refractory
material has been evaluated in refractory prototypes, both
shaped and unshaped. The developed sintered aggregates
in the form of briquettes and nodules were benchmarked
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with the commercially available aggregates which show
comparable results in terms of their physical and mineralogical
properties. Standard refractory bricks were prepared and
their thermo-mechanical properties were evaluated which

effortlessly attained the criteria of standard refractory bricks.
The developed unshaped refractory prototype also exposed
remarkable thermo-mechanical performances.

Sintered mullite aggregate (briquettes and nodules) prepared using sillimanite beach

Tannery waste water treatment using membrane

bioreactor

Tannery effluent was collected from a leather processing unit
located at Bantala leather complex, Kolkata and characterized
in detail. The effluent showed typical value of COD 6500
mg/L, BOD, 1000 mg/L and Cr* content of 70 mg/L. Batch
mode bioreactor studies were done with tannery effluent and
an effective bacterial consortium was identified and selected
depending on the removal of COD, BOD, and hexavalent
chromium. Microorganisms responsible for biodegradation
were preliminary identified as Bacillus sp., E. coli (by Gram
staining method, lactose fermentation test, EMB agar test).

Bentonite clay was used to prepare ceramic ultrafiltration
membrane on clay alumina based tubular support. The
prepared membrane showed an average pore size of 4.85 nm
with thickness of about 2.5 pm with formation of a uniform
defect free surface as observed from the FESEM images.
Based on the result obtained in batch mode bioreactor process
further Membrane bioreactor process was carried out in lab
scale. Low, medium and high initial COD loaded raw tannery
industrial effluent was treated by MBR process. Maximum
96% COD removal and 94% BOD removal was obtained for
high initial COD loaded effluent at HRT of 10 h. Maximum
COD removal for medium COD and low COD loaded effluent
was 92% and 91% at HRT of 14 h and 16 h, respectively.

Both medium and low COD loaded effluent showed ~ 92%
BOD removal. Chromium removal was more than 90% for
these three types of effluent. In addition, with considerable
COD, BOD and Chromium removal, MBR treated effluent
showed good removal efficiency for TSS, turbidity and other
parameters for different batches of effluent and reached the
discharge limit with low initial COD loaded effluent.Permeate
flux could be regained upto >97% by pneumatic back pulsing
at 30 min time interval.

Tertiary treatment of MBR treated effluent was carried out by
microalgae to observe the removal efficiency of the nutrients
(NO,, PO,*, NH,-N), trace heavy metals and also remaining
COD and BOD for safe discharge or reuse of the effluent.
The process resulted in adequate removal of the remaining
COD, BOD, nutrients (NO,, NH,-N) and trace heavy metals
presented in the MBR treated effluent for the medium
and high COD loaded tannery effluent, thus obtaining the
discharged limit of the effluent samples. Maximum growth of
Arthrospirasp. in MBR treated effluent was ~ 8.04 g/L (wet
weight) on 6% day of the algae culture. Chlorophyll, protein
and lipid content of the Arthrospirasp. cultivated in MBR
treated effluent was ~ 1.05 mg/g dry wt. of algae, 107.5 mg/g
dry wt. of algae and 1.92 % dry wt. of algae, respectively.
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Induction melting facility for production of

Nd-doped phosphate glass

Laser glass is an active glass host material with homogenous
distribution of fluorescent dopant ions which lase under
Xenon flash lamp or laser diode pumping. Most commonly
used dopant ions are rare earths and in particular Nd3* for
high power laser applications. For high power and high energy
lasers, metaphosphate glass host is most preferred because
of its higher emission cross-section, reasonably longer
fluorescence lifetime, low nonlinear refractive index and
high rare earth solubility, ease of preparation (low melting
temperature) and it can be made as athermal glasses. The Nd:
laser glass disc amplifier elements need be to edge cladded
with Cu® doped glass with matching Rl and CTE to eliminate
the parasitic losses. High power — high energy (HPHE) lasers
are widely used in the fields of controlled laser thermonuclear
reactions, high energy density physics like equation of states
experiments, plasma physics and physics of its interaction
with matter. Globally few institutes/laboratories are actively
engaged in the high power laser development program such
as Lawrence Livermore Laboratory, USA (National ignition
facility-NIF); French nuclear Science directorate, CEA, France
(Laser megajoule — LMJ); Russian Federal Nuclear Center—All
Russia Research Institute of Experimental Physics (RFNC
ARRIEP), Russia (UFL_2M). Similarly, Japan and China
also have their own programs. In India, RRCAT, Indore is
actively involved in the development of high power laser for
high energy physics experiments in which the Nd: phosphate
glass discs/rods are used as active medium. CGCRI has been
involved in development of Nd3*-doped phosphate glass rods
and discs suitable for HPHE laser systems. The institute has
demonstrated the process technology in 5 L scale melting.
And now, a pilot plant of 15 L scale glass melting facility
has been set up recently for the production of large sized Nd-

doped laser glass blocks following bottom pouring flow casting
technique. The facility comprises of 15 L Glass melting
induction furnace having provision bottom pouring facility,
semi-automatic glass casting device, annealing furnaces, and
material handling devices. The facility has been shown in Fig.
1. It is important to mention that, all the equipment involved
in this facility are indigenously developed and procured. Fig.
2 depicts the photograph of few Nd3+:phosphate glass blocks.

Final melting Room

Fig.1: Induction heating Glass melting facility of
15 L capacity for the production of Nd-doped
laser glass at CGCR/
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Fig.2: Nd*:phosphate glass blocks

Further to mention that, as the quality of the finally produced glass has to be very stringent the facility has been housed in

10000 class room with temperature and humidity control.

New generation nano-metal oxide / graphene
polymer composite materials for use in wearable

electronics

Wearable electronics is an emerging area in electronics
that combines sensors and telemetry to allow monitoring
of important information autonomously. There are several
challenges associated with wearable sensors, such as their
requirement to be flexible, conformal to body parts and
comfortable to wear, while providing accurate information at
a remote site. Nano-structured wide-bandgap semiconducting
metal oxides with wurtzite structure have been known to
possess excellent piezoelectric behaviour owing to their non-
centrosymmetric structure and confinement effects. However,
their inherent brittleness prevents their use as strain sensors
in practical applications. Synthesis of polymer composites of
such metal oxides has shown the possibility of a new emerging
area of flexible sensors. These sensors can have myriad of
applications including electronic skin, health monitoring,
activity tracking, soldier systems, robotics, infotainment,
etc. We have synthesized nano zinc oxide and grapheme
based composite flexible sensors which can be incorporated
in biomechanical sensing applications. Polymers such as

a1 ufdde 2019-20

Polydimethylsiloxane (PDMS), Polyvinylidene fluoride (PVDF)
and Polyethylene terepthalate (PET) provided the desired
flexibility to the composite nanosensors.

The main advantage of strain, pressure or motion detection
sensors fabricated from such flexible materials over
conventional sensors, is their wide measurement range and
high sensitivity. Nano zinc oxide/graphene-polymer composite
sensing materials with superior flexibility, high gauge factor and
wide measurement range have been synthesized using simple,
scalable and cost-effective methods such as hydrothermal,
electrospinning and  solvothermal methods. Several
modifications, such as the use of patterned substrates and
introduction of dopants have been introduced in the synthesis
techniques for further enhancement of the piezoelectric
properties of the composite materials. Mechanical, thermal,
structural, morphological and piezoelectric properties of these
materials have been studied in detail. The synthesized zinc
oxide presented nanorod morphology and were of the wurtzite
structure.
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Fig.1 (a) TEM image and (b) X-ray Diffraction spectrum of ZnO nanorods

The composites thus synthesized have been used to fabricate
strain sensors after deposition of suitable electrodes and were
finally packaged with a thin polymeric layer for protection
from mechanical wear and environmental damage. Sensors
were flexible and possessed high sensitivity, linearity and
reproducibility. The electrical transport property of the
composite material was observed to be modulated by the
Schottky junction barrier height, which was in turn controlled
by the applied strain. When subjected to an external force,
there occurs a mutual displacement of the anions and cations
in the crystal lattice, leading to a piezoelectric potential. Once
connected to an external circuit, electrons are driven through
the external load to generate a continuous current flow.

The previous generation of sensors used in stretchable and
wearable electronics relied on external power sources, leading
to issues in miniaturization and user comfort. However, owing
to the piezotronic effect, the nano zinc oxide based sensors
were found to be suitable as nanogenerators, thereby extending
their use as self-powered strain, motion and tactile sensors.
The composite sensors yielded a maximum voltage of 4 V on
finger tapping and were used in monitoring several human
movements such as finger joint, elbow and wrist movements.
When used to study the effect of flexion, it was found that
the sensor produced current-voltage characteristics where
the current was inversely proportional to the induced angle
of flexion.

Curvert, A&

(d)

Vollage (V)
S

==
-

—w

Fig.2 (a) Measurement setup for angle of flexion, (b) current-voltage characteristics at different degrees of flexion, (c)
Flexible nanogenerator being lightly finger-tapped, (d) corresponding voltage output
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Energy harvesting from human motions has great practical
implications due to the abundant and ubiquitous nature of
such movements. Moreover, composites of semiconducting,
wurtzite metal oxides can form the basis of self powered
multifunctional sensors due to their piezotronic effect. These
sensors are capable of monitoring strain, motion and touch with
adequate sensitivity range and accuracy. The self-powered,
flexible sensor developed by our group, in its packaged form,

has high sensitivity, repeatability and excellent flexibility
and is expected to have several applications in wearable
devices for biomedical, strategic, robotics, human-machine
interface applications among other uses. Biocompatibility
of the inorganic sensing element and the organic polymers
enable the use of these composite sensors in wearable and
embedded electronic devices in future.

Upgrading of refractory crucible technology for

RSW glass

The upscaling process for enabling application of refractory
crucible technology for making defect free radiation shielding
window glass consisted of two parts. The first was the
development of a 60 litre refractory crucible and successive
glass melting; the second was the development of 60 litre
scale refractory stirrer.

Development of 60L refractory crucible and

successive glass melting:

Based on the success of RSW glass melting in indigenously
developed 10L coarse body refractory crucible with fine body
layer by tilt casting method using 10L scale Raising Hearth
furnace, the RSW glass melting in 60L scale is started using
in-house fabricated 60L Crucible in our existing Pre-melting
furnace.

However, for complete densification and desired phase
formation, these crucibles were required to be fired at higher
temperature, i.e., more than 1500°C. Therefore, the green
coated crucibles were biscuit fired at 900°C followed by
1400°C and finally sintered at 1520°C in M/s Prism Johnson
Limited, Mumbai for its complete densification and desired
phase formation (Fig. 3). This was done because CGCRI
was not having such facility to fire the crucibles at higher
temperature at that point of time.

Two such crucibles have been fired at M/s Prism Johnson
Limited, Mumbai. More than 72% mullite is formed at this
temperature with significantly lower cristobalite and corundum
phases. The HMOR value for this crucible is obtained around
146 kg/cm? at 1250°C for the samples fired at 1500°C.
The glasses produced in these crucibles are near perfect
with very few seeds and negligible cords in the dimension
of 420x260x98.4, 185x132x20, 185x134x21 and
300x155x50 mm3. The glass produced in 60L crucible has
been tested in CGCRI and comply all the desired properties.
This glass has also been sent to BARC for radiation resistance
and other necessary testing.

Development of 60L scale refractory stirrer:

The stirrer for 10L refractory crucible has also been developed
based on simulated design for complete refining of the molten
glass so as to make the final glass block flawless. Analyzing
the stirrer composition and heating schedule it was decided
to fabricate the 60L scale refractory stirrer with fine body
composition and fired at or above 1520°C. 2 Nos. of such in-
house fabricated 60L scale stirrer biscuit fired at 960°C and
final firing was done at 1520°C in M/s Prism Johnson Limited,
Mumbai during 26 — 29 April 2019 in their PEN plant. This
stirrer found without crack after firing and sustained 3 Nos. of
melting in 60L refractory crucible.

RSW GLASS
0 L EEFRECTORY POT |
TRCHRNOLOGY

Stabilized RSW Glass Produced in 60L Coarse body
Refractory Crucible with Fine body coating

60L Fine body Stirrer

FBG Based Sensor Technologies

Technologies developed for power plants

CSIR-CGCRI has developed two key technologies using optical fiber Bragg grating based sensors for power plant applications.
These are (a) A stator end-wind vibration monitoring system and (b) A distributed temperature monitoring system for use in Air
Pre-Heater.

Figure: (a) Vibration sensor, (b) Test bed, (c) GUI of the control and data logging software,
(d) Generator at installation site
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FBG based vibration sensors specifically designed and
developed for use in high voltage environment is made of
machinable ceramic material. Lead optical fiber coming
out of the sensors directly transmit the sensor signals to
the control room where the vibration signatures of twelve
individual sensors deployed at different locations on the stator
end winding are displayed and recorded in real time. Two
prototype vibration systems, one at DADRI power plant, the
other at KORBA power plant and one distributed temperature

sensor at DADRI power plant of NTPC have been installed
and commissioned successfully. The systems are operating
satisfactorily.

Recently, NTPC has placed a development order to CGCRI
to translate the prototypes into a commercial system and to
supply three commercial vibration monitoring systems and
four temperature monitoring systems for APH for long term
monitoring and evaluation.

Distributed feedback laser for sensor applications

The project is funded by, Naval Physical and Oceanographic
Laboratory (NPOL), Kochi.Distributed feedback fiber laser
(DFB-FL) is a kind of laser consisting of a single phase shifted
fiber grating directly writing in the rare earth doped fiber,
depending on the narrow bandwidth, low noise, and stable
single-mode operation. In this project, CGCRI developed
intrinsically photosensitive erbium doped fiber having ultra
high NA (~0.30) with low core diameter (~ 3.0 micron).
Measured refractive index profile along the diameter of the

fiber cross section is shown below. CGCRI also developed
DFB-FL having output power of more than 60.0 pW @100
mW pump power at 980nm along backward direction with low
threshold pump power of 5.0 mW. The phase shifted grating
needed to produce the fiber laser was inscribed at CGCRI.
The phase noise of developed DFB-FL tested by NPOL, Kochi
at 1 KHz was found to be -110dB V/ rt. Hz. This corresponds
to a frequency noise of about 100Hz/rt.Hz. These DFB-FL
will be used for development of optical hydrophone.
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Fig.1 : The refractive index profile with cross sectional view of developed intrinsically
photosensitive EDF
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Ph.D. Awardees

Creation of trans-
disciplinary human
resources at doctoral
level, constituted one
of the key HR activities
of the institute. During
the period of report, 07
students were awarded
the Ph.D. degree in 05
domains, affiliated
across 03 institutions.

QUALITY
EDUGATION

Chandrima Ghosh
(RTCD)

Ju

Studies on synthesis
and characterisation of

magnesite based aggregates

derived
from Indian magnesite

,_.;_:C;\:S_;!,R-Central Glass

Human Resource
Development

Somoshree
Sengupta (BCCD)

AcSIR

Influence of low-intensity
pulsed ultrasound (LIPUS)
and static magnetic field
(SMF) on efficacy of cancer
cell inhibition

Gaurav Gupta (Glass
Division)

JU

Studies on low phonon
glass and glass ceramics
with rare earths for visible-
MIR photonic applications

Nimu Chand Reger
(BCCD)

Malaviya National Institute
of Technology, Jaipur

Influence of Multi-

ion Substitution on
Physicochemical and
Biological Properties of

Hydroxyapatite

Ujjal Chowdhury
(AMMCD/Glass
Division)

Ju

Investigation of
Multiferroicity in Electronic
Ferroelectric Systems
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Summary

Gender Distribution

03

Female

Deblina Majumder
E:CS'tR-f]JGCR' Khurja Affiliation of University
entre

JU

Controlled Synthesis of
Multifunctional Nanostructured
Metal-oxides for Sensor

. Development and

" Environmental remediation

Subject Domain

02

Bioceramics

02 o1

Preetam Guha Ra
y Sensors & Devices

(CSIR-CGCRI Khurja
Centre)

JU

Surface Engineering of
Polymeric Membranes and
Silicon Microdevices for
Biomedical Applications

01

Refractories
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- out of whic
~ PhD stream while four belong
.~ to the Integrated Dual Degree
__ .‘,?f‘*;:_l__?'rogramme. As on March 2020,
- thetotal student strength of AcSIR
,___-m-";"’lfood at 23 and one student

- received PhD award in science
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Technologies Licensea

A technology to produce 30W continuous wave
(CW) thulium laser at 1.94u and 2.0p

A technology to produce 30W continuous wave (CW) thulium
laser at 1.94p and 2.0p was transferred to BioradMedisys
for research into scale up and subsequent production. The
institute has successfully demonstrated prototype modules
of the laser that is projected to be effective in fragmenting
human urinary stones, with minimal retropulsion effect. The
technology, with Q-switched TFL also has the capability in
stone dusting, that is fragmentation to a very small size of less
than 50 um, thereby ensuring natural flush-out with urinary
stream. The Q-switched TFL also ensures clean ablation and
minimal residual carbonization and heat. The technology
once validated at clinical levels and applied commercially,
would provide a major impetus in treatment of tumours,
fibroids, soft tissue surgery and a variety of other procedures
in urology, gyenocology and neurology.

CSIR-CGCRI has been successful in demonstrating prototype
module of 30 W CW Thulium fiber laser (TFL) at 1.94 pm
in air-cooled operation for preclinical implementation in

human urinary stone fragmentation in a controlled manner
at a significant fragmentation rate with almost uniform
fragments and minimum retropulsion effect, as desirable in
clinical lithotripsy. Along with this technology, the research
on Q-switched TFL at 1.94 pm with peak powers in the
range of 100s W and pulse duration of 100s ns for repetition
rates of 55 to 135 kHz is effective for human urinary stone
dusting with particle size less than 50 pm ensuring natural
washout through urethra with less pain and complication.
Simultaneously such Q-switched TFL is effective for clean
ablation while leaving minimum residual carbonization and
heat affected zone. Relative to the equivalent CW TFL, the
Q-switched TFL provides two times narrower adjacent tissue
damage zone during soft tissue ablation. The research on
pulsed fiber laser is targeted to a system development for
tissue selective high precision incision which will in future
eliminate the necessity of scalpel based biopsy. The designed
TFL is effective in urology, treatment of tumour in oncology,
fibrowed in Gynaecology and soft tissue surgery in neurology.

-

A% URI3eT 2019-20 | oo Annual Report 2019-20

Mission Mode |Initiatives

CSIR’s ongoing programmes under the mission initiatives have
been classified into the fast-track translation projects (FTT)
and the focused basic research (FBR) and niche creating
projects (NCP). While the objective of the FTT is to achieve
last mile connectivity to tested technologies and laboratory
level and thus have a short-timeline deliverable, the FBR and
NCP projects are intended to achieve capacity strengthening
in identified areas with an eye to the future.

New Fast Track
Translation Projects

During the year under reporting, two FTT projects are being
pursued. The first is the preparation of synthetic high
alumina aggregate from sillimanite beach sand for refractory
application. These high alumina refractory aggregate can be
used for the preparation of shaped and unshaped refractories
for iron and steel industries.Successful development of high
alumina aggregate from sillimanite sand will ensure steady
supply of these aggregates at competitive price for the Indian
refractory manufacturers. This will result in surge in indigenous
refractory production and self- reliance on raw materials which
will eventually be translated into economic benefit of both
refractory and the downstream iron and steel industry.

The second is the preparation of superior fused magnesia from
impure Indian magnesite for self-sustenance. These fused
magnesia aggregates can be used mainly for the production
of MgO-C, MgO-Al,0,-C and Mag-chrome-refractory. MgO
refractories are crucial for steel production. With an envisaged
capacity enhancement of steel (300 million tonnes by 2030-
31), the requirement of MgO refractory would likely witness an
exponential growth. Steel making refractories are mostly based
on superior quality MgO aggregates. Large Indian reserves of
magnesite do not qualify for the stringent refractory requirement
in steel making due to the presence of large amount of impurities
in particular Si0,, Ca0 and Fe,0,. As a result, most of these
magnesites are currently imported. Keeping in perspective the
global scarcity of good quality magnesite, and to achieve self-
reliance on this crucial sector the outcome of the project would
be of immense national interest.

Focused Basic Research
and Niche Creating
Projects:

Three projects in this category are being pursued. The
first is the development of Hydrophobic Ceramic Hollow
Fiber Membrane (HCHFM) for MD-based Domestic Water

Purification System.The project envisages to develop a
membrane distillation process for treatment of high TDS
containing water to produce domestic potable water at 20
I/day capacity. The envisaged technical deliverables include
producing a ceramic HF membrane with tunable pore size
and porosity and a process of coating the membrane for
hydrophobicity. To this end, ceramic hollow fiber membrane
was successfully synthesized in this laboratory and design of
the system completed. Membrane synthesis, characterization,
screening and fabrication are currently under progress.

The second FBR involves development of surface modified
adsorbents with higher sorption capacity for specific
contaminants removal in water/ industrial wastewater.
The technical deliverables involve development of surface
modified adsorbents with higher sorption capacity and process
standardization for adsorbent preparation towards industrial
implementation. In this regard, adsorbent with high surface
area of 1498m?/g has been developed from solid fabric
waste of textile industry. Performance evaluation was done
for synthetic and real textile effluent and several synthetic
solution of pesticides, heavy metals and PPCP components
which exhibits around 95-99% of removal at a dosing range
of 2-4g/l. A process for adsorbent preparation has also been
standardized.

The NCP being taken up involves development of new
generation nano-metal oxide /graphene-polymer composite
materials for use in wearable electronics. The objective is to
synthesize advanced composite materials comprising nano
metal oxides/ engineered graphene that exhibit piezoelectric
propertiesand polymersthat are endowed with good mechanical
properties. Suitable electrode deposition on the material and
its characterization for use in wearable electronics as strain/
pressure sensors and motion detection sensors; and prototype
testing are among the other envisaged deliverables.To this
end, nano zinc oxide-PDMS composite materials have been
synthesized by several techniques, such as hydrothermal,
electrospinning and ultrasonication. Some innovations were
introduced in the synthesis technique to produce patterned
structures in a few samples.The synthesized nano zinc
oxide-PDMS samples were characterized for structural,
morphological, chemical, mechanical, thermal and optical
properties. Electrodes have been developed using silver paste
and the sensors have been packaged using PDMS.

CSIR Mission Initiatives

The exhale breath acetone concentration >2 ppm in breath
is considered as diabetic. Accordingly, a gas sensor has been
developed based on ternary nanocomposites which can detect
trace acetone of exhale breath for monitoring diabetes non-
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invasively. A handheld, cost effective breath analyzer has
been fabricated in our laboratory to measure acetone by
analyzing exhale breath. Results are being compared with
GC-MS to validate the device.

The objective of one of the work packages of this project was
to identify materials and develop cost effective and easy to
use methods (paper based/ colorimetric) that could be used
for detecting contaminants like bisphenol and bisphenol
derivatives in water. In this project, Composites of various
metal oxides and their interaction with bisphenol were
studied using instrumental techniques. Optimization and
identification of right material was carried out for sensor or kit
development. , materials have been developed for detecting
commonly used organo-phosphate pesticides and a compact
low-cost prototype device for pesticide detection by chemi-
resistive method has been developed.

Development of advanced optical fiber distributed sensor
and FBG sensors for smart infrastructure management

“under mission mode project titled ‘Technologies for Robust
Structural Health Monitoring of critical Infrastructure and
conservation & Restoration of Heritage structures, was
undertaken. The project developed packaged FBG sensor for
measurement of hoop strain in pipeline. Design, fabrication
and characterization has been successfully completed in
CGCRI. The developed sensors has been given to SERC for
thorough evaluation and to use these hoop strain sensors for
the detection of leakage in the pipeline.

Other Mission Initiatives

Under this activity, arsenic free chalcogenide glass
compositions have been formulated and could successfully
achieve far infrared transmission up to 20 and 25 pum
respectively in two systems based on Ge-Ga-Se-Te and Ge-Te-
Agl for space applications.
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List of New Projects Initiated

Title of the Project Name of Sponsor

30 W CW/Modulated Thulium Laser development of product to commercialize for BioradMedisys Pvt. Ltd
medical application

Development of Solid Oxide Electrolyser Cell for Hydrogen Generation ONGC Energy Centre

Mesoporous antibacterial bioactive glass microsphere inpregnatednon woven DRDO, Life Sciences Research Board,
surgical cotton gauze based haemostatic dressing for profusely bleeding military New Delhi

wounds

Novel boron-rich B-C, B-O and B-P phases for sensing application in harsh SERB, Dept. of Science & Technology,
environment establishing correlation between charge-density distribution and Govt. of India

sensing property

Development of cost effective refractory lining materials for induction melting Ministry of Steel, New Delhi, Govt. of India
furnace suitable for production of quality steel: Phase Il (Industrial Trials)

SERB Distinguished fellow Prof. Arup Kumar Raychaudhuri Studies and SERB, Dept. of Science & Technology,
development of novel sensing materials and sensing device platforms Govt. of India

Social Connect
Programmes

Skill Development

Skill development initiatives have been undertaken in various analytical methods and artisan training in mould making and
pottery. Conducted both at the outreach centres at Naroda (Gujarat and Khurja (UP), the programmes were either sponsored or
self-financed. The brief details are as follows:

m Title of Programme Location of Session with Brief description of activities Funding Agency
Dates

Physico Chemical CSIR-CGCRI, NARODA 05 DAYS T&D Programme Self Financed by Total
Analysis of Ceramic CENTER 10 Nos. of Partcipants.
Raw Material. 02.09.2019 - 06.09.2019.

Online temperature monitoring of blast furnace tuyere through FBG sensor

Characterization and evolution of products or materials, problem identification
and troubleshooting guidance to the industry

Facility establishment and development of optical glasses

Comparative study on volatility loss of elements in glasses prepared by

conventional and microwave heating

Energy Storage Platform on Batteries

TATA STEEL, Jamshedpur
CSIR (Others)

VSSC, Thiruvanthapuram

BRNS, Dept. of Atomic Energy, Govt. of
India

DST, Govt. of India

02 Training on Plaster of
Paris Mould Making
(First Batch)

03  Training on Plaster of
Paris Mould Making
(Second Batch)

CSIR-CGCRI, NARODA
CENTER
27/01/2020 - 31/01/2020

CSIR-CGCRI, NARODA
CENTER
24/02/2020 - 28/02/2020

05 DAYS T&D Programme Under
Comprehensive training program

on terracotta manufacturing under
Integrated pottery development
program (extension) IPDP/GAP1218

05 DAYS T&D PROGRAMME. Under
Comprehensive training program

on terracotta manufacturing under
Integrated pottery development
program (extension) IPDP/GAP1218

Gujarat
MatikamKalakari& Rural
Technology Institute,
GMKRTI Gandhinagar.
Govt. Of Gujarat.

Gujarat
MatikamKalakari& Rural
Technology Institute,
GMKRTI Gandhinagar.
Govt. Of Gujarat.

Study of Radiation-induced defects in Chalcogenide Glasses SERB, Dept. of Science & Technology,

Govt. of India
Membrane based prototype development for higher yield of microalgal biomass  Dept. of Biotechnology (DBT), Govt. of
and biofuel using industrial waste resources India
Energy Efficiency Performance Indicators and Benchmakers for the Ceramic ICF Consulting India Pvt. Ltd, New Delhi
Sector

Oxide non-oxide composite refractory for high temperature applications utilizing SERB, Dept. of Science & Technology,
indigenous raw materials Govt. of India

Skill UpgradationTraining Programme for Terracotta Khadi and Village Industries Commission

(KVIC), Ministry of MSMEs, Govt. Of India

Development of membrane-based methods to improve the recovery of pure water DST, Govt. of India
and valuable products from the waste

Demonstration of ceramic membrane based process for removal of hydrocarbon  Govt of West Bengal
from contaminated tube well in Hingalganj, Sundarban, West Bengal

Advanced multi-component functionally for gradient thermal barrier aerospace CSIR
structures

Development of technology for production of RSW glass in refractory CSIR (others)
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DECENT WORK AND
ECONOMIC GROWTH

1 CLIMATE
ACTION

Outreach

Centres

The institute’s outreach centres have continued to front-end
the institutional knowledgebase with societal application. Key
domains where initiatives were undertaken include pottery,
waste utilization, environmentally and occupationally safe
practices among others.

o

The Naroda Centre continued with its Integrated Pottery
Development programme (which has been extended by the
sponsors) and took up artisan training for skill development
and capacity building. In another sponsored project, efforts
were made to determine the effect on water quality and
leached elements from terracotta wares by microwave cooking.
Type 1 water was stored in properly cleaned terracotta articles
for 24 hours and then boiled by keeping the TC ware in
a microwave oven. The water was allowed to cool to room
temperature and then tested by water quality analyzer and
ICP. It was found that the pH of water changes from acidic to
alkaline on storing it in terracotta ware. The % DO (dissolved
oxygen percentage) of water kept in terracotta ware increases
probably because of porous nature of terracotta. Salinity

=~
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remains consistent indicating chloride of Na or Mg, sulphate
of calcium, potassium etc. are not released. Fe, Ca, K and
P have been found to increase which is healthy. Further
analysis is under progress. Effect of firing temperature of
terracotta on leaching characteristics is being studied. The
Centre also qualified for the strict certification standards of
ISO 9001:2015 and implemented the 5S activity standard
(clean workplace, minimal loss, zero defect, enhanced safety,
reliable equipment) for improving productive efficiency at
organizational level. An in-house project on utilization of
vitreous sanitaryware scraps for creation of value-added
products was also undertaken.

The Khurja Centre initiated a project on developing energy
efficiency performance indicators and benchmarks for the
ceramic sector apart from skill development initiatives for
rural artisans of the pottery clusters. The cluster facilitation
programme for common facility centre in Bihar have also
been in place.
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REDUCED
INEQUALITIES

Al Testing &
Characterization Services

N

The Testing and Characterization
Cellof the institute had continued
to function as a Single Window
Clearing Unit for all testing
and characterization related
services. Testing of raw materials
and products in the fields of
glass, ceramics, refractories
and composites were being

o 47%
e 33%

carried out as per applicable m Industry
national and international
standards. Key stakeholders Academy

included industries, government
agencies, universities  and
academic institututions, private
and public laboratories and also
students and researchers. The
following infographic summarize
the achievements of testing and
characterization services during

FY 2019-20: ] ] ) ]
Services provided to different customers during FY 2019-20

o <« N

& \00"' N W o o

Services provided to the total number of different customers during 2019-20 (monthly basis)
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B Government

Student Outréach and

Jigyasa Programmes

Programmes aimed at school students under the Jigyasa
initiative of CSIR has been one of the key outreach activities
of the institute. A group of 40 students from science
streams of class XI and XII were entertained during May
2019. Laboratory exposure covering fuel cell and battery;
fibre optics and photonics; specialty glass technology; water
technology; bioceramics; instrumental facilities comprising
of XRD, SEM, TEM formed a major part of the visit. This was
also facilitated by associated lectures with wider coverage of
institutional activities. Purpose of the Jigyasa programmes
is to instill interest among students to pursue a career in
science. Z

Other programmes organized under the Jigyasa initiative
included visit of 60 students from Jadavpur Vidyapeeth;
60 students from Kendriya Vidyalaya, Ordinance Factory
Dumdum; 46 students from Kendriya Vidyalaya, Barrackpore
and 48 students from Kendriya Vidyalaya No 2, Salt Lake.
The visits were spaced out over the entire year.
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Exhibitions & Media Outreach

The institute has regularly participated and presented its activities at exhibitions across the country and had also been active in

social media and web platforms.

=

S

Curtain Raiser and the Outreach

Programme on IISF - 2019

A Curtain Raiser and an Outreach Programme of the India
International Science Festival (IISF) — 2019 was held on
October 30, 2019 at CSIR-CGCRI, Kolkata in association
with Vijnana Bharati (VIBHA). About 280 students along with
their teachers from local schools and colleges attended the
programme. Showcasing the achievements in science and
technology in India, Dr. Shekhar C. Mande, Secretary, DSIR
& DG, CSIR addressed the audience and the media. He also
reminisced the notable contributions of Acharya Jagadish
Chandra Bose, Satyendra Nath Bose, Meghnad Saha, Asutosh
Mukherjee, Dr. C.V. Raman and others of the past who put
Kolkata on the global map. Other dignitaries present on the
occasion were Dr. Jajati Nayak, National Governing Council,
Member, Vijnana Bharati and Senior Scientist, VECC, Kolkata,
Dr. Nakul Parashar, Director, Vigyan Prasar, DST, Gol.

The theme for 5t [ISF — 2019 was RISEN India — Research,
Innovation, and Science Empowering the Nation. It was
organized jointly by Ministry of Science & Technology and
Ministry of Earth Sciences in association with Vijnana Bharati
during November 5 — 8, 2019 at Kolkata. Large numbers of
participants of diverse origin took part in 28 major events of
IISF — 2019 spreading across the entire period. CSIR-CGCRI
coordinated three major events, namely, Guinness World
Record Attempt (GWR), Science Village (SV) and National
Social Organization and Institutions Meet (NSOIM). Attempts

to create World Records in unique scientific activities performed
by school students had been a key part of 1ISF-2019. Three
Guinness world records were set in 5™ [ISF — 2019 by the school
students of West Bengal. The prime goal of ‘Science Village
(SV)' was to provide science exposure to the students from rural
India and make them aware of India’s achievements in frontier
areas of Science &Technology. Under this event, thousands of
school students from all over India took part in several pre-
designed unique activities. Event NSOIM of [ISF 2019 was
held at Science City, Kolkata during November 6-8, 2019
where several government and non-government organisations
participated in this 3 days summit to discuss the new paradigm
for social enterprises and effectiveness of the road ahead. Prime
motto of this event was to engage grassroots level voluntary
developmental organizations in nation building through the
intervention of science and technology.

INDIA INTE RNATI ONAI.
SCIENCF TESTIVAL
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Collaborations

Academic Linkages

Academic linkage has been established with ARCI, Hyderabad,
IIT (BHU), Varanasi and IEST, Shibpur and VSSC, Trivandrum
and NIT, Jamshedpur.

e MoU between CSIR-CGCRI and International Advanced
Research Centre for Powder Metallurgy & New Materials
(ARCI), Hyderabad for technology development at CGCRI

e MoU between CSIR-CGCRI and IIT (BHU), Varanasi for
R&D and capacity building towards mutual benefit of
both the Institutes

1 PARTNERSHIPS
FOR THE GOALS

e MoU between CSIR-CGCRI and IIEST, Shibpur for
academic collaboration between the two Institutes

e MoU between CSIR-CGCRI and Vikram Sarabhai Space
Centre (VSSC), Trivandrum for Development of optical
Glasses

e MoU between CSIR-CGCRI and NIT, Jamshedpur for
academic collaboration

(L- R) MolU exchange between CSIR CGCR/! and /IT(BHU) and IIEST

Industry Linkages

e Non-disclosure agreements have been inked with
BioradMedisys Pvt Ltd, Pune (a medical devices
manufacturing company) for exploring opportunities on
collaborative R&D in the area of fibre laser

e A tripartitie MoU between CSIR-CGCRI, CSIR-NML and
Tata Steel was signed for a joint research project related
to online temperature monitoring of blast furnace tuyere
through FBG sensors

e An Agreement has been signed between CSIR-CGCRI
and 4 way Clinic and Consultancy, Maharastra for
collaborative research on thulium fiber laser for surgical
applications

e MoU between CSIR-CGCRI and ONGC Energy Centre
Trust, New Delhi for development of solid oxide
electrolyser cell for hydrogen generation

International Linkages
Bilateral seminar on refractories

A seminar on ‘CSIR-CGCRI-WUST Post Graduate Seminar
on Refractories’ was organized jointly by CSIR-CGCRI and
Wuhan University of Science and Technology (WUST), China
during April 3-5, 2019 at CSIR-CGCRI, Kolkata. Theme
of the above seminar was to exchange ideas and to share
research activities among the post graduate students from
India and China working in the field of refractory. Seventeen
participants from China and eight students from different
Indian Academic Institutes presented their research works in
the above programme.

Visit of Taiwanese delegation

Professor Wei-Chung Wang, Director, Centre for India Studies,
National Tsing Hua University (NTHU), Taiwan and his team
visited CSIR-CGCRI, Kolkata on July 30, 2019 to discuss

on future collaboration between CSIR-CGCRI, Kolkata and
NTHU, Taiwan.

Felicitation of the Taiwanese delegation by Director, CSIR-
CCGCRI in presence of Dr R.N. Basu

NP UfdagT 2019-20 ﬁ Annual Report 2019-20
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Awards, Accolades, Mobility

Peer Recognition

Dr. K. Muraleedharan, Director received the EMSI
Lifetime Achievement Award during the 12th Asia
Pacific Microscopy Conference 2020.

Dr. Muraleedharan also received Metal Asia Excellence
award from Metal Asia, a leading publication on non-
ferrous minerals & metals.

Dr. H.S. Tripathi, Senior Principal Scientist,
Refractory & Traditional Ceramics Division was invited
to be the visiting professor of Wuhan University of
Science & Technology, China for a period of two years.

He also received the Innovative Research Award at
the 23 |International Conference on Non-ferrous
Minerals & Metals (ICNFMM 2019) for developing
high performance refractory aggregates for industrial
applications.

Dr. M.C. Paul, Senior Principal Scientist, Fibre Optics
& Photonic Division received Senior Visiting Scientist
Award of National Taipei University of Technology,
Taipei, Taiwan, nominated as Guest Editor for the IEEE
Photonics Journal Special Issue (Nov./Dec. 2019) and
awarded Gold Medal at Malaysia Invention, Innovation
& Design Exposition 2019 (iideX2019), Malaysia.

He was also selected as an International Reviewer of the
International Expertise Project of Russian International
Affairs Council by Russian Science Foundation.

Shri Sourav Nag, Senior Scientist, Specialty Glass
Technology Division received the first prize in poster
presentation during the 23 International Conference
on Non-ferrous Minerals and Metals (CNFMM-2019),
Kolkata.
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Shri Sitendu Mandal, Chief Scientist, Specialty
Glass Technology Division has been elected as Fellow
of West Bengal Academy of Science and Technology
(WAST) for the year 2019.

Dr. Mitun Das, Principal Scientist, Bio Ceramics
& Coating Division was nominated to the Scientific
Program Committee in the International Conference
on Additive Manufacturing Meets Medicine (AMMM
2019), Germany.

Dr. Ashis Kumar Mandal, Principal Scientist,
Specialty Glass Technology Division received IconSWM
Excellence Award 2019 in the 9" International
Conference on Sustainable Waste Management towards
Circular Economy, Kalinga Institute of Industrial
Technology, Bhubaneswar.

Dr. Anirban Dhar, Senior Scientist, Fibre Optics &
Photonic Division received the OSA, Senior Member
Award from Optical Society of America, USA.

Dr. Mrinal Pal, Senior Principal Scientist, Functional
Materials & Devices Division was inducted as a
member of the West Bengal State Council of Science
and Technology.

Dr. Swastik Mondal, Principal Scientist, Functional
Materials & Devices Division was chosen as advisory
committee member, 2" National Conference on
Frontiers in Modern Physics (NCFMP 2020), Adamas
University, Kolkata.
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Dr. L. K. Sharma, Chief Scientist & Scientist-in-
Charge of CSIR-CGCRI, Khurja Centre received the
Mishra Memorial Award 2019 from All India Pottery
Manufacturers Association.

Dr. Vamsi Krishna Balla, Senior Principal
Scientist, Bio Ceramics & Coating Division received
NSF-ICorp (Innovative Corporations) grant award from
National Science Foundation, USA and was Stanford’s
‘Lean Launchpad’ entrepreneurship training recipient.

He was also nominated as Associated Editor, Advances
in Materials Science and Engineering, Hindawi
Publications.

Dr. Jui Chakraborty, Principal Scientist, Bio
Ceramics & Coating Division was nominated as Editorial
board members of Indian Journal of Materials Science,
Hindawi Publications and Journal of Applied Physical
Science International, International Knowledge Press.

a1 ufdde 2019-20
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Dr. Mahesh Kumar Gagrai, Scientist, Ceramic
Membrane Division receivedbest oral presentation
award at International Conference on Engineering
Science & Advance Research (ESAR’19), Kanpur.

Dr. Lata Ramrakhiani, DST Woman Scientist, Water
Technology Division received IconSWM Excellence
Award 2019 in the 9" International Conference on
Sustainable Waste Management towards Circular
Economy, Kalinga Institute of Industrial Technology,
Bhubaneswar.

She also secured 2" position in poster presentation in
107t Indian Science Congress, Bangaluru.
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Dr. Sarani Sen of FMDD:
- Best paper award in

during September 19-
21, 2019 at Institute
= of Engineering &

' Management, Kolkata.

Bhaswar Dutta Gupta of

FOPD: SPIE best paper
- award in the International
Corfference' n Optics

=

QCther 19 22 2019 at
_Instruments Research
o and Development
= Establishment (IRDE),
' Dehradun.

Gaurav Ranjan De of
A FMDD_:'FIF_St prlze in

SCAES 2019) held during
September 19-21, 2019 at
“  Institute of Engineering &
' Management, Kolkata.

Debasis Pal of FOPD:
Best Ph.D thesis award in
- the DAE- BRNS National

ium (NLS-

e X *Educ::ﬂ:"bn &'ReSearch, ,;;

Suman Saha of BCCD:
(a) Best oral presentation
award at International
Conference on ‘Synthesis,
Characterization
and Application of
Nanomaterials (SCAN)
held during November 1-2,
2019 at The Institution of
Engineers (India), Kolkata.

(b) Certificate of
appreC|at|on fgr Exse'llence
in ResearchWork' in 2nd

Natlonal. Eﬂgﬁed-rcal‘
Resg'ar?:t‘] 0
AL “\" o0 e
axgmb'

. -

: Cha.nd~1garh

(C) Best oral presentatlon
award at International
Conference on ‘Current

Trends in Materials Science
and Engineering (CTMSE
2019) held during July
18-20, 2019 at S. N. Bose
National Centre For Basic
Sciences, Kolkata.
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jonal Conference on
N,énotechnology (ICNT-2019)
-:t“:held during December 28
.-."— 29, 2019 at Institute of

- Fire and Safety Engineering,
Haldia.

- Malobi Seth of

. ..-.-.December 28-29, 2019
i at Institute of Fire and
i Safety Engineering (IFSE)
Haldia.

Arnab Bhattacharjee of

%ﬁ:d in the BCCD:

h‘ference (a) Best poster award at
on 7 van(fed Functional International Conference
Materials (ICAFM 2019) on ‘Current Trends in

Materials Science and
\’ _ ..5—10,.2019 at CSIR-NIIST, Engifieering (CTMSE

Thiruvananthapuram. 2019) held during July
18-20, 2019 at S. N.

- Bose National Centre For

Basic Smences Kolkata

o) Bes‘r msfer gward

 (InTec, 2019)' held
- during December 11-
12, 2019 at 83 Annual
Session of the Indian
Ceramic Society, Kerala
Chapter, CSIR-NIIST,
Thiruvananthapuram.

Dr. Aniruddha Pal of BCCD:
(a) 2" prize in poster
presentation in the workshop
in ‘Recent Trend in Biomedical

nglneerlng (RTBE 2020) held

N POS
& presentatloh in the 2n¢
-*‘“{nternatlonal Conference on
“Advances in Bioprocess
- Engineering and Technology
2020 (ICABET 2020)" held
during January 20-22, 2020
at the Heritage Institute of
Technology, Kolkata.
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Akila G. Prabhudessai
~ of Glass Division: Best
poster prlze at the 2

'ag i 'fConcIave

Meeting of Materials

- Research Society of

ndia (MRSI) held during

.. February 11-14, 2020 at
: CSIR-CGCRI, Kolkata

Sukanya Kundu of Glass
Division:
(a) Best poster prize in the 2
Indian Materials Conclave and
~ 31* Annual General Meeting
e of Materlals R_esearch Somety

*'ir‘ Engineering Sciences and

- Technologies for Environmental
Care (ESTEC-2020) held during
February 20-22, 2020 at CSIR-

NEIST, Jorhat.

;,Mr Hasmat Khan of SGTD:
g3 oral presentatron prize

February 28 12020 at JIS
~ University, Kolkata.




Deputation Abroad

Dr. Jiten Ghosh

Senior Scientist, Advanced Mechanical & Materials Characterization Division

Country Visited
Italy (13.05.2019 - 22.05.2019)

Purpose

Deputation to Trieste, Italy for performing experiment on ‘Evolution of Short-range Order
in Rare-Earth Elements (REE) doped glasses’ using BEAR beamline at Elettra Synchrotron
Trieste, Italy.

Dr. Sathravada Balaji

Senior Scientist, Glass Division

Country Visited
USA (07.06.2019 - 16.06.2019)

Purpose

Deputation to the Boston, USA for attending 25" International Congress on Glass

(ICG — 2019) organized by the American Ceramic Society (AcerS) and AcerS Glass &
Optical material Division and also to present a contributed talk entitled ‘Super Broad Babh
NIR emission from Yb/Ho/Tm triply doped oxyfluoride glass’.

Dr. Mrinmay Pal

Principal Scientist, Fiber Optics and Photonics Division

Country Visited
Germany (10.06.2019 - 22.06.2019)

Purpose

Deputation to Max Planck Institute for the Structure and Dynamics of Matter, Hamburg,
Germany to measure optical transmission of hallow core photonic crystal fiber (HCPCF)

at 3 micron regime under DST — DAAD bilateral project on ‘Development of hallow core
photonic crystal fiber for efficient transmission at 3 micron wavelength for clinical studies’.

Dr. Sukanya Datta

Senior Principal Scientist, Human Resource Group (HRG)

Country Visited
Mexico (29.11.2019 - 04.12.2019)

Purpose
Dr. Sukanya Datta visited Mexico during November 29 — December 04, 2019 to represent
India at the Guadalajara International Book Fair as an expert on science communication.

Shri Sitendu Mandal
Chief Scientist, Specialty Glass Technology Division

Country Visited
USA (09.06.2019 - 14.06.2019)

Purpose

Deputation to the Boston, USA for attending 25" International Congress on Glass (ICG

— 2019) organized by the American Ceramic Society (AcerS) and AcerS Glass & Optical
material Division and also to deliver a lecture entitled ‘Glass Bead as Material of Choice of
Immobilization of High Level Radioactive Nuclear Waste'.




Dr. Mukul Chandra Paul
Senior Principal Scientist, Fiber Optics and Photonics Division FOPD)

Country Visited
Taiwan (04.11.2019 - 14.11.2019)

Purpose

Dr. Mukul Chandra Paul visited National Taipei University of Technology (NTUT), Taipei,
Taiwan during November 04 — 14, 2019 to explore research collaboration and also
delivered a talk entitled ‘Development of speciality optical fibers based on multi-element
doped silica glass for fiber laser, amplifier and broadband light sources’.

Shri Harshavardhan Reddy Pinninty
Senior Research Fellow (DST — INSPIRE), Fiber Optics and Photonics Division

Country Visited
UK (28.04.2019 - 03.09.2019)

Purpose
Study tour to the Institute of Photonics and Quantum Sciences, Heriot-Watt University,
Edinburgh, UK for pursuing research work related to Nonlinear Fiber Optics: Mid-infrared

supercontinuum generation in doped solid-core photonic crystal fibers under Newton Bhaba

PhD Placements Programme 2018-19.

Shri Ripan Kumar Biswas
Senior Research Fellow (DST — INSPIRE), Advanced Mechanical & Materials
Characterization Division

Country Visited
Italy (13.05.2019 — 22.05.2019)

Purpose

Study tour to Trieste, Italy for performing research experiment on ‘Evolution of Short-
range Order in Rare-Earth Elements (REE) doped glasses’ using BEAR beamline at Elettra
Synchrotron Trieste, Italy.

Shri Sourav Das Chowdhury

Research Associate—I, Fiber Optics and Photonics Division

Country Visited
Germany (10.06.2019 - 25.06.2019)

Purpose

Study Tour to Max Planck Institute for the Structure and Dynamics of Matter, Hamburg,
Germany to measure optical transmission of hallow core photonic crystal fiber (HCPCF)
at 3 micron regime and to present a paper related to his PhD work in the CLEO Europe
Conference at Munich.
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Institutional Recognition
The institute won a bid on behalf of India for hosting the ICG 2025

In a major breakthrough, India after a span of 39 years wrested a bid to host the 27" International Glass Congress during 2025
at Kolkata, defeating Japan. CSIR-CGCRI led the bidding process on behalf of the country. The event would be co-hosted along
with CSIR-CGCRI by other technical associates such as the All India Glass Manufacturers Federation, Glazing Society of India
and the Indian Ceramic Society. Incidentally, the last ICG hosted in India was at New Delhi in 1986.

The conference is envisaged to provide a great opportunity for Indian glass industries, R & D organizations and academic
institutions to facilitate collaboration, co-creation and co-learning with the global glass community for the betterment of Indian
society. The proposed theme of 271 ICG is ‘Glass: A Smart and Indispensable Material for Sustainable Society’. The focus will
be on emerging technologies that can catalyse transformations in the use of glass products in various fields.




New Facilities Created

Biomaterials Synthesis Lab

A ‘Biomaterials Synthesis Lab’ consisting of several sophisticated equipment and accessories has been created at Bio-ceramics
& Coating Division to process different ceramics, polymers and their composites powders and scaffolds fabrication.

Electropolishing equipment (Super ES-1), fume hood, BOD incubator and others

Glass Melting Facility

A glass melting facility comprising of 15 L Glass melting induction furnace having provision for bottom pouring capability, semi-
automatic glass casting device, annealing furnaces, and material handling devices has been set up at Glass Division for the
production of large sized Nd- doped laser glass blocks following bottom pouring flow casting technigue.

ihducﬁon
| furnace

annealing )

furnace [ I Gas purging unit
with dew point
meter

Final melting Room

Induction heating Glass melting facility of 15 L capacity for the production of Nd-doped laser glass

™
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Architectural Glass Research and Testing (AGRT)

Facility

An AGRT facility for testing spot faults, reams, strings, lines, linear and optical faults in float glass as per IS 14900:2018

standard has been created at Glass Division.

Determination of Spot Faults Determination of Reams, Strings, Determination of Optical Faults

Mercury
Intrusion
Porosimeter

A Mercury Intrusion Porosimeter (Model:
Poremaster 60, Anton Paar, USA) has been
installed at MICD that has the capability
to measure the pore size distribution and
porosity of a material by applying controlled
pressure to the sample immersed in a
pool of mercury. Pore volume and pore
size distribution are calculated from the
recorded pressure-volume curves by the
Washburn equation.

Poremaster 60 (Anton Paar, USA)

Lines and Linear Faults Zebra Board of 2500 mm x 2000 mm

Membrane distillation unit &
Hydraulic extrusion press

Hydraulic extrusion press of 20 ton capacity and
Membrane Distillation setup

Femtosecond pulsed laser
based FBG inscription
system

A Femto-second pulsed laser based fiber Bragg grating (FBG) inscription
system has been installed. Grating can be inscribed either by using
the fundamental wavelength of the laser at 1030 nm or its frequency
doubled output at 515 nm. The system has options to inscribe FBG using
point-by-point and also by using line-by-line fabrication methodology.
FBG with uniform period as well as with chirped period can be inscribed.
Photosensitive fibers are not mandatory for inscription of FBG using this
system. FBGs can be inscribed through acrylate polymer and polyimide
coatings.
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GC-MS System

Gas Chromatography Mass Spectrometer with Thermal
Desorption Unit has been installed in Functional Materials
and Devices Division of CSIR-CGCRI under the Nanobio
Mission Mode Project (HCP0012). This is being used to
analyse the breath components at ppb-ppm level. Calibration
of the acetone sensors developed at CGCRI for diabetes
detection by breath measurement has been carried out
through cross checking of acetone content of breath using
GCMS.

Non-contact
Profilometer

A major facility in the form of 3D non-contact optical profiler
for surface morphology analysis to work on varied aspects
surface science and technology was created under the CSIR
mission mode programme on “Food and Consumer Safety
Solution (FOCUS)".

Laser Assisted Ultra-
Precision Machining
Facility

A novel laser assisted ultra-precision machining facility has
been established at NOCCD for fabrication of hard ceramic
/ alloy moulds with very high form accuracy and surface
finish. The facility achieves ductile mode machining of brittle
ceramic materials to achieve extremely low Ra values (< 5
nm) with an appreciably high material removal rate using laser
assisted diamond turning compared to the finishing achieved
by the traditional surface grinding process for ceramics. The
following figure depicts the above machine.

Scientist

Manpower
Position
(as on 31.03.2020)

63

Group — Il




During the period of this report, 18 personnel had superannuated, five persons were transferred to CSIR-CGCRI and two were
transferred out of the institute while two persons resigned. During the period of this report, no new permanent employees joined

the institute.

Superannuation:

e R

SR N

Shri Sambhu Balmiki
Laboratory Assistant

(Engineering Service Division)

30.04.2019

Smt. R. Jayashree

Receptionist
(Reception & Security)

31.07.2019

Dr Bharat Bhushan Jha
Chief Scientist, BDSD
31.10.2019

Smt. Jharna Basu

Chief Scientist (GPA
Maintenance Unit)

30.06.2019

Private Secretary
(CoA/AO Office)

31.05.2019

,-.:.

Dr. (Smt.) Keka Mukherjee
Senior Technical Officer (2),

Smt. Namita Sanpui
Lab. Assistant, BDSD
31.08.2019 AMMCD

30.09.2019

R e

CTETRL TV
TR e

R N
e Y

.xl. | I
Dr. Rajendra Nath Basu

Chief Scientist, FCBD
31.12.2019

A AN ._'(I

Dr. Anjan Kumar Chakraborty

Principal Technical Officer,
Naroda Centre

31.10.2019
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TR e

Shri Tarakeshwar Ojha
Lab Assistant (NOCCD)
31.07.2019

RSN e

Shri Bhikari Chand

Senior Technician (2),
Khurja Centre

30.09.2019

Dr. Sanjoy Mandal
Principal Technical
Officer, MCID

31.12.2019

e

Shri Sukhendu Sekhar
Mukhopadhyay

Principal Technical Officer,
MCID

31.01.2020

RSN e

Shri Gopal Chandra Das
Senior Tech. (2), NOCD
29.02.2020

e

s

Shri Indra Kant Jha Shri Susanta Kr. Sanpui
Senior Technician (2), Lab. Assistant, MCID

SGTD 31.01.2020
31.01.2020

TR e
TR e

TR e

v~ |

Shri Kamal Kanti Sardar

Assistant Halwai cum
cook (MACP)

31.03.2020

>

Leaving CSIR-CGCRI

Shri Aurottam Kundu

Assistant Section Officer (G)
Joining to Geological Survey

of India
24.09.2019

Md. Salim Golder

Senior Secretariat Assistant (G)
Joining to AIIMS, Bhubaneswar

31.12.2019
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e

Shri Yad Ram

Principal Technical
Officer, Khurja Centre

31.01.2020



Transfers to and from CSIR-CGCRI

8

O LR

8

Dr. Prabir Pal Shri Rajesh Kumar Pareek Shri Sanatan Naiya

e
R T
o 2

Senior Scientist Controller of Finance & Senior Technician (2)
Joining from CSIR-NPL, Accounts Joining from CSIR-NML,
New Delhi Joining from CSIR-CEERI, Jamshedpur
03.06.2019 Pilani 02.09.2019
05.08.2019

O LR

Ms. Sanhita Ganguly Shri Debi Prasad Karmakar Shri Parag Patar
Section Officer (General Principal Scientist Controller of Finance &
Joining from CSIR-IICB, (KhurjaCentre) Accounts

Kolkata Transfer to CSIR (Hars.), Jransfer to CSIR-CMERI,
01.11.2019 New Delhi Durgapur
14.06.2019 02.09.2019
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Dr. Amish G. Joshi
Senior Principal Scientist

Joining from CSIR-NPL,
New Delhi

09.09.2019
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Patents Filed and Granted (April 2019 - March 2020)

' (App : )26, Date 23-10-2019)
> ol ) . -
3. M. Naskar, Process of preparation of alumina sol modified
zeolite derived from rice husk ash for removal of fluoride
from water

(Appl No: 201911045768, Date 11-11-2019)

Granted in India:

1. A. Kalyandurg, K. Biswas, A.D. Sontakke, R.Sen,
Novel soda lime silicate glass composition comprising
colemanite and a process for the preparation thereof
(Patent No: 313125, Grant Date 24-06-2019)

2. S.N. Roy, S. Sarkar, G.C. Sahoo, S. Cerneaux, A. Larbot,
S. Bandyopadhyay, A process of making single layer
ultrafiltration membrane inside clay-alumina porous
tubular support
(Patent No: 321677, Grant Date 27-09-2019)

3. S. Dasgupta, D. Bhattacharjee, K. Mandal, T.P. Sahoo, A
process for the preparation of an impervious palladium
membrane over ceramic substrate
(Patent No: 324557, Grant Date 06-11-2019)

_1-

f Ytterbium

. .

0148003400004X, Grant Date 23-04-

= i~

. A. Seh, R Rana, An improved sensor composition for

acetone detection in breath for diabetic diagnostics

(Patent No. 10-1974209, Grant Date 24-04-2019)
[Koreal

K. Annapurna, K. Biswas, A.D. Sontakke, R.Sen,
Novel soda lime silicate glass composition comprising
colemanite and a process for the preparation thereof

(Patent No. 3004004, Grant Date 17-07-2019) [Turkey]

A. Kalyandurg, K. Biswas, A.D. Sontakke, R.Sen,
Novel soda lime silicate glass composition comprising
colemanite and a process for the preparation thereof

(Patent No. 3004004, Grant Date 17-07-2019) [EU]

K. Annapurna, K. Biswas, A.D. Sontakke, R.Sen,
Novel soda lime silicate glass composition comprising
colemanite and a process for the preparation thereof
(Patent No. 3004004, Grant Date 17-07-2019)
[Germany]

Publications in SCI & Non-SCIl Journals

(April 2019 - March 2020)

SCI Publications

1.

Acharya R, Alsharabasy AM, Saha S,
Rahaman SH, Bhattacharjee A, Halder
S, Chakraborty M, Chakraborty J,
Intercalation of shRNA-plasmid in Mg-Al
layered double hydroxide nanoparticles
and its cellular internalization for
possible treatment of neurodegenerative
diseases, Journal of Drug Delivery
Science and Technology, 2019, 52,
500-508

Acharya R, Chakraborty M, Chakraborty
J, An in vitro comparative study of
layered-double hydroxide nanoconjugate
in the delivery of small interference and
short-hairpin ribonucleic acid, Bulletin
of Materials Science, 2020, 43 (1), Art
No. 10

Acharya S, Moitra A, Bysakh S, Nanibabu
M, Krishanan SA, Mukhopadhyay CK,
Rajkumar KV, Sasikala G, Mukhopadhyay
A, Mondal DK, Ghosh KS, Jha BB,
Muraleedharan K, Effect of high strain
rate deformation on the properties
of SS304L and SS316LN alloys,
Mechanics of Materials, 2019, 136, Art
No. UNSP 103073

Adhikari A, Das P, Mukherjee A,
Generating a representative keyword
subset pertaining to an academic
conference  series,  Scientometrics,
2019, 119 (2), 749-770

Ahmad A, Cheng XS, Paul MC, Dhar
A, Das S, Ahmad H, Harun SW, Self-
generating Brillouin fiber laser using
highly nonlinear hafnium bismuth
erbium-doped fiber, Microwave and
Optical Technology Letters, 2019, 61
(6), 1651-1655

Al-Azzawi AA, Almukhtar AA, Hamida
BA,, Das S, Dhar A, Paul MC, Ahmad
H, Harun SW, Wideband and flat gain
series erbium doped fiber amplifier
using hybrid active fiber with backward
pumping distribution technique, Results
in Physics, 2019, 13, Art No. 102186

Al-Azzawi AA, Almukhtar AA, Reddy PH,
Dutta D, Das S, Dhar A, Paul MC, Ahmad
H, Harun SW, Wide-band flat-gain optical
amplifier using hafnia and zirconia
erbium co-doped fibres in double-pass
parallel configuration, Journal of Modern
Optics, 2019, 66 (16), 1711-1716

Almukhtar AA, Al-Azzawi AA, Ahmad
BA, Cheng XS, Reddy PH, Dhar A, Paul
MC, Ahmad H, Harun SW, Flat-gain and

10.

11.

12.

13.

14.

15.

16.

wide-band partial double-pass erbium
co-doped fiber amplifier with hybrid
gain medium, Optical Fiber Technology,
2019, 52, Art No. 101952

Almukhtar AA, Al-Azzawi AA, Jusoh Z,
Razak NF, Reddy PH, Dutta D, Das S,
Dhar A, Paul MC, Ahmad H, Yasin M,
Harun SW, Flat-gain optical amplification
within 70 nm wavelength band using
199 cm long hybrid erbium fibers,
Optoelectronics and Advanced Materials-
Rapid Communications, 2019, 13 (7-8),
391- 395

Almukhtar AA, Al-Azzawi AA, Reddy
PH, Das S, Dhar A, Paul MC, Ahmad H,
Harun SW, An efficient L-band Zirconia
Yttria Aluminum Erbium co-doped
fiber amplifier with 1480 nm pumping,
Journal of Nonlinear Optical Physics
& Materials, 2019, 28 (2), Art No.
1950018

Almukhtar AA, Al-Azzawi AA, Reddy
PH, Das S, Dhar A, Paul MC, Ahmad
H, Harun SW, Wideband optical fiber
amplifier with short length of enhanced
erbium-zirconia-yttria-aluminum co-
doped fiber, Optik, 2019, 182, 194-200

Bagchi A, Sarka S, Bysakh S, Sarkar S,
Mukhopadhyay PK, Possible mechanisms
for degradation of photo induced micro
actuation effect in a ferromagnetic shape
memory alloy at high temperatures,
Journal of Applied Physics, 2019, 125
(14), Art No. 144505

Baitalik S, Kayal N, Thermal shock and
chemical corrosion resistance of oxide
bonded porous SiC ceramics prepared by
infiltration technique, Journal of Alloys
and Compounds, 2019, 781, 289-301

Balichakra M, Bontha S, Krishna P, Balla
VK, Laser surface melting of gamma-TiAl
alloy: an experimental and numerical
modeling study, Materials Research
Express, 2019, 6 (4), Art No. 046543

Balichakra M, Bontha S, Krishna P, Balla
VK, Prediction and validation of residual
stresses generated during laser metal
deposition of gamma titanium aluminide
thin wall structures, Materials Research
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dimensional cellulose-hydroxyapatite
nanocomposite enriched with
dexamethasone loaded metal-organic
framework: a local drug delivery system
for bone tissue engineering, Cellulose,
26 (12), 7253-7269

a1 wfdae 2019-20

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.
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oxide-ion conductor, Materials Research
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induced tunable n-doping of Ag-
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Singh SK, Dutta D, Dhar A, Das S, Paul
MC, Gangopadhyay TK, Detection of
Ammonia Gas Molecules in Aqueous
Medium by Using Nanostructured Ag-
Doped ZnO Thin Layer Deposited on
Modified Clad Optical Fiber, Physica
Status  Solidi  A-Applications  and
Materials Science, 2019, 216 (16), Art
No. 1900141

Sinhamahapatra S, Dana K,
Mukhopadhyay S, Tripathi HS, Role of
different rare earth oxides on the reaction
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spinel, Ceramics International, 2019,
45 (9), 11413-11420
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M, Ghosh S, Synthesis of novel p-n-p
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Sabri M, Habibi-Yangjeh A, Ghosh S,
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Vesali-Kermani E, Habibi-Yangjeh A,
Diarmand-Khalilabad H, Ghosh S,
Nitrogen photofixation ability of g-C;N,
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Magnesite and Process Optimization
Using Response Surface Methodology,
Transactions of the Indian Ceramic
Society, 2020, 79 (1), 23-29

Biswas M, Bandyopadhyay S, Bhattacharya
D, Synthesis of pure 15R-SiAION polytype
phase & its crystal structure under
carbothermal-reduction-nitridation,
Materials Chemistry and Physics, 2020,
243, Art. No. 122617

Sharma V, Bose S, Kundu B, Bodhak S,
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Anand A, Das P, Nandi SK, Kundu
B, Development of antibiotic loaded
mesoporous bioactive glass and its drug
release kinetics, Ceramics International,
2020, 46 (4), 5477-5483

Singh SK, Dutta D, Das S, Dhar A,
Paul MC, Synthetic and structural
investigation of ZnO  nano-rods,
hydrothermally grown over Au coated
optical fiber for evanescent field-based
detection of aqueous ammonia, Materials
Science in Semiconductor Processing,
2020, 107, Art. No. 104819

Das Chowdhury S, Dutta Gupta, B; Pal
M, Multi-wavelength, nano-second
actively mode-locked Yb-fiber oscillator
with 100 nm wide Raman broadened
spectrum, Optics and Laser Technology,
2020, 123, Art. No. 105905

Almukhtar AA, Al-Azzawi AA, Cheng XS,
Reddy PH, Dhar A, Paul MC, Ahmad H,
Harun SW, Enhanced triple-pass hybrid
erbium doped fiber amplifier using
distribution pumping scheme in a dual-
stage configuration, Optik, 2020, 204,
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Das D, Baitalik S, Kayal N, Properties
of multiple oxide-bonded porous SiC
ceramics prepared by an infiltration
technique, International Journal of
Applied Ceramic Technology, 2020, 17
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Das S, Pal M, Non-Invasive Monitoring
of Human Health by Exhaled Breath
Analysis: A Comprehensive Review,
Journal of the Electrochemical Society,
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Garai M, Karmakar B, Roy S, Cr+¢
Controlled Nucleation in SiO,-MgO-
Al,0,-K,0-B,0,-F Glass Sealant (SOFC),
Frontiers in Materials, 2020, 7, Art No.
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Halder R, Bandyopadhyay S, Effect of
cation ratio on microstructure and optical
absorbance of magnesium aluminate
spinel, Materials Research Express,
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Islam MS, Ghosh J, Study of non-
centrosymmetric to centrosymmetric
structural transformation in Zr-doped
Barium Titanate, Phase Transitions,
2020, 93 (4) 351-360

Kalyanwat AS, Sarkar S, Biswas M,
Halder R, Bandyopadhyay S, Wani MF,
Spark plasma-sintered MoSi,-reinforced
Y-alpha-SiAION ceramics: mechanical
and high temperature tribological
properties, Journal of the Australian
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272

Markom AM, Latiff AA, Muhammad
AR, Ahmad MT, Yusoff ZM, Paul MC,
Dhar A, Das S, Harun SW, Q-switched
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core of graphene as saturable absorber,
Optoelectronics and Advanced Materials-
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Medda SK, Manna S, De G, Photocatalytic
Evaluation of Anatase TiO, Coating on
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Society, 2020, 79 (1), 13-17

Ghosh S, Keshri SR, Bera S, Basu RN,
Enhanced solar hydrogen generation using
Cu-Cu,0 integrated polypyrrole nanofibers
as heterostructured catalysts, /nternational
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Sett S, Aggarwal VK, Singha A, Bysakh
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Balla VK, Bodhak S, Datta P, Kundu
B, Das M, Bandyopadhyay A, Bose S,
Biointegration of three-dimensional-
printed biomaterials and biomedical
devices. In Biointegration of Medical
Implant Materials (Second Edition),
Edited by Prof. C.P.Sharma, Woodhead
Publishing Series in Biomaterials, 2020,
Chapter -16, pp.433-482.
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Advances in Materials Science and
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Properties and Applications, Journal
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Saha S, Yauvana V, Chakraborty S, Sanyal
D, Synthesis and Characterization of
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for Application as Piezoelectric Force
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Sardar P, Das D, Kayal N, Processing
of Si-Mo-SiC composite by infiltration
of silicon metal alloy into coir fibre
derived bio-preform, Materials Today:
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Singh SK, Dutta D, Das S, Dhar A, Paul
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GLIMPSES PHOTO LEGENDS

—_

Conference on Non-Ferrous Minerals and Metals, July 2019

BIOCOM 2020 Conference

New Year Day Address 2020 to Employees by Director, CSIR-CGCRI

Conference on Science Communication, Popularization and Extension in Bengali, April 2019
Hon'ble Minister of S&T at IISF 2019 Kolkata

2" |ndian Materials Conclave of MRSI, 2020

2" Indian Materials Conclave of MRSI, 2020

Dr. R. Gopalan, Director ARCI, Chennai delivering a technical lecture, September 2019

O o N o g A~ W N

Strategic Management, Decision Theory and Data Science Conference, 2020

—
o

. 16™ Atma Ram Memorial Lecture 2019 delivered by Dr Manoj Choudhary

—
—

. MoU Exchange between CSIR-CGCRI and IIEST, Shibpur, July 2019

—
N

. Workshop on High Power Fibre Lasers, February 2020

—
w

. Hindi Fortnight 2019, 8" Diamond Jubilee Lecture
. CSIR-CGCRI Annual Sports, 2020
. CSIR-CGCRI Annual Sports, 2020

[ T U
o o b

. Inauguration of Indoor Badminton Court at CSIR-CGCRI

—
~

. CSIR-CGCRI Annual Sports, 2020

—
[00]

. International Yoga Day, June 2019

—
O

. 78" CSIR Foundation Day Lecture by MrSudiptaSaha, Prism Johnson Ltd, September 2019

N
o

. Rashtriya Ekta Divas Pledge, October 2019

N
—

. Award giving ceremony to children on occasion of 78" CSIR Foundation Day, September 2019

N
N

. International Women’s Day, March 2020

N
w

. National Technology Day Lecture, 2019 by Dr S.C. Joshi, RRCAT, Indore

N
~

. Guard of Honour during Independence Day, 2019

N
a1

. Flag Hoisting by Director, CSIR-CGCRI to mark the 71t Republic Day 2020

N
(e}

. National Science Day Lecture 2020 by Prof R.K. Mandal, IIT(BHU), Varanasi

N
~

. DG, CSIR visiting the institute during IISF Curtain Raiser programme 2019

N
0]

. Dr. Hirotaka Fujimori visit to the institute, December 2019

N
O

. Prof Anna Candida Martinez Rodriguez during the visit to CSIR-CGCRI during January 2020
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