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vgenkckn fey: I uk ueuk di Qk;M fooj.k felUg 01 I n"KG;k x;k gA
[o11 Jo1t2 Jo1B3 Jot/a Jo1/5 Jo1e Jov7 Jo18 [o01/9
Jikh; cnyko IMkb: B Qk; M% oMb Wk/kkj'

500° C -041 |[-049 |-026 |- -075 [-029 |-036 |+023 [-0.36
600° C -052 [-026 [-030 |-058 |-076 [+045 [-— -0.31 [ +0.56
700° C -049 |[+113 |+071 |+0.18 |[+0.26 [+016 |-051 |-043 |[-0.19
800° C -034 [+041 [+0.18 [-063 |+0.72 [-0.16 [-0.29 |+0.64 [+047
dy Idpu fueh I ngut Youeh vk/kkjh

500° C 9.61 8.05 9.66 6.20 8.37 9.05 9.19 9.30
600° C 9.52 7.98 9.99 7.29 5.83 778 - 9.30 8.65
700° C 9.46 7.27 9.45 6..58 5.07 773 9.11 958 8.63
800° C 9.00 7.20 8.84 7.25 5.16 7.88 876 855 9.01

Qk; M, evkvkj fdxk@ leh®
500° C 2008 [785 183.9 [49.1 64.4 67.6 127.9 [522 207.5

600° C 2413 | 707 194.9 |103.7 |53.3 68.8 160.9 | 44.2 193.2
700° C 2061|702 169.8 [ 99.5 49.8 59.4 119.0 | 426 117.3
800° C 2383 | 7800 |2551 |1314 |50.7 63.1 176.0 | 46.2 280.4
ty Vo'k'k.k i%n0;eku Fjkh

500° C —- — —— -—
600° C 1349 [1491 [1427 [16.20 1578 [14.18 [1390 [1577 |-—
700° C 1152 [ 1510 [ 1602 |17.05 [15.35 [13.38 |13.73 | 1456 | 12.66

800° C 1486 |[1367 |1503 |[17.39 |14.50 |12.97 |[1556 |13.40 [10.12
Li"V vk; ru iINfnyrk 4%k

500° C —  [— - = —
600° C 2654 2797 |2684 |[3096 [2076 [2742 [2711 |[2753
700° C 2517 | 2819 | 2904 |32.37 |28.94 | 2587 | 2643 |27.86 |24.94

800° C 2502 [2530 [2663 [32.95 |26.94 [2463 [2633 [2536 | 19.31
n0;eku %uRo
500° C [ —- —— —— -
600° C 1.968 | 1876 |[1.881 [1.911 1887 | 1943 [1951 [1936 |-—
700° C 1.933 |1.87 |1815 |1899 [1.88 [1936 [1925 |1915 |1.969

800° C 1.684 1.851 1.772 1.895 1.858 1.899 1692 1894 1.908

qifie Ffides 2014-15 HATHATEANR - S B T RIS SR AR, Pleraprar
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- Conevional Ancde Peak Power:
#— Functional Anode with LSM based Cathode BEW
35 & Functional Anode with LSCF based Cathode
- 80
-
= Peak Power:
28+ 1"I. nsw |
s {4 Lo 3
-
%2143 — g
S * .
° ] g
> = _F40
14 4
Peak Power:
185W 20
0.7 i
Peak Current: Peak Carrent: | Peak Current: |
1254 1A S04
A
004 T T T — T ¥ Y 0
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Current (A)

fafir=r vre waear gad div—ee @ geeT

HTHATEAR - FE1 B T RIS SR AR, Plersprar

qifies wfrdes 2014-15



BIgSIoT BT S84 3fR SiTRIIST BT TRiee & w9 &
SR R dgd RIS Uazi= & forg St 3 o |
o I G @ T Wd | uew a1 ga @t T
WY 3 RRAG gAe F [T far w59 s
forareed TAre & wrer T fhar Tar O R use A
Us #Equl AMgfE <l S| selagie dble B
ERT fhaTered GHre gavd [T W& &1 Heetwor fobar
AT | S WIRIWTT TAIS Jad Wb gIRT 0.8 dTe / HH1?
F UF 9gd TIvg e T & AT 185 A B oY
91T AT BT 3T 800° JWERIT WR 0.49 TR /A4 &
RT T dTet 0.31 a1 /41 3 o1fee g=iaa wfed 75
dfe @ e oY wIfad &l u<Rid favan | forarers v |
AT 3 & & U™ &I vogadivs — mRa
DTS UGTAT & AT SE R AR YT 4T | Oy e
Pl 0.625 URR /4’ & Ueb oIRT ©-ed & <1 0.35
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a) Feed gas compasition - CH :CO, = 3:2
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o 400099022229023959°

o

0 ¢ I_O.‘ —&— Methane conversion (mole %)- Cu-YSZ
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IR araraRer # B9E @1 uferd uRadw <l
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p_— b) Feed gas composition - CH,.CO, = 3:2
o
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F ] S On Siewam ol B8 ot 28 ppem b
e ,m'-- ———» [ E:':
s o Vo Z
£ w ET L smam o 18 01 28 poem 8
5 oy t&M -4 o ____5 o2
£ e g 3
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O, w04 ]
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204 z
=d— Output Hydrogen Yield {mole %)
== Methane Conversion (mle %)
—TT T T T T T T 50
S0 0 50 100 150 200 250 300 350 400 450

Time on stream (min)
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) Hsds faT &R @) Solagleld Ni-cu-vsz®g ®I8 1 ¥ gRTH,s TR 25 didies @ SuRerfa # |
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B URT W~ 20% & MO WG g @19 gafmior
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AR ST H TN SifaRATgST B 3Tver i St
Zn,SnO, 1 IRIRET # U Fgcayut uRacd= <w@r 127 |

cds Lofnr 1kj Dyk e vuukn A€k LFkkukrj .k dh
Hfedk b

CdS, CdSe, PbS 3R InAs SN “RI—dJeily
WG esIer gaien Sfc A e Hafed AR dall #
RiRicTSoR Wd 8 BIeST & ©U H FEd B Sau=
P T | Ib Gk FeAl b UL H g IR FeT #
N719 I51% & VAT | & o & oIy 39 IRIRITeT
Yol @I Y 3R Jpfeud  JiRiergoR der
PI—ARACTSOR F JRIIUT &R & 9T fPy TR 2 |
TFh SUYFE HI—ARCIEoR & T & oy Framsa
B B UG N & TN 3R JRTHT TR eI
Bfad fFar a1 7 | T9S 3reTar, QD iR HRIEEOR 17
@ 49 Srofl JATICRYT B FHIEGT BT ual T & forg
3TFATE Sl RATHIAROT SRR T 17 | CdS =41 it
I BT SUle & HY § SIYEET T | ZnO HIT (P),
e (R) 3R JFe—av1 (R+P) a1 & fAsror & 3= fAfifa
fPT 7T qUT 3BT QeI BT CdS AR N719 Wod |
ST T | BT AT BT JMETRT By geldels AR
p-TT8U BTl hsde] TR TNE B Jirfa &l fasm # 7|

(&) ZnO XTSI @, (b) SnO, I B & TAFTH [ il () 1000 1A Wi oY
317 feers & 9T 2 [oriedh Berwawy ZTO Ul &7 3J1H FHeT &Il &1
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byDVkfud QjkbyfDVd i.kkfy;k e Bjpukted
uku& BvkfleVh dk foLirkj 4

9 P $T G IgaW LnFe,0,, Pr,..Cay., MNO,,
Pr(Sr,,Ca,,), Mn,0,, Fe,0, 31f& & 1+ 8id yomferat
H QAT Bl & AIUE Bl @ 3N e faHr &
gR1 fpcdnfbes A dRmd & R @1
|G B AT GERET FA 2| I8 N TE ® B
dfe &R goagiNe ARl YUl © ey
BISAfIERIEIRT Tdhe B § | Feemdt & ga Ryaex
# R fehaRr WIRT g1 favdR & $9 S Se |
R fewhaer Yot o1 uRaef smae o Rerferl & ar
# qED BN T | 30 S AR B I DR
fey y € forres forg =gt Revherar def oot by 1y
gl
virjk'Vvh; ifj s ktukh
xfM,V uukdikftV dh Bjpuk i uuk d.ke ,o
ikytej imore BAGS: ;Dr to If@d; dikpk d
virkc/k

3 fag) qureTge—fHivTeRY emar v wfima uerel
BT A ATV BICT 8 | ST | Hia a1 AT BT
(BGNs) @& wiag IRIRfHAT SBF # fse & dre

DT Seldeld ATShIBIST gRT JTHeTOrd by Ty o |
S F FEH A1 WG dTel U dga SR IR Bl
SBF # foso & 14,7 3R 14 R & 978 A8 W <@
T 1, 4 AR 7 AT & e wAVAS  arguTa
(CalP~1.73) J&T THGY HIRRIH BB (CaP) ST
Pr @ AT | FovosT & 14 oAl & 96 W™ g8 awE
FqHRY o AR Ca/P WRATS AT —1.83 & T
T T | $9 3eFTT ¥ g Iguifed 811 8 f% BNG
SRR WR MR 31fire FHIa qem wiel CaP IR &1
fmfor gam o | aufes w9 & oreu afy § BGNs
AAIBITET T AP WA 3R FHIM Aag TaT Svac:
wegof e il 2 | a8f a8 99 eIe < A R
5 59 71 @Iy W [T fedrsT g & w99 =41
AT =R0T PP §881 & CP,HA freedl & 988 99
EIAT € | BGNs SHI®IfET = BT HaeH sirt &
SR I rfarerraar i uefia famar |

59 eSS fhy gU =41 oNeR &1 wftmst e &
IPRC SaAfHIAT vd BRI ufdfHrar @& HRoT
Sg—Il $id YA glic & gSe! 9g Il Bl
AT Bl B | 39 IR W 3 B9 Sl § 3H
AT B TR TR @ A FHATE |

SBF# (a) 1, b) 4, (¢) 7 3iIY (@) 14 oI & f5worT & 17 BGM FT1HICT & SEM ATSHIATH

AR - B Bl Td RIS SITHE AR, BIerdral
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uku VKDIKDM fljkfeDN] IiEed o fjYDVih ¢

T 3reTta aRAeE
w1 (mems) VUi kx g flfydku BcLVV ij dBkj
dkfVix d Vkbek; ykftdy 0;ogkj

g U QRS TR RIS ¥ $iR I8 g
IS BRI 2013—14 BT 1D TATRY RATE H UBIRIT 89X
qd B F AT 2 |

gd ol # g 900 &N Afewaw & w=id 9=
[51158:155 IR R N1 B < S 1 S B o = MU R
el Tl RIc | e $1d- gad TAHH SiC et
3C-B-Sic AHIfsheeal & fafi= garf 1ol w srega
Bfed fomar o | I8 F7 3 97t R 9t <@ & 1) Sic A
fipvedl & el IS B FdIcH Sl Bl gig AR 2)

TSR SO BT TgdTel Il 14T G Hel gof el
B2 21 of ¥ 39 ydeh fhew W UfEIT THSMERIR yerer
YfIEI 1 el 2 Hisel gRT quiH faarm 71y o |

Aiear Rifetdtd SarTaoi & W WIS 1000 pm
ArerE arel fAfrdi I6R Favge & A IUgad gY
| (7—8) nm F FHH BT ATE HETI B ¥ AE Bl
2| G fd enufad Wk (Mn) 500 W dvel
UfeTaiRier (TrdRiTs) DMSRDE HMYR (WRd) #
SO gl o1 3R g ST Sic FAIheedl &g Udh
MR & WY H ygad el & | Sic fed LPCS (12ml
mim™ UR) & AT | S I B gafeiT gy Riferar

" w F -
L n .

Absorbance {a.u)

o

400 800  BOO

1000 1200 1400 1600

Wavelength (nm)
fbew &7 SrgeTreTeT av-3HT

30000

(a)

PL Intensity (a.u)
§ 8 8 8

g

e

500 600 700 800 900

Wavelength (nm)

400

2
=]

PL Intensity (a.u)

(b)

30000 4

g
=]
=
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=
e
e
t=]

20000 4

800 850
Wavelength (nm)

750

() 325 nm ST &7 3fIv (b) 625 NIV FHTT & Sford Niver aufmd
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AR TR STAT FHT 74T o7 | 37 H, 4 fSY ey / mim
& HHR P ATTHN IR BT ST AT & R Tl Ah
IRafdd xed 2 |

for %=t 1 S fheAt & b Sraeneror quihd
The AT & T 327.5 nm, 458.5 3R 720 nm W T§
Srqeireror Welf Bl ST S FehdT § | 9 avihH W 1.32
eV, 2.1 eV 3R 286 eV & W] Holl Wi BT SH
FHIBROT BT AN dReb U fhaT AT AT | TS
FHIHRET BT TANT R TTOMT §Y UeT ol R 8 1.51
eV, 2.44 eV 3R 3.32 eV| 325 nm MM o ERT
Sfta e @ dive aviss (-1 (a)) wmds
IS JUIHH Fohe A § e Taed g3 & 2|
TR¥F e | U §Y 98 Sl Wil | ATaH qofehd
FSATEHT HHHOT & HIROT BT B | B o T Sic
v (2.86 eV € favTer Afd) # Rerd Sic Aifedl
@ fITe quishH 2.4 eV 3R 2.1 eV IR Ziieey 810 € | 301
g ydhe BIal 8 & fher # faemer §¢ <ot gar @ o
AT T3 B ST TIed Dl Ui PRl © | 92 S
A9 (@wrdd gad) fre 8 fRua I 3@ weda &
THGE 3R sy @rull @ SuRIfy &1 uefia
PRATE |

539 9Ie & SifaRa, g4+ 800 nm (R 2 (10)) R
TSR Uit &7 ugell 9R ol fdhar &1 I8
TS 3C-SIC (2.4 eV) B eI AT F Hoft Wik
(1.5 eV) | S BT & | I8 =T oIl Seqoi 8
<2 Hied & HRYT BT 2 | 39 Ated # I8 Ffid §
b e IuI SiC AIfhvedl | S BIdT & 3R
BT I Y I g e H e 2 |

ger fivel & AfRad, 800 nm W TR
gferdifeq o 71 A Nfehrears SiC ¥ sraeifed febar Tar
ofT | I Tgell IR Gof [T 7T ¥ | U8 Sl 3C-SiC

(2.4 V) BT 3TUET TR 1= ool TR A I BT 2 |
NITE ST WISl b BRI g 1+ Sooll SO 2l & |
[T T HAS # TE FRRNd BT § o geprer St
U fader |dg gem # Sic A1 fhwedl iR g
TS A ST B 2 |

TR VUi kx g vir mPp rkieku fljkfed
ueuk d rki&;kf=d 0;ogkj dk gkv aRmr ,o
v/;iul

ZrB, -SeCp (W/W 80:20) 8T WTdh oA
Refe 9 91 15 fave & forg 50 MPa <19 @ 3idfd ton
=50 ms 3R t,, =5 ms AR 1900, 2000 TAT 2100 fSHY
JAfewra doEEl R Rier gu ) sic, RieRT & dRm
dfeli—araiRes & g7 Rig ueRiferfia gRT ura g
o | U USRI ZrB,-SiCp USSR & UBEIAEIR
ol = TR f& Si-CH,-Si, Si-CH, 3R Si-H fids o
O—Rrifae IRt areimRe §s dor si-C, Si-0 Td
c=C ¥t S go Afenals s avfea # weed
Ui 8U | ZrB2-SiCp HHSA ZrB2 & |a faaRer wd
fa<frre sic =R Rice Tl § wrg U 9| Freysia
ZrB2 3R Y WSY SiIC & I b AdBad I
Reileger sTge bies ST frail § urg 7y o | diex a1
¥eH HARAT, ZeB2-SiCp & haaR THH (SRITH gRT
fq) i f HHT: 16.22 GPa 3R 3.69 MpaV m d®
2000 F&HY AfesTay QoA IR UTwT T w72 o | ifad
St fAgfaT &% (G,) 717 27.46 J-m” T T Hebe HAT ©
5 §SevM & R AfMFS IR 999 BT A & | /i
affsti @1 feR RS fFrar ok faar &% w1 9ga
HH Y T F | W) Afws & ardg Sdrerdhdr w9 A
100 fS3ft AfesTaT 1 1000 T3 Afeaa aroam= < #
78.09 ¥ 57.20 W/im.k & &1 fr=aT Uve & | 9 a1 |
QRITAT TR |

aferat 1 : zrB, -Sic, fmsil & wify® vd gredtgenforae o

Riefar Hv Kic da | G | coF | fmm | R

I (GPa) | (MPavm) |argurd | (J'm™%) | E0ef) | (m®X10%) (m(T1/0N3')m) WRC
1900°C 16.01 3.44 2.21 23.90 0.44 2.91 0.73 0.030
2000°C 16.22 3.69 2.05 27.46 0.50 3.31 0.78 0.034
2100°C 14.32 3.61 2.28 27.23 0.61 6.43 1.61 0.170
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1900°C

—a—T Conds (Wm K|
——C K |

A koo
=t un...r.m'}y .
|roe
e

R

2000°C | —w=1 Condu (Wom K|
| o (44 K} |

| ===T D fem’ ‘-u!

—y-i% Lo

[ M A A A A R
Temperature ("¢}

fafir= @ O% WqrE oA RieE ZiB,-SiCp WA @ ardir T

c/ pj.k fid 1 bufQYVi"ku rduhd }jk vkD BkbM
ckMM kj I sic fljkfeDN dk 1i"y'k.k

Tollse URA Sic RRifa & 1o &1 dfa—aia
SREHIN | g T |

15K.min”!

o
2 _M
T T T T T
1150 1200 1250 1300 1350
Temperature (*C)

g¥% 841 4 A1 %997 &% 9% qerrse

Ry wicr HIcs Sic & LY 9
el St IR ddeIdh §IRT 91 TROT BT FHGY
IR RRifias & fomior 2 smefmad a1 gRedI 7 |
qollse diss URE SiC Rmified  (gwdiowstl) &1
HgereToT AT H 1300—1500 ST Afeqass qmowe W
Rl gr1 Afd—9ia Jellge frHER & SiC HO1F a1
BT & SIRT sARTese menRd IR I fdhar

qifie Ffides 2014-15

AT | % SiC 3ffaiaxoT 3y Richar aromr # firmae &
Tl HH 3T SIC BT & MMHR H gy g | T§ 3@ 747
o5 <1 & Ael 3, fofadn, fon smeR sk FoaRe
| BT ARIRAT AT 1R SIC FoT STHR &f i
R BRI BT o1 Hhar | Hose Sic wd
frciaarge @ Jase dise sic Rwfiew 3§ 9w
fipcasT =Rl & U H W TAT| BICS SiC S
Th=I GIRT ST 11 Herrge fFrfor 3 HHen 1195-1213
feah oo ok 1319—1358 3l wifewa & amommHT
W T vaeedfie et @ gee fhar) uger @xor #
Terse freeargor™ & fory afkae Soi 884—1250
KJ' A @1 W H off 3R gER aR0T § I 758—1018
KJ" ATe T+ ot |
flfydku dkckbM Qke dk fodkl vkj o.ku b

a1q ffie (@ifaarse a1 AF—sifaass) & sH
o / de v Rt i R S=a g srguamt
A el U T ]E | Safs o T B el
grg iR ™ TN fewE, Svia IR taerRe
fheee—aR # dor 93 9o B Ry w9 & anf
IgCYE UG Af gRem g WA fy o E|
A-3ifaargs Riferd waigs (SiC) B 39 Al #
@ forg afae IR 1R stega fhy T v E |
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lﬂ”{“” Hlfllll\ l\l\\\\\\\;\\\

Lﬁvﬁvaws:crm?
@ f3foree e

0 URETSHT BT SITHUHARES RIS fahar 8
IR DT TS SERY WAL, Hroiianans
# refiepraiRict= (RATH) gea=1 SiC Wi 1 fHwior
qT o IR 2| G e Toil )T URMeS
AR U & T 7 3R SiC B Bl AR &1 TR0T
qrell IR Tl §IRT S €19W oo fhar T
o7 | 39 e (IR Sic i 4ifde, Jed o 3iR
AT [T & SR IR ST 7Y | GROTH! = yrirste §R1
SueTel dE—ION @ AT ITH Aagdl Bl USRI |
B-SiC I I YRIATH e~ Bl 7 40—45 vol % @
A # ey fofedr A -1.8g/cc B Ha o UT<T
fépar |
buliyVj vif'k'v ;Dr fjYDVjh inkfk izkx dju
oky' , yfeuk flfydV fjYDVjh mRiknk dk fodkll ¢

MR § gIgeiey e yardl w9 9 RRifie
AMeRT ggeleyl &1 Sculed Rd §| BF uH
STGRICR & IUMET & AR T AT # ST orufdree
12T 21T 8 | 39 oTTgeIeR STURE # -40wt% AI203 3R
forvedrss wRUr & ®U H oredl WA H qellge BT ©
oy o=t Ao Rebae?) SIguRInTi &g WRIRT fasa <
AT 2 | 39 gRe 4, afawr g giygerey & BrIS

SiC B @ X-¥ 3 & STl -

227 Thermal Conductivity, Wim-K
| BESEER Thermad Diffusivity, cm/sec |

200
Temperature ("C)

& gy & | [T uered & uredl R ot fooet
TIfeTeT § AT U & |

TG IR BT FART P [T 30 glorerd vfAer Griw

1B # g archt
Typical properties of refractories
X.k 30 % Al,O, 40 %Al,0,
fjYDVjh fjYDVjh
et fofeerar (%) 17—18 17—18
ARATTE (Mpa) 5-39 32-33
ARYTA (Ta°C) 1315—1335 1400—1415
IR —0.3 —0.04
(1150°C™wR) (1350°C™mR)

gTgereR Juldre ugfier fiferde Ribaedl & faem
o ST faar 731 o | 39 anfecan fasen wEd ve
FAIro . fo1, T gag g1 wrRifo 30 wfrer iR
40 UfreTd TG gt TettimT faferde Rubaesl 3 50
Uirerd o QMufiie &7 UANT R Whoerdrgdd AT
fopam T & fOTer 3 25 URrer geiRgeie” SR 3R 25
aftrerd AT (e Sei ) O | U 197 SR iR A

HITHMEANR - P B T RRIAIE STTHE ¥R, HIApra

bfM;u fyu xM eXulkbV v;Ld dk 0.ku ,o0 itk
Ifgr ;k ykik di fcuk bId mPp rkieku fjYDVjh
XKk dk B/kkj &

39 oegEe W, AEIREE-tgfitie weed @
fomtor o) |rem & $feE Adse 9 oo wafda
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A ARRT vegfidte wrgde Rypaedt wyst & for

VX Fkkd ?kuRo T 12%kurk Yok elMy 1 vkQ | gkVv ekMyl
rkieku lech lig/cch fNfry rk losh jlpj Ympalt VvkQ Jlpj
imMpat
1550 317 9.45 90.06 108.85 65.72
1600 3.34 1.15 93.82 128.47 76.31
1665 332 1.51 9352 109.83 7167
1700 330 3.60 93.48 103.95 75.39

Ripaedt Scural &1 (T &= &1 v gar faar mar
2| frod Tore #, gafarer w8 Uef & BRT Rbaest
H PEEE WEAd & WE W AERREE Ugie
Wrga (Mg Al, O,) # 3fTr 9l & | Mg Al, O,& 3Mdtd
Tl & SR W Ig db1d] W ¥ U Hecaqol ugref
BTE |

9 e g9 & AR ¥ R Ribaed
Feal yered HENEE W Mg Al, O, Ribdedl W9 g &
ATl BT GRT fHAT TRAT o7 | Yohed RN G&F & ERT
HATSE Yo TTge Bl FHATOT T T | ST 94
gfereTa Fear 9fEd 3.34 glec BT ATd T 1600°C TR
TR BT | & A faweiyor # e U WRe 7
T Al & JeaR FEd, aE—ite on H Jee)
T @ |

THAT 1600°C b & RicRT qrod # gfg & wrer
e fSfeerdr & o4 8 W &ile bvcd d g Pl SIr

qifie Ffides 2014-15

2| 39a arg e fofeerdr @ Ay a@ § U Anel
FH fawE <@ 21 99 g ammEl R RieRT g™
WESAT Mg Al, O, FHor & gU v (5—7 ufdrem) &
AT BT § | gRemHe: RicR—demar o g
ufhar ok Rl faR e W wfed &t 2
yfreTadT FEar A1 MUfdTs B9 1600°C A% 9@l ©
IR IS 9% YT 1700°C T A: TSI & | T8 Uhe
T & fF 1600°C dw  RieRw, Ruwremgore
AAFHIRIT BT Udel BT & ST 1600°C A 1700°C T
=i ufehar g9 ST 2 |

Tea A R SR @1 @1 gRkEd a3 7
AT BT XRD & TANT ERT fageryor fam | 5=
A &R I gfg, Ged |ea faemrT ofR =Ror faaor
Pl ST B oY BT Seragi= ATghIRDBIAT TAT EDX
freeryor fo5ar T |
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a4

Qkbcj VKFIVDE 0 QkVkfuD 1l
ckg; vunkfur ifj;ktuk,: b

1100&1500nm nm ei ckM cM udk*k Bkr di Z1 e
i;kx gsrq cr* Mkfir vaGc uuk d.kk oky:
uuk&vitk;f=r dkp wvkKkfjr wvkflvdy Qkbcj
fodkl 4

gava wifvag sifua  =xvi-faafaqa
sfean—vRIfAT—faferaT wia mRa wgeRt &1 fmor
o T | TIfeiT & SR ¥ wRoT fAAfiT Bt BT e
ST 20—30 nm HTT AT 2T | I8 Hewaqol 0 H Hed
BIgeR H THT 5.0 nm & AT O {6 o # gwmmar
TR

Tiles 3R AF—UHIes BIgaR T4 9 U< BIgar|
o IJYINIOT qUIHH | Cr, Cr IR Cr* uSifadl &r
SuReIfe BT SgEnfed forar | Tifer T ufthar & <R =1
ZROT FAHIGRT & HelRay Uriles 1 &g fdR AR
TR G ST 3... 3.5 AT HH BT 8 | Triles TRBH
Al H A Ueiies @ 37U 500.. 8000 nm & 3fER
AT dTel aTaTaRvT H AE Cr'* MR B SuRRefer
3 e oI | 3ff BIgeaRt J 1064 nm WR GRAT & ST
900 3 1400 nm WA # deds Scaoi= BT gefRid fhar |
T BI8aR 1... 1.1 um TR BIER aTgefdad ofoRi &

DITT-SIAT BIeT IENRT BIgav & gt de+ & ey 59T o7 (@) F7—vles GvHrH
(€r-2) 3T (b) veiles ¥ BIgav S~ (HCr-2)

Normalised power, r.u.

-- filtering

1000 1100 1200 1300 1400

Wavelength, nm

1100 nm & & e 3T 2w @) 97 91fdd ov a1
ST JUBA e TN TolHm & DT avraed @ afar &/

1500

HITHMEANR - P B T RRIAIE STTHE ¥R, HIApra

forg wardh Q-RafiT ser=al oik 539 vd fde oRed
HHRI 2g BIEaR oo Wil & e ¥ 9e dfese &
B9 H Yebe gaT |

,d vikflvdy Qkbcj i fjixxMkmu LiDVkLdkih dk
ilx dj Qkbcj&vkflvd jklk;fud Lilj dk
fodkl

Hol Rive B gu R eeT Wagrand (PS-
FLRDS) I HER Pl TP UedS ook & dold UdH
BHTIgER U H §SRIET ATSICITS Aad ool &l FeTIdT |
Tefi fear M o | BER U@ H Wygfed oor
fpeor—gs Ao & REMIG) &9 7 gAY b ATe
JTICYE UHTR gl H Bol Rde HREAT| Bl g
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SIS WD BT AT AU ST FRIT B | 30 B
BIoT HO | RAT SIS 7Y BT UM Y ST Hebell ® S
faera= a1 ST vare yonferat § gidTge @ |Aiadr of
FufRa Hva 8 | 98 PS-FLRDS TdTE oTTell 3q SUgaR
BT 2 3R T 3@ Ioa T feSaR 3R FiehdT &
PHRT BIAT & | 235 IR & U HISIR ¥ & AIJ T
ATIEIRS YoTTell fohaifad foar Trar o &ik 28.685 3fer
T Hol BIOT H AU AT AT | FIEAR U B AR U

B & U9 & 918 S WS AP $ ANl B, 35.
4157 3721 T Teh ol [AUer T BTl & |

AT YOTeAT 7 50 ps T U T Reiree yalRia
foam i %o fauer # g geamal B AT # Ieedl &
121 e} BIAT B | 39 dbeileh bl ST AR & Hda
=g WA R 1 e ® | I8 AR arorfers daeT
29 SUZE B & SR T IS GRS Yot &

ey fpanifad forar S a2 |
Tunable laser source Intensity Erbium doped fiber
1552 nm | modulator amplifier

Function generator

r

(Sine wave)

v

2.5 GHz
Oscilloscope

4

InGaAs Detector
850 - 1650 nm

Coupler
99:1

Coupler
99:1

Isolator

BT Rie—wgay gy R Sr97 Wagaid) SIEnRa wdae qomel a1 gredt o

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

—_
=

Normalised Intensity (a.

—— Input
—— Output

0.00E+00 2.00E-08 4.00E-08 6.00E-08
Time (s)

PS-FLRDS Wda FISTT &7 JINT &Y 28.6857 39T & B QeI &l qoifar wiie

8.00E-08  1.00E-07
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wvirjk'Vh; ifj; keuk,
vikxkeh ih<h idk™h; Bpkj ,o lonu gr vikfud
eYVhdkj %kvd &

TE ARG YD LIRS FYat IFFHTT
HRIEHH B AT ATHNEIR—OIRAIRRE 3R
2Rue dfc favafaerem, 3@ & 99 e wgarTHS
IRASHT R 39 URASHT & S2¥d VA dffftede

5.54 pm 5.46 pm

5.82 pym

5.82 pym

5.16 pm

5.59 pym

|

5.15 pm

TG I ST BIgar &1 Geralie god

s 3R Fe IR BIgaR RN a2l IRuRETd i
AT Sfiftedha geadTae ]I BT SUANT & |

T g Geo, Sifte fliwr s @1 fefer &
ENT &9 puifste et & Afdea ad™ Geo, SifuT
PR JETRT AR BIgaR N fR B8 afhd Er”
ST BRI &1 Fafor fomam 8 | 379 wrgeaRi o) sanfAfy &t
fargereror fFam T IR g Ul gerelie gea fm

H grfar A 2 | BIsa’i BT g @@eR avia fear wan
3R =ifsd ufthar & ferw s_1 <o/ gRiTa aern
T URfYS e @ Rive Are ufte, S99 9
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CSIR-CGCRI

CSIR-Central Glass & Ceramic Research Institute
(CGCRI) was established in 1950 at Kolkata as one of
the constituent laboratories under the Council of
Scientific & Industrial Research (CSIR). The Institute is
a premier R&D organization dedicated to harnessing
S&T capabilities in the field of glass, ceramics,
refractory and allied materials for the strategic needs
and also for the industrial and economic developments
of the country. Glass & Ceramics and allied materials
are increasingly becoming the materials of choice in
the emerging technological scenario and the Institute
has been playing a significant role in these
developments. CSIR-CGCRI is poised to take on the
challenges of future.

|

Lab-scale membrane
photo-bio-reactor for
algal biomass production

Finger implants

Dr Jitendra Singh (second from right) launching
the Confocal Microscopy product Thrust Areas
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= Advanced Clay & Traditional Ceramics
= Fuel Cell & Battery
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It gives me great pleasure to present a brief account of the key achievements of
CSIR-Central Glass and Ceramic Research Institute (CSIR-CGCRI), Kolkata
during 2014-15.

I am happy to say that CSIR-CGCRI not only consolidated its position but
advanced strongly in the core areas. With adequate importance to the global
perspective, we re-focussed our priorities and reshaped the programmes to align
with strategic national missions.

The intellectual productivity of the Institute was reflected in a significant number
of research publications: One hundred and sixty three research papers were
published in journals of repute. Five patents each were filed in India and abroad. It is
a matter of justifiable pride that in the CSIR family, CSIR-CGCRI holds the fourth position with respect to the
overall numbers of sanctioned patents held. | am hopeful that the position willimprove inthe years ahead.

According to the UNESCO Science Report: Towards 2030; most countries will see research and
innovation, as keys to foster sustainable economic growth and stimulate their development. As an Institute,
CSIR-CGCRI too has always paid the greatest of attention to national security, public health, water,
sanitation, energy and infrastructure. | am proud to say that the Institution surged ahead in all these spheres.
Thus, the Institute has been true to its mandate of national development through inclusive growth in order to
touch the lives of common masses.

Relationship with industry grew substantially through stakeholder engagement with four
Agreements/MoU being signed. The first of these was with Vinvish Technologies Pvt. Ltd,
Thiruvananthapuram on the design and fabrication of All-Fiber Supercontinuum Light Source with application
demonstration of Confocal microscopy. Itis appropriate to reiterate here that the Confocal Microscope, which
was launched on October 7, 2014 was hailed as a beginning geared towards the Prime Minister's global
strategy entitled 'Make in India. The product was developed in Public Private Partnership mode under a
CSIR's NMITLI project in collaboration with industry partner, Vinvish Technologies Pvt. Ltd. CSIR-CGCRI
developed the Photonic Crystal Fiber medium.

The second MoU was an agreement for joint collaborative research with CDE Asia Ltd., Kolkata. The third
was the MoU signed with Nuclear Research Board, (BARC), Department of Atomic Energy, Mumbai for the
development of seven component borosilicate glass beads for use to treat liquid radioactive waste. CSIR-
CGCRI not only optimized the project parameters but also carried out material characterization of the beads
for bulk production and transferred the technology on request. The fourth MoU was signed with H&R
Johnson, Mumbai, for the demonstration of manufacturing of low melting high soduium content borosilicate
glass beads. The impact of these products/technologies to India's strategic sector is self-evident.

Sanitation and public health go hand in hand. In this sphere too the contributions of CSIR-CGCRI merit
special mention. In close partnership with the nodal laboratory (CSIR-NEERI) our Institute has taken up the
responsibility to develop ceramic membrane-based processes for removal of pesticides and heavy metals
from water. In addition, CSIR-CGCRI would also fabricate coated ceramic membrane and module for
microbial decontamination of surface water and also, scale up studies using newer adsorbents in the
prototype mode. Interestingly, lead removal from synthetic solution through hydroxyapatite-coated
membranes showed a 97 % removal of lead, which is a remarkable observation. Ceramic capillary
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membranes were integrated in the design and fabrication of a lab scale membrane photobioreactor of 1 litre
capacity under our nodal lab project on advanced ceramic materials and components for energy and
structural applications

In this context it will not be out of place to mention another partnered project with CSIR-CECRI as the
nodal laboratory wherein CSIR-CGCRI has been entrusted with the work package dealing with the chemical
activation of natural membranes for covalent immobilization and detection of DNA of pathogenic bacteria.
The findings indicate that n-butyl acetate modified eggshell membrane can act as a potential substrate for
DNAimmobilization and subsequent detection.

In the Healthcare sector too CSIR-CGCRI has made significant contributions particularly in the field of
developing novel CSIR technology for manufacturing tailored patient-specific bio-ceramic implants,
biomedical devices and biosensors for clinical diagnostics at affordable costs. In this context, mention may be
made of the fact that patent has been filed on the development of breathanalyzer sensor for diabetes. Several
prototypes of finger jointimplants were manufactured and tested for mechanical and functional performance
in cadaver in a local hospital. Clearance of ethical committee has been obtained from single centric clinical
trials. During the period the Institute was also actively involved in the development of novel drug delivery and
tissue engineering materials.

Tm-doped fiber lasers are expected to be deployed in various areas of medicine such as soft-tissue
surgery in areas as diverse as urology, dermatology and ophthalmology. A stable lasing at 1.95um
wavelength with output power above 5 W has been demonstrated by CSIR-CGCRI. The Institute is hopeful
about the results of the further investigations on the effect of the laser power on scarring, charring and ablation
rate in live tissue cells, which are being carried out in consultation with medical practitioners.

Specialty glasses have become a niche product of CSIR-CGCRI. During the period, the supply of 20 MT
RSW Glass blocks of different sizes to BARC, DAE as per the second Memorandum of Understanding was
completed. Inline with an agreement signed last year, 8 MT of low sodium glass beads were also supplied to
DAE through H R Johnson, Mumbai.

The Institute surged ahead in the development of semi-conductor and rare-earth co-doped glass
nanocomposites for solid-state laser applications. Yb-doped laser fiber in large mode area configuration with
high dopant concentration and reduced photo-darkening effect has been produced successfully through
Vapour Phase Doping technique.

Among the major scientific hightlights, a novel epitaxial growth of SiC nanocrystals embedded in carbon
rich amorphous SiC films was deposited using liquid polycarbosilane as precursor. This material has potential
application in fabrication of LEDs; A combined technique of Fluorescence Correlation Spectroscopy and
Confocal Imaging was developed for detection of early aggregation of physiological protein alpha-synulein ;
The phase formation of ZTO, a potential candidate for application as alternative photoanode in Dye
Sensitized Solar Cell was noted without Kirkendall effect and. cube-shaped meso porous CuO was
synthesised by sol-gel process with patterned structures which has potential catalytic application.

CSIR-CGCRI is also actively involved in human resource development. In accordance with the MoU
signed by CSIR with the Government of West Bengal with the novel and noble vision of creating a sustainable
ecosystem of micro, small and medium enterprises to drive economic prosperity of the State, CSIR-CGCRI
was charged with the responsibility of carrying forward the activities as the nodal laboratory. The Technology
Facilitation Centre (TFC) was set up in the institute last year to facilitate technology interventions by serving
as a bridge between the entrepreneurs (existing and aspirants) and research institutions (all CSIR sister
laboratories and knowledge partners outside the CSIR network).

All clusters, irrespective of their standard of operation, need technology interventions from time to time.
Focus must also be directed to aspects such as access to better raw materials, improved infrastructure, skill
up-gradation, better design techniques, reduced wastage, enhanced energy efficiency, better adherence to
emission norms, improved products in line with global demands, diversification of products in sync with
customer expectations etc., for overall improvement of the cluster. | am glad to say that a very well-
appreciated Refractory training programme was organized for MSME members of the Bangabhumi Cluster of



Refractories Association. The participants expressed great interest in the development of calcined raw
materials, low cement and self-flow castables, refractory value addition through sillimanite aggregates and
indigenous bauxite, as well as the magnesia-carbon bricks.

CSIR-CGCRI's participation at Synergy Howrah was welcomed by all stakeholders. The Theme of the
CSIR Pavilion during Synergy Howrah-2014 was ADOPTING CLEAN PROCESSES. Many of Howrah's
industrial units and iron foundry etc., use traditional methods that are quite polluting in nature. There is a
major problem of effluents and waste management. The need for technology interventions is therefore, acute.
CSIR-CGCRI's ceramic membrane filters, glass beaded jewellery and refractory bricks on display attracted
the attention of many entrepreneurs and public.

The Outreach at Khurja has been instrumental in training a large number of artisans over the years.
During the period the Outreach organized among many events, the T&D programme on studio pottery under
a DST-sponsored project. Chemical analysis and physical testing of ceramic raw materials and products,
Bone china/stoneware, eco-friendly Blue pottery, Low temperature artistic whiteware and ceramic raw
materials are other areas where industry personnel and artisans were trained.

The Outreach at Naroda; an 1SO 9001: 2008 certified R&D centre is carrying out impressive R&D on
traditional ceramics, product/process improvement, as well as testing and training. Naroda Outreach
provided crucial support to the international exhibition Ceramics Asia-2014 as an event partner along with the
Indian Ceramic and Tiles Association. Industry has consistently demonstrated sustained interest and active
participation in the programmes organized by the Outreach. | am confident that this interaction will grow in
strengthin future..

CSIR-CGCRI's commitment to training the young scientists is reflected in the ongoing courses at AcSIR
and in the much awaited annual Summer Internship Programme.

Outstanding performance calls for exceptional personnel. | am happy to say that this year many of our
colleagues were publicly lauded and received many laurel and awards. Prominent among these awards is
the NRDC Innovation Award (2013) given to Mr Sitendu Mandal and his team for innovation/invention of
Technology of Manufacturing Special Glass Beads for Nuclear Waste Immobilization. This was under the
category of Societal Innovation. Dr R N Basu, Head, Fuel Cell and Battery Division was elected as Fellow of
the Indian Institute of Metals and the IIM plaque was presented to him during the ATM-NMD 2014 at Pune. Dr
P Sujatha Devi, Head, Sensor and Actuator Division, was elected Hony. Editor of the Transactions of the
Indian Ceramic Society and also, Executive Member of the Council of Materials Research Society of India. Dr
Mrinmay Pal, Senior Scientist, Fiber Optics and Photonics Division received the prestigious Raman
Research Fellowship for 2014-15. Mr Swapan Kumar Saha, Sr. S.E., Engineering Services Division was
elected as Fellow of the Institution of Engineers (India). These peer-recognitions reflect the high regard
earned by CSIR-CGCRI scientists and engineers and fills me with great hope for the uninterrupted success of
the Institute in future.

Infrastructure complements human resource. Both are the assets of a laboratory and must be
continuously enhanced and upgraded. | state with happiness that the year under review was marked by
phenomenal improvement in the infrastructure of the Institute. New characterization facilities were set up.
Sophisticated equipment to facilitate cutting-edge research were installed. The impact of the new equipment
such as Compact Scanning Electron Microscope, Raising Hearth Furnace, High Temperature Furnace,
Annealing Lehr Furnace, Spark Plasma Sintering Furnace, Rocking Furnace etc., along with Vibro Grinding
Machine, Vertical Milling Machine, Confocal Laser Raman Spectrometer, Screen Printer and Autoclave with
Stirrer to name a few, are expected to foster an enhanced research ecosystem and also encourage the young
students and researchers to carry out work of superior quality.

A number science luminaries visited the Institute. Notable among them was Prof Phillip Russell, FRS,
Director, Max Plank Research Group for Optics, University of Erlangen-Nuremberg, Germany who visited the
Fibre Optics and Photonics labs and held discussion for scientific collaboration. Dr Sourav Pal, Director,
CSIR-NCL gave away the coveted 11" Atma Ram Memorial Lecture in CSIR-CGCRI on the foundation day of
the Institute.



Under Prime Minister's Cleanness campaign, on October 2, 2014 the staff of the Institute took to
Swachch Bharat Pledge. In general, the visibility, transparency and cleanness of the Institute was kept to
high standards throughout the period. A positive outcome of such standards was the influx of 12 bright
research students from overseas and within country into Institute's R& D system under prestigious fellowship
schemes of country's prominent S&T establishments.

| have great faith in our students and young researchers. In next few years from now, about one third of
the present manpower will superannuate. | trust that with more young staff and their dedicated efforts, the
Institute will be poised for a new destiny and future. Towards this end, let all of us rededicate ourselves and
work hard to translate our ideas into product and services for the benefit of common man.

Date: March 31,2015 K Dasgupta
Place: Kolkata Acting Director
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Salient
Achievements

In the fiscal year 2014-15,CSIR-CGCRI carried forward the network projects both as nodal laboratory
and as partners with other CSIR laboratories that are being funded under country's 12" Five year plan by the
parent body CSIR. Several new projects were initiated with the financial support of other government
departments and PSUs, the private sector and foreign bodies. Like previous years, the noteworthy
observations obtained from these projects were published in the high impact SCI journals. Technology
agreements were signed with the organizations in the strategic and industrial sectors for collaborative
research and technology development. The slew of major achievements are as follows:

® First commercial module of Confocal Microscope using the Non- linear Photonic Crystal Fiber (NPCF)
developed by CSIR-CGCRI with the industrial partner Vinvish Technologies, Thiruvanathapuram
demonstrated to the members of the Monitoring Committee of a project 'Design and Fabrication of all
Fiber Supercontinuum Light Source with Application Demonstration on Spectroscopic
SignatureDetection” completed under CSIR's NMITLI scheme. Product launched by Dr Jitendra Singh,
the then H'onble Minister of State for Science & Tecchnology & Earth Sciences and VP-CSIR on
October 7,2014

* A project entitled “Multifunctional Nanocomposite Materials for Low Temperature Ceramic Fuels”
awarded to Institute under INDIGO, European Union-DST, India programme

®*  Completion of supply of 20 MT RSW Glass blocks of different sizes to BARC, DAE and the second
Memorandum of Understanding accomplished

®  Supply of 8 MT Low Sodium Glass Beads to DAE through H R Johnson, Mumbai

®* Manufacturing and testing of several prototypes of finger joint implants for mechanical and functional
performance in cadaver in a local hospital; Ethical committee clearance obtained from single centric
clinical trials

* Finding of n-butyl acetate modified eggshell membrane as a potential substrate for DNA
immobilization and subsequent detection

* Demonstration of Yb-and Tm doped fiber lasers with output powers upto 20 W @ 1 pum and 5W @ 1.95
pum wavelengths respectively using fibers fabricated in-house

* Development of FBG sensor array and embedding in test concrete structure in SERC, Chennai.
Preliminary results encouraging

* Designing and fabrication of a lab scale Membrane Photobioreactor of one litre capacity integrating
ceramic capillary membranes for algal production

*  Procurement of ceramic membrane modules for installation of iron and arsenic removal plant of 80 m*

=



/hour capacity in the Malda District of West Bengal under Rajiv Gandhi National Drinking Water Mission
of Govt of India

Alumino silicate refractory containing 30% and 40 % alumina successfully developed using 50% solid
waste containing insulator waste and grog from used bricks; Properties achieved at the laboratory
scale found at par with the standard specification

The Detailed Project Report of Bangabhumi Refractory Cluster Association, Asansol vetted by CSIR-
CGCRI for establishment of a Common Facility Centre under Micro, Small ,Medium Enterprises inthe
region

Deposition of a novel epitaxial growth of SiC nanocrystals embedded in carbon rich amorphous SiC
films using liquid polycarbosilane as precursor for potential application in fabrication of LEDs; Work
published inareputed journal.

Development of a combined technique of Fluorescence Correlation Spectroscopy and Confocal
Imaging for detection of early aggregation of physiological protein alpha-synulein; Phase formation of
ZTO, a potential candidate for use as alternative photoanode in Dye Sensitized Solar Cell observed
without Kirkendall effect; Synthesis of cube-shaped meso porous CuO by sol-gel process with
microcarpet-like pattern structures for potential catalytic application. Salient observations published in
high impact journals

Synthesis and optimization of a unique inorganic based molecule similar to an antacid with 1.5 to 2
times higher acid neutralizing capacity than the presently available inorganic based antacids

Participation of Khurja and Naroda Outreaches in CERAMIC ASIA-2014 and deliberations on issues of
challenges for ceramic industry and globalization; Alarge number of T&D programmes organized

Installation of a number of major equipment: Spark Plasma Sintering Furnace along with a number of
other high temperature furnaces, Compact Field Emission Scanning Electron Microscope, Vibro
Grinding Machine, Autoclave with Stirrer, Hot Isostatic Press, Vertical Milling Machine, Glove Box,
Screen Printer, TG-DTA, Confocal Laser Raman Spectrometer to enhance R&D infrastructure

Installation of Grid Connected Solar Voltaic Power Plant by Institute's Maintenance Department on the
rooftop of Scientific & Industrial Research Apartments in Kolkata

August 26, 2012: Dr Sourav Pal, Director, CSIR-NCL delivered the 11" Atma Ram Memorial Lecture

October 2, 2014: Staff administered to Swachch Bharat Pledge under Prime Minister's Cleanness
campaign

December 19, 2014: Prof Phillip Russell, FRS, Director, Max Plank Research Group for Optics,
University of Erlangen-Nuremberg, Germany visited CSIR-CGCRI and held discussion with
researchers at the Photonics & Fibre Optics Division for possibilities of scientific collaboration

NRDC's Innovation Award for the Year 2013 for innovation / invention of “Technology of Manufacturing
Special Glass Beads for Nuclear Waste Immobilization” to Mr Sitendu Mandal, Dr R Sen, Dr Dipali
Kundu, Mr Aloke Roy Choudhury and Mr Prasanta Choudhury; Dr R N Basu elected Fellow of the
Indian Institute of Metals while Mr S K Saha elected as a Fellow of the Institution of Engineers (India); Dr
P Sujatha Devi elected Hony. Editor of the Transactions of the Indian Ceramic Society and also,
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Executive Member of the Council of Materials Research Society of India ; Dr. Mrinmay Pal received the
prestigious Raman Research Fellowship for 2014-15

Participation as member of Team CSIR at the Synergy Howrah 2014 from July 31 to August 2, 2014;
Industry-Sensor Hub Meet held at Institute under umbrella of DST-CSIR Sensor Hub

A dozen of young research students joins CSIR-CGCRI with prestigious research fellowships offered

by various national agencies

CSIR-CGCRI website and pamphlet updated to enhance transparency and visibility of Institute; RTI
queries disposed promptly; 3“ Diamond Lecture in official language organized in the Institute
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ADVANCED CLAY & TRADITIONAL CERAMICS

CGCRI - KOLKATA
Externally Funded Projects

Development of microwave compatible wares
utilizing common red burning clays

Red clay wares containing around 45% common red
burning clays were developed and the same were
topped with a suitable matching glaze during 2013-14.
The wares were subsequently tested successfully in the
microwave for the compatibility test. The glazed wares
showed no sign of failure due to thermal shock even after
500 cycles.

The details of the manufacturing process together
with body preparation, fabrication, firing schedule of
wares and testing were demonstrated to the Head of
Centre for Social Development, at Nagercoil in
Kannyakumari, Tamil Nadu. The Head had earlier visited
to CSIR-CGCRI at the request of the sponsor RUTAG,
[IT Madras. Later similar presentations were made at I T-
Madras. Tentative cost analysis of the product was also
carried out. In the discourse it appeared that CSD will
find no difficulty to market the products if the products
can be manufactured at their Nagercoil unit.

Subsequently Centre for Social Development (CSD)
submitted a project proposal to DST, New Delhi for
implementation of the process at CSD, Nagercoil. The
project has been sanctioned in principle and the funds
are awaited .

Feasibility study to explore value addition to clay
from CDE Asia Ltd

A clay material was obtained as a byproduct in the
course of washing operation in a sand quarry by CDE
Asia Ltd. CSIR-CGCRI has been requested to explore
whether the clay material may be further processed to
make it suitable for application in paper industries. A
feasibility study was undertaken at CSIR-CGCRI. It was
found that as- received material was rather coarse and
siliceous in nature. After beneficiation and delamination
in the laboratory the same was improved to some extent.
The kaolinite mineral content was around 79% although
the presence of ferruginous impurities was appreciably
high. Brightness value could be improved to 90;
however, the presence of yellow coloured impurities

CSIR - Central Glass & Ceramic Research Institute - Kolkata

restricted the clay use in paper industries. Super
Conducting High Gradient Magnetic Separation (SC-
HGMS) or electrostatic separations have been
suggested for further upgradation of the clay.

KHURJAOUTREACH CENTRE
Externally Funded Projects

Energy saving by reducing kiln car mass using
ultralite refractory material

Last year three ceramic units of Khurja were
selected for the modification work. The selected local
units were: Bihar Ceramics, Patna Ceramics and
Premier Ceramic Industries. During the period one more
local unit Rahul Ceramics was selected for the same
purpose. The modification work to make the base of the
kiln car lighter by application of a lower density ultralite
material as compared to the ceramic fibres and other
materials was completed last year in the first two ceramic
units. This year the modification work in Rahul Ceramics
was accomplished. The modification done in Rahul
Ceramics is shown in the picture. Data before and after
for modification was collected for firing 5 tones of
insulators at Bihar Ceramics. There was a fuel saving of
about 10%. Collection of data in other units is in
progress.

Base of the kiln cars at the unit site at Rahul Ceramics

Annual Report 2014-15



Chemically bonded polished and unpolished granite
tiles in different polished colours

Granite is a very hard igneous rock used in several
civil reconstruction activities. Poabs Granite Private
Limited, the sponsor of the project produces huge
volume of granite dust and therefore approached the
Outreach to find out possibilities for utilization of the
granite dust for fabrication of polished and unpolished
tiles in different colours. Under this activity, granite dust
from the sponsor has been received. The work under
project has been started. Two dies of different designs
were fabricated for tile fabrication. Different bonds were
used during trial. About 300 kg tiles of different sizes
were made. Different tests were also carried out to
evaluate their properties. Further work is in progress.

Tiles made from granite dust

Study and preparation of report on appropriate
technological innovations in the production
process of terracotta handicrafts

With financial assistance from National Centre For
Design & Product Development under Ministry of Textile,

Govt. of India, this project has been taken up to identify
the bottlenecks and possibilities of technological
advancement in the production process of terracotta
handicrafts to improve overall condition of the Indian
terracotta handicrafts industry. Under this project, a
study on the status of three terracotta potters have been
carried out and the report has been forwarded to the
sponsor.

NARODA OUTREACH CENTRE

Externally Funded Projects

Development of technology to manufacture
ceramic insulator body and glaze, utilizing locally
available raw material

Ceramic insulator industry in Gujarat in SME sector
depends on Bikaner Clay, Quartz and Feldspar, which
are procured from Rajasthan. However, good quality
plastic clays, china clays, silica sand, bauxite, and other
raw materials are available in abundance in Gujarat
state. Exploring the possibility of utilisation of these
materials for production of porcelain insulators is of great
significance to the local industry. In light of the above,
Electrical Research and Development Association,
Vadodara joined hands with the Naroda Outreach to
develop technology to manufacture ceramic insulator
body and glaze utilizing locally available raw materials.
The major objective of the project was to develop an
optimal technology for high tension porcelain body and
glaze, with improved electro mechanical properties. The
major findings of the project are as follow:

Wide variation shown by Gujarat clays is due to the
presence of high impurities. A beneficiation process is

Scale Up/Factory Trials — M/s Sun Insulators, Bareja, Ahmedabad,

Two treatment levels of 10% addition and 30% addition. More than 100 pcs of disk
insulator (Prototypes) prepared and being evaluated for electromechanical requirements.

Annual Report 2014-15
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developed through which the Gujarat plastic clays can
be standardized.

Standardized Gujarat Plastic Clays (GPC) can be
used up to 40% in the triaxial porcelain composition with
various combinations of non-plastic quartz and feldspar
materials. The GPC developed under this project
imparted good plasticity, vitrification properties and
adequate thermo-mechanical properties. Any adverse
effect on the thermo mechanical properties of the
porcelain due to GPC was not noted. Successful
industrial trial of high tension insulator porcelain body
with the developed GPC established that the local plastic
clay can be utilized for partial or full replacement of
plastic clays from Rajasthan.

The glaze composition developed under the project
showed good glaze-body fit. Cost of this glaze is less
than that of industrial glaze. Trials were undertaken at
M/s Sun Insulators, Bareja, Ahmedabad. Two treatment
levels of 10% and 30% additions were tried. More than
100 pieces of prototypes of insulator discs were
evaluated for electromechanical properties.

The insulators manufactured using 10% and 30%
Gujarat clay in the body composition showed low
reliability associated with resistance against puncture
with a probability of failure value of 70% due to low
thickness under the metallic cap insulator body. Since
the modal value of puncture voltage is 75 kV, it is
suggested that the insulator thickness under the metallic
cap- insulator body be increased by a factor of two. This
will increase the modal value of puncture voltage to
nearly 150 kV with a consequent increase in reliability.
The project report has been submitted to the sponsor.

Exploration of possibility of utilization of di calcium
phosphate (DCP) in ceramic applications

Successful lab trials were conducted for utilisation of
DCP in ceramic application. The validation of lab scale
trials led to development of a method of processing
DCP. Complete technology for low maturing china bone
tableware was developed at laboratory scale. The
biscuited articles prepared at the outreach centre were
glazed, fired and decorated in five reputed china bone
manufacturing units. These were: Bharat Potteries-
Jaipur, Sonaki Ceramics-Morbi, Mudrika Ceramics-
Vadodara, Clay Craft India-Jaipur and Oasis Ceramics-
Ankaleshwar. All five units have given positive feedback
and shown their interest in the technology that is likely to
reduce the firing cost during production.

CSIR - Central Glass & Ceramic Research Institute - Kolkata

Low maturing bone china tablewares developed utilizing dicalcium

Integrated pottery development project

A technology driven societal research project has
been initiated by CSIR-CGCRI, Naroda Centre in
collaboration with GMKRTI, Gandhi Nagar under an
Integrated Pottery Development Project (IPDP) of five
years. In this project, development of compatible
technology and research on new products and
incorporation of this technology in the artisans place for
the effective development of the whole sector would be
carried out.

During the period, a diagnostic survey was
completed in 32 districts of Gujarat. The information on
demographic details of potters along with their
production, process, earning, quality, sell, rejection etc.
were compiled and stored in the data base for analysis of
problems of potters. The average products
manufactured by the artisans consist of tawdi, matka,
diya which are sold in the local markets. It was observed
that artisans work with traditional knowledge and skills
but majority of them suffer in their productivity due to lack
of scientific intervention. The quality of the products is
inferior and the artisans get low price as they depend on
intermediate dealersto sell their products.

About 200 nos. of different types of raw clay samples
sourced from various places were collected from rural
artisans of each district. This weighed to about 20 to 30
kg of clay. Representative samples made out of the
collected clay were analyzed for various physico-
chemicals as well as mineralogical properties. The
ceramic properties of the samples determined by boiling
method using Archimedes rule are enumerated in the
table. Further work is under progress.

Annual Report 2014-15



Fired characteristics of nine samples from Ahmedabad district labeled as 01

[o1n |o1/2 013 [o01/4 [o1/5 o016 o017 |018 [01/9
Linear Change (Dry To Fired) (% Dry Basis)
500° C -041 |[-049 |-026 |--- -075 |-029 |-0.36 |+023 |-0.36
600° C -052 |-026 |-030 |-058 |-076 |+045 [---- -0.31 | +056
700° C -049 |[+1.13 |+0.71 |+0.18 |+0.26 |+016 |[-051 [-0.43 |-0.19
800° C -034 | +0.41 |+0.18 |-063 |+0.72 |-016 [-029 [+0.64 [+0.47
Total Shrinkage (Wet To Fired) (% Wet Basis)
500° C 9.61 8.05 9.66 6.20 8.37 9.05 9.19 9.30
600° C 9.52 7.98 9.99 7.29 5.83 7.78 9.30 8.65
700° C 9.46 7.27 9.45 6..58 5.07 7.73 9.11 958 8.63
800° C 9.00 7.20 8.84 7.25 5.16 7.88 8.76 8.55 9.01
Fired MOR (Kg/cm®)
500° C 2008 | 785 1839 | 49.1 64.4 67.6 1279 |522 207.5
600° C 2413 | 707 1949 |103.7 |53.3 68.8 160.9 | 44.2 193.2
700° C 2061 [702 169.8 | 99.5 49.8 59.4 119.0 | 426 117.3
800° C 2383 | 7800 |2551 |131.4 |50.7 63.1 176.0 | 46.2 280.4
Water Absorption (% By Mass)
500° C
600° C 1349 |1491 |1427 |16.20 |15.78 |1418 [1390 |1577 |--
700° C 1152 1510 [16.02 |17.05 [1535 [1338 [1373 [1456 |12.66
800° C 1486 |1367 |1503 |17.39 |14.50 |[1297 |[1556 |13.40 |10.12
Apparent Volume Porosity (%)
500° C
600° C 2654 |[2797 | 2684 |30.96 |29.76 |27.42 |2711 27.53
700° C 2517 2819 [2904 |[32.37 |28.94 |2587 |2643 |27.86 |24.94
800° C 2502 | 2530 2663 [|32.95 |26.94 |2463 [2633 [2536 [19.31
Bulk Density
500° C
600° C 1.968 |1.876 |1.881 |1911 [1887 [1943 [1951 [1936 |---
700° C 1.933 |1.867 |1.815 |1.899 |1.88 [1936 [1925 |[1915 |1.969
800° C 1.684 |1.851 |1.772 |1.895 |1.858 |[1899 |1692 |1894 1.908

Annual Report 2014-15
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FUEL CELL & BATTERY
Externally Funded Projects

Upgradation of expertise base for R&D activity on
SOFC materials at Energy Research Institute

This project was successfully completed in
December 2014. During the period of 2014-2015, as per
arrangement under this collaborative project with ERI,
KACST, Saudi Arabia, scientific training for one week
was rendered to five member technical team of ERI,
KACST at CSIR-CGCRI, Kolkata in the month of
November 2014 towards the measurement and
analyses of the electrochemical performances of the
anode-supported SOFC coupon cells of diameter ~
35.0mm using a similar test set-up supplied to ERI,
KACST inthe year 2013 by CSIR-CGCRI.

Development of planar SOFC stack using
functionally graded anode structure

SOFC stack having counter-flow of reactant gases

has been designed. Based on this design, different stack
components were fabricated viz. cell holders, grooved
bi-polar plates, top and bottom current collectors using
Crofer 22APU grade steel. Using the developed 10 cm x
10 cm x 1.5 mm single cells having graded anode
microstructure (as mentioned above), glass-based
sealants, and metallic (Crofer 22APU) stack
components, several short stacks (3-cell) of SOFC were
fabricated.

A short cell SOFC stack (3-cell) with functionally
graded anode materials, synthesized using novel
electroless technique, having core (YSZ) - shell (Ni)
microstructures was tested for electrochemical
performance using hydrogen as fuel and oxygen as the
oxidant. The performance was compared with the stacks
fabricated of same number of cells but fabricated with

Three- cell stack performance with different anode configurations

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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conventional anode. A significant augmentation in the
stack performance was observed when the same is
fabricated with functional anode. Stack fabricated with
functional anode synthesized via electroless technique
exhibited a peak power of 75 W with peak power density
of 0.31 W/cm? having a current density of 0.49 A/cm® at
800°C compared to the peak power value of 18.5 W with
a very nominal power density of 0.8 W/cm® by the Stack
with conventional anode. The performance of the 3-cell
stack fabricated with functional anode was found better
when tested with LSCF-based cathode materials. The
peak power was found to be 85 W having power density
of 0.35 W/cm? with a current density of 0.625 A/cm®. The
comparative stack performance with SOFC single cells
fabricated with functional anode and conventional anode
is shown in figure above.

INTERNATIONAL PROJECTS

Advancing biogas utilization through fuel flexible
SOFC

This project was initiated in March 2012 under the
DST (India) — RC (UK) research initiative on Fuel Cells.
The major objective of the program is to develop fuel
flexible SOFC so as to operate the same using biogas as
fuel. For this multi-institutional international project,
CSIR-CGCRI and University of St. Andrews are the Lead
institutes from India and UK, respectively. Other
research organizations involved were CSIR-IMMT, India
and Imperial College and University of Strathclyde, UK.
Under this program, the major activities of CSIR-CGCRI
are: (a) Development of proton conducting cermets, (b)
Development of 'S' tolerant new anode materials, (c)
Fabrication of planar anode-supported single cells using
the developed anode materials and (d) Performance

evaluation of the new anode materials and cells using a
model biogas composition.

As an outcome of research during one year, it was
established that Ni-Cu-based alloy cermets are superior
to the perovskite-based anodes. Therefore, major
emphasis was given to study the effectiveness of the Cu-
YSZ and Ni-Cu (alloy)-YSZ cermets, synthesized using
electroless technique, for the application in biogas
reforming. The important aspect being reduction of
metallic phases in the cermet for lesser coking
properties, the electroless Cu-YSZ and Ni-Cu-YSZ are
investigated as the Cu-Cu continuum and Ni-Cu- Ni-Cu
continuum are observed at much lower vol % of metallic
phase in such cermets. The percentage conversion of
methane in simulated biogas environment is carried out
for both the electroless Cu-YSZ and Ni-Cu-YSZ cermets
having 23 and 32 vol % of the metallic phase,
respectively. The ratio for methane and carbon dioxide is
kept at 3:2 (typical in biogas composition). The sulphur
tolerance of electroless Ni-Cu-YSZ is also tested with 25
ppm of H2S fed in the stream of simulated biogas. The
percentage conversion of methane for electroless Cu-
YSZ and Ni-Cu-YSZ and the sulphur tolerance of the
latter after 4 hours of continuous reformation are shown
in the figures below.

As expected, electroless Cu-YSZ having 23 vol% of
metal phase in the cermet matrix shows poor
reformation efficiency for methane conversion of ~ 20%
on stream of simulated biogas feedstock at 2h and
remains steady for 6h of operation. However, the
electroless Ni-Cu-YSZ cermet containing 32 vol% of the
metal phase (Ni-Cu alloy), exhibits methane conversion
efficiency as high as ~ 98 % on stream of biogas

Methane conversion with output hydrogen yield for electroless Cu-YSZ and Ni-Cu-YSZ cermets: a) without H2S
and b) in presence of 25 ppm on stream H2S in feed gas for electroless Ni-Cu-YSZ
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feedstock within 2h and remains unchanged for the
same duration of 6h of operation. The output flow for
hydrogen yield calculated for such cermet is found to be
~ 66 %. Upon purging 25 ppm H,S, a dip in methane
conversion is found from ~ 98 % to ~ 85 % that remained
steady for further 2h. The hydrogen mole percentage
analyses result in a dip of ~ 9 % from the original values
of ~ 66 % in output gas stream which is also found to
remain unaltered foraspanupto 2 h.

Multifunctional nanocomposite materials for low-
temperature ceramic fuel cells

The NANOMFC project under New INDIGO, EU and
DST, India programme had started in September 2014.
In Indian side the partners are: Dr Rajendra N Basu,
CSIR-CGCRI and Prof Suddhasatwa Basu, IIT Delhi
and EU Participants include Prof. Peter Lund, Aalto
University, Finland, Prof Fernando Marques, University
of Aveiro, Portugal, Prof Truls Norby, University of Oslo,
Norway and Dr Ibrahim Pamuk, Vestel, Turkey (industry
partner).

The project aims at providing a world class low-

CSIR - Central Glass & Ceramic Research Institute - Kolkata

temperature ceramic fuel cell (LTCFC) by solving current
research challenges on scientific basis of LTCFC,
material optimization, performance enhancement and
durability through combining high-level research
expertise from both academic and industrial sectors in
EU and India and by establishing strong scientific links
and employing trans-national resources effectively. Till
date, some promising ceria based carbonate electrolyte
has been identified for ceramic fuel cell operating at
lower temperatures (300°C-600°C) and suitable
electrodes (lithiated Ni cathode and cermet anode) have
been also synthesized toward ultimate objective of cell
fabrication and performance testing with these
materials. So far, the project team met on two occasions
and discussed about the contribution and research
activities on the project from each EU partner. Based on
the discussion, CGCRI developed and exchanged
materials with EU partners and vice versa. Research
student visit also took place between EU and Indian
partners with positive outcomes. Till date the research is
progressing forward as planned.

Annual Report 2014-15



BIOCERAMIC & COATING
Externally Funded Projects

Comparative study of conventional and microwave
processing of bioactive glass ceramic coating on
Ti6AlV substrate for biomedical applications

Fluorapatite based bioactive glass-ceramic material
was prepared from a glass in
SiO,~Al,0,—~Ca0O-P,0.—CaF, system and subsequently
evaluated in vitro to check the suitability of glass-
ceramics as bioactive coating on biocompatible metallic
alloys.

Fluorapatite [Ca, (PO,).F] was identified as major

SEM images showing surface of
glass-ceramic specimen before SBF treatment

crystalline phase while diopside was present
[CaMgSi,O,] as minor crystalline phase in the glass-
ceramic specimen. The bioactivity behavior of glass-
ceramic specimens was investigated in vitro through
immersion in Simulated Body Fluid (SBF) solution.
XRD, SEM, EDX and chemical analysis indicated
reaction of the glass-ceramic specimens with the SBF
solution and formation of an apatite rich layer on their
surfaces.

As shown in pictures, glass-ceramic specimen
immersed in SBF solution for 14 days exhibited highest
apatite layer growth. The developed bioactive glass-
ceramics may be used as future generation bioactive
glass-ceramic coating for biocompatible metallic alloys.

Development of hydroxyapatite based modified
integrated orbital implant with superior motility and
its clinical trial

The objective of the project is to develop synthetic
hydroxyapatite (HAp) based integrated orbital implants
with superior physical properties and mechanical
strength complying needs of patients and surgeons, and
perform multicentric clinical trials at collaborating
hospitals/ institutes. The project would also analyze and
generate an extensive database on clinical outcome.

Integrated orbital implants have been developed
with spherical design having bulk density of ~ 1 g/c.c.,
about 65% porosity, 4MPa compressive strength and

SEM images of surfaces of glass ceramic specimen after immersion in SBF solution for (L) 14 days, (M). 21 days and ( R ) 42 days
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Modified integrated orbital
implants of spherical shape

are ready for clinical trials. Superior pore
interconnectivity and tortuosity were obtained as evident
from the microstructure and Micro-CT. The implants
were non-toxic as assessed via MTT proliferation assay
using NIH 3T3 cells.

EXPLORATORY PROJECT

A newly synthesized multifunctional
molecule for treatment of hyperacidity

inorganic

Most of the 'over the counter' products of inorganic
based antacids are either bicarbonate or hydroxide
based salts. Both of these types, available in market, are
far from being satisfactory. The bicarbonate salts
provide instant relief due to rapid onset of action but
exhibit '‘acid rebound effect' within short period. Another
disadvantage of such formulations is that, it might lead to
severe alkalosis due to enhanced solubility of the alkali
metal ions. On contrary, hydroxide based formulations
are slow in action and hence fail to provide instant relief.

Micro-CT of the implant

NIH 3T3 cell proliferation on
the surface of the implant

A unique inorganic based molecule has been
synthesized and optimized using a single step cost-
effective technique. The molecule has property similar to
an antacid that provides a) Instant relief with prolonged
buffering action and b) High Acid Neutralizing Capacity
(ANC) thereby reducing rebound effect. This molecule
has around 1.5-2 times higher ANC value and better
buffering action compared to the existing market
available inorganic based antacids. Itis multi functional
in nature. It can be used as a host molecule for a number
of guest molecules for instance, NSAIDs, antibiotics in
adjunct therapy. Further it can also be used as a host
molecule for sustained release of randomly used drugs
in multiple dosages for treatment of chronic diseases
such as hypertension, diabetes etc. Detailed structural,
compositional and biological characterizations are
under progress. The picture shows TEM image of the
composition.

TEM images of (L) Antacid particles showing self assembled structure
and (b) SAD pattern exhibiting characteristic polycrystallinity

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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CERAMIC MEMBRANE TECHNOLOGY
Externally Funded Projects

Development of palladium based membrane for
selective separation of hydrogen from hydrogen -
helium mixture

Hydrogen is an attractive alternative fuel to meet
ever growing energy requirements while reducing the
reliance on fossil fuels along with their associated
environmental and resource problems. Ceramic
supported thin-film palladium membranes are now a
days the most promising materials for hydrogen
separation from gas mixtures involving advantages such
as, a separation efficiency approaching 100%, high
permeability and mild operating conditions compatible
with upstream fuel conversion processes. The principle
of coupling of high solubility with high diffusibility of
hydrogen in palladium based membrane is the key
feature for H, separation from a stream of mixed gases.
In this work, impervious palladium membrane with a
tunable thickness (between 3.5 pm and 11 pm) were
deposited on ceramic tubular supports using a novel
seeding method followed by electroless plating
technique at room temperature. A non-hazardous, eco-

FESEM micrograph of impervious Pd- membrane of
thickness 5 um with cross-sectional EDX studies.
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FESEM micrograph of impervious Pd- membrane of
thickness 11 um with cross-sectional EDX studies.

friendly, energy efficient and inexpensive process of
making of Pd-membrane is described. The prepared
membranes are tested in an indigenously developed
experimental set-up involving a wide range of operating
conditions in order to evaluate their performances.
Hydrogen permeation value of 1.37x10*mol/m?/s/Pa’°
with selectivity as high as 8000 with respect to nitrogen
and helium is achieved at 450°C and 0.45 bar of
pressure.

Gas permeation study setup

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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Preparation of all silica zeolite membranes for gas
separation of Hydrogen lodide (HI) decomposition
reaction

DDR zeolite powders as well as membrane were
successfully synthesized. Membranes were

Photograph of DDR zeolite membrane
layer (a) without carbon and
(b) with carbon membrane

synthesized on clay alumina supports of the mentioned
size. The membrane was prepared by hydrothermal
method at 160°C for 5 days. The developed membranes
were then characterized using XRD, FESEM, TEM,
FTIR etc. Both single and mixed gas permeation were
performed using our in built gas permeation set up with
different gas mixtures. The highest selectivity achieved
for H,/CO, gas is 3.7 for the membrane which is more
than the reported values.

For further improvement, the membrane pores were
modified by impregnating carbon layer into the pores.
This not only modified the membrane but also enhanced
the selectivity for the said gas upto 4.9. The given figure
describes the membrane with and without carbon.

Lighting arrangement in
membrane photobioreactor

Membrane Photobioreactor Unit

Development of an integrated system of ceramic
membrane contactor-photo bioreactor for bio-
fixation of carbon dioxide using micro-algal route

Development of sustainable technology for carbon
capture and sequestration is currently a major challenge

(a) FESEM micrograph of zeolite membrane layer with carbon
(b) TEM image of zeolite core shell structures along with amorphous carbon
after carbonisation ; (inset) corresponding EDAX image.

to the researchers. Bio-sequestration of CO, emerges as
a promising option due to its clean and green approach
which can be used to produce various forms of
bioenergy. The present study focuses on development
of a novel ceramic hydrophobic membrane and its
application in a photobioreactor with an objective of bio-
sequestration of CO, using microalgal route.
Indigenously developed ceramic capillary support
elements (3 mm OD/2 mm ID) were coated with
bentonite clay slurry to obtain reduced pore size of about
5 nm, low membrane thickness and improved pore
connectivity. The nanoporous membrane surface was
further modified using PDMS to impart hydrophobicity. A
labscale membrane photobioreactor (MPBR) of 1 L

Ceramic membranemodule

Microstructure of
membrane surface

Labscale membrane photobioreactor for algal biomass production

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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capacity was designed and fabricated integrating
ceramic capillary membranes wherein, Spirullina sp., a
high CO, sequestering microalga was cultivated. A high
mass transfer coefficient of the membrane shows its
applicability potential in the process of CO, dissolution in
membrane photobioreactor. The observed value of
mass transfer coefficient was closer to that of the bubble
diffuser and higher than the reported values of CO,
transfer using polymeric hollow fiber membranes.
Overall, the ceramic membrane based photobioreactor
process shows great potential for bio-sequestration of
CO, with algal biomass and biofuel production.

Development of ceramic hydrophobic capillary
membrane for desalination of brine water by
membrane distillation (MD) process

Despite ocean represents an endless water
resource there is a lack of potable water in many
countries. This rises to the need of sustainable
technologies to produce fresh potable water. Membrane
Distillation (MD) is very low energy intensive distillation
process, which has advantages over conventional

CSIR-CGCRI developed ceramic hydrophobic disc membrane

CSIR-CGCRI developed ceramic hydrophobic membrane based
MD setup

Annual Report 2014-15

desalinisation and other separation process like reverse
osmosis, electrodyalysis etc. It has low footprint and can
be clubbed with renewable energy source like solar
energy owing to low energy consuming process. MD is a
thermal, vapour driven transportation process through
hydrophobic organic/inorganic membrane. Saline water
is heated (less than 100°C) to generate vapour pressure,
which creates a partial pressure difference across the
membrane. Hot water evaporates through the pores of
the hydrophobic membrane, leaving behind the saline
water (liquid) as a retentate, which is impermeable
through the pores of the hydrophobic membrane. The
permeating vapour is then condensed to produce fresh
water. Presently practiced MD process uses polymeric
hydrophobic membranes, which has limitation
compared to ceramic membrane owing to the intrinsic
property of the polymer material, such as low
mechanical strength, chemical and thermal instability.
CSIR-CGCRI has developed ceramic hydrophobic
membrane, whose surface is modified by grafting with a
suitable polymer to impart hydrophobicity for
desalination of brine by MD process.

INTERNATIONAL PROJECT

Development of apatite and clay based ceramic
membranes over low cost clay-alumina supports for
drinking water purification and wastewater
treatment

Preliminary study was done on clay-alumina based
single channel and multichannel support preparation as
well as natural apatite based single channel support
preparation and natural apatite powder coated
membrane elaboration over the supports. Crack free
membrane was used for removal of reactive dye color
and salt from aqueous solution. Although the membrane
could not effectively remove the salt but around 98% of
color removal was obtained. Membrane was
regenerated and reused for the same application.
Multichannel membrane was also subjected to
treatment of cuttlefish effluent showed encouraging
results with retention of pollutants in terms of color
(ABS), turbidity, conductivity, COD and total dissolved
solids of 90%, 96%, 36%, 55% and 37% respectively as
shown in the following figure. Preliminary studies on
single channel carbon support tube preparation and
carbon coated membrane over clay-alumina based
ceramic membrane were carried out under this project.
Color removal study using the membrane has been
conducted. Aqueous solution of Methylene blue (~ 10
ppm) was used as feed and was permeated through the
carbon membrane in cross-flow membrane filtration

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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mode. Above 99% removal of dye was achieved during methods have been studied and color removal efficiency
initial period of 30 minutes. Various regeneration of the membrane has been evaluated.

Retention rate of pollutants removal with time
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SPECIALTY GLASSES
Externally Funded Projects

Development of semiconductor and rare-earth co-
doped glass nanocomposites for solid state laser
applications

[I-VI compound semiconductor (CdS, ZnSe and
CdSe) nanocrystals doped with rare earth ions such as
Eu”, Ho*™ and Er*” were generated in different
borosilicate glasses using single-step melt-quenching
technique followed by heat-treatment. Both as-prepared
and heat-treated glass nanocomposites were
characterized using dilatometry, DSC, XRD, FESEM,
TEM, FTIR, Raman, UV-Vis-NIR absorption and
photoluminescence excited by diode lasers. In all cases,
generation of nanocrystals of semiconductors in glass
matrix was well established. Interesting results obtained
were published in high impact journals. The
photoluminescence spectra of the as prepared base
glass and heat treated Eu® doped CdS incorporated
crystallized glass nanocomposites under laser
excitation at 446 nm and CIE diagram of 30 h are shown
below.
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and heat treated Eu’* doped samples
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Photographs of the (a) as-prepared and (b) 30 h heat-treated
glass nanocomposites and (c) CIE diagram of 30 h
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Further the UV-Vis absorption spectra of as-
prepared Eu® doped and ZnSe incorporated glass
nanocomposites heat treated for 100 h along with their
photographs and a TEM image of one of its samples are
shown below. Finally photoluminescence spectra, CIE
diagram and laser excited samples of the Eu®" doped as-
prepared and heat treated ZnSe incorporated glass
nanocomposites are also shown below.
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UV-Vis absorption spectra of the Eu** doped as-prepared and heat
treated ZnSe incorporated glass nanocomposites with their photos

TEM image of one of the samples shown in photograph above
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Finally photoluminescence spectra, CIE diagram  and heat treated ZnSe incorporated glass
and laser excited samples of the Eu* doped as-prepared ~ nanocomposites are shown below.
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shows the variation of photoluminescence intensity with heat treatment time and (ii) (a) CIE diagram of the emission of 30 h
heat-treated sample with photographs of the (b) base glass and (c) 30 h heat treated ZnSe incorporated glass nanocomposites

16 CSIR - Central Glass & Ceramic Research Institute - Kolkata Annual Report 2014-15



MATERIALS CHATRACTERIZATION
Externally Funded Projects

Development of novel biomedical implants with
enhanced reliability

This DST sponsored project aims to develop reliable
bioimplants. In this context SS 316L and Ti6AlV alloys
(TA) are the most widely used biomaterials for total hip
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advantage of TA over SS316L is that, TAis as strong as
steel but 40% lighter. Successful plasma nitridation of
SS316L and TAhas been achieved. Itinduces significant
surface hardening as shown in figures and hence should
enhance the tribological properties.
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Nanohardness vs. load for (a) SS PN and (d) Ti;AlLV PN (PN: Plasma nitrided).

replacement (THR) and total knee replacement (TKR)
prosthesis applications. The reason is that both SS316L
and TA have high biocompatibility and corrosion
resistance, good mechanical properties and cheaper
price as compared to other materials. Additional

Nanomechanical properties of human hair

Human hair is actually a nanocomposite biological
fiber with well characterized structures. Therefore it can
be a good model to study the role of various structural

and chemical components responsible for the
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Nanomechanical characterization of human hair (a) Nanohardness (b) Young's modulus (c) XRD patterns (d) Microstructure of Cortex
(e) Microstructure of Medulla (Inset, tensile failure strength) (f) AFM of Bleached hair (BH) (g) AFM of Iron Treated hair (FT).
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mechanical strength for composite biological fibers. The
work carried out under this corporate sponsored project
established for the very first time that the
nanomechanical properties of cortex, cuticles and
medulla regions of human hair of Indian origin are very
different. The images (above) a and b reveal these
findings. As shown in image c, their contributions
towards the macromechanical properties are also
significantly different. Images d to g show that successful
structure-property correlation was obtained for Indian
hair in virgin-bleached, metal color and shampoo treated
conditions.

@)

EXPLORATORY PROJECTS

Synthesis of novel ceramics, composite & glassy
materials in bulk, nano-structured powder and thin
film form and development of advanced
characterization techniques for composition-
structure-property investigation

Design, development and characterization of
pressure and strain sensors for biomedical
applications

ZnO thin films were deposited on Indium Tin Oxide
(ITO) glass substrate using Electro deposition (ED) and

(b)

FESEM images of ZnO fibres deposited by a) ED and, b) HTED

@)

(b)

SEM images of electrospun ZnO nanofibres with a) 10 wt% PVP b) 15 wt% PVP

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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Hydrothermal Electro deposition (HTED) processes at
different temperatures. Morphology of the films was
found to be temperature and deposition process
dependent. HTED resulted in denser growth and
shrinkage of ZnO nanorods.

@)

developed. In the developed method, several
instrumental parameters are optimized and using these
optimized parameter, instrument has been calibrated.
The developed method is used for Pt analysis in laser
glasses. The optimized parameters are shown below.

(©)

FESEM images of a) cellulose substrate, b) after seeding c) after growth

Centimetre long ZnO nanofibres were deposited
from aqueous solution of Polyvinyl Pyrrolidone (PVP)
and zinc acetate using electrospinning. The nanofibre
diameter and uniformity of distribution of the fibres was
found to depend on several factors like the applied
voltage and viscosity of the PVP solution. SEM images
for electrospun ZnO nanofibres at 10 and 15 wt% PVP at
20 KV potential are shown infigures.

In a bid to fabricate flexible sensing material, a
polymer-ZnO nanocomposite thin film has been
synthesized using a hydrothermal technique. ZnO thin
films were deposited on cellulose substrate by seeding
and growth mechanism. Flower-like morphology of ZnO
nanorods as deposited by this process is shown in the
images. Flexible films were obtained and on application
of flexural stress, the response strain was found to be
linear. Further strain characterization of the films in
different axes is under progress.

Quantitative assessment of Platinum inclusion in
Neodymium doped phosphate laser glasses using
ICP-AES

The optical glasses generally melted in platinum
crucibles usually contain trace amounts of both
dissolved (ionic) platinum, colloidal Pt and microscopic
metallic Pt. Particulate platinum is well-known to cause
damage in phosphate-based laser glass. Due to the high
solubility of Pt in phosphate-based glasses, melters
have been able to produce Pt- particulate free glass by
converting the particulate to ionic Pt, which remains in
the glass but does not cause damage. In order to
maintain the quality of Nd doped phosphate laser
glasses, accurate and precise determination of these
trace metal ion like Pt (as impurities) has been

Annual Report 2014-15

Emission intensity of Pt spiked in phosphate laser
glass sample (10 mg/L) at different nebuliser argon gas
flow rate and sample uptake flow rate at 1200 W RF
power is shown infigure.

Emission intensity of Pt spiked in phosphate laser glass sample

Electrical and thermal conductivity measurement of
Si0,-Pb0O-Na,0-K,0 glass and melt

Variation of electrical conductivity with temperature
of three types of lead silicate glasses having varying
amounts of Si, Pb and mixed alkali Na and K is studied.
The glasses are processed in a 40 | platinum crucible
and then characterization of electrical, thermal and
physical properties of the glass samples are done. The
electrical conductivity increases with increase in
temperature for all the three glasses following Arrhenius

equation 6 =6, exp ( %) where 0, is a pre exponential
constant, E, the activation energy for conduction, k is the
Boltzmann constant and T is the absolute temperature.
The increase in PbO content in glass is found to reduce
both T, and the electrical conductivity.

The melting temperature obtained from conductivity

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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plot compares well with that obtained from DDTA
measurement. Satisfactory repeatability of the
measurement has been observed with the glasses both
in the low and high temperature ranges. The
measurement quality has been established by
comparing the solid state and liquid state measurement
techniques in their common temperature range. The
room temperature thermal conductivity of the three
glassesis found to be related to the concentration of lead
presentin the glasses.

Ferroelectric PZT thin films

From a technological standpoint, fabrication of
textured ferroelectric lead zirconate titanate (PZT) thin

CSIR - Central Glass & Ceramic Research Institute - Kolkata

films is an important step towards the optimal
performance of PZT-based micro- and nanometer-scale
devices. Application of a suitable thin seed layer
between the substrate and PZT film is considered as one
of the best approach for fabricating textured PZT thin
films with superior electrical properties.

In this exploratory work, influence of seed layer
thickness and annealing temperature on the post-
annealing growth kinetics of SrTiO,-seeded PZT films on
corning glass (CG) substrates has been scrutinized. As a
seed layer, SrTiO, (STO) films facilitate perovskite PZT
(Pv) growth by decreasing perovskite crystallization
temperature to about ~450°C. Nucleation of perovskite
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phase (Pv) initiates at PZT/STO interface and then
grows along the film thickness as the post-annealing
proceeds. Thinner (~20 nm) seed layer favours better
perovskite growth in STO-seeded PZT films.
Irrespective of STO seed layer thickness, PZT films
develop into a bi-layered two phase morphology
comprising of tetragonal perovskite (Pv) and disordered
fce fluorite (FI) upon post-annealing. It is also noticed
that during the post-crystallization growth, Zr atoms get
preferentially segregated from perovskite structures and
accumulate in top fluorite zone resulting in Zr-
enrichment in the latter. Transverse compositional
homogeneity of the grown perovskite PZT and the level
of Pb-diffusion across the films are also observed to be
seed layer thickness dependent.

Influence of crystallographic phase transitions on
the dielectric behaviour in BaTiO, perovskite at
nano-scale

In the present work, a systematic study has been
performed on the milled BT powders to study the effect of
mechanical milling on the structure and as well as the
influence of crystallographic phase transitions on the
dielectric behavior in BaTiO, ceramics due to adsorption
of carbon at normal atmospheric condition. The study
reveals that on size reduction, BaTiO, powders undergo
a continuous, displacive and diffusionless dynamic
phase transitions involving tetragonal (T), Monoclinic

(M) & Orthorhombic (O) symmetry via the second order
type [T - (T+ M) —» (M+0O) — O when stimulated by a
high-power pulse of pressure in a planetary mill. It has
also been observed that high value of the lattice strain
plays dominant role for coexistence of two polymorphic
phases (M+T or M+O) due to local elastic distortion and
the orthorhombic phase is found to be stable at room
temperature after prolonged milling (= 70hrs) when the
crystallite size is below the critical crystallite size
(<15nm) under high strain. A second phase BaCO, has
grown as a result of complex combination of
nonequilibrium processes when such milled samples
are kept in humid condition. CO, is incorporated into the
structurally disordered titanate matrix through
homogeneous distortion to form a permanent carbonate
phase under equilibrium condition.

It was observed that the dielectric constant become
maximum (170) when starting tetragonal BT powder
transformed into orthorhombic BT powder at higher
stage of milling (>70 hrs). Capacitance of the milled
powders significantly increases with particle size
reduction during high energy ball milling. It was also
observed that the capacitance significantly changes with
the absorption of the carbon by the nano BT powders at
humid atmosphere. So high capacitance can be
produced in small pellet of nano BT ceramics despite
small dielectric thickness.

Selected area electron diffraction patterns (SADP) of (a) 70-hour-milled BT powder after
immediate milling; (b) 70-hour-milled BT powder kept for several hours after milling

Annual Report 2014-15

CSIR - Central Glass & Ceramic Research Institute - Kolkata

21



22

NETWORK PROJECTS
TAPSUN PROJECTS

Innovative solutions for solar energy storage under
CSIR-TAPSUN programme

CSIR-CGCRI is engaged in four work packages
(WP) for development of ceramic based separator and
new anode material for lithium-ion battery, and futuristic
lithium-air battery. In the review meeting last year, the
objectives have been fine-tuned to emphasise
development of ceramic based separators. The main
achievements are given below:

Boehmite coated ceramic separator
Boehmite (AIOOH) nanopowders, synthesized

using hydrothermal method, were successfully applied
as a coating material on surface-modified commercial
polypropylene (PP) based Celgard separator by slurry
casting to obtain ceramic coated separators. Excellent
physico-chemical and electrochemical properties of
these ceramic separators (PP-ALO) were observed.
Figures below show thermal stability of separators along
with that of commercial separator (PP). Several batches
of the separators of size 8% 4?have been supplied to
nodal lab.

The electrochemical performance was tested at
CSIR-CGCRI for lithium-ion coin cells and for lithium-ion

(a) Thermal stability of commercial PP and AIOOH coated ALO-PP, (b) Photographs
of the developed ceramic separators of size 8" x 4", (c) FESEM micrographs of commercial PP (left ) and PP-ALO (right)

Rate performance of (a) half Cell (LiFePO4 vs. Li) and (b) full cell (LiFePO4 vs. MCMB) using PP-ALO separator

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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pouch cells at the nodal lab CSIR-CECRI. The
developed separator showed comparable or better
electrochemical performance than commercial
separator despite high current densities and imparted
high safety both in half cell and full cell configurations.

New metal organic framework (MOF) anode

Benzetricarboxylate (BTC) bridged MOFs have
been developed as novel anode materials for lithium-ion
battery. Figure shows FESEM and TEM micrographs of
Mn-BTC MOF. The bar-shaped morphology made of
porous sheets containing mesoporous walls and
macroporous channels, would improve electrolyte
accessibility and Li" diffusion.

(a,b) FESEM and (c,d) TEM images of the synthesized
Mn-BTC MOF at low and high magnifications

The MOF anode, examined in the potential window

of 0.01-2.0 V, showed high specific capacities of 694 and
400 mAhg™ at current densities of 0.1 and 1.0 A g* with

Electrochemical performance of Mn-BTC MOF as anode
(a) Cyclic voltammograms (b) Galvanostatic discharge-charge
profiles (c) Cycling performance (d) Impedance spectra
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good cycleability and capacity retention demonstrated
the potential for applying Mn*',3,5-
benzenetricarboxylate MOF as high performance <2 V
anode.

Development of high-efficiency Si-photovoltaic cell
with novel glass/glass-ceramic layers

Various active glasses and glass-nanometal
composites were developed which exhibited strong
potential for use as luminescent layers for solar cell
efficiency. Active ions, exhibiting absorption in the UV-
Vis region and corresponding strong luminescence in
the visible - NIR region up to 1um, like rare earths ions
(Eu, Th, Dy, Sm) transition ions ( Cr, Cu, Mn) or other
elements (Bi) were considered. Bi is considered as
dopant ion to effect cost as it exhibits strong absorption
bands in the near UV- visible region and intense broad

Excitation and Photoluminescence of Bi-doped glass overlaid with
EQE curve of _Si-PV

Photoluminescence of Ag° containing precursor glass and
glass nanocomposite
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VIS and NIR emissions which can effectively enhance of
Siphotovoltaic.

In another attempt to improve the efficiency of silicon
solar cell, active layer of particles of nanometals such as
silver, gold, copper, etc that contains glass
nanocomposites were applied. Several nanosilver (Ag”)
containing glass nanocomposites was developed. The
recorded absorption spectra indicated a strong
absorption band at 424nm which can be attributed to
SPR peak characteristic to the silver nanopatrticles. The
photoluminescence spectra of Ag® containing precursor
glass and glass nanocomposite displayed emission in
the range 300-700 nm in the visible part of solar
spectrum.

12" FIVE YEAR PLAN PROJECTS

Development of novel CSIR technology for
manufacturing tailored and patient-specific
bioceramic implants and biomedical devices at
affordable cost (ESC 0103) (Nodal Lab: CSIR-
CGCRI)

This is a cross-cluster project of CSIR. Broadly there
are three work packages in the project supported further
by several tasks under the packages.

WP 1: Design and development of orthopedic
implants

Under Task 1.1, new ceramic composite
composition has been designed and some composite
samples based on Al,O, reinforced with Sr,Nb,O, and/or
SrCO, have been prepared. Preliminary microstructural
and mechanical characterization showed that the
samples contain high concentrations of SrAl,,O,, plates
(8% to 27%) and Sr,Nb,O, discs as feedstock
concentrationis increased.

High hardness of 1534 + 76 was obtained with
SrCO, feedstock when sintered at 1750°C. Other Al O,

(L) Typical microstructure of Al,O, reinforced with 8 wt.% Sr,Nb,O,
showing SrAl,,O,, plates

based compositions containing ZrO,, Cr,0O, with and
without Sr,Nb,O, and SiC, were also prepared via
conventional sintering followed by hot isostatic pressing.
The samples showed nearly full density and further
characterisation/testing is underway.

Several prototypes of finger joint implants were
manufactured and tested for their mechanical and
functional performance in cadaver at R.G. Kar Medical
College and Hospital, Kolkata. The results showed
failure strength of implants was 1980 N and the
interfacial strength of implant in the cadaver was 50 N at
which the bone failed. The extension was between 0-32°
and flexion between 0-90°. Implants and implants with
cadaver before and after mechanical testing are shown
in figures. The torsional deflection of the implant in the
cadaver was 8°. Based on these results small features
have been added to the implant to improve axial and
rotational stability. Ethical committee clearance has
been obtained from single centric clinical trials on these
implants.

(L) Finger implants and ( R ) Finger implants in candaver

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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WP 2: Development of biosensors for clinical
diagnostics

Expression of interest was published on October 31,
2014 in which the applications from prospective
entrepreneurs for clinical testing were invited followed by

been synthesized using Hydrothermal Electrochemical
Deposition (HTED), which combines conventional
electrochemical and hydrothermal methods. The effect
of precursor concentration and deposition time on ZnO
morphology is being investigated.

Fullerene dispersed -alumina humidity sensor

technology transfer of breathe analyzer for diabetes.
Patent(s) have been sealed on this invention in India,
WO, Taiwan. Further patents are pending in USA, UK,
Germany, Italy, China and South Korea. Development of
nanoporous &-alumina capacitive sensor with fullerene
dispersion has been initiated to refine the pore size
thereby improving the sensitivity for low-level moisture
for humidity sensing for COPD/asthma.

A polymer-ZnO hybrid nanocomposite films have

WP 3: Development of drug delivery and tissue
engineering materials

In Task 3.1, drug encapsulation of
hydrophobic/hydrophilic y-Fe,O, NPs has been
completed. Synthesis process has been optimized for
bifunctional ZnFe,O, nano particles. Monodispersed
single phase nano particles of ZnFe,O, were

successfully converted to a smart carrier for a
hydrophobic (water insoluble) drug molecule-Curcumin

(L) In vitro drug release from NPs of ZnFe,O, and (R) Typical shape and size of nanopatrticles
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and a hydrophilic (water soluble) drug molecule-
Daunorubicin via surface functionalization. The drug
loading studies showed up to 30% loading of hydrophilic
Daunorubicn drug and up to 26% of hydrophobic
Curcumin drug on these nano particles. This was
followed by pH triggered drug release study. Release of
Curcumin at pH ~7.4 was found to be only 49%, whereas
the same drug exhibited an enhanced release rate of
~70% at a lower pH. In case of Daunorbicn, the release
rate was 70% at pH ~7.4 and 84% at pH ~5 as shown in
figure.

The influence of NPs shape on drug loading was

carried out using spherical and cube shaped y-Fe,O,
nanoparticles and better drug loading was observed with

blood samples were collected from right marginal ear
vein at different time points and were analyzed for all the
pharmacokinetic parameters. The results showed that
during intravenous administration bare MTX starts
elimination instantaneously after administration
whereas CSIR-CGCRI formulation show slow
elimination after a period of 12 h, on account of slow and
controlled release of the drug from the ceramic matrix,
which indicates longer MRT and biological half-life.
Similarly, bare MTX showed fast absorption during oral
administration, with faster elimination compared to
CSIR-CGCRI formulation, which has 4 times larger AUC
indicating longer MRT and higher biological half-life.

In Task 3.3, Mesoporous Bioactive Glass (MBG)

In vivo pharmacokinetic study of methotrexate (MTX) and LDH-MTX (L) Intravenous administration and
(R) Oral administration

spherical particles than on cube shaped ones. The drug
release study also showed better release behaviour with
spherical particles for both drugs. However, the particles
with cube shape found to be good for curcumin drug than
for Daunorubicin. Currently these materials are under in
vitro toxicity and biocompatibility testing at CSIR-IICB.

In Task 3.2, a new approach was developed to
intercalate anticancerous drug in LDH. The study on
drug release kinetics has been completed. Initial burst
release of MTX drug has been reduced up to 6 times
using coated nanoparticles. The material has been
evaluated for its efficacy using in vivo harmacokinetic
study of Methotrexate (MTX) and LDH-MTX via
intravenous and oral administration. New Zealand white
rabbits (Oryctolagus cuniculus) of average body weight
1.60 kg, aged 10-12 months were used for the study.
Single dose of 15 mg/kg body weight was used in this
study. After administration of pure drug and formulation,

CSIR - Central Glass & Ceramic Research Institute - Kolkata

nanpowders of SiO,-CaO-P,0O, have been fabricated
using three different methods. These powders were
found to be highly amorphous with small crystalline
phase Ca,Si,O0, in MBHM. MBCTAB650 showed the
highest value of zeta potential of -16.5 mV than the other
two powders. Particle size distribution of MBWC650
powder revealed abimodal particle size with a range of
30-50 nm and 110-130 nm where as MBHM650 and
MBCTABG650 showed median size with range of 75-125
nm and >75 nm respectively. Mean pore diameter was
estimated as 15.6nm, 8.9nm and 3.6 nm for the said
samples. MBHM650 and MBWC650 were thus found to
be suitable as filler material for instance in dental
applications while MBCTABG650 due to its high surface
areawould be suitable for drug delivery applications.

TEM images of powders showed a superior
distribution of nanoparticles for MBCTABG650;
MBHM®650 showed presence of crystalline phases with
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Mesoporous biglass powder (L) Wet chemical method, (R) Using suitable surfactant

fringe pattern. All particles showed nanopore channels.
The in vitro bioactivity test in stimulated body fluid at
37.4°C on the particles after 48 h revealed hydroxyl-
carbonate layers throughout.

Leadership in specialty glass and optical fiber
technologies (GLASSFIB) (ESC 0202)

The progress achieved under three broad work
packages in this projectin respect of various tasks are as
follows:

WP1: Specialty optical fibers and laser devices

Task 1.1: Yb doped Laser fiber in large mode area
(LMA) configuration having high dopant concentration
and reduced photo darkening effect was produced
successfully using Vapor Phase Doping technique. All-
fiber laser system with continuous wave (CW) output
power of around 25 W at 1 i m wavelength has been
demonstrated using Yb doped fibers of double clad
design fabricated in the Laboratory . The power scaling
is limited by available pump power only.

Thilium(Tm)-doped fiber lasers are expected to be
deployed in various areas of medicine such as softtissue

surgery in the areas of urology, dermatology and
ophthalmology replacing Ho:YAG lasers. Tm-doped all-
fiber CW laser was designed to obtain more robust,
compact and maintenance free useful configuration for
in-the-field application. A stable lasing at 1.95 pm
wavelength with output power above 5 W has been
demonstrated in laboratory.

Investigation on the effect of the laser power at 1.95
pMm on scaring, charring and ablation rate in live tissue
cells is under progress in consultation with medical
practitioners.

Under the Task 1.2 on Hollow Core Photonic Crystal
Fiber (HCPCF) Drawing, parameter optimization for
HCPCF was carried out for reliable reproduction of
desired structure for operating at wavelength around
2.3 micron which is confirmed through spectral
transmission measurement. Properties of metal
embedded HCPCF has been designed and studied for
sensing application in the wavelength range 1300 to
1700 nm with the help of FEM and FDTD.

Prototype of 20W Yb- fiber laser module under packaging
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Prototype of 10W Tm- fiber laser module under packaging

WP2: Specialty glasses and coatings for functional
applications

The Task 2.1 is on facility creation for preparation/
production of Chalcogenide glasses and glass-
ceramics. This task involves completely new activity on
non-oxide glass materials. Two rocking furnaces, which
are the main units for melting the glass, have been

Laser power vs launched pump power of Tm doped fiber laser

atmosphere controlled high temperature furnace and
associated facilities were completed. Yb* doped glass
hosts with varied phonon energy have been developed.
Anti-stokes fluorescence (ASF) has been evidenced
from Yb® ions in different oxide glass hosts like
phosphate, bismuthate, oxy-fluoride and tellurite. The
effect of glass phonon energy on ASF has been

(L) As prepared chalcogenide glasses in sealed silica ampule
and ( R ) Transmission spectrum of an as preperaed chalcogenide glass

installed and are in operation. Several bulk un-doped
chalcogenide glasses of different systems were
prepared up to 30 g scale. Characterization is in
progress and preliminary results are encouraging.

Under Task 2.2 on preparation of novel glasses for
fluorescent cooling, installation of glove box,

established. Glasses with low phonon energy are
observed to be promising for optical refrigeration in
terms of their efficient demonstration of ASF.

Under the Task 2.3, on synthesis of functional nano-
coatings: self cleaning hydrophilic/ hydrophobic
coatings along with hard and tunable AR with

L: Anti-Stokes Fluorescence spectra of Yb* ion in variety of glasses, M: Absorption and anti-stokes fluorescence spectra along
with ASF phenomenon in Yb* oxyfluoride glass ceramics and R: Cooling efficiency with respect to excitation wavelength

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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hydrophobic coatings were developed on polycarbonate
sheet up to a size of 50 mm x 50 mm. Also AR coating
was developed on solar glass to increase photo-current.
Highly water dispersible Anatase TiO, nanopowder was
synthesised at low temperature (~80° C). Alcohol-water
dispersion of TiO, nanopowder could be directly used for
coating on glass and plastics with high adhesion
capability (2-3 H for glass and 1-2 H for plastic).

WP3: Advanced materials and technology for glass
melting

Under Task 3.1 High Alumina aggregate developed
from Indian bauxite was upscaled up to 30 Tons at M/s.

XRD of the magnesia sintered (a) without TiO,, (b) with
2wt% TiO, and (c) with 3 wt% TiO,

Calderys India Ltd. The plant is situated at Katni,
Madhya Pradesh. Laboratory evaluation is mostly
completed. Up scaling in the tune of 20 kgs value added
Magnesia aggregates and refractory thereof is
completed. Property evaluation is under progress.

Under Task 3.2 Optimized gelation conditions for
Phyllosilicate-polymer system has been achieved.
Formulations have been designed for reactive glass

precursors Na,0-B,0,-SiO,-Al,O, and rare earth doped
oxide glass system.

Under Task 3.3 on setting up the laboratory and
experimental trial melting in microwave furnace, process
has been standardized for making iron doped alumino-
phosphate glass, high density radiation shielding
window glass, zinc borate glass and borosilicate glass
fritin microwave furnace up to 150 g scale.

Advanced ceramic materials and components for
energy and structural applications (ESC 0104)

This is a network project under CSIR's Engineering
cluster. There are three broad work packages which

Hot modulus of rupture (at 1400°C) of sintered
magnesia with TiO,

consist of eight tasks. The notable developments under
these packages are described as follows:

WP1: Novel membrane based process technology
for sustainable energy devices

The work package consists of four tasks:

Task 1.1 deals with separation of hydrogen,
nitrogen, carbon di-oxide and methane using ceramic

(L) Thin (3.5 mm) Pd membrane on Alumina substrate and ( R ) Multilayered porous ceramic membrane
developed on ceramic substrate

Annual Report 2014-15

CSIR - Central Glass & Ceramic Research Institute - Kolkata

29



30

membrane / support. Cheaper Palladium membrane of
tunable thickness of 3.0 to 11um on alumina support was
fabricated for application in high temperature and
pressure modules. Multi-layered zeolite membrane was
fabricated upto 24 mm OD 19 channel tubes. An in-
house gas separation set-up was installed.

Task 1.2 is on purification of hot gas from fine dusts
arising out of lean grade Indian coal. Silicon carbide
support tube with mullite based membrane cleans the
gas. Preliminary work on sustainability of the material
upto 1000°C in the form of ceramic candles (600 mm
long, 75 mm ID) was done in collaboration with CIMFR
(Dhanbad) and University of Ribeirao Preto (Sao Paulo,
Brazil).

Mullite membrane coating on SiC for hot gas filtration

Task 1.3 pertains to generation of bio-mass from
kitchen waste, using captured carbon di-oxide leading to
pure bi-fuel production. Micro-algae, viz., Anabaena,
Chroococcus, Enteromorpha and Phormidium were
grown in kitchen sink waste water. Surface modified
ceramic tubular support (C55) of 150 mm length and
3/2mm OD/ID was fabricated for photobioreactor
application. A lab scale membrane distillation module
was set for improving purity of the bio-ethyl alcohol.The
work is done in collaboration of IMTech (Chandigarh).

CSIR - Central Glass & Ceramic Research Institute - Kolkata

Lab-scale membrane photo-bio-reactor for algal biomass production

Task 1.4 deals with fabrication of metal supported
SOFC. Porous metal-supports of dia ~20 mm through
compaction of metal powder was fabricated and sintered
under controlled atmosphere. The metal supports were
characterized and optimized for making fuel cells. The
work is done in collaboration with NAL (Bangalore).

Cross sectional micrograph and EDAX Line Scan of
MS-NiO-YSZ anode

WP2: New generation structural ceramics for high
temperature and wear resistance applications

Task 2.1 deals with development of Ultra High
Temperature Ceramics (UHTC) for applications in wear
resistant components for supersonic airborne vehicles.
Different composites of zirconium di-boride with silicon
carbide, titanium di-boride and boron carbide were hot
pressed. The compositions were also sintered via spark
plasma sintering technique and the properties of
sintered compositions were optimized. Phase analysis,
mechanical properties and thermal properties of the
composites were evaluated for optimal composition.
Machining by EDM technique was successfully done
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TEM micrographs and SAED patterns of spark plasma sintered ZrB,-SiC composite sintered
at 2000°C (TP denotes Triple point)

FESEM microstructures of spark plasma sintered ZrB, : (a, a1) direct current
and (b, b1) pulse current (t,, = 50 ms and t,, = 5 ms) modes

due to their low electrical resistivity. The work was done
in collaboration with NML (Jamshedpur) and IIEST
(Shibpur).

Task 2.2 is on production of enriched refractory
using plasma processing. Plasma fused alumina rich
spinel was synthesized and physical properties were
measured. Detailed phase analysis, microstructural
study and mechanical properties of the spinel with and
without 10% zirconia, were evaluated for real life
applications. Proto-type samples of plasma synthesized

spinel and magnesia were fabricated. Plasma fusion of CSIR-CGCRI refractory samples
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Task 2.3 pertains to optically transparent ceramics.
Nano size powders were prepared from organic route
with Neodymium, Yttrium and Praseodymium additions.
Presence of Pr, in place of Yttrium, improved sinterability
of the compositions and presence of Pr-SiAION was
observed at the grain boundaries, using TEM.

WP3: Advanced composite armour for protection
against medium calibre threats (30mm bullet)

Under this task, ceramic composite armour panels
were fabricated with different structural designs and
varying geometry. In addition, the design of backing

(i) Development of microreactors and filtration units
involving one or more unit operations for individual and
simultaneous removal of pesticide and heavy metals, (ii)
Fabrication of coated ceramic membrane and module
for microbial decontamination of surface water and (iii)
Scale up studies using newer adsorbents in the
prototype mode in laboratory.

During 2014-15, stable TiO, slip coated over clay-
alumina based ceramic membrane tube of 9 mm length

was fabricated and coated with commercially available
hydroxyapatite. The membrane and its coated surface

SiC — 5083 Al test panels showing deformation of aluminium backing plates hit with a 30 mm AP bullet

shock plates and metal structures of different
compositions were also changed as per demand. 300 x
300 mm (outer size 450 x 450 mm) with different
thickness was tested at TBRL test range. It was found
that performance of dense silicon carbide ceramics is
better than dense alumina and also offers weight
advantage but at higher price than the former. Bulging of
test plates was measured and further optimization of
design of the panelis being done.

Clean water: Sustainable option

Development of ceramic membrane based
processes for removal of heavy metals

CSIR-NEERI is the nodal Institute of this project. In
this project CSIR-CGCRI has three step responsibilities:

FESEM image of coated membrane surface after filtration
suggesting lead deposit

CSIR - Central Glass & Ceramic Research Institute - Kolkata

were subsequently characterized using FESEM. Lead
removal from synthetic solution was studied using
hydroxyapatite coated membrane and 97% lead
removal was observed from 5 ppm lead solution.

Multifunctional materials for identification of

pathogenic bacterial DNA

The nodal lab of this project is CSIR-CECRI. CSIR-
CGCRI is engaged with the work element 7 of the work
package under this project. CSIR-CGCRI's
responsibility lies in the sub work elements 7.1:
Fabrication of functional electrodes and 7.2:
Multifunctional materials for DNA sensing detection of
target DNA. The progress achieved under the two sub
work elements is as follows:

7.1 Chemical activation of natural membranes for
covalentimmobilization and detection of DNA

The objective of this work element is to explore the
efficacy of chemically modified eggshell membrane
(ESM) as a platform for immobilization and detection of
DNA. A comparative study of two surface
functionalization schemes, with acetic acid (ESM-AA)
and n-butyl acetate (ESM-BA) was carried out. It was
demonstrated how they influence the homogeneity of
the surface immobilized oligo-probes and subsequent
detection of the target DNA. The ESM-AA surface
revealed that the fluorescence spots were discernible
down to 0.1 uM of target DNA, while for 0.01 pM target
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(L) Fluorescence images for DNA hybridization and detection. Upper panel (a-d) represents the spots at target DNA concentrations 5, 1,
0.1, and 0.01 uM on ESM — AA surface, while the lower panel (e-h) depicts the spots for identical concentrations of target DNA on ESM — BA
surface. Scale bar = 200 um and ( R ) Calibration curve — mean fluorescence intensity versus target DNA concentration on ESM-AA and ESM-BA
surfaces Fig. 2:Calibration curve — mean fluorescence intensity versus target DNA concentration on ESM-AA and ESM-BA surfaces, respectively

concentration the background was predominantly
expressed. In comparison, the fluorescence spots were
clearly observed down to 0.01 pM or 10 nM on the ESM-
BAsurface. The presence of a more stable leaving group
in n-butyl acetate than acetic acid facilitates conjugation
of aminatedoligos on the ESM-BA surface. Interestingly,
the membranes modified with n-butyl acetate pushed
down the lower limit of detection (LOD) of the sensor to
10 nM of target DNA. From the present study it is
concluded that n-butyl acetate modified eggshell
membrane can act as a potential substrate for DNA
immobilization and subsequent detection.

7.2 Design multifunctional nano materials/
fluorescent probes for pathogenic bacterial DNA
sensing

Selective Detection of Escherichia coli DNA
Through Fluorescent Enhancement of Carbon
Nanoparticles

A facile catalyst free green and rapid approach was
explored for the synthesis of multiband fluorescent
graphitic carbon nanoparticles from queen of oils
exhibiting multifarious applications. The as-prepared
and calcined carbon nano particles exhibited excitation
dependent multiband emission which has been explored
for detection of DNA. We have monitored the interaction
of the carbon nanopaticles with Calf Thymus DNA and
Escherichia coli DNA. A selective detection of
Escherichia coli DNA using fluorescent graphitic carbon
nanoparticles through fluorescence enhancement of the
nanoparticle has been demonstrated. Based on thermal
melting, circular dichroic and calorimetric studies
preferred interaction of CNP with EC DNA could be
established.

To our understanding this is the first report on
selective detection of E-coli DNA using carbon or any

(L) Schematic showing the application of carbon nanomaterials
for E-coli DNA sensing and ( R ) Fluorescence intensity variation
on addition of a) CTDNA and b) ECDNA. Insets show the
dependence of fluorescence intensity on concentration of DNA used

Annual Report 2014-15 CSIR - Central Glass & Ceramic Research Institute - Kolkata 33



34

other fluorescent materials and could find potential
application in the direct detection of E-coli bacteria in
water.

Engineering of disaster mitigation and health
monitoring for safe & smart built environment

Several prototypes of the optical accelerometer with
different sensitivities were evaluated at nodal lab CSIR-

CBRI successfully. The responses of FBG based
accelerometers and two wireless MEMS
accelerometers up to 4 Hz sinusoidal excitation with 5V
(p-p) amplitude were monitored. There was good
agreement between the signals acquired by the FBG
accelerometers and the MEMS accelerometers. The
performances of the accelerometers were also
evaluated for multi-frequency and non-stationary

excitation signals which is often encountered in building
health monitoring. Since the frequency response of the
FBG accelerometer is non-linear, the measurement
bandwidth is usually restricted to the frequency up to
which the response is nearly uniform. This bandwidth
restriction was alleviated by using a adaptive wavelet
packet transform based post processing technique. The

Testing of FBG based accelerometer and
wireless MEMS accelerometers on a
reinforced concrete building at CSIR-CBRI

FBG based accelerometers were designed with a target
to cover a frequency range from 0-35 Hz and measure
acceleration as low as 0.05g. The design parameters
were finalized using Finite Element Analysis.

Innovative technologies for health assessment and
damage mitigation of structures

CSIR-SERC is the nodal lab for the project. In this
project responsibility of CGCRI is to develop FBG based

Embeddable type electrical
resistance strain gage

Embeddable FBG array

(a) Packaged embeddable FBG based strain sensor for concrete structure (b) Embedding of FBG sensors and
resistive strain gauges in concrete structure

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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Load vs Strain at typical quarter span
embeddable and surface mountable strain sensor
package which can be multiplexed. FBG sensor array
suitable for embedding in concrete structure has been
developed. Preliminary thermal sensitivity and strain
sensitivity has been analyzed at CGCRI and the sensors
were then evaluated at CSIR- SERC. At SERC the FBG
sensors were embedded in atest structure.

The strain responses were compared with that of a
resistive strain gauge also embedded in the same
structure. Figure show linear responses of strain
measured by sensor with that of strain gauge.
Development of clay based geopolymers for
structural applications

The main objective of this project is to synthesize
clay based geopolymer for structural applications. White
China clay, fly ash and rise husk based geopolymers
blocks were successfully prepared and mechanical
properties of these blocks were evaluated. Maximum
compressive strength of about 30 MPa was obtained for
fly ash based geopolymers. The first ever study of
nanoindentation behaviour showed the unique presence
of a strain tolerant microstructure development in the
synthesized geopolymers.

(a) Compressive strength and (b) Nanoindentation behaviour of geopolymer blocks synthesised from fly ash

Some geopolymer shapes developed from various local low cost natural as well as waste products e.g., fly ash,

rice husk ash etc. are shown in the figures.

Geopolymer shapes developed from different raw materials (a) WCC based large cylinders
(b) Rice husk ash based small cylinders (c)Fly Ash based small and large cylinders and (d) Tiles of 4 inch2 dimension
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NANOSTRUCTURED MATERIALS
EXTERNALLY FUNDED PROJECTS

Magnetic nanomaterials: synthesis and surface
modifications for biointeraction and catalytic
studies, a step towards biomedical/industrial
benefits

It was reported last year that L-lysine coated
magnetite nanoparticles not only prevent but
significantly delay early aggregation alpha-synuclein (a-
syn). A-syn is present in every human brain within the
Substantia Nigra region and assumed to actively
participate in the signal transaction process. The

first few hours. The FCS correlation curves of a-syn in
presence of uncoated and lysine coated magnetite at the
4" hour of incubation. Correlation time for the
aggregation has significantly reduced in case of lysine
coated nanoparticles compared to that in presence of
uncoated nanopatrticles.

FCS correlation curves of a-syn in presence of
uncoated and lysine coated magnetite at the 4" hour of
incubation revealed that correlation time for the

Curves showing reduction in correlation times for aggregation of a-syn in case of lysine coated nanopatrticles

matured fibrils of this protein is very abundant within the
patients of Parkinson's' disease, and the early
aggregation of a-syn is believed to lead to those mature
fibrils. But unfortunately no technique is available to date
to detect or prevent those protein aggregations in the
initial stage. It is reported for the first time that a
combined technique of Fluorescence Correlation
Spectroscopy (FCS) and Confocal Imaging can detect
those very early aggregation events, as early as within

aggregation has significantly reduced in case of lysine
coated nanoparticles compared to that in presence of
uncoated NPs.

Confocal images of the a-syn aggregates in
presence of uncoated and lysine-coated magnetite
nanoparticles at the 4" hour of incubation showed that
whereas the uncoated nanoparticles induced a great
deal of aggregation of the protein, the lysine coated NPs
have significantly prevented the event.

Image showing prevention of aggregation of a-syn by lysine coated nanoparticles

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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Dye-sensitized solar cells/quantum-dot sensitized
solar cells

The ternary complex oxide Zinc Stannate, Zn,SnO,
(ZTO) is an important n-type semiconducting oxide
finding potential as an alternnative photoanode in dye
sensitized solar cells. Due to its complex nature,
synthesis of phase pure Zn,SnO, has been reported to
be a highly challenging task. A simple route has been
adopted for the one step synthesis of nanosized, defect
free cubic spinel Zn,SnO, by calcining a mixture of
hexagonal ZnO rods and tetragonal SnO, particles at
1000°C. The reaction of 2ZnO+Sn0O, to form Zn,SnO,
could occur due to a temperature mediated diffusion
controlled solid state reaction. Such inter diffusion
reactions could result in the formation of a porous layer
on the more rapidly diffusing component between the
interface of the two materials like ZnO and SnO,
resulting in porous products. This phenomenon known
as Kirkendall effect is very common in solid state
synthesis of materials. Interestingly, it is observed in the
present study, phase formation of Zn,SnO, occurs
without Kirkendall effect. The starting materials, ZnO
rods and SnO, particles were synthesized through
solution processed sonochemical synthesis followed by
thermal annealing at 300°C and 600°C respectively. The
microstructural investigations manifested a significant
change in the morphology of the final product Zn,SnO,
compared to the binary oxides as shown in below.

Role of resonance energy transfer in CdS
sensitized solar cells

Narrow-bandgap semiconductor quantum dots
such as CdS, CdSe, PbS, and InAs have aroused
considerable interest as candidates for the sensitizer
dye replacement in dye sensitized solar cells. To
enhance the performance of CdS sensitized cell and to
reduce the usage of N719 dye in the cell, an attempt is
being made to replace this traditional system with new
and alternative sensitizers and co-sensitizers. For the
selection of a suitable co-sensitizer, the focus in the
study is on the synthesis and evaluation of the optical
properties of colloidal CdS. In addition, the resonance,
energy transfer study has been performed to explore the
possibility of energy transfer between the QDs and
sensitizer molecule. Instead of the conventional way of
synthesizing CdS nanoparticles, bio-inspired greener
strategy has been adopted to fabricate colloidal CdS
nanoparticles on ZnO based photoanode films by using
Bovine Serum Albumin, a ubiquitous protein as a
template. Devices have been fabricated with ZnO
particle (P), rod (R) and both rod-particle (R+P) mixture
and their efficiencies evaluated with CdS and N719 dye.
The work on carbon nanoparticle based counter
electrode and p-type hole conductors is also under
progress.

SEM image of (a) ZnO rods and (b) SnO, nano particles and (c) TEM image of the mixture
calcined at 1000°C resulting in self assembles ZTO particle.
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Extent of structural noncentrosymmetry in
electronic ferroelectric systems

The primary aim is to accurately determine the
extent of crystallographic noncentrosymmetry
contributed by off-centre displacements of the cations
with respect to the anion cages in several systems such
as LuFe,O,, Pr,,Ca,,,MnO,, Pr(Sr,,Ca,,),Mn,0,, Fe,O,
etc where ferroelectricity is considered to originate from
an esoteric charge/orbital order. It is quite possible that
both lattice and electronic structure contribute to the
overall ferroelectricity of the system. This issue will be
examined thoroughly by neutron diffraction experiments
at BARC's Dhruva Reactor. The refinement of the
neutron diffraction patterns will give accurate
information about the ion positions along with those of
the lighter ions such as oxygen and thus throw light on
the structural noncentrosymmetry. Preliminary work has
been started for which neutron diffraction patterns have
beenrecorded.

INTERNATIONAL PROJECT

Structure of gradient nanocomposites: Interaction
of bioactive glasses with nanoparticles and
polymers (MoreBAGS)

In vitro apatite-forming ability is the main
characteristic of bioactive materials. Surface

morphologies of bioactive glassy nanocoatings (BGNs)
were characterized by scanning electron micrographs
after immersion in SBF. A very homogeneous layer with
needle-like nanostructures was observed at the surface
after 1, 4,7 and 14 d ofimmersion in SBF. After1,4and 7
d, uniform calcium phosphate (CaP) deposition with
atomic ratio (Ca/P ~1.73) was observed. After 14 d of
immersion the precipitated layer was completely uniform
and dense with Ca/P atomic ratio ~1.83. The study
reveals that more uniform and homogeneous CaP layer
was formed on the BGNs nanocoating. The composite
structure and uniform surface morphology of BGNS
nanocoatings is likely to play a key role in forming
homogeneous and dense CaP layers in relatively short
time. Itis noteworthy here that the crystalline needle-like
nanoscale phase formed on these nanocoatings is very
similar to the CO,HA crystals of the natural bone. The
BGNs nanocoatings also showed good non-toxicity
during cell culture studies.

This newly designed nanostructured composite
coatings have potential in enhancing bone bonding
ability of bio-stable glass reinforced implants with
surrounding tissue due to their excellent bioactivity and
cellular response which can be considered as pivotal
towards the preclinical success of bone implants.

SEM micrographs of BGNs nanocoating after(a) 1, (b) 4, (c) 7 and (d) 14 days immersion in SBF
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NONOXIDE CERAMICS, COMPOSITES & REFRACTORY

EXTERNALLY FUNDED PROJECTS

Tribological behaviour of hard coatings on Silicon
substrate for MEMS application

This is an ARDB sponsored project and the present
work is in continuation of our previously reported work
published in 2013-2014 Annual Report.

In this work we focused on various optical
properties of 3C-a-SiC nanocrystals embedded in
carbon rich amorphous SiC films on Si derived from
liquid Polycarbosilane by modified CVD process at
moderately high temperatures of 900°C. The work
focuses emphasized on 1) enhancing the quantum
efficiency of the blue emission of SiC nanocrystals and
2) detection of NIR emission which hitherto not been
reported till date. Finally the reported NIR

photoluminescence observed from this thin film were
explained by surface state model.

Silicon wafers with thickness 1000i m, procured
from Monteco silicon Technologies.Inc were used as
substrates. The wafers has a surface roughness of the
order of (7- 8) nm. Liquid Polycarbosilane (LPCS) with
number average molecular weight (Mn) 500 was made
available from DMSRDE, Kanpur, India and is used as a
precursor for deposition SiC nanocrystals embedded in
carbon rich amorphous SiC film on silicon wafer. The SiC
film was deposited on Silicon wafer by bubbling the
argon gas through LPCS (at 12 ml mim™) so as to carry
the PCS vapours inside the controlled atmosphere

Absorbance spectra of the film

PL spectra excited with (a) 325nm xenon lamp (b) 625 laser light
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furnace which subsequently get decomposed at 900°C
to form carbon rich SiC coating on silicon substrate.
Finally the furnace is cooled down to room temperature
at 4°C/mim, keeping all the parameters unchanged.

Fig 1 shows the optical absorption spectra of the
films from which one can see multiple absorption peaks
at 327.5nm, 458.5 and 720nm. From these spectra the
indirect energy levels of 1.32eV, 2.1eV and 2.86eV for
the as deposited films were calculated using the tauc
equation. The direct energy levels calculated using the
tauc equation are 1.51eV, 2.44eV, and 3.32eV. The PL
spectra Fig.2(a) of the film excited by 325nm Xenon
lamp display broad emission spectra covering the whole
visible region. The broad spectrum from multiple energy
levels as calculated from the tauc plot is due to radiative
transition from the density of localized states. The PL
spectra of SiC nanocrystals embedded in carbon rich
amorphour-SiC film with 2.86eV band gap have
shoulders at 2.4eV and 2.1eV. This implies that the film
has large band tails which corresponds to high density of
localized states. The triple band structure for the high
bandgap (carbon rich) films implies the presence of
amorphous and crystalline phases in the network.

In addition to the visible PL we also report for the first
time the NIR florescence at 800nm Fig.2 (b) from these
nanocrystalline SiC embedded on carbon rich a-SiC
films when they are excited by 650nm laser light. This
emission comes from much lower energy level (1.5eV)
than 3C-SiC (2.4eV). This lower energy emission is due
to the surface state model. It is well established in
surface state model that photoexcitation originates from
SiC nanocrystals and photoemission occurs in a special
surface state.

In addition to the visible PL, the NIR fluorescence at

800nm was also observed from these nanocrystalline
SiC embedded on carbon rich a-SiC films when excited

by 650nm laser light. This has been reported for the first
time. This emission comes from much lower energy level
(1.5eV) than 3C-SiC (2.4eV). This lower energy
emission is due to the surface state model. It is well
established in surface state model that photo excitation
originates from SiC nanocrystals and photoemission
occurs in a special surface state.

Hot pressing and study of thermo-mechanical
behaviour of ultra-high temperature ceramic
samples for aerospace application

ZrB,-SiC, (w/w 80:20) composites were spark
plasma sintered at 1900, 2000 and 2100°C with t, = 50
ms and t,,= 5 ms conditions under 50 MPa pressure for
15 min. SiC was obtained by in situ pyrolysis of
polycarbosilane during sintering. The FTIR spectra of
semi-pyrolysed ZrB2-SiCp powder showed that pre-
ceramic PCS polymeric bands such as Si-CH,-Si, Si-CH,
and Si-H weakened and few characteristic bands like Si-
C, Si-O and C=C peaks appeared strong in the spectra.
In ZrB,-SiC, composition, uniform distribution of ZrB,
and secondary SiC phases were found in the sintered
sample. The interfaces between hexagonal ZrB, and
needle shaped SiC were found in high resolution bright
field TEM images. The Vickers' micro-hardness, fracture
toughness (measured by DCM) of ZrB,-SiC, composite
sintered at 2000°C achieved upto 16.22 GPa and 3.69

MPaV m, respectively. The critical energy release rate

(G,o) value was 27.46 J-m ? implying that the composite
resists the crack propagation during indentation. Wear
resistance coefficient and wear rate values of all the
composites were found to be very low. Thermal
conductivity values of all the composites varied from
78.09 to 57.20 W/m.K in 100°C to 1000°C range as
showninfigures.

Table 1: Mechanical and tribological properties of ZrB,-SiC, composites.

Sintering Hv Kic cla Gic COF Wear vol. WeaBr rate
temperature | (GPa) | (MPavm) | ratio | (3-m'?) | (Peak) | (m®X10% (m(r:llol\_ls-)m) WRC
1900°C 16.01 3.44 2.21 | 23.90 0.44 2.91 0.73 0.030
2000°C 16.22 3.69 2.05 27.46 0.50 3.31 0.78 0.034
2100°C 14.32 3.61 2.28 27.23 0.61 6.43 1.61 0.170
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Thermal properties of spark plasma sintered ZrB,-SiC, composites at different temperatures

Synthesis of oxide bonded porous SiC ceramics by
bond phase precursor infiltration technique

Properties of mullite bonded porous SiC ceramics
processed via sol-gel approaches

DTA curves of mullite precursor sol coated SiC at
different heating rates in dry air

Incorporation of bond phase by sol-gel processing
technique is relatively new approach for fabrication of
porous ceramics. Mullite bonded porous SiC ceramics
(MBSC) were synthesized by an infiltration based
processing consisting of intrusion of monophasic mullite
precursor sol into a porous compact of SiC as well as by

Annual Report 2014-15

coating of SiC particles by sol-gel mullite precursor
followed by sintering at 1300-1500°C in air. The % SiC
oxidation degree decreased with decrease of sintering
temperature; increase of SiC particle size, coating SiC
particles by precursor sol and also by infiltration. It was
observed that in both the cases porosity, pore sizes and
flexural strength could be controlled by controlling the
processing parameters and SiC particle size. Mullite SiC
and cristobalite was detected as the major crystalline
phases in the mullite bonded SiC ceramics. The thermal
oxidation behaviour of coated SiC powder was
examined by TG-DTA technique in dry air. Mullite
formation exhibited two exothermic peaks at 1195 -
1213°C and at 1319-1358°C, respectively. The
activation energy for mullite crystallization in the first
step ranged from 884-1250 KJ mole™ and in second step
itranged from 759-1018 KJ mole™.

Development and characterizations of silicon
carbide foam

Openl/closed cell ceramic foams find potential use in
various high performance applications because of their
combined effect of unique properties of parent ceramic
(oxide or non-oxide) and engineered pore morphology.
While open cell foams can be used in molten metal and
hot gas filtration, diesel engine exhaust filters and
burners, closed cell foams are especially used for
thermal insulation and fire protection. Non-oxide silicon
carbide (SiC) foams are not an exception in this regard
and have been studied globally to meet several high-end

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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Digital photograph of PCS
derived SiC foams

X-ray 3D tomography of SiC
foams: Discrete spots

indicate closed pores

applications owing to its superior strength, ability of high
temperature strength retention in hostile environments,
high abrasion resistance and extreme chemical
inertness.

Sponsored by DMSRDE, the primary objective of
this project is to fabricate and characterize
Polycarbosilane (PCS) derived SiC foams at CSIR-
CGCRI, India. While the initial precursor has been
supplied by the sponsoring agency, the SiC foams were
derived in-house by simple two-step processing
technique. The SiC foams thus fabricated have been
evaluated in terms of physical, microstructural and
thermal properties. Results showed good adherence
with the bench-mark properties provided by the sponsor.
The PCS derived foams having &-SiC grains attained a
bulk density of ~1.8 g/cc with overall porosity in the range
of 40-45 vol %.

Development of aluminosilicate refractory products
utilizing refractory material consisting of insulator
waste

Insulator industries in India produce predominantly
ceramic based insulators. Huge amount of solid waste is
generated during the production of high tension
insulator. This insulator waste contains ~40 wt% Al,O,
and considerable amount of mullite as crystalline phase
which can be utilized for the low temperature refractory
applications, particularly alumino-silicate refractory
containing 30-40% Al,O,. With this view, fired insulator
waste from Aditya Birla Insulator, was utilised for the
development of alumino silicate refractory having
alumina content of 30-50% in a project sponsored by
Aditya Birla Science and Technology Co. Ltd. Navi
Mumbai. Alumino silicate refractory containing 30% and
40% alumina has been successfully developed using
50% solid waste, out of which 25% insulator waste and
25% grog (from used bricks). The properties achieved at
the laboratory scale are at par with the standard
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specification. The typical refractory property of the
developed material is detailed in the Table.

30% alumina containing standard size brick
developed using insulator waste

Typical properties of refractories

Properties 30% Al O, 40% Al,0O,
refractory refractory
App. Porosity (%) 17-18 17-18
CCS (MPa) 5-39 32-33
RUL (T, °C) 1315-1335 1400-1415
PLCAR -0.3 -0.04
(at 1150°C) (at 1350°C)

Characterization of Indian lean grade Magnesite ore
and improvement of its high temperature refractory
properties with or without beneficiation

In this study an effort has been made to develop
value added refractory products from Indian magnesite
of Salem region by forming magnesium-aluminate
spinel. Within the past decade, interest has developed in
magnesium aluminate spinel (MgAl,O,) to replace the
chromite spinel in refractories due to their eco-friendly

Annual Report 2014-15



Properties of magnesium aluminate spinel refractory aggregates

T esnl;,;::ee:g:g re deB nusI;(ty Appq ren; Densi icati on Mgg:tlgrseof mOdl-l’leS of
(°C) (g/cc) porosity (%) (%) (MPa) r?nggl;)e
1550 3.17 9.45 90.06 108.85 65.72
1600 3.34 1.15 93.82 128.47 76.31
1650 3.32 1.51 93.52 109.83 71.67
1700 3.30 3.60 93.48 103.95 75.39

nature. MgAl,O, is a technologically important material
on account of its attractive properties.

The synthesis of MgALO, refractory aggregates
from indigenous refractory raw material magnesite was
accomplished through this experimental investigation.
Magnesiarich spinel was prepared by single stage firing.
At 1600°C it achieved bulk density of 3.34g/cc with
densification of around 94%. Compacted grain structure
in microstructural analysis supported better
densification and good thermo-mechanical/mechanical
properties of the developed aggregates.

The sample shows increase in bulk density
accompanied by lowering of apparent porosity with
increasing sintering temperature till 1600°C. After that
there is a slight decrease in density accompanied by
high apparent porosity. At elevated temperatures,
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densification by sintering occurs simultaneously with the
expansion (5-7%) from the MgAL,O, formation.
Consequently the competitive process of sintering-
densification and reaction expansion occurs
simultaneously. The percentage densification or relative
density increases up to 1600°C and then it decreases
marginally up to 1700°C. This shows that up to 1600°C,
sintering predominates the spinelization reactions which
become controlling process from 1600°C onwards to
1700°C.

The samples were analyzed using XRD to
determine the phases developed at higher temperature.
Scanning Electron Microscopy and EDX analysis were
also carried out to know the grain growth, development
of microstructure and phase distribution at high
temperature.
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FIBRE OPTICS & PHOTONICS
EXTERNALLY FUNDED PROJECTS

Development of nano-engineered glass based
optical fibre with Cr* doped VAG nano particles for
use as abroad band light source within 1100-1500nm

Chromium doped phase-separated yttria-alumina-
silica glass based fibers drawn from perform have been
developed under suitable glass composition through
proper thermal annealing. The size of the phase-
separated particles within the core of the annealed
perform was found to be around 20-30 nm. This was
significantly reduced to around 5.0 nm in the drawn fiber
as showninthe figure.

The absorption spectra of fibers drawn from the
annealed and non-annealed fiber samples revealed
presence of Cr*, Cr*, and Cr* species. Numerically,
extinction of absorption drops 3...3.5 times for the
annealed sample as a result of nano-phase
restructuration during annealing process. In case of the
annealed preform sample intense broadband emission
within 500...800 nm was observed as compared to the
non-annealed one. It was associated with the presence
of Cr” ions in nano-structured environment inside the
YAS core glass. The final fibers showed broadband

TEM pictures along with ED pattern of Chromium-doped glass based (a) non-annealed preform (Cr-2)
and (b) fiber drawn from the annealed (HCr-2)

Emission spectra obtained at pump power of 2 W with filtering below
= 1100 nm. Ac marks the central wavelength of the fluorescence spectra

CSIR - Central Glass & Ceramic Research Institute - Kolkata

emission in a 900 to 1400 nm range under pumping at
1064 nm which could be attributed mainly to the
presence of Cr/Cr* ions. The fabricated fibers
appeared to be a potential candidate for the
development of fiber laser sources for the visible and
near-infra ranges and for effective Q-switching units for
1...1.1 ym all-fiber ytterbium lasers.

Development of fiber-optic chemical sensor using
an optical fiber loop ringdown spectroscopy

The sensor using Phase Shift Fiber Loop Ring Down
Spectroscopy (PS-FLRDS) was demonstrated with the
help of intensity modulated continuous laser in a fiber
loop instead of a pulsed laser. The exponential decay of
laser beam intensity coupled into the fiber loop
introduced phase shift in output light intensity with
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respect to input. The phase shift provides an exact
measurement of the sensing parameter. Ring down time
can be calculated from this phase angle measurement
which determines the concentration of analytes in a
solution or capillary flow systems. This PS-FLRDS is
suitable for flow system because of its high speed
detection and accuracy. A practical system was
implemented with a fiber loop of 23.5 m and the shift in
phase angle of 28.685 degree was observed. After

introducing a loss inside the fiber loop which is
equivalent to the sensing parameter, a phase shift of
35.4157 degree is achieved.

The current system showed a time resolution of 50
ps which is highly capable of measuring small changes
in phase shift. This technique can be further extended for
sensing of chemicals. This method promises
instantaneous sensing and can be implemented with a
couple of electronic interrogation system.

Tunable laser source Intensity Erbium doped fiber
1552 nm modulator amplifier
Function generator
(Sine wave)
Sensor Coupler
:1
2.5 GHz 9
Oscilloscope
Coupler 23.5m
99:1 loop
InGaAs Detector
850 - 1650 nm Isolator

Schematic of Phase shift-Fiber loop ring down spectroscopy based sensing system

Plot showing phase shift of 28.6857 degree using PS-FLRDS sensing scheme
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INTERNATIONAL PROJECTS

Advanced multicore components for next
generation optical communications and sensing
This is a collaborative project between CSIR-
CGCRI and Heriot Watt University, UK under Indo-UK
UKIERI joint research programme. This project aims to
develop optical fibre laser sources and amplifiers that
exploit both novel multicore fibre structures and custom
fabricated three dimensional optical interconnects.

Microscopic view of multicore erbium doped fiber

We have developed six active Er* doped cores
surrounded by passive central GeO, doped core based
multicore fiber from the composite preform made
through drilling of passive GeO, doped preform rod in a
proper dimensional way followed by insertion of etched
erbium doped preform rods into the drilled hole. The
geometries of such fibers have been analyzed and

typical microscopic view of which is given figure. The
propagation behavior of fibers were characterized and
optimized for the desired operation. The initial results
indicate single mode operation, good pump absorption
and relative gain, which are desirable the required
applications. The optical gain at 1550nm was 20dB in
four cores measured at Heriot Watt University, UK. The
work on setting up the MCFs for multiband laser and
amplifier operationis in progress.

Development of long period grating (LPG) based
immno-assay for bio-sensing applicatrion

A new design concept of highly sensitive LPG
sensors could be established and subsequently
implemented suitable for use in bio-sensing
applications. This will lead to successful development of
an efficient bio-sensing technology. The outcome and
the knowledgebase developed through the collaboration
was found to be immensely helpful for identifying new
applications, both research and commercial, with a
particular focus on immuno-sensing. The base
technology developed can easily be extended to detect
other range of biological like bacteria, toxins, pesticides,
explosives and numerous other small molecules.The
milestones achieved during the project tenure are as
follows:

Theoretical models for the TAP-LPG and the LPG
with overlay structure operating around transition point
for use as biosensors have been implemented
successfully; High sensitive TAP-LPGs fabricated and
characterized; Two types of overlay layers e.qg. (i) layers
of polyelectrolytes [(Poly (allylamine hydrochloride)
(PAH); and poly (styrenesulphonate) (PSS); were used
as poly cation and poly anion ] and (ii) a layer of Sol-Gel
derived titania-silica thin film successfully deposited on
the LPG sensors and significant sensitivity
enhancement achieved;

Flow cell based immunoassay devised and online
monitoring of antigen-antibody interaction quantified.

Measured spectra for optical gain of multicore erbium doped fiber
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Measured TAP-LPG,,, with spectra of TAP-LPG,,,; n,=1.0 Recorded spectra of TAP-LPG,,,, with varying
refractive index in the surrounding

Step-by-step representation of the model assay using a sol-gel coated optical fiber as substrate
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SENSOR & ACTUATOR
EXTERNALLY FUNDED PROJECTS

Development of sensor modules to be incorporated
in an e-nose for quality monitoring of tea

The prime objective was to fabricate indigenous
sensor modules, custom-made for an electronic nose (e-
nose) being developed by CDAC, Kolkata for quality
monitoring of black tea. CSIR-CGCRI responsibility was
to fabricate metal oxide semiconductor based sensors to
detect different volatiles present in black tea aroma.
Once qualified, the sensors with optimum response
patterns shall then be incorporated in the array
embedded within an electronic nose.

More than 30 material compositions were
synthesized and optimized for their electrical and
sensing properties. The fabricated sensor modules have
been extensively studied in major Volatile Organic

(a)

Compound (VOC) from black tea aroma. After
reproducibility test, the sensors were delivered to CDAC
for optimization in the e-nose settings.

After rigorous optimization, the sensors comprising
three compositions have been deemed suitable for
incorporation in the e-nose developed by CDAC,
Kolkata.

Out of the 5 sensorsin the e-nose, 3 commercial
sensors have been replaced by CGCRI-made
sensor modules, which have successfully qualified
the field-trial conducted by CDAC. Of late, the 4" and
the 5" sensors in the array with optimized
performance in the laboratory settings have been
delivered to C-DAC for field-trial. One patent has
beenfiledinIndia.

(b)

(a) Array of CGCRI-made sensors in an e-nose [1. SnO,-Sr (5 wt%), 2. SnO,-Ba (5 wt%), 3. SnO,-Ag (1 wt%)
(b) A Typical response pattern for different gradation of black tea samples
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SOL-GEL PROCESSING
EXTERNALLY FUNDED PROJECTS

Development of ITO foam for stealth applications

The main objective of this project was to synthesize
novel light weight sol-gel based foam which has potential
application as a radar absorbing material. Foams were
successfully prepared and were characterized using
FESEM and XRD studies after synthesis and heat
treatments as shown in figures. It had very good
microwave absorption property in the X-band region with
sheet resistance of 20 to 200 kohm per square
influenced by level of heat treatment. High porosity was
observed with an average pore diameter of 11 nm and a
surface area of 21 m’ gm™. XRD pattern revealed high
crystallinity with cubic bixbyte phase of In,O,.

The prepared ITO thin films were dip coated on soda
lime silica glass substrates and very good
nanomechanaical properties of Young's modulus and
nanohardness were observed.

Development of sol-gel derived specialty planar
optical waveguides for sensor applications

This project is being jointly executed by Sol-Gel
Division and Fibre Optics and Photonics Division. High
fidelity, well ordered, uniform and stable 1D/2D
patterned silica-zirconia thin films, thermally cured
below 500°C were successfully fabricated from a
precursor sol of optimized composition by a combination
of topographically patterned PDMS polymer stamp with

ITO Foam (a) As synthesized, heat treated at (b) 100°C and (c) 450°C, (d) XRD Pattern

(a) Young's Modulus and (b) Nanohardness data of ITO thin films
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50

image, (ii eight profile and (iii) diffraction
1) AFM i i) AFM height profile and (iii) diffracti
pattern of 1D pattered silica-zirconia film

1.5 um periodicity through simple and inexpensive
capillary driven unconventional soft lithography
technique. One of the objectives of the project is to
develop patterned films for chemical sensing application
that would require high diffraction efficiency (n). It was
seen during the measurement of thatm maximum power
was concentrated around the zero-th order diffraction
mode. This was the fundamental mode with a very low
percentage of power around the higher orders such as
+1, -1, +2, -2 etc. This can be an indication of high power

() AFM image, (ii) AFM height profile and (iij) diffraction
pattern of 2D pattered silica-zirconia film

output. More than 90% absolute diffraction efficiency
has been measured from the 1D patterned films.
Therefore, the 1D film can act as grating coupler planar
optical waveguide chip for efficient sensing.

Sol gel processing of mesoporous alumina-
supported transition metal nanocatalysts

Cube-shaped mesoporous CuO with microcarpet-
like interior was synthesized using sol-gel process. The
multi-shell pattern structures have potential catalytic
application.

Cube-shaped CuO with microcarpet like interior

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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Chrysanthemum-like Co,0, with nanorod (50-
100nm) assembly and Co,0, nanosheet were
synthesized by hydrothermal method in the absence of
any organic templates. These structures showd
excellent catalytic performance for the degradation of

Chicago Sky Blue 6B, a carcinogenic azo dye used in
textile, paper and pharmaceutical industries.

Silver nanoparticles dispersible in water were
synthesized by sol-gel method at room temperature in
the presence of carambola fruit extract.

(L) Chrysanthemum like CO,0, and (R) CO,0, nanosheet

Synthesis of Ag nanoparticles
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R&D OUTPUT

— Papers Published In SCI Journals
— Patents Filed
— Patents Granted

— Technology Transfer



PAPERS PUBLISHED IN SCI JOURNALS
ADVANCED CLAY & TRADITIONAL CERAMICS

1. Sreeremya TS, Krishnan A, Mohamed AP, Hareesh US and Ghosh S
Synthesis and characterization of cerium oxide based nanofluids: An efficient coolant in heat transport
applications
Chemical Engineering Journal
2014, Vol.255, pp.282-289

2. lyengar SJ, Joy M, Ghosh CK, Dey S, Kotnala RK and Ghosh S
Magnetic, X-ray and Mossbauer studies on magnetite/maghemite core—shell nanostructures fabricated through
an aqueous route
RSC Advances
2014, Vol.4,1ss.110, pp.64919-64929

3. KrishnanA, Sreeremya TS, Mohamed AP, Hareesh US and S Ghosh
Concentration quenching in cerium oxide dispersions via a Forster resonance energy transfer mechanism
facilitates the identification of fatty acids
RSC Advances
2015, Vol.5, Iss.30, pp.23965-23972

4. Mukhopadhyay TK, Ghosh S, Majumder M and Ghatak S
Consideration of alternate raw materials for porcelain tile manufacture: The effect of the incorporation of fired
scrap and pyrophyllite
Interceram
2015, Vol.64, 1ss.1-2, pp.20-27

ADVANCED MECHANICAL & MATERIALS CHARACTERIZATION

5. DasPS, Chanda DK, Dey A, Mandal AK, Das Gupta K, Dey N and Mukhopadhyay AK
Catalyst free growth of MgO nanoribbons
Ceramics International
2014,V01.40, Iss.4, pp.6365-6372

6. Reddy IN, Reddy VR, Sridhara N, Rao VS, Bhattacharya M, Bandyopadhyay P, Basavaraja S, Mukhopadhyay
AK, SharmaAK and Dey A
Pulsed rf magnetron sputtered alumina thin films
Ceramics International
2014,V0l.40, Iss.7, pp.9571-9582

7. Chanda DK, Das PS, SamantaA, Dey A, Mandal AK, Das Gupta K, Maity T and Mukhopadhyay AK
Intertwined nanopetal assembly of Mg(OH)(2) powders
Ceramics International
2014,V01.40, Iss.7, pp.11411-11417

8. ReddyIN, Reddy VR, Sridhara N, Rao VS, Mukhopadhyay AK, Sharma AK and Dey A
High emittance surface engineered metallic surfaces
Ceramics International
2014,V01.40, Iss.9, pp.14549-14554
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9. PaulR, Bhadra N, Mukhopadhyay AK, Bhar R and Pal AK
Nano-mechanical properties of nano-gold/DLC composite thin films
European Physical Journal-Applied Physics
2014,V01.68, Iss.2, pp.20402-20412

10. Dey A, Umarani R, Thota HK, Bandyopadhyay P, Rajendra A, Sharma AK and Mukhopadhyay AK
Corrosion and nanoindentation studies of MAO coatings
Surface Engineering
2014,V0l.30,Iss.12, pp.913-919

11. DeyA, Umarani R, Thota HK, Rajendra A, Sharma AK, Bandyopadhyay P and Mukhopadhyay AK
Nanoindentation study of MAO coatings developed by dual electrolytes
Surface Engineering
2014,V0l.30, Iss.12, pp.905-912

12. Sinha S, Chatterjee SK, Ghosh J and Meikap AK
Anomalous electrical transport properties of CdSe quantum dots at and below room temperature
Physica B-Condensed Matter
2014,V01.438, pp.70-77

13. GhoshJ, Bysakh S and Mazumder S
Multiphase transformation and hybrid nanostructure under non-equilibrium and equilibrium condition during high-
energy ball milling of BaTiO, powders
Phase Transitions
2014, V0l.87,1ss.4, pp.325-335

14. Sinha S, Chatterjee SK, Ghosh J and Meikap AK
Dielectric relaxation and ac conductivity behaviour of polyvinyl alcohol? HgSe quantum dot hybrid films
Journal of Physics D-Applied Physics
2014, Vol.47,1ss.27, Article No.275301

15. Chakraborty AK, Majumder M and Sen S
Comparison of transpalpebral tonometer with Goldmann applanation tonometer
Taiwan Journal of Ophthalmology
2014, Vol.4,1ss.3, pp.110-115

16. Neogi S, Chowdhury U, Chakraborty AK and Ghosh J
Effect of mechanical milling on the structural and dielectric properties of BaTiO, powders
Micro and Nano Letters
2015,V0l.10, Iss.2, pp.109-114

17. Sinha S, Chatterjee SK, Ghosh J and Meikap AK
Electrical transport properties of consolidated ZnSe quantum dots at and above room temperature
Current Applied Physics
2015, Vol.15, Iss.4, pp.555-562

18. Sinha S, Chatterjee SK, Ghosh J and Meikap AK
Electrical transport properties of polyvinyl alcohol-selenium nanocomposite films at and above room
temperature
Journal of Materials Science
2015, V0l.50, Iss.4, pp.1632-1645

19. Neogi S, Chowdhury U, Chakraborty AK and Ghosh J
Effect of mechanical milling on the structural and dielectric properties of BaTiO, powders

Micro & Nano Letters
2015,V0l.10, Iss.2, pp.109-114
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BIO-CERAMICS & COATING

20.

21.

22.

23.

24,

25.

26.

17.

28.

29.

Mukherjee S, Kundu B, Sen S and Chanda A

Improved properties of hydroxyapatite-carbon nanotube biocomposite: Mechanical, in vitro bioactivity and
biological studies

Ceramics International

2014,V0l1.40, Iss.4, pp.5635-5643

Dandapat N, Ghosh S, Pal KS, Datta S and Guha BK

Thermal cycling behavior of alumina-graphite brazed joints in electron tube applications
Transactions of Nonferrous Metals Society of China

2014, Vo0l.24,1ss.6, pp.1666-1673

Mallik AK, Bysakh S, Dutta S and Basu D

Correlation between optical emission spectra and the process parameters of a 915 MHz microwave plasma CVD
reactor used for depositing polycrystalline diamond coatings

Sadhana-Academy Proceedings in Engineering Sciences

2014, V0l.39, Iss.4, pp.957-970

Ghosh S, Pal KS, Mandal AK, Biswas N, Bhattacharya M and Bandyopadhyay P
Cordierite based glass-ceramic glazed floor tiles by microwave processing
Materials Characterization

2014, Vol.95, pp.192-200

Mantrala KM, Das M, Balla VK, Rao CS and Rao VVSK

Laser-deposited CoCrMo alloy: Microstructure, wear, and electrochemical properties
Journal of Materials Research

2014,Vo0l.29,1ss.17, Sl, pp.2021-2027

Soundrapandian C, Mahato A, Kundu B, Datta S, Sa B and Basu D

Development and effect of different bioactive silicate glass scaffolds: In vitro evaluation for use as a bone drug
delivery system

Journal of the Mechanical Behavior of Biomedical Materials

2014,V0l.40, pp.1-12

Kar S, Bagchi B, Kundu B, Bhandary S, Basu R, Nandy Pand Das S

Synthesis and characterization of Cu/Ag nanoparticle loaded mullite nanocomposite system: A potential
candidate for antimicrobial and therapeutic applications

Biochimica Et Biophysica Acta-General Subjects

2014,V01.1840, Iss.11, pp.3264-3276

Dey S, Das M and Balla VK

Effect of hydroxyapatite particle size, morphology and crystallinity on proliferation of colon cancer HCT116 cells
Materials Science & Engineering C-Materials for Biological Applications

2014,Vol.39, pp.336-339

Nandi SK, Kundu B, Mahato A, Thakur NL, Joardar SN and Mandal BB

In vitro and in vivo evaluation of the marine sponge skeleton as a bone mimicking biomaterial
Integrative Biology

2015, Vol.7,1ss.2, pp.250-262

Ghosh S

Thermal properties of glass-ceramic bonded thermal barrier coating system
Transactions of Nonferrous Metals Society of China

2015, Vol.25,Iss.2, pp.457-464
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CERAMIC MEMBRANE

30. Banerjee P, Sarkar S, Dey TK, Bakshi M, Swarnakar S, Mukhopadhayay Aand Ghosh S
Application of isolated bacterial consortium in UMBR for detoxification of textile effluent: Comparative analysis of
resultant oxidative stress and genotoxicity in catfish (Heteropneustes fossilis) exposed to raw and treated
effluents
Ecotoxicology
2014, Vol.23, Iss.6, pp.1073-1085

31. RoyB, Dey S, Sahoo GC, Roy SN and Bandyopadhyay S
Degumming, dewaxing and deacidification of rice bran oil-hexane miscella using ceramic membrane: Pilot Plant
study
Journal of the American Oil Chemists Society
2014,V0l.91, Iss.8, pp.1453-1460

32. Bose A, Das N, Roy SN, Goswami N, Kar S, Bindal RC and Tewari PK
Synthesis, characterization and corrosion performance evaluation of DDR membrane for H-2 separation from Hl
decomposition reaction
International Journal of Hydrogen Energy
2014,V0l.39, Iss.24, pp.12795-12803

33. Das Jugal Kishore and Das Nandini
Mercaptoundecanoic acid capped palladium nanopatrticles in a SAPO 34 membrane: a solution for enhancement
of H,/CO, separation efficiency
ACS Applied Materials & Interfaces
2014, V0l.6, 1ss.23, pp.20717-20728

34. Mukherjee P, Roy PS, Mandal K, Bhattacharjee D, Dasgupta S and Bhattacharya SK
Improved catalysis of room temperature synthesized Pd-Cu alloy nanoparticles for anodic oxidation of ethanol in
alkaline media
ElectrochimicaActa
2015, Vol.154, pp.447-455

35. Mandal K, Bhattacharjee D, Roy PS, Bhattacharya SK and Dasgupta S
Room temperature synthesis of Pd-Cu nanoalloy catalyst with enhanced electrocatalytic activity for the methanol
oxidation reaction
Applied Catalysis A: General
2015, Vol.492, pp.100-106

FIBRE OPTICS & PHOTONICS

36. Emami SD, Abdul-Rashid HA, Zahedi FZ, Paul MC, Das S, Pal M and Harun SW
Investigation of bending sensitivity in partially doped core fiber for sensing applications
IEEE Sensors Journal
2014, Vol.14, 1ss.4, pp.1295-1303

37. Biswas T, Chattopadhyay R and Bhadra SK
Plasmonic hollow-core photonic band gap fiber for efficient sensing of biofluids
Journal of Optics
2014, Vol.16, Iss.4, Article No.045001

38. DharA, Das S, Paul MC, PalAand Sen R
Study of incorporation efficiency of different precursor salts in fabrication of rare-earth doped optical fibers
Physica Status Solidi A-Applications and Materials Science
2014,Vol.211,1ss.4, pp.828-834
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39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

Biswas P, Basumallick N, Dasgupta K and Bandyopadhyay S

Response of strongly over-coupled resonant mode of along period grating to high refractive index ambiance
Journal of Lightwave Technology

2014,V0l.32,1ss.11, pp.2072-2078

LinJH, Lee YW, Lin TC, Lai BC, Pal M, Das S, Dhar A and Paul MC

Near-infrared supercontinuum generation in single-mode nonlinear Yb**-doped fiber amplifier
Optics Express

2014,V0l.22,1ss.13, pp.16130-16138

Ghosh A and Vijaya R

Linear and nonlinear resonance features of an erbium-doped fibre ring laser under cavity-loss modulation
Pramana-Journal of Physics

2014,V0l1.83,1ss.1, pp.147-159

Jusoh Z, Kasim N, Munajat Y, Ahmad H, Harun SW, Halder A, Paul MC, Pal M and Bhadra SK

New octagonal shape double-clad Thulium-Ytterbium Co-doped fiber for generation of multi-wavelength and Q-
switched lasersin 2 micron region

Journal of Optoelectronics and Advanced Materials

2014,V0l.16, 1ss.7-8, pp.776-781

Ahmad H, Thambiratnam K, Paul MC and Harun SW

Single-longitudinal-mode operation in tunable novel zirconia-yttria-alumina-erbium-doped fiber laser
Laser Physics

2014, Vol.24,1ss.8, Article No. 085106

Sen R, Saha M, Pal A, Pal M, Leich M and Kobelke J

High power laser fiber fabricated through vapor phase doping of Ytterbium
Laser Physics Letters

2014, Vol.11, Iss.8, Article N0.085105

Harun SW, Alam SU, Kurkov AS, Paul MC and Sun ZP
Introduction to the issue on fiber lasers

IEEE Journal of Selected Topics in Quantum Electronics
2014, Vol.20, Iss.5, Article N0.0200503

Chiavaioli F, Biswas P, Trono C, Bandyopadhyay S, Giannetti A, Tombelli S, Basumallick N, Dasgupta K and
Baldini F

Towards sensitive label-free immunosensing by means of turn-around pointlong period fiber gratings
Biosensors & Bioelectronics

2014, Vol.60, pp.305-310

Bradley DA, Sani SFA, Alalawi Al, Jafari SM, Noor NM, Azhar ARH, Mahdiraji GA, Tamchek N, Ghosh S, Paul MC,
Alzimami KS, Nisbet A and Maah MJ

Development of tailor-made silica fibres for TL dosimetry

Radiation Physics and Chemistry

2014,V0l.104, pp.3-9

Rahman ATA, Abu Bakar NK, Paul MC and Bradley DA

Ultraviolet radiation (UVR) dosimetry system and the use of Ge-doped silica optical fibres
Radiation Physics and Chemistry

2014,V01.104, pp.129-133
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49. Zahaimi NA, Abdullah MHRO, Zin H, Rahman ALA, Hashim S, Saripan MI, Paul MC, Bradley DA and Rahman
ATA
Dopant concentration and thermoluminescence (TL) properties of tailor-made Ge-doped SiO2 fibres
Radiation Physics and Chemistry
2014,V01.104, pp.297-301

50. BabarIM, Sabran MBS, Jusoh Z, Ahmad H, Harun SW, Halder A, Paul MC, Das S and Bhadra SK
Double-clad thulium/ytterbium co-doped oetagonal-shaped fibre for fibre laser applications
Ukrainian Journal of Physical Optics
2014,Vo0l.15, 1ss.4, pp.173-183

51. Yang HZ, Qiao XG, Das S and Paul MC
Thermal regenerated grating operation at temperatures up to 1400 degrees C using new class of multimaterial
glass-based photosensitive fiber
Optics Letters
2014, V0l.39, Iss.22, pp.6438-6441

52. Biswas T, Chattopadhyay R and Bhadra SK
Plasmonic microstructured optical fibers and their application in bio-sensing
Journal of the Indian Institute of Science
2014,V01.94,1ss.3, pp.349-357

53. Saidin N, Zen DIM, Damanhuri SSA, Harun SW, Ahmad H, Dimyati K, Paul MC, Das S and Bhadra SK
Thulium bismuth co-doped fiber lasers at 1901 nm by 802 nm pumping
IEEE Journal of Selected Topics in Quantum Electronics
2014, Vol.20, Iss.5, Article N0.0902106

54. Ghosh D, Roy S and Bhadra SK
Efficient supercontinuum sources based on suspended core microstructured fibers
IEEE Journal of Selected Topics in Quantum Electronics
2014, Vol.20, Iss.5, Article No.7600108

55. Azooz SM, JasimAA, Hamida BA, Ahmad H, Harun SW, Halder A, Paul MC, Das S, Pal M and Bhadra SK
All-fiber dual-wavelength fiber laser operating at 1950 nm region based on multimode interference effect
Optoelectronics and Advanced Materials-Rapid Communications
2014,V0l.8,1ss.11-12, pp.1035-1038

56. Kasik I, Podrazky O, Mrazek J, Cajzl J, Aubrecht J, Probostova J, Peterka P, Honzatko Pand Dhar A
Erbium and Al,O, nanocrystals-doped silica optical fibers
Bulletin of the Polish Academy of Sciences-Technical Sciences
2014,V0l.62, Iss.4, pp.641-646

57. Gangopadhyay TK, GiorginiA, Halder A, Pal M, Paul MC, Avino S and Gagliardi G
Detection of chemicals using a novel fiber-optic sensor element built in fiber loop ring-resonators
Sensors and Actuators B: Chemical
2015, Vol.206, pp.327-335

58. SahaM, PalA, PalMand Sen R
Influence of aluminum on doping of ytterbium in optical fiber synthesized by vapor phase technique
Optics Communications
2015, Vol.334, pp.90-93

59. Azooz SM, Harun SW, Ahmad H, Halder A, Paul MC, Pal M and Bhadra SK
Mode-locked thulium ytterbium co-doped fiber laser with graphene oxide paper saturable absorber
Chinese Physics Letters
2015, VVol.32, Iss.1, Article No.014204
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60.

61.

62.

63.

64.

65.

66.

HalderA, Chattopadhyay R, Majumder S, Bysakh S, Paul MC, Das S, Bhadra SK and Unnikrishnan M
Highly fluorescent silver nanoclusters in alumina-silica composite optical fiber

Applied Physics Letters

2015, V0l.106, Iss.1, Article N0.011101

Biswas P, Basumallick N, Bandyopadhyay S, Dasgupta K, Ghosh Aand Bandyopadhyay S
Sensitivity enhancement of turn-around-point long period gratings by tuning initial coupling condition
IEEE Sensors Journal

2015, Vol.15, Iss.2, pp.1240-1245

Saidin N, Harun SW, Ahmad H, Ali SMM, Damanhuri SSA, Halder A, Paul MC, Das S, Pal M and Bhadra SK
Enhancement of thulium-ytterbium doped fiber laser efficiency using dual-pumping method

Microwave and Optical Technology Letters

2015, Vol.57,1ss.2, pp.285-287

Paul MC, DharA, Das S, LatiffAA, Ahmad MT and Harun SW

Development of nanoengineered thulium-doped fiber laser with low threshold pump power and tunable operating
wavelength

IEEE Photonics Journal

2015, Vol.7, Iss.1, Article N0.7100408

Torrengo S, Paul MC, Halder A, Das S, Dhar A, Sahu JK, Jain S, Kir'yanov AV and d'Acapito F

EXAFS studies of the local structure of bismuth centers in multicomponent silica glass based optical fiber
performs

Journal of Non-Crystalline Solids

2015, Vol.410, pp.82-87

Azooz SM, Harun SW, Ahmad H, Halder A, Paul MC, Das S and Bhadra SK

AQ-switched fibre laser operating in the 2 mu m region based on nonlinear polarization rotation technique
Ukrainian Journal of Physical Optics

2015, V0l.16, Iss.1, pp.32-37

Ittiarah JV, Sidhik S and Gangopadhyay TK

Refractometry using evanescent field based fiber loop ringdown spectroscopy
Sensors and Actuators A-Physical

2015, Vol.223, pp.61-66

FUEL CELL & BATTERY

67.

68.

69.

Ghanty C, Basu RN and Majumder SB
Electrochemical characteristics of xLi,MnO,-(1-x)Li(Mn, ,,sNi,.,s:C0,.,5)O, (0.0 < x > 1.0) composite cathodes:
Effect of particle and Li,MnO, domain size

ElectrochimicaActa
2014,V01.132, pp.472-482

Maiti S, Pramanik A and Mahanty S

Interconnected network of MnO, nanowires with a “cocoonlike” morphology: Redox couple-mediated
performance enhancementin symmetric aqueous supercapacitor

ACS Applied Materials and Interfaces

2014,V0l.6, 1ss.13, pp.10754-10762

Dey T, Das SharmaA, Dutta A and Basu RN

Transition metal-doped yttria stabilized zirconia for low temperature processing of planar anode-supported solid
oxide fuel cell

Journal of Alloys and Compounds

2014,V01.604, pp.151-156
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70. Thakur P, Kool A, Bagchi B, Das S and Nandy P
Enhancement of beta phase crystallization and dielectric behavior of kaolinite/halloysite modified poly (vinylidene
fluoride) thin films
Applied Clay Science
2014,V0l.99, pp.149-159

71. Banerjee K, Mukhopadhyay J and Basu RN
Nanocrystalline doped lanthanum cobalt ferrite and lanthanum iron cobaltite-based composite cathode for
significant augmentation of electrochemical performance in solid oxide fuel cell
International Journal of Hydrogen Energy
2014, Vol.39, Iss.28, pp.15754-15759

72. DasD andBasu RN
Electrophoretic deposition of zirconia thin film on nonconducting substrate for solid oxide fuel cell application
Journal of the American Ceramic Society
2014,V0l.97,1ss.11, pp.3452-3457

73. Mukhopadhyay J and Basu RN
Morphologically architectured spray pyrolyzed lanthanum ferrite-based cathodes-A phenomenal enhancement
in solid oxide fuel cell performance
Journal of Power Sources
2014, V0l.252, pp.252-263

74. GiriAK, Pal P, Ananthakumar R, Jayachandran M, Mahanty S and Panda AB
3D hierarchically assembled porous wrinkled-paper-like structure of ZnCo,0, and Co-ZnO@C as anode
materials for lithium-ion batteries
Crystal Growth & Design
2014,Vol.14,1ss.7, pp.3352-3359

75. Dey T, Singdeo D, Basu RN, Bose M and Ghosh PC
Improvement in solid oxide fuel cell performance through design modifications: An approach based on root cause
analysis
International Journal of Hydrogen Energy
2014, Vol.39, 1ss.30, pp.17258-17266

76. PalP, GiriA, Mahanty S and Panda AB
Morphology-mediated tailoring of the performance of porous nanostructured Mn,O, as an anode material

Crystal Engineering Communication
2014, V0l.16, Iss.46, pp.10560-10568

77. Pramanik A, Maiti S and Mahanty S
Metal hydroxides as conversion electrode for lithium-ion battery: A case study with Cu(OH), nanoflower array

Journal of Materials Chemistry A
2014, Vol.2, Iss.43, pp.18515-18522

78. Maiti S, Pramanik Aand Mahanty S
Extraordinarily high pseudocapacitance of metal organic framework derived nanostructured cerium oxide
Chemical Communications
2014,V0l.50, 1ss.79, pp.11717-11720

79. Kartick B, Srivastava SK and Mahanty S
Tungsten disulfide-multiwalled carbon nanotube hybrid anode for lithium-ion battery
Journal of Nanoscience and Nanotechnology
2014,Vol.14,Iss.5, pp.3758-3764
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80.

81.

Pramanik A, Maiti S and Mahanty S

a-Ni(OH)2 nanoflowers as anode material for lithium-ion battery
Science Letters

2014, Vol.4,1ss5.104, pp.1-6

Thakur P, Kool A, Bagchi B, Das S and Nandy P

Effect of in situ synthesized Fe,O, and Co,0, nanoparticles on electroactive a phase crystallization and dielectric
properties of poly(vinylidene fluoride) thin films

Physical Chemistry Chemical Physics

2015,Vo0l.17,1ss.2, pp.1368-1378

GLASS SCIENCE & TECHNOLOGY

82.

83.

84.

85.

86.

87.

88.

89.

Molla AR, Tarafder A, Mukherjee S and Karmakar B

Transparent Nd*’-doped bismuth titanate glass-ceramic nanocomposites: Fabrication and properties
Optical Materials Express

2014,Vol.4,1ss.4, pp.843-863

Dey C, Molla AR, TarafderA, Mishra MK, De G, Goswami M, Kothiyal GP and Karmakar B

Single-step in-situ synthesis and optical properties of ZnSe nanostructured dielectric nanocomposites
Journal of Applied Physics

2014, Vol.115, Iss.13, Article N0.134309

Gupta G, Sontakke AD, Karmakar P, Biswas K, Balaji S, Saha R, Sen R and Annapurna K

Influence of bismuth on structural, elastic and spectroscopic properties of Nd3+ doped Zinc-Boro-Bismuthate
glasses

Journal of Luminescence

2014,Vol.149, pp.163-169

Tarafder A, Molla AR, Mukhopadhyay S and Karmakar B

Fabrication and enhanced photoluminescence properties of Sm*-doped ZnO-Al,0,-B,0,-SiO, glass derived
willemite glass-ceramic nanocomposites

Optical Materials

2014, V0l.36, 1ss.9, pp.1463-1470

Dey C, Molla AR, Goswami M, Kothiyal GP and Karmakar B

Synthesis and optical properties of multifunctional CdS nanostructured dielectric nanocomposites
Journal of the Optical Society of America B-Optical Physics

2014,Vol.31,1ss.8, pp.1761-1770

Singh SP, Nath M and Karmakar B

Quantum and dielectric confinements of sub-10 nm gold in dichroic phosphate glass nanocomposites
Materials Chemistry and Physics

2014,V0l.146, Iss.3, pp.198-203

Shasmal N, Molla AR and Karmakar B

Synthesis and characterization of chloroborosilicate glasses in the K,0-Ba0O-Al,O,-B,0,-SiO,-BaCl, system
Journal of Non-Crystalline Solids

2014,V01.398, pp.32-41

Balaji S, Biswas K, Sontakke AD, Gupta G and Annapurna K

Enhanced 1.8 mu m emission in Yb*/Tm* co-doped tellurite glass: Effects of Yb* <-> Tm®" energy transfer and
back transfer

Journal of Quantitative Spectroscopy & Radiative Transfer

2014, Vol.147, pp.112-120
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90. Mandal AK, Balaji S and Sen RJ
Microwave and conventional preparation of Zinc borate glass: Eu® ion as luminescent probe

Journal of Alloys and Compounds
2014, Vol.615, pp.283-289

91. Balaji S, Biswas K, Sontakke AD, Gupta G, Ghosh D and Annapurna K
ALO, influence on structural, elastic, thermal properties of Yb** doped Ba-La-tellurite glass: Evidence of reduction
in self-radiation trapping at 1 mu m emission
SpectrochimicaActa Part A-Molecular and Biomolecular Spectroscopy
2014,V01.133,pp.318-325

92. TarafderA, Molla AR, Mukhopadhyay S and Karmakar B
Fabrication and photoluminescence properties of Ag-0 and Ag-O-Er* containing plasmonic glass
nanocomposites in the K,0-ZnO-SiO, system
Solid State Sciences
2014, Vol.37,pp.144-153

93. BiswasK, Balaji S, Ghosh D, Sontakke AD and Annapurna K
Near-infrared frequency down-conversion and cross-relaxation in Eu*/Eu®-Yb* doped transparent oxyfluoride
glass and glass-ceramics
Journal of Alloys and Compounds
2014, V01.608, pp.266-271

94. Ghosh D, Karmakar P, Biswas K, Balaji S, Sontakke AD and Annapurna K
Variance of energy transfer dynamics in Ce* sensitized Eu® and Tb** doped alkali free Ba-Al metaphosphate
glass: role of the host matrix
Physics and Chemistry of Glasses - European Journal of Glass Science and Technology Part B
2014, Vol.55, Iss.5, pp.196-206

95. MollaAR, TarafderA, Dey C and Karmakar B
Synthesis and properties of ZnTe and Eu’" ion co-doped glass nanocomposites
Journal of Applied Physics
2014, Vol.116, Iss.16, Article N0.163510

96. Ramteke DD, Annapurna K, Deshpande VK and RS Gedam
Effect of Nd** on spectroscopic properties of lithium borate glasses
Journal of Rare Earths
2014,V0l.32,1ss.12, pp.1148-1153

97. GaraiM, Sasmal N, Molla AR, Tarafder A and Karmakar B
Effects of in-situ generated coinage nanometals on crystallization and microstructure of fluorophlogopite mica
containing glass-ceramics
Journal of Materials Science & Technology
2015,Vol.31,Iss.1, pp.110-119

98. Biswas K, Balaji S, Karmakar Pand Annapurna K
Formation and spectral probing of transparent oxyfluoride glass-ceramics containing (Eu”, Eu*:BaGdF,) nano-
crystals
Optical Materials
2015, Vol.39, pp.153-159

99. Shasmal N and Karmakar B
Localized surface plasmon absorption and photoluminescence of in situ-generated nano silver in a novel
chloroborosilicate glass and glass ceramics
Plasmonics
2015, Vo0l.10, Iss.1, pp.191-202
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100. Dey C, Goswami M and Karmakar B

101.

White light emitting Ho**-doped CdS nanocrystal ingrained glass nanocomposites
Applied Physics Letters
2015, Vol.106, Iss.8, Article No0.083106

Mandal AK, Sinha PK, Das D, Guha C and Sen R

Higher Fe*'/total Fe ratio in iron doped phosphate glass melted by microwave heating
Materials Research Bulletin

2015,V0l.63,pp.141-146

MATERIALS CHARACTERIZATION

102.

103.

104.

105.

106.

107.

108.

Banerjee A, Dutta M, Bysakh S, Bhowmick AK and Laha T

Role of Sn onthe adhesion in Cu-Sn alloy-coated steel-rubber interface
Journal of Adhesion Science and Technology

2014, Vol.28, Iss.11, pp.987-1004

Mishra SK, Kumar KS, Bysakh S, Sreemany M and Pathak LC

Investigation of interface, microstructure, and mechanical properties of layered thermal barrier coatings of
lanthanum zirconate and YSZ deposited by EB-PVD process

Surface and Interface Analysis

2014,V0l.46,1ss.7, pp.449-456

Bose A, Sreemany M and Bysakh S

Crystallization trend in STO-seeded sputtered PZT thin films: Effects of seed layer thickness and post-
annealing temperature

Vacuum

2014, V0l.107, SI, pp.10-19

Maurya KK, Halder SK, Sen S, Bose Aand Bysakh S

High resolution X-ray and electron microscopy characterization of PZT thin films prepared by RF magnetron
sputtering

Applied Surface Science

2014, V01.313, pp.196-206

Banerjee A, Dutta M, Bysakh S, Bhowmick AK and Laha T

A novel coating strategy towards improving interfacial adhesion strength of Cu-Sn alloy coated steel with
vulcanized rubber

Applied Surface Science

2014, V01.313, pp.804-816

Kumar SV, Singh RK, Seenithurai S, Bysakh S, Raja MM and Mahendran M

Phase structure and magnetic properties of the annealed Mn-rich Ni-Mn-Ga ferromagnetic shape memory thin
films

Materials Research Bulletin

2015, Vol.61, pp.95-100

Banerjee A, Kumar R, Dutta M, Bysakh S, Bhowmick AK and Laha T

Microstructural evolutionin Cu-Sn coatings deposited on steel substrate and its effect on interfacial adhesion
Surface and Coatings Technology

2015, Vol.262, pp.200-209
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NANO-STRUCTURED MATERIALS

109. JanaA, Das PP, Agarkar SA and Devi PS
Acomparative study on the dye sensitized solar cell performance of solution processed ZnO
Solar Energy
2014,V0l.102, pp.143-151

110. Das PP, Agarkar SA, Mukhopadhyay S, Manju U, Ogale SB and Devi PS
Defects in chemically synthesized and thermally processed ZnO nanorods: Implications for active layer
properties in dye-sensitized solar cells
Inorganic Chemistry
2014, Vol.53, Iss.8, pp.3961-3972

111. Maity T, Goswami S, Bhattacharya D and Roy S
Origin of the asymmetric exchange bias in BiFeO,/Bi,Fe, O, nanocomposite
Physical Review B
2014, V0l.89, Iss.14, Article N0.140411

112. Chowdhury U, Goswami S, Bhattacharya D, Ghosh J, Basu S and Neogi S
Room temperature multiferroicity in orthorhombic LuFeO,
Applied Physics Letters
2014, Vol.105, Iss.5, Article No.052911

113. Goswami S, Bhattacharya D, Keeney L, Maity T, Kaushik SD, Siruguri V, Das GC, Yang HF, Li WX, Gu CZ,
Pemble ME and Roy S
Large magnetoelectric coupling in nanoscale BiFeO, from direct electrical measurements
Physical Review B
2014, Vol.90, Iss.10, Article N0.104402

114. Majumdar S, Nag P and Devi PS
Enhanced performance of CNT/SnO, thick film gas sensors towards hydrogen
Materials Chemistry and Physics
2014,V0l.147,1ss.1-2, pp.79-85

115. SahaJ, Bhowmik K, Das | and De G
Pd-Ni alloy nanopatrticle doped mesoporous SiO, film: the sacrificial role of Ni to resist Pd-oxidation in the C-C
coupling reaction
Dalton Transactions
2014,V0l.43,1ss.35, pp.13325-13332

116. Das Partha Pratim and Devi P Sujatha
Formation of self-assembled defect-free Zn,SnO, nanostructures from binary oxides without the kirkendall
effect
Inorganic Chemistry
2014, Vol.53, 1ss.20, pp.10797-10799

117. MitraAandDe G
Mesoporous alumina films: effect of oligomer formation toward mesostructural ordering
Langmuir
2014,V0l.30, Iss.50, pp.15292-15300

118. JanaA, Ghosh S, Devi PS, Bandyopadhyay NR and Ray M
Tunable charge transport through n-ZnO nanorods on Au coated macroporous p-Si
Journal of Materials Chemistry C
2014, Vol.2, pp.9613-9619
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119.

120.

121.

122.

123.

124.

125.

126.

Mishra MK, Chakravarty A, Bhowmik K and De G
Carbon nanodot—ORMOSIL fluorescent paint and films
Journal of Materials Chemistry C

2015,V0l.3,1ss.4, pp.714-719

Mishra MK, Chattopadhyay S, Mitra Aand De G

Low temperature fabrication of photoactive anatase TiO, coating and phosphor from water-alcohol dispersible
nanopowder

Industrial & Engineering Chemistry Research

2015, Vol.54, 1ss.3, pp.928-937

BaksiA, MitraA, Mohanty JS, Lee H, De G and Pradeep T

Size evolution of protein-protected gold clusters in solution: Acombined SAXS-MS investigation
Journal of Physical Chemistry C

2015,V0l.119, Iss.4, pp.2148-2157

Mitra A, Mishra MK, Saha J and De G

Design of mesoporous alumina-ceria films on glass: Compositional tuning leads to mesoscopic transformations
Microporous and Mesoporous Materials

2015, V0l.203, pp.151-162

JoshiN, Basak S, Kundu S, De G, Mukhopadhyay A and Chattopadhyay K

Attenuation of the early events of a-synuclein aggregation: a fluorescence correlation spectroscopy and laser
scanning microscopy study in the presence of surface-coated Fe,O, nanoparticles

Langmuir

2015,Vol.31, Iss.4, pp.1469-1478

Maiti D, Aravindan V, Madhavi S and Devi PS

Electrochemical performance of hematite nanoparticles derived from spherical maghemite and elongated
goethite particles

Journal of Power Sources

2015, Vol.276, pp.291-298

Maity T, Goswami S, Bhattacharya D and Roy S

Comment on "superspin glass mediated giant spontaneous exchange bias in a nanocomposite of BiFeO,-
Bi,Fe,O," reply

Physical Review Letters

2015, Vol.114, 1ss.9, Article N0.099704

Maiti D and Devi PS

Selective formation of iron oxide and oxyhydroxide nanoparticles at room temperature: Critical role of
concentration of ferric nitrate

Materials Chemistry and Physics

2015, Vol.154, pp.144-151

NON-OXIDE CERAMICS & COMPOSITE

127.

Sarkar S and Das PK

Effect of sintering temperature and nanotube concentration on microstructure and properties of carbon
nanotube/alumina nanocomposites

Ceramics International

2014,V0l1.40, Iss.5, pp.7449-7458
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128. DeyA, Kayal N, Molla AR and Chakrabarti O
Investigation of thermal oxidation of Al,O,-coated SiC powder

ThermochimicaActa
2014, V0l.583, pp.25-31

129. Sarkar S and Das PK
Processing and properties of carbon nanotube/alumina nanocomposites: Areview
Reviews on Advanced Materials Science
2014,V0l.37,1ss.1-2, pp.53-82

130. DeyA, Kayal N, Chakrabarti O, Caldato RF, Innocentini MDD and Guerra VG
Investigations on material and mechanical properties, air-permeation behavior and filtration performance of
mullite-bonded porous SiC ceramics
International Journal of Applied Ceramic Technology
2014,Vol.11, Iss.5, pp.804-816

131. Maity A, Das H, Kalita D, Kayal N, Goswami T and Chakrabarti O
Studies on formation and siliconization of carbon template of coir fibreboard precursor to SiC ceramics
Journal of the European Ceramic Society
2014,Vo0l.34,1ss.15, pp.3499-3511

132. LakshmiN V, Dey A, Kayal N and Chakrabarti OP
Investigation of dispersion behaviour of SiC in water for slip casting of SiC
Journal of Ceramic Processing Research
2014,Vo0l.15, 1ss.2, pp.97-101

133. Mukherjee J, Chakraborty S, Chakravarty S, Ranjan A and Das PK
Mechanical and tribological properties of silicon carbide coating on Inconel alloy from liquid pre-ceramic
precursor
Ceramics International
2014,V0l.40, Iss.5, pp.6639-6645

134. Chakraborty S, Debnath D, Mallick AR and Das PK
Mechanical and thermal properties of hot pressed ZrB, system with TiB,

International Journal of Refractory Metals and Hard Materials
2014, Vol.46, pp.35-42

135. Chakraborty S, Debnath D, Mallick AR and Das PK
Mechanical and thermal properties of hot-pressed ZrB,-SiC composites

Metallurgical and Materials Transactions A-Physical Metallurgy and Materials Science
2014,Vo0l.45,1ss.13, pp.6277-6284

136. Chakravarty Aand Biswas SK
Enrichment of metallic single-walled carbon nanotubes with simultaneous purification by Nitric acid treatment
Fullerenes Nanotubes and Carbon Nanostructures
2014, V0l.23, 1ss.6, pp.542-548

137. Chakraborty S, Mallick AR, Debnath D and Das PK
Densification, mechanical and tribological properties of ZrB, by SPS: Effect of pulsed current

International Journal of Refractory Metals and Hard Materials
2015, Vol.48, pp.150-156
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138.

139.

Debnath D, Chakraborty S, Mallick AR, Gupta RK, Ranjan A and Das PK

Mechanical, tribological and thermal properties of hot pressed ZrB,-SiC composite with SiC of different
morphology

Advances in Applied Ceramics

2015, Vol.114,1ss.1, pp.45-54

Mukherjee J, Ghosh S, Ghosh A, Ranjan A, Saxena AK, Das PK and Banerjee R

Enhanced nano-mechanical and wear properties of polycarbosilane derived SiC coating on silicon
Applied Surface Science

2015, Vol.325, pp.39-44

REFRACTORY

140.

141.

142.

143.

144,

145.

Nath M, Dana K, Gupta S and Tripathi HS

Hot corrosion behavior of slip-cast alumina-chrome refractory crucible against molten glass
Materials and Corrosion-Werkstoffe Und Korrosion

2014,V0l.65,1ss.7, pp.742-747

Ghosh C, Ghosh A, Tripathi HS, Ghosh J and Haldar MK

Studies on densification, mechanical, microstructural and structure-properties relationship of refractory
aggregates prepared from Indian magnesite by changing lime-silica ratio

Ceramics International

2014,V0l1.40,1ss.10, pp.16791-16798

Sinhamahapatra S, Dana K, Ghosh A, Reddy VP and Tripathi HS

Dynamic thermal study to rationalise the role of titania in reaction sintering of magnesia-alumina system
Ceramics International

2015,Vol.41,1ss.1, pp.1073-1078

Ghosh C, Ghosh A and Haldar MK

Studies on densification, mechanical, micro-structural and structure-properties relationship of magnesium
aluminate spinel refractory aggregates prepared from Indian magnesite

Materials Characterization

2015, Vol.99, pp.84-91

Nath M and Tripathi HS

Thermo-mechanical behavior of Al,O.-Cr,O, refractories: Effect of TiO,
Ceramics International

2015,Vol.41,1ss.2, pp.3109-3115

SahaA, Singh SK, Ghosh A, Ghosh J and Haldar MK

Studies on synthesis and properties of magnesia refractory aggregates prepared from Indian magnesite
through plasma fusion

Ceramics International

2015,Vo0l.41,1ss.2, pp.2876-2883

SENSOR & ACTUATOR

146.

Mukherjee R, Ghosh B, Saha S, Bharti C and Sinha TP

Structural and electrical transport properties of a rare earth double perovskite oxide: Ba,ErNbO,
Journal of Rare Earths

2014,V0l.32,1ss.4,pp.334-342
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147. Tripathy SN, Mishra KK, Sen S and Pradhan DK
Dielectric and Raman spectroscopic studies of Na, ;Bi, . TiO,-BaSnO, ferroelectric system

Journal of the American Ceramic Society
2014,V0l.97,1ss.6, pp.1846-1854

148. Ghosh S, Majumder D, Sen Aand Roy S
Facile sonochemical synthesis of zinc oxide nanoflakes at room temperature
Materials Letters
2014,V0l.130, pp.215-217

149. Ghosh S, Narjinary M, Sen A, Bandyopadhyay R and Roy S
Fast detection of low concentration carbon monoxide using calcium-loaded tin oxide sensors
Sensors and Actuators B-Chemical
2014, V0l.203, pp.490-496

150. Bharti C, Das MK, Sen A, Chanda S and Sinha TP
Cationic ordering, relaxation dynamics and polaron hopping in a new double perovskite oxide: BaPrCoTaO,
Journal of Alloys and Compounds
2014, V0l.617, pp.677-682

151. Sen S, Mursalin Sk Md and Maharajan M
Ferroelectric and Dielectric Properties of ZnFe,O,-Pb(ZrTi)O, Multiferroic Nanocomposites
Journal of Nanomaterials
2015, Article ID No0.526249

152. Garain S, Sinha TK, Adhikary P, Henkel K, Sen S, Ram S, Sinha C, SchmeiRer D and Mandal D
Self-poled transparent and flexible UV light-emitting cerium complex-PVDF composite: A high-performance
nanogenerator
ACS Applied Materials & Interfaces
2015, Vol.7,1ss.2, pp.1298-1307

153. Mukherjee A, Basu S, Green LAW, Thanh NTK and Pal M
Enhanced multiferroic properties of Y and Mn codoped multiferroic BiFeO, nanoparticles
Journal of Materials Science
2015, Vol.50, Iss.4, pp.1891-1900

154. Chakrabarty S, Pal M and Dutta A
Structural, optical and electrical properties of chemically derived nickel substituted zinc ferrite nanocrystals
Materials Chemistry and Physics
2015, Vol.153, pp.221-228

155. Chakrabarty S, Dutta A and Pal M
Enhanced magnetic properties of doped cobalt ferrite nanoparticles by virtue of cation distribution
Journal of Alloys and Compounds
2015, V0l.625, pp.216-223

SOL-GEL PROCESSING

156. Ghosh S, Roy M and Naskar MK
Afacile soft-chemical synthesis of cube-shaped mesoporous CuO with microcarpet-like interior
Crystal Growth & Design
2014,Vol.14,1ss.6, pp.2977-2984
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157.

158.

159.

160.

161.

162.

163.

164.

HaldarA, Bera S, Jana S, Bhattacharya K and Chakraborty R

Development of a cost effective surface-patterned transparent conductive coating as top-contact of light
emitting diodes

Journal of Applied Physics

2014,Vol.115, Iss.19, Article N0.193108

Das R, Ghosh S and Naskar MK

Synthesis of single crystal zeolite L rods with high aspect ratio using rice husk ash as silica source
Indian Journal of Chemistry Section A-Inorganic Physical, Theoretical and Analytical Chemistry
2014,Vol.53,1ss.7, pp.816-819

Basak S, Kundu D and Naskar MK

Low temperature synthesis of NaA zeolite membranes: The effect of primary and secondary crystallizations
Ceramics International

2014,V0l1.40, 1ss.8, pp.12923-12930

Ghosh S, Roy M and Naskar MK

Template-free synthesis of mesoporous single-crystal CuO particles with dumbbell-shaped morphology
Materials Letters

2014,Vo0l.132,pp.98-101

Nandy S, Kundu D and Naskar MK

Synthesis of mesoporous Stober silica nanoparticles: the effect of secondary and tertiary alkanolamines
Journal of Sol-Gel Science and Technology

2014,Vol.72,1ss.1, pp.49-55

Ghosh SS, Biswas PK and Neogi S

Effect of solar radiation at various incident angles on transparent conducting antimony doped indium oxide
(IAO) film developed by sol-gel method on glass substrate as heat absorbing window glass fenestration

Solar Energy

2014,Vol.109, pp.54-60

Chowdhury Ipsita Hazra, Ghosh S, Roy M and Naskar MK

Green synthesis of water-dispersible silver nanoparticles at room temperature using green carambola (star
fruit) extract

Journal of Sol-Gel Science and Technology

2015, Vol.73,1ss.1, pp.199-207

Das R, Ghosh S and Naskar MK

Effect of secondary and tertiary alkylamines for the synthesis of Zeolite L
Materials Letters

2015, Vol.143, pp.94-97

OTHERS

165.

Banerjee, G

Assessing visibility of research organizations: Afuzzy analytic network process approach
Journal of Scientific & Industrial Research

2014, V0l.73,1ss.5, pp.283-289
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PATENTS FILED
IN INDIA

1.

KDana, T K Mukhopadhyay, S Ghatak, S Ganguly and M Sarkar
Animproved process for the preparation of organophilic nanoclay
(Application No. 2384DEL2014 dated 22-08-2014)

S KMedda and G De

Aprocess of making sols useful for refractive index controlled coatings on plastics for scratch healing purpose

(Application No. 3601DEL2014 dated 09-12-2014)

R N Basu, J Mukhopadhyay, S Das, PK Das, ADas Sharma and T Dey
Asolid oxide fuel cell stack

(Application No. 0536 DEL2015 dated 25-02-2015)

A Sen, S Mandal, S Ghosh and M Narjinary

Sensor compositions for detection of linalool, geraniol, methyl salicylate and trans-2-hexenal with an intention to

classify black tea aroma
(Application No. 0537DEL2015 dated 25-02-2015)

S Dasgupta, K Mandal and D Bhattacharjee
Aprocess of making bimetallic palladium based nanoporous alloy
(Application No. 0622DEL2015 dated 05-03-2015)

INABROAD

1.

A Senand S Rana
Animproved sensor composition for acetone detection in breath for diabetic diagnostics
(Application No0.14/356127(USA) dated 02-05-2014)

ASenand S Rana
Animproved sensor composition for acetone detection in breath for diabetic diagnostics
(Application No.2014-7016276(Korea) dated 16-06-2014)

A Senand S Rana
Animproved sensor composition for acetone detection in breath for diabetic diagnostics
(Application No.201380004960.9(China) dated 04-07-2014)

ASenand S Rana
Animproved sensor composition for acetone detection in breath for diabetic diagnostics
(Application No. (Japan) dated 29-10-2014)

ASenand S Rana

Animproved sensor composition for acetone detection in breath for diabetic diagnostics
(Application No.13719624.2(E. Union) dated 29-10-2014)

CSIR - Central Glass & Ceramic Research Institute - Kolkata

Annual Report 2014-15



PATENTS GRANTED
IN INDIA

1.

J Chakraborty, S Bharati, M K Sinha and D Basu
Aprocess for the preparation of protein mediated calcium hydroxyapatite (HAp) coating on metal substrates
(Patent No.263591 dated 04-11-2014)

ADas Sharma, S Ghosh, R N Basu and H S Maiti
Aprocess for the production of lanthanum chromite based oxide using a multipurpose chromium source
(Patent No. 264190 dated 12-12-2014)

S Ghosh, T K Mukhopadhyay, S K Das and S Chakrabarti
Aprocess for the production of tiles from a single ceramic body
(Patent No. 264562 dated 06-01-2015)

S KMedda and G De
UV curable methacrylate-silica based nanocomposite sol useful for anti-scratch coatings and a process thereof
(PatentNo. 264741 dated 19-01-2015)

A Ghosh, B Mukherjee, M K Haldarand S K Das

A process for the production of dense magnesia-rich magnesium aluminate spinel useful as refractory
aggregates

(Patent No. 265435 dated 24-02-2015)
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TECHNOLOGY TRANSFER

Launching of Confocal Microscope

On October 7, 2014, Dr Jitendra Singh, the then
Union Minister of Science & Technology and Earth
Sciences and Vice-President, CSIR launched the
confocal microscopy productin New Delhi. The Minister
hailed the development as a humble beginning towards
Prime Minister's 'Made in India Global strategy'. The
product has been developed in a public —private
partnership mode under CSIR-NMITLI project in
collaboration with industrial partner Vinvish
Technologies Pvt. Ltd, Thiruvananthapuram. CSIR-
CGCRI developed the Photonic Crystal Fiber (PCF)
medium while the Vinvish Technologies utilized its
optoelectronics and product design expertise to design
and develop reflective type optical configuration for the

Confocal Microscope as well as the Supercontinuum
Source and their complex integration. When an intense
laser pulse is passed through the laser medium, white
light or supercontinuum source of stabilized high output
power is generated. The NMITLI project has
contributed to the country's first supercontinuum
source which may find potential applications in the
areas of biomedical Imaging and analysis,
spectroscopic finger printing of samples with
microscopic details, structural analysis and resonant
scanning. Dr K. Vijayraghwan, Secretary, Department
of Science and Technology, New Delhi who was also
present on the occasion viewed the development of the
device as an inception of India's expertise in scientific
innovations.
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Dr Jitendra Singh (Second from right) launching the Confocal Microscopy product
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CSIR-CGCRI vets DPR of Refractory Cluster at
Asansol

The Institute vetted the Detailed Project Report
(DPR) of the Bangabhumi Cluster of Refractories
Association at Asansol for creation of a Common Facility
Centre (CFC) on September 25, 2014. CSIR-CGCRI will
play the role of technical guide in the project by scientific

interventions on matters related to the suitability of local
raw materials, training of human resource for refractory
testing in the CFC, technology upgradation and

diversification of other ceramic products. The project is
estimated to cost Rs. 11.32 crores. Major sponsor of the
project is Ministry of Micro Small Medium Enterprises,
New Delhi.

Handing over the DPR after vetting
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R&D PORTFOLIOS

— Agreements

— Projects

— Major Facilities Created

— Exhibitions

— Human Resource Development
— Important Meetings

— Lectures Organized

— Peer Recognitions

— Workshops/Seminar/Conferences



AGREEMENTS

Commercial Agreement on Design and Fabrication
of all Fiber Supercontinuum Light Source with
Application Demonstration on Confocal Microscopy

CSIR-CGCRI signed an agreement with Vinvish
Technologies Pvt Limited, Thiruvananthapuram on April
23, 2014 to grant exclusive license for a period of 10
years to utilize the knowhow of Non linear photonics
Crystal Fiber (NPCF) for Design and Fabrication of all
Fiber Supercontinuum Light Source with application
demonstration on Confocal Microscopy in the developed
product and sell the product on agreed terms and

Agreement with Vinvish Technologies Pvt Limited

conditions. Under the agreement, both parties will jointly
prepare through mutual discussion a complete knowhow
document. CSIR-CGCRI will also supply NPCF to
Vinvish Technologies at mutually agreed price. CSIR-
CGCRI has completed a project entitled “Design and
Fabrication of all Fiber Supercontinuum Light Source
with Application Demonstration on Spectroscopic
Signature Detection” under NMITLI scheme with Vinvish
Technologies as industrial partner. The present
agreement is a follow up of the earlier agreement signed
on March 28,2012 under NMITLI project.

Agreement for Joint Collaborative Research

CSIR-CGCRI has agreed in principle to enter in a
MoU with CDE Asia Limited, Kolkata to carry out joint
collaborative research work in the areas of innovative
use of different solid waste by-products for developing
value added ceramic products, testing and
characterization of minerals, mineral up-gradation
through different benefaction technique and clay
benefaction and value addition to its different fraction.
The agreement was on signed on May 9, 2014 in view of
the country's scheduled Technology Day on May 11,
2014.

MoU with CDE Asia Limited
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Development of Seven Component Borosilicate
Glass Beads

On July 22, 2014 CSIR-CGCRI signed MoU with
Nuclear Research Board (NRB) BARC, Department of
Atomic Energy for the development of the seven
component borosilicate glass beads to improve melter
life and absorb fluctuations of sodium and iron in the high
level radioactive liquid waste for its vitrification. Under
the MoU, a centroid composition will be developed
based on which four different compositions will be
selected to establish the process technology for glass
bead production. NRB/BARC will place a separate order
to the Institute for production and supply of 500kg of
glass beads with the selected composition for the
purpose of testing in the Joule Melter by NRB. CSIR-
CGCRI will also optimize the process parameters and

CSIR - Central Glass & Ceramic Research Institute - Kolkata

carry out material characterization of the beads for bulk
production and transfer technology whenever
suggested by NRB.

Demonstration of Manufacturing Low Melting High
Sodium Content Borosilicate Glass Beads

A Memorandum of Understanding (MoU) for
demonstration of manufacturing low melting high
sodium content borosilicate glass beads has been
signed by CSIR-CGCRI on March 20, 2015 with H & R
Johnson (India), Mumbai. Under this MoU, CSIR-
CGCRI shall place an order for demonstration
production of 3MT of the product to H R Johnson within
60 days of the signing of the agreement at a mutually
agreed price and demonstrate the production of said
amount of product under direct supervision and
guidance of the Institute's representatives.
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PROJECTS

NMITLI
Sr Title Nodal lab Contract
No value
(Rs in lakhs)
1 | Design and development of photonic crystal cladded and double CSIR- 117.00
cladded Er/Er-Yb fiber and application demonstration of high CGCRI
power optical amplifier
(TLP 0007)
TAPSUN
Sr Title Nodal lab Contract
No value
(Rs in lakhs)
1 | Efficient silicon photovoltaic with smart electronics and lighting CSIR-NPL 492.00
systems (NWP 0055)
2 | Innovative solutions for solar energy storage under CSIR- CSIR- 71.67
TAPSUN programme (NWP 0056) CECRI
12TH FIVE YEAR PLAN (01-04-2012 to 31-03-2017)
Sr Title Nodal lab Contract
No value
(Rs in lakhs)
1 | Leadership in Specialty Glass and Optical Fiber Technologies CSIR-CGCRI 5193.2
(ESC 0202)
2 | Development of Novel CSIR Technology for Manufacturing CSIR-CGCRI 3970.253
Tailored and Patient-Specific Bioceramic Implants and
Biomedical Devices at Affordable Cost (ESC 0103)
3 | Advanced Ceramic Materials and Components for Energy and CSIR-CGCRI 5684.745
Structural Applications (ESC 0104)
4 | Engineering of Disaster Mitigation and Health Monitoriing for CSIR-CBRI 3352.00
Safe and Smart Built Environment (ESC 0102)
5 | Innovative Technologies for Health Assessment and Damage CSIR-SERC 3695.80
Mitigation of Structure (ESC 0110)
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Sr Title Nodal lab Contract
No value
(Rs in lakhs)
6 | Membrane Technology for Hydrogen Recovery from Low CSIR-1IP 1177.92
Hydrogen Bearing Refinery Off gases (Energy Efficient
Technologies) (CSC 0115)
7 | Specialty materials based on engineered clays (CSC 0135) CSIR-NIIST 68.00
8 | Development of ceramic membrane based technology for CSIR-CSMCRI 1548.26
degumming / dewaxing of Rice Bran Oil Miscella (CSC 0104)
9 | Multifunctional Electrodes and Electrolytes for futuristic CSIR-CECRI 100.000
electrochemical technologies [MULTIFUN] (CSC 0101)
10 | CSIR Knowledge Gateway & Open Source Private Cloud CSIR-NISCAIR 74.010
Infrastructure (ISC 0102)
11 | Robotics and Micro Machines (ESC 0112) CSIR-CMERI 6916.978
12 | Very High Power Microwave Tubes: Design and Development CSIR-CEERI 6088.29
Capabilities (PSC 0101)
13 | Intelligent Coatings (CSC 0114) CSIR-IICT 91.55
14 | Clean Water: Sustainable Options (ESC 0306) CSIR-NEERI 2128.972
OVERSEAS COLLABORATIONS
Sr Title Overseas Collaborator Indian
No Institution Collaborator
1 | Development and Characterization of Visible Up- Prof Hairul Azhar Abdul Dr M C Pal
Conversion Fiber Laser Based on Modified Silica Rashid
Glass Host (CLP 0103) Faculty of Engineering
Centre for Photonics &
Electronics Devices,
Multimedia University
Cyberjaya, Selangor
Malaysia
2 | AGATHA-Advanced Grating for Thin Films Solar Cell Dr Etienne Quesnel Dr D Sanyal
(GAP0134) EU Project Coordinator
Commissariat a I'Energie
Atomique
(CEALITEN), France
3 | Advancing biogas utilization through fuel flexible Dr JTS Irvine Dr R N Basu
SOFC (GAP0338) University of St Andrews
Scotland, UK

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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Sr
No

Title

Overseas Collaborator
Institution

Indian
Collaborator

Development of apatite and clay based ceramic
membranes over low cost clay-alumina supports for
drinking and wastewater treatment (GAP 0340)

Prof Raja Ben Amar
Faculty Science of Sfax, Lab
of Materials Sciences and
Environment, University of
Sfax
Tunasia

Dr G C Sahoo

Structure of gradient nanocomposites: interaction of
bioactive glasses with nanoparticles and polymers
(MoreBags) (GAP 0614)

Prof Pekka Vallittu Director
Biomaterials Research
Program, University of Turku,
Finland

Dr G De

Radiation-hard/Soft Optical Fiber Sensors for Nuclear
and Medical Applications (SSP 0139)

Professor Tong Sun
City University London,
School of Engineering and
Mathematical Sciences,
Northampton Square,
London, EC1V OHB, United
Kingdom

Dr Ranjan Sen

Development of high Ge02 doped optical fiber for
research applications (GAP 0143)

Prof Hairul Azhar Abdul
Rashid
Faculty of Engineering
Centre for Photonics &
Electronics Devices,
Multimedia University
Cyberjaya, Selangor
Malaysia

Dr Mukul Chandra
Pal

Multifunctional nanocomposite materials for low-
temperature ceramic fuel cells (NANOMFC) (SSP
0343)

Prof Peter Lund
Department of Applied
Physics
Altao University School of
Science
Altao University
P.O. Box 14100
FI-00076 AALTO
Finland

Prof S Basu
Head, Chemical
Engineering
Department
Indian Institute of
Technology
Delhi, New Delhi
and
Dr R N Basu

Upgradation of Expertise base for R&D activity on
SOFC materials at Energy Research Institute (CLP
0305)

Prof Yousef M Alyousaf
Director
Energy Research Instituite
King Abdullah Aziz City for
S&T,
Riyadh
Saudi Arabia

Dr R N Basu
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PROJECTS FROM GOVERNMENT DEPARTMENTS & PUBLIC SECTOR UNDERTAKINGS

Sr Title Funding Tenure

No agency

1 | Comparative Study of conventional processing with DST July 2013 to June 2016
microwave processing of bioactive glass ceramic
coating on Ti6AI4V substrate for biomedical
applications (GAP 0236)

2 | Development of hydroxyapatite based modified SBMT May 2014 to April 2017
integrated orbital implant with superior motility and its
clinical trial (GAP 0241)

3 | Development of planar SOFC stack using functionally DST November 2011 to
graded anode structure (GAP0336) October 2014

4 | Magnetic nanomaterials: Syntheis and surface DST June 2012 to May 2015
modifications for catalytic and biointeraction studies,
a step towards industrial/biomedical benefits
(GAP0615)

5 | Development of ITO foam for stealth applications DRDO April 2013 to
(STEP) (GAP0613) September 2014

6 | Sol gel processing of mesoporous alumina-supported DST July 2013 to June 2016
transition metal nanocatalysts (GAP 0616)

7 | Development of sol-gel derived specialty planar DST June 2013 to May 2016
optical waveguides for sensor applications (GAP
0617)

8 | Dye-sensitized solar cell(DSSS)/Quantum dot dye MNRE April 2012 to March
sensitized solar cell (GAP 0339) 2016

9 | Extent of structural nano-centro symmetry in DST February 2015 to
electronic ferroelectric system (GAP 0618) December 2015

10 | Development of palladium based membrane for BRNS July 2011 to March
selective separation of hydrogen from hydrogen - 2015
Helium mixture (GAP 0334)

11 | Preparation of all silica zeolite membranes for gas BRNS January 2012 to
separation of H I reaction (GAP 0337) December 2015

12 | Feasibility studies of enrichment of BF gas for RINL-VSP January 2013 to June
enhancement of calorific value (CLP 0306) 2015

13 | Development of ceramic hydrophobic capillary DST July 2013 to June 2016
membrane for desalination of brine water by
membrane distillation (MD) process (GAP 0341)

14 | Development of an integrated system of ceramic DST December 2013 to
membrane contractor-photo bioreactor for bio-fixation November 2016

of carbon dioxide using micro-algal route (GAP 0342)

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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Sr Title Funding Tenure

No agency

15 | Biosorption of toxic heavy metals from aqueous DST October 2014 to
solutions and from industrial effluents with dried September 2017
activated sludge (GAP 0345)

16 | Development of sensor for tea aroma electronic nose DST January 2010 to June
under Sensor Hub (GAP 0332) 2015

17 | Development of a technology package for IIT-Madras April 2013 to May 2015
manufacturing microwave oven compatible red clay
products (GAP 0911)

18 | Development of newer refractory crucible for melting BARC August 2010 to
of corrosive glasses (GAP 0404) September 2015

19 | Improvement in MgO-C refractories to enhance the RINL October 2010 to August
convertor life (SSP 0913) 2014

20 | Characterization of Indian lean Grade Magnesite ore MoM January 2012 to March
and improvement of its high temperature refractory 2015
properties with and without beneficiation (GAP0405)

21 | Nano-mechanical characterization of carbon carbon ISRO April 2012 to October
composites (GAP 0235) 2014

22 | Hot pressing and study of thermo-mechanical DMSRDE Kanpur September 2013 to
behaviour of ultra-high temperature ceramic samples August 2015
for Aerospace Application (GAP 0237)

23 | Development of Bone Condition monitoring technique DST November 2013 to
using Ultrasonographic sensor (GAP 0238) October 2016

24 | Synthesis of oxide bonded porous SiC ceramics by DST December 2013 to
bond phase precursor infiltration technique (GAP November 2016
0239)

25 | Development and characterization of Silicon carbide DMSRDE Kanpur July 2014 to June 2016
foam (GAP 0242)

26 | Development of novel biomedical implants with DST August 2014 to July
enhanced reliability (GAP 0240) 2017

27 | Development of cored refractory shapes for air DRDL Hyderabad April 2014 to August
heater(CARS) (GAP 0406) 2015

28 | Experimental study of gas filled hollow core photonic DST February 2013 to
crystal fibre (HC-PCF) for UVvisible laser generation” January 2016
(GAP0136)

29 | Development of Fiber Bragg Grating Sensor for DEIT February 2013 to
condition monitoring of Railway Catenary-Pantograph January 2016
Structure (GAP0137)
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Sr Title Funding Tenure

No agency

30 | Thulium Doped All Fiber MaPA at urn region for DEIT February 2013 to
Medical Application" (GAP0138) January 2016

31 | Development of regenerated fiber bragg grating BRNS May 2013 to April 2015
(RFBG) based strain sensor with suitable
encapsulation for high temperature application (GAP
0140)

32 | Experimental study and development of fibre-optic DST May 2013 to April 2016
chemical sensor using an optical fibre-loop ring
resonator (GAP 0141)

33 | Development of nano-engineered glass based optical DST September 2013 to
fiore with Cr"* doped VAG nano particles for use as August 2016
abroad band light source within 1100-1500nm (GAP
0142)

34 | Synthesis and fabrication of gamma radiation DL January 2014 to
sensitive optical fibre (SSP 0142) December 2015

35 | Development of novel nano-engineered silica glass DST January 2014 to
based Yb203 doped optical fibre with low photo December 2016
darkening phenomena for high power fiber laser (GAP
0145)

36 | Development of a prototype fiber Bragggrating sensor NTPCL January 2014 to
system for temperature measurement of flue gas/air in December 2016
pre heater (GAP 0144)

37 | Advanced multi-core components for next generation DST January 2014 to
optical communication and sensing (GAP 0143) December 2015

38 | Packaged fiber laser modules for making stents and DEIT August 2014 to January
marking plastic balloons as well as orthopedic parts 2017
(GAP 0146)

39 | Development of semiconductor and rare earth co- BRNS November 2011 to
doped glass nano-composites for solid state laser October 2015
application (GAP 0133)

40 | Development of seven component borosilicate glass BARC September 2014 to
beads (GAP 0147) August 2016

41 | Support to TePP Outreach cum Cluster Innovation DSIR April 2014 to March
Centre (TOCIC) at Central Glass & Ceramic Research 2016
Institute, Kolkata under Promoting Innovations in
Individuals, Startups and MSMEs (PRISM) scheme of
DSIR (GAP 1503)

42 | Establishment and operationalization of MSME MSME, GowB January 2014 to
Technology Facilitation Centre (GAP 1502) December 2016

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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Sr Title Funding Tenure

No agency

43 | Ambientair quality monitoring at Khurja (GAP 1320) UPPCB July 2006 to May 2016

44 | Improvement in design of tunnel kiln for better fuel PCRA December 2006 to June
efficiency of white ware pottery industries at Khurja 2015
(GAP1322)

45 | Providing technical assistance for establishment of a | Kuteer Avam Hasthshilp | May 2011 to July 2014
common facility centre at Khurja Pottery Cluster (TSP Welfare Society
0018)

46 | Training on chemical analysis and physical testing of IRDT March 2014 to February
ceramic raw materials and product (GAP 1328) 2015

47 | Skill Development training through Training cum RIICO September 2013 March
Demonstration for Ceramics & Glass sector society 2016
(GAP1327)

48 | Study & preparation of report on appropriate NCDPD March 2015 to February
technological innovations in the production process of 2016
terracotta handicrafts (SSP 1319)

49 | Technology based entrepreneurship development EDII October 2014 to
programme (GAP 1329) September 2015

50 | Skill up-gradation through T&D programme (GAP NBCFDC December 2014 to
1330) November 2017

51 | Futuristic research work in traditional ceramics based Col, GoG January 2007 to
on sol-geltechnology (GAP 1207) September 2014

52 | Implementation of integrated pottery development GMKB April 2014 to March
project for development of Gujarat State Pottery 2019
Sector (GAP 1218)

53 | Modernization of testing facilities at CGCRI, Naroda Col, GoG January 2012 to
Centre (GAP 1213) September 2014

54 | Procurement of Inductively Coupled Plasma Col, GoG March 2013 to
Spectrometer (ICP) with digester & deionized water December 2014
equipment for chemical analysis at CSIR-CGCRI,

Naroda Centre under 60/40 Scheme of Govt of Gujarat
(GAP1217)

55 | Survey of ceramic industries of Gujarat to find out GUJCOST January 2015 to
technical problem/needs and exploring the findings by December 2016
possible byresearchinstitutes (GAP 1219)
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PROJECTS FROM PRIVATE INDUSTRIES

Sr Title Funding Tenure

No agency

1 | Exploration of possibility of utilization of Di-Calcium NGIL March 2012 to March
phosphate in ceramic applications (SSP 1216) 2016

2 | Novel nano plant nutrition supplement (SSP 0613) NFCL July 2012 to June 2015

3 | Development of high alumina aggregates from KIAPL January 2013 to August
sillimanite beach sand and its application in refractory 2015
castables (SSP 0423)

4 | Development of value added high alumina refractory CIRL January 2013 to August
products from Indian bauxite (SSP 0424) 2015

5 | Plasma spray coating of synthetic hydroxyapatite on IFGL- BCL January 2014 to
medical implants (TSP 0020) December 2015

6 | Nanomechanical characterization of human hair (SSP CRC August 2013 to May
0219) 2015

7 | Development of aluminosilicate refractory products ABSTCL November 2013 to
utilizing refractory material consisting of insulators March 2015
waste (SSP 0916)

8 | Consultancy for setting up a chemical laboratory at BMWSL September 2014 to
M/s BMW Steel Ltd, Khurja (CNP 1303) December 2015

9 | Consultancy on chemically bonded polished and PGL October 2014 to
unpolished granite tiles in different possible colours September 2015
(CNP 1304)

10 | Role of tabular alumina in resin bonded alumina AAPL June 2014 to February
carbon continuous casting refractories (SSP 0425) 2016

11 | Training on Chemical Analysis & Physical Testing of Individual July 2014 to October

raw materials and products (SSP 1318)

2014

CSIR - Central Glass & Ceramic Research Institute - Kolkata

Annual Report 2014-15




MAJOR FACILITIES CREATED
Equipment

Compact Scanning Electron Microscope: It is
very compact and can be accommodated on atable. The
capabilities include back-scattered electron images up
to 40,000 X (in principle it can go up to 100,000X) of
samples of all types (with/without conductive coating).
The instrument is also equipped with composition
analysis using EDX (point, line scan and mapping).
Currently this facility has been opened to all Divisions of
the institute via online scheduling service. The
equipment has been installed in the Bioceramics &
Coating Division.

Raising Hearth Furnace: The furnace will be useful
for characterization of thermal shock resistance of
refractory materials. Refractory will be exposed to
number of heating and cooling cycles and finally retained
strength will be evaluated. The equipment has been
installed at Refractory Division.

Annual Report 2014-15

High Temperature Furnace: The furnace will be
used for densification of high melting refractory
compounds. The temperature can be raised to 1800°C.
The equipment has been installed at Refractory Division.

Vibro Grinding Machine: The machine will be
utilized for fine grinding of processed refractory raw
materials down to sub-micron level. Fine powder
generation will facilitate sintering of refractories. The
equipment has been installed at Refractory Division.
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Annealing Lehr Furnace: The equipment will be
used for curing thin film coated large tile samples/ flat
substrates. It has a maximum substrate size of 2 feet X 2
feet and can be raised to maximum temperature of
1000°C. The furnace has been installed at Naroda
Outreach of the Institute.

Autoclave with Stirrer (SS 316): The instrument
will be used for synthesis of hano powders using wet
chemical route under pressure of 100 bars and
temperature of 250°C. It has a capacity of 2Ltrs. The
instrument has been installed at Naroda Outreach of the
Institute.

CSIR - Central Glass & Ceramic Research Institute - Kolkata

Hot Isostatic Press (AIP, USA): The press works at
200°C under 200 MPa pressure in an ambience of
controlled atmosphere (nitrogen/ argon). Dense
components can be fabricated using the press. Acquired
from CSIR-NML, the equipment has been installed at
Non-Oxides Ceramic Division.

Vertical Milling Machine (HAAS, USA): The 3-
axes machine can surface finish any ceramic surfaces
by surface milling, drilling or making grooves by CNC
milling process. The machine has a Table size of 650mm
x 350 mm. The machine has been installed at Non-
Oxides Ceramic Division.

TG-DTA (1650°C): The equipment is used for
thermal analyses of raw materials and in the
identification of reactions which takes place during firing.
The special feature of the equipment is the simultaneous
TG-DTA/TG-DSC up to 1650°C in controlled
atmosphere. The equipment has been installed in the
Refractory Division.
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Furnace (1700°C): The furnace will be used for
firing of refractory material/aggregates. The furnace has
beeninstalled in the Refractory Division.

Furnace (1700°C): The furnace will be used for
firing of full size refractory brick or castables at high
temperature. The special feature of the furnace is ultra

Annual Report 2014-15

high temperature heating required for basic materials.
The furnace has been installed in the Refractory
Division.

Spark Plasma Sintering Furnace: The furnace is
one of the most advanced ultra-rapid processing
techniques for densification of ceramic and metal
powders close to its theoretical density within a very
short time. The spark plasma sintering process can be
controlled by three-field. The main benefit of the SPS
technique is reported to be uniform heating and
compaction of materials at lower temperature by high
direct electric current. The installed SPS furnace can
reach 2200°C temperature and a maximum load 550kN
over maximum 80mm diameter moulds, to be operated
in inert atmosphere. It consumes maximum 50kW
power. Normal soaking is 5-20 minutes depending upon
the nature of the sample and the whole operation cycle
takes ~100 minutes duration. So far about 140
operations have been carried out by the furnace. The
furnace has beeninstalled inthe NOCCD.

Confocal Laser Raman Spectrometer: The
spectrometer is used for the evaluation of structure and
phonon energy of glasses. The equipment has been
installed in the Glass Division.
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Screen Printer: The printer is used for applying
coatings/layers of glass and glass ceramics on silicon
solar cells through the process of screen printing. The
printer has been installed in the Glass Division.

Glove Box — 2 Nos (Vigor, USA): The box used for
handling of high purity raw materials of chalcogenide
and halide glasses in inert and water-free atmospheres
to avoid contamination. The equipment has been
installed in the Glass Division.

Rocking Furnace — 2 Nos (Deltech Inc., USA):
The furnace is used for the preparation of chalcogenide
glasses at elevated temperature under rocking action to
enable proper mixing of the glass components. The
furnace has been installed in the Glass Division.

CSIR - Central Glass & Ceramic Research Institute - Kolkata

Magnetic Force Microscope: The microscope has
accessories such as Cryocooler to cover a temperature

range 2-300K and a superconducting magnet to
generate +9T. This system uses fiber optic
interferometer to force sense (1310 nm); it has a 12
fm/VHz noise level; Amplitude and phase modulation
images are recorded in afm and mfm modes. The
piezoscanner scan the area within 30-100 m range. The
lateral mfm resolution is 10 nm. The equipment is used
to generate image of samples under magnetic fields and
at different temperatures. This high cost microscope has
been installed in the Nanostructured Materials Division
of the Institute.
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EXHIBITIONS

CSIR-CGCRI at Synergy Howrah 2014

CSIR participated at the Synergy Howrah 2014 (July
31 to August 2, 2014) organized by the Department of
Micro, Small and Medium Enterprise and Textiles, Govt
of West Bengal. The District Administration, Howrah and
Howrah Chamber of Commerce & Industry were the
other collaborators in the event. The event was
inaugurated and organized at 'Sarat Sadan Complex’,
Howrah Maidan. The theme of CSIR Pavilion in the
event was “Adopting Clean Processes” as the industries
in Howrah face major waste disposal problem which
needs scientific intervention. CSIR-CGCRI showcased
ceramic membrane filters, refractory bricks and the
exotic glass beaded jewellery. The other laboratories
who participated in the event were CSIR-NML
(Jamshedpur) and CSIR-IMMT (Bhubaneshwar).

Glass beaded neclace with mother pearls showcased by
CSIR-CGCRI in Synergy Howrah-2014

AMALTHEA-2014

The Naroda Outreach participated in Design &
Innovation Expo “AMALTHEA” organized by IIT,
Gandhinagar during 11" — 12" October, 2014.
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Ceramics Asia-2014

The Noroda Outreach supported this international
exhibition, as an event partner along with many Indian
Ceramic and Tiles Association held during December 4-
6, 2014 in Gujarat University Centre, Ahmedabad.
Scientists from both outreaches of CSIR-CGCRI
delivered lectures at the technology forum of the event
and showcased products fabricated by utilizing wastes
and nanotechnology based processes.

Indian Ceramics 2015

The Naroda Outreach took part in this 10" Annual
Leading Trade Fair India's only business and networking
platform for Ceramic Material, Machinery, Supplies and
Technology held from 21-23 January 2015 at Gujarat
University Exhibition Centre, Ahmedabad.

Handicraft & Handloom Expo

CSIR-CGCRI, Naroda Outreach participated in
Handicraft & Handloom Expo, organized during Pravasi
Bhartiya Divas January 11-13, 2015 at Ahmedabad
Haat, Vastrapur, Ahmedabad. The products on

terracotta pottery were displayed in the exhibition stall to
project the societal role of the outreach.

Smt Anandiben Patel, Hon'ble Chief Minister of Gujarat is
greeted by officials at the CSIR-CGCRI Naroda Outreach pavilion

Others

The Institute also participated in an exhibition
organised at the 78" Annual Session of Indian Ceramic
Society during February 2-3, 2015 at Jamshedpur.

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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HUMAN RESOURCE DEVELOPMENT

Extramural

Refractory Training Programme for MSME members
of Bangabhumi Cluster of Refractories Association
at CSIR-CGCRI (August 25,2014)

Headquarters

The programme was on August 25, 2014. There
were technical presentations by scientists and

Training Programme for MSME members

demonstration of testing as well as refractory practices.
During the deliberations, the participants voiced CSIR-
CGCRI's intervention in the developments of calcined
raw materials, low cement and self flow castable,
refractory value addition through sillimanite aggregates
and indigenous bauxite, magnesia —carbon bricks etc
that could be of economic benefit to the cluster.

Mr B P Biyani, President of Bangabumi Refractory
Cluster and Dr Mou Sen, General Manager, District
Information Centre (DIC), Durgapur, West Bengal also
spoke on the occasion. The participants were also
exposed to the state-of the-art characterization facility of
the Institute.

Khurja Outreach

T&D Programme on Studio Pottery is running for
trainees in Khurja under the project sponsored by
DST for Rs. 3.0 Lakhs

Chemical Analysis and Physical Testing of Ceramic

CSIR - Central Glass & Ceramic Research Institute - Kolkata

Raw Materials and Products: The programme was
sponsored by Institute of Research, Development &
Training (IRDT), Kanpur, Govt. of U.P and was
held.during 14.07.14 t0 19.07.14 at the Outreach Khurja.
About 4 participants attended the programme. The
programme was repeated at the sponsorship of the
entreprenuers, supervisors and students during
01.08.14t008.08.14 at the same venue.

Trainees of Blue Pottery are seen with certificates

Trainees at the Ecofriendly Blue Pottery Making at
Kotjewar Villagee
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Training & Demonstration Programme on
Glass and Ceramic Sector: The programme was
sponsored by RIICO, Govt. of Rajasthan and was held at
Jaipur in 4 different phases 26" May to 25" June, 29"
August to 28" September, 2014, 15" October to 19"
November, 2™ March and will continue till 29" April, 2015
during the period. The first two programmes on Bone
China/Stoneware, third concentrated on Blue Pottery
and the fourth considered the Ceramic Raw Materials
topics. In all about 232 artisans participated. There were
theoretical lectures followed by industrial trainings. The
classes were held at Jaipur, and few pottery industries at
Jaipur and Bikaner.

Training programme Eco-friendly Blue Pottery
Making Techniques (Lead Free Blue Pottery):
National Backward Classes Finance and Development
Corporation, New Delhi the programme was conducted
at village Kotjewar, of Jaipur district in Rajsthan from
29.01.2015 to 24.03.15. Twentyeight candidates were
trained under this programme.

testing and training activities for the growth of ceramic
industries.

Training & Demonstarion programme on Physico-
Chemical Analysis of Ceramic Raw Materials: The
programme was conducted during April 21-25, 2014 to
cater the physico-chemical analysis requirements of
ceramic industry in and around Gujarat. The programme
was repeated February 23-27 at the same venue. Atotal
of 23 representaives from industry participated these
programmes. The participants went through interactive
lectures and discussion sessions as well as hands on
practical of different testing (physical and chemical)
required to evaluate the properties of ceramic raw
materials. The first two and half days were devoted for
chemical testing and rest of the schedule was allotted for
physical testing. The industrial visits to Shiv Shakti
Cramics Industries Limited in Ahmedabad in the first
programme followed by that in M/s Neel Deep Ceramic
Industries, Ahmedabad in the second were held to make
participants personally experience the conversion of
simple raw materials into value added final products.

(Left) Demonstration of real life production in the industry and (Right) A participant
being awarded certificate

Low Temperature Artistic Whiteware for Science &
Technology Persons: The programme was sponsored
by Entrepreneurship Development Institute of India
Ahmedabad under NIMAT-DST project and was
conducted during 27.11.14 to 16.01.15 at CSIR-CGCRI
Khurja Centre. Thirtyfive participants from Governmentt
Polytechnics, Degree Collages & Industries participated
inthe programme.

Naroda Outreach

The CSIR-CGCRI Naroda Centre, a ISO 9001:2008
certified R&D centre actively involved in R&D of
traditional ceramics, product/process improvement,
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Educational

Overseas Student

Mr. Oluwaseun Adedokun, a PhD student and an
Assistant Lecturer from the Department of Pure and
Applied Physics, Ladoke
Akintola University of
Technology, Ogbomoso,

Nigeria joined CSIR-CGCRI
on 2nd of June, 2014 under
the CSIR-Third World
Academy of Sciences
(TWAS) Sandwich
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Postgraduate Fellowship Programme under the
supervision of Dr P Sujatha Devi, Principal Scientist,
Nanostructured Materials Division. His research interest
on the “Study of Natural Dye Sensitizer: Synthesis,
Characterization and Application in Dye Sensitized Solar
Cells”. His fellowship for atenure of one year with effect
from June 2014.

Orientation Programme for Summer Interns-2014

The Institute organized the Summer Internship
Programme from May 15to July 14, 2014. There were 36

CSIR - Central Glass & Ceramic Research Institute - Kolkata

interns in all. These interns were selected for
programme from traditional and nascent institutions of
education in the country. Out of 36 interns, there were 15
students from the IITs, 11 from the NITs and one each
from Calicut University, Calicut; West Bengal University
of Technology, Kolkata; Kalinga Institute of Industrial
Technology University, Bhubanesshwar; Academy of
Technology, Hooghly; Rajiv Gandhi University of
Knowlegde Technologies, Hyderabad and Maharana
Pratap University of Agriculture and Technology,
Udaipur.
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IMPORTANT MEETINGS

Industry-Sensor Hub Meet

This Industry-Sensor Hub Meet was held at the
Institute during January 9 — 10, 2015. Under the umbrella
of DST-CSIR Sensor Hub, Kolkata, a gamut of
diversified technologies. In the meet, the significant ones
like, (i) Handheld Electronic Nose (HEN) for Quality
Monitoring of Tea (ii) Sensor for Detecting Trace
Moisture in Transformer Oil (iii) Portable Methanometer
and (iv) Test Kit for Detection of Arsenic in Drinking Water
were showcased to twenty prospective entrepreneurs.

Meeting with Prof Phillip Russel, FRS

Prof Phillip Russell, FRS, Director, Max Plank
Research Group for Optics, University of Erlangen-
Nuremberg, Germany visited CSIR-CGCRI on
December 19, 2014. He held a meeting with the
researchers at the Photonics & Fibre Optics Division and
discussed the possibilities of scientific collaboration with
CSIR-CGCRI.

Meeting with Bangladesh Scientist

Dr Khondaker M Asaduzzuman, Secretary, Ministry
of Science & Technology, Govt of Bangladesh visited the

Meeting with Prof Phillip Russel, FRS
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Institute on March 2, 2015. He discussed with Director
and ATM of CSIR-CGCRI the possibilities of joint
collaborative research programme in the area of glass
and ceramics.

Visit of Director General, CSIR

Dr P S Ahuja, DG,CSIR visited the Institute on
September 19, 2014. In an interactive Meeting with staff,
he touched upon several scientific, technical and
administrative issues of CSIR. He said CSIR's mission
transcends mere academic excellence but the main
purpose was to align with Industry, Society and

CSIR - Central Glass & Ceramic Research Institute - Kolkata

Environment to help the country achieve inclusive
growth. He explained how CSIR is repositioning itself
with the changing global scenario of science &
technology. He also highlighted the need for inducting
young staff in order to keep the 72 years old CSIR
system young and dynamic.

Research Council Meetings

The 49" and 50" Research Council Meetings of
CSIR-CGCRIwas held on July 28, 2014 and January 14,
2015, respectively. In both Meetings, the members
expressed their satisfaction with the progress of the
Institute. The Council opined that CSIR-CGCRI has
reasonably strong groups in the areas of Fiber Glass,
Sol-Gel, Nanaostructured materials, Refractory,
Conventional Glasses, Ceramic Membrane,
Bioceramics and Traditional Ceramics and each area
has assumed great importance. The Chairman, Dr
Srikumar Banerjee, Homi J Bhabha Chair Professor,
Department of Atomic Energy emphasized that the
Institute should be catching up with the natural and
inclusive scenarios emerging in the country. He
addressed the scientists on January 20, 2015 and held a
detailed discussion with them on various issues related
to management of R&D.
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LECTURES ORGANIZED

International Speakers

Sr Date Speaker Title
No
1 10.9. 2014 Dr T Oikawa, Senior Product Manager of | Recent Developments in HRTEM Imaging
TEM, M/s Jeol Ltd, Japan and Analytical Techniques
2 17.10.2014 Dr K Kalyanasundaram, Laboratory for | Solar Energy Harvesting to Meet Growing
Photonics and Interfaces (LPI), Swiss |Energy Demands: Challenges and
Federal Institute of Technology at| Opportunities
Lausanne (EPFL), Switzerland
3 20.02.2014 Dr Manoj Choudhary, Senior Technical | Modelling of Transport Phenomena in
Staff at Owens Corning Science and | International Glassmaking
Technology, USA
4 02.02.2015 Prof John Irvine, University of St. Andrews, | High Temperature Fuel Cell Electrodes:
UK New Compositions, Microstructures and
Systems for Efficient Utilization of
Renewable Fuels

National Speakers

Scientist, CSIR-National Institute for
Interdisciplinary Science and Technology
(CSIR-NIIST), Thiruvananthapuram and
Dean, Chemical Sciences, Academy of
Scientific and Innovative Research
(AcSIR)

Sr Date Speaker Title

No

1 03.04.2014 Dr Ajoy K Saha, Department of Chemistry, | Quantum Dots for Bioimaging and Solar
Bengal Engineering and Science | Cells
University, Shibpur, Howrah, West Bengal

2 09.05.2014 Dr A Bandyopadhyay, President| Infrastructure Developement in India &
(Technology & Business Development), | Role of Minerals technology
CDE AsiaLimited, Kolkata

3 09.05.2014 Dr I N Chakraborty, President R & D and | CollaborativeWork between Calderys
QPC, Calderys India Refractories Ltd, | Indiaand CGCRI
Kolkata

4 26.11.2014 Dr Dilip Chandrasekaran, Head, R&D, | Latest Development of Heating Systemsin
Kanthal Sandvik Asia Pvt Ltd , Hosur, Tamil | Glass & Ceramic
Nadu

5 22.01.2015 Dr A Ajayaghosh, CSIR-Outstanding | Fluorescent Molecules and Assemblies

for Sensing and Imaging Applications
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Internal Colloquium objective of the colloquium is to encourage the

The Institute initiated a Colloquium Series from researchers especially those at the entrant levels.
January 2014. The Colloquium is being organized every About seventeen lectures were organized April 2014 to
month in which twin lectures follow: One by ascientistat ~ March 2015. The picture shows a student in a lecture
senior position and the other by a research scholar. The session.

Colloquium Lecture by a student
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PEER RECOGNITIONS

1. Mr Sitendu Mandal, Sr Principal Scientist, Glass (i) Acted as one of the judges of a distinguished
Division and his team has been selected for panel of 3“ Times NIE Science Project
NRDC'S Innovation Award for the Year 2013 for Competition on November 15, 2014 held at
innovation/ invention entitled, “Technology of NSHM Knowledge Campus, Kolkata.
Manufacturing Special Glass Beads for Nuclear 3. Dr P Sujatha Devi, Principal Scientist, Nano
Waste  Immobilization” under the category of Structured and Materials Division, has been elected
Societal Innovation. The other team members asthe
include: Dr Dipali Kundu, Sr Principal Scientist and (i) Honorary Editor of the Transactions of the Indian
Mr Aloke Roy Choudhury, Technical Officer both Ceramic Society at the 78" Annual Session of
from Materials Characterization and the Indian Ceramic Society held during
Instrumentation  Division; Mr Prasanta Februaury 2-3, 2015 at Jamshedpur.
Choudhury, Retired Principal Scientist, erstwhile (i) Executive Member of the Council of Materials
Furnace Section and Dr Ranjan Sen, Chief Research Society of India during the 26" AGM of
Scientist and Head, Glass Division. The award the MRSI held at Jaipur from February10-12,
carries Rs 5.00 lakhs and was presented during 2015.

February 25-26, 2015 at PSG College of 4. Dr Mrinmay Pal, Senior Scientist, Fibre Optics and
Technology, Coimbatore. Photonics Division, has been awarded the
2. DrRN Basu, Chief Scientist and Head, Fuel Cell and prestigeous "Raman Research Fellowship Award for

Battery Division of CSIR-CGCRI :

(i) Elected as a Fellow of the Indian Institute of
Metals (IIM) with effect from 1st April 2014. The
IIM Fellowship Plaque was presented to him on
November 14, 2014 in IIM Award giving
ceremony held during the 'ATM-NMD 2014' at
Pune Engineering Collge, Pune.

the year 2014-15. He will work in University of
Southampton, UK for fiber laser sources.

5. Mr Swapan Kumar Saha, Sr. S.E., Engineering

Services Division elected as a Fellow of the
Institution of Engineers (India) on the 31* Day of
May, 2014. He has also been authorised to use the
style and title of Chartered Engineers (India) by the
Institution of Engineers (India).

B. DOCTORAL DEGREE

Sr Name & Designation Title of Thesis University/ Institute

No

Supervisor(s)

1 Mr Atiar Rehman Molla Processing and Dr B Karmakar Jadavpur University

Sr Scientist Properties of some Sr Principal Scientist Glass Kolkata
Glasses and their Division and
Nanocomposites of Oxide | Prof Siddartha Mukherjee
and Department of
Chalcogenide Systems | Metallurgical and Materials
Engineering

Jadavpur University

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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Sr Name & Designation

Title of Thesis

Application in Solid Oxide
Fuel Cell

INAE Distinguished
Professor, Govt College of
Ceramic Technology

Kolkata

Supervisor(s) University/ Institute
No
2 Mr Biswanath Kundu Synthetic Hydroxyapatite | Dr D Basu, Chief Scientist, | Jadavpur University
Scientist based Integrated Ocular BCCD and Prof Ranabir Kolkata
Implants for Efficient Mukherjee
Rehabilitation of Human Director, Eye
patients: An In vitro and In | Care & Research Centre,
Vivo experimentation Kolkata
3 | MrJyanta Mukhopadhyay | Multicomponent Ceramic Dr R N Basu Jadavpur University
Scientist Oxide Powder Prepared by Chief Scientist Kolkata
Spray Pyrolysis Technique Fuel Cell & Battery
and Fabrication of Screen Division and
Printed Thick Films for Prof H S Maiti

Mr Parvesh Agarwal
Scientist

Beneficiation of Low Grade
Clays of Kutchh Bhuj
Region (Gujarat) and their
Utilization in Traditional
Ceramic Bodies

Prof T Sharma
Fuel&Mineral Engineering
Indian School of Mines ,
Dhanbad
and

Dr S N Misra
Chief Scientist, CSIR-
CGCRI Qutreach
Naroda , Gujarat

Indian Scool of Mines

Dhanbad
Jharkhand

Mr Soumya Sarkar
Sr Technical Officer(2)

Fabrication and
Characterization of
Advanced Structural

Ceramic Matrix

Nanocomposites

Dr Probal K Das
Chief Scientist
Non-Oxides Ceramic
Division

Jadavpur University

Kolkata

Ms Anuradha Mitra
CSIR- Sr Research Fellow

Synthesis and Applications

of Mesoporous Alumina
Films Doped with Metal
nanoparticles”

Nanostructured Materials

Dr Goutam De
Chief Scientist

Division

Jadavpur University

Kolkata

Mr Jony Saha
CSIR-Sr Research Fellow

Nanoparticles incorporated

Ordered Mesoporous

Dr Goutam De

Jadavpur University

Chief Scientist Kolkata
Silica by Sol-Gel Nanostructured Materials
Templating Division
Ms. Riya Chakraborty Deformation of Brittle Dr Anoop K Jadavpur University
CSIR-Sr Research Fellow | Solids at Nano to Macro Mukhopadhyay Chief Kolkata
Scale Scientist

Advanced Mechanical &
Materials Characterization

Prof Tapas Ranjan Middya
Department of Physics
Jadavpur University,

Division and

Kolkata

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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Sr Name & Designation Title of Thesis Supervisor(s) University/ Institute
No
9 Ms Rimli Deb Roy Study of Light Guidance of Dr S K Bhadra Jadavpur University
CSIR-Sr Research Fellow | Grating Embossed Planar Chief Scientist Kolkata
Waveguides and
Plasmonic Behavior of
Metal Embedded Nano-
photonic Devices for
Precision Sensing
10 Mr Santanu Basu Synthesis of Pure and Dr P Sujatha Devi Indian Institute of
Substituted La,Mo0,0, and Principal Scientist Engineering Science
Study of their lonic and Prof NR and Technology
Conduction Behavior Bandyopadhyay IIEST, (IEST), Shibpur
Shibpur West Bengal

C. RESEARCH FELLOWSHIP AWARDS

Twelve students chose CSIR-CGCRI
platform to pursue Doctoral work with various

as their

prestigious fellowship schemes under scientists in
various divisions.

Nanostructured Materials

Sr Name of the Fellow Name of Fellowships Name of Supervisor/ Date of Joining
No Division
1 Mr Anurag Roy DST-JRF(INSPIRE) Dr P Sujatha Devi 01.03.14
Nanostructured Materials
2 Mr Srikrishna Pramanik CSIR-JRF (NET) Dr P Sujatha Devi 01.04.14
Nanostructured Materials
3 Mr Atanu Naskar UGC-JRF (NET) Dr Sunirmal Jana 02.04.14
Sol-gel
4 | Mr Oluwaseun Adedokun CSIR-TWAS Fellow Dr P Sujatha Devi 02.06.14
Nanostructured Materials
5 Ms Deblina Majumder DST-JRF(INSPIRE) Dr Somenath Roy 01.07.14
Sensoré& Actuator
6 Ms Sonam Chakraborty DST-JRF (INSPIRE) Dr Mrinal Pal 01.07.14
Fibre Optics & Photonics
7 Ms Sonam Maiti DST-JRF (INSPIRE) Dr R N Basu 01.07.14
Fuel Cell & Battery
8 Mr Suman Saha DST-JRF (INSPIRE) Dr Jui Chakraborty 04.09.14
Bioceramics & Coating
9 Mr Arindam Saha CSIR-Nehru PDF Dr P Sujatha Devi 10.10.14
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Sr

Name of the Fellow

Name of Fellowships

Name of Supervisor/

Date of Joining

No Division
10 Ms Debaleena DST-Women Scientist Dr Subrata Dasgupta 29.10.14
Bhattacharjee Ceramic Membrane
11 Dr Lata Ramrakhiani DST-Women Scientist Dr Sourja Ghosh 13.11.14
Ceramic Membrane
12 Ms Mitali Sen DST-Women Scientist Dr Nandini Das 13.11.14

Ceramic Membrane

CSIR - Central Glass & Ceramic Research Institute - Kolkata
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WORKSHOPS/SEMINAR/CONFERENCES

International

Near Net Shape
Manufacturing of Precision
Engineering Components

(NNSMW 2014)

Sr Title Duration Collaborator Chief Guest /Guest
No of Honour
1 International Workshop June 5-6,2014 | = - Prof Jyoti Mazumdar,

University of
Michigan, USA
Prof B K Mishra,
Director, CSIR-IMMT
was Guest of Honour.

Conference on Alumina
and other Functional
Ceramics : AOFC 2015

Kolkata

2 | International Conference December 4-6, 2014 Centre of Excellence in Prof Ken Durose,
on Emerging Materials: Advanced Materials, Director, Stephenson
Characterization & Department of Physics, Institute for
Applications: EMCA-2014 National Institute of Renewable Energy,
Technology, Durgapur Liverpool, UK
3 1% International March 11-13, 2015 Indian Ceramic Society, | Prof Indranil Manna

Directorr, IT-Kanpur

Dr DrAK
Chattopadhyay
Technical Advisor to
Chairman, TRL-
Krosaki Refractories
Ltd, Kolkata
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National

Industries: Perspective of
Indian Raw Material

Sr Title Duration Collaborator(s) Chief Guest
No
1 Workshop on Basic March 20,2015 | = - DrDrAK
Refractory for Metallurgical Chattopadhyay

Technical Advisor to
Chairman, TRL-
Krosaki Refractories
Ltd, Kolkata

2 Workshop cum June 27, 2014
Demonstration programme
on Biomass Gasifiers for
the Benefit of Glass,
Ceramics and Pottery

Industries in Gujarat

102

The Energy Research
Institute, New Delhi ;
Matikam Kalakari Board &
Rural Technology Institute ;
Guijarat Clear Production
Centre ; Gujarat Energy
Development Authority and
Industry Associations of
Naroda and Thangarh,
Guijarat.
Supported by Swedish
Agency for Development
and Cooperation

Research Scholar's Day Award

Institute organised Research Scholars' Day in the
third successive year on 20th August 2014. The
workshop was organised by Professor Ajoy Kumar Ray,
Director, Indian Institute of Engineering Science and
Technology, Shibpur. Various awards presented to
students are given below.

a) Oral Presentation:

1. Partha Pratim Das- Nanostructured Materials
Division (Supervisor: Dr. P. Sujatha Devi) “Development
of ZnO-SnO, based photoanodes for dye sensitised
solar cells”

2. Maitree Saha- Fibre Optics and Photonics
Division (Supervisor: Dr. Ranjan Sen) “Highly efficient
Yb-doped laser fibre synthesized by vapour phase
doping technique”

3. Quazi Arif Islam- Fuel Cell and Battery Division
(Supervisor: Dr. R.N Basu) “Ca-doped Lanthanum
Zirconate: Ahydrogen Separation Membrane”

b) Poster Presentation:

Group |: Advanced and Functional Glasses and
Coatings:

1. Rik Chattopadhyay- Fibre Optics and Photonics

CSIR - Central Glass & Ceramic Research Institute - Kolkata

Division (Supervisor: Dr. S.K. Bhadra) “Effect of
Plasmonic Nanostrucures of light propagation in optics
waveguides”

2. Debarati Ghosh- Glass Division/Glass Science
and Technology Section (Supervisor: Dr. K. Annapurna)
“Highly quantum efficient Eu*" and Tb** doped alkali-free-
Ba-Al-Metaphosphate Glass: Ce® Sensitization and
Role of Host Matrix”

Group II: Advanced and Functional Ceramics:

1. Sourav Ghosh- Sol-Gel Division (Supervisor:Dr.
Milan Kanti Naskar) “Morphologically Tuned
Mesoporous Copper Oxide”

2. Saswati Sarkar- Sol-Gel Division (Supervisor:Dr.
Sunirmal Jana) “Nanogold coated mesoscale silica-
titania 2D pattern sol-gel thin film by lithography”

3. Sayantan Ray- Bioceramic and coating Division
(Supervisor:Dr. Jui Chakrabarty) “Novel Nanoceramic
based tablet formulation of Methotrexate Drug: A New
Age Treatment Procedure for Rheumatoid Arthritis”

4. Shreyasi Chattopadhyay- Nanostructured
Materials Division (Supervisor:Dr. Goutam De)
“Electrospun Titania Nano fibers with Cubic Ordered
Mesoporosity”
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Group lll: Advanced Engineering and Structural
Ceramics:

1. Ankita Bose- Ceramic Membrane Division
(Supervisor:Dr. Nandini Das) “Modified DDR Zeolite
Membrane for Enhanced Gas Separation”

2. Manjima Bhattacharya- Advanced Mechanical
and Materials Characterization Division (Supervisor: Dr.
Anoop K Mukhopadhyay) “Strain Rate Effect of Dense
Coarse Grain Alumina from Micro to Macro Scale”

3. Manali Ray- Ceramic Membrane Division
(Supervisor:Dr. Sandeep Sarkar) “Carbon Molecular
Sieve Membranes for Enrichment of Hydrogen from
Refinery Tail Gas.

INSTITUTE AWARDS

1. Best Paper:

a) Glass/Ceramics:

S Ghosh and M K Naskar, “Understanding the role of
triblock copolymers for the synthesis of mesoporous
alumina and its adsorption efficiency of congo red” ,
Journal of the American Ceramic Society, 2014, Vol. 97,
Iss. 1, pp.100-106: Sol-Gel Division

b) Material Science and Others:

(i) Jony Saha and Goutam De, “Highly Ordered
cubic Mesoporous electrospun SiO, Nanofibers”,
Chemical Communications, 2013, Vol. 49, pp.6322-
6324, Nano-structured Materials division

(ii) Kaushik Bhowmik, A Mukherjee, M K Mishra and

Goutam De, “Stable Ni nanoparticle-Reduced Graphene
Oxide composites for the Reduction of Highly Toxic

Annual Report 2014-15

aqueous Cr(VI) at Room Temperature”, Langmuir,2014,
Vol. 30,pp. 3209-3216; Nano-Structured Materials
division.

2.Best Technologies:

(i) Ceramic Membrane Based Technology for
Removal of arsenic (including the process for media
preparation) and iron ground water:

Winners: Mr. Swachchha Majumdar, Mr. Subhendu
Sensarma, Mr. Khokan Das, Subhendu Sarkar and Dr. G
C Sahoo.

Transferred to: M/s Entech Metals Pvt. Ltd.,
Apartment-1B,50,Jatin Das Road, Kolkata, West Bengal

(ii) Technology of Manufacturing Low Sodium Glass
Beads (SiBNa-9.5) for Nuclear Waste Immobilization:

Winners: Sitendu Mandal, Alok Roychowdhury,
Dipali Kundu and Ranjan Sen under Technology License
Agreement with M/s H&R Johnson, Mumbai

3.Best Project:

Nanomechanical Characterization of Human Hair:
Project No. SSP 0219, Sponsored by Cavin Kare
Research Center, Chennai

Project Leader: Dr. Anoop Kumar Mukhopadhyay,
Advanced Mechanical and Materials Characterization
Division

4. Best Supporting Section: Bill Section

5. Best Employee: Mr. Amar Bhattacharya, Senior
Stenographer, Directors Cell

CSIR - Central Glass & Ceramic Research Institute - Kolkata

103




MISCELLANEOUS

Human Resource Position

CSIR Grant & ECF

Staff News

Important Events

Members of Management Council
Members of the Research Council

Abbreviations



HUMAN RESOURCE POSITION

Staff Strength = 399 B Administrative Staff
(As on March 31, 2015)

W Scientific Staff (Gr 1V)
[ Technical Staff (Gr IlI)
B Support Staff (Gr Il)
[ Support Staff (Gr 1)

CSIR GRANT & ECF
A. Actual Expenditure

(Rs in lakhs)
Pay and allowances 3244.766
Contingencies 70.500
HRD ---
Maintenance 165.000
Chemicals/Consumables 250.000
Works & services 85.685 B. Staff Quarter Expenditure (Rs in lakhs)
Equipment 114.500 Maintenance 170.000
Office Equipment SQ Capital 8.431
Furniture & Fittings — TOTAL 178.431
Library Books 4.014 GRAND TOTAL (A+B) 6001.409
Library Journals 95.986
Supra Project External Cash Flow (Rs in lakhs)
Networked Projects 1792.527 Sponsored| Royalty & | Testing | Job work Tech. Total
Millennium Projects Projects | premia components | Service
TOTAL 5822.978 1501.783 | 24.449 89.018 15.270 | 1630.520
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STAFF NEWS

Superannuation

Sr Name Designation Date of

No superannuation
1. | MrR M Savsani Principal Technical Officer 30.4.2014

2. | MrBishu Nath Ram Lab Assistant 30.4.2014

3. | MrGovindjiJha Sr. T.O. (2) 31.5.2014

4. | DrNishaBiswas Principal Scientist 30.6.2014

5. | Mrs Bula Ghosh Sr. Technical Officer (3) 30.6.2014

6. | Mrs Namita Dutta Sr. Technical Officer (3) 31.8.2014

7. | MrAnanda Ram Halder Sr. Technician (2) 31.8.2014

8. | DrSukhendu Deb Sr. Scientist 30.9.2014

9. | MrSwapan K Sarkar Technical Officer 30.9.2014
10. | Mr Subodh Mondal Sr. Technician (2) 30.11.2014
11. | Mr Dipak Chakraborty Assistant (G) Grade-I 30.11.2014
12. | DrPranab K Chowdhury Sr. Scientist 31.12.2014
13. | Mr SisirK Dey Section Officer (G) 31.12.2014

Appointment

Sr Name Designation Date of

No superannuation
1. | MrRamaRao Panugothu Scientist 13.08.2014

2. | MrP.Sivagnanapalani Scientist 20.01.2015

Obituary

demise.

Mr Madhusudan Gayen, Sr Tech (2), Glass Division of CSIR-CGCRI breathed his last on
August 6, 2014. On behalf of the Institute, the Publication committee deeply mourns his untimely
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IMPORTANT EVENTS

RTIImplementation
The Right to Information (RTI) under

its Act of 2005 was complied with, in letter

and spirit. Twenty two queries were
received from various applicants. All
IEHT O cases were directly received by Institute's
S public Information Officer. Out of twenty,
only one case passed over to year 2015-
16, the rest 21 were disposed satisfactorily. One query
carried over from previous year was also disposed off
during the period. Out of 22 cases, 15 pertained to
administrative matters while 5 pertained to Science &
Technology issues and one each pertained to finance
and stores & purchase domains of the Institute. No case
was transferred from the Institute to any public authority.
The Annual Returns for the four quarters of the year
2014-15 were regularly uploaded on the website of
Central Information Commission of India. The Public
Information Officer attended a Meeting entitled
“Effective Implementation of RTI Act for Appellate
authorities and P10s” from May 29-31, 2014 at HRDC
Ghaziabad. The awareness about Right to Information
was continued through the use of symbolic logo and
stickers in the Institute's publicity organs, stationeries
etc.

Annual Report 2014-15

Tepp Outreach cum Cluster Innovation
Centre Implementation

The First Meeting of the Advisory Board of TOCIC
was convened at the Institute on July 8, 2014. On the
same day, a dedicated website for TOCIC-Kolkata was
launched so that innovators can speed up their
proposals to DSIR. Any Indian citizen having innovative
idea(s) and wishing to translate it into working
prototypes/models/processes is welcome.

To expedite the TOCIC programme, a project has
been awarded by DSIR to CSIR-CGCRI under its
Promoting Innovations in Individuals, Startups and
MSMEs (PRISM) scheme. The programme has been
set up with the aim to scout the innovators in the
country. The scope of PRISM is to connect innovative
minds to market and this encompasses product/
process development and facilitates their entry into
customer market. A call for proposal under PRISM
scheme was published in leading newspapers of
Kolkata (English, Bengali and Hindi editions) in July
2014 and January 2015. Workshop and Camps and
clinics were organized for the students and
entrepreneurs at Barasat, Kalyani and Howrah. As an
outcome of these initiatives, the number of proposals
frominnovators accelerated.

-

Y
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11" Atma Ram Memorial Lecture

Dr Sourav Pal, Director, CSIR-NCL (Pune) delivered
the 11" Atma Ram Memorial lecture on August 26, 2014
the foundation day of the Institute. The title of the talk
was Chemical Science in Shaping Functional Materials
and Technologies of the Future. Dr H S Maiti, Former
Director, CSIR-CGCRI chaired the session.

Speaker Dr Sourav Pal holds aloft the Atma Ram Memorial lecture
plaque as Dr H S Maiti and Mr K Dasgupta applaud

The theme of Prof Pal's lecture was his contribution
to computational chemistry. He lauded the role of
computation in chemistry and highlighted how
techniques of professional mathematics can be utilized
to discern chemical processes at molecular level thereby
evolving the branch of computational chemistry.

He concluded by sharing with the audience some
details of the work done in his laboratory on
computational chemistry. Mr Kamal Dasgupta, Acting
Director, CSIR-CGCRI presented the speaker with a
silver plaque.

Hindi Week

The Hindi Week was organized during September
10-16, 2014. One-Day Workshop was also organized in
which 31 employees of this Institute were trained in
noting and drafting in Hindi. On the concluding day of the
programme, Chief Guest Prof Bhagwan Roy, Eminent
Anthropologist and Former Professor, 1IT-Kharagpur
delivered the 3" Diamond Jubilee Lecture entitled
“Vigyan aur Samaj” Prizes were given to the winners of
competitions in Hindi noting and drafting, poetry
recitation and quiz organized during weeklong
celebration.

CSIR - Central Glass & Ceramic Research Institute - Kolkata

Prof Bhagwan Roy delivering 3" Diamond Jubilee lecture

72" CSIR Foundation Day

The 72™ CSIR Foundation Day was celebrated on
26" September, 2014 with usual verve and zeal. Mr G S
Rautela, Director General, National Council of Science
Museum, Kolkata was Chief Guest while Mr Samarendra
Kumar, Director, National Council of Science Museum,
Kolkata was Guest of Honour. The Chief Guest delivered
the Foundation Day Lecture entitled “Science, Science
Literacy and Communication”.

On this occasion twenty retirees were felicitated with
certificate, shawl and wrist watches while 3 employees

Mr G S Rautela delivering Foundation Day lecture

who completed 25 years of service were presented wrist
watches. Three wards of staff were awarded for securing
90% and above marks in science subjects in Board
exams. The staff and wards that emerged winners in
various cultural competitions were also awarded.
Around 90 students from city's schools visited the
Institute and went round the labs as part of the Open Day
programme.
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Cleanliness Campaign

As a part of Prime Minister's national cleanliness
campaign, CSIR-CGCRI actively organized a drive by
cleaning all campus. Posters of cleanliness campaign
were displayed at several spots. A cleaning awareness
meeting was held on September 29, 2014 followed by
the Swachch Bharat Pledge that was administered on
October 2, 2014. The staff took the solemn pledge at the
CSIR-CGCRI headquarters, Naroda and Khurja
outreaches and the CSIR GPA Maintenance Division,
Kolkata.

International Women's Day

The Institute organized a talk to mark the occasion of
International Women's Day which fell on March 8, 2015.
Dr Swati Bhattacharjee, Fulbright Fellow and Chief
Reporter - District, Ananda Bazar Patrika delivered a talk
entitled “50 Shades of Pink: Gender Inequality in South
Asia” on March 9, 2015 as the day before was a holiday.

National Science Day

The National Science Day Lecture was delivered by
Eminent Scientist Prof Sankar K Pal, Padmashri and
Former Director, Indian Statistical Institute, Kolkata on
February 25, 2015. He delivered a talk on "Soft Granular
Mining: Concepts, Applications and Big Data Issues".
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MEMBERS OF THE MANAGEMENT COUNCIL

Mr Kamal Dasgupta
Director, CSIR-CGCRI

Chairman

Mr Tapas Chakraborty
Administrative Officer, CSIR-CGCRI

Member Secretary

Dr S Srikanth Member
Director

CSIR-National Metallurgical Laboratory

Jamshedpur — 831 007

Dr Arup Ghosh Member
Chief Scientist, CSIR-CGCRI

Dr H S Tripathi Member
Principal Scientist, CSIR-CGCRI

Dr Debashis Bandyopadhyay Member
Principal Scientist, CSIR-CGCRI

Dr Nijhuma Kayal Member
Sr Scientist, CSIR-CGCRI

Dr Anirban Dhar Member
Scientist, CSIR-CGCRI

Mr Ashim K Haldar Member
Principal Technical Officer, CSIR-CGCRI

Mr T K Bhattacharya Member

Controller of Finance & Accounts, CSIR-CGCRI
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MEMBERS OF THE RESEARCH COUNCIL

Dr Srikumar Banerjee Chairman
Homi Bhabha Chair Professor
Department of Atomic Energy
Govt of India

Anushakti Bhawan, CSM Marg,
Mumbai — 400 001

Prof Vikram Jayaram Member
Professor and Chairman
Department of Materials Engineering
Indian Institute of Science

Bangalore — 560 012

Prof Souvik Bhattacharya Member
Deputy Director

Department of Mechanical Engineering
Indian Institute of Technology
Kharagpur — 721 302

West Bengal

Dr Anand Tanikella Member
Managing Director

Saint Gobain Research India

Sigapi Aachi Building

Floor No 7, 18/3 Rukmani Lakshmipathy Road
Egmore

Chennai-600008

Prof Milan K Sanyal Member
Senior Professor

Surface Physics & Materials Science Division
Saha Institute of Nuclear Physics

1/AF, Bidhannagar, Salt Lake
Kolkata-700064

Mr Umesh Chandra Member
Former Director(Operations)
Rashtriya Ispat Nigam Limited
Visakhapatnam Steel Plant
Visakhapatnam-530031

Dr Shyam S Rao Member
Vice —President-Technical Ceramics
Catrborandum Universal Limited
Industrial Ceramics Division

47 & 48, SIPCOT Industrial Complex
Hosur-635126, Tamil Nadu
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Mr Pradeep Kheruka

Vice Chairman & MD
Borosil Glass Limited
Khanna Construction House
44, Dr R G Thadani Marg
Worli, Mumbai-400018

Member

Dr Rathindra Nath Das

Additional General Manager & Head
Ceramic Technological Instituite
BHEL Corporate R&D Division
Bharat Heavy Electrical Limited
Malleswaram Complex,

Post: Science Institute
Bangalore-560012

Agency Representative

Dr S Srikanth

Director

CSIR-National Metallurgical Laboratory
Jamshedpur — 831 007

DG's Nominee

Dr Sourav Pal

Director (Additional Charge)

CSIR-Central Salt & Marine Chemicals Research
Gujubhai Bhadeka Marg

Bhavnagar-364002

Guijarat

Sister Laboratory
Representative

Mr Aswani Gupta

Scientist G

Department of Scientific & Industrial Research
Technology Bhawan

New Mehrauli Road

New Delhi-110016

Invitee

Mr Kamal Dasgupta

Acting Director

CSIR-Central Glass & Ceramic Research Institute
196 Raja S C Mullick Road

Kolkata — 700 032

Member
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Dr. Goutam Banerjee

Chief Scientist

CSIR-Central Glass & Ceramic Research Institute
Kolkata — 700032

Member Secretary
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ABBREVIATIONS

Sponsors & Collaborators

ABSTCL--Aditya Birla Science & Technology Company Limited, Mumbai
AAPL-Alamatis Alumina Private Limitd, Kolkata

ARDB- Aeronautics Research and Development Board, New Delhi
BARC-Bhaba Atomic Research Centre, Mumbai

BMWS-BMW Steel Limited, Khurja

BRNS-Board for Research in Nuclear Sciences, Mumbai

CRC--Cavinkare Research Centre, Chennai

CIRL-Calderys India Refractories Limited, Katni, Madhya Pradesh

Col — Commisssionerate of Industries, Gujarat

DAE-Department of Atomic Energy, New Delhi

DD- Double Dee Technology (P) Ltd , Mumbai

DE&IT-Department of Electronics & Information Technology, New Delhi
DMSRDE- Defence Materials and Stores Research and Development Establishment, Kanpur
DIT-Department of Information Technology, New Delhi

DIC-District Industries Centre, Meerut

DL-Defence Laboratory, Jodhpur

DRDO-Defence Research Development Organization, New Delhi
DSIR-Department of Scientific and Industrial Research, New Delhi

DST- Department of Science and Technology, New Delhi

EDI-Entrepreneurship Development Institute of India, Gujarat

ERI, KACST- Energy Research Institute, King Abdulaziz City for Science & Technology, Saudi Arabia
GUJCOST-Gujarat Council of Science &Technology, Gandhinagar
GMK&RTI-Gujarat Matikam Kalakari & Rural Technology Institute, Gandhinagar
GoG- Government of Gujarat

GoUP-Government of Uttar Pradesh

GoWB — Government of West Bengal

IFGL-BCL--IFGL- Bio Ceramics Limited, Kolkata

[IT-Madras-Indian Institute of Technology-Madras, Chennai

IRDT-Institute for Research Development &Training, Kanpur

ISRO-Indian Space Research Organization, Bangalore

KE-Karanavati Enterprise, Gujarat

KIAPL-Kerneos India Aluminate Pvt Ltd, Kolkata

MoM-Ministry of Mines, New Delhi

MoRD-Ministry of Rural Development, New Delhi

MSME- Department of Micro, Small and Medium Enterprises, Kolkata
MMSME- Ministry of Micro, Small and Medium Enterprises, New Delhi
MNRE-Ministry of New & Renewable Energy, New Delhi

NBCFDC-National Backward Classes Finance Development Corporation, New Dehi
NFCL-Nagarjuna Fertilizers & Chemicals Ltd , Hyderabad

NGIL-Nitta Gelatin India Ltd, Kerala
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NPC- National Productivity Council, New Delhi

PGL-Poabs Granite Private Limited

NTPCL-National Thermal Power Corporation Limited, New Delhi
PCRA-Petroleum Conservation Research Association, New Delhi
RINL-Rashtriya Ispat Nigam Ltd, Visakhapatnam

RCI- Research Centre Imarat, Hyderabad

RGNDWM-Rajiv Gandhi National Drinking Water Mission, New Delhi
RIICO- Rajasthan State Industrial Development Corporation,Jaipur
RUDA- Rural Non-Farm Development Agency, Jaipur
SBMT-Society for Biomedical Technology (DRDO), New Dehi
Sub--DIC (B) - Sub-District Industries Centre, Bankura
Sub--DIC(S) - Sub-District Industries Centre, Siliguri

TRL-Tata Refractory Limited, Belpahar

UPPCB-Uttar Pradesh Pollution Control Board, Lucknow
VSP-Vizag Steel Plant, Visakhapatnam

VSSC-Vikram Sarabhai Space Centre, Thiruvananthapuram

Others

AMPRI- Advanced Materials and Processes Research Institute, Bhopal

BESU-Bengal Engineering Science University, Shibpur

CBRI-Central Building Research Institute, Roorkee

CCMB-Central for Cellular and Molecular Biology, Hyderabad

C-DAC- Centre for Datamatics and Advanced Computation, Kolkata

CDRI-Central Drug Research Institute, Lucknow

CECRI-Central Electrochemical Research Institute, Karaikudi

CEERI -Central Electronics Engineering Research Institute, Pilani

CFTRI-Central Food Technological Research Institute, Mysore

CLRI- Central Leather Research Institute, Chennai

CMERI-Central Mechanical Engineering Research Institute, Durgapur

CNR- National Research Council, Italy

CSIR- Council of Scientific & Industrial Research, New Delhi

CSMCRI-Central Salt & Marine Chemicals Research Institute, Bhavnagar

[ICB-Indian Institute of Chemical Biology, Kolkata

[ICT- Indian Institute of Chemical Technology, Hyderabad

[lIM=Indian Institute of Integrative Medicine, Jammu

[IP-Indian Institute of Petroleum, Dehradun

IMMT- Institute of Minerals and Materials Technology, Bhubaneshwar

IMT-Institute of Microbial Technology, Chandigarh

NAL-National Aerospace Laboratory, Bangalore

NCL-National Chemical Laboratory, Pune

NEERI-National Environmental Engineering Research Institute, Nagpur
NISCAIR-National Institute of Science Communication and Information Resources, New Delhi
NISTADS-National Institute of Science Technology & Development Studies, New Delhi
NIIST-National Institute for Interdisciplinary Scientist & Technology, Thiruvananthapuram
NML-National Metallurgical Laboratory, Jamshedpur

NPL-National Physical Laboratory, New Delhi
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December 19, 2014; Meeting with Prof Phillip Russel, FRS



CSIR-Central Glass & Ceramic Research Institute
196 Raja S C Mullick Road, Kolkata - 700032, India

Tel.: +91 33 24735829, Fax: +91 33 24730957

Email: dir_office@cgcri.res.in, Website: www.cgcri.res.in

Naroda Outreach

168 & 169 Naroda Industrial Estate
Ahmedabad - 382330

Tel.: 079 22823345, Fax: 079 22822052
Email: siccgcrinc@gmail.com

Khurja Outreach

G T Road, Khurja - 203131

Tel.: 05738 232501, Fax: 05738 245081
Email: Iksharma@cgcri.res.in
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