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(®) OVERVIEW

CSIR-Central Glass and Ceramic Research Institute (CSIR-CGCRI) was established in 1950 at Kolkata
as one of the constituent laboratories under the Council of Scientific and Industrial Research (CSIR).
The institute is a premier R & D organisation dedicated to harnessing S & T capabilities in the field
of glass, ceramics, fiber optics and photonics, water technologies, refractories and allied materials
for the strategic needs and also for rural and societal developments of the country. In the emerging
technological scenario, these areas are increasingly becoming important and the institute has been
playing a significant role in the developments relating to these sectors and thereby poised to take

on the challenges of the re.

MISSION

To provide scientific industrial research
and development in the area of glass,
ceramics and related materials that
maximizes the economic, environmental
and societal benefit for the people of India

Enduring innovation in science
& technology of materials to
attain the status of an ultimate
centre of excellence in glass
and ceramics technology
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Abbreviations

Academy of Scientific and Innovative Research

Anti Reflective

Amplified Spontaneous Emission

Bhabha Atomic Research Centre

Common Facility Centre

Collaborative Project

Council of Scientific and Industrial Research

Continuous Wave

Energy Dispersive X-ray

Electro Magnetic

Fibre Bragg Grating

Focused Basic Research

Field Emission Scanning Electron Microscope

Fast Track Translation

Grants in Aid Project

Gadolinium Doped Ceria

Holmium Doped Yttrium Aluminium Garnet

Indian Space Research Organisation

Inductance-Capacitance-Resistance

Litre Per Day

Modified Chemical Vapour Deposition

Major Laboratory Project

Micro, Small and Medium Enterprise

NG

NMITLI

NRG
NTPC
OLP
ONGC
PVDF
RSW
SDG
SiAION
SOFC
SSP
TDS
TFL
TSP
Utm
VSSC
wC

Niche Creating Project

Natural Gas

New Millennium Indian Technology Leadership
Initiative

Nuclear Recycle Group

National Thermal Power Corporation

Other Laboratory Project

Oil and Natural Gas Corporation

Polyvinylidene fluoride

Radiation Shielding Window

Sustainable Development Goals

Silicon Alumina Nitride

Solid Oxide Fuel Cell

Sponsored Project

Total Dissolved Solid

Thulium Fibre Laser

Technical Service Project

Universal Testing Machine

Vikram Sarabhai Space Centre

Tungsten Carbide

X-ray Fluorescence

Yttria Stabilised Zirconia
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Director’s

Message

Public funded R&D institutions are mandated to
connect with stakeholders at all levels, not only through
the knowledgebase they create and nurture but also
through the various specialized services they provide;
human resources they enrich; and social challenges
they address. As the government in general and CSIR in
particular has stressed upon galvanizing this connection,
the institute has responded proactively to make this
happen. Embarking upon projects and initiatives that
improve stakeholder connectivity formed the key focus
of CSIR-CGCRI during this period of report.



Atomic energy and defence constitute key
stakeholders for the institute. In this context,
the institute has geared to sustain the increased
demand of radiation shielding glasses by the
atomic energy establishments — both in terms of
quantityandintermsofsize. Thishas been possible
through engagement with industrial players and a
translational fillip to the glass technology activities
that the institute pursue. A number of initiatives
have begun for technological enablement of the
defense sector. Electromagnetic windows for
strategic use are being perfected; coatings for
use in stealth applications are being developed;
special glasses for use in night vision cameras are
being fine-tuned. In most of the above activities,
the focus has shifted from bench-scale R&D to
that of production in partnership with industry;
an essential prerequisite to hasten technology
adoption and absorption.

Apart from the aforesaid sectors, an ambitious
project for optical glass development and supply
have been finalized with ISRO. Notable technology
transfers to industrial partners for scale-up and
commercialization include those for production of
packaged fibre laser and production of radiation
shielding glass cullets. Societal programmes in
the form of skill development, deployment of
water purification technologies, technological
assistance for fostering innovation among the
MSME have continued. The institute has also
become part of two CSIR mission initiatives and
has also received new projects from CSIR under
the focused basic research, niche creating, fast
track translation and fast track commercialization
categories. Our partnership with industries and
other line ministries have also witnessed a steady
growth. Beyond the known partners in defence,
atomic energy and space sectors, industries such
as ONGC, Tata Steel, Prism Johnson etc are a few
notable additions.

During the past one year, our scientists have
published around 180 papers. Five new patents
have been filed and eleven of the previously
applied patents granted. External cash flow
has peaked significantly that has catapulted
the institute to the third position among all
laboratories of CSIR. Two major technologies
have been transferred to industries; and around
23 PhDs have been produced. The glass frit
technology of the institute has been recognized
with the CSIR Technology Award for Innovation
2018.

As a part of the endeavor to further enhance
institutional and public connectivity, the institute
like previous years have organized open days. It
also hosted the curtain raiser function of the India
International Science Festival during September
2018. Number of eminent personalities from
diverse disciplines delivered seminars during the
year of report, thereby enriching the knowledge
ecosystem. The institute has also received the
ISO 9001:2015 quality management standard
certification for R&D, consultancy, testing and
analytical services.

| am happy to present a compilation and glimpse
of the above activities through this Annual Report
for 2018-19.

Jai Bharat. (] e ol
al  pyoatleide

(K. Muraleedharan)
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Executive Summary

Overview

The research and development activities of the Institute
during the year 2018-19 has envisaged to leverage its core
strengths while responding to external challenges. Working
amid the overarching mandate of CSIR, the institute’s eleven
work verticals had also focused on delivery mode projects
that sought to provide timely solution geared towards various
stakeholders. Atomic energy and defence continued to be
key users of the institutional knowledgebase to upgrade their
technological and functional capability. New initiatives for
development of optical glass has been finalized with ISRO.
Interdisciplinary programmes undertaken in mission mode,
technology deployment programmes in partnership with local
and regional players, networked initiatives with other CSIR
and non-CSIR laboratories, and participative technology
development cum translation programmes with industries also
comprised of major activities during the period.

Innovation Indicators

The R&D activities resulted in publication of around 180
papers in peer reviewed journals, with 05 patents being filed
(03 in India and 02 abroad) and 11 patents being granted
(09 in India and 02 abroad). Two technologies have been
successfully transferred to industry.

Flagship Initiatives

As during the past, this report highlights a snapshot of
some key research programmes undertaken in the institute
to underpin the broad ambit of research focus. Among them
are the development of large sized Nd-doped laser glass
with edge cladding that is likely to contribute to the national
capability of developing high power high-energy laser systems.
Fibre lasers, aimed towards addressing various medical and
industrial applications have been developed. A Tm-doped
30W continuous wave laser is slated for medical application
while a pulsed Yb-fibre 20 W laser is slated for industrial
application in marking. Technology for development of a
paper based ceramic separator for Li-ion battery application
using an automated coating machine and a fast recovery trace
moisture sensor for detection of small quantities of moisture
in transformer oils are the other fast track translational
initiatives that have yielded significant results. Yet another
unique work that has been highlighted include a technology
for robust structural health monitoring of critical infrastructure
and conservation and restoration of heritage structure that is
envisaged through development of nano-powders exhibiting
tunable morphology.



Mission Initiatives

The institute has successfully carried out several mission
mode programmes under various domains. These include a
NMITLI project for developing solid oxide fuel cells of the
1kW stack type; a project for development of appropriate
sensor for detection of food adulteration (in network mode).
Apart from the projects on ceramic paper separator and trace
moisture detection sensor as mentioned above, other FTT
projects that have been successfully undertaken include the
development of SIiAION cutting tools, reaction bonded silicon
nitride ceramics for electromagnetic windows, Hydroxyapatite
(HAp) based powders for use in implants and an induction
ramming mass for use in refractories. New FTT projects have
been initiated in wear resistant ceramics for cutting and
milling operations, development of chalcogenide glasses and
fibers for mid-infrared photonic applications, application of
ceramic hollow fibre membranes for treatment of high TDS,
and a niche creating project where nano mixed metal oxide
semiconductor materials were synthesized and encapsulated
within different patterned polymers.

Human Resource Development

The institute has contributed towards quality human resource
development in different areas of materials science and
engineering with 23 individuals graduating with PhD degrees
from various universities.

Newly Initiated Projects

The institute has received projects from a cross section of
funding agencies, covering government, industry and other
sources. A total of 42 research projects were initiated during
the period of which little over 77% were from government
sources and roughly 17% were funded by industry. Apart from
CSIR that had funded 16 projects rest of the government
funded projects were from various central and state agencies.
Two new projects were initiated under bilateral international
collaboration. The total financial outlay for all these projects
was of the order of Rs 27 crores.

Social Connect Programmes

The social connect programmes of the institute continued
in the area of technology deployment of water purification
solutions targeting rural populations and also upgradation of a
rural terracotta cluster in Uttar Pradesh by facilitating adoption
of technology. The outreach centres at Khurja and Naroda had
also been instrumental in imparting skill development for
artisans and entrepreneurs. While Khurja focused on terracotta
pottery clusters, the Naroda Centre focused its training on

physico chemical analysis of ceramic raw materials. Connect
to the various institutional stakeholders through the provision
of centralized testing, characterization and analytical facilities
had been significantly successful with the institute offering
84 tests and generating a revenue in the order of Rs 8 million.
The TePP Outreach Cluster Innovation Centre operating in
the institute under the aegis of DSIR, nurtured and funded
growth of six major grass root innovations (50% of which were
women) covering the ambits of affordable healthcare, waste-
to-wealth and clean energy.

Collaboration

In the international front, new collaborations were established
with Max Planck Institute, Germany and Universiti Telekom
Sdn, Malaysia. Partnership dialogues were carried out with
research groups in Korea and capacity building exercise
undertaken for scientists of Bangladesh CSIR in the area of
ceramics.

Academic linkages were established with Kalam Institute of
Health Technology and BIT Sindri while tailored industrial
linkages to facilitate participatory technology development
was established with Berger Paints, Prism Johnson and
Gharada Chemicals.

Facility Creation

New facilities were added that included among others electro-
spinning facility, automated ultrasonic spray coating unit,
glass processing system, induction furnace and so on.

Awards, Recognitions, Mobility

A number of scientists received peer recognition while a
number of scientists have undertaken visits to Malaysia,
Canada, Slovenia, Switzerland, Germany, China, Japan,
Indonesia and the USA for either attending scientific
conferences or for carrying out collaborative research.

The glass frit technology has been awarded the CSIR Award
for Innovation during the year 2018.

Miscellaneous

The total number of Human Resources was 303 at the
close of this report period. 23 personnel superannuated
during this period. No new permanent employees joined the
institute excepting 1 was transferred to the institute while
2 were transferred out. No case was registered with internal
complaints committee during the period of the report.
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AT Bt & J1Y A7 3TE! & f[asmfad &1 & Ay
AmEt B geaE 3R S IS FefRor meayof
3T &l gt & IS 3R Ui sgaeR & duia &
AU doo1 39 Heafer o1 &4 dbfed ddl &l

HAGA! i e siafdad IR R (UAyIs Y do-1d
T 3YGNT PP 7x102 - 3x10° s &b 3TUE(TShd 3o d-1d & fRfd
T $S304L T SS316LN I TfaRite Tdfsd 3ust drehd &1
AR B dTel 3o T GANTTHS TifAehl; ISTUH, BT ST,
Tha e¥ex 3R sl d Ahfee $3ed &1 3uTT RS
a1l 31R 3wt & gifies 1ot &1 Jeies; 316
T, YA f3haRM, 3R 397 Wagmd! & A9 &l 3ugmT

< e idam S MAMA

Average Particle Size 120to 500 nm

HUHATEHAR - Hed Hiw e Faiiie SHa WX, HicwTdr

Usdis Hhfad,
HeFueT Hiaeesiz

Hh JURITID LuFeO, b doeb [AeH H BRY-gefced W
N & HTeAT A SHacl-[aRTHd ATHIT &1 &7 qui;
3R gfuefaaaa Bireo, fiH flperl & w&rvT quiH i &l
=% 31fafvas, fERifie, e 3tk Haifsie & gaa-? faad,
URIARUB, UF § U § UH - 3510 3TTeia «&or HeRor
Fafia su A feymy 8l

g IO afcha 7 AR, @, uifemR 31k Huifsie
& YUNTTHS FifahY 377 100kN ATdHITS Tieror 7fiT &

31erg & oY i-Nano ST FfAemy 978 &, 511 ST, B,
TR, Uiw, femR, fThaRM 37 WRe Ihrg gdierr o= o
Ha & 3R UAP PR & U&7 $ [y TPh 39gad ToHET
e Bl

Average Petal Size 720 to 800 nm

farTara TRAAT3A B 31 uaT & fAy s smenfyd 391 a3k

319 nfafafedt & seagied ¥ 39 & fiy 78 W & 441 a1q 3ifearss / ITh-uifesR fifsa ammh & faem e @
Ud U U IfRaN1 ot [F37d D1 571 36 &, 5781 9gaics Hfead § UATG 6T 3TRITSS U4 UThIA & 3UgT I didiel ¢ IR
BT AT U4 37 FAATHB, FUTHD, I/ Ud Fifies 10l & fefy faLradr & srgei
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g9 dfdoha 1§ Us fafder a8 {57t orifae Ud Tarea a1 <A1 &1 # 393 81 gd ol
Aot §, 3= 3T UfcRTe HeT-Uelh -13 S [0 TH3TEST 4Tl TaRI-557 9l § 37q9amT
& U TR BT 1S B HPAMSHAR-ASHIAR3E & fawRrd Thcd ga geaie & [ g1 @
IR BT U4 33 16 ik B 38T H UEaHT 53 URATSHT 1 Usd & THTES 4T &b TaRI-
&5 9T 377de & iy 3= T ufaRtel Tsi-af -55 U s fihcd ot G off & &1 T8 8l
SIAION 3TTETRRT ST gt IR HPAMEIR BRE ¢ ¢ AL Tfai==r ff g iR 2

WY Jyar F Jefad ge-afdea ¥, smaegu-n gRT g1d
R Grfdfed) & Ay ufedfeeliaa smufeea mm 39
BIEER (UEISGAUW) &1 FHAfoT faar mar 81 98 SrieH YRd-
o feguafta Jeam o1 Ueh oz &, 5w gellsiiuaus ol ur)
Hegga & foiy i & wmee 1 AR 61 18 & FIN U9
RIS f[dPR & 3UIR & WU ga13il g TEdag e
(shRNA, miRNA Td siRNA) T 3[3 3]S A1E8fsd UoTad! &1
famRT off et 36T & 3B ATY & 96aR U 3TRoT FefiRor
& AU 3nfeaamie srieaT & FYg & Ay tagaseve
TARIGOT HTHUT TR SRSIR BIEh Hord a1aTyfded T hifct
& fapr & fAU <a1 / SRR & faobrd 3 Fafed uh
UEd & T H &l 3P 37ATaT, RIfhcar TmRIaor iR wErsHT o
PIET DT HETIAT & [T T=AT B U3 BIssiaRiueIse e
& fHiuT & AU UPh db-ied BT 3TIPpieid U 3eNT & U
vefRia fosar mar 8

1 CLIMATE
ACTION

g gfichd oI gE Tfafafedl ¥/ Td Uaduer
3GFRUTT & I8 I AR AT B TG B SR Bl
Bl IR o 3UaT & foiy o=t A Rapa) o 7t AR
B [dhTH Ueh HE@quT URENSTH1 & 51 saraArdieior b
oy o=ht A 3 fosar man 31 AwR T g fEAT 3nenfa
% U9 2 - 50 TTHUT & oHH B 71 BT IaT @A & 78 2
fIHRT U UIeIeIsy TRUT dd Ugd 4T & Ud 39gITahd|
AT &b ATY ATSICRT | URI&0T fosaT 517 36T 8

U nfafaferat +ff g8 € 5761 ara &l uTar ol AR &
iU & e e 3tedr #iex &1 faer faar
Tl g dfy wmrse dHufdfed At U feem
MR IR 3meTiRd 91, 5ad d5d dratds JHu oI did
& gacIs W Hfed fosar smar a1, 5 919 soiaes &
FU T 3TIHTA fadT STTAT T U4 il & Smaels o MY
SMACIs o T H SIAHTA fopdT S1TdT 4Tl
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1 Wfaa wmmf ae-aféame o 3raem ud faem, zro2 fHmfia
TiO2 3TTETRA T HER CICH (GHRG | H 3UGTTH 4Ig R fdem
™R B Juifad 3 & HR Ruwmfaca Hifew nfia &
BATYIRA Si02 TR ATeR HaR TATd R T R AR HifeT
@ 279 AR ATsge B J91fad 39anT 81, Ud erenfafead
IRNFIT PEO-Si02 UTel SIafAc (@) Ud dleiiuIaTge = (e
HeACC GHARAI H WTRceh & Tl H HHIAd 3Ia IR HoR
U4 ETS3ThITad DI Pl TR &dT 6l

1Y B GYH U H, Tei 11 oA CH ([ISI-o118H Ud Fic
AR @R Uh e @ar zro2 Fmfad 1io2 smerfea
uReRff 818 INemFie Hifera &1 enfire foear man g,
53 SReAam (v) 38 AT9IATaI18S (ZP) Ud eTsc -aq
(IV) 3TTSATYIYIaATSS 500 =3I Afeaad R TTHT 3TAR
& d1€ 3TN FRP ATA-37 [SU-pIfel] ddh1d Rl
fawfEa fosar mar 21 i v & fay Jra-ara f8u-
HIfET dp-1db gRT TR 3TTaRUT aTA T (1 ThIe X1 Hie
& 3AH dH) TR cHIMcs Hagaes [Aafoar eifera
ST HI TS B

g9 fawg & 3tarfa 319 nfafafei gnfa €= & e
qISaRM U1 8dRRen & fy disisdt Uaeguesd ud
NA-Hl e ol fder; Ud disiismide s didisius
U4 NAE% & fabrT - art & i 3ruai & feg
Ty M i &l 90 & 3Ry fey MU € AT
3830 HEWE BT IdT AT & iy Ui 3menfya S41-
14T HiH VIR & fdb1d & Hiegd A W[y Jal & fAu
A1-IERER U4 AT Iog ST &b 3TUaNT &1 39anT
BT Bl @Te dfeay ¥ Hleaie 3@ & AU 98-
year fafeal o1 faer Y 2+ fosut man 8

faRy e drenfiehl

Gy Sia Yrenfid! & ded HRIGHTT TRHT] 3311 &7 H 3ud &
AU d5-0f3T i & 31T Seftadt s afkas=my & nfie
Y HAGH P U 1T & T4 &, U Wenfiidht Te-fasmra ansia
& HTEH A 3T & ATY ATEeRT § Ui gedh aRIfeide Tord
diz¥ faoiRid fopy Ty &1 38 ATgieR) &1 3uaiT fafaseur-ufiaror
I & fi U 3=-U9d dTed T i {07 b Ty i fopan
T 8, 59w Ty T e opT 3TThR ST 571 78T &l

g9 afdhe ol Yo U@ Bichd fafAAfor ufesar & fey amer o1
H3igd &A1 & f5ad Faru S1fen de-ie & "1ead § U 3d-
HT 1 haedt ule faswfRrd of mit &1 gvie 21ies / 51 a1 foset
310 fq¥90T & o1 1150°C TR fUeei ITel 3RYASsY A faopiad
10 @, FRihaest ute famfaa faey Ty 21 graam FReraT, 916 v,
fafers qraH R STeT 37aRNYUT & A1Y-ATY g, fRRdr g
BRI AT 3R i fcieps, AT quT FUTEe HTUEE! Bl 3 Hiord
foput ot 81 g9 uform AIRUEssy Sad g9 U § 3aried
ARYASSY T T JTUTH 180 x 180 x 75 mm? TR A6 A &IR-
REGESHE

I AT B9 BT 60 TR &FdT aTat fadiy fibaest uie
HTITH 400 X 400 x 100 mm? ARYASTY TATH TS & 3T B
fou i ufsin ue e gurama Re R gfaen it o ary sraus fear
AT & 3HH UAARS-SUARIAT g HPA3MSAR- SRS
& &1 “120 1. RO HIATH BT 3UTNT B 700x700x150 mm3

P ARYASTY T I1d B fafmior & ey drenfiet
&1 famRr IR THSAT FTUA & Us@ daroT & fafafer
RTTTE Bl

101 REFRACTORY POT
taare Bady

TR 3RUASS T & fy Ribad ute
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3OP 3TATET, MCVD HfehdaT & HTeAd H ATdRe ¥9 I TA8D
FaeTMA GeO2 31US TRISTH 31US WIsar (EDP) 7 fIafva Hisds
(DFB) TTgaR ™31k & A & fiy 3ugad 8, &1 faafd ¥9 o 31eeT
78 AfAfea T a9 & faiy 33U &1 & foiy fawfa fesar man 2
U4 &afep 331 Hded & foig 3rwaiT fad &

BI-Z-Y3T WiEd Yb- BIgaR ®aR Hisga i Y fassfad fosar mar @
U4 {11 UTtech? M & f U 3aiT o A1 A1) ¥ 319us fasar mar
&l 20W & WHIZaR W3R Hisgd BT YarH Jodicd oisik Aisdd &
Rt ¥9 A fApfAd smdeiiFe $eBRHT Welald & A1y 36
HIeT 3 WoTetl b1 chTs1 e fepat 1T 81 34 3ftenfiied
HATIIER 1 3UTRITA § SH-8139 bl UT&(0T fopr 74T, 5781 s Bt &
foTT 051R o1 FRIRAT b1 wRiaroT fohat mal

WIEaR 3o Ud wieifax ¥ nfafaferat wrgar am
ey, BIsaR ok Ud 3TPhd TR BIsaR &b &3 i
PR BT & 31 I I Ao Iegs B dgrat &l T+
HIgaR FRAR a1 @R Ud TUTEa doifst ud gferad
ey @R fawfaa fey U & &= 3itenfio,
faferaaT ua o fas s o 3y & fap e o
Qb fopat 51T HeplT 81 e Glenfiidh 1 3m &
famr Ta FUTROT & fo g 3T o mAia g &= fear
AT 81 BIssR §17 SeR) 3meanfvd AR wielersy ud
SRR D1 Hud FATRHT & feig 3T faera & su §
6T &1 37 YUTTe bl GRI R A Jedioh fohdT AT 8 Ud
T H TACTUIRIT & Uh Y UTaR Wi &b Sex § 12
TSN JTR TP MU &, 311 IR US arsfsn &t dsua
fIRdT3N Y 3T R ¥ T %

THeIs AR & Y a18eRM ¢ Ae 3™

g AToT-STed
: 500-600 UTUH daciy & oy 3=T 2Ifad
Nd-ST08 BiThe ™R Tl 3R U3R

PIfET & fy Fardst T dsiee UR U

TR A1d 3R siar Rfder snefa
5 dfdepel & ded Mafafeat T 38T & U U uHTdl His? U3R Hfen & fasry § &m i 2l
BT B B &, 31 3R B &b HTeAH  fHU 571 38 Hof 3caTe 3= nfafaferat & am FNHUT (CuNPs) &
BT 28% &l IRAT | WA 1T ITRUSS! A T3RM B9 &b (10 6R JLATOT M €, 37 UeThiid gl
T T faesfara fasa 2, 3Ry 3care o 3emia- e g7 Bl fafdeifde 1 3 G 3pe 38R®
3 HEATeR BT U Ud 130 4T UTRaH e &b Hoc-ATd YR nfafafert enfae &1 g o &1 eefe
& H G<H FHET &b 3TUUSH o fA U dehIeh! HeTadT 1 graerm & AU =fies He-uifaaR &1 3ufufa o
#, 5781 @I 150 Y&T Ud oTE] 3eNTT G 3cITET T TS B I8 s3Iyl Ufehdl gRT ATSEISH 3 =1-
gl URA BT AA1-TR1E3 B Y Je e fosan

T Bl
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5T 3 HRIP U4 HTRA P18 & Ty 5Ted HTenfireht afépe
BT R &1 AR fEiewt! 3eanfa do-ip fawfad o 8l
RIS gTfad &3 # Ufeaw ST 3159 & HiHTad! 831 § 5000
TS &HdT & &8 I @Y 10 &l

HIe T (Siewh) AR1ie ga uifemR amit 41 &1 s
& 5781 UrRufyeh feiewil a1 At 1ugad a1 378/ 8l 33 &1 o 3@
B0 ATA3MSIR-WSAIRIME 7 Tuy fSieet! IR & & fay
s gfaen fawfaa & 8 T Ffeees Je 319 &1 35
b TUNRIE 5Ted M H YA UGN & d1¢ Uob RRTMHB-dgr b
Ty fSieelt Ua Ue RRifies-fiRiiie fEieett fawfRd o1 ms Al
RIS fEieet &1 o Ad-aie g ga a1 § Refan
P TTC UEGHAT & (T TROTT o1 3U8T b AR fosar ma il
R Asge & ATY UIfeidReh URd &b AT iAo 11T
T I B3 W IhITUD [ARTUTT GRT AT fosar mar 8

3id ATacc & UHSUISUH AThimisi

g% AT &, 31ufRre enq 37k dras gad e g & 3UAR
& fo faRfaes fEiemdl 3menfia arshIfthee ™ Ud Sia-doad &
[T U Yeblged Ulenfidht fawra o fy uee 31k wust 3rufrst
1 2N 37R Farsiare o unfa ur €1 uem srIATd e MefuT auiq
37k &fdTss gem O wifud fosar mar o, 5w reas e ded
PITRT GG I UT| SR 37UMRIT STeANe el arafyaez
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1 kW TINUHH Tb & fy Ui Tbds

11 guss & foy ffsa smafae gd smagie are
OH3TESHD 3naTid T fAfie et denfiet
RUBUEA D YD UM HFIH, B, C  Zr, Th O
@RA=seh A1 fosveaia Ud @ROT G UBR &
H2wor & fiu ufesar ATuest &1 3pieia foar
T o, AT T & {01 I H2 & gudawol & fau
U Jurfad $fEse & o 3HiowTss saagiaEsR
A (UHNSHD TROT G ISR B, Sr, Co®%Fe®20_
@IS TRATOT TR U 3R &mdT FHafor snam
THIEH U U FHTeT A (@1 16 T B TAS &
T H 37D 3UTIT P fiy AR fa=amy BSCF5 / GDC

/YSZ / Ni-YSZ Y g1 Ud uRteroT fasar mar il
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ohid

ST a1 A Tafad TafafeaT &g usa3it ol fHe ol &l Tt
TS & AT T3 3TTHR B Nd 3T MR TATH s o] b [ApRI 3T
TS & [57epT1 3229 3= 21fer-3=a a1t (@adigas) ook fRen & fau
§S 3TTPR & Nd 318 HBIThe THTH b 3cdTeT & foiy Wekfl dh-ie
A TRId 31 81 38 I H, 15 FIe Wbl ToiTH e ol Jaemaret
TS URIe TU JTUd {1 37T 38T 81 9dmiy 357 850 T 950 TAUH o
23950 I 24050 TP DI 337 ¥ RibfaTa YaHi® aTel ATABISTIATES
TATAST bl 39h UeRi= b 3YANT Ud Hegich & fiU e ol 3gfct
I TS B Y TATT WifesT ITUHE UR HH @ 300°C W) Rafaaree
G & Ud B H (~25°C) dTIHT IR ST 37aAT H 6 8l

UB3TESUH HIgshIRedR B0, FHfed sraufded e 3hd R
trtrmszqﬁﬁma%ﬁﬁgumq’mﬁeaml

3 YEA! B T 3R 49 fhedt &1 o i &, 51 vfas
& UBIpd 3P Afhe U4 we-3i-7T wewmf & fawr &
U R YT FAHTd 8l UReRff gd 3@ dogie Tt 3 fhedi
TR 3 U4 fasrd g8 fan o 3rafas 3maas &, darfe wiaw
& UhIPpd TR JHifehal Afche U 3YBRUI bT YA & Abl
Heaqut yfHrenT 8l

STTUfded T T 3UTNT &51 ol AR Ud feirfed 3o &
o1 saTues T A 5T STTdT 8, Flfs $H! Hle IR eIs3IiaauIeise
S RS 991 B &1 UG &5t &b AT WD 9 F g6
3T &I Bl Bl BRI T S 4555, S53P4 T 13-93 Si0 -
Na,0-CaO-P,0_ fiReH UhsIY & ¥iepd 8l araTyfded T 1341
PILi,0,K,0,Mg0,Sr0,B,0, CaF,,Zn0O T4 CuO 3 NReaRergmzm,
U Ua staroRiet Sriars s fRAfecia guet & fao
Feniferd fosar mar 2

R3ffeares i o nfafafemt T
¥Y ¥ MEIfdS U & fdu faea
gy fEsfeal & fFAmfor @ Jeafaa 8
9 e 1, 38T ATBIER Bl TaABAT3 &
HTER, &1 $UH fdS! - Uoh BIC HTHR Ud Uh
A HTBR - Pl ABAAgdd Bl
g m2iffAn & orenm 3 fawsfad fosar mar &
Ud U 3w-dguH fAaue arell 3menia
UfehdT & HTEAH H €T & AR B ATY 513
T 81 3 3UTCT 1 Wbl U B A U6 I
Hedichd Ud U807 & ey vriier & fear
a1l $uH fJe fasfa & & fo fFafa
qTATaR0T 3= dT9qT S1cH @IS B df
TATUAT U4 379 3 FAAfomei= 81

g afded & ded I I8! Miafafeal
¥ 9 guaexor o R fEifemat
P 39T M 8, TR aramsa
UR 3MpR fdaRor ga Saierse
WU feiew! & RS 8l Brsar
et & fAmfor &1 e ufesar
A Bl WS 571 1 $o &3 §
Ao 3B FAT BT 8T & URTHA
& Tidpd & Ty T A Wb
e 1 FAHIOT, 5Tl A FIRISS Ud
3IRIfA® &1 U A9 geH Ud fafew
17 firsomt & guadhiaoT & fay Ue
fF3imse fSiowl & foig g =41
37a2MYOT M B ET83151 U4 Hla
31537 TT1SS 37dRNYOT &l & A1d
U fAfée adg &3 arel &H «rd
et fRafqer-snanfiya 9 9sRoT
TN IR oY 1 fopaT ST RET B

3= 80 9Tl @R O & M
& oy sTg3Ihifas RIS W
BIEgaR flevil TR Ueb diad gHITET
I YRS 8T & § [F Y
TS &l
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\

3—4-;1—&%1 Ud fdhd &
ATeddd 320

ST FATST & ATY 63 3TTHR B Nd 3TE MR TA T sl BT [dhTd

Nd 8I'g Hhiahe T

IRYH 3= Afad-3a Hatl (adigas) sk e & 6y
§S 3THR & Nd-3TE BIEhe TiTd & 3cd16T &b g @eeit
AB1 faesid &= o & §371 81 39 T9e H, 15 wiiex Whaol
TR TATT TTee b1 T HT Uh Urdeic J= AT fohar i
61 8l 38 1Y €1, FHaffd 5 dfier T Flaem J 3uginesal
HITSA 1 3BT ATt & fiy T Bs 3cuTe fafAeei & @
& gU FHaffd 3ThR & TSR Hid & sdld (T
T 3TC T 311 36T 8

U1 F ST T 23 373a & oY U5S AT TTTRT 3 ¥ & T 3 & ey

o 35 =1 U 397 35, 3 T T S R A SR P T
Ry ¥ I U Afehy A1eAd &, A o fRufa menm @y ug
YT I @9 P AT [T THT &mdT 713 F Tefa &,
5 AR W [WIES ¥ F 89 a0 3R B -
& FTE Y 3TaTHdT & &, 5t grafatrss =g
UfARME (UUAD) U / T1 GRSAdT STt A THAT & bl 8l
TS do-1a ST 3UdNT UUHs &l & Ud URa1d! are-l
BT FIHT DI cdH B iy U FAfen & Aredd I fassfaa
fosar mar &1 afe et g8 3ranfya ammh & RbrE &1
b ATH HIEAH F BT 66 ddb Hel AT &, dl UTHS I
U 37 &1 N9 °1e99 (gain medium) I T8 81 71T & U9
= U o T8 Ifsia fRud &1 fthr  @ien & fay i
¥ FAAfoT aR THdT & U9 AT19 BT HH AT STHs JobdT &l
AT AR WR, VA FAST o ges U It 2mfire gt & i
Rhfoea Ja®ie WeR @y Il J 9@ Wdl § U SR
U 10T 81T & 311 Mok (UUHS) TG IR 37aRNTd erar 8l
3T YA H, TWRT 34T Ud 31U e 3719 UhTidl B Nd-disiR

gfy & fare gy

TYIARUT DT §gH B U, 3 HTDBR B Nd SIS BIRbC Toi1H s ich B 3cdTed & U 15 TICR Thed AT bl RATIAT
P 3 DR b TR ToITH slaR o s fafTERN BT UTed B & iU i P [UEeT- aTed AT BT ITIAT U 39 Moy,
T & [y T U4 3eal Hafd gafaRor 3@ & FHmfor & qread F fasar man 81 g wr9=1 e 1€ 81 ST ud
HYF BT WeaRT MY 3R & 7t 8l
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2 pm IR YT aH HISeR oisR -
51T, ATHUT JHIH0T Ud

wﬁﬁmﬂméﬁﬁmw
37T 9T o ™aiR

12 df gauTd AT 3afT & SRE INYF gRT FATIHD
gfaem WfUd B U9 Yfduq Brgar ook @UHUe) R
fafercar ga orifdes &=t & 3r{uaiT &1 wifard &q 3rHam™
F HH & iU U Aecarspiall o fosar manl s81 1.9-2.05
pm 1 33 ¥ APHUA I 3TWRIET daaiy 34 7w w0 7 3zt
AT € - (o) fafRIE AT : AeTeIR ST 37aRNYOT &b A1 fHbedn
A T WA dTel A & F9 § JATH FY A FTd, (&) I
TRITHUT: Flfes daeiy 357 Hifee C-H §is T[T 3raznyor
& PHIHI FRN9 & U M Ufdpe 3 RIGHar & wream
T AA-3BIR DI 309 BTl g8 3fahdd THl-wEar
™R 3Mfdhcdr @i U TP I UTar & Ufd 50% F@d
SRR & JTY W Ud SI&HdTe Ufdied &l UeH
HAT 8l ATHBUA BT 10 F 1000 &3 (Hz) Tb Dl ARG
R P HHTT 40 ps AV 2 s P T TISTS & T FNfEr fopar
ST AhdT &l @sR 33718 &1 Ude T M7 & (YR Ude
3TTde TRAT 201911001722) 3R WeNfhHT P saTaaTiHoT
& oy 3eim & wyrafia & fear man 8l

194 pm R U STTHUA Bl URATEA feidifewit & ey 212
pm TR His[aT [l 3T fasy MU Ho:YAG @R & feg
TS TH1dd fabea 81 AopdT &l ATTHUA T 31U ddoiy
AR 3T RN ¥ AP Fbe F Oa @I &, Fab

URUTTHRGEY 6H ARTE e I P AT 3TUET BT B!
HH T 81T & 31R T8 1S 1 g4 & faRas— a3 31 ot ggrar
& AIUBUE H Hsey, oid] Uo o HIY-JTY TS Tod 13 T
P B S &l & 31 fardifewdt 3R Aive fez] gamze &
oA & foiy 31faes St ufauT gaH &=dl 8l Bigar
™5R 1 e 3cpe d1H o UTaT BIC HTH & fdduT Biger
P 3G BT 1A ST & 51 3UBT & HiaR dear [FATE,
J&? 5fF 3R BT U a5l 81 50 A6 B SIYHUS Dl
T AT C&T Ho: YAG W3R & aTi-ds 3UaT & fefy 1-2%
T H 17% 8l gd-faa) difeeiepe s & udT Ioidr & fob
fE3Te fopat Tt SUhE YAAH IR & ATY I
@3 0.8+0.4 mg/s UR YT FHH ¢hal <160 THHI B Y Ub
Fafa aie T 07 gy & Az & iy JHa &, 51 hH
Sfeadrsit & ATy JRfaa 37k 31faP peraar ¥ fadifewh
g o3 § 997 it wmy 3R vfaw & e 3w
S foTU &1 bl A B bl &l

FHserg TUH-BISeR (=R AISY o

-39 &3 3 wa & foig
BT STMETR (RIS Jaex

WYF 7 fA-3m7 823t 3w & 6y 3@ Hat s
3aTRd RIS AuRer  dar fagd e e &
ATY gacidscd & fdiy 3w IR, oA ardig dhre,
3= gifish 2fad, HH HTdRe UfaRie Ud seideiciised &
foTU & @1 aTed SBITST e TS AU & fasbr
& 10 Ueb 71 ¢eb IR Ueet o1 &

3T 36 & BT N1 RS AuRe 991 &1 ufdar
BT BT 38T 3U-31E &b ¥ H RIS quves & Fafor s
fou s Fmfor 3enm & ary ¥ fthe fear st awar g, 5ase
AT Y ¥ AT TIAT 3TE 811 DI 3HC &l T8 2T
S BT 38 & TU U AAIAR Jodg dfehd 3cuTe &b FaH
Y 3R AHT B IRAT A Ubed URET H fgT R AmeR
T USRI DR b (01U 39 3P 33184 &b ATY TP DS Pl
T U4 39 WTfUd o3 Ud ferditam-31ma & Fafor Gersor

& AT 18650 2137 T1 Il Ao & fAw fafem st & s0-
100 HIex &d I & ¥9 H §51 AT H 59 f[G91=Th] b 3d1ed
o e AT &l 37 3ITCT BT URIE(UT S Ufgdr sdi yai=adn
& 3UYNT P FTY-TTY 379 YHR B H37T YSRUT USRI 317
faffs yeR & get Ud IR Hufiex & foy o fosar simarn
B o faa 3T QR AMeR) arforzas uifamR fausies &
RIeR o149 faga ramafes veriH feardr 8l

0 0’.
* 0’000
%%

T 3TeTid RS faursie! & Hafor & fu uee
HIfrepT 37k TaTfeid Sifen 72T
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CIRIBTR od & Hise ¢ T4
Bl Udl & & U BRe
Rpa?l TH TR gd Hier

TRIBER ¥ 33U & Ay ash A Rasast o 70 MR &
faerd U Hecayul ufvalsr @ 5 MgasmEsm gr
A5 ¢ fpy U ATawTdeReT & fa fovar mar
T UEed & Uoh R & FY H, MHT Uogfo=1-31memivd ¢
Tt AR (2-50ppm) & 10 Ufd 7T 7TU ¥ U 39 AT U3
U ETRebT H 1T T AT, f518 ¢ ¢ oY uga &
foTg TRIB IR 37T fhme T gfAe B T 311 HebdT 8l

TAITRITAT UR&0T & Ty 1 JWMI DI Uob Wiaiia
AN T & g § e fovar mar a1 gd A9 ol
I & oy g HP A LCR Hier Td sN A8 &1
3TN FRp TdeiTeral, Fadr, ufafafd ueqa &=
Y & T Ud FRRAT & fU 6 A dab TedT | TR1eror
fosaT a1 ATl NHEH IR (2- soppm W H TH H FEAAT
BN AT B & AU Ub 3pledd AS3HY BT UG
fosut Tt U1 Ug U 21T (@p) [fHd uise Hier o1 3uai
fedaes e o w9 § fopar mar 1, 5ds favger AR &1
3i=Tiop fopa AT ATl

AR 3iTae B U107 29 (2-50
TUgs) THT & fEU TR 92379

3ad 419 & UfomEl & 38R W, 10 UIciersy diex
fafad feu Ty 1 =7 Metersut &1 31k 31fes Hfase
fosaT T o1, FEifes usa™ MU 38T §RT YeH fhu U
TRATGD TABINR @ e ™ SHI5 | JaTad IR Pl
3y fosar maT U1l U 3itenfiies U5 giawR 3ie
STESMideed ShsI3T dlecs! HIT USRI T 3TN 37
o & ¥9 ° fopar mar 1, 5Ed favgy AR & A1
YlcTersy Hier dfmise fpy Ty Al

Hies RI&0T & feiy Jafad 3eT &1 b Wieiersy diex
T ITYfe BT TS AT Ud TACTUTH ghiedl & fafes I
WAl R RIG giRawrR & 91 &1 udr @ & fay 83
IO U= =7 IR BT 3YTNT B HT YU fopar 517 26T &1

ORI RT3 & STUTGER
& ToU bfermam 3menfya 4
U133 &I fdbra

3TsTehe, faRTACT RT3 F &rfduRd qerR &1 [Anior ga
GG AR Hip i favAd bt & & fdy Agcayof far
&1 fawg 9 a7 81 8161 & auf o, ARPlad famId IR&0T
91 TEnfirdh! &1 U Io URR AKICC & A1 AH1-300
TR AT RAwT BT HATHIND! P! B HRUT U Teaqul
3UGRUT §9 AT Bl B9 U HIUROT [, sk fafar grr
HIhIAlSed! e @I, MAT®R, Ba 3™, ) 31
SIRTIH BTS3IRATSS [Ca (OH),] IT3SR NCHP] BT HRATOT fabaT
& TRATTU & gaw-X [9ad (Ua3TREn, thies gHiRM Th -
Soae - ATSHh RGBT (THSTIASUH) Ha1l theftd Tai-3 fazmyor
@SS A ST Tl ER1ER WaAT & HRE0T B Ay FRATd
TRl o & fosar Tl g9 At & fey fafas favmra
WRe! A AICR P T Yafad db-1d! ol fawdr ol o g
faRTarct AT Y 3aRUBATN b AR JWT T J &
fopU U URATTEHY U3k gRT @iftd fosar manl \iftd Tt bt
TRUT [GEAT YFRA3TRE] GRT T 118 Ud DITCT I HICTS Dl hid
IHTIY UHheUASUH GRT HIUT 4Tl HIfET A Usel Ud dle §
AR & TAT BT B0 3dR fador gd ¥ faxdr o Aar
AT | % @1 AT @ {6 AT uEs P 2MeH P de gHd
HE-HRIEAT ue W8 &, 53 udr ga1 & fd 317 Ca(OH), TR0T
T 7T ¥ HHT & HRUT HIER BT AT Fpsdr 8l TR
fareieor & g < man o Mfad JieR T3 § Ca(OH), TROT
[54.92 A% &1 gfae AeT 1131 [55.08 A°] TAHITUT UT35R A & A
g8 gRRuT RET8d fGe@yuT gRT UTed @ifed 3¢ & Jodl & A1
oY gf¥ F=ar 31 ST (U U A & OIS @) & {91 Ud
WU T BT edid- URUfes 188 ddb-1d 3 fosaT maTl
HRATYT Ca(OH), BT BIFET & F1E HICR AT & ‘H T ‘E Jedl
H gefer oY ST TS| ITRTad &0 U dh-i1ehT I UTwd 3{Tehs!
A ge Frny T 311 Jhdr @ fos AleRk efies IRa=n3il &1
HThiA e e by TY 34T Ca(OH), GRT GAFGER T 51
Hpar gl

TATHD ¥ I & foby My gAHATTAU! () Ffeap, (@)
TMATHR DI UHsUIASUH BIcHSHITE|
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IRIGIEGRIEIUIGERI

yfdded 31afal & ded <) TRuTTd Ulenfifesal & 3emT o 31 & a9 ATaamiieuT & fa g RiHidid fasar mal

3tenfires Ud fRafesa 3uamt & fy ddhss BIgaR ™ok Hisgd

=T Tenfid! o 3t ¥7 F ATIANEIR BRe b
Ao Uisiae g1 fosaT T Bl

wtenfirt faazor ua fadwarng:

20W 21faRT & TTEA Yb- WHISeR ™R T WSSy Hisgel
faesfad fomar mar o1 gg wrfdhm w:fi & disge &1 3ugn
Pb &F-URNE0T A 1ddh foaT T Tl

ATAMSIR-AGAIRME A AN TR0 3T
3R o1q oleq, AT 74 Afied A & fay dass
ISR MRl & oy Utenfiid! fTnfad HY &l 1 um o fAfaa
100 W, AR a1 (CW) WTEER ®131R (> 30% I IR THTT &)
TR U 3BT TUTadT T §1F Ja il & PRIFA] T T
HTgeh! dfesT Bl BIc & U W= BT 39anT fopar 511 Aabdl
g 3T a1 gEmieE UeRI & fay Wied wEaR @Rl &1

UGN 3TAT-IT TRH A, H371 U GRIghd & &A1Y
fosaT FTAT 8l 1 um WR 20 W Hfed @R # a1 3A@T-3AAT
grenfiifosat enfie & 5 o5 m) go TASHT BT ek §F
TUTARIT (M2 18%) &A1Y fadfa fosar sirdr 81 afed wreer
ISR T UGN &1 T A8 (YATSTSSS UG o1, T Ao e
QR 3fh4 & feiQ fomar 31T |apdT 81 2 um 30 W FfeigH @R
BT 3G AH FHelcb| P AT T & feqy fopat 31 Tepel1 8
511 fop fAfpa & Afsiepar & § @I 8aT 81 U8 BIC ATHR,
3 dTe W1 G&TdT Ud TR Upid & BRUT 3P fopee -
3R EfeHTH MR AHhE BT JeT H el 3TTerh HRIe
8l

ﬁﬁﬁqﬂﬁ:

YRd seae—Had fafies @5Ud, YRd TIHR &1 U 3UHH,
&7 HAT), STAR

e

CGCRI-TFL-CW-30-V1
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WW&{U—[ ag FRA 8, 31T 70 - 72 wt% PbO fUTel §U T & iaR 8idT &l
i1 pH A B 4 g 37R 531 5 & Th & fag @
o0 3 g7caarel a2 TOTTT . stfews o oot g0 ot avmr oot sy v & 7t
Ebfvl‘c’aﬂﬁﬂfUT g I 37af8 1200°C WR 40 U< dF §¢ Al ol Uic BT
& e fafg 3tk e, viq, defed wifta o1
UGN b TGT 1T Bl
ytenfirdt faazor 3R fawars:

£ %8 & fay FRShag! Ule &l 3UdNT &3 §U, S[hId dIReT
fafRre Iatsl & e gU faRie gém s ST o aTel fafly qepfiep gRT 30 Bicd faRIwaT aTel Ty boie b1 AT
Hia @ e 3R fafezor ufRemor s & U 3@ fear s awar 2

T fGRIAT TR M &b HHT0T & fy 3ugad 8l TR-ER e

e 377 A T (@ A B 5-6 Ih) B AT T 1450°C '
TP B WETe ATIHT BT ATHAT B 5 &M 2l ST bl ax 300
¥ 500°C Ufd &1 T 81 Aehal! el T &bl et 37afd 50 - 60
TS 81 hd! 8l I Yo d1d 37 FemoT Y &1 ufeRye

O st fefies, (qd o s e fafies), qa8 @@ auf
& oy R-fafre @rsdi

ﬁmﬁ%ﬁﬁwm$ﬁﬂfﬂ%mtﬁ€ﬂﬁﬁﬁw

310 JHSIIT S1T9 U JHSi
%‘rmﬂﬂgﬂmw

e I U9 faer qur emdar Fafor & fau

TRBR & ATY 120 L RHaT ST &1 3981 IR 700 x
700 x 150 mm3 RSW THATH T & (HToT & AT wtenfidh
& faoera & fay Fweitar sal

Ty Resfoet 7u

?ﬁ'[g%%ﬁm AERAT3mRaTE 37k f3mde), s & g
U'E[

HNTAFEAR-ASBIMRAT 3R 31 faraTy o=
IS acs Iy giafidt, qor & o gasiyg

I ISR BHETI B T YA3g

wﬂaﬁu‘\aﬁﬁ@ﬁfg%
I U9 faem
ST SATI:

(QI3TRSN 9THT URATV] 3™
W@Ummgﬁl‘s‘mﬂma—:ﬁﬁm(ﬁu‘é) R

. USSR BT 3UGNT IR Uipided Ul ¥ FHIRISS &€

B Ufepar & 91 & 1Y A1 8IS b S35 &b 1Y
10 L &MHdT I 3000 wie/feT T &b I TaIRITeT M A
T fhee 2 Ao 1dh &l IUTNT &R TR FHSIIT SIT9|

. O 95k U $f3un feifies & Ay Uew O Uik

3TaRITSS P JIATOT 37R 3P 3719 & fA U Ues ufepar
R UTAfSd ufasET & fau gasiiar sl

TAEERHC, favddqzy 3R 79 U9 U3 3R a4
@fsam, U= 51 fefies, qag & Ush f5dis & |y
Do THiFT AT I3 B ATA TRERT R (ERTHD
Feam & fAmfor I Fefera augitar gl
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I\EI%I-_-I collja'_ﬂil | hlUaM

I 1 21+ foeuT AT Weg use 31fHard ¥9 F utg e A0l SR MPA3E3R 68 Usd, BIRE ¢ ¢RI, BhIRE ¢h

HTTATIIRRUT U JHATET 30T dbfed a3 7 31d &l

HTog3MS 3R T2 Uistae &)
RIE3ATd

OIS MR- 3RS fiH Uisiae N “Chiai=iat
HIR AT ICTFARA 6o HiHe i1 3TH fhfchd sIhReadR
Us $5RAME Us e[ 37w ket oo &1 ffwar &=
T 8, 5 faRrael a3 § ga & fAy o o gy
i faaT UefRfa & aT@ dfmam 3menfa A91-uER
& fgpra B uRese=r B 1S &1 39 391 U3k &1 <1 forvmad
R3] U IRTAATHSD FRIRAT T HIEHIA THG TR A1

fopuT maT| Faife 39 FN-uT3R P M T 37eauT fopaT ST
TET I

HTTATS 3TR-HIST TR IATS WTel FR&T FAHTENT IR Ueh (R
REISHT BT ot e &, G JRfEra wrer a3t & mrenm
T 98dR Od WA DI AT & [y dpATdl sxdad
U P BT 3837 Bl Ao ]-PATATSC I fSCaRT HYSH &
fgora & d&d, 9Tt Ud @rel 3cTel ¥ fowhATed ol 91 &
S8 & foi U fazgmwoaTs fafast) o fasad & & fau
RN / AT UHTHT Ud A 399 ol fabiHda gd
T S &l URaeaT Y 18 & Ud B8 dfea ¥ dHlerie
37N BT Udl A & fi U Ao -leear™ fafeat ufaias
/ 3181 / AT IhHdb ) Bl fabRid Tl

BRE ¢ ¢IAMM Usided ol
gifd

SIAION 3TTEITIYd 8T8 TS ST go TR U 1T UIatae &b e
FEA-TRITHD Ud T8a1-Hb (b UIT &bl ol ich Bl §U
s W11 e & aread J 3HifenTgsiE ufesar ol g1
F= forar 31 ge ufsear wenfiidh 319 e & Iy ey o
37k 3M g7 B HR W Bl B A UTg YH1MH FHhat 2
A5t FRepat ATgeR AR, TRBIR 3Tae 1 [isie | T &1
IdT @A & AU 10 Wiciesy fier &1 fadmm fosar man &
59 ¥ Ub AR DI thlos URIE0T & feig Teh [T e
&1 fegr |

“i-3Tg §eff T M & fay dwR-3meanfa fEfie
T, IR UHhe el URAISHT & dad IS A13TR3TS gRT UH
3rf-Tgarford o &1 33118 Ua fAmfor fasar mar &, 3 Li-3ma=
Feit & Fmfor & fAp fafas =tsE & 50 A 100 Hier A9 AA
& ¥ ¥ g5t AT § faswfad quR-3memiRd faursies o1 3dme
I TEm Bl

Twere & faftm 3tenfiies ua fafean suamt & fau
hs3 ISR ™R Hisgd, 20W 2Afad & [fed Yb- 3menfa
™R B UICICTsy Hisg o ol fahiid e IR en hfed fapar
THT AT U4 AoheTdTgdeh T&r0T fasat mrat 4Tl 33t e, 30w b
3Tt 21faT & U Tm-Fiber MR &1 off AHAATYdD T
o Tl Htenfiifeat oY 3enm o aredy gt mar 1

RUuRT qiss fAfdcT Arseres MART W) ThIE & dag
H, 31 BIC 3R HI $0H a8 IBAdgds TaR feu Ty Ua
T YTieRY &1 fSfear &1 18, 5 3mY & dum & fag
Jogich fopar T

3= TUTERIT dTed FETeT b 3cUTG I HEH PR aleil SIRT
eI & foiu Sear T Gormm &1 fabm™ U 31k yweret
RGYSHT BT UROMH 4T, 37 H1A & YRUMTHRGET B BT
Ui S8R §37 3R uRefodd god &1 T § ¥R siaq o
R g3

3nft 96 U 3R Ul ufmisr § Afsedd garRgor
W AT T HIfeT HI TeEdl & @y ™ W U8
FBgiaNUcIse e & 3ded & foy denfidr &
H{pieid Ud 3eT & Ty wefia fosar mar 1l 98 do-is
3mufufees YRIUUT U4 Sed a9 fiher Al &1 @nrd
guTdt e FeRor @ fdaffd 1 & Ty Teayof
A & foy Faffa 2l
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qﬁuﬁmﬁﬁmﬁ

@) Alfois 3feaTss WUda Id QAENUHHE) Tenfie
famr W HTAINMEIR-TICASTEATAINE TR
& dd, HUAASHR-ASTHARAE, Dlddbar 3
TBAATYID 1kW TTT TR T (42-BIRABTIT
fireas?) 1 Ude yare f3ai1sd Ud 818sisi Ud ifadis
/ (3RS + dTg) &I 3TN B YATSH! ATsdiaol
Hrofe & ATY Fharargde UaiRld fasar & U o 360 Tt
TP T Bl TNTAR TaTe ot ff He@qut fiRTae @1
g 78 a8l

@) TAUHTSUS3TS URAISHT & ded Ush 3R Heeqof
3UATSE RSP FU A R Y TS 811 dTeil Tobod
PIRTBIAT (10 THT x 10 FHT x 1.5 THH) BT HH fTHTH B
fEtasY gy ufais T & 3TRIR, faesfad HifieIa &
UGN b 500 W ISP JaR fopaT Tt € Td RIeics NG
U4 02/ UIR & 1Y Ahea1yded UafRid fasar mar &l

8 }[F DI T UWheldl,
1o U G

vfade 31afer & SR g 77 UHeId, Uhdl3iR Td =Tl
gfalsATy g B Tl fam Yede Ridfiem wR Sfen
Us fAfeiT 39« WA 3TEHSSIRM 3{1% SIAION-WC
YIS BR A BT IHTADBT IR Uh Yheict ufaism
BI a- Td B-SIAION HHISCH & ATY-ATY o- T B-SIAION
HUIECH §1-58 Seogdl HHISICH Dbl UfhUT db-ildl TR
& bied T [ fopat 8, 31 s e et foga & fHafor

& foU 3uged Bl AfdHATge Ig dc &1 ¥d Bl 3 [uTadm
aTeft Rthad T =g gd YR #iTse & doa- 1 uisfesy
&1 3ufRIfd § gcei & fdU a1 77 UHCIcT Uistae [ fhu
T &, 1feh [Ger AUTSe 1 31R[G et I 31e famar s adsl

18 SRS WIS 3 UaT & f\ U ITHDISHISS ToilH Ud
ISR IR Uh U1 3TR [+ fehaT 1| #1-Bh 11 AT eh 1118
TATHS! SATCTAR U A 37aRa< db graxff 8d 8l g
FAISATSS TATH FATeehT Ud T IRT8S ToiTH b1 o1 5 SIS
T &ef o oell aqreed ae Iaiia ed € gafeu f&fa,
fafeeam 1 3= &3 o oo fafvw Twifaa srguamT &
EIPIRS & W ITATEMRVT YRS R, 3uged frafadree / arad=
ffRaT & 1Y F3T 837 B, IreeTSs TN W famrRiE
A3l & U Ueh 3T 3THR F91dT 81 3 YLE B & Ay,
BIgeR H BR ToiH b FY H AT P & f7 As2Se3 3emid
ATHISTSS Toch T T 3TN a1 STy

e foeeh! & T9er I Ueh 31k UHEI3R ¥, UHS! ufssar &
§1¢ 3« I8P dTel WRT U &b e & fiu grsgihifad
R WRI™ BIgeR el & 3UANT &1 Ial @A & fau
nfafaferat & &1 g &l ATuEst & HIHe Dl HTT-HAT
ufare fRafaat 3R A0 & TR, Wi amogE, Jaqor
371fe & A1y fHY ST B afieseaT HY 18 &
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R & D Profile

1 REDUGED

INEQUALITIES

Instrumentation

Identification and precise structural determination of materials
are pivotal for developing new products with desired functions.
Techniques for characterization of structural and mechanical
behavior of materials form the focus of this vertical.

Activities include high-speed experimental mechanics
covering dynamic compressive yield strength of SS304L
and SS316LN in the relatively higher strain rate regime of
7x10% — 3x10° s! by using the Split Hopkinson Pressure
bar (SHPB) technique; evaluation of mechanical properties
of ceramics and other materials using UTM, Hardness Tester,
Scratch Tester and Micro-Nano Mechanical Indenters;
characterization of electro-ceramic materials through studies
on ferro-electricity in bulk system of orthorhombic LuFeO,

S & :"."
Average Particle Size 50to 75nm

kY

- I T [*—rxr=r— =gy

4 e e o

Average Particle Size 120to 500 nm

Advanced Mechanical,
Materials Characterization and

using measurement of remnant hysteresis loop, piezoelectric
force microscopy, synchrotron x-ray, neutron diffraction, and
Raman spectrometry; and characterization of epitaxial BiFeQ,
thin films. Additionally, x-ray diffraction, XRF, FESEM-EDX
based characterizations of ceramic, glass and composites
have been carried out routinely.

This research vertical has created facilities such as i-Nano for
studying experimental mechanics of ceramic, glass, polymers
and composites and an 100kN universal testing machine that
is able to perform tensile, compression, flexure, peel, tear,
friction and simple cyclic tests and include an appropriate
calculation for each type of test.

Average Petal Size 720to 300 nm

Calcium based nano powders for application in heritage structures

Other activities involve development of new-generation nano metal oxide/ graphene-polymer composite materials for use in
wearable electronics; and a project where flexible strain sensors using nano metal oxide and graphene encapsulated in polymer
matrix will be synthesized and characterized for their structural, morphological, chemical and mechanical properties.

ANNUAL REPORT 2018-2019 | 60 | afires sfeda= 2018-2019



CSIR-Central Glass & Ceramic Research Institute, Kolkata

Bio-Ceramics and Coatings

This vertical has a diverse focus that have application both in the strategic and healthcare sectors.
In the former, high heat resistant CB-ABK-13 enamel frits have been prepared for application in
MIG series aero-engine parts and characterized. Preparation of sample coatings with the developed
frits and evaluation at CSIR-CGCRI followed by delivery of frits to industry are under progress.
Preparation of high heat resistant CG-B-55A enamel frits for application in MIG series aero-engine
parts have also been undertaken. The CSIR fast track translation project on SiAION based cutting
tools is also under progress

Inthe sub-vertical concerning healthcare application, fabrication
of antibacterial bioactive glass nano-fibre (ABGnf) for wound
healing (diabetic) by electrospinning has been undertaken. This
programme is a part of an Indo-Egypt bilateral collaboration
wherein the ABGnf has been supplied to the Egyptian counterpart
for in vivo animal studies. Development of novel nanohybrid
system involving drugs and biomolecules (shRNA, miRNA and
siRNA) for treatment of cancer and neurodegenerative disorder
is also underway; as also an initiative pertaining to development
of drug/biomolecule eluting porous phosphate free bioactive
glass coating on SS316L implant material for inhibition of
the osteoclast activity for better post implantation fixation has
been undertaken. Further, a technology for the manufacture of
plasma spray grade hydroxyapatite granules to aid plasma spray
coating on medical implants was optimized and demonstrated
to industry.

e P |

Anti bacterial bio active glass nano fibre

1 CLIMATE
ACTION

Functional Materials
and Devices

Major activities of this vertical cover the domains of
sensors and actuator devices as also nano-structured
materials. Development of fast recovery trace moisture
sensors for use in transformers has been a key project
that has been fast tracked for commercialization. The
sensors are gamma alumina based and are capable of
detecting moisture in the order of 2 — 50 ppm. The
development has reached a prototype stage and is being
tested in partnership with user firms.

There have also been activities where micro-controller-
based humidity meter were developed for monitoring
quality of tea. It was based upon magnesium chromite
capacitive semi thick film sensor whereby the functional
material was screen printed on copper electrode used as y-alumina based trace moisture sensors
bottom electrode and silver electrode was used as the

top electrode.
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R&D in the nano-structured materials sub-vertical comprised of
development of ZrQ, incorporated TiO, based reflective coatings on
glass substrates (having potential application in reflecting glasses
useable in buildings); Mesoporous SiO, based single layer AR
coating on solar cover glass (having potential application in roof top
solar modules); and Trimethylsilyl modified PEO-SiO, based hard
and hydrophobic coatings on polycarbonates (PC) and polypropylene
(PP) substrates (having potential application in plastic components
in buildings).

Moisture sensors prototype

In the first part of the work, a single layer ZrQ,
incorporated TiO, based transparent hard nanocomposite
coatings on glass substrates (soda-lime and float glass)
have been developed by sol-gel dip-coating technique
using zirconium (IV) isopropoxide (ZP) and titanium
(IV) isopropoxide followed by heat treatment at 500°C.
For the second part, templated mesostructured silica
coatings have been deposited on solar cover glasses
(up to the dimension of 2ft x 2ft) by sol-gel dip-coating
technique.

Other activities in progress under this vertical include
development of PZT Actuators and Piezo-Composites
for Vibration Energy Harvesting; and development of
Piezoelectric PVDF and PVDF — Composite Sheets for
underwater applications. New work have been initiated
that aim to make use of the application of nano-biosensor
and microfluidics for healthcare through development
of acetone based nano-bio breath sensors for detection
of diabetes. Development of multi-detection methods
for pesticide residue in food matrix have also been
initiated.

Specialty Glass Technology

Activities under the specialty glass vertical comprise of delivery
mode projects aimed at back-ending glass production for use in the
atomic energy sector. As part of this programme, five component
borosilicate glass beads have been developed in partnership with
industry through a technology co-development agreement. Industry
partnership have also been utilized for manufacturing high-density
glass cullet for radiation shielding applications with provision for
scaling up the size of glass slabs being produced.

One of the major focus of the vertical is capacity strengthening
for the manufacturing process whereby a high-volume refractory
pot has been developed through slip casting technique. The
developed 10L refractory pot withstood 06 Nos. of RSW glass
melting at 1150°C without thermal shock / corrosion or any other
deformation. The physical, chemical and morphological parameters
such as viscosity, consistency and solid loading of the slip along
with apparent porosity, bulk density, water absorption at different
temperature have been optimized. The resulting RSW glass having
dimension 180 x 180 x 75 mm? produced in this pot emerged
completely crack-free. In this context, aiming towards further scale
up, a collaborative research agreement with Prism Johnson for
development of a multi-use specialty refractory pot of 310 litre
capacity have been entered into recently

The existing pre-melting furnace has been up-graded with gas
purging and molten glass stirring facilities for the production
of RSW glass slabs of dimension 400 x 400 x 100 mm? in 60L

capacity specialty refractory pot. This comprise of the
first phase activity of the MoU on “Development of
Technology for Manufacturing 700x700x150 mm3 RSW
Glass Slabs using 120 L Refractory Crucible” between
NRG-BARC & CSIR-CGCRI.

101 REFRACTORY POT
iy marye ey i

Refractory pot for processing RSW glass

ANNUAL REPORT 2018-2019 | 62 | afires sfeda= 2018-2019



CSIR-Central Glass & Ceramic Research Institute, Kolkata

Apart from this, intrinsically photosensitive GeO, doped Erbium
doped fiber (EDF) through MCVD process has been developed which
is suitable for the development of distributed feedback (DFB) fiber
laser to be used for ultra high sensitive strain measurement in
distributed form and have potential application for sensing acoustic
emission.

‘Ready-to-use’ Pulsed Yb-Fiber laser module has also been developed
and upscaled in partnership with industry for marking application.
Performance evaluation of 20W pulsed fiber laser module has been
carried out by synchronizing their existing marking system with the
indigenously developed electronic Interfacing protocol of the laser

F|bre Opt'CS and PhOtOﬂICS module. The trial was conducted in-house in presence of industrial

partner where the stability of the laser was tested for extended hours.

Activities in fibre optics and photonics cover areas
of Fibre Bragg gratings, fibre lasers and optical
communication fibres that extend across multitude
of applications. All fibre continuous wave lasers and
modulated cladding pumped thulium based laser have
been developed that can be integrated into systems
for use in industrial, medical and strategic domains.
The patented technology has been transferred to
industry for further development and translation.
Prototypes of Fiber Bragg grating based sensors
and interrogation system for vibration monitoring
of generators has been yet another area of product
development in partnership with industry. The system
has been thoroughly evaluated and subsequently a set
of 12 vibration sensors were deployed in the generator
of a thermal power plant of NTPC towards online

monitoring of vibration characteristics of the stator Vibration Test Set up for FBG sensors
end winding.

N Sol-Gel
Refractory and Work involved development of a precursor

sol and porous silica-based AR coating

Tradltlona| Ceram|cs therefrom on quartz glass substrate for high

power Nd-doped phosphate laser glass and

o

The activities under this vertical serves an effective feeder for the AR coating for 500-600 nm wavelength.
steel industry that witness 28% of total production being done Other activities involved synthesis of copper
through induction furnace. Refractories R&D in the institute has nanoparticles (CuNPs) confined hierarchical
developed superior ramming mass for induction furnace, that has hollow silicalite-1 that have excellent
showed a significant improvement in performance. Higher lining catalytic activities. Nitrogen doped nano-
life have been achieved. Another key focus of this vertical has been porous carbon nano-spheroids were also
provision of technical assistance for up-gradation of refractory synthesized by hydrothermal process in
clusters in the Kulti-Salanpur region of West Bengal where around the presence of block co-polymers for
150 micro and small-scale enterprises are producing refractory purification of contaminated water.
products.
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Water Fuel Cell and
Technology Battery

The key focus of the water technology vertical is development of Initiatives under the fuel cell and battery have
ceramic membrane-based technology for removal of arsenic and successfully demonstrated a 1kW class SOFC stack
iron from ground water. A number of plants of 5000 LPD capacity (comprised of 42-cells) having patented flow field
has been installed in border regions of the state of West Bengal in design and thermally cyclable sealant using hydrogen
arsenic affected zones. and oxygen / (oxygen + air). Continuous operation of

the stack till 360 h does not exhibit any significant
degradation. A demonstration on a 500W SOFC stack
fabricated with single cells (10cmx10cmx1.5mm)
having internally reformable anode was made with
simulated NG and oxygen/air.

Composite membranes combine the merits of both ceramic and
polymeric materials where conventional membranes are either
inapplicable or inefficient. Keeping this in view CSIR-CGCRI
has developed a facility for preparation of composite membrane
followed by its application in wastewater treatment using nano
filtration set up whereby a ceramic-polymer composite membrane
and a ceramic-ceramic membrane were developed. The ceramic-
ceramic membrane was prepared using different phases of alumina
following a sol-gel method and subsequent sintering. The chemical
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Performance indicator for 1 kW SOFC stack

FESEM morphology of bio sorbents

Asapartofanotherinitiativeonmixedionicandelectronic
conducting (MIEC) based dense ceramic membrane
technology for gas separation, process parameters

In addition, initiatives for an integrated technology development were optimized for synthesis of nano-crystalline phase
involving bio-sorption with ceramic membrane-based microfiltration pure powder of Bag.Ce, . Zr, b, .0,  (BCZT), a
for treating toxic metal containing wastewater and sludge and potential candidate for separation of H, from a mixture
treatment and recycling of textile effluents are also under of gases. In yet another capability building exercise on
progress. In the former, biosorbent characterization and herbicide solid oxide electrolyser cell (SOEC) phase pure powder
removal mechanism were established, wherein glyphosate-metal of Ba, ;Sr; ;Co,sFe,,0;, (BSCF) synthesized for its
complexation was the predominant mechanism. Tannery waste use as an anode for SOEC and coupon single cells
water treatment was through the use of membrane bioreactor, (diameter 16 mm) of configuration BSCF5/GDC/YSZ/
where bentonite clay coated ceramic ultrafiltration membrane with Ni-YSZ was also fabricated and tested.

average pore size 4.85 nm and thickness 2.5 pm was used.
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Glass

Activities related to glass technology covers many aspects.
Development of large sized Nd doped laser glass blocks with edge
cladding is aimed at developing indigenous technology for the
production of large sized Nd-doped phosphate glass for high power-
high energy (HPHE) laser systems. In this regard, a pilot plant of
15 L scale glass melting facility is being established. Chalcogenide
glasses having refractive index in the range of 2.3950 to 2.4050 in
the wavelength range 850 to 950 nm have been supplied to industry
for their use and evaluation of performance. These glasses possess
low viscosity at molding temperature (i.e. at 300°C) and remains in
solid state at room (~25°C) temperature.

FESEM microstructure showing apatite formation on
B,0, containing biaoactive glass surface

Other initiatives comprise development thin films which play a
motivating role in the development of futuristic integrated optical
circuits and lab-on-chip platforms. R&D on transparent and high
contrast glassy thin films is highly essential in this direction to realize
the futuristic integrated planar optical circuits and devices. This has
a significant role in optical communication, sensing, biophotonics,
processing, and computing.

Bioactive glasses are widely used for bone repair and regenerative
applications due to their ability to form hydroxyapatite bone
mineral on its surface and their ability to naturally bond with bone.
Commercial glasses like 45S5, S53P4 and 13-93 belonging to
Si0,-Na,0-Ca0-P,0, system are FDA approved. Bioactive glass
compositions have been modified with components such as Li,0,
K,0, MgO, SrO, B,0,, CaF,, ZnO and CuO for therapeutic effects
such as osteostimulation, angiogenesis and antibacterial action.
An architectural glass research and testing facility has also been
established in the institute in partnership with the Glazing Society of
India to characterize energy performance parameters and structural
performance of glazing units used in buildings.

Non-Oxide Ceramics

Activities in non-oxide ceramics have
been chiefly concerned with fabrication
of electromagnetic windows for strategic
applications. Reaction bonded silicon
nitride EM Windows of requisite sizes were
fabricated in limited numbers and delivered
to sponsoring agency for evaluation and
testing. The basic material data obtained
in small samples satisfied the requirements
of the sponsor. Facility creation by way of
setting up of controlled atmosphere high-
temperature bottom loading furnace and
humidity-controlled dryer for developing
EM windows has been undertaken.
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Ceramic Membranes

The ongoing activities under this
vertical comprise the use of ceramic
membranes in gas separation that
include a process of fabrication of
ceramic hollow fibre membrane of
bimodal pore size distribution and
zeolite coated membrane. Some of
the areas being explored include
fabrication of lab scale test set up for
evaluation of air permeation of circular
disc samples; a new adsorbent for
simultaneous removal of fluoride
and arsenic from ground water and a
zeolite membrane for the removal of
various gas mixtures. Low cost silica-
based gas storage materials having a
specified surface area with hydrogen
and carbon dioxide absorption
capacity is also being worked on.

A focused basic research project on
hydrophobic ceramic hollow fibre
membrane for treatment of high
TDS saline water has been recently
initiated.
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Key R & D Highlights

Development of large sized Nd doped laser glass blocks with edge
cladding

Nd-doped phosphate glass

The institute is engaged in developing indigenous technology
for the production of large sized Nd-doped phosphate glass for
high power-high energy (HPHE) laser systems. In this regard,
a pilot plant of 15 L scale glass melting facility is being
established. Simultaneously, the rectangular glass blocks
of stipulated sizes are being produced from the existing 5 L
scale facility meeting all the stringent product specifications

for their supply to user organization. Nd-doped phosphate glass blocks

Edge cladding glass In this effort, glass composition and dopant ion concentration
have been optimized to serve as edged cladding glass for Nd-

A high energy, high peak power solid-state laser active laser disc drives.

medium in the form of discs, especially the one that runs in
a pulsed heat capacity mode with solid state gain medium
and relatively high gain, typically needs a means of defeating
the naturally occurring transverse gain which can lead to
losses from amplified spontaneous emission (ASE) and/or
to parasitic oscillation. A technique that has been utilized
to suppress ASE and to suppress the onset of parasitic
oscillations involves bonding a designed absorbing material
to the edges of the gain medium (i.e., an edge cladding).
If the index of refraction of the bonded absorbing material
substantially matches that of the gain medium, a substantial
portion of the ASE is coupled out of the gain media and into
the absorbing material before it can build sufficiently to
depopulate the excited state and thus reduce or clamp the
gain. In general, such claddings include a material that is
refractive index matched to the laser gain material and which Edge cladding glass
contains a dopant that absorbs at the laser (ASE) frequency.

Facilities for Scale Up

In order to achieve translational scale up, establishment of 15 L scale glass melting facility for the production
of large sized Nd doped phosphate glass blocks has been undertaken through the creation of clean and humidity
controlled environmental site for the installation and commissioning of the glass melting set-up in order to achieve
the stringent specifications of laser glass blocks of large sizes. The installation and commissioning of the plant is
underway.
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Thulium fibre laser at 2 um: A
next generation laser for surgery,
material processing and strategic
application

During the 12th Five Year Plan period an ambitious task was
taken up by the institute to establish state-of-the-art facility
and initiate research on Thulium Fiber Laser (TFL) targeting
applications in medical and strategic sectors. The operating
wavelength of TFL in the range of 1.9-2.05 pm makes it ideal
for (a) specific surgery: known generically as endourology
because of closely matching wavelength with cellular water
absorption, (b) polymer processing: as that wavelength range
is close enough to the first overtone of the fundamental
C-H bond stretching absorption and (c) countermeasure:
to generate Mid-IR through non-linearity. Motivated by this
unique feature of TFL, a diode-pumped all-fiber CW/QCW
Thulium laser for operating wavelength of 1.94 pm has been
developed to deliver CW power up to 30 W with efficient
thermal management in air-cooled operation. The judicious
assembling of optical components for optical engine on
suitable air-cooled aluminum heat sink is effective in terms
of size, cost, maintenance and easy integration with system.
The optimum all-fiber laser architecture provides stable and
repeatable operation with slope efficiency of 50% against
launched pump power. The TFL can be modulated in the range
of repetition rate from 10 to 1000 Hz with pulse width of 40
us to 2 s. The laser design has been patented (Indian Patent
application no. IN 201911001722) and the technology has
been transferred to industry for commercialization.

Such TFL operating at 1.94 pm can be a potential alternative
to the presently clinically used Ho:YAG laser at 2.12 pym for
lithotripsy. The operation wavelength of TFL more closely
matches the cellular water absorption which results in a
significantly lower threshold of ablation along with lesser
residual thermal injury and also leads to increased kidney
stone fragmentation rate. TFL has the capability to operate
in CW, long pulse as well as short pulse mode providing
more versatility for applications in lithotripsy and soft tissue
ablation. The excellent beam quality inherent to a fiber laser
allows use of smaller diameter delivery fiber which provides
better irrigation, improved vision and workspace within the
instrument. The wall plug efficiency of such TFL is 17%
compared to that of 1-2% for clinically used Ho:YAG laser.
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 < 1.6 mm at
fragmentation rate 0.8+0.4 mg/s 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.

CW Tm-fibre laser module

Paper based ceramic separator for
Li-ion battery application

The institute has taken up a fast track translational initiative
for development of a low cost paper based ceramic separator
with high porosity, low thermal shrinkage, high mechanical
strength, low internal resistance and excellent wettability to
electrolytes along with better electrochemical performance in
high energy paper-based Ceramic Separator for Li-ion Battery
application.

The process of making such paper based ceramic separator
can be retrofitted with paper making industry for producing
ceramic separator as a paper industry by-product, which is
expected to be a commercially viable, inexpensive product.
It may also emerge as a parallel value-added product for the
paper industries of the country. The institute has been able to
fabricate and install a unit with double deck design to realize
twin layer separator in single operation and produce these

separators in large volume in the form of rolls of 50-100
meters long of varied width for fabrication of Li-ion batteries
(for example 18650 type or pouch cell). The products are
tested for the use of two wheelers EV applicability as well and
also finds use in other types of energy storage devices e.g.
various types of battery and super capacitors. The developed
product (paper separator) shows comparable electrochemical
performance to that of commercial polymer separator.

.00
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Single cells and automated coating machine for
fabrication of paper based ceramic separators
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Fast recovery trace moisture
sensor and meter for detection
of trace moisture present in
transformer ol

Development of fast recovery trace moisture sensors for
use in transformers has been a key project that has been
taken up by CSIR for fast tracked commercialization. As
a part of this initiative, 10 numbers of gamma alumina-
based trace moisture sensors (2-50ppm) were fabricated
and these sensors were mounted in threaded Teflon
holders which in turn can be fitted into transformer oil
filtration unit for detection of trace moisture present in
transformer oil.

For laboratory testing these sensors were fitted into a
customized stainless-steel box and tested rigorously for
6 months for sensitivity, linearity, reproducibility and
stability using a HP make LCR meter and 5N nitrogen
to dry the sensors. A customized setup was used to vary
the moisture concentration in ppm level (from 2- 50ppm)
and a SHAW (UK) make dew point meter was used as the
secondary reference against which the calibration of the
sensors were done.

Laboratory setup for testing trace (2-50
ppm) moisture in transformer oil

Based on the results of the said measurement 10 numbers
of prototype meters were developed. These prototypes
were further calibrated as the corresponding sensors were
used in a real transformer oil filtration unit provided by
the identified industry. An industrial grade transformer
oil dielectric breakdown voltage measurement device was
used as the reference against which the prototype meters
with sensors were calibrated.

One prototype meter was supplied to the concerned
industry for field testing and effort is being made to use
these sensors on a mass scale for detecting the moisture
content of transformers located at various plant sites of
NTPC units.

Development of calcium based
nano powders for the restoration of
heritage structures

Nowadays, construction and maintenance of damaged stone
in heritage structures has become important concern to the
nation for protecting our cultural heritage. In recent years, the
application of nanotechnology in cultural heritage conservation
has become an important tool due to morphologically
compatibility of nanomaterials at nano-scale with the original
stone substrate. We have synthesized morphologically tuned
(hexagonal, spherical, flower like, cubic) nano calcium
hydroxide [Ca(OH),] powders [NCHP] by a simple inexpensive,
green method. NCHP were characterized by X-ray diffraction
(XRD), field emission scanning electron microscopy (FESEM)
and energy dispersive X-ray analysis (EDAX). The synthesized
NCHP were applied for the conservation of heritage buildings.
For this purpose the mortar samples from different heritage
monuments were characterized by the aforesaid techniques.
Subsequently these heritage samples were coated with
synthesized morphologically tuned NCHP powders according to
the requirements. The phase purity of the coated samples was
characterized by XRD and coating thickness was measured by
cross sectional FESEM. The pore size distribution and thermal
expansion co-efficient of Mortar samples before and after
coating was also measured. It is observed that the thermal co-
efficient is decreasing after treatment of the NCH powder which
revealed that the mortar sample undergoes shrinkage due to
volume decrease of nano Ca(OH), phase. From XRD analysis it
was observed that unit cell volume of Ca(OH), phase [54.92 A3]
in treated mortar sample [55.08 A1 was less than that of NCH
powder. This result also corroborates with the values of lattice
strain as obtain by Rietveld analysis. Nanohardness (H) and
Young's modulus (E) of the uncoated and coated samples were
evaluated from conventional Nanoindentation technique. An
increment in ‘H’ and ‘E’ values of the mortar samples were also
observed after coating of synthesized Ca(OH),. From the data
obtained from the aforesaid characterization techniques it can
be concluded that mortar heritage structures can be restored by
morphologically tuned nano Ca(OH),,.

FESEM micrograph of morphologically tuned NCHP (a)
Cubic, (b) Spherical
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Technologies Transterred

The period under report witnessed transfer of two institutional technologies to the industry for further scale up and

commercialization.

Packaged Fiber Laser Modules for Industrial and Medical Applications

This technology was partially fueled by CSIR fast track trans-
lation project.

Technology description and features:

Prototype module of Pulsed Yb-fiber laser of 20W power was
developed and field-trial was successfully done by using the
module in marking machine. A prototype module of CW /QCW
Tm-fibre laser of 30 W in air cooled operation was developed
for lithotripsy, polymer processing and strategic application.

CSIR-CGCRI has developed technology for packaged fiber
lasers for material processing applications such as metal
cutting, marking and surgical applications. The developed
100 W CW fiber laser at 1um delivers a good quality beam at a
wall plug efficiency of> 30%. The laser can be used for cutting
coronary stent and micro welding. For annealing or ablation

types marking pulsed fiber lasers are used with varying peak
power, energy and repetition rate. The 20 W pulsed laser at
1 um comprises of two different technologies, one delivering
0.5 mJ pulse energy with superior beam quality (M2 18%.
The pulsed fiber laser can be used for marking! engraving
on metal surface (anodized alumina, stainless steel). The
2 uym 30 W Thulium laser can be used in lithotripsy which
has applications in surgery. It is far more efficient than their
crystal-based Holmium laser counterpart due to efficient
beam delivery with smaller size, high wall plugs efficiency and
rugged nature.

Licensee:

Bharat Electronics Ltd (BEL, A Govt. of India Enterprise,
Ministry of Defense), Bangalore

e

CGCRI-TFL-CW-30-V1
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Packaged Fibre Laser Module
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Manufacturing of high-density
specialty glass cullet for radiation
shielding applications

Technology description and features:

Fabricated Specialty Refractory pots of specific compositions
are suitable for melting high density specialty glass and
manufacturing High Density Specialty Glass Cullet for
radiation shielding applications. The pots are capable to
withstand preheating temperatures up to 1450°C with
repeated heating and cooling cycle (5-6 cycles at least). The
heating rate may vary from 300 to 500°C per hour. The total
duration of preheating could be 50 — 60 hours.The pots resist

both thermal stress and corrosion resulting from 70 - 72 wt
% PbO within the molten glass inside. The pots are capable
also to withstand stress of molten mass of about 1 MT under
stirring conditions for at least three melting and cooling
cycle where melting duration may extend up to 40 hours at a
1200°C. The pots are fabricated using slip cast method and
exhibit chemical, thermal, mechanical durability.

Using such special refractory pots, high density specialty
glass cullets manufacturing by tilt casting technique can be
facilitated.

Licensee:

Prism Johnson Limited, (Formerly Prism Cement Limited),
Mumbai (Non-exclusive license for ten years)

Other MoUs and Agreements

Bhabha Atomic Research Centre
Mumbai, Dept of Atomic Energy (DAE), Govt. of India

Academic MoUs:

1. MoU between CSIR-CGCRI and BIT, Sindri, for Joint R&D
and Capacity Building

2. MoU between CSIR-CGCRI and Dr. Vishwanath Karad
MIT- World Peace University, Pune

3. MoU between CSIR-CGCRI and Kalam Institute of Health
Technology (KIHT)

MoU for Participative Technology
Development and R&D:

1. MoU for Development of technology for manufacturing
700 x 700 x 150 mm® RSW glass slabs using 120 L
refractory crucible with Nuclear Recycle Group (NRG)

(BARC) Trombay,

2. MoU on Fluoride removal process from natural water using

adsorption followed by membrane filtration techniques
from laboratory scale of 10 L capacity to 30 kLPD with
Rollabss Hi Tech Industries

3. Agreement for sponsored project on a process for the

synthesis of graphene oxide and its application in paints
with M/s. Berger Paints India Limited

4. Agreement on know how pertaining to the manufacture

of porous tubular ceramic support with certain mixed
material compositions with CSIR-CGCRI, Kolkata CSIR-
NIIST, Thiruvanthapuram and M/s.H & R Johnson (India),
A Division of Prism Johnson Ltd., Mumbai
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Mission Initiatives

Mission initiatives undertaken in the Institute fall into essentially five broad categories namely CSIR mission initiatives, fast
track translation, fast track commercialization, focused basic research and niche creating projects.

Initiation of CSIR Mission Projects

CSIR-CGCRI became a part of the mission project entitled
"Technologies for Robust Structural Health Monitoring of
Critical Infrastructure and Conservation and Restoration of
Heritage Structures" that envisaged development of calcium
based nano-powders exhibiting tunable morphology for
application in heritage structures. The nano powders were
applied on two heritage structures and structural stability and
carbonation effect after treatment of these nano-powders were
studied.

CSIR-CGCRI is also part of a mission project on food safety
solutions that has an objective of providing technological
interventions to assist better human health through safe food
commodities. Under the theme of development of multi-
analyte detection methods it is envisaged to develop and
validate sensitive/cost effective and easy to use analytical
method(s) for quantification of bisphenols in water and food
products, and to develop multi-detection methods (Resistive/
Opto/electrochemical) for pesticide residue detection in food
matrix.

In another mission project on nano-biosensor and microfluidics
for healthcare applications, a non-invasive nano-biosensor
based technique for detection of diabetes through analysis
of acetone in breath has been initiated. Y-lron oxide based
thick film low ppm sensors capable of differentiating acetone
content ranging between 1 to 5 ppm are being developed and
further tested.

Progress of Ongoing Fast Track
Translation Projects

The FTT project on SIiAION based high speed cutting tools
completed the process optimization through spark plasma
sintering followed by micro-structural and tribo-mechanical
properties evaluation. This process technology is now on the
verge of being upscaled further in partnership with industry.
Five publications emerged from the work.

The FTT on fast recovery trace moisture sensor and meter
for detection of trace moisture present in transformer oil
progressed with development of 10 prototype meters with
sensors one of which was delivered to a local industry for field
trial.

Under the FTT project on “Paper-based Ceramic Separator
for Li-ion Battery Application”, a semi-automated apparatus
has been designed and fabricated by CGCRI which is capable
of producing the developed paper-based separator in large
volume in the form of rolls of 50 to100 meters long of varied
width for fabrication of Li-ion batteries.

In the FTT focused on development of packaged fibre laser
modules for diverse industrial and medical applications,
prototype modules of pulsed Yb-based laser of 20W power
was developed and successfully field tested. Similarly, a
Tm-fibre laser of 30W average power was also successfully
demonstrated. The technologies have been licensed to
industries.

In terms of the FTT on reaction bonded silicon nitride ceramics,
two numbers of small size EM windows were successfully
fabricated and delivered to strategic partners, for evaluation
and characterization.

Development of superior ramming mass for induction furnace
enabling production of high-quality steel was the outcome
of yet another FTT project the work resulted in improved
performance of the furnace, enhanced lining life than
envisaged value were some of the key results. The lab scale
validation has been currently explored for industry trials prior
to translation and adoption.

In yet another FTT project, technology for the production of
plasma spray grade hydroxyapatite granules to aid plasma spray
coating on medical implants was optimized and demonstrated
to industry. This technology is slated to have important
application to evolve cost effective cement-less fixation of
orthopedic implants and dental bone filler materials.
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Progress of Ongoing NMITLI
Projects

(@) Under CSIR-NMITLI project on solid oxide fuel cell
(SOFC) technology development, CSIR-CGCRI, Kolkata
has successfully demonstrated a 1kW class SOFC stack
(comprised of 42-cells) having patented flow field design
and thermally cyclable sealant using hydrogen and oxygen
/ (oxygen + air). Continuous operation of the stack till 360
hours does not exhibit any significant degradation.

(b) Another key achievement under the NMITLI project is
successful development of single cells (10 cm x 10 cm x
1.5 mm) having internally reformable anode. As per the
project deliverable, a 500 W stack has been fabricated
using the developed cells and successfully demonstrated
with simulated NG and O, / air.

Some Newly Initiated FTT, FBR and
NCP Projects

A number of new FTT, FBR and NCP projects were initiated
during the period of report. An FTT project on “Wear resistant
Ceramics for cutting & milling operation: Process optimization
of SIAION-WC composites for rock drilling application” has
been initiated with a focus on optimizing the processing
technique for fabricating tungsten carbide (WC) particulate
reinforced a- and B-SiAION composites as well as a- and
B-SiAION bonded WC composites suitable for manufacturing of
rock drilling bits. Two new FTT projects have been initiated for
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converting sillimanite beach sand into high quality refractory
aggregate and fusion of Indian magnesite in presence of
additives so that the pure magnesite can be separated from
impurities.

An FBR was initiated on chalcogenide glass and fibres for mid-
infrared photonic applications. The low-phonon chalcogenide
glasses are mostly transparent from the visible up to infrared.
Since the chalcogenide glasses transmit to longer wavelengths
in the infrared wavelength range than silica and fluoride
glasses, there are various potential applications in the civil,
medical and military areas. The exceptional transparency
in the infrared region, associated with suitable viscosity/
temperature dependence, creates a good opportunity for the
developing fibres from chalcogenide glasses. To begin with,
As,Se, based chalcogenide bulk glass will be used to serve as
the core glass in the fibre.

In another FBR concerning ceramic membranes, activities
have been initiated to explore the application of hydrophobic
ceramic hollow fibre membranes for treatment of high TDS
saline water following the MD process. Optimization of the
parameters are envisaged to be carried out with varying
operating conditions such as TDS levels, feed temperature,
condensation temperature etc.

An NCP was initiated where nano sized metal oxide
semiconducting material were synthesized and encapsulated
within different patterned polymers via different synthesis
techniques to yield coupons of flexible sensing materials.
Electrodes were deposited on these coupons and tested for
bending stress in an in-house designed test jig. Preliminary
results showed excellent linearity and reproducibility of the
sensors. Some structural and morphological studies of the
composite materials were also performed.

Some CSIR-CGCRI products under mission initiatives
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Human Resource Development

One of the key outcomes of the institutional R&D activities has been the creation of trans-disciplinary human resources at
doctoral level equipped with tailored skill sets that were roughly distributed across 11 domains and sub-domains. In all, during
this period of report, 23 individuals were awarded their PhDs, affiliated across four universities (including the AcSIR), that
showed a balanced gender distribution.

Affiliating Institutions for PhD Degree Awardees
(2018-19)

EEEEREEN 08 -

............. 13 Jadavpur University
. 01 NIT Durgapur

. 01 University of Hyderabad

Gender Distribution of 1 2 Ut 1 1
PhD Awardees - l l -

PhD Thesis: Domain distribution

] g7 L] g 7 g7 e
l' @
Bioceramics Membrane Sensor Sol gel coatings Fibre Optics Refractories
Technologies Application
¢ s ¢ ¢ ¢
Glass Materials Li-ion battery Nano structured Non oxide
nanocomposites  characterization materials materials ceramics
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Ph.D. awardees with the respective topics of dissertation is shown
below

Chandra Khatua
BCCD

Thesis (AcSIR)

Bismuth Ferrite reinforced composite
biomaterials for bone implant
applications

Debarati Mukherjee
CMD

Thesis (AcSIR)

Membrane based process for
purification of wastewater
contaminated with specific pesticide
and drug molecules

Biwaijit Bera
CMD

Thesis (AcSIR)

Silica-carbon based composite
membranes and materials for CO,
separation and storage applications

Ipsita Chinya
FMDD

Thesis (AcSIR)

Development of polymer-ceramic
nanocomposite for flexible
piezoelectric nanogenerator
application

Sanchita Baitalik
NOCCD

Thesis (JU)

Fabrication of oxide bonded porous
SiC ceramics by an infiltration and
sol-gel coated reaction bonding
techniques

Sagnik Das
Technical Officer, FMDD

Thesis (JU)

Study on the novel synthesis
techniques and evaluation of physical
properties of some nanostructured
oxide/composite materials

Rituparna Das
Sol-Gel

. Thesis (JU)

Hierarchical zeolite and metal doped
zeolite: Synthesis, physicochemical
study and application

Ipsita Hazra Chowdhury
Sol-Gel

Thesis (JU)

Mesoporous titanium based materials
and composites for environmental
applications
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Mayur Shukla
BCCD

Thesis (AcSIR)

Joining of ceramic materials by
microwave-assisted brazing

Surajit Bose
FOPD

Thesis (AcSIR)

Theoretical and experimental study
of ultrafast pulse propagation and
multifarious soliton dynamics in
nonlinear specialty photonic crystal
fibers

Maitreyee Saha
FOPD

Thesis (JU)

Vapor phase doping process for
fabrication of rare earth doped optical
fiber

P. Marakkar Kutty
CMD

Thesis (JU)

Synthesis of spinel nanopowders for
the surface modification of porous
ceramic support: Evaluation of

CQO, capture efficiency of bare and
modified membrane

Mostofa Shamim
Refractory & Traditional
Ceramics Division

Thesis (JU)

Studies on synthesis and intercalation
of layered double hydroxides

Nilanjana Shasmal
Glass Division

Thesis (AcSIR)

Synthesis, property evaluation and
application of rare earth doped
plasmonic glass nanocomposites

Mitali Sen
CMD

Thesis (JU)

Development of zeolite based CO,
separation membrane

Atanu Naskar
Sol-Gel

Thesis (JU)

Study on soft chemical based
semiconducting oxide-graphene
nanocomposites for biomedical
applications
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Sankhyabrata Bandyopadhyay

FOPD

Thesis (AcSIR)

Development of optical fiber grating
based sensors with multiple overlay
layers for highly sensitive and
selective detection of chemical and
biological species

Piyali Roy Choudhury
Water Technology Division

Thesis (JU)

Synthesis of nano-composite
materials and development of ceramic
membrane for wastewater treatment

Sanchali Mitra
FOPD

Thesis (JU)

Study of structural and optical
properties of metal-metal and metal
dielectric composites for applications
of sensors and novel light sources

Saikat Deb Acharya
AMMCD

Thesis (NIT, Durgapur)

Study of high-strain rate deformation
behavior of a few structural materials

P Rama Rao
AMMCD

Thesis (University of Hyderabad)

Synthesis, characterization and
properties of Ti-Zr-Cu-Ni based
metallic glasses and their use as filler
materials for brazing joints

Atin Pramanik
Publication

Thesis (JU)

Development of transition metal
oxide, hydroxide and sulfide based
nano materials for Li-ion battery and
supercapacitor applications

Shreyasi Chattopadhyay
NSMD

Thesis (JU)

Titania and zirconia based nano
structured materials for energy and
environmental applications
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The AcSIR programme of CSIR-CGCRI offers PhD (Science), PhD (Engineering) and Integrated Dual Degree Programme.
During the period 2018-2019, six new students were enrolled out of which five belonged to PhD stream while one
belonged to the Integrated Dual Degree Programme.

As on March 2019, the total student strength of AcSIR stood at 19. While eight students were awarded their PhD
under AcSIR during the period of report, another five students submitted their thesis.

Students of CSIR-CGCRI interact with DG, CSIR through posters and Q&A session
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Projects Initiated

The institute witnessed initiation of 42 research projects covering various categories during the period of this report. Grants-in-

aid projects comprised the largest category.

Distribution of Newly Initiated Projects (2018-19)
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Agency-wise ® stre O
Distributon of Initiated @ DST+DBT D
Projects (in percent) ® csk 16
DAE+Defence
@ Industry 4
@ Foreign ].
@ Others 3
Sub-Categories of CSIR Domain-wise Distribution of Projects
0“'& 0“"? 09 OE 0*1 0 "&\
Mission FTT Fibre Optics Fuel Cell Specialty Bioceramics
Glass
FTC FBR Glass Sol Gel Refractories Ceramic
" " *‘t " Membrane
NCP Others Sensors Instrumentation  Capacity
Building
Government @ Government funded

34 (81.0%)
Funded versus

Industry Funded
Projects

@ Industry funded
4 (9.5%)

@ Others
4 (9.5%)

ANNUAL REPORT 2018-2019 | 79 | =it sfeda= 2018-2019



Development and production of multiuse specialty refractory pot up to H R Johnson
310 litre for manufacture of defect free RSW glass

Additive Manufacturing by Laser Metal Deposition Tata Steel Ltd.

Fabrication and Testing of SOFC Stack having Novel Composite Cathode ONGC Energy Centre Trust

Development and experimental study of hollow core photonic crystal fibers
for efficient laser beam delivery in the infrared region for medical and
micromachining applications

SERB, Dept. of Science & Technology, Govt.
of India

Development of hollow core, photonic crystal fiber for efficint transmission  Department of Science & Technology,
at 3 micron wavelength for clinical studies Ministry of S&T., Govt. of India

Theoretical Study and Analysis of Hollow Core Photonic Crystal Fibre for SERB, Dept. of Science & Technology, Govt.

the Application of Gas Sensor of India

Fibre-optic sensor technology for the detection of chemical species in SERB, Dept. of Science & Technology, Govt.
liquid/gas environment using side-polished Photonic Crystal Fiber of India

Development of fiber Bragg grating based sensors and interrogation Terminal Ballistic Research Laboratory
system for measurement of direct blast pressure and blast induced strain (TBRL), Chandigarh, Ministry of Defence,

in structures Govt. Of India

Novel glass-based slid electrolytes with high conductivity for room SERB, Dept. of Science & Technology, Govt.
temperature rechargable Na-ion batteries of India

Sugar-Glass nanoparticles Encaapsulated Multifunctional Nanofibrous
Patch for Intervertebral Disc Regeneration (DBT Ramalingaswami Re-entry  Department of Biotechnology, Ministry of S&T
Fellowship 2016-17)

Development Minimally Invasive Bioactive Glass Nanoparticles Reinforced  SERB, Dept. of Science & Technology, Govt.

Injectable Hydrogel for Bone Tissue Engineering Application of India

Development of Piezoelectric PVDF and PVDF - Composite Sheets for Naval Physical & Oceanographic Laboratory,
Underwater Applications (CARS) DRDO, Ministry of Defence, Govt. Of India
Development of palladium based membrane over porous stainless steel Board of Research in Nuclear Sciences
substrate for selective separation of hydrogen from a mixture of gases (BRNS), DAE

An integrated technology development involving biosorption for treatment
of toxic metal containing wastewater generated from small scale Dept. of Science & Technology, Govt. of India
industries and sludge management towards safe disposal

Development of grapheme-metal oxide nanocomposite based ammonia

serEing davies for medhesl app eaifer Dept. of Science & Technology, Govt. of India

Next generation high performance in situ generated nano particles

embedded sustainable antifouling ceramic-polymer composite NF SERB, Dept. of Science & Technology, Govt.
membranes: preparations, modifications and application aimed at water/ of India

drinking water treatment

Silicate based inorganic paint for masonryy and mud wall Dept. of Science & Technology, Govt. of India

Development of Light Weight and Anticorrosive material for Shoe

Life Sciences Research Board, DRDO
Outsoles

Development of sol-gel based anti-reflection (AR) and high reflection
coatings on large aperture quartz glass optics and AR coatings on KDP
optics with high damage threshold for high power Nd:Glass laser

Board of Research in Nuclear Sciences
(BRNS), DAE

Providing Technical Assistance for Establishing of Common Facility Centre  Khadi & Village Industries Commission,
(CFC) at Sasaram, Patna Pottery Cluster Ministry of MSME, Govt. of India
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National Backward Classes Finance &

Skill Up-Gradation through Door-Step Training for High valued products Development Corporation (NBCFDC), Govt. of

pottery Making

India
Raja Ramanna Fellowship Scheme DAE
Development of miulti-analyte detection methods/mitigation systems for CSIR
food contamination |
Development of miulti-analyte detection methods/mitigation systems for CSIR
food contamination Il
Development of advanced Optical fiber distributed sensors and FBG CSIR
sensors for smart infrastructure management
Development of novel restoration materials CSIR
100W CW/Modulated Thulium fibre laser: at 1.94um for efficient tissue
o . . CSIR-FTT
vaporization and at 2.05 pm for strategic application
1KW Fiber Laser for Industrial and Strategic Applications (LISA) CSIR-FTT
Chalcogenide glass and fibers for mid infrared photonics applications CSIR-FBR
Wear resistant ceramics for cutting & milling operation: Process CSIR-FTT
optimization of SIAION-WC composites for rock drilling application
Development of Hydrophobic Ceramic Hollow Fiber Membrane for MD
. e CSIR-FBR
Based Domestic water Purification system
Development of surface modified adsorbents with higher sorption capacity CSIR-FBR

for specific contaminants removal in water/ industrial Wastewater [SMA]

Technology assessment and integration of CSIR’s lignocellulosic ethanol
programs/ facilitating technologies for a feasible 2G ethanol technology CSIR-FTC
(CSIR-2GE) |

Technology assessment and integration of CSIR’s lignocellulosic ethanol
programs/ facilitating technologies for a feasible 2G ethanol technology CSIR-FTC

(CSIR-2GE) II

Synthetic hlgh.alu‘mlna aggregate from sillimanite beach sand for CSIR-FTT
refractory application

Superior fused magnesia from impure Indian magnesite for self CSIR-FTT
sustenance

Development of new generation nano metal oxide/graphene-polymer CSIR-NCP

Composite materials for use in wearable electronics

Selection of Materials and in-depth Investigation for Application In Low

Temperature Solid Oxide Fuel Cell (LT-SOFC) Gl (=)

Development of Low PPM Mouisture sensor & digital meters for online

: i . NTPC
measurementof moisture present in transformer oil

A process for the synthesis of graphene oxide and its application in

i B Pai
paints erger Paints

Development and supply of 40 cm GeO, doped preform Universiti Telekom Sdn., Malaysia

Water quality managemnt and data analysis report generation for water
drawn from river Ganga for proposed Godda Thermal Power Station (2
X800 MW) in Jharkhand

Academy of Water Technology and Environ
Management
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Social Connect Programmes

Technologies Deployed

Supply and Installation of Iron & Arsenic Removal Plants at Border Outposts in North 24
Parganas District of West Bengal

CSIR-CGCRI has a long-standing expertise in deploying arsenic and iron purification plants in affected areas using its ceramic
membrane technologies. In this context during 2018-19, 45 nos. iron and arsenic removal plant have been installed at 45
border outposts of North 24 Parganas district. The capacity of each plant is 5000 LPD and quality of filtered water is very
satisfactory.

Deployment of arsenic and iron removal plant based on CSIR-CGCRI technology

Analysis report of Raw and Product filter water

Location of A&IRP Hasnabad, North 24 Parganas
Arsenic in ppb

Product Filter Water BDL

+ ND: Not detected, BDL: Below detection limit

Up-Gradation of Bareilly Rural Terracotta Cluster through New Technology

Common facility centres were established with CSIR-CGCRI support from its Khurja Outreach Centre in two clusters at Bareilly
that make terracotta wares. Basic equipment such as pug mill, jigger jolley, ball mill-cum-pot mill, blunger, wood fired furnace
and electric potters’ wheel were installed in the centres. Necessary training and demonstration in the operation of the machines
were also provided to the handicraft artisans.

The local potters will be benefitted by making their products using machineries and will get more cost of the products. This will
be helpful for the improvement in the livelihood of the family members.
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Skill Development

Skill development activities were carried
out among various stakeholder groups by
the institute's outreach centres in Khurja
and Naroda.

The Khurja outreach centre imparted
training and demonstration programmes in
three clusters of terracotta pottery in Bijnor
(Uttar Pradesh). It was undertaken under
the aegis of the Traditional Art and Craft
Development Initiative of the National
Backward Class Finance and Development
Corporation. Around 20 artisans were
trained during the first session while 10
artisans were trained during the second
session.

The Naroda outreach centre imparted a
five-day training on Chemical Analysis
of Ceramic Raw Materials; and another
five-day programme on Physico-Chemical
Analysis of Ceramic Raw Materials for the

benefit of local entrepreneurs and clusters. Skill development of local artisans and entrepreneurs

Both the programmes were taken up as at Khurja and Naroda centres of the institute
self-financed capacity building initiatives.

Testing and Scientific Services

The institute provides state-of-art single-window testing and characterization services to a cross section of stakeholders
(industries, different government agencies, universities and academic institutes, private and public laboratories and students
and researchers). It includes testing of raw materials and products in the field of Glass, Ceramics, Refractories and Composites
too. The following figures and charts highlight the key outcomes of these services during FY 2018-19:

Service Provided by CSIR-CGCRI
Kolkata Centre to Customers during
FY 2018-19

@® Government

® Academia

Industry
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Service provided to dfferent customers monthly for Kolkata centre
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Earning during FY 2018-19

75.65% )
Earning for Kolkata Centre

24.35% ]
Earning for Outreach Centres

AnalytiCSIR

CSIR-CGCRI has successfully operationalized the online web portal AnalytiCSIR, that envisages to provide a single window
access to the test and analytical facilities available in various research institutes of CSIR. Through a seamless interface of
booking, payment, analysis and report generation/delivery, the facility would be instrumental in providing research support to
other laboratories, institutions and researchers. Currently, 60 equipment and 84 tests in the areas of Structural and Elemental
Analysis, Engineering Testing and Thermal Analysis, Chromatography and Separation and Surface and Particle Analysis
conducted by CSIR-CGCRI are part of this facility.
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TOCIC

The TePP Outreach cum Cluster Innovation Centre (TOCIC) under the aegis of DSIR, promoted innovation among grassroot
and start-up innovators through partial funding and hand holding for addressing problems in diverse domains. The aim was
entrepreneurship promotion and enable localization of sustainable development goals.

*| Innovation/Idea Mapping with SDG

DEVELOPMENT OF A NOVEL ANIMAL FREE

1 REAGENT BASED PROTOTYPE BLOOD Affordable
’ TEST KIT FOR EARLY HEART ATTACK Healthcare
DIAGNOSIS
Waste to Wealth
2. BANNED IVORY-ITS “REPLACEMENT" and Skill

Development

PARTIAL REPLACEMENT OF SAND BY
3. FOUNDRY WASTE TO MAKE M30 GRADE  Waste to wealth
CONCRETE

AFFORDABLE SOLAR POWER BABY Fuiart Bl e
4. Healthcare and

WARMER Clean Energy

DESIGNING AND BUILDING PROTOTYPES
5 OF NOVEL AUTOMATIC ENERGY Smart Materials
" MONITORING DEVICE WITH WIRELESSLY

CONNECTED MULTIPLE MINI UNITS

g ANEWDESIGN OF SOLAR DISTILLATION o
" SYSTEM TO PRODUCE DISTILLED WATER ean tnergy

* 50% of the innovators are women. 16% are students

Outreach Centres

DECENT WORK AND
ECONOMIC GROWTH

i

The Khurja Outreach Centre apart from imparting skills and capacity has also played a role in ambient air quality monitoring of
the ceramic units in the area. It has also worked on the development of ultralow density refractory granules that help in reducing
dead weight of kiln trolleys thereby reducing fuel consumption. The granules due to their lower permeability and thermal
conductivity lowers heat transmission and enhances insulating properties.

An NTPC sponsored project has explored the use of fly ash in building ceramic products. A CSIR project on development of low
thermal cordeirite porcelain cookware is under progress that is slated to promote import substitution. The outreach centre has
thus aligned with multiple SDGs.

The Naroda Outreach centre in addition to skill and capacity building have also worked on exploring the structural correlation
between thickness and firing schedules on the properties of vitrified tiles and also the vitrification behaviour of clay.
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Collaboration

International Collaboration

Ongoing and Newly Initiated
International Projects

The institute currently operates five international projects of which two have been initiated during the period of report.

¢ ¢

Indo US Clean
Energy R&D
Centre
(USA)

University Max Planck University of Universiti
of Aveiro Institute Alexandria Telekom Sdn

(PORTUGAL) (GERMANY) (EGYPT) (MALAYSIA)
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Indo Bangladesh Capacity Building
Partnership

A group of five Scientific Officers from Institute of Glass and Ceramic Research and Testing (IGCRT), BCSIR, Bangladesh
visited CSIR-CGCRI for receiving advanced training in the areas of Nano-structured Materials, Electro-ceramics and Sensors,
Refractories including Structural Ceramics, Glass Technology and Bio-ceramics. They worked in the institute from 14th January,
2019 - 5th April, 2019.

Director CSIR-CGCR/I and Head, ISTAG with the Bangladesh team

Indo-Korea S&T Partnership Dialogue Industry Linkages

A delegation from the National Research Council of Science and The institute entered into a partnership with
Technology, Republic of Korea visited the Institute on July 10, 2018 to Berger Paints for executing a project on synthesis
discuss about collaborative initiatives in the domains of affordable water ~ of graphene oxide and its application in paints that
purification technologies, new and alternative materials, among others. envisage to impart technological credence to the
paint industry sector.

Non-disclosure agreements were signed with major
industrial houses such as ITC Limited, Prism
Johnson and Gharada Chemicals for exploring
the scope of collaborative R&D for front-ending
institutional technological knowledge base.

Technology transfer agreements for the
manufacturing of high-density glass cullet for
radiation shielding application as well as exploring
the scope of collaborative research was also
signed with Prism Johnson for valorizing the glass

Discussion in progress under the Indo-Korea dialogue technologies of the institute.

Academlc Collaboratlons Tripartite agreement with industrial partner Prism

Johnson along with Department of Atomic Energy
was also initiated for development of ceramic
membranes with internationally competitive
specifications for setting up pre-pilot plant
manufacturing facilities.

Prospects of new academic collaboration for promoting R&D was explored
through signing of MoUs with Kalam Institute of Health Technology (in
the domain of healthcare) and also BIT, Sindri for capacity building in
metallurgy and materials engineering.
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Major Facilities Created

I-Nano
Applied load range: 1mN — 50 mN

Measurement parameters: Hardness and Young’'s modulus from
Load-Depth analysis

Sample type: thin film, coating, bulk

Samples: Ceramics, glass, polymers, composites etc.

100 kN Universal Testing Machine
from ZWICK/Roell (Germany) e (R

WPIH:N’.* L up “"sm“"' Dperating software: TestXpert 1l
l°: Pesolution: 3.aN Operational made: Tensile and Compresssian
Depth resolution: 0.001nm Load cell: 10 and 100 kN

The machine is able to perform tensile, compression, flexure, peel,
tear, friction and simple cyclic tests and perform an appropriate
calculation for each type of test.

Electro-spinning Facility Standard Automatic Ultrasonic Spray
The electrospinning equipment has been installed Coatlng Unlt

recently to prepare polymer/ceramic/ composites
fibers (both nano and micro fibrous patches)
using precursor polymer/ceramic solution.

It comprise of a nozzle-less spray coating system capable of
depositing thin films/ coatings of thickness in the range of a
few hundred nanometers to about 20 micron level on different
substrates such as glass, metal, plastic etc. from solution or
dispersion. Maximum area of coating can be deposited up to a
dimension of 1ft x 1ft and multilayer coatings in X and Y direction
are possible. Temperature of the substrate to be coated can be
controlled from room temperature to ~150°C.

Super ES-1
(E-spin Technology Pvt Ltd, India) BT Prism 400 (USI, USA)

ANNUAL REPORT 2018-2019 | 88 | afire wfeda= 2018-2019



CSIR-Central Glass & Ceramic Research Institute, Kolkata

Glass Processing System

GPX - 3600 is a unique, multipurpose glass processing
system. It is capable of splicing dissimilar optical fibers, long
tapers, controlled core expansion and other fiber parameters
suitable for fabrication of pump/signal combiner through
proper processing optimization.

Induction Furnace:

Induction furnace with two Duraline furnaces (melting
capacity of 25 kg and 50 kg) having power rating 40 kW and
Hydraulic tilting Pouring operation, has been installed to
study refractory corrosion and the life of refractory ramming
mass lining.

GPX 3600 (Vytran, Thor Labs, USA)

High temperature viscometer
for measurement of viscosity of
glasses and slags:

The instrument combines a rheometer and a high temperature
furnace (Maximum Temperature 1800°C) integrated in a safely
housing for analyzing rheological measurements of melts. The
measurement system is primarily based on cup and bob while
the instrument can be used in both rotation and oscillation
modes. The instrument can measure the viscosity of molten
glass/ceramics/slags at high temperatures, cross-over point of
bulk and storage modulus.

FRS 1800 (Anton Paar, Austria)

VIP Quick Track (Inductotherm, India)

Capacity Strengthening for the
Outreach Centres at Khurja and
Naroda

In addition to
the sophisticated
instrumentation
facilities  above, the
outreach  centres  at
Khurja  and Naroda
were strengthened with
equipment infrastructure
of varying magnitudes.
While an XRD facility
was established at
Naroda, Khurja Centre
was strengthened with a
variety of equipment for
carrying out day to day
activities and undertaking
new projects.

X-ray diffractometer (Ultima
1V, Rigaku, Japan)

Facility Establishment for
Development of Optical Glasses

The institute entered into a major partnership with ISRO/
VSSC for enhancing capability in optical glass technology
that is envisage to bolster optical glass manufacturing in
the country amenable to cross flow with applications in the
components of optical devises used in the space sector.
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Awards, Accolades, Mobility

Peer Recognitions

(< Q)
\\E Dr K. Muraleedharan, Director took over as the President of the E’}
L\,— Indian Ceramic Society for the year 2019-20 -...,/
r ™
Y/ N4
<! )\ =
il , Ve —
& )
\\f Dr. Tarun Kumar Gangopadhyay, Senior Principal Scientist, ::-;)}
\,..— FOPD, selected as a Guest Editor of the Special Issue entitled ‘Optics -..,/
\/ sensors using micrustructured and photonic crystal fibers’, of the open- \/
A/ : , : : ) 4
\/ access journal ‘Sensors’, published monthly online by MDPI, USA \/
<l |=

i . s
£ )
: —

\\: Dr. P Sujatha Devi, Head, Sensor & Actuator Division and Nano- "_:)}
\,.-— Structured Materials Division, CSIR-CGCRI, Kolkata received the —..,/
‘»::; Chemical Research Society of India (CRSI) - Bronze Medal-2018 at the :\\\5«

\f? 23rd CRSI National Symposium in Chemistry at IISER, Bhopal, on July Q\/
~ (‘ 14, 2018. ,\‘\ e
e -—
T—— A~
L A
& Q)
= =
N Dr. Atiar Rahaman Molla, Principal Scientist, Glass Division, —
w‘\\‘/ selected as a member of the Technical Committee on Education (TC 23) :::‘4‘
\f? of the International Commission on Glass (ICG). Q\/
T -
Iz )
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‘-_.-
\\‘-— Dr. Mukul Chandra Paul, Senior Principal Scientist, Fiber --.}
\::: Optic and Photonics Division (FOPD), selected as a Feature Editor of ::/

\?’ the ‘Optical Material Express Feature Issue’ — ‘Optical Fiber Materials, ;‘\\/‘
Y 2010, 7
<\ =
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Dr. H. S, Tripathi, Sr Principal Scientist, RTCD received the
Refractory Technologist's Award and editorship of Transaction of ICS by
the Indian Ceramic Society.

Dr. Mrinal Pal, Senior Principal Scientist, Functional Materials &
Devices and Business Development & Standardisation Division has been
elected Fellow of the West Bengal Academy of Science and Technology
(WAST) in the year 2018.

Dr. Satyendra Nath Misra, Chief Scientist & Scientist-in-Charge
of CSIR-CGCRI, Naroda Centre received Sri Kishan Memorial Award
2018 & Ganpule Award 2018 on 09.01.2019 from Indian Ceramic
Society

Mrs. Asha Anil, Senior Scientist of CSIR-CGCRI, Naroda Centre
received Ganpule Award 2018 on 09.01.2019 from Indian Ceramic
Society

Dr. Subhadip Bodhak, sr. Scientist has been invited to serve as
a Guest Editor for the Advances in Polymer Technology on a special
issue “Advances in Manufacture, Processing, and Product Design of
Polymeric Composites for Bioengineering Applications”.

He was also nominated to serve as an expert reviewer in Medical Device
Research and Development for MedTrain Marie Sklodowska-Curie

Postdoctoral Fellowship Programme in Ireland.
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CSIR Technology Award for
Innovation 2018

The CSIR Technology Award for
Innovation was awarded to the
Innovative Technology for
Manufacturing of  Specialty
Materials for Immobilization of
High Level Nuclear Waste.

High-level liquid nuclear waste
(HLW) produced by nuclear
plants constitute a major threat
to environment and human health,
in view of the preponderance of radio-
isotopes with extended half-life. A pre-

eminent approach to hazard mitigation is the immobilization
of such waste prior to safe disposal using materials that have
unique molecular structures and physical shapes.

Specialty glass beads developed by CSIR-CGCRI having
preferred sizes and possessing stringent physical, chemical and
mechanical specifications, have emerged as a choice for the
Department of Atomic Energy, Govt. of India. This innovative
technology allows efficient immobilization of variety of nuclear
wastes by suitably varying the composition of the glass beads.

The technology has been transferred to industry for commercial
production to be used by the country's atomic energy
installations. After receiving the Certificate of Merit in 2017,
this technology was chosen for the CSIR Technology Award
for Innovation during 2018. The award was presented by the
Hon'ble President of India to the CSIR-CGCRI team on 26th
September, 2018, that marks the CSIR Foundation Day.
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CSIR-Central Glass & Ceramic Research Institute, Kolkata

ISO 9001:2015 Quality Management
System Standard Certification

ISO 9001:2015 is among the
most recognized international quality
management standard acclaimed
worldwide towards improvement of any
management systems effectiveness. The
potential benefits include the ability to
consistently provide products and services
of desired customer satisfaction level
and statutory requirements; address risks DNV-GLU
and opportunities of implementing the
requirements of the customers in context

of objectives and demonstrate conformity MANAGEMENT SY TEM
to specified quality management standards CERTIFICATE

requirement. The system uses a process

approach incorporating the plan-do-check- B e i
= 2018-A0- <Rk e arber, 201 N arfber, 2018 - 04, mbdr, 1
aCt (PDCA) CyC|e. 2T066-2018-A0- IND-R: 05, Des 08 09, Da 2018 - 04, Dece n

: . This is to certify that th t system of
In the context of its decision to adopt the B R DAEENE SEEs o

ISO 9001:2015 version of standards,
aimed at mainstreaming the institutional
stakeholder engagement processes, CSIR-
CGCRI took part in the audit and was
certified by M/s DNV-GL to have conformed

CSIR-Central Glass & Ceramic Research

Institute
196, Raja S C Mullick Road, Kolkata - 700 032, West Bengal, India

. has been found to conform to the Quality Management System standard:
to the 1ISO 9001:2015 QMS standards on 1SO 9001:2015
bth December, 2018 under the category
of ‘Research & Development, consultancy, This certificate is valid for the following scope:
testing and analysis services in the areas Research & development, consultancy, testing and analysis services in the

. . areas of glass, fibre, ceramics and other related materials
of glass, fibre, ceramics and other related

materials’ for a period of three years.

The above certification is likely to play an
important role in accelerating technology
transfer, business development and
commercialization activities by achieving
standardization in processes and compliance
to international quality parameters of the
technology development process.

Piace and date:
Channail, 06, December, 2018

For the issuing office;
DNV GL = Business Assurance
ROMA, Mo. 10, GST Raad, Alsndur,

Chennal - 00 016, Indla

WA 18 Rty
fvA LN T

The RvAlsa ey i e LAF LK Hanagement Representative

Lisck of Mot of conditiond as. §6t oul b the Cartification Agreement miy render il Certificabs kvl el

ANNUAL REPORT 2018-2019 | 93 | =i uferde=



HUHATEHAR - Helid ™ U FaiHes FTHa A, HIcehT

Student Awards

Mr. Suman Saha of BCCD: MRSI
Young Scientist Award 2018 in
‘Young Scientists’ Colloquium 2018’
organized by MRSI, Kolkata Chapter
at IACS, Kolkata on September 20,
2018.

Dr. Aniruddha Pal of BCCD: SERB
National  Post-Doctoral  (NPDF)
fellowship award from Department
of Science and Technology (DST),
Government of India.

Mr. Lakhindra Marandi, Mr.
Sujith Kumar S., Dr. Mitun
Das and Indrani Sen of BCCD:
2nd best poster award in Indo-
German Bilateral workshop
on Additive Manufacturing of
Metals (AMM-2019), 04-06
February 2019

Mr. Surajit Dey & Ms. Susmita Kar of
Water Technology Division: Research
Innovation Award (2nd Prize) in
National Conference on Engineering
& Technology for Rebuilding India,
organized jointly by Vivekananda
Institute  of  Environment &
Management, Kolkata and CSIR-
CGCRI, Kolkata during 5 — 6 June,
2018

Mr. Dulal Das of CMD: Best paper
presentation Award in ICPCM-2018
held during 6-8 Dec 2018 at NIIT,
Rourkela

Mr. Harshavardhan Reddy Pinninty,
DST-Inspire  Fellow of FOPD:
Newton-Bhabha Fellowship 2018-
19, Department of Science and
Technology, India and British
Council, United Kingdom

Mr. Tanoy Kumar Dey of FOPD:
SERB Overseas Visiting Doctoral
Fellowship, SERB, Department of
Science & Technology, Government
of India

Mr. Debasis Pal of FOPD: CSIR-
Senior Research Fellowship, CSIR,
India
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CSIR-Central Glass & Ceramic Research Institute, Kolkata

Deputations Abroad

Dr. Mukul Chandra Paul

Sr. Principal Scientist, Fiber Optics and Photonics Division (FOPD)

Country Visited
Malaysia
(09.04.2018 - 18.04.2018)

Purpose

Invited lecture on ‘Multielement nano-
engineered glass based Er-doped
optical fibers for broadband optical
communication system and LIDAR
applications’” in  the International
Conference on Photonics (ICP-2018)
organised by IEEE Photonic Society,
Malaysia at Langkawi Island; Scientific
event on nano photonics and optical fiber
technology held at Multimedia University
(MMU), Malaysia

Dr. Sathravada Balaiji
Scientist, Glass Division

Country Visited

Indonesia
(20.10.2018 - 24.10.18)

Purpose

To deliver talk on Novel nano material
engineering glass-based rare earth doped
optical fibres for self Q-switching fibre
laser high power optical amplifier and
broad band super continuum sources”
at International Conference on Science
and Innovated Engineering (I-COSINE)
at Lhokseumawe State Polytechnique,
Acheh, Indonesia

Country Visited

Canada
(07.04.2018 - 13.04.2018)

Purpose

Invited talk on ‘Oxide glasses for MIR laser sources’ in the Collaborative Conference on Laser

Sources (CCL-2018)

Dr. Tarun Kumar Gangopadhyay

Senior Principal Scientist, Fiber Optics and Photonics Division (FOPD)

Country Visited
Slovenia
(21.05.2018 - 01.06.2018)

Purpose

R&D under Indo-Slovenia project on ‘Study of cost- effective integration system for extrinsic
Fabry-Perot sensors using dispersion modified optical fibres’ at the University of Maribor.
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Dr. Debashis Bandyopadhyay
Sr. Principal Scientist and Head, Planning Division

Country Visited

Switzerland
(27.06.2018 - 29.06.2018)

Purpose

Presentation entitled ‘Making small and medium enterprises compliant with the 2030
agenda : Public policy perspectives in India” at the UNESCO Chair Conference in Technologies
for Development 2018’ EPFL, Lausanne, Switzerland.

Dr. Dipten Bhattacharya
Sr. Principal Scientist, Advanced Mechanical and Materials Characterisation Division

Country Visited
Germany
(28.06.2018 - 05.07.2018)

Purpose

R&D experiment on ‘Investigation of structural phase transition under 0-50 GPa pressure in
nanoscale (20 — 100 nm) BiFeO,’ at the PO2.2 beam line of Petra III, Deutsches Elektronen
Synchrotron (DESY)

Dr. Himansu Sekhar Tripathi
Sr. Principal Scientist and Head, Refractory & Traditional Ceramics Division (RTCD)

Country Visited
Republic of China
(15.09.2018 - 19.09.2018)

Purpose

Presentation entitled ‘Basic ramming mass for induction furnace enabling refining of steel’
at the ‘Annual Symposium on Refractories, Wuhan, 2018’ at Wuhan University of Science
and Technology (WUST) and exploring scope of collaboration

Dr. Atiar Rahaman Molla
Senior Scientist, Glass Division

Country Visited
Japan
(22.09.2018 - 27.09.2018)

Purpose

Presentation entitled ‘Use of crystallization kinetic studies for controlled crystallization
of glasses for synthesis of transparent glass-ceramics: A case study for ferroelectric glass-
ceramics’, at the conference on ‘Innovations in Glass and Glass Technologies: Contributions to
a Sustainable Society’, Yokohama on the occasion of ‘2018 Annual Meeting of International
Commission on Glass (IGC-2018)’
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CSIR-Central Glass & Ceramic Research Institute, Kolkata

Dr. Vamsi Krishna Balla
Senior Principal Scientist, BCCD

Country Visited
USA
(21.01.2019 - 20.01.2020)

Purpose

Visiting Scientist/Researcher for working in the projects related to processing of materials
and composites reinforced with ceramics and natural fibers

Dr. (Mrs.) Atasi Pal
Senior Scientist, FOPD

Country Visited
URYAY
(02.02.2019 - 06.02.2019)

Purpose

Presentation entitled, “Interaction of thulium fiber laser with urinary stone: effect of laser
parameter on fragmented particle size and retropulsion” in the Optical Interactions with
Tissue and Cells XXX Conference, SPIE International Symposium on SPIE BiOS,

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

Country Visited
Portugal
(06.02.2019 - 20.02.2019)

Purpose

R&D under Indo-Portugal joint project eltitled ‘Development of ultra-broadband (1100 —
2200 nm) light sources based on modified nano-engineered silica glass optical fibers doped
with bismuth and multiple rare-earths toward OCT applications’.

Dr. Shyamal Das
Sr. Scientist, Fiber Optics and Photonics Division

Country Visited
Portugal
(06.02.2019 - 13.02.2019)

Purpose

R&D under Indo-Portugal joint project eltitled ‘Development of ultra-broadband (1100 —
2200 nm) light sources based on modified nano-engineered silica glass optical fibers doped
with bismuth and multiple rare-earths toward OCT ‘applications’.
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Dr. Biswanath Kundu
Sr. Scientist, BCCD

Country Visited
Bangladesh
(19.02.2019 - 20.02.2019)

Purpose

Invited talk entitled “Ceramic biomaterials-an experience of technology transfer” at the 1st
Indo-Bangladesh Workshop on Biomaterials

Dr. Mitun Das
Sr. Scientist, Bio Ceramics & Coating Division

Country Visited
Israel
(30.03.2019 - 31.03.2020)

Purpose

Postdoctoral research in the area of biomaterials and coating on 3D Printing of Antifouling
and Antibacterial Implants at the Tel Aviv University, Israel

Superannuation, In-Transfers and Out-Transfers

During the period of this report, 23 personnel had superannuated, one person was transferred to CSIR-CGCRI and two were

transferred out of the institute. There was a sad demise of one employee while one person resigned. No new permanent
employees joined the institute.

Dynamics of HR
(April 2018-March 2019)
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Superannuation

™~

Shri T K Bhattacharya Shri Nirupam Bhattacharjee Dr. Chandra Sekhar Prasad Shri Tapas Kumar Dey
COFA Private Secretary Principal Technical Officer Laboratory Assistant
Shri Rabindra Kumar Das Dr. Anoop Mukhopadhyay Dr. Swapankumar Ghosh Shri Bangsi Badan Mullick
Senior Technician (2) Chief Scientist Senior Principal Scientist Laboratory Assistant
|
Shri Ram Chandra Uthwal Dr. Ranjan Sen Shri Ashim Kumar Halder Shri Sanjib Kumar De
Laboratory Assistant Chief Scientist Principal Technical Officer Senior Technician (2)

\ )
- - b
Shri S Sen Sharma Shri Arun Chandra Das Smt. Gouri Dey Dr. Debtosh Kundu
Principal Technical Officer Senior Technician (2) Group C (Non Tech) (MACP) Chief Scientist
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Dr. T K Gangopadhyay Smt. Rama Das
Senior Principal Scientist Principal Technical Officer

§

Shri Rajendra Das Shri Amar Bhattacharjee
Laboratory Assistant Senior Stenographer (MACP)

HUHATEHAR - Helid ™ U FaiHes FTHa A, HIcehT

Dr. S N Misra Shri Jaydeb Bug
Chief Scientist Senior Technician (2)

Sk. Kamaluddin
Senior Technician (2)

Transfer to
CSIR-CGCRI

Shri Bijay Kumar Kar
Controller of Administration

Transfer from
CSIR-CGCRI

Dr. P. Sujatha Devi Smt Aparajita Mallick
Sr. Principal Scientist Technical Officer
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Innovation Indicators

Papers Published in SCI and Non-SCI Journals

(April 2018 — March 2019)

1 Acharya R, Chakraborty M,Chakraborty J,
Prospective treatment of Parkinson's disease
by a siRNA-LDH nanoconjugate, Med Chem
Comm,2019, 10 (2), 227-233

2 Ahammed N, Hassan MS,Hassan M,Effects
of aluminum  (Al) incorporation on
structural optical and thermal properties
of ZnO nanoparticles, Materials Science-
Poland,2018, 36 (3), 419-426

3 Ahmad A, Cheng XS, Paul MC, Dhar A, Das
S, Ahmad H, Harun SW, Investigation of the
Brillouin effect in highly nonlinear hafnium
bismuth erbium doped fiber,Microwave and
Optical Technology Letters,2019, 61 (1),
173-177

4 Al-Azzawi AA, Almukhtar AA, Reddy PH,
Dutta D, Das S, Dhar A, Paul MC, Zakaria
UN,Harun SW,A  Flat-Gain  Double-Pass
Amplifier with New Hafnia-Bismuth-
Erbium  Codoped  Fiber,Chinese Physics
Letters,2018, 35 (5), Article No. 054206

5 Al-Azzawi, AA, Almukhtar AA, Reddy PH,
Dutta D, Das S, Dhar A, Paul MC, Zakaria UN,
Ahmad H,Harun SW,Compact and flat-gain
fiber optical amplifier with Hafnia-Bismuth-
Erbium co-doped fiber,Optik,2018,170, 56-
60

6 Allu  AR,Balaji S,Annapurna K,Electrical
and mechanical properties of
Na, Ca, AlGa, P, ,0,, glass based ctrolyte

materials:Influence of Ag" ion-exchange,
Journal of Non-Crystalline Solids,2018,498,
323-330

7 Allu AR, Balaji S, lllath K, Hareendran
C, Ajithkumar TG, Biswas K, Annapurna

K,Structural  elucidation of NASICON
(Na,ALP,O,,) based glass electrolyte
materials:  Effective influence of boron

and gallium, RSC Advances,2018, 8 (26),
14422-14433

8 Allu AR, Gaddam A, Ganisett S, Balaji S,
Siegel R, Mather GC, Fabian M, Pascual MJ,
Ditaranto N, Milius W, Senker J, Agarkov
DA, Kharton VV,Ferreira JMF,Structure
and  Crystallization ~ of  Alkaline-Earth
Aluminosilicate Glasses: Prevention of the
Alumina-Avoidance Principle, Journal of
Physical Chemistry B,2018, 122 (17),
4737-4747

ANNUALREPORT 20182019 | 102 | afiss ufeae=

10

11

12

13

14

15

16

17

Anand A, Kundu B, Balla VK,Nandi
SK,Synthesis and Physico-Chemical
Characterization of Different Mesoporous
Bioactive Glass Nanopowders: in-vitro SBF
Activity and Cytotoxicity, Transactions of
the Indian Ceramic Society,2018, 77 (2),
106-117

Anand A, Lalzawmliana V, Kumar V, Das P,
Devi KB, Maji AK, Kundu B, Roy M, Nandi
SK,Preparation and in vivo biocompatibility
studies of different mesoporous bioactive
glasses,Journal of the Mechanical Behavior of
Biomedical Materials,2019,89, 89-98

Anil A, Misra NM,Misra SN,Characterization
of Some Red Clays from Morbi-Wankaner
Region (Gujarat India),Transactions of the
Indian Ceramic Society,2018, 77 (2), 73-83

Baitalik S, Dalui S, Kayal N,Mechanical and
microstructural  properties of cordierite-
bonded porous SiC ceramicsprocessed by
infiltration technique using various pore
formers, Journal of Materials Science,2018,
53 (9), 6350-6365

Baitalik S, Molla AR, Kayal N,Non-isothermal
oxide bond phase formation kinetics of
SiC powder coated with yttrium aluminum
garnet (YAG) sol, Journal of Alloys and
Compounds,2018,767, 302-314

Bandyopadhyay S, Basumallick N, Bysakh S,
Dey TK, Biswas P,Bandyopadhyay S, Design of
turn around point long period fiber grating
sensor with Au-nanoparticle self monolayer,
Optics and Laser Technology,2018,102, 254-
261

Basak A, Ramrakhiani L, Ghosh S, Sen
R,Mandal AK,Preparation of chromium
doped phosphate glass adopting microwave
irradiation and comparative analysis of
properties with conventional glass, Journal
of Non-Crystalline Solids,2018,500, 11-17

Bera B,Das N,Synthesis of high surface area
mesoporous silica SBA-15 for hydrogen
storage application,International Journal of
Applied Ceramic Technology,2019, 16 (1),
294-303

Bera S, Kundu S, Khan H, Jana S,Polyaniline

coated graphene hybridized Sno,
nanocomposite: Low temperature solution
synthesis  structural property and room

temperature ammonia gas sensing, Journal of
Alloys and Compounds,2018,744, 260-270

18

19

20

21

22

23

24

25

Bera S, Lee SA, Kim CM, Khan H, Jang
HW,Kwon  SH,Controlled  Synthesis  of
Vertically Aligned SnO, Nanograss-Structured
Thin  Films for Sn0O,/BiVO, Core-Shell
Heterostructures with  Highly Enhanced
Photoelectrochemical Properties, Chemistry
of Materials,2018, 30 (23), 8501-8509

Bhattacharjee A, Rahaman SH, Saha S,
Chakraborty M,Chakraborty J,Determination
of half maximal inhibitory concentration of
CaAl layered double hydroxide on cancer cells
and its role in the apoptotic pathway, Applied
Clay Science,2019,168, 31-35

Bhattacharjee S, Das GC, Roychowdhury A,
Das D, Ghosh CK, Bhattacharya D, Sen P,
Non-inversion anisotropy energy in NiO coral
structure: Asymmetric hysteresis loop at room
temperature, Applied Surface Science,2018,
449 (Sl), 389-398

Bhattacharya D, Ghoshal D, Mondal D, Paul
BK, Bose N, Das S,Basu M,Visible light
driven degradation of brilliant green dye
using titanium based ternary metal oxide
photocatalyst, Results in Physics,2019,12,
1850-1858

Bhattacharya D, Mukhopadhyay J, Biswas N,
Basu RN,Das PK,Performance evaluation
of different bipolar plate designs of 3D
planar anode-supported SOFCs, International
Journal of Heat and Mass Transfer, 2018,
123, 382-396

Bhattacharyya P, Bhattacharjee S, Bar
M, Ghorai UK, Pal M, Baitalik S, Ghosh
CK, Hedgehog ZnO/Ag heterostructure: an
environment-friendly rare earth free potential
material for cold-white light emission
with high quantum yield, Applied Physics
A-Materials Science & Processing, 2018, 124
(11),Art No.782

Bindai S, Annapurna K, Tarafder A,Realization
of phosphor-in-glass thin film on soda-lime
silicate glass with low sintering temperature
for high color rendering white LEDs, Applied
Optics,2019, 58 (9), 2372-2381

Biswas K, Chattopadhyay S, Jing YK, Che
RC, De G, Basu B, Zhao DY, Polyionic Resin
Supported Pd/Fe,0,Nanohybrids for Catalytic
Hydrodehalogenation: Improved and Versatile
Remediation for Toxic Pollutants, Industrial
& Engineering Chemistry Research,2019, 58
(6),2159-2169



26

27

28

29

30

31

32

3

34

35

36

Biswas M, Bandyopadhyay  S,Sarkar
S,Sintering behavior & microstructure of SPS
processed pure 15R-SiAION polytype, Journal
of Alloys and Compounds,2018,768,130-135

Biswas M, Sarkar  S,Bandyopadhyay
S,Improvements in mechanical properties of
SPS processed 15R-SiAION polytype through
structurally survived MWCNT reinforcement,
Materials Chemistry and Physics,2019,222,
75-80

Biswas M, Sarkar  S,Bandyopadhyay
S,Tribo-mechanical characterization of SPS
processed phase pure 15R-SiAION polytype:
Effect of sintering temperature, Ceramics
International,2018, 44 (15), 18703-18710

Biswas N, Samanta A, Podder S, Ghosh CK,
Ghosh J, Das M, Mallik AK,Mukhopadhyay
AK,Phase pure. high hardness. biocompatible
calcium silicates with excellent anti-
bacterial and biofilm inhibition efficacies for
endodontic and orthopaedic applications,
Journal of the Mechanical Behavior of
Biomedical Materials,2018,86, 264-283

Biswas RK, Khan P, Mukherjee S,
Mukhopadhyay AK, Ghosh J,Muraleedharan
K,Study of short range structure of
amorphous Silica from PDF using Ag
radiation in laboratory XRD  system.
RAMAN and NEXAFS, Journal of Non-
Crystalline Solids,2018,488,43474

Bodhak S, de Castro LF, Kuznetsov SA,
Azusa M, Bonfim D, Robey PG,Simon CG,
Combinatorial cassettes to systematically
evaluate tissue-engineered constructs in
recipient mice, Biomaterials,2018,186, 31-
43

Bose S, Chattopadhyay R,Bhadra
SK,Dispersive shock mediated resonant
radiations in defocused nonlinear medium,
Optics Communications,2018,412, 226-229

Chakrabarti A,Molla AR,Eu3+ doped
ferroelectric CaBi,Ta,0, based glass-ceramic
nanocomposites:  Crystallization  kinetics.
optical and dielectric properties, Ceramics
International,2018, 44 (7),7557-7568

Chakrabarti A,Molla AR,Synthesis of Eu,0,
doped BaO-TiO,-GeO, based glass-ceramics:
Crystallization kinetics.optical and electrical
properties, Journal of  Non-Crystalline
Solids,2019,505, 354-366

Chakrabarti A, Biswas K, Molla AR, Eu3*doped
ferroelectric BaBi,Ta,0, based glass-ceramic
nanocomposites: Crystallization kinetics and
energy storage properties, Journal of Alloys
and Compounds, 2018, 740, 37-249

Chakrabarty S, Dutta A,Pal M,Effect of
yttrium doping on structure. magnetic and
electrical  properties of nanocrystalline
cobalt ferrite, Journal of Magnetism and
Magnetic Materials,2018,461,69-75
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37

38

9

40

41

42

43

44

45

46

47

CSIR-Central Glass & Ceramic Research Institute, Kolkata

Chakrabarty S, Pal M,Dutta A,Yttrium
doped cobalt ferrite nanoparticles:  Study
of dielectric relaxation and charge carrier
dynamics, Ceramics International,2018, 44
(12), 14652-14659

Chakrabarty S, Sinha A, Dutta A, Pal
M, Tailoring of microstructure. magnetic
properties and charge carrier dynamics
of YIG nanoparticles by Gd doping,
Journal of Magnetism and Magnetic
Materials,2018,468, 215-223

Chakraborti S, Basu RN,Panda SK,Vertically
Aligned Silicon Nanowire Array Decorated
by Ag or Au Nanoparticles as SERS
Substrate for Bio-molecular  Detection,
Plasmonics,2018, 13 (3), 1057-1080

Chakraborty S, Pal M,Highly efficient novel
carbon monoxide gas sensor based on bismuth
ferrite  nanoparticles for environmental
monitoring, New Journal of Chemistry,2018,
42 (9), 7188-7196

Chanda DK, Mukherjee D, Das PS, Ghosh
CK,Mukhopadhyay AK,Toxic heavy metal ion
adsorption kinetics of Mg(OH), nanostructures
with superb efficacies,Materials Research
Express,2018, 5 (7), Article No 075027

Chanda DK, Mukherjee D, Das PS, Ghosh
CK,Mukhopadhyay AK,Novel Growth
Mechanisms of ~Self-assembled Mg(OH),
Nanoplatelets, Transactions of the Indian
Ceramic Society,2018, 77 (4), 235-243

Chattopadhyay S, Bysakh S, Saha J,De
G,Electrospun  ZrO, nanofibers: Precursor
controlled mesopore ordering and evolution
of garland-like nanocrystal arrays, Dalton
Transactions, 2018, 47 (16), 5789-5800

Chinya 1,Sen S,Influence of nanoparticle
size on nucleation of electroactive phase
and energy storage behaviour of zinc ferrite/
poly(vinylidene  fluoride)  nanocomposite,
Journal of Materials Science-Materials in
Electronics,2019, 30 (5), 5137-5148

Chowdhury S, Verma S, Gangopadhyay
TK,A comparative study and experimental

observations of optical fiber sagnac
interferometric based strain sensor by
using different  fibers, Optical Fiber

Technology,2019,48, 283-288

Das Chowdhury S, Manna S, Chatterjee S,
Sen R,Pal M,Mega-Hertz repetition rate
broadband nano-second pulses from an
actively mode-locked Yb-fiber laser, Laser
Physics,2019, 29 (3), Art No. 035102

Das Chowdhury S,Pal A, Chatterjee S, Sen
R,Pal M,Multipulse Dynamics of Dissipative
Soliton  Resonance in an All-Normal
Dispersion Mode-Locked Fiber Laser, Journal
of Lightwave Technology,2018, 36 (24),
5773-5779

48

49

50

51

52

53

54

55

56

57

58

Das D, Baitalik S, Haldar B, Saha R,Kayal
N,Preparation and characterization  of
macroporous SiC ceramic membrane for
treatment of waste water, Journal of Porous
Materials, 2018, 25 (4), 1183-1193

Das D, Mitra A, Jena S, Majumder
SB,Basu RN, Electrophoretically Deposited
ZnFe,0,-Carbon Black Porous Film as a
Superior Negative Electrode for Lithium-
lon Battery, ACS Sustainable Chemistry &
Engineering,2018, 6 (12),17000-17010

Das M, Bhunia SS,Roy S,Poly (m-amino
benzene sulfonic acid)-based composites on
plastic substrates: A simple and cost effective
approach towards low ppm ammonia
detection at room temperature and kinetic
analysis, Synthetic Metals,2019,248, 1-13

Das M, Ghosh S,Roy S,Non-covalent
functionalization of CNTs with
polycarbazole: a chemiresistive humidity
sensor with tunable chemo-electric attributes
at room temperature, New Journal of
Chemistry,2018, 42 (9), 6918-6931

Das P, Dutta S, Das N,Mukhopadhyay
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T,Polybenzimidazole-Clay Nanocomposite
Membrane for PEM fuel cell: Effect of

organomodifier structure, Polymer, 2019,167,
13-20

Sinhamahapatra S, Dana K, Tripathi
HS,Enhancement of reaction-sintering of
alumina-excess magnesium aluminate spinel
in presence of titania, Ceramics International,
2018, 44 (9), 10773-10780

Sivaprahasam D, Sriramamurthy AM, Bysakh
S, Sundararajan G, Chattopadhyay K, Role
of Cu During Sintering of Fe0.96Cu0.04
Nanoparticles, Metallurgical and Materials
Transactions A-Physical Metallurgy and Mater
Sci,2018, 49A (4), 1410-1424

Som |, Balla VK, Das M, Sukul D,Thermally
oxidized electron beam melted gamma-TiAl:
In vitro wear corrosion and biocompatibility
properties, Journal of Materials Research,
2018, 33(14), 2096-2105

Yaddanapudi K, Saha S, Raghavan S,
Muraleedharan K,Banerjee D,Nitridation of
Sapphire as a Precursor to GaN Growth:
Structure and Chemistry, Crystal Growth &
Design,2018, 18 (9),4978-4986

Yang HZ, Paul MC, Das S, Dhar A, Qiao XG,
Nazal NAM, Lim KS,Ahmad H, Regenerated
grating produced in a multimaterial
glass-based photosensitive fiber with an
ultrahigh thermal regeneration ratio, Optics
Express,2019, 27 (4), 4329-4337

Yuan XJ, Floresyona D, Aubert PH, Bui TT,
RemitaS, GhoshS, Brisset F, Goubard F,Remita
H,Photocatalytic degradation of organic
pollutant with polypyrrole nanostructures
under UV and visible light, Applied Catalysis
B-Environmental,2019,242, 284-292

Zakaria UN, Harun SW, Reddy PH, Dutta D,
Das S, Dhar A, Paul MC, Jusoh Z,Yasin M,
Q-switched hafnium bismuth erbium-doped
fiber laser with bismuth (I1l) telluride
based saturable absorber, Chalcogenide
Letters,2018, 15 (4), 181-186
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Non SCI Publications:
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165

166

167

168

169

170

171

172

173

Chatterjee S, Gupta A, Mohanta T, Mitra R,
Samanta D, Mandal AB, Majumder M, Rawat
R and Singha NR Scalable Synthesis of Hide
Substance-Chitosan-Hydroxyapatite: ~ Novel
Biocomposite  from Industrial Wastes and
Its Efficiency in Dye Removal, ACS Omega,
2018, 3 (9), 11486-11496.

Chen J-Y, Lin C-C, Chang T-Y, Das S, Dhar
A, Paul MC and Lee Y-W Linear-cavity
mode-locked laser using Thulium-doped
nanoengineered Yttrium-Alumina Silica fiber,
In: 7th IEEE International Symposium on
Next-Generation Electronics (ISNE), May
07-09, 2018, National Taipei University
Technology, Taipei, Taiwan

Das S, Mukhopadhyay S, Chatterjee S,
Devi PS and Kumar GS Fluorescent ZnO-
Au  Nanocomposite as a Probe for
Elucidating Specificity in DNA Interaction,
ACS Omega, 2018, 3 (7), 7494-7507.

Das U,Sahoo A, Haldar S, Bhattacharya
S, Mandal SS, Gmeiner WH and Ghosh
S Secondary Structure-Dependent
Physicochemical Interaction of
Oligonucleotides with Gold Nanorod and
Photothermal Effect for Future Applications:
A New Insight, ACS Omega, 2018, 3 (10),
14349-14360.

Ghosh A, Ghosh A and Neogi S Reuse of
fly ash and bottom ash in mortars with
improved thermal conductivity performance
for buildings, Heliyon, 2018, 4 (11), Art No.
e00934

Khatua C, Bodhak S, Kundu B and Balla VK
In vitro bioactivity and bone mineralization
of bismuth ferrite reinforced bioactive glass
composites, Materialia, 2018, 4, 361-366.

Kundu S, Hazra Chowdhury | and Naskar
MK Nitrogen-Doped  Nanoporous  Carbon
Nanospheroids for Selective Dye Adsorption
and Pb(ll) lon Removal from Waste Water,
ACS Omega, 2018, 3 (8), 9888-9898.

Majumder D and Roy S Development of
Low-ppm CO Sensors Using Pristine CeO,
Nanospheres with High Surface Area, ACS
Omega, 2018, 3 (4), 4433-4440.

Majumder D, Chakraborty |, Mandal K and
Roy S Facet-Dependent Photodegradation
of Methylene Blue Using Pristine CeO,
Nanostructures ACS Omega, 2019, 4 (2),
4243-4251.

Mandal S, Kalaivanan S and Mandal AB
Polyethylene Glycol-Modified Layered Double
Hydroxides: ~ Synthesis,  Characterization,
and Study on Adsorption Characteristics for
Removal of Acid Orange Il from Aqueous
Solution, ACS Omega, 2019, 4 (2), 3745-
3754.

174

175

176

177

178

179

180

Mitra S, Chattopadhyay R, Das GP, Pal M
and Bhadra SK First Principles Study of Ag
Nanoclusters in (Si0,)(n) (n=16, 24, 32)
Scaffold, In: AIP Conference Proceedings,
2018, 2005, Art No. 030004.

Mondal S, Experimental Electron Density
Studies of Inorganic Solids, In: Understanding
Intermolecular Interactions in the Solid
State: Approaches and Techniques. 2018,
Monographs in Supramolecular Chemistry,
Royal Society of Chemistry, pp. 130-158.

Murugan P, Raghavendra V, Chithiravel S,
Krishnamoorthy K, Mandal AB, Subramanian
V and Samanta D Experimental and
Theoretical  Investigations of  Different
Diketopyrrolopyrrole-Based  Polymers, ACS
Omega, 2018, 3 (9), 11710-11717.

Pramanik A, Maiti S, Dhawa T, Sreemany
M and Mahanty S High faradaic charge
storage in ZnCo,S, film on Ni-foam with a
hetero-dimensional microstructure for hybrid
supercapacitor, Materials Today Energy,
2018, 9, 416 - 427.

Roy A, Mukhopadhyay S, Devi PS and
Sundaram S Polyaniline-Layered Rutile TiO,
Nanorods as Alternative Photoanode in Dye-
Sensitized Solar Cells, ACS Omega, 2019, 4
(1), 1130-1138.

Saha A and Devi PS Surface Functionalized
Multifunctional Gd,0,-Fluorescein
Composite Nanorods for Redox Responsive
Drug Delivery and Imaging Applications, ACS
Applied Nano Materials, 2018, 1 (6),2898-
2911.

Shasmal N and Karmakar B White
light-emitting Dy3*-doped transparent
chloroborosilicate glass synthesis and optical
properties, Journal of Asian Ceramic Society,
2019, 7(1), 42-52
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Patents Filed and Granted

FILED IN INDIA

1.  Paul Mukul Chandra, Dhar Anirban, Das Shyamal, Pal Mrinmay, Bhadra
Shyamal Kumar, A Process of Fabrication of erbium and Ytterbium-co-
Doped multi-elements silica glass based cladding-pumped fiber.

(Application No. 201811021507, Date 6/8/2018)

2. De Goutam, Manna Srikrishna, Medda Samar Kumar, Antireflective
cum hydrophobic coatings composton for ordered mesoporous silica
on textured solar cover glasses to increase photo-current with easy
maintenance.

(Application No. 201811023896, Dated 6/27/2018)

3. Pal Atasi, Pal Debasis, Chowdhury Sourav Das, Sen Ranjan,Air-
Cooled Diode-Pumped All-Fiber Cw/Qcw Thulium Laser For Operating
Wavelength of 1.94 pym.

(Application No. 201911001722, Dated 1/15/2019)

FILED ABROAD:

1. Chakraborty Jui, Ray Sayantan, Saha Suman, Sa Bishwanath,An
Inorganic Base Antacid Molecule With Improved And Novel Properties

(Application No. PCT/IN2018/050364 Dated 6-Jun-18)

2. Paul Mukul Chandra, Dhar Anirban, Das Shyamal, Pal Mrinmay, Bhadra
Shyamal Kumar,A Process of Fabrication of erbium and Ytterbium-co-
Doped multi-elements silica glass based cladding-pumped fiber for use
as a highly efficient high power optical amplifier.

(Application No. 16/243621 Dated 9-Jan-19)

GRANTED IN INDIA:

1. De Goutam, Medda Samar Kumar, A Process For The Preparation Of
Inorganic-Organic Hybrid Sols For Hard Coating Deposition.

(Patent N0.296621;Grant Date5/8/2018)

2. Basudeb Karmakar, Anal Tarafder, Shiv Prakash Singh, Low Softening
Point Lead-free Transparent Dielectric Phosphate Glass Composition and
a Process for The Preparation Thereof

(Patent N0.297733;Grant Date6/18/2018)

3. Biswas Prasanta Kumar, Jana Sunirmal, Das Nilanjana,Spongy Tin
Doped Indium Oxide (ITO) and Process For The Preparation Thereof

(Patent N0.299031;Grant Date7/20/2018)

oril 2018 — March 2019

4. Das Santanu, Seal Anshuman, Sengupta Kamalendu, Sen Amarnath,A
Process Of Making Lead Zirconate Titanate (PZT) Ceramics Showing
Relaxor Behaviour And Relaxor PZT Based Moisture Sensor Made
Therefrom

(Patent No0.301180;Grant Date9/19/2018)

5. Karmakar Basudeb, Molla Atiar Rahaman, Tarafder Anal, Sen
Ranjan,Energy Efficient Soda Lime Silicate Glass Compositions Using
Borax Pentahydrate

(Patent N0.301394;Grant Date9/26/2018)

6. Biswas Prasanta Kumar, Jana Sunirmal, Ghosh Soumya Shankar, Mallick
Aparajita, A Microwave Assisted Sol Gel Dip Process of Coating Indium
Tin Oxide Films on Soda Lime Silica Glass Substrates.

(Patent N0.302149; Grant Date10/12/2018)

7. Basu Rajendra Nath, Mukhopadhyay Madhumita, Mukhopadhyay
Jayanta, Dassharma Abhijit, An Improved Process for the Preparation of
Planar Anode Supported Solid Oxide Fuel Cell.

(Patent N0.302932;Grant Date11/6/2018)

8.  Sudipta Goswami, Amarnath Sen,An Improved Method for Preparation of
KNN Tapes.

(Patent No.305672;Grant Date1/15/2019)

9. Bhadra Shyamal Kumar, Ghosh Debashri, Pal Mrinmay, Paul Mukul
Chandra,A Process Of Fabrication Of Silica-Based Index-Guided
Nonlinear Microstructured Optical Fibers With Optimized Suspension Of
Innermost Air Holes

(Patent No.309650;Grant Date3/22/2019)

GRANTED ABROAD:
1. Sen Ranjan, Saha Maitreyee,Process of Fabrication of Ytterbium Doped
Optical Fibre.

(Patent No:100407 14;Grant Date:7-Aug-18) [USA]

2. Sen Ranjan, Saha Maitreyee,Process of Fabrication of Ytterbium Doped
Optical Fibre

(Patent N0:6393314;Grant Date:31-Aug-18) [Japan]
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WB State Camp for Vidyarthi Vigyan Manthan

15" Atma Ram Memorial Lecture International Yoga Day
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CSIR-Central Glass & Ceramic Research Institute, Kolkata

Seminar on Waste Management

Curtain Raiser for Indian International Science Festival

- .. 769 7
|~ 76th CSIR™ s
26 :
Hrewsmdony-Hfta wra © =
196, FTSM 700032

Outdoor Sports Meet | 76! Foundation Day
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International Women's Day Seminar on Green Recycl
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 Communicators Meet | Swachhata Pakhwada at CGCRI

2amme at CGCR| National Conference on Engineering & Technology for Rebuilding India
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WORKSHOP ON SAFETY OF MINING EQUIPMENT AND THEIR CORROSION CONTROL

DATE: 168-17 305 APRIL, 2018

T Wi Sl

Workshop on Safety of Mining equipment



Notes




Notes




Notes




Notes




© CSIR-Central Glass and Ceramic Research Institute, Kolkata (2019)

Report Identifier Number: CGAR-0051-20182019

Published on: July, 2019

Electronic version of this report is available at: www.cgcri.res.in/publications/Annual_Report

All rights reserved. No part of this report or contents herein may be reproduced, stored,
disseminated or distributed in any form or by any means without the written permission of
Director, CSIR-Central Glass and Ceramic Research Institute, Kolkata.

The report envisages to provide a snapshot overview and not a comprehensive coverage
of every activity undertaken in the institute. For further details of a given programme or
programmes, please write to Director, CSIR-CGCRI

Chief Mentor: Dr. K. Muraleedharan, Director, CSIR-CGCRI
Managing Editor: Dr. B. B. Jha

Advisors: Mr. Ashim Chakraborty, Dr. Dipayan Sanyal
Editors: Dr. Debashis Bandyopadhyay, Dr. Monjoy Sreemany
Associate Editor (Production): Mr. Sukamal Mondal
Photography: Mr. Aloke Chakraborty

Published on behalf of Director, CSIR-Central Glass and Ceramic Research Institute by Publication
Division, CSIR-CGCRI, Kolkata 700032

Printed and Designed by:

Cygnus Advertising India Pvt. Ltd.

Bengal Eco Intelligent Park, Block EM-3, Tower-1, 13th Floor,
Saltlake Sector - v, Kolkata - 700 009
www.cygnusadvertising.in



CSIR-Central Glass & Ceramic

Research Institute, Kolkata
196, Raja S.C. Mullick Road, Ja-
davpur, Kolkata 700032

Tel:- +91-33-24735829/24839241
Fax:- +91-33-24730957

E-mail:- dir_office@cgcri.res.in
URL: www.cgcri.res.in

Naroda Outreach Centre
168-169, Naroda Industrial Estate
Ahmedabad 382330, Gujarat
Tel:- +91-79-22823345/1747
Fax: +91-79-22822052

E-mail: siccgcrinc@cgcri.res.in

Khurja Outreach Centre

G.T. Road, Khurja 203131,

Uttar Pradesh

Tel:- +91-5738-232501/245433
Fax:- +91-5378-245081

E-mail: cgcrikc@cgcri.res.in

cygnusadvertising.in



