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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 future.




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

VISION

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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Director’s
Message

The year 2020-21 has been marked by the COVID
pandemic that has seriously impeded economies and
institutions. Institutional activities across the globe,
concerning R&D, was on one side being severely affected;
while on the other they were subjected to many new
challenges. Their expertise and knowledgebase had to be
repositioned very quickly and there was a spurt of demand
for homegrown technologies and solutions. CSIR-CGCRI
was certainly not insulated against this shock and had to
take appropriate measures. While the institute did come
up with a few COVID related solutions such as assemblage
of an UV-based office sanitization system in partnership
with industry; or engaging on a work related to sensor
development, the institute also had to keep up long-term
commitments to its strategic sector stakeholders. This
ranged from providing technologies for optical glasses to
the space sector; radiation shielding glasses with improved
properties for the atomic energy sector; technologies for
EM windows for the defense sector that is poised to move
into the second phase, and so on. Similarly other industrial
commitments had to be pursued amidst an unusually
crippling scenario. | am happy to state that the institute
has resolutely confronted with this challenge.

Research activities of CSIR-CGCRI during the year had
aligned with as many as nine sustainable development
goals (SDG) and four national missions. While a total
of roughly 24 technological areas and 4 institutional
programmes contributed towards the SDGs, 14 of
its technological areas could be mapped against the
national missions, particularly the Make in India. In its
pursuit to provide technological solutions for sustainable
development, the institute undertook focused R&D on
many areas of waste recycling, utilization and minimization
e.g. creating value added products from tannery waste and
glass waste; producing biogenically derived biomaterials
from animal tissues; and focusing on hydrogen economy
and clean fuels through solid oxide electrolyser cells.

The output and outcome indicators remained stable.
Around 165 publications were made in peer-reviewed
journals and 15 patents got filed or granted in India and
abroad. About eight students graduated with their PhD
degrees. The continued dominance of the institute in the
innovation space was reflected through the initiation of
around 40 projects. Many of these had been sponsored
from industries and other external sources with identified
deliverables.

The performance of the institute in skill development and
science dissemination in the form of organizing scientific
events, seminars and conferences got a major boost
through the advent of online mode. As many as 25 events
were organized successfully. Apart from the regular

annual programmes such as the National Technology
Day, National Science Day, Atma Ram Memorial Lecture
etc. the present year witnessed the ICG-CGCRI Tutorial
during January 2021. Being a run up to the ICG 2025, this
event was an international one that saw participation from
several countries. The institute also got associated with
the ambitious Jigyasa Virtual Lab initiative of CSIR, which
is projected to make effective contributions in the coming
years.

New linkages with academia and industry has been
established. An international cooperation initiative
concerning specialty optical fibers with Malaysia is
particularly worth mentioning. There were also many
initiatives to enhance capacity of R&D infrastructure
through installation of state of art equipment and
establishment of lab scale facilities. A number of scientists
and students received several awards and accolades in
recognition to their scientific contributions.

Asltake uptheleadership of thisinstitute, I wishto consolidate
the institutional knowledgebase on its enviable foundation
and also endeavor to expand the stakeholder base to cover
wider domains. It is my pleasure to present an illustrative
summary of our activities and achievements during the past

one year through this Annual Report 2020-21.
P

(S.K. Mishra)
Kolkata
March 31, 2021
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RESEARCH COUNCIL (2021-2023)
HAHEA URYE (2021-2023)

(As on 31.03.2021) (31.03.2021 ddb)

Ihw, ﬁ%ﬁu@rgvﬁﬁuﬁnﬁm, gfeaq Professor, Department of Materials
ST T TR (3T TS TN Engineering, Indian Institute of Science (I1Sc)
STER - 560012, HRd Bangalore - 560012, INDIA

Y Wlcimewee ] Or NEswaraPrasad

MhER Td faummege, Aefiae 95y €S Outstanding Scientist /Director, Defence
SO faymT Materials & Stores Research & Development
YR N S=E Establishment (DMSRDE), DRDO
HIYR-208 016 Kanpur-208013

MHER Td faurmeTes, e Professor & Head, Materials Science &
TEY US SO+ Engineering
YR Uit IR Indian Institute of Technology

N FR-208 016 Kanpur-208 016

ﬁ%@z(m WW(S‘%TIT) President (Operations), Prism Johnson (India)
H¥3-400098 Mumbai-400098

9 3 AR &g Mr. Amrendra Kumar Singh

A TaIqrl HThIR, Faac]- P TS ToR Chief Technology Officer, Electro-Optics and
YR Faae e fafies Lasers, Bharat Electronics Limited

ST - 560045 Bengaluru - 560045
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PAFSHT TR - T fosmg Managing Director - Glass Business
He-meH sfear . fafics Saint-Gobain India Pvt. Ltd
TS -600008 Chennai -600008

off eanefiy g Shri Debashis Das

ﬁ%rw, IS I e BR TSdiss RERINIT Director, Raja Ramanna Centre for Advanced
(RIS Technology (RRCAT)

$3R-452013 Indore-452013

Prof. Prakash Gopalan
IBERIED

Director
YR SREYE T SR TS TS Thapar Institute of Engineering & Technology
TfedTal-147 004 (USTTE) Patiala-147 004 (Punjab)

o Prade . g

IRERIE @Qﬂx’rﬂ'ﬁc&ﬂ?@@ﬁ 3@?5{6 3B Director, CSIR-Central Institute of Mining &
T TS wE R Fuel Research
Yqdlq - 826015 Dhanbad - 826015

F 31 gl 31 J1cg Dr. Hari Om Yadav
IRy gur o Senior Principal Scientist
ST HTHE ST8aeie Innovation Management Directorate
ERIGERCREIGINE Y TRYg Council of Scientific & Industrial Research

. 72 faeeh-110 001 New Delhi-110 001

81, &. JREIERA (31102020 dP) Dr. K. Muraleedharan (Upto 31.10.2020)

. eI, ugsSeR-S4g S ud RRiftres Director, CSIR-Central Glass & Ceramic
't.‘ SIYH IR Research Institute
f PIABTAI-700 032 Kolkata-700 032
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Chairman
Dr. (Mrs.) Suman Kumari Mishra, Director

Member
Dr Indranil Chattoraj, Director, CSIR-NML, Jamshedpur
Dr Abhijit Das Sharma, Senior Principal Scientist

Dr Swastik Mondal, Principal Scientist

Dr Debashri Ghosh, Senior Scientist

Shri Barun Haldar, Scientist

Shri Sitendu Mondal, Chief Scientist, Head, PPBDD
Shri Rana Dasgupta, Principal Technical Officer
Shri R. K. Pareek, Controller of Finance & Accounts

Member Secretary
Shri B. K. Kar, Controller of Administration
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Dr. (Mrs.) Suman Kumari Mishra (From 18.01.2021)

Director, CSIR-Central Glass & Ceramic
Research Institute

Kolkata-700032

- Dr.Somnath Bandyopachyay

Secretary, RC

Senior Principal Scientist and Head
Functional Materials and Devices Division &
Fiber Optics and Photonics Division
CSIR-Central Glass & Ceramic Research
Institute, Kolkata-700032
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Executive Summary

Overview

The R&D output and outcome during the present year
had been significantly compromised in view of the
pandemic. Despite severe disruptions and impediments,
the institute endeavored to carry forward its commitment
to stakeholders in delivering technologies and solutions.

Innovation Indicators

The multi-faceted R&D activities have resulted in
publication of around 165 papers in peer reviewed
journals. Six patents were filed in India and a total of 09
patents were granted (01 in India and 08 abroad).

Focus Towards the Sustainable
Development Goals and National
Missions

In consonance with the global needs and national
prerogatives, several of the institutional programmes
have been appropriately aligned with the sustainable
development goals and the various national missions.
Among the SDGs, various technologies / knowledgebases
have been aligned. These include good health and
wellbeing (05 activities); clean water (02 activities);
affordable and clean energy (03 activities); decent work
and economic growth (02 activities); industry, innovation
and infrastructure (07 activities); reduced inequalities (02
activities); and responsible consumption patterns (03
activities). In addition, the HRD and teaching / training
activities align well with the quality education goal, while
collaborations with various stakeholders advance the
partnership goals substantially.

Under the National Missions, some of the key alignments
include Make in India (07 activities); Smart Cities (03
activities) and Swachh Bharat (03 activities).

Flagship Initiatives

This report provides a snapshot of a few key flagship areas
in addition to the overall R&D spectrum being undertaken.
Aunigue waste to wealthinitiative focusing development of
biogenically derived biomaterials from animal waste such
as fish scale, corals etc. to generate calcium phosphate-
based ceramics is worth mentioning. There has also been
an initiative that focused on developing specialty coatings
on radiation shielding glasses. Hydrogen generation
through SOEC and photoelectrochemical cells has been
pursued to realize a sustainable low carbon economy.
In yet another focal theme, a method of non-invasive
detection and monitoring of diabetes through breath
sensor has been successfully developed.

2
External and CSIR Projects

During the current year, 40 new projects were initiated
in various domains. This put the total number of projects
being executed in the institute at 96. They belonged to the
categories of grants-in aid, sponsored, collaborative and
technical services. Out of the 40 new projects, 21 projects
were funded by CSIR under its various schemes.

The CSIR projects covered essentially fast track translation,
niche creating projects, focused basic research projects
and mission initiatives. Among the FTT projects were
the development of high-power optical amplifier and the
high piezoelectric coefficient composites. NCP and FBR
initiatives included low temperature sensing devices,
demonstration of pulsed field laser sources for additive
manufacturing, FBG long gauge sensors, ultra-low
expansion glass-ceramics, super continuum sources in
mid IR and visible range, microwave glass melting etc. to
name a few. Activities under CSIR mission projects were
also taken up.
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Human Resource Development

In various domains of materials science and engineering,
a total of eight individuals have been awarded the PhD
degree from different universities.

&

Social Connect Programmes

The social connect programmes of the institute continued
to be spearheaded by the Outreach Centres through
various skill development and rural capacity building
initiatives. Apart from invigorating common facility
centres and facilities in clusters, a project for establishing
a Digital Academy of Terracotta was undertaken. The
CSIR Jigyasa programme attained new heights through
the establishment of Jigyasa Virtual Laboratory that
housed experimental modules in areas such as water
testing, preparation of products for household use and
so on. Centralized testing and characterization services
provided by the institute has also enabled access to such
facilities by a cross section of government and industrial
customers. More than 200 tests were carried out across
the above categories.

PPN P

Collaboration

Collaboration encompassed academic linkages, industrial
linkages and international cooperation. Academic linkages
were established with Vel Tech institute and the DMSRDE,
Kanpur for collaborative R&D. An industrial linkage for
technology development and commercialization was
established with SFO Technologies. In the international

cooperation front, the institute entered into an agreement
to supply specialty optical fibre for further development to
the Multimedia University, Malaysia; and also partnered in
an Indo-Norwegian project on water.

2

Awards, Accolades, Events

A number of scientists and students received peer
recognitions and various awards. Several key events were
organized albeit in online mode. Among the most notable
was the two-week CGCRI-ICG Tutorial during January
2021 that marked a run-up to the ICG 2025. More than
68 participants took part in the tutorial where resource
persons comprised of notable scientists from across
the world. The institute also initiated during the year an
Institute Seminar Series for the internal scientists and
researchers.

Facilities Creation

The present year saw a modest growth in institutional
facilities. Notable among them were the setting up
of infrastructure for large size Nd-doped laser glass
production and a facility for optical glass.

PN

Miscellaneous

The total number of human resources stood at 284
during the closing of the report period. 14 staff members
superannuated during the report period. There were 10
new joining; 4 individuals have been transferred to the
institute while 5 were transferred out.
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R&D Profile
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TeUEY ®Id 1 # @, RRAe 3R Jeg wmiEt &
yre ok Hifde ol & FuRo w $ied §1 g deor auH
fyTy 7 fEmRme ye TarEsR, YHHAS TSR,
B3 THRR U9 HRNH® SRR fSaeiey, niésa ag
TUT BRER B SIHRS WUl Iuds g1 -8139
Tt Bl 4t FaTY UaH &1 el 5

Sxchee
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39 g A WEaS & faRiy U § e & fow faavor @
R IR 3 8 W &= Hfed fwar g1 Ruwe siss Rifee
e ST TSN 98 SMBR (> 1 Hiex HTS) Bl Fherdydd
TR forar T B SR SR, BeRTaTe @i fomn w g1 e
e ) uiefa sm & fu cRed weEflzs Aiegy &
W WA BT (<5 nm) P 1Y TP U T dGR fbar mar 71
T ST F IR R e A0 g e it 37 Aiegg
BT I HRP R by 7 7 Ifiegsmgsm e ufeagemr

349d i, AT faLydr

IIRIE 3R TS 1 TN faemaf o Sralrdl, THg 7 4M S &
TR g™ SR B3 ST & Y LA TR TR F
& AT fear 7

Y g 7 IUNT & I Wrelet § T UV ey Afergass

TR & WS & AW ¥ U6 U@ Piids foids Ui
TJHIYH 37 & fog ot Wt gor| g8 Rew adam & 3 # B

T Ue gibe UHTY Iogoid & o Il & e &t fazn o
faft TRy W Rifeeia Fraigs ud Rifte siwfieezs
7 fpeAt &1 ST Ghadigde fbar T B1 U 39 THg

H, 9ad S Il B I9 F G TAIese BT ITART IR
T &1 FETRARM> 20 fie & iR 99% AT 3R Fid-oid
TP GRT ALO,/SiC gedee W Rifiep( SiieRi-Praiss gaait
Ot o1 fasbrr it o wram |

TR TS BT Tg 7 R fors Us $sfkad sifremsia
S B3 ST WR HH HIAT ORI @M TH I Uit
RIS H, STeYde TS TSuloR (@5al) smenika ufsfe
BRI (TTH) dh-1 BT JUANT BP9 TeHISS ©id
USSR ¥ IRdfae U &1 Iwha fAfor fasar war or1 Star Y
DI U, Gdg WIATPId, Y&H T, TN fa=eIwu], BRI,
TeRor 3R Ty & Faaf o uiteror fomar mam ur| udteror ufvomt
& ATIR A g T T Y& SRS RISl & 1 Aa 1
A BIS IEd TS © |

TP 3 RS B T cafe b & g g Ui R
i SRR FHfer (@) & o wma-Rrfe s o
Fic e far a1 o1l g U @ ety § yHel WA
RS @oiish) R & T3 & R Jag 3HfF AT
forar S aren S fawd B ST §) 39 SHE Bl gR A
& fore faR i & I &) uReea T o1 15 Rt 3remae
o g a1 o et ot & 1oy -RR A dis die & STanT
3 yHq Irsfepfei & IRM TRfiexy & e sgdr fRRar
e &1l
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SISt BT IUTNT B [T 8620 Tiet & Yoif &b UG U

Pl dWR

M & 3t Tl & S g7 ©U § Wy JaT 87 R
Ffxa 9, Rfec e sRE ASe PR TN FAUiEsa
(SGNnP) TR AN-TASFARA ReH 7 IPHY TSR
& 3R AP FRS 3 FRER Reiie MwpEa & gwm Bl
MY Thaex A S THNAYT STemia Sepuil 1 fogy goffaf
3R fromRfed fafeer st & fafd gar / méda faaror
%%gsﬁa@-wﬁmﬁaﬁmﬂgﬁmﬁm
ST B

TH e ORgeHT o Gidt (@R Tsdia) U9 Ora
@ foTga®Eiela)  (PEG4000-b-pNVC) W 3feRa
godedd glegod &I RaRigd TfSIE HHCRH o TR
UIcHARISSIRM o H1eqH § U= foan am o1l sriiefaea @™
@sth @ gur ufsear & Tremw ¥ HaferR Afeey & wfta
3T 7T UT1 39 PEG4000-b-pNVC TUT 0.0025¢/pNVC-b-PEG-
b-pNVC B! fafia deh-eh BT SUTNT HR P TEIUN BT Ui fahar
| RdiaioIe e el & Udl 9dl § [ gTegieia gad aget A
HraehR 3R fAfd Il & te Sg1 gon HeRU A 3R
RrR AT sgagR foamn, st FA-dieard syt & fae
O TR ARl & 9 A 30! AT HY ST 81 5qP

CLEAN WATER
AND SANITATION

v

Y g @ afaftEr sifard &9 ¥ fafte Ol § o ok
AT Ted! B g PR P o0 el gRI ST dRA B
THNDH! b SN R disd Af| Yold I TRSS T ™ Hd

Top coat

Absence of TG0

Bond coat

e o e HE T e mur W

1000°C TR YHT AIFHICHT LT () URURSD el

Red U1 (@) O9-RR® sies e Req o
B AShtan T a8

STET, Y HIRNDHT TIR IRE A ¥ &1 o [ Ria s
TTEe! HHTd § IUT PG eRed B ga-l & HifRiamre Bt
e 3feres uTs TS ot

AHORY TR Rad Srufded 1A AISHhIB IR &) 9= °ral
 gRaTe ffde Yaawrd & o AH-ga Iffed wie e
H I SR fad 3 11 § | STfaed T AISsh RBIaR
3R Srefded 7@ Hics TR-g4 §U ARihd Pied & FESEM
3T § TedR HIwbiarol

.

XRD STOUfded T HISHITh IR & Jhd YAV BT Udidh
B1 () W TRfpd Bie 1ol qidl & | (T) SAIUfGed oY
ISP IR STHES PHic T GITdT 8

P! T 1Y geH & AT T 47 TSuiis B! g fbar B
et MUY STe fAde Sy & forg ATSshIuRY Sic et
1 3T Teb 31 SFIITNT U |
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GOOD HEALTH
AND WELL-BEING

HIRR PR R BIAag Sa § sryyM Tfafaftry o
ard wu ¥ IRy Sifdwd ®wER; doR Td dor Smuia
fEarsy, uwdioh snemfka TR 3R UU SiffeR S & S
g1 37 et o gfaret, Sryged Stk TiaRH et s
# Hgwayuf Wi g2 8

ORI 3PP BIReR & &F T, T A SMHiad Ixa-1 & Y
400 uym P STA-IAS ATHIUNG 3MPR F Yb-SIE BIFER
faefa feul cr Ss vag HI-Soifae Rfdrer-snerfa
HPHe BIgaR o1 fFAmfor iR udteror fran S @1 o1l wifd &
3T &3l T, Er-Yb BI-SItS  IFAH WA & Y B3R Bl
fmfor fopan € IR THRlieTaR & el &1 uierr foar mar o
TUT UfhaT SH T IR BIal HR PCF & THd [HHT0r &I giia
foan T T

TR IR AoR-3MTRT IuHRON & & o, 3f9d Wfd, &
i, dreTs, GRRIGRT aR 3R RRGR Xfad & 1Y SfeThRe AoR
@ 1064 nm BT HAAYdD U&= fohar a1 9§t g5 AT
G&(TT & Iy >500 W SHTSTYS IR BT Fax Hf $7-8139 Yb-
BIE PV 3MHR 400 pm HIZER FAT HR & J 7IRIA
3T T T, Safds Tm-WTSeR oR &1 ST3TYC UraR. >100 W
3R Gerdl >45% HI Uobes Alegd & 1Y UefRid fawar mar o)

1 CUMATE
ACTION

O

TR & gdadi 3o 4o Td det Tfafafer 3 faw R, Sort arh
3R IUSHRUN H Wl 7 31& St 3R ol HSRUT Jonferay &
&3 B HaR |

T Fearh uRale & ded [eRid, THemssd ey HUls

I Thd HIRBIe ¥ A 8-3a geiued ®e & oW
P BT Uh Jhd YRl UT|

39 g A Ui HHHd T B SN HXd U el TR
THIMES TR gaders & ot fasfyd farar § iR emgamsdl-

ThETS YR TR & &8 H, JHeH3e fsem o1 fomn &
PR P SRM fScie HEex P dIAH BT HIY BT Idl T
¥ U uwateh-nuid O W /R B! IHAdgdad ar]
foran am Tl

U0 SHMaR & &3 B, 4X1 U7 iR Biaes ufsar &t
Bierd foar oY 3R 98% I IR Gefar auT 200 dTe W
T UTeR TS & 1 SR B |

FHo1l ITREA Ud 3UBUT

ST Ugd & ded MY-UF 3MeTRd RRfie Juex & te 75
a1 o TRid 1 7T & e 2 + THel © e Wewhid i
S (ESPoB)” 1

BIESIoH JdGT & & H, Bi,WO, 3R Bi,WO,/BiFeWO, Bt
& H Bi,WO,/BiFeWO, & SUTNT H TGHA UbT=T AT
at & RUaRE 9 Sifie Feger Sl gai ol
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GOOD HEALTH
AND WELL-BEING

HRMd HeRuw U fearzas Igg 3 fafay s & IR
T4 YW IS Il faBRId B R BH HAT oI’} 91| T
B # AT &1 udr oA & faw Iaw gmhRrge 341-
HUINTC B Yagal &1 UexH fhar w1, @ife frsly 18 @t
fatrarar &t AR 81 o, BTdifs 600°C I o I dTgHH TR
HY B oa10 Nt SmfaT @SR ardieaRor ) & 39
P & forg e IR R ot &1+t gteror i man

Eipnabagad b
CSIR-COCRY

TRfeR & 1Y TRIHIR dd B YR

JWRIG & STAT, TAWIHR AT T HISG TH S & SfiTemz
A9 & fog ol oA diius T IR 3R fefored Mz & faem
P dh-ilp BT 3R A [FHRyd T

T W IR T Iy & e fawRa 25 po/N &1 3=
disiigafdee o |

e didier e & Ty IR Set Rftar
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U FeH FEeedr B A

Ui 31 g @l & IRM, Ugd 9 et 31 I Wi
TR UreNient quT T ot Tiafafaa &) WiRkieed 1™ &1 Uh
DI ST H UBIghd {3 T UT| 59 S0 & ded WiTee!
fithaesl vd URuRe wfew uie o sRuussy @Y AN,
eTl-ol THRIURM o R areft &1 fdem; oid & e
IR BT &1 fadmT, AP IoTes T, TSR ¥ e
T HIES BT IUTNT BReb T bl TLAWUT, 3TfPebe T & forw
fayr fmfor, arswag @ RAgds &1 yexiE, Tadd Fa 3
T ST 3R THIZS T & [3br & forg wae=h ufssar
& Igd AT HaR i TS|

WU Ribaed BRI HT ITINT HRb RIS, AR
faera & fou ugE M) QuR sodis Tfafafy 3= @t 78

BIdifep, Od IWIad dob-iih! ATUS fHam 1 387 UT, 6 URUNG
wfesy ure faftrat &1 IuTnT R fadvur A uiaieHT &t

g -HiH1 &Y 9978 a1 T o7 | FAfEy fRqure! & aifed smam
F B3 (RR RUTSSY TN W Bl fgefias) &t 131

e T afes T Ribad uﬁ%aﬁqemeaq AN BIRET

TS Hre # STURE B gRT SRUTS s AN seifdh! b Fteror faam o 381 3

21 39 ST & ded Tfafafal § vl pre sfen Uik fafyr &
ey I UgAH! T8 WRiferd! Ripdest ure # FAfdy siRugssy
T 1 faehTa Qe B

T Tl BT sy Uik faftr & mream ¥ W=l ® U ¥ Ianed
Ule ¥ SRUS S 719 $ [dhrd fohdn | 3 U pRyad fa foveht
A e & IR-SR BT 3R ST I & WY TR @Rl
H 7 fge & AT & A Hel BT WA BR Jobd ol 39
gic H T foraem & o et gfaem &t of gaR dieer e
I 1 B oee BIRe dd-1ep U A1 1o &1 a1 B 3UiS
forar a1 81 S dic # aRfed sRuuSsy, WY fde™ &
Y-y ST ogd & 1Y QY God Ribaet e fawr gl & foe
UfshaT HTUE Sl HT SHA W |R B

> s

40 diex W1 i &1 SUANT B UGGl SSa-M BlfeT Hd
T TIRID ST & Iod - aldl (R RS & T salh]
DI THAdTgAD e frd faar T g1
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Tadieh 9 3ffad & $ob-<ra U9 B YA & e &3 arTd arel
T T 3feel-of TRTURH a9-RRAS & foe & &9 7,
3fegT-a IS org-RRfe Il & Re o AT gRT 1
forel & R B fawid fovan a1 8, e a1e offeifies srafliy
(STRE T ) 3R HH a1 d1d b=l A (@131 ot 3R
URRIfthdTge) HT JUINT IS Li,0-AL0,-Si0, FuITelt # Irad
T BT A TR IRMZRA fafY &7 gra- fhar smar 31

Hd R AMRIE A9 fGHRid F7 & fou, Ii-Pra-2 a1 gt
TRE & IS Bl BICURRT P & oY W Y deb-iied B

HegH § STt Ydel R T P o8 73 SHPBTe-h-Hle-d
TR (3MS3NTT) e AoRIER g Treft s fa 31 1< ot

DTS S T b &7 T, ST TgarT & I ¥ e
w4 fdp™ &1 S Thadgde fear man| aifed fafde ok
0N & TADIoHISS AN A 70% TaR0T & 61y T=g a1 o
IFT HMDH UReRfar elfa @t T 100 I9 WX @
@1 YT I BT 3% IUANT SR UG & Geuich & forg
B 71 2t SR T TSI UraT T AT,

2354

2304

225

Ll L Ll L] LS L) Ll L 3 T L J Ll
06 07 08 09 10 11 12 13 14 15 186

Wavelength (um)

HrugsmssR-Teitemans & fawRid Wumsht (Che) 7™ & a1 ¢ef & U &1 & U § /uddd Jadhid

TS QU S 3ufRy yerd @ dier fbfid Ba b T 3 &
T, TTHMEHR-ATTHTAC, YaA4R & Y TaRNED T
H foaraey fasr gan | v U= 9 FaTd U SIS &1 SuanT
RSP, A Arsl d1sH Rifeide (TUuany) dHek i fo9H 20
Wt% T SIS I §, BT IcdTe- foba |

3ffoea, yifa o 3nfe &1 o aIfIfcas THuaey o &
1Y BT 75 3R IR 4 Hel W §U UIT T | TArs U A Faprer
T SIS BT IUTNT TP AT T 3R - T F
T BT IcTe fbar T B |

TS U ¥ FahTe 7T S1ES ST YT b IdTfed fafdd i, TRa=fl ud
Hifer @1 BT Bt ST
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SHTTRHE TS DI AUt RITIAT T4 fawr

SfSRT Ud Jearse ez Ren & fow &g sifPwa ot arat
3ffPepel T Bt Ui et T far 3R 3 &t &1 I g,
T 2T MefiTe! o7 WeRieRur 3 | g arod R e
ad 3PP TN 720-506, 762-265 T 788-475 TH Wlex
IfedT Whd H, Safd 300 ml BfedTT Wha & I Aoy fUga
aTdl T 589-613 TG 603-606 hI Ribfded SS9 UF 3y HaR

& Ty # Srgpiard fpar ma g1 eH HueR-snuRd 719 &
Y R3S I BT ufaferts TR B diverar g+t e & few
10°% iR S TS|

39 Y94 H, TP 100,000 AT Tt = T fobam am &, Sigi
3HPHd @Y & Urde THH & IdTe P T S5 AfeeT
g R1fid fhe S|

762-265

= 589-613

788-475
=
603-606 ‘

720-506

HugamgeR-deifieman # fieRid sifed N wiie

URUR® Td H3Hhiad g gR1 dOR aRiffee W o
YA el D1 SRR BT W JeIeHD ey

AN H TR Uedh b aTiieRu R fUgdd o 99T & JHE
F TG SHoll PRI AZHIAT BifeT H B 7T ¢ 3R SHD! gal
IRaRe faftr ¥ U o @ &1 18 B | 9HG & U B b 7
# figeM & R B,0,  THUM Pl Hedidd AlgHIdd T

bt
»

URURS URIYE BT Il o foTg Uah I THIHR [ id
PP T T | AISHIAT BT & AES B qTfieRul B X
Fa At ITFIfTarstt & ferg sifafked fosrelt YR afgd ufcRivs
AT (23 kWh) ¥ 50% %8 $d fagd faoTell Gad & 91y IRURS
UfRIYS aId (3.1 kW) &1 a1 | SHfIwad Mw 33eyge fad
1.5 kW T TS| SHF SfQATGT, T B R B H T ara
Fd gug ot FTH HH ST B

- MW =
.
904 * Con 5
Linear Fit of Sheet1 B
= = Linear Fit of Sheet1 D s
8.5 4 -
N2 " .
— &
N9
# 80- Qo\\or s §©
H 7.5 P ©
[ ’ ¢ ” \‘\
w 7’
3 7.0 4 L ’
” s Baustion yoatis
Q. 65 s Weght N
[ sl < - Pearnen's  AINDD 490065
@ = A Rige SATWE AT
s o 4 - Ylamdw € Cron
2 L] - ercept ATV 800
$e e b e
ss| o
T T

20 40 60 80 100 120 140 160 180 200
Soaking Time ( min)

HIZohIad Td URURSD gifet # fUae & 970 & TP S & U | B,0, B! g1

T §9 H T HRA 919 gedh & G Tl & 70 § Sgdta
AL BT IYGT:

YA WA F WA R Y BT MY Ul W & A b
U R4 & foIE, 39 I & HF aFTd a1 MY & e
fbar T o1, o TS 3R Wad Sl & 1Y 3goR, R

SV AT fmtor arRht (et 6 e o1 fawen) & foe Sugad
gedb do dldd SRSRT BIH T &I IdGT dd A1 fabiyd
TP ot & URY BIH T A Tcd 391 0.3-0.4 g/cc TUT TRRIE
75-85% & AR MM 50 X 70 X 100 mm?; 3fIHferd YHd
G 0.1273 S/ THF 3R 3.31 MPa Bt Yule fad &
1 yefRid faan
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s

Hroiemais 7 3B RId 50 X 70 X 100 mm? 3THR B geb! RIRT B T 3¢
@9 B Y UM R OR 361 2)

YHd 3ASY & o TDIoISS 3NN STPRS T & IdTg
F forg we=h uferan Menfie! &1 faerg

IR RS Gad ADhIoHss MUMRG 3RS i
(THSSYIEIR, THSSYIEIHR Ud UASKYSMEIHR §8)

a

DECENT WORK AND
ECONOMIC GROWTH

o

TAR A P TG IATEA &l TR §g 6! § adl I
3WTq Hfd-2017 F SR, a9 2030 & 300 e e IdEA
HT AT ¢ | I P WA IAGA H FSRM B BT TG
T 28% B | 39 6T U B & oY, 39 WS & e
T IeTl g9 H, 3y AT gHHE BT IUURT IROT
89 YS! & T W Il & w0 § o wrdr B, of iRy
FU Y B Ud BIEhRY &I geH & ReeHT ufafsarst &1
& b f7Y IUGeR e & | THDT B BT I5F SSHA Boid

2T fapRig & @t fexn & o fbar § o &1 Suai yda
i, g faor fEarsy iR SAfiT 3R Hsd A Blar gl
uﬂasﬁﬁnawﬁﬁauﬁn%ﬁqzsmmx 5mm1:h'aﬁT-
AP AeploIEs Med SraRad crafifdT @ fews 3
13 pm T YR ST R

Trarard s |

AR ET RN

o =

I Rbae! vd uRmfves SRffeT

R & N U Iuged T O SuifeRe fAeRia A
o7 9% d8d T U diid ¥ TR U9 BIEhRY &l Wid
Y geM a1 ST GobdT B1 5aRH B ArsT & fore AaRkm
3meid afe Y 7 foefya fear mn a1 & SseA
Tg B T Bt e & gem S Gar X a9 &
YAadIROT 40 fHa TATRITET SSaRM B B QRT fam T ot
TYUT g 3T Bt IR & o1 24 gie g1 o1 2t | 98 39
8 1 SR B H SNl Tl & fo daR g1
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CLEAN WATER
AND SANITATION

@)

uF FEH FEoodl A IR

v

A TRt & & ded SuU Tafafiat g1 € 9 ySid
Tq 3 I At A AP gt o gem & fore R A=
TR qopeiteh! W Hied B

SIS HHARE A (TUh) ARH & Tfa
TUIE R WRA-&R-IRA GIA-01d BT BT IWIN HRP dIR
foam T AT | 50 Wi Bl TS B TP YR sRSBIED (RR
T YU B> 150°) Tag B RId B & fore Uas S fafdy
BT IUANT s T o1, o 3o o OR TWaeR & BRI
T T o 1Y -5 SEITd (~1000 mg/L) Hi BRI fooa
IR VIR § fESTH FARES BT ITINT B Flee RoIaRM
SRR (99%) eifar i

aTel SRITHN TG & o8 T e a™IRaeR & SN
R Hfed 16 s & W= Rfiyes ApioRy waie (10 ot
St / 7 et MRS W Hag AU BIEIBIaD s
FIR B TS R TTISIBIAD BIHARH & T TR B IgR
S IAIG & Tt TeTed ek HIH | CO, & HRd 89
YA R MR & g ufafar 9dg vsfa (emugen) &1
JUTNT FHRap SHTerd T 7T 1| UTd foan 71 3yad udh
DIV A 148.60 UT Sl HATYD GI3gIbIad BT b T3 BT
P 3l g o TeTa Sk Hifsar & g2 co, fged ot
gfaur &t Iufie 7 e uRumasy aim Sdrgdar o
IS g3 81 99 Tha W= A%H BlelariugeR Red (20 1)
YT RRIAS SfeeTithee M BTsH SMUTRA AT gId Rt gfAe
(50 L) F1 fEomga U o mar g

TP 3T &7 § S Selhia 9 ¥ URY rgasf, dw@l S Zn (1), Cu
(1), Co (Il), Ni (II), Pb(l), Cd (II)] P! geH & T e INT &
B URTE Y TR fAHRIT SR HT TR dRA & Q-1
TGS SN §fg:H1a HI Afdrd fosam T o1 | SRR
UfehdT BT S Ierd fohaT T T, I TN & U1 & SRR a1
Uy &1 Y-<ish T T foram 7w T, 3R Zn (1) -dS SIAER
HT ST gt T=ied ok dielf & fow ger SR & ®u §
e 3R mafarvfta @y & wu & wuifdd farar war un) fafkny
Y SN H &5 WRIG YR P o8 TR R & Uiekersy
f&ame iR fmfon

T 3 Ugd ¥, UR 3MhR § HH & fou RRffe gewifeue
Rl & WA B RRIfe grdT & IeT gR1 THue
el ) dur) ) 7S | Hegadf Ra H didit S U TESR B

STeT Wenfreh

U T TG 3R SIgHTEE T Bid &1 I FHReh fadw i
foar T 4Tl 1200°C R WU et &1 RieRT &1 & 9%,
THSTTSUH 0 § 10 um HICTS &I Th THH, aY-Gad
R B gD FI TS| ST fazawor ¥ uar gar b wd &7 $had
3% MR 62 nm T TURIM ST B0 F TY THSS
RRfA%-uidR Hmifvre @ fidifiun) Tiue R ot s &
forg utfermfver wftha Ra & W1y 31 Sife & forg 39 w=ifa
U SIS BT IUART fa T 7|

I ga1d A kM ¥esfd T 2-10 IR 9dC qald W
TR Rfiye-uidR Bt el & 9y W@ od IR
3R Hefrm srdtepfa sreag fosar T Tl Y ST IR
(~8Lm?h'bar”) 3R Cd(ll) ~95% &I diHfd (WE cd
THRAL 5 mg L") & &Y § Th IameHd UG ol
TN Fa ReaRt S[Ud ~ 73% (Bis gid TR Jigdn:
300 mgL-") & AT WIS BT g1 Ygfi dgd oH 2| I8 oxan 71
& Sgae Wd RiXfire g0 & 91y Id € 3R diwe 8k ang
9 & YaY & 9gd RR B

a1y QuUaHRUN SIUANT & T AHURY Td A IURY Wik
TP URd SHIG gRT ¥ g GMY Y Hadiis U 3
e RRAE et & urade Iare & fog Seim oReR 3
BRR g 1 RITTAT 3R I YR HAT|

! . . ¥ - _.I"'u
e Os I IT) After Clay deposition ma gnified

TS 1 ST S A b A

T AL
Afver silica-c
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GOOD HEALTH
AND WELL-BEING

e

QUALITY

A - faufarmeral vd THiTHaMEaR (AcSIR) & Hremm & tuad) ud o ufkieo Rigror Hrica
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CLEAN WATER
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99 TSR Uged

TR At 9- ISR Usdl & ded Ps URaSHIS BT Aoiam HRal 3| 37 Ugal H JReaerd SHf-ad $rishHl & Ay
3o i fdRTTerd ud iR Oie nfafafidt & dea drewemssm gRT fad tiftid fafts B ¢ SiIaRH, BRe ¢d ATaarIaHRU],

Higd gardt srgeiur SR fafk Fmfor afdismng wnfhe &

PBRE ¢ A2 TRASATY
e W AT w0 § AH » Rie a1 Aeizaies
PifrRrie FRRE

Tl TR T3 SIWIA & &l SHTTH TR0 § S g ssht 3 R
TR YR & HG @I oIl § 3R st g8t B FiSsa ugam,
BT 3R T U & &g & RIMHITHI & forw IuaT i

STt ¥ 1 ei-srifre Trgferat ok o urit & = Sruriit
H wols WS AW & T H IUANT & o qa Iugad anht
?1 39 UoR gRaeHT § dion-srifse snuid TR IR &
wWexf famr ot uREwea &1 718 71 diieet Awull &t dar,
YS! Y & T=NeH T orect-didtdiue eu & a1 & fufor
T Aférd Iod & Hiid Noigaiaed 0Nd dI Y & 1 BT
AT BTt 1 718 © Off §¢) Yde-Teiierdl &1 auiidt 81

(A)

(@) TGS B T Tl W 1 fot a1 (@) wfvares dieil-fre

BTS-UTR ATTPPd THIEPRR &I fAPRT (1.0-5.0 W)

39 RS &1 I el gHds @ 3R3E dies
AFHIUY HHR & Er-Yb HI-SITS TS 4T D B
BT I HRPb I Vfad aTal ATHd TUHBRR B feomz—
3R AR w1 1| AT Bt UFfeRT & Iy fpy e wraf o
Hudiat, 19 WY FIAHYA R THAITT & e e
P URBTT Bl TS g1 SHBT 32T HRA SR H 39 RE

& THAHBRR Aledd &1 Ugad [AhN iR ATaHRiSGRT o],
foRIeT YR P CATV JET 3R TTE R4t R 9gd THIT IS B |
g 310fEd § o usen anfoifuss 3= 2fad sifP e TrciieR
Aiegd ST Y Al {1 ST 319 aTet 4 I & 39 @ &
TTE-UIR ADHA THHBIERT Bt 3= AT gft aifs HRa o
frafaRad uge usdl & ATegd ¥ Q¥ YRA H 30 fermd catv
PR R [T S|

Iy fAmtor uftgiemmg

[ B B AR gRT &% 0 &1 < var v & forg
T O MUt 1y ITuAT HaeA IuH vl &1 fasr

I BIS § & I & Ugd I SRHEER S SURUfd
R-3MTpHe WP T WY IY Blsa ¥ Hs SHINAN BT Tal
A 3R TR B Bt HTET BT FgTdT 81 TTIIMSAR-
Hiofftamasns = e o auf & Aidd SRR SR amh
& faH™ & AY-T1Y Ga-AYHe/AYAE & WR BT Udl A &

T U IUPRUT ST B S Wi Bled §Y IUGe TR B
e BT &1 TaH IRASHT &7 3539 B SHTal BT Ual
T T FRMT B3 & Y T IR W 311emid ¥1-¢-get
T1-373Rya fearsa AR &= & forg guifad ik i
P ITATAR B UG B Bt GHIGT BT Gl BT 8| HH
g9 R fAft dieidt / Are g Sisa arelt 19 ([u-didius
/ didteh &7 gd1 @A & e ST A Rae duR e e
& | TEFTEHD Fef0T qui 3R Yda 31eqg ad 38 ¢ |

I Ufede 2020-21 @ Annual Report 2020-21



I%ﬁw&rrs‘&n?- & BHid Ud RRIAG AU TR, HIABI
L

ufsfea Aghaaiv ts URe fRefvaa maRm
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BIRBTRIA B AT, SAICHRT) b (o fSoIS— BT HH L&
fhar T g

4

500W CW TTaR SiRe &+ & fag
-3 Rew

TRAATHS WY FART & T wrgaR O AT @i i
IR &1 fapr
g URAeHT HTHSTSIAR-TSIRIME & Y Tgad ®
TS S Gt © s dell A9 Twhalish IR S Hiex delt A9
TaTS ¥ 31 SINId TG Sl B, BT [ABRIG B BT uRpeu=T
B TS B TP AR, N A9 TheT R W 3eRd
TUULUH YUMel! 3R Thicl-Ths AoR bl ITANT B3P fafH
UPR & A Pepd BreR § Afcw it g 31 9t 21

SRS SegThIRe (BHC-

Yehs) TIoR o ferg Cwe-s Riwen

gduE ¥, ey @ uicdiuiss aftd wieeR SR fafte ueR
& RiTad 7 3R Aediiie WwigeR # Sifehd fbar a1 §; Taroh-
Uil IR 1 FEOTE QX1 81 bl &; Teroll-Ubairsil o ey
3T 1T 7T B; AT W R & o Teiifeen
fawfyd fu U & SR SHM iR FEM @9 Wha) & o
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ufgar Wassar Sdrel d SUGRT & g SharuRish o &
1Y TP TSI ad R IS ufead A1 RRA® /
ITefaed Tar-uTe R fufSa armh &1 faer

Roisfdea dae SHhaRM (IRAISATS) qUT TF UY & IhHUl
@EISAS) Waoe Wed § U wHw fHar &1 v §1 59
GO 1 geTsll &1 AINIS 4H [l Jae- I el Hay
R T g1 39 Bt g gmfie-enffe srerd # snravue

anfibacterial

| No growth at the sample site |
Ty 3RIYY IR RRHIS SiamuRie srema

AR RIS ST His AT gRT AifpfIRs
Rty v 718 rarg dulHey &1 394 fAmfor

Y RTINS BT 3T HR, HR RRAE 3R B3R g iy
YTl & SHTZd HIS Tor 3RS A=A 0R fafRry favivsrar
BT ITN B AIth-zs RRIF® gt & fHafur & g te
U sRae fawRid H=1 81 39 & | URanfdd U aryd
3eqg H 39 91 B! GHY 9 B YRS B TS § b $Y
oR faftra sffRmgs ok R-sffamgs RRfAe Il & Ty
FRTC B & 3R TP RIMIT AISHRETRR, ATHIRD! 3R
HRNASTeE P! Fgrad/aee &1 Id RRMeb s (Si,N,,
SiC & WC) WIS T § 3R Ioh! g [REUH, HoRaT 3R
AU B! AT B TeGRAT s e T 1 URURS 3R
ToR T g =T & fore TadiEiet Sumrr @il M E
TaNT B faegd fesig duR fbar mn

Co containing bioactive
glass exhibits significant |
effect as

avident from the study J
\ using 5. Aureus

SiamuRIeR o & Ty I WWwar IdGl a% dgd onf off
AU g1 39 QAT ARG T ¥ Iudsy e
IdTe IR-IASHSTd 8, S T 71dR yafeuiig @aRt et
BT g1 IdHH TRaTd SiaruRIst T & WY T AR YT,
IS, S9-da ifdd arEh & devy R FERE @
foraeeT SuinT Afgarsii & SRS iR gtans &t gesf &
PHH DI & o0 W=ddT IATG! | fobar o b B

A W

A
UIGEl-~) ZnO HTEeRY TR THSUH 3HS
Tl A9 3Naq & FH-<1y Ua H guaT & fog &1
ANTA aTd STl A feel-al TRIUR - RRffe &1
oo
I URAISHT o1 Qo 3fegT-al 4 fawdR (2-3x107/K) TaT-
e @We B 300x150x10 mm?® & MM & Tadleh 9
e & Fb-cld Ud & U H St HH IR [AHRId A B
IS §78 TS B 1 3NN e ol SR B (§1U) T
TUT HH AN I e AT oY d181 9 Td UTSRifthange &l
Iy RiferesT IR TfAAT & W Hid & w4 H fbar ST 8|
31§ T, RI%eH Li,0:AL,0;: Si0, = 1:1:3 3Jurd # tRe 79 CTE
T 1400°C R frgem arat Re AR & IRMZHIE & &G RT F

400°C & &1 19.5x107/K CTE UTd B H HTh] Juherdl Ui
gs 8, o Sad aros™ W H 67.1x107/K T
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bigd dffe R istaed
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SIU-UACRM T4 SeeTels- RuTegR Sieidl & fag 8TO05 um I 1.7 um TP TIAM-HC- ISR Waed &5 Bl

BRI fhied Brgat : g MU FTIWT P Rfrad a1 2|

g‘;-alﬁmqa REI S H Py Tt WeeT 3R 3! AT YURT B 0.7-0.9 ym & HH A
JU-HIEHH el Yhed Ui B & U srfpferd o i

3 URESHT BT ST 8Tal BR BIel-d fhicd BIEsR (TI-  ASHT & St HisleT aivifoues Sidl &t ga & 5 ym & siehia

fiiuw) B IUGNT TP 2-5um J 3 S-S quipHy  Hbed AT & I TP Heaqul JUR g1 Toll-ueiies

T ¥ gREIT (u) UE Wl au @ auipdiy  Se0 RS ®d AR gT UGld B SUTNT e duR fobar

TR B G-I s -Reteqe S & ey 8 TPHAM MABR HRGTH B grara sireft def (o &

s g 77 B) & 2R a1 Wil 8, T Riftrep e & e fibe
& fOT AP REAS SHffbehal PIEER (GHSATD) BT T H o STl & 3R 2-3 foreft 3 3 7 W ST 2|

FHiRBTH BT ¢ (@1Y) | Uieioht BIZeR & &R (GT0) & HIHAA H I1d ST HIRABTSN B
Th Uebel PbiRebT gRT Ui b S &
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3ARIH HIUGS] & 1Y I8 DR Bl fsheed BIZeR Al
HISHhREFR BIIER (THAUH) B S0 1o Wb 3R 3T Ufehar
ERT AhAdIgdd daR fodm a1 g1 BgeR & &l JHa &
PHe-9F dPb-1P BT JUTNT HIb HIUT 7T UT 3R T qTfoIfouds

R WIS Tiedk BT JUANT HReb hard B! Regaes far mar
7| Hiyhes THAUE @) H I U &1 Hi9-Ya-H, Bigdwes
THINTE B F Q F v g & ga, el B Hag

MOF-R
1780 L —— MOF-B

1280
1009
T80

500 -

280 Fr—rr——

|
\’_/\_/.fj
-"‘w""\-\_\___,.-'\..n—'-""_‘"ll
TED 1000

MBS e ra-YaxH foam T g
.'ll % .m: f,-fff
g e .';
' § el
N "'“" Godre

500

50 pm

Wavalength (nm)

. e il " L s . " il e L - il 1 J
1250 1500 PR T I T T R T I T I T RET |
Wavebength [m)

TG gU TH3NG @T0) § ¥ Ud F1 H19-TavH, Higdhes tHiue & J g &t &ffvm g1 &t gaT,
THINTG $1 Hald NERd RradT »ia-SaH faamr T 8

Uity U A fRR a1 IMuRIh srefded ar-snefia
T UTUe TRt & faer

I ¥U ¥ Iudsd arifded TN H Aolgd SitaruRIsh
T &1 HHI gl & | TU Hel I 5 B P 1Y, B,0, Ui
TAufded TR 9gaR Ud TR SR dga” SiaroRieh 1o & ar
Tdg TUerse o § guR &1 faxn & fasfia fee mu g1 59
UHR, I AU RRRAT & 1Y a1 MR SRiefaed @
BT IUTNT b Y W F Y fAIHr Y dgra1 34 &
fou aifeaiesdie TR &) Sgrar 37 o Iufle g1 Ukifad orf
&1 UIfHe ded I AU fRRRAT dTel YU SRiNfaed o™
IR w7

Pid BT UISHIAa fUaa-T: Hid & o Bt e 31 v
Turfaa fafy

AUl Soll Sad U9 HH TRHRGRUI 954 & 3HAral Hid &b ol
HI gyIfad B H ApIad BT B emar 37 T 81 MW
BT ¥ o §T N H Fe2* & I UMAURUI T IR Sa=NTT
o AR B & o GHIfd SruainT € Ueha &1 HTSshiad
BT B HhHUGIeH oTg & 91 819 T 78 ™ & Sfifodd
o BT RYATS ST Ud AR T 7| S & Ul 9l §
URUR® HF & ~ 900 TITH TR TN &8 i g 3ifers
il

WS T e & e fg w1 mgo-c Ribadt &1
fae

=g URaIoHT 8 I8 URebeqT &1 TS © b faftre S-sprai et
BT ITANT W & o MgO-C Whac ol fawfd & & fog
fpar STEm difes Yo Wa &1 Ided HRA & fore RwgfHT
% SR RIbacIo § HTa U3 o1 B a1 o1 b | Sugad
SARS BT TN B> UTSIfe gRI Afead # 3-dig =1
BT/ Aegs 91 &1 Hf Tar fear s vRarfad
GRS ST SO & foTT SgaR Jura ardl | drad
MgO-C firdest &1 e = H Heg S| adam &, fafir
UPHR & Bl JUT THOSH-T siiop! & fAftT o= & faera &
T IpT3e Ty, ABTSe USSR, IRBIA USSR 3R AAIPpTe
BT IuTNT Rics FRmT & Iy fvar a1 g1 Hre- Il 1-10%
J first gt § | i I & STEex & TU H SUTNT HRb i
DI G AT 1 59 b SeIPR sl 9aR fbU U &1 IR
F PHIg-feifbT1 & H1egw ¥ Yoy fIpRg o & forg emfia ot
RER

fawfid Mgo-C =i
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TSR AE & dad IRASTI:

TR It e denffear

TSR 7 TR AT T8 SIS AHS Th
e oREoHT = @t 8, ST8T 3UHT Ad@ WSS 3R-TAuud
& TIY-JIY 3G HET O aTel TR oY HugenssiR-
HITHSMESR -TTS 3R HTHSMESR-TATHTS gRT fham &
TE1 2| Aeifiemmans 3 frge § &) ol Obeil & ive & @t
/ e Ry Aty Huifcey @fiemsl) &1 faewm sk
DT TIRHIIE TR 3R AbHebd ReH Bt AaHHSG
Wy IR fufd FAREr 1 HegsmgsR-dieifiemsn, e
o1 Yoe A ufafraria e iRk a0 gats, yd-RRfis
UG & URRITIRN §RT HITH / THSATSHT Huifoie & fadr
B Ffed B ) Qo ¥ | Siafh 3 B Gobot &, o =
Y WeATHS &fd B UgaH 3R HR 3R gesi & FRm
¥ foru I= Srgf o 99 senia fIft ot fipfid ®a R
& SHfad far Smar g1 398 sH%iod, Tl U ¥ 37, g
Toa dioiect Wy 3R WwizeR Ua &1 fAafur far ma § iR
TS 3R fagd e gui wfd R 31

JHTPY-gAT P, TAASH 3R WP Sgua &
fore Soa arEht iR Syl #1 fae™

VAN & forg Iad At SR IuaRvl &1 faem e
% fORF oRae gF Bt TS 71 S8 R &1 Agd
WTYAEIAR-SMETATAS, YA IR  gRI HTHIAEIR-
doidemars, FTusEemR-Ta3Essugc], dugemssiR-
TIUATA & 1Y fHar o1 761 8 | HTSEeR-HEaemss 3R
UGS AR-TUAUIIR NS HIifleR wanTmansi & +=u # g1
g R-Tendiemans 5 fafts orf U ges! # wniHa
i G{Zﬁ_c[:

k gaaehpite @ & e wo A aify gga
o= fent &1 faera

A "eh BT 35T TN 3R did UifenR Jeeed IR
WO,/ 1A (THTdST SR 3MRuitef) AHpwifore srenid
TATIDIND ST fABRa 31 § S I 3R fagd
SRR & Y 3= fAwid & o9, ufdad! ok
fftg g &) e &3 & gem g1 adaH 8, TReA
HTFISS TS NSITe At eSS (SReita) fafie wigar
¥ SITg TR IS S A dIR BT M § 3R emectail
AT T SR Tl Iscey W efdd udah fhe S
B TS & R g wreor ol oifa R 8 1 RiTe SR I
(THUESh) T ST SR 0T qUH HIR ey W AR

THASN BIRE A W THTAS BT RIFIART 3R a6 &
S&101 gUi fpar T B |

g YHTRN SHOIP Ulallishecarg UISSe/TaTH/Tam-
e PRERE iR BRER-3T-Tw  (fersgsh)
St pRIa 3R el fRR sy rass! & fre suifere

Ig Uch PHIAMS YOI Jad I G&fdl 31 T UhIRT
YA & forg A SR TR-fava The Ieyoie youmferay
¥ fopra R Ffad g1 uRaieHT adae § 3= ardig fRRT,
I& THHER YHITHIRGT (TAS) 3R HR SSKIT JaHidh
[eRaE) & W faftE The THR I&eid BIbR
IR S UTeifhiedsd USeR BIpR, od-RR[AE
IR BB R-37-7Y (A3mge) fawRid 3 & 2id Tem1
AR & U I qgddg I dUeH @) & 9y
A gl

STgaE §ISC ATge TR Siguantl & forg Riferei=
PIaigs / sieiiepraiss smutfva 9l &1 faer

ga & °, Riftre wegs ok RifeeH sicfieeiss
eTRT AT A Uder Tthe UBTRI IoiA & ol e
Iuficar fewm § o sarges quisseia i 3R wifia
B gqAH U # Rt wrafss snuid Aifsheeargd
Il 3fR TR G Ry sifadieraizs ) fbert &1
fafd aroHE SR IRy & dgd W-RR[A% aicdiaie
3rgal ¥ RAfAd/AhrR geRey R WY he YHT=
IS H IRTEH F T Tie 37 &) uRebed 1 &1 7T g

AR gy & faw S AN-geifas fasivar
PP d BIgaR $1 fae™

3 URAISHT BT 3T Cr+ SIS diRuell SHI-SollfAaR
fferer-snuia siifvwd BrRER & Iry-a1y f§-3ie 341
ISR Aidue Rifter-snuia sifed BRER &
3TYR TR 1100-1500 nm F HicR Fs-88 Is B -
HAT | WG YHTR i S & forg ST srguaitt &
for @] 8 & AT 1100 - 1500 TIEH Bt T e I
B HIR B AT IO gl VB TN & H1Y-
Y CISuA fa=awor § gy &1 718 JHYE ST daob-i®
& I | THtdIS! Ufehdr o ATend ¥ §9 U THies
et & ST ¥ W iR tHE RS cr Siwe A1
S H HIRER & Y [AHRId 81 TS BryaR Wi Tt
¥ fefig ok Meua =g = foame U §1 59 Re & Xl
DI 1S §S Igoi fARATE 980 nm 31X 1064 nm T &
R UfthT & d5d 99 1 & |
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AN 3T HPwd BgeR Wwid &1 ez

Tgayul ST gy & fore a<dta diet-dew
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Tafdd e Yed @1 IeRY rucuicnie/RRfiw
fioigafded e gAIthery thisd a1 e & Y-y
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U F ®Y § RHRd S 81 IAeeEET TS

fafere Iuwmor v feargaw

iR oS @1 g e B, ST g dirgeair-
HogER - IMEsHd) R HTHIAMEIR - METHCH
YRTGR YR & 0 & % @ ¢l 39 fARE & dirasmssm-
HoftamaenE &1 aneH Ue fFwrd ard R A &
foru sTaeRaw 3R yaRun & 3w, e ik fafu
& I ¥ gl 39 uRaierr # fafafiat &1 I 39 UBR
foar S 9o §: i) Irafded RRfA® / 7 et ot Aeted
IR Nfehbsiaed PAEK HUlfsTe BT AT ii) fwRia PAEK
FHUIfSIe & A3 TN BT Geidh; iii) IAFT SdHierd dHuifore
% 3 fae) Sfaw T7on &1 Geuid iR iv) Nidaed Jeaie-
I fa Fuifsie & sifeaipleari SR AR |

ferinithes deb-itchl Bl Hag ¥ e Hakecd W gHal
A F IfPEHD Iaags Uon-RRAS (SlsuAsn,
Ay, e de-ufdimR (diddium) ik gefas
fiolgafdes SHifths Aic TR &1 & oW U 3
Teawor gt faesfRyd fosan S @1 8|

TSTIRAT TFaitors digd BR TRINT AW Sife Ty
(CELE )]

TH3MER gRT HITHIMEIR - TTAUISREME, HITHIMSIR
HTHIAEIAR - TIATSIITHS], FUH ISR -GIAR ST 3R
HTGATZIR - AMEIMIIIR U &b =T H & 1Y "1 gerdf
DI YR& YT A & [T Iad dd-id! gy (TELaues)”
T T AR A uRAeHT JRF @1 TS 31 HugergarR-
ISR SMTE S VT TREUT S o Pies RS H SFIwNT
& o 319-31 =Rur uRadT Ireeht (eg-diiien & faer
# =1fhe g1 URAISHT BT 4B I5 2 BHIes R ST &
fore gyay =Rur uRads amoEE 20°C ¥ A7) & I -3
RO GREdT It (SSPM) 3R 3% st fawiRia o
1 foRid TuugTRiie &1 IUaNT HRd §U Ble ©Rel Hisd
T3/ I USSR I {3y +t 3T Ugd &1 T 3R e 31

aifdes fddet 202021 @) AnnualReport 2020-21






3R U8 8l yc=g

3 o g fdq

TP A ¢4: Sfed Fu A g Sg aneh
fafts T=AwoT dehitep! T SUTNT B HfeRIAH HIbE (CaP)
TSR, DI, 3G BT IAUTG DR b (AT STAI(-eb (AT i
If S b e, ofs & e, Hia, SiFaRl @t g, 1,
31 TR SR TR &1 TN Hew U IR T 8| T8
a1 T © 3 TR e @ e cap Ri¥foe QRfga § ok 3o i
fafie sMaRas ¥ @ Si¥, Sr, Mg, Si, Na 3G =i &1 52t
e, AB B I, 3fS B Wi gd T TGS Fidl & U
HIcor 3R / a1 et 919 frad, Wwriegy, Hifcw, ara WA
1 TR o SRS S Sy & forg duifaa arelt oft §1

Dried raw fish (Caltla

heating

Fish scale derived

catla) scales Hydroxyapatite (FSH)
Mim Fish scale derived

Hydroxyapatite (FSH)

T3S IR -HISIRA 3RS H T IdH Ugd 3 ASa Uiy
(SR el U4 ) ¥ CaP Td HIcioH & IRANT B & forg
UferaTy fAwRid &t § auT UrSeR iR SAdERYA PHIcoH-SIE
TRUfded A HHIe e & 0 § 396 Hifds, 9D
3R S Ui BT b fhar B

IERfEHA ATt & fau Sy Wa ¥ ariefded cap
STYTRT TSR BT IAGH IR & oY FATTT TR R Th
AT guTdt Ufthar Menfiest o1 Rig fo5ar war g1 Sgad caP A
21 That B HIN[g Mg 3R Sr S UTpfaed ¢ Il &) SRBRR
@1 a1 RiAfH CaP & ga H dgaR SHiRcdl-aradhdr &ar
feaTs | ada ® FARaRan 3 forg ufosan &1 geaice- fasar S et
8 Ok gd- A1 sierme & fore Il R ) o1 X B

* Biomedical applications
*Fluorine removal from

drinking water

fOh=T T el A CaP Td S SITANT BT Sactid

UH 3 Ugd & U U & =0 H, AScll Bl adl ¥ dHicior
! HAdYAdD FoHTal a7 AT T AYEE & u1d 4R & forg
oy fAf¥d fe / BRKR 1 & e 999 o 3w
SN TN o 91y Yaferd fasar T ATl 39 Ufshar # R,
T 3R T I e i ot fAifda de & cu 3R

Co SIS HI-SUfded T & Y Wi Hicier QM o,
9 SgR Sifide yex gxifar g1 9 & mar siicsr aoet
D1 T UG HY He D1 3MdRke T T U fIfRry Sias &1
SidT B, W gd-Aal-e 3iea & SR 3 e Ja-areht &
SRR TF e T B IHP feaman m g

A B @ (QfSTRITEA) J BIeIoH BT T HRAT TUT 3T YT BISeR AT (QTY)
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18 3R ¥2ue fAfesht fagh 3
sl IR WfATeE PIfIT

eueH RIET @RS &1 IugiT g8 fear Sar g Sl
SR fafdur & Ul el WRen S mavas g1 37
T T, ST 81 2.5 - 5.2 g / cc B, BT ITTNT AR
R GRAY $waRig # AeweH Rifed 481 (sRudgssy) &
w0 ® IugnT fHar §mar g1 3 ek & v o uRkfa
ASTRA-IRT FeR=H § g9 & fae 394 ok Side fAfed
BId 81 HugemseR-deiutemans & wfe uic Wenfie! o1
I DR U A P! U & 916 ifad 7@ 7 T gUR
faran o B, e ufkomaey 371 R F fafte wan) SHei
UfasT & Iae! @t qwa fd &3

WITES A fagH gHac @ # Wikad & RO
AR e & g 3ifiie ag-i=ie § wifes sue! Smafdar
ffereT armht &t &1 A6 & Y Fodt @ o dg & qon A
fiRTae 3t ¥ 1 39 IRUMTER=T, T T+t 6 3ra2nfid Bt
? O Ciigpeic RRd & Mo & HRUI A erfidd (vi) &Y
3R B B 1 g1 IHP 3AATAT, T 301 I fUddib b

. =\

difeis SR IclIgoR Hel Ud
qﬁﬂgﬁ%\ d Al & ATeTH A
glsslald scdig-

TP JRATd FY-PIe ITo fTaRT BT Ty B &
forg, ¥R Ok uad Soif S Adiexvitg Sl Adl B I
TERAT & PHRUT dgd 3 IT U g8 ¢ gTeiiiep, ¥ FHoifd
RA-fARY SR SRR Bt 8 SR 39 USR Foll &I FRER
3mafd & fore fayeeit =Y gt &1 dovfes ¥ 9, gIegion
HI Ufasy & forw SHIfaa Sof aes & ®U & UgaHT T B
I & AR & HeOH J TiaRoi I e ¥ 3=
Y&l ATt BISgIo BT IATG DR BT Th SHRISHD aRIb]
81 UM & SagiaRg & T 3 Suas dadb-ie! H, 9iis

SR T &7 H g A § ufafds g1 gxifar 81 adae ari
BT I UG AT H 59F YSH Bl dgH & forg Rsw
A s IR fIRY I &1 IuNT A1 B

TSR -SSR & I f3U a1 f= FifeT da-iap
SR fafld JaRecd W Hid-oid SeTRd DI oI fa=na I
YR ©, AfpT UK I P ITY-T1Y T Siag P T SAH
& SR, {1 R DI da-1eh AN T61 B! ol Tb! | SHTY,
7 P qhie S & Da-oa snela HfT do-iat &
VTP ¢, P HH dUAH W T GHad Rifddwr-smenia
R Te/AegRH ¥ RTTSsy, N &ldh! IR HifeT &
T S adTde U= T | ekl U 9 fadRid 39 9
HIfAT gy & Ay J HfeT F [auu F o R aw
B Jqay APHA fSeTga B U/ T B Hies ™
d TPl H grEemied ¥ R vT # g o=iid 3 au1 &S
TE! a9 TR HER F FTaTaRvl & Afd 76 Bl @A F 916
Hid Bt Ydg BT BIs JHUH el o1 7T UT| FHb SATaT, AT
3 fafes=or gRT Aftd 7o & Big fafeor eifd 76T 3%t 781 &7

PICS T Sid! Pl edidh 3T & UaRH o fod e i g1
gl

AT SRS TN sl
(3TATH: 400x400x100 mm?)

TS S ST IAZOR Ud (SOEC) Sl & ATUHH (800 — 900°C)
R Farferd giar 8, o ¥ & a1 ufaferar sgadiad SR
A O YT BT ATH 8| BISSIoH &b IATE &b U Th 3R
JUAT S dH-1d Bicisadeibidd I& (PEC) & ATEH ¥
U BT RAHTSH & S Siae® BIeseaes BT 9de W Ul &1
U PR SRR SR WS R Solf ! I Soif &
WY FUaRd 8 i A <dl &, ST 376 Jufad Hea
B 3G g PUSTER-FofeRens ¥ ol g™ &
3 39 3R T &t F faft uRkaiemett & ded uife
Y Td fab™ &1 Ugd BT g

T ¥, U Uraiford ulaieHT & dgd, La/Ba-Sr-Co-Fe-O (LSCF/

BSCF) yunferdl # ol Wik RS mafe® Ul Sadci-g
HSaT (THIMESHN) MR TR 3AdeIS I SOEC TRIHRH
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& U Iite HiAdd Fc BT SUART B IRANG fbar T
21 W RoRE e &1 IWI Uod SiRmbel & Fafo
% fore forar a1 ®1 39 YR, fa=Im9 BSCF/BSCF-GDC/GDC/
YSZ/Ni-YSz darat 30 ot 9o & = &1 SIfRAB13if & SOEC
ufeareH fRufeat & ded fagd ImafRe uexi & for T iR
Tierr frar T §1 U SfRerstt & forg 1.4 v, 800°C TR 0.72
Nl.cm?h' & &0 ¥ 3 8RS IdG & U $I TS 3l
UG YRIH-IINT T8 & 1Y Wl SHRTA TR B3 Y 6
TP T¢H & UIE 9RI B

» BSCF-6482
» BSCF-5582
» LSCF-6482
» LSM
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fol: S{eT-3{eHT a1g Soiacls dTel el (THSNUBE!
3R TgaNEH Hig i & dgd) o1 AR faed
IS UesH

%ﬁ(’ q-37df¥a gga 3R PR
el TATeTSSR

YT T RMAT Sfia R o drell SHARY 8 9UT 397 HRa &
TP ARl &1 & o foran 81 fafts ofkfRufadt & evmaR vea
YHY b TR B FRE § A &1 FeH, THd veeT 3R
IUER WY g | SATETAR, TRINTRITET Ud TR &1 &, Tdhie &1 Wik
3R BT YA ( finger pricking) §RT Uehdl fobT 7T Y &b T
B! U BIc aE § ik T 81 g1 U W 3o &
e 2 4 3 7R & Ayde o & R ufiermr sifew sRT S @Y
Tehdl §, A1 T8 SRR JH (pricking) AYRE & AR & forg
I8 §gd Qa1 oidl ¢ | 3 HATY HYHT 1 Ua T arel Jomeit
¥ forg Ues -3aRa, I@HTa & foig SR arTd yurdt e
& AT &7 3IE Rl g

UHd GRT B T8 9 H 3 IR 1 U9 arRfia
PeM® AfE (VOC) HIT ufd e (ppm) 8IR HFT Tfd
fafer (ppb) TR 81 & ot faf¥s WMt SR I =RON & e

WRiISciidee A, BiFeO, BT TWd: HalhRul URT SfidRe fagd
& 3R OIS ¥U I B dS79 gRT Jaiferd arel BiRad
GYTHRUT o HRUTUT b [AHTSH o e THT B Ig didg b eTiare
% U T IUANT BT o qhall ©, S TR WacH & T U
A TP AR Bl T S 21 T 3 GRS B e,
BiFeO, Td BiFeO,-SIS UTHIA 3fiaTss IRICH TeXRgaRR &
WICIh G 0 BT Hedic 51 71 § 1 BiFeO, -SItS AHH
TS GCRCHFR 7 Y& BiFeO, T AZCIN SIS UM
SHFSS Pt ga-l § 9 &7 § Holgd a=iyul fearn| s
BiFeO, (2.6 mM/g/h) 1 JeT | ATHH HUINIE (110 mM/g/h)
& fo 1wt Hafifa H, 1t &l &1 TS 3

(@) T BiFeO,, (M) SIS ABIH (7) BiFeO, / ATHBI
BCIKRR, (4) BiFeO, / SITS UTHI SRR B

FESEM Bfagi

P U SHeRI UeH oRd & | Wy o fufd &) R & forg
g e BT fazawor duit & Hgeyul gidT S @7 8, TWHR
9 ¥ g8 SHTRAT BT UdT T BT U 3T 3R A19-3aRa
DT UM Ha1 g1 Y Sie & fazav & e uRuRke
JUHI, O, T HIHCTUTD! - AR Wil (GC-MS), Uer
TR RUaRM WaegRa ], (PTRS), Riddcs 3+ il o8
WD (SIFTS) IUBRYT JIS & BTelifeh, d T & 3R Al
BT ARSI BIl & | T Uiead Yol-¢-Iuf feargy, foraw dfe
BISd U SR &b STGHIDBR b1 Udl T b1 & &, fooalt oft
TR &1 IR 3R MH R J Fem 3R AR 3 #
ASE PR IhaT gl

FY THITH AYHE $T TR ¢ 3R U6 W Jfad & o
TUhTIdT 1 ppm%%ﬁ%lﬂh@@@maﬁﬁ
Higdl AYAT S UgRt &1 Md Fdl g1 T IWR HT 7T
PR Y T F1 FufRor 7yRg &1 gar /AR &4
FT TP [Jhed 8 Thal 31 Usd oo auf # HEiEs qrEl
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3R JUHRON & AU A ppm TRI H fafid A9 wd vocs BT Tae Il & Wry-I1Y i Bled THeH &1 uar i & forg
T @A & o Xamae fagm snelRa SR AeRA A A TE T Ueiersy IUSHRU AYAE &1 SR &1 FHafr fear g
SRTE S1E 21 8101 €1 § S8 Tthel Ao dH HIERNReT  aRdfde i & ThITRITen dad UagH G JaiveHe ol

'S

B A cetone from GCMS (ppm)]
I Acetone from DBA (ppm) |

33
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e e e pl g
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Acetone concentration (ppm)
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Human sample

ufaey & feIv 31-awoy

T YRIM 7 g SHY B $3 Ugd $I § oFdT ST I HT YR [ABRIa 3 8 o Hidsy & vt & faer &
E foig & U & ST B2 THhdl 8| A1 a¥ & SR Ieera-ig 3o & sraferes e, Soff arl ok wief e il g
FS IaTexuds &3 o Fafifead i &

R orgi 3 Rrg AT GBS SR S
B affaTEs e e e e iR armener o Riest fifdr
e srifar IR fearsw wwm&mwﬁl 2 AN R et &1
1 fawr B, fa®m SR Ue=H damr aufa
PIEeR ToR H UTaR Wb o forg
TG Hedh UY B & forg e
Frsfor e Y s TR fpar e Na- ST - i o8 IR T @R
81 5 Uorss 4X1 UU HIEIR 98% &"mmﬁwf T B
1 SRR Gl 3R 200 dTC T
IR ST & T B

a1 Ufdde 2020-21 @ Annual Report 2020-21



CSIR-Central Glass & Ceramic Research Institute, Kolkata
|

A5 I D Ygd
I AP BRIBH

Hogsrem-Aeifemem 3 ufdaed & s@fy & IRM
TG aiTE SRR agard A9 U o) ThadIgde I foa
B 39 Wt BE & forg Sekfaed RgavE & U # 6 fage
TN URaTiad U 3| ¢ 984 ol HH 3afd H 18l ol &1
Hec ¥ Ued & fasfd o fomm mar 81 Seifia Rigta, ufsear
311 afgd TRt & 37 fawid RigoRe & Hugsssm ot
Farat e & faer & forg freds Uida o suars far mar g
RN @t =l gt S0 UeR &:

Synthesis of Hydroxyapatite from Fish Scales

- e w ——

B e B bt s S S

S S &

..........

U IX-X P T U B B R B! AT R f97M)

o U IX- XII F fo yoia kI fagm) & smiffae ot Sufufa
DI Wi HAT

o TS IX-X & QUi &t HSRAT B /TG RITT fI3H)

0 g3 §U WS XU fage) @ &g & fore ot @t fagd
Tl o1 AT - TS XI-XI| & forg

o TR T (3PTE-ch I faFT) Bt daRY - IS IX-XII
& ferg

o U X-XIl & fou HH9 e gfgal &1 R (Gita fagm)
o AR WY GIfdes TAH) B TR - TS IX-X & fow

Liguefy Chicen Fat

IR AT &fdP W) B IR - IS 1X-X F g

Mixing and Grinding Raw Materials for Glass Manufacture

i aas A s b Sy e f P B St
Mitmg b gty ww e eyt
e ey e

I T (3fpTa-e ITTT fagM) o aaRt
U3 IX-XIl & g

Arsenic Detection in Water Samples

[ - Y
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TSR Ao 3R TARHAT HRIRI & ATIANT HINT &b ST
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2017-18 2018-19 2019-20 2020-21
WRHRT faur/dieayg, 2863.608 811.805 2240.344 1490.299
ol Tl

154.945 159.485 59.937 89.119

fae=ht wer/wsiRmt 0 0 0 11.436

fRfed aRESH (e 38 3R 78 3= & E)
JuiaR faazor
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R&D Profile

Instrumentation

Activities are focused on the determination of thermal and
physical properties of glass, ceramic and allied materials
with an objective to establish the structure-process-
property correlation of these novel materials. Salient
characterization facilities available are Differential Thermal
Analyser, Thermogravimetric Analyser, High temperature
and cryogenic temperature Dilatometer, Particle size and
Zeta potential Analyser, Magneto-Rheometer, Thermal
Conductivity Analyser, Surface area Analyser, Mercury
Intrusion Porosimeter and Fourier Transform Infrared
Spectroscopy. Characterization facilities are used for

The group has focused on delivery mode R&D for the
strategic sector particularly the defence. Reaction Bonded
Silicon Nitride EM Windows of large size (> 1 m height)
have been successfully fabricated for RCI, Hyderabad
in line with the envisaged deliverable Tungsten Carbide
moulds for replicative forming of glass optics have been
precision fabricated with very high surface finish (<5 nm).
Near net shape glass optics as per industry specifications
have also been fabricated using these moulds.Deposition

The bioceramics and coatings group continued to work
on multiple domains namely strategic and industrial
applications. In an industry sponsored project, successful
fabrication of actual parts from gas atomized steel
powder using Direct Energy Deposition (DED) based
Additive Manufacturing (AM) technique was undertaken.
Deposited parts were characterized in terms of density,
surface topography, microstructures, phase analysis,
hardness, corrosion and wear testing. The results showed
fully dense samples with fine microstructural features with
no change in composition.

Advanced Mechanical, Materials Characterization and

in-house research and services are also provided to
various industries, academic institutions and government
agencies.

Apart from the above R&D support facilities, the group
has also contributed to research initiatives under the
4AM Theme and contributed towards developing strain
sensors with multiple applications.

The group also stood up to deliver a key COVID linked
technology solution through assemblage of an UV office
sanitization system in partnership with industry. The
system is currently in use.

of silicon carbide and silicon oxycarbide thin films on
various substrates have been successfully carried out
towards development of materials for direct white light
emission in a CSIR Mission project.

In another group, defluorination of water using rice husk
ash derived zeolite adsorbent showed >99% adsorption
within 20 min and development of silicon oxy-carbide thin
films on Al,O,/SiC substrate by sol-gel technique was also
undertaken

Bio-Ceramics and Coatings

In another project, a glass-ceramic based bond coat was
developed for thermal barrier coatings (TBCs) on metallic
parts for gas turbine applications. Most commonly used
TBC fails mainly due to the formation of thermally grown
oxide (TGO) layer at the interface. Use of specialized
coatings to circumvent the problem was envisaged. The
study indicated that the use of glass-ceramic bond coat
in a TBC system provided better stability against oxidation
during thermal cycling.
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Photograph of demonstration parts of 8620 steel parts
made using DED

In the industrial sector activities that focused primarily
on the healthcare sector, therapeutic growth factors
loaded sugar glass nanoparticles (SGnP) based nano-
encapsulation system showed excellent encapsulation
efficiency and sustained release profile of growth factor.
The growth factor loaded SGnP based nanoparticles
successfully conjugated into electro-spun nanofibrous
patch for controlled drug/protein delivery for tissue
engineering and regenerative medicine applications.

In a different project, injectable hydrogel based on
poly(ethylene glycol) and poly(Nvinylcarbazole)(PEG,,,-
b-pNVC)was synthesized through reversible addition
fragmentation chain transfer polymerization. Bioactive
glass (BAG) was further incorporated into copolymer
matrix via in-situ process. The PEG,  -b-pNVC and
0.0025¢/pNVC-b-PEG-b-pNVC were characterized using
various techniqgues. Rheological studies revealed that
BAG containing hydrogel showed an increased storage
modulus and shear thinning behaviour in copolymer and
composite materials indicating their potential as injectable
material for non-load bearing applications. Further, bone
cell proliferation assay confirmed that developd hydrogel
is cytocompatible and higher cells numbers was found for
composite when compared to pure hydrogel.

CLEAN WATER
AND SANITATION

Ceramic Membranes

v

The activities of this group essentially focused upon use of
membrane separation techniques to purify water and oily
components from various sources. A new adsorbent for
simultaneous removal of fluoride and arsenic from ground

Top coat

Absence of TG0

Bond coat

-y . - ' —— - —

NG eem [ [ [ ST R -
Thermal cycling study at 1000°C (a) conventional TBC

system and (b) no TGO formed in glass-ceramic bonded
TBC system

Mesoporous antibacterial bioactive glass microsphere
has been synthesized and impregnated on non-woven
surgical cotton gauze for profusely bleeding military
wounds. FESEM study exhibits the spherical morphology
of the bioactive glass microsphere and the bioactive glass
coating on non-woven surgical cotton gauze. Further XRD
signify successful synthesis of the mesoporous bioactive
glass. Prothrombin time (clotting time) of the synthesized
sample exhibit a significant reduction (~12%, inr value,
1.43) compared to the control sample (INR value of 1.65),
indicating a fast hemostatic action.

XRD signifies successful synthesis of bioactive glass
microsphere. (A) shows bare surgical cotton gauze. (B)
shows bioactive glass microsphere impregnated cotton
gauze

water was developed. Development of microporous SiC
membrane for oily waste water filtration application was
another application.
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[ 00D HEALTH
AND WELL-BEING

Smart City

MISSION TRANSFORM-NATION

The research activities in the fibre optics and photonics
domain essentially encompassed areas namely specialty
optical fibres; laser and laser-based devices, FBG based
sensors and pump combiners. Significant progress
was achieved for all these areas in basic, applied and
translational research.

In the field of specialty optical fibres, the group developed
double-clad octagonal shaped Yb-doped fiber of 400
um with optimized composition. Cr** doped YAG nano-
engineered silica-based optical fiber was fabricated and
being tested. Among the other fields of progress, Er-Yb
co-doped fiber fabricated with optimized composition
and amplifier performance was tested and process
optimization and successful fabrication of Hollow Core
PCF was achieved.

In the field of laser and laser-based devices, ultrafast
laser with average power, pulse energy, width, repetition
rateand peak power was successfully demonstrated.
Demonstration of >500 W output power with enhanced
lasing efficiency was also achieved from in-house
fabricated Yb-doped octagonal shaped 400 um fiber;
while the Tm-fiber laser with output power >100 W and
efficiency >45% was demonstrated along with packaged
module.

13 oo

O

Evolved from the erstwhile fuel cell and batteries activity of
the institute, the progress in energy materials and devices
covered the fields of renewable energy and energy storage
systems.

There was a successful demonstration of working 8-cell
SOFC stack fabricated from single cells having MIEC type
cathode developed under a collaborative project.

The group also developed phase pure MIEC air electrodes

Preform grinding and polishing set up

In the field of FBG based sensor, FBG-based packaged
array sensor was successfully implemented to detect
temperature profile measurement of billet caster during
casting towards breakout detection.

In the field of pump combiner, the fabrication process
has been optimized to achieve 4X1 Pump Combiner with
transmission efficiency of 98% and power handling till 200
Watt.

Energy Materials and Devices

using soft chemical route and a novel composition of
paper based ceramic separator has been developed
under ongoing IIT-DST initiative entitled "Energy Storage
Platform on Batteries (ESPoB)".

In the field of hydrogen generation, significantly higher
hydrogen generation rate was demonstrated using
synthesized Bi,WO, /BiFeWO, hetero structures through
water reduction compared to bare Bi, WO, under visible
light illumination.
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AND WELL-BEING

Smart City

MISSION TRANSFORM-NATION

The functional materials and devices group continued
to work on developing sensors and sensor grade
materials of multifarious applications. The applicability
of barium hexaferrite nano-composites to detect exhale
breath ammonia to monitor kidney / renal failure was
demonstrated; while novel boron rich phases to sense low
conc. 10 ppm ammonia (in harsh environment) at high
temperatures upto 600 °C was also tested.

frem

CSR-COORE

Sensor in Transformer oil with Transmitter

GOOD HEALTH
13 femi

O

3
] Al
£ Dclahedral

Functional Materials
and Devices

In addition to the above, the technology for development
of low ppm moisture sensor and digital meters for online
measurement of trace moisture present in transformer oil
was leveraged further.

High Piezoelectric coefficient of 25 pC/N developed for
application in flank array sensor.

Sensor data receiver with standard ppm meter

a1 ufdde 2020-21 @ Annual Report 2020-21



%ﬁweﬂé&m- S BHid Ud RRIAG AU WRIF, HIAbI
L

@

U FeH FEeedr B A

During the present period of report, the erstwhile specialty
glass technology and the glass activities were unified
into a common umbrella of specialty glass. The sub-
areas under this domain covered activities under RSW
glass development in specialty refractory and traditional
platinum pot; development of ultra-low expansion glass
ceramic materials; development of antimicrobial coatings
for glass, chalcogenide glasses, synthesis of glass using
quartz extracted from flyash, facility creation for optical
glass, demonstration of microwave glass melting, glass
making from toxic waste and indigenous process for
development of chalcogenide glasses.

Major technology improvement activity has been
undertaken for RSW glass development using specialty

refractory crucibles. Activities under this domain involved
development of specified RSW Glass in identified capacity
Specialty Refractory Pot through Flow Cast Bottom
Pouring method. These newer crucibles could withstand
long hours of glass melting operation in corrosive
atmosphere along with repeated heating and cooling
cycle without failure. The furnace facility for glass melting
in this pot has also been upgraded from tilt cast technique
to bottom pouring technique in the existing Raising
Hearth furnace. The optimization of process parameters
both for defect free refractory pot development with dent
tube along with flawless RSW glass development in the
said pot is in progress.

(a) Bottom pouring refractory pot with dent tube; (b) RSW glass casting through bottom pouring refractory pot

While the above technological upgradation was being
undertaken, delivery mode project timelines were
maintained using traditional platinum pot methods.
Delivery of a number of stabilized RSW glass slabs
of desired dimension to specified stakeholder was
undertaken.

The high density stabilized RSW glass blocks of
required dimension have been developed successfully
in the existing Induction Heating Furnace using 40L
Platinum Pot.

RSW glass blocks being inspected by BARC Personnel in Online Mode
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In the field of development of ultra-low expansion glass-
ceramics from low-cost resources for application in
Cook-top panel of LPG gas oven, the ultra-low CTE glass-
ceramic material has been developed in 1 kg level by
parent glass melting followed by ceramization method
using industrial waste (Blast Furnace Slag) and low cost
raw materials (China clay and Pyrophyllite) at reasonably
lower temperature.

Towards developmentofantimicrobial coatingsonglasses,
new Inorganic-organic hybrid (IOH) based antimicrobial

coating material was developed to apply on glass surfaces
through spray coating technique to disinfect SARS-COV-2
or similar microbes.

Inthe field of chalcogenide glasses, R&D through industrial
collaboration was undertaken successfully. Chalcogenide
glasses of desired specifications and properties so
generated exhibited excellent optical transparency in the
visible range About 100 g of such glass was supplied to
industry for their use and evaluation of performance and
was found to be satisfactory.
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Refractive index as a function of wavelength of ChG glass developed at CSIR-CGCRI

In yet another field of developing glasses from
waste material such as flyash, there were interesting
developments in a collaborative endeavour with CSIR-
IMMT, Bhubaneswar. Using quartz extracted from fly
ash, standard soda lime silicate (SLS) container glass

containing quartz up to 20 wt% was produced. The optical,
thermal properties etc. were compared with commercial
SLS glass and found closely matching. Sealing glass and
different colored glasses using quartz extracted from fly
ash have been produced.

R —

The images of different colored, transparent and sealing (black)
glasses produced using quartz extracted from fly ash
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Facility Establishment and Development of Optical Glasses

Development and supply of five varieties of optical glasses
with stringent optical properties for imaging and satellite
navigation systems is being undertaken in the institute
that is aimed towards indigenization of technology.
Compositions of the low temperature melting optical
glasses 720-506, 762-265 and 788-475in 1 L melting scale
was optimized High temperature melting glasses 589-613

and 603-606 in 300 ml melting scale have been optimized
also with respect to refractive index and Abbe number. With
prism coupler-based measurement reproducibility of Rl value
was found to be within 103for all the glasses.

In this regard, a 100,000 Class clean room has been
established, where induction melting furnaces will be installed
for setting up of pilot scale production of optical glasses.

s 589-613

’ 762-265 I 788-475 i?20-506

oo TSI
BB 603-606 |

Optical glass blocks developed at CSIR-CGCRI

Comparative study on volatility loss of selected elements
in borosilicate glasses prepared by conventional and
microwave heating

Effect of melting time on evaporation of volatile ingredient
in glass have been investigated in energy efficient
microwave heating and compared with glassobtained from
conventional method. The loss of B,O, during melting as a
function of time has been evaluated by developing a linear

equation for both microwave and conventional resistive
heating. Rate of evaporation was less in case of microwave
heating. Maximum MW output power was observed to be
1.5 kW as compared to conventional resistive heating (3.1
kW) with a total electrical power consumption 50% less
than resistive heating (23 kWh) including the additional
power load for utilities. Further, total time needed to
prepare the glass is also much lower.
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Loss of B,0O, as a function of melting time in microwave and conventional heating

Utilization of toxic wastes as potential sources of coloring
ingredient in glass making:

Towards achieving recycling of waste glasses dumped
into land-filing sites, these materials were subjected to
low cost treatment that produced light weight porous
foam glass suitable for insulation, sound proof application

and in construction material (alternative of clay brick)
for both road and building. The developed light weight
porous foam glass exhibited density range 0.3-0.4 g/cc
and porosity within 75-85% with dimension 50 X 70 X 100
mm?; optimized thermal conductivity 0.1273 W/m K and
compressive strength of 3.31 MPa.
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Light weight porous foam glass brick of size 50 X 70 X 100 mm? developed
at CGCRI (Inset: Foam glass is floating on water)

Development of indigenous process technology for the
production of chalcogenide based infrared glasses for
thermal imagers

The institute has worked towards development of arsenic-
free chalcogenide based infrared transmitting (SWIR,
MWIR and LWIR band) glasses suitable to use in thermal

a

DECENT WORK AND
ECONOMIC GROWTH

The steel production capacity of our country is
continuously increasing and as per the National Steel
Policy-2017, the targeted installed capacity is 300 million
ton in the year 2030. Induction furnace contributes
around 28% of country's steel production. In order to
achieve the target, this segment must grow in tandem.
Presently, acidic ramming mass is used as lining material
for induction furnace, which is not suitable to carry out
the refining reactions particularly removal of sulphur
and phosphorous. The aim of the ongoing activities was

imagers, night vision device and imaging infrared seekers
by replacing existing crystalline infrared optics. Non-
arsenic chalcogenide based infrared transmitting glass
discs of 25 mm x 5 mm thick for use in thermal imaging
devices has shown transmission up to 13 um.
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Refractory and Traditional Ceramics

to develop a suitable ramming mass composition for
induction furnace lining under which slag can be suitably
conditioned for effective sulphur and phosphorous
removal from steel. Magnesia based basic ramming mass
was developed for induction furnace lining, which will
enable refining of steel in induction furnace. Revalidation
of the prepared ramming mass was completed in 40 kg
laboratory induction furnace and achieved 24 heats
without any repairing of furnace lining. It is now ready for
industrial trial in 8-ton induction furnace.
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AND SANITATION
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The research activities under the water technology
domain focus primarily upon ceramic membrane-based
techniques for removal of specified components from
ground water and other water sources

Inorganic composite nanofiltration (NF) membrane was
prepared using a layer by layer sol-gel coating approach
on inert alumina support. The surface of the membrane
was modified using a facile method to develop a super
hydrophobic surface that showed salt rejection efficiency
(99%) using sodium chloride in low TDS (~1000 mg/L)
solution with moderate flux due to its unique overall
gradient pore structure.

In a work focused on application of membrane
photobioreactor for algal biomass production, surface
modified hydrophobic membranes were prepared on
indigenous ceramic macroporous support (10 mm OD/ 7
mm ID). The composition for hydrophobic formulation was
optimized using response surface methodology (RSM) for
efficient mass transfer of CO, in the algal culture medium
for enhanced biomass production. The optimum contact
angle value achieved was 148.60 indicating formation
of highly hydrophobic membrane which is expected to
facilitate efficient CO, dissolution in the algal culture media
resulting in enhanced biomass productivity. The design of
the bench scale indigenous membrane photobioreactor
system (20 L) and ceramic ultrafiltration membrane based
algal harvesting unit (50 L) has been carried out.

In another field that endeavoured to develop efficient
biochar from jute industry solid waste for removal of heavy
metals, elements such as Zn(ll), Cu(ll), Co(ll), Ni(ll), Pb(ll),
Cd(Il] from agueous solution as well as electroplating
industrial effluent were targeted. The biosorption process
was optimized, recycling of metal bearing effluent into
the same industry achieved, and utilization of Zn(ll)-laden
spent biochar as soil amendment and micro-fertilizer for
plants as economic plus environmental benefits were
established. Laboratory level prototype design and
fabrication for field level performance demonstration at
specific small-scale industry.

In another initiative, preparation of NF membrane
was carried by modification of ceramic support by
incorporation of ceramic intermediate layers for pore

Water Technology

size reduction. The intermediate layer was developed by
coating alumina and boehmite aqueous slurry along with
PVA as binder. After sintering the coated membrane at
1200°C, a uniform, defect-free layer of thickness ~10um
was confirmed from the FESEM study. BET analysis
revealed average pore size of the layer to be 62 nm. This
modified support tube was used for further coating with
polymeric active layer for preparation of ceramic-polymer
composite (CPCM) NF membranes embedded with in-situ
generated nanoparticles.

The clean water permeability and cadmium rejection
studies with prepared ceramic-polymer composite
membranes were carried out at 2-10 bar inlet pressure in
high pressure membrane filtration setup. A satisfactory
performance with respect to pure water permeability
(~8 L m-2 h-1 bar-1) and Cd(ll) rejection of ~95% (feed Cd
concentration: 5 mg L-') was observed. Fouling propensity
of the membrane was very low with flux recovery ratio
~73% (feed humic acid concentration: 300 mg L?%). It
was observed that the polymeric layer is compatible with
ceramic support and very stable with respect to pH and
applied pressure.

Membrane surface modification by layer deposition up to
mesoporous and microporous level for specific separation
application and

Installation & commissioning of gas fired furnace at
industry premises for pilot production of commercially
exploitable ceramic membranes.

A
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Membrane surface morphology analysis using FESEM

a1 ufdde 2020-21 @ Annual Report 2020-21



R&D Alignment

Alignment with the Sustainable
Development Goals

« Biodegradable Sanitary hygiene products
ﬁﬂﬂi’;‘f_‘gﬂm - Mesoporous antibacterial bioactive glass

» Thulium fibre laser for surgical application
_/\,\/\. « Injectable hydrogel based on PEG

» Anti-microbial coatings on glass

QUALITY

ST « PhD and other training teaching programmes through universities and AcSIR

M ' « ICG-CGCRI Tutorial 2021

CLEAN WATER

AND SANITATION = g q
« Adsorbent for simultaneous removal of fluoride and arsenic from ground water

E «» SiC membranes for oily water filtration application

« Demonstration of 8-cell SOFC
» Phase pure MIEC air electrodes
» Paper based ceramic separators

DEGENT WORK AND

ECONOHIC GROWTH « Toxic wastes as sources of colouring ingredients for glass
M « Skill development programmes for potters and artisans

« Direct energy deposition additive manufacturing techniques
S - Nano engineered silica based optical fibres
&a « Er-Yb co-doped fibres « FBG based packaged array sensor for temperature profiling

» Low ppm moisture sensor « Ultra-low expansion glass ceramics
» Nano composites to detect exhaled breath ammonia
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10 scwimss - Easy access to state of art testing and characterisation facilities
- « Facilitate usage of scientific infrastructure and equipment for multiple application among
—_— .
{=) various stakeholders

h

« Glasses from fly-ash, tannery and electronic waste
« Biochar from jute industry solid waste
« Improved ramming mass for induction furnace in steel industry

17 fomeamns

« Collaborative R&D with industries, academia and other institutions in India and abroad

Alignment with National Missions

- RSW glass technology through refractory crucible

« Development of large sized glass blocks for high power lasers
« RBSN Electromagnetic window of large size

« Improved refractory ramming mass

« High power fibre lasers

« Thermal barrier coatings for gas turbine applications

« Chalcogenide glasses for night vision optics

] : :
- Skilldevelopment programmes for potters, artisans

,m . and entrepreneurs
Skill India

« FBG sensors for structural applications
« Ceramic membrane technology for water filtration
« Characterization of architectural glasses for buildings

Smart City

MISSION TRANSEORM-NATION

P f . Utlllzatlgn of toxic waste for colouring ingredients in glass making
« Defluorination technology of water
« Heavy metal detoxification of water

TS FEH TaTodl @ AJR
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Pan CSIR Initiatives

The institute hosts a number of projects under various pan-CSIR initiatives. These initiatives include various fast track
translation, fast track commercialization, focussed basic research and niche creating projects funded by CSIR under its
theme directorate and mission mode activities through headquarter coordinated programmes.

Fast Track Translation Projects

High piezoelectric coefficient composites for
application as flank array sensors

Flank arrays are two dimensional arrays of hydrophones
placed close to the hull on the flanks of the submarine and
are usedforlongrange passive detection, classificationand
localization of targets in deep waters. Piezo-composites

are best suited materials for use as flank array sensors
in submarines and other under water applications.The
project thus envisages indigenous development of piezo-
composites based sonar sensors. Considerable amount
of progress has been achieved in preparation of the PZT
nanoparticles, its surface modification and subsequent
fabrication of PZT-PVDF tapes with measurement of
piezoelectric coefficient close to the targeted value which
depict enhanced sensitivity.

(A)

Ref: hitps e pinterest comypin'T822190 200056 247 00/

(A) Pictorial of flank array placed in submarine and (B)fabricated piezo-films

Development of high-power optical amplifier (1.0-5.0 W)

The objective of this project was to design and develop
high-power optical amplifier using developed homemade
low RI coated octagonal shaped Er-Yb co-doped
cladding pump optical fiber. The work undertaken with
participation of industry has envisaged application for
CATV, free space communications and FTTH. The aim

was joint development and commercialization of such
kind of amplifier modules in Indian market which have
greatimpact on CATV industry of India and smart city. The
first commercial high power optical amplifier module is
envisaged to be launched in the next year. Such kind of
high-power optical amplifiers will be high demand in the
coming 4 years as another 30 million CATV connections
shall be established across India.

Niche Creating Projects

Development of an array based low temperature
sensing device for early detection of multiple diseases
by monitoring exhaled breath

The presence of identifiable biomarkers of multiple
diseases in exhaled breath increases the possibility of
detecting and monitoring multiple diseases directly from
exhaled breath in a non-invasive manner. CSIR-CGCRI has
over the years created a niche in development of novel

chemiresistive sensing materials as well as a device for
detecting pre-diabetic/ diabetic levels through sensing
appropriate biomarkers in exhaled breath. The present
project is aimed at exploiting the possibility of identifying
biomarkers of potentially serious diseases from exhaled
breath to develop a sensor array based ready-to-use non-
invasive device for detecting and monitoring multiple
diseases. Novel nanomaterials have been prepared
for detection of various VOCs /Gases of human exhale
breath (sub-ppm /ppb) at low temperature. Structural
characterization and sensing studies are underway.
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(a) Sensing Set-Up and (b) H,S Sensing Response Study

Demonstration of Pulsed Fiber Laser Sources for
Additive Manufacturing and Precision Material
Processing (PFLS)

The project is envisaged to develop Yb fibre laser with
operating wavelengthin range of 1000 nm; and an average
CW power of >100 W. The other deliverable was ultrafast

fibre laser source for precision material processing having
an operating wavelength similar to above.

Currently, in the test-bed, 500 W laser power @ 1074 nm
has produced and the study for power stability is being
carried out. Design work for prototype development
(thermal management issue, lay-out of the optical
component configuration, electronics) has been initiated.

Test-bed System for generatig 500W
CW power

Development of Fiber Bragg Grating Long Gauge
Sensors for Structural Health Monitoring

This project is being jointly carried out with CSIR-CBRI
in which long gauge FBG sensor that gives average
strain over meter long gauge length is envisaged to be
developed. Additionally, SHM system based on Long
gauge FBG sensor and gratings in different types of optical
fibers using femto-second laser are also to be developed.

Test-bed System for generatig ultrafast (femto-second) laser

Currently, gratings have been inscribed in polyimide coated
fiber and different kinds of single mode and multimode
fibers; design of LG-FBG sensor has been completed;
housing for LG-FBG has been made; algorithms for
structural health monitoring have been developed; and
structural analysis for SHM and FEM (Lab scale) has been
done.

Sensor housing for long gauge FBG sensor
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Development of a biodegradable and biocompatible
nano ceramics/ bioactive glass-polymer composite
material with antibacterial properties for use in female
sanitary hygiene products

Reproductive Tract Infections (RTI) and Urinary Tract
Infections (UTI) are a major concern in public health.
Occurrences of these infections are found to be strongly
correlated to menstrual hygiene management. Access
to proper hygiene products with requisite antibacterial

1 j using 5. Aureus

. | No growth at the sample site |

Initial antibacterial studies on S. Aureus

Advanced Manufacturing of Nanofinished Ceramics
and Hard Alloy Components by Laser Assisted Ductile
Mode Machining

The project aims at developing a process chain for
fabrication of nanofinished ceramic components using
niche expertise on ductile mode laser assisted machining
of hard, brittle ceramics and hard metallic alloys. A
systematic study proposed in this work envisages
enhancing the understanding of how lasers interact with
various oxide and non-oxide ceramic materials and alter
their local microstructure, morphology and thermos-
physicalproperties and aid/alter the machinability by single
point diamond tool. Advanced ceramic blanks (Si,N,, SIC
& WC) have been procured and their surface roughnesss,
hardness and modulus have been characterized. Alumina
blanks have been fabricated. SPDT tools for conventional
and laser assisted machining have been procured.
Detailed design of experiments has been performed.

| growth i caze

compared £
Elank

Co containing bioactive
glass exhibits significant
antibacterial effect as |
* | evident from the study

properties is still inadequate in the lower socio-economic
population of the country. Moreover, the sanitary products
available commercially are non-biodegradable, causing a
serious environmental hazard. The present proposal is
directed at synthesis of a cost-effective, biodegradable,
biocompatible composite material with antibacterial
properties that can be used in sanitary products to reduce
the incidence of RTls and UTls in women.

W

sampls
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— T

SEM image of PCL-nano ZnO fibres

Development of ultra-low expansion glass-ceramics
from low cost resources for application in Cook-top
panel of LPG gas oven

This project has been planned to develop ultra-low
thermal expansion (2 - 3 x 107/K) glass-ceramic plate in
the dimension of 300x150x10 mm? as cook-top panel of
LPG gas oven at a reasonably lower temperature using
industrial waste such as Blast Furnace (BF) slag and low
cost raw materials such as China clay and Pyrophillite as a
major source of silica and alumina. Till date, considerable
success has been achieved in obtaining 19.5x 107 /K CTE
in between RT to 400°C after ceramization of parent glass
melted at 1400°C in the system Li,O:ALO,: SiO, = 1:1:3
ratio while the parent glass CTE was 67.1x 107 /K in the
said temperature range.
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Focused Basic Research Projects

Multicomponent glass based optical fibers for Vis-MIR photonic applications

The objective of this project was to develop multi-components glass-based specialty optical fibers having low OH. The
supercontinuum so generated detects greenhouse gases and hazardous compounds found in explosives. Developed
fibers have low silica content with the doped glass showing transmission upto 3.0 micron and low OH content.

Fiber Cross-section

Refractive index difference

Rl
: Profile

i

.\.
i

T
& aj &= - & ]

Fiber diometer (micron)

A fibre cross sectional view and refractive index profile

Efficient Supercontinuum Sources in the Mid-IR and
Visible-NIR using Photonic Crystal Fibers: Innovative
Solutions for Deep-Penetration and Ultrahigh-
Resolution OCT

The project aims to develop supercontinuum (SC) light
sources in two separate spectral domains - mid-IR region
from 2-5 um using hollow core photonic crystal fiber
(HC-PCF) and the visible-near-IR spectral region from 0.5
um to 1.7 um using microstructured optical fiber (MOF),
for application in deep-penetration ultrahigh-resolution

OCT in the two spectral regimesThe SC spectra and
its coherence property is planned to be optimized to
achieve sub-micron axial resolution in the order of 0.7-0.9
um which will be a stark improvement compared to the
existing commercial sources with axial resolution limit of
5 um. HC-PCFs have been fabricated using the double
stage stack and draw method. Uniform circular capillaries
are stacked in hexagonal lattice pattern (shown in Fig.),
tightly fitted in a silica tube and drawn down to canes of
determined specification. .

Stack of capillaries (left). The seven central capillaries are replaced by a single capillary in case of
PBG fiber stack (right)
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Solid core photonic crystal fiber or microstructured
fiber (MOF) with required parameters has been drawn
successfully by the double stage stack and draw process.

The attenuation loss of the fibers was measured using the
cut-back technigue and dispersion was simulated using a
commercial vector mode solver.
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Cross-section of one of the fabricated MOF (left), attenuation loss comparison of two of
the fabricated MOFs, dispersion profile of the MOF whose cross-section is shown

Development of thermally stable and antimicrobial
bioactive glass-based bone graft material

Commercially available bioactive glasses lack strong
antibacterial properties. To address such issues, B,O,
substituted bioactive glasses have been developed
towards improvement in surface apatite formation along
with better cell proliferation and improved antibacterial
properties. Thus, bone grafting using novel antimicrobial
bioactive glasses with higher thermal stability is expected
to promote osteoblasts proliferation leading to new bone
growth. The primary goal of the proposed work is to
develop novel bioactive glasses having higher thermal
stability.

Microwave melting of glass: A potential method for
tailoring glass properties

Capability of microwave heating in influencing properties
of glass has been observedin additionto significantenergy
savings and shorter processing time. Higher retention
of Fe?" in glass melted in MW heating can have potential
application to develop IR absorbing glass Tailoring optical
properties in glass doped with transitional metal has
been explored in microwave heating. Studies showed the
intensity of absorbance band at ~ 900 nm was more in
conventional glass.

Development of low carbon MgO-C refractory for
clean steel production

In this project, it is envisaged that various nano-carbon
sources will be used to develop MgO-C refractories for
steel to minimise the carbon pickup from the refractories
during refining to produce clean steel. Attempt will also be
made to form in-situ nano carbon/carbon nanotube in the
matrix by pyrolysis using suitable catalyst.The proposed
project would help to produce superior quality low carbon
MgO-C refractory for steel application. Presently, different
types of carbon e.g. graphite flakes, graphite powder,
charcoal powder and nanocarbon have been used along
with the sintered magnesia for the development of
different batches of MgO-C blocks. Carbon content varies
from 1-10%. 1 inch cylindrical blocks with different carbon
content have been prepared using PF resin as binder.
Tempering was done to develop the bonding through
cross-linking of the resin.

Developed MgO-C blocks
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Projects Under CSIR Missions:
Aerospace Materials and Technologies

CSIR has initiated a Mission project entitled, “Aerospace
Materials and Technologies” where it is being led by CSIR-
NAL along with other participating laboratories namely,
CSIR-CGCRI,CSIR-CEERI, CSIR-IIP,CSIR-CSIO, CSIR-CECR],
CSIR-NCL and CSIR-NML.CSIR-CGCRI is contributing in
two work packages in this mission namely, “Development
of Cf/SIC Ceramic Matrix Composites (CMCs) for air-
craft brake-disc applications” and “Structural Health &
Condition Monitoring of Metallic Aircraft Structures and
Mechanical Systems” CSIR-CGCRI, in one of the work
packages is envisaged to execute development of Cf/
SiC composites by reactive melt and vapour infiltration,
pyrolysis of pre-ceramic precursor. In the other work
package, focus is mainly on developing high frequency
Lamb wave based methods for identification of structural
damages and monitor occurrence of loads and events. In
this, package fabrication of customized, sufficiently thin,
defect free PZT wafers and fiber patches have been done
and the structural and electrical characterization are in
progress.

Development of Advanced Materials and Devices
for Opto-Electronic, Biomedical and Strategic
Applications

A Mission project entitled "Development of Advanced
Materials and Devices for Opto-Electronic, Biomedical
and Strategic Applications” has been initiated by CSIR.
The project is being led by CSIR-IMMT, Bhubaneshwar
with CSIR-CGCRI, CSIR-NIIST, CSIR-NML. CSIR-CECRI
and CSIR-AMPRI as partner laboratories. CSIR-CGCRI is
involved in 5 different work package components namely:

- Development of WO_/Graphene nanocomposite
thin films for electrochromic display

The present component aims to develop WO,/
Graphene (SLG and RGO) nanocomposite based
electrochromic display on glass and flexible polymer
substrates capable of manifesting fast, reversible and
controllable switching of high contrast with chemical
and electrochemical stability. Presently, tungsten
oxide and reduced Graphene Oxide (rGO) doped
tungsten oxide sols of different concentrations have
been prepared and corresponding thin films were
deposited on ITO coated glass and flexible substrates
and detailed characterizations are under progress.
Growth and characterization of Single layer graphene
(SLG) on copper substrates and transfer of SLG on
FTO coated glass and subsequent characterization
has been carried out.

White light emitting polycrystalline powder/
glass/glass-ceramic phosphors and phosphor-in-
glass (PiG) composites for energy efficient and
thermally stable W-LEDs

This component focusses in development of novel
and non-toxic white emitting systems for organic
epoxy free high efficiency solid state lighting
applications. The project is presently involved in
developing various white light emitting phosphor
materials such as polycrystalline powder phosphors,
glass-ceramics and phosphor-in-glass (PiG) with
high thermal stability, high luminous efficacy (LE)
and Colour Rendering Index (CRI) along with high
correlated colour temperature (CCT) for cool lighting.

Development of Silicon Carbide / Oxycarbide
based Materials for Direct White Light Emission
Applications

Of late, Silicon carbide and Silicon Oxycarbide
based materials have emerged as promising'
candidates for direct white light emission which have
broad spectral range and tenability. The present
component envisages growing Silicon carbide based
nanocrystalline material and amporphous Silicon
Oxycarbide glassy films on silicon/ saphhire substrates
from pre-ceramic polymeric precursors layer by layer
under controlled temperatureand atmosphere for
contribution to direct white light emission.

Development of advanced nano-engineered
specialty optical fibers for OCT application

The objective of the project is to meet the broad-band
emission within 1100-1500nm based on Cr** doped
YAG nano-engineered silica-based optical fiber as
well as Bi-doped nano-engineered multicomponent
silica-based optical fiber for enhancing the emission
covering the wavelength range of 1100 - 1500 nm for
making of white light source to be applicable for OCT
applications. Developed with Ca and Mn assisted Cr*#
doped nano-engineered yttria-alumina-silica (YAS)
glass based optical fiber from drawing of annealed
preform made through MCVD process in combination
with solution doping technique confirmed from optical
absorption as well as TEM analyses. Axial as well as
radial view of such fiber preform samples are shown
below. The broad band emission characteristics of
such kind of fibers is going-on under pumping at 980
nm and 1064nm wavelengths.
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(a)

(b)

Axial (a) and radial (b) view of Ca and Mn assisted Cr* doped nano-engineered yttria-alumina-silica
(YAS) glass based optical fiber preform

- Development of Flexible Piezo-Sensor Platforms
for Engineering Critical Applications

The proposed work componentis aimed at developing
softpolymeric/ ceramic piezoelectric electrospun
nanofibrous fabrics or mats as well as drop on demand
printed nanostructures piezo-films as flexible force

Medical Instruments & Devices

CSIR has spearheaded a Mission project entitled “Medical
Instruments & Devices" which is being led by CSIR-CSIO,
Chandigarh and CSIR-CECRI, CSIR-CEERI, CSIR-CGCR],
CSIR-CLRI, CSIR-CMERI, CSIR-IICT and CSIR-IMTECH
as the partner institutions. CSIR-CGCRI's contribution
in this Mission is aimed at designing, developing and
manufacturing biomaterials and implants for patients
at an affordable cost. The activities in this project can
be mentioned as i) fabrication of osteoconductive PAEK
composites by reinforcing bioactive ceramic/ glass fillers;ii)
evaluation of mechanical properties of developedPAEK
composites; iii) evaluation of vitro biological properties
of selected optimized composites and iv) preclinical
evaluation- of osteoconduction and osteointegration
properties of developed composites.

sensing devices. A facile synthesis route is under
development for preparation of inorganic oxide piezo-
ceramic (ZnO, AIN), organic piezo-polymer (PVDF)
and hybrid piezoelectric nanofibrous mats of select
dimensions on flexible substrates with the help of
electrospinning and lithographic techniques.

Advancing Technological Leads for Assuring Safety of
Foods (ATLAS)

A Mission Mode project entitled "Advancing Technological
Leads for Assuring Safety of foods (ATLAS)" has been
initiated by CSIR with CSIR-AMPRI, CSIR-CEERI, CSIR-
CFTRI, CSIR-CGCRI, CSIR-CLRI, CSIR-CSIO, CSIR-IHBT,
CSIR-IICT, CSIR-IMTECH, CSIR-NCL, CSIR-NIIST, CSIR-
URDIP and CSIR-IITR as participating laboratories. CSIR-
CGCRI is involved in development of solid-solid phase
change materials (SS-PCMs) for applications in cold
storage for efficient food preservation. The main objective
of the project is to develop Solid-Solid Phase Change
Materials (SSPMs)and its composites with optimum
phase change temperature (below 20°C) for cold storage
applications. Development of heat storage model tiles/
blocks or powder using the developed SSPCMs is also
another part of this initiative.
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R&D Footprints

Key Research Highlights

Waste-to-Wealth: Biogenically Derived

Biomaterials

The use of biogenic (natural materials such as fish scales,
egg shells, seashells, animal bone, corals, etc) structures
and materials to produce calcium phosphate (CaP)
powder, collagen, etc. using various synthesis techniques
is gaining importance. It is observed that CaP ceramics
derived from such resources is safe and contain various
essential trace elements like, Sr, Mg, Si, Na, etc. Similarly,
the collagen and/ or membrane obtained from such
biogenic sources including fish skin, egg shell, are also
potential materials for biomedical applications such as

Dried raw fish (Catla Fish scale derived

catla) scales Hydroxyapatite (FSH)
Mim Fish scale derived

Hydroxyapatite (FSH)

heating

bone fillers, scaffolds, coatings, wound healing systems.
A present initiative at CSIR-CGCRI have developed
processes to synthesize CaP and collagen from fish
waste (scale and skin, respectively) and assessed their
physical, chemical and biological properties in the form of
powder and electrospun collagen-doped bioactive glass
composite mats.

A cost-effective process technology at validation level to
produce bioactive CaP based powders from fish scale for
biomedical applications has been perfected. The derived
CaP retained natural trace elements like Mg and Sr present
in the fish scale and showed superior osteo-conductivity
potential than the synthetic CaP. Currently the process is
being evaluated for consistency and the material is being
prepared for pre-clinical studies.

* Biomedical applications
from

* Fluorine removal
drinking water
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Overview of fish scale derived CaP and their applications

As a part of another initiative,collagen was successfully
extracted from the fish skin and was reinforced with
novel ion doped bioactive glass to fabricate electrospun
composite mats/fibers for diabetic wound healing. The
process involved simple, easy and inexpensive chemical
treatment. The composite mat consisted of natural

collagen along with Cu and Co doped nano-bioactive
glass, which has shown improved biological performance.
The figure below shows typical collagen derived from fish
skin and the composite mats' internal structure, which
showed excellent in vitro cell-materials interactions and
tissue formation during pre-clinical studies.

Isolation of collagen from Rohu skin (Labiorohita) and the fiber mat derived from it (right)
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Specialty Coating on High Density Radiation
Shielding Window Glass Block

Radiation shielding glasses are used where transparent
protection against ionizing radiation is of utmost necessity.
These shielding glasses having density 2.5 - 5.2 g/cc are
generally used as radiation shielding windows (RSW)
in nuclear installations. They contain specific dopants
in order to avoid radiation-induced coloration known as
"browning”. Melting of glass using platinum pot technology
followed by final glass making has been perfected at CSIR-
CGCRI that has resulted successful deployment of the
products in various atomic energy establishments across
the country.

Due to the peculiarity in the structural chemistry “Invert
Glass" is more susceptible to the moisture attack as its
ionicity increases with the lesser amount of silica content
leading to the deterioration of the surface properties. As
a result, the glass absorbs moisture that further reduces
visible transmittance (VT) due to formation of a translucent
layer. Moreover, the glass shows large amounts of
reflection loss in the visible region due to its high refractive

Drain Coater Facility

Hydrogen Generation through Solid Oxide
Electrolyser Cell and Photoelectrochemical
Cells

To realize a sustainable low-carbon emission economy,
renewable energy sources like solar and wind energies
have received a lot of interest due to their abundance.
However, these energies are site-specific and intermittent
and thus not reliable for continuous supply of energy.
Alternatively, hydrogen has been identified as a potential
energy carrier for future. One of the promising ways to
produce high purity hydrogen in an environmental benign
manner is through electrolysis of water. Among several
available techniques for electrolysis of water, Solid oxide

index. The present work intends to use specialty coatings
on RSW glass block to enhance its performance in the
application domain.

CSIR-CGCRI has vast knowledge base of sol-gel based
coatings on various substrates by dip or spin coating
technique but due to heavy weight as well as large
dimension of the glass blocks, the dip or spin coating
technique could not the applied. Hence, the drain coating
techniqgue which is one of the sol-gel based coating
techniques has been successfully adopted for the coating
on RSW glass blocks from an optimized silica-based
precursor sol/solution at low temperature. A single layer
quarter wavelength optical design has been adopted
for deposition of the coating through the indigenously
developed drain coating facility. The coated glass blocks
were hydrophobic in nature and show increase in VT
and no damage of the glass surface was observed after
keeping the coated glass in normal room atmosphere for
several months. In addition, no radiation damage was seen
in the coated glass by gamma ray radiation. These coated
glass blocks are being evaluated for performance further.

Coated RSW Glass Block
(Dimension: 400x400x100 mm?3)

electrolyser cell (SOEC) which is operated at higher
temperatures (800 - 900°C has the advantage of faster
reaction kinetics and simple water management in the
cell. Another emerging technique for producing hydrogen
is water splitting through photoelectrochemical cells
(PEC) that permit direct conversion of an unlimited and
clean solar energy into chemical energy by splitting water
on the surface of a semiconductor photoelectrode In view
of their potential importance CSIR-CGCRI has initiated
relevant R&D under different projects in these advanced
and upcoming areas of energy research.

Thus, under a sponsored project, phase pure mixed ionic
and electronic conducting (MIEC) - based air electrodes
in the La/Ba-Sr-Co-Fe-O (LSCF/BSCF) systems have
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been synthesized using soft chemical route for SOEC
application. Such developed electrodes have been utilized
for fabrication of single cells. Thus, cells of diameter upto
30 mm having defined configuration have been fabricated
and tested for electrochemical performance under SOEC
operating conditions. Hydrogen generation rate as high as
0.72 Nl.cm2.ht at 1.4 V, 800°C has been realized for such
cells. Efforts are now on to augment the existing TRL level
of 3 to 6 with suitable institute-industry consortium.

Ferroelectric materials, BiFeO, can be used as
effective photoelectrocatalysts for water splitting
due to enhanced charge carrier separation driven by

. > BSCF-6482
144 » BSCF-5582

. » LSCF-8482
124 » LSM

iy = 251 mA.cm @804
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Typical electrochemical performance of cells
(under both SOFC and SOEC mode of operation)
having different air electrodes

Breath Analyzer for Non-invasive Detection
and Monitoring of Diabetes

Diabetes is a chronic life-long disease and has taken
the form of an epidemic in India. Diagnosis, effective
management and treatment of diabetes is possible by
monitoring the blood glucose level constantly under
different conditions. Mostly, both in laboratory and in
households, glucose level is determined from a small
volume of blood sample collected by finger pricking.
Though the test may not be risky for a healthy adult opting
for a diabetes checkup in every 2 to 3 months, butitis very
painful to the diabetic patients due to often pricking. These
limitations urge the development of a non-invasive, point
of care and cost-effective solution for diabetes detection
system.

Human exhaled breath contains numerous biomarker
gases and volatile organic compounds (VOC) in parts per
million (ppm) and parts per billion (ppb) levels that provide

spontaneous polarization induced internal electric field
and comparatively smaller bandgap, which enables
light absorption from visible part of the solar spectrum.
Under another project, the photochemical properties of
BiFeO, and BiFeO,-doped graphene oxide nanosheets
heterostructures have been evaluated. BiFeO,-doped
graphene oxide heterostructures showed strong
absorption in the visible region compared to pure BiFeO,
and nitrogen doped graphene oxides. A considerable
enhanced H, generation has been recorded for graphene
composites (110 mM/g/h) compared to that of pure
BiFeO, (2.6 mM/g/h).

FESEM images of (a) pure BiFeO, (b) doped
graphene (c) BiFeO_/graphene heterostructures,
(d) BiFeO, /doped graphene heterostructures

information for diagnosis of various diseases and their
stages. Analysis of exhaled breathis becomingincreasingly
important for monitoring health condition, especially since
it provides an easy and non-invasive way of detecting
diseases. Conventional tools for analyzing exhaled breath,
such as, gas chromatography - mass spectrometry (GC-
MS), Proton transfer reaction spectroscopy, (PTRS),
selected ion flow tube spectroscopy (SIFTS) instruments
are accurate; however, they are expensive and need
long analysis time, laboratory infrastructure and trained
personnel. A portable ready-to-use device with capability
of detecting biomarker of disease from exhaled breath can
help in diagnosing and monitoring any disease in a quick
and easy manner.

Breath acetone is biomarker of diabetes and for a healthy
person the concentration remain within 1 ppm. Higher
concentration of acetone in exhale breath indicates the
tendency of diabetes. Determination of breath acetone
using gas sensor could be an alternative of detection /
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monitoring of diabetes. Functional materials and devices
division over the years has created a niche in developing
chemiresistive based sensor for different gases and VOCs
detection in ppm levels. Recently they have successful

'S

-
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B A cetone from GCMS (ppm)|
(I Acetone from DBA (ppm) |

developed novel chemiresistive sensing materials as well
as fabricated a prototype device for detection of exhale
breath acetone; biomarker of diabetes. Laboratory label
performance verification in real breath was satisfactory.
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Human sample

Comparative study of device with GCMS

Explorations for the Future

33

Breath Analyzer

Theinstitute has undertaken a number of initiatives in basic research that are aimed at developing knowledge foundations

which could serve as starting points for technology deve

lopment in future. Notable developments during the current

year covered functional materials, energy materials and photonics. Some of the illustrative areas include the following:

Development of graphene-
metal oxide nanocomposite-
based ammonia sensing
device for medical application

The fabrication process for
pump combiner, key component
for power scaling in fiber laser,
has been optimized. 5 packaged
4X1 Pump Combiner with
transmission efficiency of 98%
and power handling till 200 Watt.

Novel boron-rich B-C, B-O and B-P
phases for sensing applications in
harsh environment: establishing
correlation between charge-
density distribution and sensing
property.

Development of Glass-based
solid electrolytes for Na-ion
battery.

Development and performance
characterization of crosslinked
B-cyclodextrin polymers based
thin-film composite nanofiltration
ceramic membrane

Energy Storage Platform
on Batteries.
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Societal Connect Initiatives
Skill Development Programmes

CSIR-CGCRI has successfully anchored the CSIR-Jigyasa
Virtual Lab initiative during the period of report. It had
proposed 6 science experiments in the form of interactive
simulation for school students. These have been already
developed with the help of an external agency within
a very short period. These developed simulations of
experiments including related theory, procedure etc have
been uploaded in the Gitlab portal for the development of
CSIR Virtual Lab. The illustrative list of experiments are as
follows:

Synthesis of Hydroxyapatite from Fish Scales

Preparation of artificial human bones
(Biology) for grade X-XII

Measure the Hardness of water
(Chemistry)- for grade IX-X

o Examine the presence of Arsenic in ground water
(Chemistry)- for grade IX- Xl

o0 Measure the Hardness of water (Chemistry)- for grade
[X-X

o Measurement of Electrical conductivity of water to
check dissolve minerals (Chemistry)- for grade XI-XII

o Preparation of commercial Glass (Inorganic Chemistry)-
for grade IX-XII

o Preparation of Artificial Human Bones (Biology) for
grade X-XII

o Preparation of Washing Soap (Organic Chemistry)- for
grade IX-X

Liquefy Chuchen Fat
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Preparation of Washing Soap (Organic
Chemistry)- for grade IX-X
Mixing and Grinding Raw Materials for Glass Manufacture
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Examine the presence of Arsenic in ground
water (Chemistry)- for grade IX- XII
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Other Skill Development Training

CSIR-CGCRI has vast and strong expertise in the field of
traditional ceramics, glasses, refractory, water technology
and materials characterization. To inculcate these
knowledgebase and expertise for the upliftment of rural
growth, a skill development training program 2020-2021
under 'CSIR Integrated Skill Initiative' was organized
at CSIR-CGCRI, Kolkata through virtual mode during
February 1 - March 18, 2021. Entire training programme

was categorized into two activities: (a) Skill development
training on chemical characterization of glass, ceramic
and allied materials, and (b) Skill development training
on ceramic membrane and water technology. Targeted
audiences for two months long free training programme
were rural artisans working on glass and ceramic products
and people associated with Micro, Small & Medium
Enterprises. About fifty participants enrolled in the above
skill development programme.

Skill development training session in progress

Testing and Scientific Services

The institute continued to render state of the art testing and characterization services to a wide category of stakeholders.
Although the numbers were significantly reduced in view of the pandemic, a total of almost 216 tests were carried out
covering 17 government organizations, 05 academic institutions and 29 industries.

Testing Services

35
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Tests and Revenue
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Outreach Centres

The two outreach centres of CSIR-CGCRI at Khurja and
Naroda were involved in imparting various forms of
training and technology demonstration programmes for
artisans and local entrepreneurs.

The Khurja Centre successfully completed training of
artisans under the NBCFDC and also facilitated generation
of self-employment under a KVIC project. A common
facility centre at Rohtas was commissioned while steps
to establish similar centres are underway at Agartala
and Bhradrawati. A Digital Academy of Terracotta was
established and a Centre for Excellence in Terracotta
Research is on the anvil. The Black Pottery technology was
selected for introduction to the North Eastern States.

The centre received the Corporate Environment
Achievement Award 2020 from the American Ceramic
Society.
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The Naroda Outreach Centre worked on projects for the
upgradation of glazing technology & application skills
of glazing artisans employed in Bone China tableware
industries; advance level pottery training for potters with
support of Naroda Centre as knowledge partner; and an
Integrated Pottery Development Project was continued.
In this third project, 100 potters are to be trained
through four exclusive training modules (1) POP Moulds
making (2) Production of various terracotta products (3)
manufacturing of Glass beads and beaded products (4)
Training on Development of soft skills, Entrepreneurship
and SHG skills

The Centre also carried out studies to reduce water
absorption of the body as well as surface coating of
terracotta bowls made out of red clays available in Gujarat
intended to use in microwave oven is under progress.
Effect of firing temperature on clay-based coating was
elucidated.
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Key Metrics

External Funding
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2017-18 2018-19 2019-20 2020-21

Govt. DEPTT./PSU’'S 2863.608 811.805 2240.344 1490.299
Private Agencies 154.945 159.485 59.937 89.119

Foreign Govt./Agencies 0 0 0 11436

Projects Executed (Ongoing and Newly Initiated)

Category-wise distribution
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B New Projects

\ =

Initiated

® Sensors
® Others

4

@ Fibre Optics and photonics
Capacity Building & Skill Development @ Rural
Industrialization @ Food & Bioresource @ Waste to
Wealth @ Clean Environment
COVID Technologies @ Biomedicine

List of Projects Executed in the Current Year (April 2020 - March 2021)

S No Title of Project

1

10

11

12

13

14

Development and prototype fabrication of programmable UV-C
Sterilization unit for chemical free disinfection

Synthesis and characterization of rare earth ion doped ferroelectric
glass-ceramic nanocomposites for photonic, energy storage and
memory application

Development of Nano-adsorbents with higher sorption capacity
for removal of fluoride and arsenic from ground water for potential
application is water treatment plants

High piezoelectric coefficient composites for application as flank
array sensors

Development of high-power optical amplifier (1.0 - 5.0 W)
Development and supply of 500 meter length of Cerium
opedspeciality optical fiber

Development of fibre Bragg Grating long gauge sensors for
Structural Monitoring

Development of ultra low expansion glass-ceramic from low cost
resources for application in cooktop panel of LPG gas oven
Efficient Supercontinuum Sources in the Mid-IR and Visible-NIR
using Photonic Crystal Fibers: Innovative Solutions for Deep-
Penetrationand Ultrahigh-Resolution OCT

Development of thermally stable and antimicrobialbioactiveglass
based bone graft material

Development of Low Carbon MgO-C refractory for clean steel
production

Development of array based low temperature sensing device for
early detectionof multiple diseases by monitoring of exhaled breath
Development of a biodegradable and biocompatible nanoceramics/
bioactive glass polymer composite material with anti-bacterial
properties for use in female saitary hygiene products
Demonstration of Pulsed Fibre Laser Sources for Additive
manufacturing and Precision Material Processing

Project
Category

Sponsored

Grant-in-aid

Sponsored

FTT
FTT

Sponsored
NCP

NCP

FBR

FBR
NCP

NCP

NCP

NCP
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Energy @ Glass

Advanced Materials

Funding Agency

Victor Engineering Co.,
Assam

BRNS, DAE

CSIR

CSIR

CSIR
Multimedia University,
Malaysia

CSIR

CSIR

CSIR

CSIR
CSIR

CSIR

CSIR

CSIR
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S No Title of Project

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Microwave melting of glass: A potentilal method for tailoring glass
properties

Multicomponent glass based optical fibers for Vis-MIR photonics
applications

Advanced manufacturing of Nano finished Ceramics and Hard Alloy
Components by Laser assisted Ductile mode Machining
Biomaterials and implants technologies for dentaland muscoskeletal
reconstruction

Development of Solid Oxide Electrolyser Cell for Hydrogen
Generation

Online temperature monitoring of blast furnace tuyere through FBG
sensor

SERB-Distinguished Fellowship - Dr Arup Raychaudhuri (Studies
and development of novel sensing materials and sensing device
platform

30 W CW/Modulated Thulium fiber Laser- development of the
product to commercialize for medical application

Development of cost effectiverefractory lining materials for
induction melting furnace suitable for production of quality steel;
Phase Il (Industrial Trials)

Comparative study on volatility loss of elements in glasses prepared
by conventional and microwave heating

DST - IIT Energy Storage Platform on Batteries

National Post Doctoral Fellowship to Dr. Anupama Yadav--- Study of
Radiation-induced defects in Chalcogenide Glasses

Membrane based prototype development for higher yield of
microalgal biomass and biofuel using industrial waste resources

Development of membrane-based methods to improve the recovery
of pure water and valuable products from the waste

Advanced multi-component functionally gradient thermal barrier for
aerospace structures

Establishment of research and testing facility for architechtural glass
at CSIR-CGCRI

Oxide non-oxide composite refractory for high temperature
applications utilizing indigenous raw materials

Next generation high performance in situ generated nano particles
embedded sustainable antifouling ceramic-polymer composite NF
membranes: preparations, modifications and application aimed at
water/drinking water treatment

Development Minimally Invasive Bioactive Glass Nanoparticles
Reinforced Injectable Hydrogel for Bone Tissue Engineering
Application

Novel glass-based slid electrolytes with high conductivity for room
temperature rechargable Na-ion batteries

Silicate based inorganic paint for masonryy and mud wall

Project
Category

FBR
FBR

NCP

Collaborative

Sponsored

Grant-in-aid

Funding Agency
CSIR
CSIR
CSIR

CSIR

ONGC Energy Centre
Trust

Tata Steel

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

Collaborative | Biorad Medisys Pvt. Ltd.

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Mission

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

A TfIdeT 2020-21 @ Annual Report 2020-21

Ministry of Steel,
Govt. of India

Board of Research
in Nuclear Sciences
(BRNS), DAE
Dept. of Science &
Technology, Govt. of
India
SERB, Dept. of Science
& Technology, Govt. of
India
Dept. of Biotechnology,
Govt. of India
Dept. of Science &
Technology, Govt. of
India

CSIR

Glazing Society of India

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

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

SERB, Dept. of Science
& Technology, Govt. of
India
SERB, Dept. of Science
& Technology, Govt. of
India
Dept. of Science &
Technology, Govt. of
India
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S No Title of Project

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

Raja Ramanna Fellowship Scheme

Facility establishment and development of optical glasses

Development of fiber Bragg grating based sensors and interrogation
system for measurement of direct blast pressure and blast induced
strain in structures

Oxidation and hot corrosion study on functionally graded multilayer
thermal barrier coating for gas turbine applications

Fibre-optic sensor technology for the detection of chemical species
in liguid/gas environment using side-polished Photonic Crystal Fiber

Theoretical Study and Analysis of Hollow Core Photonic Crystal
Fibre for the Application of Gas Sensor

Development of grapheme-metal oxide nanocomposite based
ammonia sensing device for medical application

An integrated technology development involving biosorption for
treatment of toxic metal containing wastewater generated from small
scale industries and sludge management towards safe disposal
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

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

Development of palladium based membrane over porous stainless
steel substrate for selective separ

Providing Technical Assistance for Establishing of Common Facility
Centre (CFC) at Sasaram, Patna Pottery Cluster

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

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

Development of Light Weight and Anticorrosive material for Shoe
Outsoles

Sugar-Glass  nanoparticles  Encaapsulated  Multifunctional
Nanofibrous Patch for Intervertebral Disc Regeneration (DBT
Ramalingaswami Re-entry Fellowship 2016-17)

Development of layered SiC ceramic filter for off-gas cleaning

Development of rice husk ash based heirarchical porous zeolittes
and their modification for deflouridation of water

Project
Category
Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Collaborative

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid
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Funding Agency

DAE
Vikram Sarabhai
Space Centre (VSSC),
Thiruvananthapuram,
ISRO
Terminal Ballistic
Research Laboratory
(TBRL), Chandigarh,
Ministry of Defence,
Govt. Of India

ARDB

SERB, Dept. of Science
& Technology, Govt. of
India
SERB, Dept. of Science
& Technology, Govt. of
India
Dept. of Science &
Technology, Govt. of
India
Dept. of Science &
Technology, Govt. of
India
Academy of Water
Technology and Environ
Management

H R Johnson

Board of Research
in Nuclear Sciences
(BRNS), DAE
Khadi & Village
Industries Commission,
Ministry of MSME, Govt.
of India

Board of Research
in Nuclear Sciences
(BRNS), DAE

SERB, Dept. of Science
& Technology, Govt. of
India
Life Sciences Research
Board, DRDO
Department of
Biotechnology, Ministry
of S&T
SERB, Dept. of Science
& Technology, Govt. of
India
SERB, Dept. of Science
& Technology, Govt. of
India



%ﬂw\mé&n?- $HE BHid Td RRIAG AU SR, HIAbI
[

S No Title of Project

54

55

56

57

58

59

60
61

62

63

64

65

66

67

68

69

70

71

72

Development of process for real time temperature mapping of
4 faces of the billet mould using densely multiplexed Fiber Bragg
Grating (FBG) sensors

Synergistic inhibitory effect of non-evasive physical simulation on
cancer; a promising approach of treatment

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 towards OCT applications
(Indo-Portugal)

Surface Engineered and Self-Programmed Smart Nanomaterials,
Responsive to Threshold Microenvironment, as Biosensing Devices
and Drug Delivery Vehicles

Biodegradable magnesium alloys with tailored degradation for bone
replacement applications

Development of a Replecative, Rapid, Net Shape manufacturing
Process for Precision GlassOptics

A study on use of fly ash in ceramics
Extreme point of Care Diagnostics on a CD

DST Centre for the Development of waste Utilization Technologies
for Ceramic Industries

An integrated and collaborative India-US Research program:
Improving Building Energy Initiative (IBEE)

Electrical , Optical and Mechanical Evaluation of Doped SiC Coating
on Silicon for Device Fabrication

Development of Cladding glass and optimization of process
parameters of 15L scale melting facility

Setting up of infrastructure at CSIR-CGCRI for development of large
size Nd: Glass laser rods and discs

Synthesis of ceramic-polymer composite membrane: a novel
next generation technique for water/waste water treatment and
pervaporation application

Development of Ceramic membranes for gas separation applications
in S-l and Cu-Cl cycles for clean energy production

Programme support on translational research on biomaterials for
orthopaedic and dental applications

Supply and installation of 43 Nos. Iron & Arsenic Removal Plant at
Border Out posts in Nadia District

A robust fiber optic sensor to detect low level of ammonia for early
detection of disease (Indo-Slovenian)

Manufacturing, Inspection, testing and supply of 5.2 g/cc Stabilized
Lead Glass Slabs of Size 400 mmx200mmx100mm

Project
Category

Sponsored

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid
Collaborative

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid

Collaborative

Grant-in-aid

Grant-in-aid

Sponsored
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Funding Agency

Tata Steel

Department of Science
& Technology, Ministry
of S&T., Govt. of India

Department of Science
& Technology, Ministry
of S&T., Govt. of India

Department of Science
& Technology, Ministry
of S&T., Govt. of India
Department of Science
& Technology, Ministry
of S&T., Govt. of India
Dept. of Science &
Technology, Govt. of
India
NTPC
MHRD, Govt. of India
Dept. of Science &
Technology, Govt. of
India
Indo-US Joint clean
Energy Research &
Development Centre
(JCERDC)

ARDB

Board of Research
in Nuclear Sciences
(BRNS), DAE

RRCAT

Dept. of Science &
Technology, Govt. of
India
ONGC Energy Centre
Trust
Department of
Biotechnology, Ministry
of S&T
PHE, Govt. of West
Bengal
Dept. of Science &
Technology, Govt. of
India
NUCLEAR RECYCLE
BOARD (NRB), BARC/
DAE
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73
74

75

76

77
78
79

80

81

82
83
85

84

85

86

87

88

89

90

91
92
93
94
95

96

Development of Reaction Bonded Silicon Nitride Ceramic Radomes
Implementation of integrated pottery development project, for
development of Gujarat States pottery Sector

Supportto TePP Outreach cum Cluster Innovation Centre (TOCIC) at
Central Glass & Ceramic Reseach Institute, Kolkata under Promoting
Innovations in IndividualS, Startups and MSMEs (PRISM) scheme
of DSIR

Development of Advanced Materials and Devices for Opto-
electronic, Biomedical and Strategic Applications

Development and testing of laser control card for pulsed fiber laser
source

Evaluation of raw materials and stoneware body compositions
Development of an industrial grade FBG sensor based stator end
winding vibration monitoring system

Real time Temperature mapping of down comer of Pallet plant to
identify the critical area to avoid catastrophic failure

Development of multiplexed fibre Bragg grating (FBG) sensor for
temperature monitoring of four APH

CSIR Integrated Skill Initiative NWP

CSIR-Virtual Laboratory (for school student)

Oil & Water separation unit for Great Eastern Corporation Ltd.
Design and development of photoacoustic imaging system for
clinical research

Skill upgradation training programme for Terracotta

Digital academy for Terracotta

Infrastructure Development for Facilitation of Covid Compliant
Operating Procedures

Development and performance characterization of crosslinked
beta-cyclodextrin polymer based thin-film composite nanofiltration
ceramic membrane

Bioactive glass composites with
accelerated bone growth and healing
Optimisation of FBG sensors requirement for locating the critical
zone of Blow pipe

Design and development of photoacoustic imaging system for
clinical research

Advancing Technological leads for assuring safety of foods (ATLAS)
Development of Indigenous process technology for the production
of chalcogenide based infrared glasses for thermal imagers
Aerospace Materials and Technologies

CW/Modulated thulium fiber laser (TFL) system for soft tissue
vaporization / ablation

Utilisation of toxic wastes as potential sources of colouring ingredient
in glass making

in-situ electrical stimuli for

Project
Category
Grant-in-aid

Grant-in-aid

Grant-in-aid

Sponsored
Sponsored

Sponsored
Sponsored

Sponsored

Grant-in-aid

Grant-in-aid

Grant-in-aid

Covid

Grant-in-aid

Grant-in-aid
Sponsored

Grant-in-aid

Grant-in-aid

Grant-in-aid

Grant-in-aid
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Funding Agency

RCI, Hyderabad
Guijarat MatikamKalakari
Board, Govt. of Gujarat

DSIR

CSIR

Aeromec Marketing Co.
Pvt. Ltd.
Laxmi Balaji Ceramics

NTPC
Tata Steel

NTPC

CSIR
CSIR
Prism Johnson Limited

SERB

Khadi & Village
Industries Commission
(KVIC), Ministry of
MSMEs
Khadi & Village
Industries Commission
(KVIC), Ministry of
MSMEs

CSIR

SERB

SERB
Tata Steel

SERB
CSIR
DRDO
CSIR
MeitY

SERB
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Output and Outcomes
Publications

Y 2017 Y 2020 Y 2021

Source : Web of Science Note : Publications till March 31, 2021
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® Granted India ® Granted Abroad
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Building Capacity
Human Resource Development (PhD, AcSIR Activities, Student Affairs,
Internships)

PhD Awarded

Ongoing PhD programme is one of the key Human Resource activities of the Institute to create trans-disciplinary human
resources at doctoral level. During April, 2020 to March, 2021, 08 individuals received PhD degree in 6 domains, affiliated
across 4 academic Institutions.

Distribution by Degree Awarding Institutions

Domain Wise Distributions

Water Specialty Functional
treatment glass materials

Nanostructured
materials




|
CSIR-Central Glass & Ceramic Research Institute, Kolkata

Ph.D. Awardees

Sukanya Kundu Sonam Chakraborty Madhurima Das
(ACCD) (FMDD) (FMDD)
AcSIR JU JU
Porous carbon, layered-double Synthesis of multifunctional Conducting polymer-based
hydroxides and their composites nanomaterials for detection of composites for chemical sensing
f 1 ter treatment toxic gases and volatile organic and wastewater treatment
or waste wa compounds along with related

photo catalytic activities towards
dye-degradation

Debasis Pal Hasmat Khan Surajit Dey
(FOPD) (SGD) (WTD)
JU JU JU
All-fibre thulium laser in the region Fabrication, characterization and Studies on porous ceramic
of 2 um for surgical application photoelectrochemical application membrane preparation and
of surface patterned mixed metal separation application in agueous
(Ti, Zn, In) oxide Sol-Gel thin films and non-agueous medium

Mousumi Majumdar Asha Anil
(MCID) (Naroda)
lIEST Deen Dayal Petroleum University,
Gandhinagar
Studies on strain sensing Studies on red clays of Gujarat
behaviour of zinc oxide region for its suitability in vitrified
nanostructured materials for ceramics

biomedical applications
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Activities under AcSIR

Established in 2011 as an ‘Institution of National
Importance’ the Academy of Scientific and Innovative
Research (AcSIR) has adopted the mandate to create
and train some of the best of tomorrow's Science &
Technology leaders through a combination of innovative
and novel curricula, pedagogy and evaluation. At
present, the Academy has more than two thousand

Collaboration
Academic Linkages

A academic MoU was signed between CSIR-CGCRI,
Kolkata & Vel Tech Rangarajan Dr. Sagunthala R&D
Institute of Science & Technology, an Indian higher
education institute located in Avadi, Chennai on July
8, 2020 for collaborative R&D and capacity building.

MoU with DMSRDE Kanpur

Industry Linkages

=

A MoU was signed between CSIR-CGCRI, Kolkata
and SFO Technologies Pvt. Ltd., Aluva - 683101 on
January 18, 2021 for development of high-power
optical amplifier (1.0 - 5.0 W).

faculty members from CSIR Laboratories and around

student was awarded PhD degree and 13 new students
enrolled at CSIR-CGCRI under AcSIR. Out of these 13
students, 7 joined in PhD (Science) programme, 5 in

5000 students enrolled in various programmes.

During the period of April 2020 to March 2021, one

PhD (Engineering) while one in Integrated Duel Degree
Programme (IDDP).

International Cooperation

« A project MoU was signed between CSIR-CGCRI,

Kolkata & Norwegian University of Science &
Technology, Institute SINTEF Industry Trondheim,
Norway & Jadavpur University on July 15, 2020.

An international collaborative project entitled
‘Development and supply of 500 meter length of
Cerium doped specialty optical fiber' was initiated
at CSIR-CGCRI, Kolkata with Multimedia University,
Malaysia.

Under India-Poland Inter-Governmental Science &
Technology cooperation programme, a collaborative
project entitled ‘Cobalt containing antimicrobial
bioactive glass coated urinary catheter tubing for
the management of catheter associated urinary tract
infections (CAUTI)" was sanctioned between CSIR-
CGCRI, Kolkata and AGH University of Science and
Technology, Krakow, Poland on September 1, 2020.




Major Facilities Created

Setting up of infrastructure for development
of large sized Nd: laser glass rods and discs
Nd-doped phosphate glass is preferred active material

for high energy-high power laser systems. CGCRI has
established a state-of-art glass melting facility 15 L scale

() Norway
I

? Poland

? Malaysia

based on induction heating with flow casting technique
for the production of large sized laser glass rods and
discs. Several glass melting runs have been carried out
for optimizing the process parameters. Few glass blocks
of sizes 280 x 240 x 45 mm? have been produced with
optical homogeneity of 102 and meeting stipulated
physical, thermal and mechanical properties supplied to
user organization for evaluation.

Extruder equipment and uniaxial press

Atwin-screw extruder equipment and a uniaxial press with
hot plates (~ 450°C max.) suitable for processing different
polymers/ceramics reinforced polymer matrix composite
filaments and pellets has been procured. This extrusion

Twin Screw Extruder
TR '

(b)

facility is capable of operating at a high torque in high
temperature (~ 450°C max., Screw RPM ~ 1000). Extruded
filaments and/or pellets can be used as feedstock in 3D
printer as well as injection molding/hot compression
molding equipment for fabrication of different orthopaedic
implants.

Hot Compression Molding Equipment
— el
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Biosafety cabinet Preform Grinding & Polishing Setup

Biosafety cabinet useful for in vitro bacteriological assays A custom made preform grinding and polishing machine
to evaluate antibacterial/antimicrobial efficacy of different  capable to polish a prefrom to different shape such as
biomaterials has been installed during the reporting double-D, hexagonal, octagonal, etc. uniformly up to 30
period. cm length has been installed.

& BIOSIFETY CagmET

% 3 cullet has been upgraded from 1400°C to 1530°C. Firing
Upgradatlon of LDO fired Chamber Furnace at 1530°C temperature will ensure higher mechanical
Heating capability of the existing light diesel oil (LDO)fired  strength, thermal shock and corrosion resistance in the

chamber furnace suitable for firing specialty refractory  Refractory Pot through formation of higher mullite phase.
pot of volume ~310 liter as well as melting of RSW glass

Clean room for production of Optical Glasses
Dedicated 100,000 Class clean room of area 120 sgm & RH <30% has been created to install glass melting furnaces for
pilot scale production of various Optical Glasses.
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Indigenous IOH coating system

PID controlled thermal curing chamber
Custom designed prototype indigenous |IOH coating  Microprocessor based programmable PID controlled
system (up to 100 x 100 mm?) has been developed thermal chamberhas been installed for precise curing of
for making IOH based antimicrobial coatings on glass IOH based antimicrobial green coatings.
surfaces.

1
-3
3
%
g
g
3
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Awards, Accolades

Peer Recognition

Shri Sitendu Mandal, Chief Scientist, Specialty Glass Division has been conferred with the
Gopal Chandra Bhattacharyya Memorial Award in recognition to his notable contributions
in the field of "Science & Technology Research Development and Social Welfare Activities”
by the Science Association of Bengal, Kolkata and Computer Society of India (CSl), Kolkata
on February 27, 2021.

Dr. Milan Kanti Naskar, Senior Principal Scientist, ACCD figured in top 2% in the world list
in "Materials” published by Stanford University, Elsevier Research Inteligence and SciTech
Strategies, USA.

Dr. Saikat Deb Acharya, Principal Scientist, AMCCD has been elected as Fellow (FIE) by

The Institution of Engineers (India).

Dr. Vamsi K Balla, Senior Principal Scientist, BCCD has been listed in the World's Top
2% Scientists 2020 (Materials field from India) in a study by Stanford published in PLOS
Biology (PLoSBiol 19 (10): e3000918).

Dr. Subhadip Bodhak, Senior Scientist, BBCD has been nominated as an Associate Editor
for the International Journal of Applied Ceramic Technology by The American Ceramic
Society, USA.
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Dr. Jui Chakraborty, Principal Scientist, BCCD has been elected as editorial board member
of 'Current Indian Science’ of Bentham Science publishing.

Dr. Mitun Das, Principal Scientist, BCCD has been nominated as an Associate Editor for
Frontiers in Mechanical Engineering (Digital Manufacturing section) of Frontiers journals.
He has also been nominated as Scientific Program Committee member for an International
Conference on ‘Additive Manufacturing Meets Medicine 2021 (AMMM 2021)"

Dr. Nijhuma Kayal, Principal Scientist, CMS received Best Researcher Award by Science
Father (NESIN 2020 Awards).

Dr. Mukul Chandra Paul, Senior Principal Scientist, FOPD received C K Somany Award for
Innovation and Technology from All India Glass Manufacturer's Federation (AIGMF).

He also acted as an Editor of a book on “Optical Fiber Technology and Applications:
Recent Advances” by IOP Publishing Ltd. UK, 2021 and as Guest Editor for the Special
Issue entitled " Fiber-Optic Sensors: Detection and Applications” of the open access
journal 'Sensors' (ISSN 1424-8220) by MDPI, Basel, Switzerland.

Dr Himansu Sekhar Tripathi, Senior Principal Scientist, RTCD received Shree Ghanashyam
Misra Innovation Award from All India Pottery Manufacturers' Association.

Dr. Ashis Kumar Mandal, Principal Scientist, SGD along with other co-recipients Avik
Halder, Biswajit Mandal, Sourindra Mahanty, Ranjan Sen have been conferred with
Deokaran Award by Indian Ceramic Society in their 84" Annual Session on December 10,
2020.
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Staff Awards

On the occasion of CSIR Foundation Day celebration, one of our Institutional staff members, Shri Yam Bahadur
Gurung, Group C - Non-Tech (MACP) was awarded ‘Paresh Narjinary MTS Award' for his dedicated service to
the Institute during the period 2019-2020.

Scientists and Staff Members of CSIR-CGCRI, Khurja Centre received Corporate Environment Achievement
Award for 2020 by The American Ceramic Society for their contribution in the field of Energy Saving

Student Awards

P. Kumar, RTCD along with other co-recipients A. Ghosh and H.S. Tripathi received
Malaviya Award-2020 by The Indian Ceramic Society on December 10, 2020.

Dr. Aniruddha Pal, BCCD has been awarded JSPS Postdoctoral Fellowship by Japan
Society for Promotion of Science, Japan.

Shoroshi Dey, EMDD received best presentation award (under “Invited Talk” category)

from the organizing committee of Indo-Italian Workshop on “Solid Oxide Cells: Evolving
Trends of Electrode Materials” during March 25, 2021.

Nilotpal Choudhury, FOPD has been awarded CSIR-SRF fellowship by CSIR-HRDG on
March 26, 2021.

Harshavardhan Reddy Pinninty, FOPD along with other co-recipients Shyamal Das,
Anirban Dhar, Mrinmay Pal, Mukul Chandra Paul, Ajoy Kumar Kar and Jean-Michel Ménard
has received best student poster award in the Optical society of America organized
Conference on ‘Lasers and Electro-Optics (CLEO) 2020' held during 11-15 May, 2020 at
the San Jose Convention Center, USA.
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Anirban Chakraborty, SGD has been awarded 15t prize for best project presentation in 2"
ICG-CGCRI Tutorial 2021 held during January 18 - 27, 2021.

Pritha Patra, SGD has been awarded 2" prize for best project presentation in 2" ICG-
CGCRI Tutorial 2021" held during January 18 - 27, 2021.

Saswata Chakraborty, SGD has been awarded 2" prize for best project presentation in 2
ICG-CGCRI Tutorial 2021" held during January 18 - 27, 2021.

Yudhisthir Mandal, SGD has been awarded 2" prize for best project presentation in 2"
ICG-CGCRI Tutorial 2021" held during January 18 - 27, 2021.

Sakthi Prasad S, SGD has been awarded 3 prize for best project presentation in 29ICG-
CGCRI Tutorial 2021" held during January 18 - 27, 2021.

Anustup Chakraborty, SGD has been awarded 3™ prize for best project presentation in 2"
ICG-CGCRI Tutorial 2021" held during January 18 - 27, 2021.

Susmita Kar, WTD has been awarded CSIR-SRF fellowship by CSIR-HRDG on March 15,
2021.
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Anirban Roy, WTD has been awarded UGC-NET fellowship by UGC on November 20,
2020.

Ripan Kumar Biswas, MCID received Special Prize award in 10" International Student
Seminar on Metallurgy and Material Science (eBTTD 2020), organized by Indian Institute
of Metals, Jamshedpur Chapter in association with Tata Steel Limited and CSIR- NML
during August 28, 2020.
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Administration and
Staff News

During the period of April, 2020 to March, 2021, 14 personnel had superannuated, 4 people were transferred to
CSIR-CGCRI, Kolkata while 5 were transferred out of the Institute. 10 new permanent employees joined the Institute.
Unfortunately, tragic demise of 2 employees (one of them former employee) had also been seen during this reporting
period.

Overall Staff Strength
Catgoy  Number(ason31.03.2021)

Scientists 86
Technical Officers/Asst 75
Technicians 57
Administrative 55
Others 11

11

Others

55

Administrative

36

Scientists

HR Distribution

5/

Technicians

Technical Ofﬁcers/
Asst
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Superannuation

Name  Designaton  Dateof Superannuation
Dr. Siddhartha Bandyopadhyay Chief Scientist 30/04/2020
Shri Prasanta Kumar Das Section Officer (General) 30/06/2020
Shri Anish Kumar Majumder Senior Technical Officer (2) 31/07/2020
Dr. Omprakash Chakrabarty Chief Scientist 31/08/2020
Shri Mihir Das Senior Technician (2) 31/08/2020
Dr. K. Muraleedharan Director, CSIR-CGCRI 31/10/2020
Shri K.C. Singh Principal Technical Officer, CSIR-CGCRI Khurja 31/10/2020

Centre

Shri Susanta Kumar Saha Assistant Section Officer 30/11/2020
Shri Panchu Gopal Pal Chowdhury Senior Technician (2) 30/11/2020
Shri Ashim Kumar Chakraborty Chief Scientist 30/11/2020
Shri Subrata Sengupta Senior Technician (2) 31/12/2020
Shri Aloke Kumar Ray Senior Technician (2) 31/12/2020
Shri Samir Mukherjee Asst Section Officer 31/01/2021
Shri Shashi Kant Prasad Senior Technician 31/01/2021
New Joining

Name ~ Designaton  Dateofloining
Smt. Paromita Das Scientist 23/03/2020
Dr Nimai Chand Pramanik Senior Principal Scientist 24/03/2020
Dr. Mir Wasim Raja Senior Scientist 01/05/2020
Smt. Sanjukta Roy Senior Technical Officer (1) 01/06/2020
Dr. Himanshu Sekhar Maharana Scientist 01/07/2020
Shri Debarshi Paul Senior Technical Officer (1) 06/07/2020
Smt. Soma Hansda Scientist 03/08/2020
Dr. (Smt.) Srabanti Ghosh Senior Scientist 17/09/2020
Smt. Manju Mallick Group-C (Non-Tech.)/MTS 10/11/2020
Dr. (Mrs.) Suman Kumari Mishra Director 18/01/2021
Transfer

Name |Designaton | fom | Dae |
Shri Jyotirmay Sikdar Senior Principal Scientist / AMMCD CSIR-RAB, New 14/08/2020

Delhi
Shri Sumit Guha Senior Technical Officer (3) / ACCD CSIR-CMERI- 03/09/2020
CoEFM, Ludhiana
Smt. (Mrs.) Sayantani Lala Scientist / FOPD CSIR-CBRI, Roorkee 21/10/2020
Shri Prasun Bhowal Technical Officer / FOPD CSIR-NPL, New 01/02/2021
Delhi
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Leaving
Name  |Desgnation | To |  Dae
Dr. Sathravada Balaji Principal Scientist / ACCD CSIR-NEERI, 18/12/2020
Nagpur
Shri Ramendra Kumar Mishra | Asst. Section Officer (G) CSIR-IICB, Kolkata 16/12/2020
Shri Shabudeen Section Officer (F & A), Khurja Centre CSIR (Hars.), New 16/12/2020
Delhi
Shri Mathan Kumar T Technician (1) CSIR-CECR, 15/01/2021
Karaikudi
Dr. Rama Rao Panugothu Scientist, Khurja Centre CSIR (Hars.), New 12/03/2021
Delhi
Demise

«  Shri Paresh Chandra Narjinary, Non-Technical, Group-C (MACP) left for his heavenly abode on July 12, 2020. All the
staff members of the institute deeply mourn at his untimely demise.

«  Dr. Joydeb Mukerijii, Former Scientist and first Head of the erstwhile Non-Oxide Ceramic Division left for his heavenly
abode on August 31, 2020. He mentored the Non-Oxide Ceramic group from scratch and his pioneering contributions
to the above area is known internationally. All the Scientists and staff members of the present generation deeply
mourn at his demise.

Information on RTI Matters

No. of RTI application No. of RTI application replied No. of RTI Appeals No. of RTI Appeals
received received Replied
78 78 04 04

Information on Finance

External Cash Flow Rs. in crores
» Govt deptt./PSU's 14.903
- Private agencies 0.891
« Foreign govt/agencies 0.114
Total ECF 15.908
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Events and Activities

Important Scientific Events
2" |CG-CGCRI Tutorial 2021

The International Commission on Glass (ICG) and CSIR-
CGCRI, Kolkata jointly organized the 2" ICG-CGCRI Tutorial
2021 on 'Glass Science & Technology' in virtual mode
through MS Team during January 18 - 27, 2021. Inaugural
programme of the 2 [CG-CGCRI Tutorial 2021 was
launched with the welcome address by Dr. Suman Kumari
Mishra, Director, CSIR-CGCRI, Kolkata on January 18,
2021. Prof. Dipankar Banerjee, lISc, Bengaluru and Prof.
Alicia Duran, President, ICG graced the occasion as Chief
Guest and Guest of Honour respectively. Other dignitaries
from overseas were also present. The entire tutorial
programme was envisaged to promote knowledgebase,
networking and skilled human resource in the field of
Glass Science and Technology. A total of 68 participants
including 4 foreigners were enrolled in the 9 days long
programme where 23 lectures on the various aspects
of glasses like fundamentals of glass, thermodynamics,
energy demands and heat-transport phenomena of glass
melts/glass formers, the structural aspects of glasses/
glass-ceramics, bioactive glass and glass-ceramics,
redox chemistry of glasses including conducting glasses,
advanced testing and characterization techniques to
evaluate various properties of glasses, glass-ceramics and

et L. Tt

LAMAN

>
° '7‘ )

other glass based composites, the futuristic glasses, etc
were delivered by stalwarts like, Prof. R. Conradt (Uniglass
AC GmbH, Germany); Prof. J. M. Parker (Sheffield
University, U.K); Prof. Alicia Duran (CSIC, Spain); Prof. M
K Choudhary (MKC Innovations LLC and The Ohio State
University, USA); Prof. John Mauro (PSU, USA); Prof. R.
Vacher and Prof. B. Hehlen (University of Montpellier,
France); Prof. P. Florian (CEMHTI-CNRS, France); Prof. A.
Varshneya (Saxon Glass Technologies, USA); Prof. R. J.
Hand (Sheffield University, UK); Prof. Akira Takada (Asahi
Glass, Japan); Prof. E. D. Zanotto (Federal University of Sdo
Carlos, Brazil); Prof. S. Tanabe (Kyoto University, Japan);
Prof. A. R. Boccaccini (University of Erlangen-Nuremberg,
Germany); Prof. Ana C. M. Rodrigues (Federal University
of Sdo Carlos, Brazil) and other distinguished experts from
R&D Institutes, academia and Industries. In addition, 11
students' projects were also allocated among participants
to explore the new horizon of glass sciences and to
address vital issues in connection with glass science and
technology. Formal closure of this tutorial was announced
by Mr. Sitendu Mandal, Organizing Secretary, ICG-CGCRI
Tutorial 2021 and Chief Scientist, CSIR-CGCRI, Kolkata

Lecture Sessions in progress (ICG-CGCRI Tutorial 2021)
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Atma Ram Memorial Lecture

The Atma Ram Memorial Lecture, 17t in series, was
organized at CSIR-CGCRI, Kolkata through Webinar on
October 12, 2020. The programme was inaugurated with
the welcome address by Dr. K. Muraleedharan, Director,
CSIR-CGCRI. Shri T. V. Narendran, Global CEO and
Managing Director, Tata Steel Limited delivered the Atma
Ram Memorial lecture on ‘Innovation in Materials Industry
- A National Prerogative’. In his lecture, he elaborated on

-

various opportunities for innovation in manufacturing
of iron & steel and non-steel materials (composites and
graphene) in India. He also covered nationally strategic
materials such as electric-vehicle battery and rare earths
that are currently imported. Finally, he opined that through
focused funding and collaboration between Government,
Industry and Academia, a robust eco-system could be set
up in India for developing new-to-the-world technologies.

Atma Ram Memorial Lecture through virtual mode

Diamond Jubilee Lecture - 2020

9" Diamond Jubilee Lecture entitled 'How Technology Continues To Change Our Lifestyle I" was delivered by Prof.
Parthasarathi Chakrabarti, Director, Indian Institute of Engineering Science & Technology (IIEST) Shibpur on September

18, 2020 at CSIR-CGCRI, Kolkata.

Diamond Jubilee Lecture - 2020
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CSIR Foundation Day Lecture

79" CSIR Foundation Day was celebrated on virtual mode
at CSIR-CGCRI, Kolkata on September 26, 2020.0n the eve
of CSIR Foundation Day, Dr. Shekhar C. Mande, DG-CSIR
addressed the entire CSIR family on September 25, 2020.
As a Chief Guest, Prof. Alicia Duran, Instituto de Ceramica

y Vidrio (CSIC), Madrid, Spain and President, International
Commission on Glass graced the auspicious occasion and
delivered the foundation day lecture on September 26,
2020.

Prof. Alicla Duran delivering the Foundation Day lecture

National Science Day Programme 2021

‘National Science Day' is observed on 28" February each
year. However, 28" February, 2021 being a closed day
for the Institute, National Science Day was celebrated on
March 1, 2021 atMeghnad Saha Auditorium of the Institute
maintaining ‘COVID - 19’ protocol. Half day long National
Science Day programme was planned and conducted
entirely by the Institute student community. It was started
with the introductory remarks by Dr. Suman Kumari

Mishra, Director, CSIR-CGCRI, Kolkata followed by two
short presentations entitled ‘Biography of Sir CV. Raman
& the greatest invention - The Raman effect’ and ‘Raman
effect & its importance to modern science' by Karthiga
Parthiban, AcSIR student and Nirman Chakraborty, SRF
(Inspire fellow) respectively. A science quiz competition
was also organized where 16 groups (consisting of three
student participants per group) participated.

Nirman Chakraborty and Karthiga Parthiban delivering NSD lectures
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Institute Internal Seminar Series

Recently a new initiative has been taken at Institute level to
provide an open platform to discuss and share the ongoing
R&D activities among scientists and students. In this
context, bi-monthly Institute Internal seminars delivered
by both students and scientists have been arranged from
February, 2021. Under this initiative following talks were
presented:

(a) First Institute Internal Seminar (IIS) on February 18,
2021

First IS was delivered by Dr. Ashis Kumar Mandal,
Principal Scientist, Specialty Glass Division on ‘Microwave
heating: A novel energy efficient technique to alter glass
properties’.

Y,

IIS lecture delivered by Dr. A K Mandal

(b) Second Institute Internal Seminars (lIS) on March 11,
2021

(i) 'My journey in materials research’ by Dr. Kausik Dana,
Principal Scientist, Refractory & Traditional Ceramics
Division.

IIS lecture delivered by Dr. K Dana

(i) 'Simultaneous application of structure and electron
mobilization in enhanced ethanol sensing by paramagnetic
aluminium doped tin oxide nanoparticles’ by SRF-DST-
Inspire fellow, Shri Nirman Chakraborty of Functional
Materials & Devices Division.

=

IIS lecture delivered by Shri N Chakraborty

(c) Third Institute Internal Seminars (lIS) on March 25,
2021

(i) 'An overview on moisture sensor activity in CSIR
CGCRI & future prospective’ by Dr. DebdulalSaha, Senior
Scientist, Functional Materials and Devices Division.

IIS lecture delivered by Dr. D Saha

(ii) 'State of the art and future trend in thermal barrier
coatings' by Smt. Kartiga P, JRF, Bioceramics and Coating
Division.

IIS lecture delivered by Smt. Kartiga P
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Open Ph.D. Colloquium

a)

Sukanya Kundu, SRF (AcSIR) presented a talk on her
thesis work entitled ‘Porous carbon, layered-double
hydroxides and their composites for waste water
treatment’ on July 8, 2020.

Nilotpal Chowdhury, a PhD student (AcSIR) of Fiber
Optics & Photonics Division presented a talk on his M.
Tech thesis entitled ‘Fabrication of ytterbium-doped
optical fiber through vapor phase doping technique
for high power laser application'in an open colloquium
on August 7, 2020.

c)

Sakthi Prasad S, an integrated M. Tech & PhD student
(AcSIR) of Specialty Glass Division delivered a talk on
his PhD work entitled ‘Formulation and development
of thermally stable boron and fluorine incorporated
antibacterial bioactive Gglasses'in an open colloguium
on January 5, 2021.

Shailendra Kumar Singh, a PhD student (AcSIR) of
Fiber Optics & Photonics Division presented a talk
on his PhD thesis work entitled ‘Study and realization
of nano-composite thin-film material based fiber
optic sensor for the detection of gases and chemical
species’ in an open colloquium on March 12, 2021.
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Other
Institutional
Events
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1. Distribution of Relief Materials to Amphan victims | 2. Communal Harmony campaign | 3. Diamond
Jubilee 2020 Lecture by Prof. Parthasarathi Chakrabarti, Director, IEST | 4. National Technology Day 2020
Lecture by Dr RN Das, Former GM (R&D), BHEL | 5.1ISF 2020 - Curtain Raiser Ceremony | 6. International
Womens' Day 2021 | 7. Visit of DG CSIR to the Institute on February 2021 | 8. Director CGCRI inspecting
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CSIR-Central Glass & Ceramic Research Institute cordially invites you to join
6" India International Science Festival 2020
s .
Curtain Raiser Ceremony
- On Monday, 30% November 2020 at CSIR-CGCRI, Kolkata (WB)
Time: 03:30 PM onwards

Join through MS Teams link provided in email

(MS Teams link will be active fiom 2,30 PAL onwards)

F‘ ' &
Dr. Shekhar C Mande Shri Askim Kumar Shri Sitendu Mandal  Shri Sreeprasad M
| SmidayDSREDG  Chakraberiy Chied Scicntin Kuitan, Crpsmivig
 Misniy Dirwier (Acting)  CSIRCGORI B m
1 CHR-LOCRI Kotlata e

Republic Day Parade 2021 | 9. Vigilance Awareness Pledge 2020 | 10. Constitution Day Observed |
11. Swachha Bharat Aviyan 2020 | 12.58th Meeting of Research Council | 13. Flag Hoisting by Director
CGCRI on Independence Day 2020
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Key Innovation Indicators

Patents Filed and Granted (April 2020 - March 2021)

Filed in India
1.

Title: An in-situ process for preparation of porous
carbon-layered double hydroxide composite for
simultaneous removal of inorganic and organic water
contaminants

Inventors: M.K. Naskar, S. Kundu

(Application No.: 202011034408, Date: 11-08-2020)
Title: A green process for fabricating low cost alumina
tubes as substrates for sensor development
Inventors:Debdulal Saha, SagnikDas, P. Sujatha Devi
(Application No.: 202011052606, Date: 30-11-2020)
Title: A method for safe disposal of arsenic rich
sludge obtained from treatment of contaminated

groundwater and its utilisation in developing heat
protective glass

Inventors: A K. Mandal, S. Ghosh

(Application No.: 202011056180, Date: 23-12-2020)
Title: Highly sensitive optical fiber bragg grating
accelerometer for structural health monitoring
Inventors: N.
Bandyopadhyay
(Application No.: 202111003501, Date:26-01-2021)

Basumallick, P Biswas, S.

Title: A novel metal oxide-polymer nano composite
for ammonia sensing at temperatures below ambient
including sub-zero temperatures

Inventors: S. Mondal, N. Chakraborty
(Application No.: 202111015506, Date: 31-03-2021)

Title: A process for the fabrication of ZnO-graphene
based flexible strain and pressure sensor

Inventors: M. Majumder, S. Samanta, M. BaralNarjinary
(Application No.: 202111014941, Date: 31-03-2021)

Granted in India

1.

Title: Thermally cyclable glass sealant composition
for intermediate temperature solid oxide fuel cell and
a process thereof

Inventors: B. Karmakar, R.N. Basu, A. Tarafder, N.
Sasmal, M. Garai

(Patent No.:354624, Grant Date: 29-12-2020)

Granted Abroad

1.

Title: An improved method for fabricating rare earth
doped optical fiber using a new codopant

Inventors: R. Sen, A. Dhar, M.C. Paul, H.S. Maiti
Country: E. Union

(Patent No.: 2411340, Grant Date: 09-12-2020)

Title: An improved method for fabricating rare earth
doped optical fiber using a new codopant

Inventors: R. Sen, A. Dhar, M.C. Paul, H.S. Maiti
Country: UK

(Patent No.: 2411340, Grant Date: 09-12-2020)
Title: An improved method for fabricating rare earth
doped optical fiber using a new codopant

Inventors: R. Sen, A. Dhar, M.C. Paul, H.S. Maiti
Country: France

(Patent No.: 2411340, Grant Date: 09-12-2020)

Title: A solid oxide fuel cell stack

Inventors: R.N. Basu, J. Mukhopadhyay, S. Das, PK.
Das, A. Das Sharma, T. Dey

Country: India
(Patent No.: 355835, Grant Date: 14-01-2021)




Title: An improved process for production of
dense high alumina refractory aggregates from
sillimanite sand

Inventors: H.S. Tripathi, U. Roy, A. Ghosh
Country: India

(Patent No.: 357415, Grant Date: 01-02-2021)
Title: Energy efficient soda lime silicate glass
compositions using borax pentahydrate

Inventors: B. Karmakar, A.R. Molla, A. Tarafder, R.
Sen

Country: Turkey

(Patent No.: 2958866, Grant Date: 10-03-2021)
Title: Energy efficient soda lime silicate glass
compositions using borax pentahydrate

Inventors: B. Karmakar, A.R. Molla, A. Tarafder, R.
Sen

Country: Germany
(Patent No.: 2958866, Grant Date: 10-03-2021)

Title: Energy efficient soda lime silicate glass
compositions using borax pentahydrate

Inventors: B. Karmakar, A.R. Molla, A. Tarafder,
R.Sen

Country: E. Union
(Patent No.: 2958866, Grant Date: 10-03-2021)
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Publications in SCI & Non-SCI Journals (April 2020 - March 2021)

SCI Publications

1

Aggarwal VK, Ghatak A, Kanjilal D, Kabiraj D,
Singha A, Bysakh S, Medda SK, Chakraborty
S and Raychaudhuri AK

Fabrication of Germanium-on-insulator
in a Ge wafer with a crystalline Ge top
layer and buried GeO, layer by oxygen
ion implantation, Materials Science and
Engineering  B-Advanced  Functional
Solid-State Materials, 2020, 260, Art No.
114616.

Ahmad A Harun SW,Paul MC, Rusdi MFM,
Das S,Dhar A and Noordin KA

Bismuth-doped fiber as Q-switcher in
hafnium bismuth erbium co-doped fiber
laser,Microwave and Optical Technology
Letters, 2020, 62 (11), 3634-3639.

Akilan AA, Gokce A, Nath SD, Balla VK, Kate
KH and Atre SV

Laser powder bed fusion of in-situ
composites using dry-mixed Ti,AlLV and
Si;N, powder, Journal of Manufacturing
Processes, 2020, 59, 43-50.

Alam M, Singh P, Anand K, Pal A, Ghosh
S, Ghosh AK, Singh RK Joshi AG and
Chatterjee S

Extraordinary magnetic properties of
double perovskite Eu,CoMnO, wide band
gap semiconductor, Journal of Physics-
Condensed Matter, 2020, 32 (36), Art No.
365802.

Al-Azzawi AA, Almukhtar AA, Dhar A, Paul
MC, Ahmad H, Altuncu A, Apsari R and
Harun SW

Gain-flattened hybrid EDFA operating
in C plus L band with parallel
pumping distribution technique, [ET
Optoelectronics, 2020, 14 (6), 447-451.

Ansari SA, Sahoo GC, Dey S, Majumdar S
and Mohapatra PK

Radiation stability of ceramic tubular
membranes containing ammonium
molybdophosphate  (AMP)  for  the
application of radio-cesium recovery
from radioactive wastes, Journal of
Radioanalytical and Nuclear Chemistry,
2020, 326 (3), 1631 - 1638.

Asadzadeh-Khaneghah S, Habibi-Yangjeh
A, Asl MS, Ahmadi Z and Ghosh S

Synthesis of novel ternary g-C,N,/SiC/C-
Dots photocatalysts and their visible-light-
induced activities in removal of various
contaminants, Journal of Photochemistry
and Photobiology A-Chemistry, 2020,
392, Art No.112431.

Bagchi A, Sarkar S, Bysakh S, Tiwary CS,
Hossain MS, Sarkar S and Mukhopadhyay
PK

Microstructural evolution and its outcome
on the photo induced micro actuation
effect and mechanical properties of
copper doped Co-Ni-Al FSMA, Journal of

a1 ufdde 2020-21 @ Annual Report 2020-21

10

bl

1123

13

14

5

16

Alloys and Compounds, 2020, 846, Art
No. 156432.

Balla VK, Kate KH, Tadimeti JGD and
Satyavolu J

Influence  of Soybean Hull Fiber
Concentration on the Water Absorption
and Mechanical Properties of 3D-Printed
Thermoplastic Copolyester/Soybean Hull
Fiber Composites, Journal of Materials
Engineering and Performance, 2020, 29
(9), 5582 - 5593.

Balla VK, Tadimeti JGD, Kate KH and
Satyavolu J

3D printing of modified soybean hull fiber/
polymer composites, Materials Chemistry
and Physics, 2020, 254, Art No. 123452.

Basumallick N, Bhattacharya S, Dey TK,
Biswas P and Bandyopadhyay S

Wideband Fiber Bragg Grating
Accelerometer  Suitable for  Health
Monitoring of electrical Machines, IEEE
Sensors Journal, 2020, 20 (24), 14865-
14872.

Bera S, Ghosh S and Basu RN

Silver as solid-state electron mediator
in MoS,/Ag-AgVO, Z-Scheme
heterostructures for photocatalytic
H, generation, Journal of Alloys and
Compounds, 2020, 830, Art No. 154527.

Bera S, Lee SA, Lee WJ, llka M, Kim JH, Kim
CM, Khan H, Jang HW and Kwon SH

Atomic Layer Deposition Seeded Growth
of Rutile SnO, Nanowires on Versatile
Conducting - Substrates, ACS Applied
Materials & Interfaces, 2020, 12 (43),
48486-48494.

Bhaskar P, Kumar R, Maurya Y, Ravinder R,
AlluAR, Das S, Gosvami NN, Youngman RE,
Bodker MS, Mascaraque N, Smedskjaer
MM, Bauchy M and Krishnan NMA

Cooling rate effects on the structure of
45S5 bioglass: Insights from experiments
and simulations, Journal of Non-Crystalline
Solids, 2020, 534, Art No.119952.

Bhattacharya P, Mukherjee D, Deb N,
Swarnakar S and Banerjee S

Indigenously developed CuO/TiO,
coated ceramic ultrafiltration membrane
for removal of emerging contaminants
like phthalates and parabens: Toxicity
evaluation in PA-1 cell line, Materials
Chemistry and Physics, 2021, 258, Art No.
123920.

Bhattacharya P, Mukherjee D, Deb N,
Swarnakar S and Banerjee S

Application  of green  synthesized
ZnO  nanoparticle  coated  ceramic
ultrafiltration membrane for remediation
of pharmaceutical components from
synthetic water: Reusability assay of

iy

18

i)

20

2413

22

23

24

treated water on seed germination, Journal
of Environmental Chemical Engineering,
2020, 8 (3), Art No. UNSP 103803.

Biswas |, Roy(Kundu) P, Maity U, Sinha PK
and Chakraborty AK

Effects of Mg% on open circuit voltage
and short circuit current density of Zn
Mg O/Cu,0 heterojunction thin film solar
cells, processed using electrochemical
deposition and spin coating, Thin Solid
Films, 2020, 711, Art No. 138301.

Biswas M, Sahoo A, Muraleedharan K and
Bandyopadhyay S

Crystal Structure  of  27R-SIAION
Synthesized Under Carbothermal
Nitridation, Transactions of the Indian
Ceramic Society, 2021, 80 (1), 1-5.

Biswas M, Sarkar S, Halder R, Bysakh S,
Muraleedharan K and Bandyopadhyay S

Sintering and characterization of a hard-to-
hard configured composite: Spark plasma
sintered WC reinforced alpha-SiAION,
Journal of Physics and Chemistry of
Solids, 2020, 145, Art No. 109548.

Biswas N, Bhattacharya D, Kumar M,
Mukhopadhyay J, Basu RN and Das PK

Effect of Oxygen Diffusion Constraints on
the Performance of Planar Solid Oxide Fuel
Cells for Variable Oxygen Concentration,
Industrial & Engineering Chemistry
Research, 2020, 59 (42), 18844-18856.

Biswas N, Samanta A, Mitra S, Biswas R,
Podder S, Sanyal A, Ghosh J, Ghosh CK
and Mukhopadhyay AK

Synthesis and structure determination
of calcium silicate-cellulose
nanograssbiocomposite, Journal of the
American Ceramic Society, 2020, 103 (4),
2868-2879.

Biswas RK, Ghosh J and Muraleedharan K

Study of Shortrange Ordering in
Amorphous and Nanocrystalline Materials
from Laboratory based Pair Distribution
Function (LPDF), Transactions of the
Indian Ceramic Society, 2020, 79 (3), 158-
165.

Bose S, Reddy PH, Fan JT, Demircan A,
Ruehl A, Morgner U, Roy S, Pal M, Bhadra
SKand Ghosh D

Manipulation of infrared dispersive waves
in customized microstructured optical
fibers for 1.7 and 2.0 mu m light sources,
Applied Optics, 2020, 59 (28), 9015-9022.

Bullen JC, Torres-Huerta A, Salaun P, Watson
JS, Majumdar S, Vilar R and Weiss DJ

Portable and rapid arsenic speciation in
synthetic and natural waters by an As(V)-
selective chemisorbent, validated against
anodic stripping voltammetry, Water
Research, 2020, 175, Art No. 115650.
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Chakrabarti A and Molla AR

Zirconia  assisted  crystallization  of
ferroelectric  BaBi,Nb,O, based glass-
ceramics: Kinetics, optical and dielectrical
properties, Journal of Alloys and
Compounds, 2020, 844, Art No. 156181.

Chakrabarty S, Bandyopadhyay S, Pal M
and Dutta A

Sol-gel derived cobalt containing Ni-Zn
ferrite nanoparticles: Dielectric relaxation
and enhanced magnetic property study,
Materials Chemistry and Physics, 2021,
259, Art No. 124193.

Chakraborty A, Parveen S, Chanda DK and
Aditya G

An insight into the structure, composition
and hardness of a biological material:
the shell of freshwater mussels, RSC
Advances, 2020, 10 (49), 29543-29554.

Chen TY, Rautiyal B, Vaishnav S, Gupta G,
Schlegl H, Dawson RJ, Evans AW, Kamali S,
Johnson JA, Johnson CE and Bingham PA

Composition-structure-property  effects
of antimony in soda-lime-silica glasses,
Journal of Non-Crystalline  Solids,
2020, 544, Art N0.120184.

Dandapat N and Ghosh S

Interfacial and Cross-sectional Studies of
Thermally Cycled Alumina-Monel Brazed
Joint, Transactions of the Indian Ceramic
Society, 2020, 79 (3), 152-157.

Das A, Dey AB, Chattopadhyay S, De G,
Sanyal MK and Mukherjee R

Nanoparticle Induced Morphology
Modulation in Spin Coated PS/PMMA
Blend Thin Films, Langmuir, 2020, 36 (50),
15270-15282.

Das Chowdhury S, Gupta BD, Chatterjee S,
Sen R and Pal M

Explosion induced rogue waves and
chaotic multi-pulsing in a passively mode-
locked all-normal dispersion fiber laser,
Journal of Optics, 2020, 22 (6), Art No.
065505.

Das D, Kayal N, Marsola GA, Damasceno
LA and Innocentini MDD

Permeability behavior of silicon carbide-
based membrane and performance study
for oily wastewater treatment, International
Journal of Applied Ceramic Technology,
2020, 17 (3), 893-906.

Das D, Kayal N, Marsola GA, Parra DG and
Innocentini MDD

Recycling of coal fly ash for fabrication of
elongated mullite rod bonded porous SiC
ceramic membrane and its application in
filtration, Journal of the European Ceramic
Society, 2020, 40 (54), 2163-2172.

Das M and Roy S

Polypyrrole  and  associated  hybrid
nanocomposites as chemiresistive
gas sensors: A comprehensive review,
Materials Science in Semiconductor
Processing, 2021, 121, Art No.105332.
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36
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38

39

40

41

42

43

Das P, Sinhamahapatra S, Dana K and
Mukhopadhyay S

Improvement of thermal conductivity of
carbonaceous matrix in monolithic ALO,-C
refractory composite by surface-modified
graphites, Ceramics International, 2020,
46 (18), 29173-29181.

Das S, Ghorai UK, Dey R, Ghosh CK and Pal M

Effect of annealing on the defect-
mediated blue phosphorescence in ZnO
nanocrystals, RSC Advances, 2021, 11 (1),
335-348.

Das T, Das S, Karmakar M, Chakraborty S,
Saha D and PalM

Novel barium hexaferrite based highly
selective and stable trace ammonia sensor
for detection of renal disease by exhaled
breath analysis, Sensors and Actuators
B-Chemical, 2020, 325, Art No. 128765.

Dasgupta S, Mukhopadhyay M, Das D and
Mukhopadhyay J

Evaluation of functionality in Ni@stabilized
ZrO, and NIO@NiO-Zn through X-ray
diffraction technique, Materials Chemistry
and Physics, 2020, 254, Art No.123112.

DattA Yoshikaw K, Yoshid Y and Sait G

Quasi-Stationary States in lonic Liquid-
Liquid Crystal Mixtures at the Nematic-
Isotropic Phase Transition, Frontiers in
Physics, 2020, 8, Art No. 583173.

Datta A, Mishra S, Manna K,DasSaha K,
Mukherjee S and Roy S

Pro-Oxidant Therapeutic Activities of
Cerium Oxide Nanoparticles in Colorectal
Carcinoma Cells, ACS Omega, 2020, 5
(17)19714-9723.

De M, Gangopadhyay TK and Singh VK

Prospects of photonic crystal fiber for
analyte sensing applications: an overview,
Measurement Science and Technology,
2020, 31 (4), Art No. 042001.

Dey S, Choudhury D, Choudhuri M,
Bhattacharya A, Mukhopadhyay J, Das
Sharma A and Mukhopadhyay M

Facile synthesis of doped ceria-based
oxide by co-precipitation technique and
performance evaluation in solid oxide
fuel cell, International Journal of Applied
Ceramic Technology, 2020, 17 (4), 1769-
1784. July-Aug

Dutta Gupta B, Das Chowdhury S, Dhirhe D
and PalM

Intermittent events due to spectral filtering
induced multi-pulsing instability in a mode-
locked fiber laser, Journal of the Optical
Society of America B, 2020,37(8), 2278-
2286.

Elshazly N, Khalil A, Saad M, Patruno M,
Chakraborty J and Marei M

Efficacy of Bioactive Glass Nanofibers
Tested for Oral Mucosal Regeneration in
Rabbits with Induced Diabetes, Materials,
2020, 13 (11), Art No. 2603.

45

46

47

48

49

50
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55

Ferreira MFS and Paul MC

Introduction to the Special Issue on Optical
Fiber Sources and Amplifiers

Fiber and Integrated Optics, 2020, 39 (5-
6),213-214.

Gangwar AK, Godiwal R, Jaiswal J, Baloria
V, Pal P, Gupta G and Singh P

Magnetron  configurations  dependent
surface properties of SnO, thin films
deposited by sputtering process, Vacuum,
2020, 177, Art No. UNSP 109353.

Garai M and Karmakar B

Zr+4-controlled nucleation and
microstructure in Si-Mg-Al-K-B-F glass-
ceramic sealant (solid oxide fuel cell),
Materials Today Energy, 2020, 18, Art
No.100535.

Garai M, Reka AA, Karmakar B and Molla AR

Microstructure-mechanical properties of
Ag-0/Au-0 doped K-Mg-Al-Si-O-F glass-
ceramics, RSC Advances, 2021, 11 (19),
11415-11424.

Ghosh D, Choudhury N, Balaji S, Dana K
and Dhar A

Synthesis and characterization of Tm,O,-
doped Lu,0, nanoparticle suitable for
fabrication of thulium-doped laser fiber,
Journal of Materials Science-Materials in
Electronics, 2021, 32 (4), 4505 - 4514.

Ghosh P, Roy A, Mukhopadhyay S,
Narjinary M, Sundaram S, Sen S and Devi
BS;

A  New Functional Composite for
Photovoltaic and Sensor Applications,
Advanced Electronic Materials, 2021, 7
(3), Art No. 2000785.

Ghosh S, Das R, Kundu S and Naskar MK

Emulsion based solvothermal synthesis of
CuO grainy rod via the formation of quasi-
quadrangular prism shaped Cu,(OH),Br
for recyclable catalyst of 4-nitrophenol
reduction, Journal of Physics and
Chemistry of Solids, 2020, 147, Art No.
109551.

Godiwal R, Gangwar AK, Jaiswal J,
Vashishtha P, Hossain M, Pal P, Gupta G
and Singh P

Influence of magnetron configurations
on the structure and properties of room
temperature sputtered ZnO thin films,
Physica Scripta, 2021, 96 (1), Art No.
015811.

Goel V, Mishra SK, Pal P, Ahlawat A, Vijayan
N, Jain S and Sharma C

Influence of chemical aging on physico-
chemical properties of mineral dust
particles: A case study of 2016 dust storms
over Delhi, Environmental Pollution, 2020,
267, ArtNo.115338.
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Goswami S, Dey K, Chakraborty S, Giri S,
Chowdhury U and Bhattacharya D

Large Magnetoelectric Coupling in the
Thin Film of Multiferroic CuO, ACS Omega,
2020, 5 (36), 22883-22890.

Goswami S, Sahoo A, Bhattacharya D, Karci
O and Mohanty PK

Large structure-dependent room
temperature exchange bias in self-assembled
BiFeO, nanoparticles, APL Materials, 2020, 8
(8), Art No. 081101.

Gupta G, Bysakh S, Balaji S, Khan S, Biswas
K, Allu AR and Annapurna K

Influence of Ho,0, on Optimizing
Nanostructured  Ln,Te,O,,  Anti-Glass
Phases to Attain Transparent TeO,-Based
Glass-Ceramics for Mid-IR  Photonic
Applications, Advanced Engineering
Materials, 2020, 22 (5), Art No. 1901357.

Habibi-Yangjeh A, Asadzadeh-Khaneghah
S and Ghosh S

Anchoring Bi,O.l, and Agl nanoparticles
over g-C,N, nanosheets: Impressive
visible-light-induced  photocatalysts in
elimination of hazardous contaminates by
a cascade mechanism, Advanced Powder

Technology, 2020, 31 (7), 2618-2628.

Habibi-Yangjeh A, Feizpoor S, Seifzadeh D
and Ghosh S

Improving visible-light-induced
photocatalytic ability of TiO, through
coupling with Bi,O,Cl and carbon dot
nanoparticles, Separation and Purification
Technology, 2020, 238, Art No.116404.

Habibi-Yangjeh A, Pirhashemi M and
Ghosh S
Zn0/ZnBi,0, nanocomposites with p-n

heterojunction as durable visible-light-
activated photocatalysts for efficient
removal of organic pollutants, Journal of
Alloys and Compounds, 2020, 826, Art
No.154229.

Hasan MA, Dey A, Esther ACM, Maiti R,
Mukhopadhyay AK and Rajendra A

Structural, out-gassing and
nanomechanical properties of super-
hydrophobic transparent silica aerogels
developed by ambient pressure drying for
space application, Bulletin of Materials
Science, 2020, 43 (1), Art No. 287.

Jaimohan SM, Naresh MD and Mandal AB

Parakeet Hemoglobin - Its Crystal Structure
and Oxygen Affinity in Relation to Some
Avian Hemoglobins, Protein and Peptide
Letters, 2021, 28 (1), 18-30.

Jana, A, Das M and Balla VK

Effect of heat treatment on microstructure,
mechanical, corrosion and biocompatibility
of Mg-Zn-Zr-Gd-Nd alloy, Journal of Alloys
and Compounds, 2020, 821, Art No.
153462.

Jeyachandran P, Bontha S, Bodhak S, Balla
VK, Kundu B and Doddamani M
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Mechanical  behaviour of additively
manufactured bioactive glass/high density
polyethylene composites, Journal of
the Mechanical Behavior of Biomedical
Materials, 2020, 108, Art No. UNSP
103830.

Kamal Mohamed SM, Sankar RM, Kiran MS,
Jaisankar SN, Milow B and Mandal AB

Facile Preparation of Biocompatible and
Transparent Silica Aerogels as lonogels
Using Choline Dihydrogen Phosphate lonic
Liquid, Applied Sciences-Basel, 2021,
11 (1), Art No. 206.

Kasimuthumaniyan S, Reddy AA, Krishnan
NMA and Gosvami NN

Understanding the role of post-indentation
recovery on the hardness of glasses: Case
of silica, borate, and borosilicate glasses,
Journal of Non-Crystalline Solids, 2020,
534, Article No. 119955.

Keshri SR, Bodewad VV, Jagtap AA, Nasani
N, Balaji S, Annapurna Kand Allu AR

Influence of NaF on the ionic conductivity
of sodium aluminophosphate glass,
electrolytes, Materials Letters, 2020, 271,
Art No. 127763.

Khan H, Samanta S, Seth M and Jana S

Fabrication and photoelectrochemical
activity of hierarchically Porous TiO,-ZnO
heterojunction film, Journal of Materials
Science, 2020, 55 (26), 11907-11918.

Khan H, Seth M, Samanta S and Jana S

Nano gold coated hierarchically porous
zinc titanium oxide sol-gel based thin film:
fabrication and photoelectrochemical
activity, Journal of Sol-Gel Science and
Technology, 2020, 94 (1), 141-153.

Kumar A, Chaurasiya AK, Chowdhury N,
Mondal AK, Bansal R, Barvat A, Khanna SP,
Pal P, Chaudhary S, Barman A and Muduli PK

Direct measurement of interfacial
Dzyaloshinskii-Moriya interaction at the
MoS,/Nig Fe,, interface, Applied Physics
Letters, 2020, 116 (23), Art No. 232405.

Kumar M, Das M, Majumdar JD and Mannal |

Development of graded composition
and microstructure on Inconel 718 by
laser surface alloying with Si, Al and ZrB,
for improvement in high temperature
oxidation, Surface & Coatings Technology,
2020, 402, Art No. 126345.

Kumar P, Chauhan 'V, Joshi AG and Pandey
PC

Optical and magnetic properties of
terbium doped zinc oxide nanoparticles
with lithium as charge compensator, Optik,
2020, 216, Art No. 164839.

Kundu K, Chakraborty J, Kumar S, Prasad
NE and Banerjee R

Enhancement of optical properties of
boron-doped SiC thin film: a SiC QD effect,
Bulletin of Materials Science, 2020, 43 (1),
Art No. 250.
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Kundu K, Ghosh A, Ray A, Das S,
Chakraborty J, Kumar S, Prasad NE and
Banerjee R

Boron-doped silicon carbide (SiC) thin film
on silicon (Si): a novel electrode material
for supercapacitor application, Journal of
Materials Science-Materials in Electronics,
2020, 31 (20), 17943 - 17952.

Kundu S and Naskar MK

Perspective of Membrane Processes for
the Removal of Arsenic from Water: An
Overview, Transactions of the Indian
Ceramic Society, 2021, 80 (1), 28-40.

Lin JH, Liao TY, Yang CY, Zhang DG, Yang
CY, Lee YW, Das S, Dhar A and Paul MC

Noise-like pulse generation around 1.3-mu
m based on cascaded Raman scattering,
Optics Express, 2020, 28 (8), 12252-
12261.

Maharana HS and Mondal K

Manifestation of Hall-Petch breakdown in
nanocrystalline electrodeposited Ni-MoS2
coating and its structure dependent wear
resistance behaviour, Surface and Coatings
Technology, 2021, 410, Art No. 126950.

Mahato A, Sandy Z, Bysakh S, Hupa L, Das
|, Bhattacharjee P, Kundu B, De G, Nandi
SK, Vallittu P, Balla VK and Bhattacharya M

Development of nano-porous
hydroxyapatite coated e-glass for potential
bone-tissue engineering application: An
in vitro approach, Materials Science &
Engineering C-Materials for Biological
Applications, 2020, 111, Art No.110764.

Maity GN, Maity P, Choudhuri |, Sahoo GC,
Maity N, Ghosh K, Bhattacharyya N, Dalai S
and Mondal S

Green synthesis, characterization,
antimicrobial and cytotoxic effect of silver
nanoparticles using arabinoxylan isolated
from Kalmegh, International Journal of
Biological Macromolecules, 2020, 162,
1025-1034.

Majumdar D and Ghosh S
Recent advancements of copper oxide
based nanomaterials for supercapacitor
applications, Journal of Energy Storage,
2021, 34, Art No. 101995.

Mandal Y, Sinha PK and Mandal AK

Effect of melting time on volatility, OH in
glass in microwave processing, Materials
and Manufacturing Processes, 2021, 36
(4), 426-434.

Markom AM, Tan SJ, Muhammad AR, Paul
MC, Dhar A, Das S, Latiff AA and Harun SW

Dark pulse mode-locked fibre laser
with zirconia-based erbium-doped
fibore (Zr-EDF) and Black phosphorus
saturable absorber, Optik, 2020, 223, Art
No.165635.

Mauraya AK, Mahana D, Pal B, Muthiah S,
Singh P and Muthusamy SK

Effect of bulk and surface modification of
SnO, thin films with PdO catalyst on CO
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