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From the Director’s Desk

PR |

| am pleased to introduce this Annual Report for the year 2018-19 of the (SIR-Central Salt and
Marine Chemicals Research Institute (CSMCRI), a vibrant organization that is focused to address
the unmet challenges of Indian society and Industries through innovation and sciencef technology.
This Report presents the highlight of our achievements with an introspection, which will take up
to an even brighter tomorrow.

{SMCRI with its recognized capabilities, offers a variety of services in improving the quality and
yield of industrial salt, recovery of marine chemicals in systematic manner, synthesis of specialty
inorganic materials, catalysts for various green organic transformations, environment monitoring,
audit & impact assessment studies and development of value-added products from wastes under
Waste to Wealth. CSMCRI has the capability for designing and developing different types of
membrane-based technologies for water desalination/ purification for domestic to industrial water
production. The centralized equipment facilities of the institute have not only contributed
significantly to the institute, but also to other institutions and MSME industries outside CSIR.

Itis a matter of great satisfaction that the institute is successively gaining new heights of visibility.
This report is testimony of my statement. In line with the motto of CSIR, (SMCRI is continuously
working Tor the new India. We have transferred two crucial technologies this year for the
betterment of our common population. These two technologies include technology for the
production of liquid seaweed biostimulant {LSPB) which utilizes abundantly available brown
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seaweeds and recovering water from the RO plant reject stream through evaporation to comply
with regulatory ‘Zero Liquid Discharge’ norm. In addition, several new knowhows have been
developed and 14 new patents have been filed and equal numbers have been granted. The institute
is in a leading position in the field of basic research as well. In this reported year, 207 research
papers have been published in reputed international journals. Many of them have an impact factor
of more than &.

The reflection of the tireless efforts poured by our scientists, students and technical manpower is
reputed national/ international awards & fellowships bestow on them. Several of our staff and
students were deputed abroad under various programs and a large number of eminent scientists
and researchers across the globe visited CSMCRI during 2018-2019. Conferences, seminars and
workshops are now common in CSMCRI. This year also we have organised a series of such events,
including an Indo-German joint Scientific Workshop for Water and Energy. On the front of Human
Resource Development, 24 students working at CSMCRI, earned their Ph.D. degrees from AcSIR
and additional o4 from MK Bhavnagar University and 02 from CHARUSAT. Moreover, many
students from various institutes and universities turned to the institute for their dissertation under
various curriculums.

The contribution of (SMCRI in social service is no less than anywhere. We render two tier service
to the society. On one hand we serve the nation with our sophisticated instrumentation facility and
scientific consultancy services, On the other hand, our services during the times of natural disasters
by providing safe drinking water through establishing water purification units on community levels
does not require any introduction.

While penning our accomplishments, it will be my thanklessness, if | do not wow our Research
Council. All these achievements would not have been possible without the valuable guidance and
support of the Chairman and Members of the Research Council. | amn thankful to the DG-CSIR and
other staff from the Headquarter for their support and confidence in us. The contribution of the
management council and stakeholders is also gratefully acknowledged. | also thank the
Government of India, State Governments and media, who have contributed directly or indirectly
to make CSMCRI into a vibrant organization. The unnoticed efforts of all our Administrative Staffs
deserve a special ovation. I’'m proud to say we have a team committed to working together for the
success of our Institute. | also appreciate the efforts of the team for bringing out this annual report
in an elegant manner.

This has been one of the most successful years for this great organization in terms of Scientific
achievernents, visibility, technology development/dissemination and commercialization zand
nurturing societal projects. All these have provided us with the platform to leap forward with the
idea of self-reliant Bharat.

b

(Amitava Das)
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Thematic core competences

CSIR-CSMCRI as a leading institute in our country known for various R&D activities related
to salt and marine biochemical products. This institute works closely with various
industries, state governments and R&D institutes to offer technological solutions on the
salt manufacturing process and improving quality & yield of salt productions. Therefore,
many new initiatives were taken to improve the yield of solar salts, quality improvement
of salts for industrial applications, process development for high-purity potash fertilizers
devoid of chloride. This institute also works with various industries for problem solving in
salt manufacturing along with training of industrial personnel to demonstrate the best
practices of salt manufacturing process.

Ied Hethe Y A15 W G 9P 831 H 81 Ied YFT dlel W THS b IeqTa
& foTT e AT aTell THTET Ui

Novel cost-effective process for high purity solar salt production in solar salt
fields from high sulfate containing brines

TSIl H Helal / 37l 9187 § Scaed A9d T dX The salt produced in Rajasthan inland/lake
QW G A9 p w9 F gro & 9 [T widr & gifss brines is generally sold in the edible salt market

: as the salt produced in these areas does not
Ith HS Follk AR AN & E_VIQGHEMHCh‘IUICIﬂICIIdI . A— ;
> meet technical specifications as required for

2l & 31 galaw, F4e H T GUR $9d  chior-alkali industries. Therefore, upgradation
afenfies Sadl & oIV almges & S Bic v of salt quality is required to meet the industrial
S e S S e T e requirement of this region and the small and

ogr R
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Figure: Field implementation of o developed process for high purity solar salt with reduced contents
of carbon, iodine, suspended solids and sulfate content directly in solar salt fields at Nowa, Rajasthan
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medium scale splar salt manufacturers will be
able to sell salt for the industrial purpose at
higher price. CSMCRI has developed a novel
cost effective process for high purity solar salt
production with reduced contents of carbon,
iodine, suspended solids and sulfate content
directly in solar salt fields from high sulfate
containing brines developed which can be very
useful to Rajasthan inlandflake brines. This
process is tested at lab scale and employed on
a large scale at M/s. Bharat Salt Works Limited,
Nawa, Rajasthan. This process includes
treatment of soda ash industry effluent and a
slow releasing chlorinating reagent to reduce
the contaminants very effectively. The salts
harvested were tested at our end in both small-
and large-scale experiments in the field and
dispatched to different chlor-alkali industries to
ascertain purity and its utilization for chlor-alkali
production.
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SR 9% & IUTS § YR o J137 P aTsdIeHRuT HT Taor

Accelerating solar evaporation of brine to improve the yield of solar salt
production

b AR Hep Ueb HiwH] Feure &, ST AN R HR
o a7 & HEH T I<uTfed Biel &, I8 [ ¥
TSI 6 7Y W Sl o= FR e 81 gferg,
FTST ATSHIDHE & oY FN Froll & STINT DI LB
T AT € EH 59 T 9 b foTq el & febell
3 TNl B SGANT Tal P Tebal & Flfeh AE -THE i
TINTE & i M 37T EANT w782 W e I eure
TE & o1 S Y 8 3 iR wafeaR stee ANt
T ST Heh T & TSR B T 0T T

D\e assisted Solar Evaporation Solar assisted open raceway pond

Since Solar salt production is a seasonal crop
which is generally produced from the month of
December to June in India, it solely depends on
solar energy for evaporation. So, it is desirable to
maximize the utilization of solar energy for brine
evaporation as we cannot utilize any other source
of energy for this cheap commodity which will
increase the cost of salt. So, our goal was to
enhance brine evaporation by using eco-friendly
methods within the same land area to increase
the solar salt yield. One aspect is the application

Solar concentrating arrangement

Tar

R J15 arsdienvt] &) d vty & H1eqH | R 5P @b Iediqd 7 YN @A @ [ofU Ve wHidslotd Hishan

Figure: An integral process to improve the yield of solar salt production through acceleration of brine

evaporation rate.

TRIBT WTeT I7eh I ST & ST TR0 3ige & 3R
STTRIHeT TN fAfaoT rgenfia o Taar &, s &
ST ATSHTRRUT X ¢ ST 3N 37 el i =T
TG b HINUT U {5 ek &7 JeqeT 1T T ST
W B T @@ fed 7 gertdfioarn, arfiemdd
AN T S AN FeNvw eFar o orTa-
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of edible dyes which are environment friendly and
can absorb maximum solar radiation for
enhancement of brine evaporation which will
ultimately lead to the maximum number of crops
in one season and hence the yield. The dyes have
been assessed hased on their solubility in brine
and bittern, maximum absorption wavelength
and absorption capacity and cost-effectiveness.
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In this regard, a combination of dyes such as
Brilliant blue and chocolate brown has shown 30%
evaporation rate enhancement in the field.
Another aspect is the application of solar assisted
paddle wheel (solar assisted open raceway pond)
which helps in creation of turbulence & eddies
formation and ultimately help in evaporation of
brine from the bottom to upper layer of brine in
the pond. Mixing or eddies by paddle-wheel
driven raceway pond has many advantages like it
will increase the evaporation rate, whiteness
index, yield and quality of salt. Paddle wheels are
mechanically  simple and require little
maintenance.

Similarly, another aspect is the application of a
solar concentrated system for accelerating solar
evaporation by maximum utilization of solar
radiations. The solar concentrated system
consists of a paraboloid collector and receiver.
The collectors are made of reflecting materials for
maximum reflectance and absorbance of solar
energy. A typical paraboloid dish of optimum
diameter based on size of pond and depth of
brine filled in pond is desired. It is made of various
curved mirror segments forming a paraboloid
surface. The solar beam radiations are focused at
a point in the paraboloid. The receiver is placed at
the focal point of the concentrator. The system
can be made such a way that the sun can be
tracked at essentially all times and maximum
solar radiation <an be obtained for brine
evaporations.

FATH-T 3N 4 Frefiiex & I FRT aTSHIehR0T HT9 BT ST

Evaporation measurement studies using a Class A Open Pan Evaporimeter

g A % U &7 HT IR 2 AT 91fh B AT B
{0 T IUST B T8 AT, SMMSaT, BT @ i 3fR
377 aRay RefeRIy & TAw 99TE BT 0H A9 FeH
HCT 21 TE TN ATH ST 6 S5 D (Sered 7 TeH
BN YRS e B (ESF) T, HTEaTga-
HTAAHRIRTE, JoTR 7 i iR 75 2018 &
TR W AT SfR SfTelerd aTsdiseur i s
6.82 7Y 7.35 ToAT A w8 |
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It is an instrument for the measurement of the
evaporating power of the air layer near the
ground. It provides a measurement of the
combined effect of temperature, humidity, wind
speed and other ambient conditions. It will be
helpful in scientific design of solar salt works.
Measured and estimated monthly  pan
evaporation values of 6.82 & 7.35 mm/day in the
respective month of April & May 2018 at
Experimental Salt Farm (ESF) site, CSIR-CSMCRI,
Bhavnagar has been observed.
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Figure: An Open Pgn Evgporimeter to measure evdpordtion rate.

T STARE Ik TS & U2 & fog Ao TR ot 9uf wRe 318

Aroller type crushing unit for demonstration of crushed iodized salt
1.5 IR SN, AT GedT I TS BT T (-2, 1.5 billion People, or nearly one-third of the
TSN D AT gl ST A Tee 81 e i AT s Earth's population, live in areas of iodine
& AT I e F F FaTe T S R 1900 § deficiency. Eliminating iodine deficiency is
‘; ¥ 3 R fr et i a 2000 3 BT recognized as one of the most achievable of the

T SIS Tk THe @ Terq U Wlere MR 0T 373
Figure: A Roller type crushing unit for iodized salt.
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goals that the 1990 World Summit for Children
set for the year 2000. Keeping this in view, a 2
kg/hr capacity crushing unit is developed with
two 55 roller cum SKF ball bearings mounted on
a heavy-duty flange, which is used for uniform
mixing. It is operated by an electrical motor.
There is a tank with a spray nozzle in a screw
conveyor from where potassium iodates
solution is sprayed to make salt product as
“lodized salt”. It is a portable unit so that it can
be used anywhere for demonstration of crushed
iodized salt. This unit has been designed

especially for Mobile laboratory vans.

TH TR AR / IeATI B

Salt washery rectification/ erection work

S I 5 YT T AN G 3R A fHhrrer
M T H F5 B BT 70 STAUF 7 IS B Alee
TeRT H Sehle AIRHRT 39 & fAHfr 90 &g fae

= Tiv 7775 groRt % Torg WenfenT wis 877wt

For smooth operation of salt washing and to
make it more economical, several works in this
regard were done. Construction of concrete RCC
ramp at the feed hopper Salt Washery at ESF

Figure: Modified feed hopper system for Solar Salt washery.
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T TS BTTR (STTER: 2440 MM (L) X 1830 MM (W) X
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TN o AT b AT T g9 HfRIe yonfer 6
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¢ B ATH 21 Tol & 06 6T AifeT A1 Bre
BN H 9WE § a1t §9 SeaeT Wihdr & HI-|rer
AR ST Hh| Tg HRIT WUl 717 91 & fg 9ga
T AN AT 2

were done with newly designed feed hopper
(size: 2440MM (L) x 1830MM (W) x 305 MM (H),
Plate 5MM thick of size) and arrangement for
belt conveyor. Several benefits of this modified
system include smooth operation of salt
washing, one extra rubber belt conveyor.
Loading of salt from the trailer is directly
possible into the feed hopper so that it can be
run simultaneously with harvesting operation.
This modifyed system is very fast and smooth for
salt washing.

AT ERT FAIRTSS Heb YISTeT JeRep BT ferior

Chloride-Free Potash Fertilized by lonic Metathesis Using Four-Compartment
Electro-dialysis Salt Engineering

g3y, dEced SN BERRE 39 adig®
HepI=fEuTH H A U B, Forges IuiT qiat 3Ry (e
Sl 8l (e 2, qieiRmE, didl 8 50 & &l
USTEATeS e & oy Rreier 2, ST areis, e,
T SR Al & TN F AU e § 98
ThTeT RO H U Hecayur i1 AT B, s
ATE { U BT Sl el € 3iR TEMEr & Eer
3R 9% B Pl (AT fEmm ST | 8fik 59 veR gt
¥ Sdd Aol TIAT P AT FHDHT NG BT 5
AT, ST A7aT 7 deRrw &t FHT arf =,
gafor Ot &7 Idve & w9 ¥ gl & ST 6
T FEET B ARG A 2009-2010 P IR GIeTeT H @ud
3.33 foform & off; IR & 99 AR 96 & 2l
1971 -1972 H, ¥R F GIerT H TUT 1.90 fFamm /
TR off, ST 2008-2000 ¥ 17.1 Feeirm / SR &1
T, ST 9 AT g &1 FeUferd gemdiie, Fani Ied
QreTfies Sa@! Bl SaUTE" ST Ad3d B FaANES
U e aod Yl drel YIern I3l & 3eurer & fely
AT GREPIT Bl arfeeh aTaeerdT 81 FeIRIgs gh
q1erel 3wl & folV yNYRe v uftharall bl o
T Bt &, ST 35 STfee ST wihaT, R ST
TYHT T ST &1l &, [SE iRy Heyur 8Xdr
21 HerR soiae eIl (MED) 8RT KCI & 92
A&l dlel Y1212 3 (KNO,, K,S0,, 3N KH,PO,)
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Potassium is one of the essential macronutrients
like nitrogen and phosphorous, which is
consumed by plants. Interestingly, potassium is
responsible for more than 60 enzymatic systems
in plants that are essentially required for the
synthesis of proteins, vitamins, starch, and
cellulose. It plays a vital role in photosynthesis,
through which plants get energy and control
opening and closing of stomata and thus it is
required for tissue water balance in plants.
However, a deficiency of potassium is recorded
in most of the soil, so one ¢an supply potassium
to plants as fertilizers. Potash consumption in
2009-2010 in India was 3.33 million tons; the
demand of fertilizers is ever growing. In
1971-1972, potash consumption in India was 1.90
kg/ha, which up-surged to 171 kglha in
2008-20049, a 9-fold increase. It is essential to
produce highly soluble, chlorine-free potassic
fertilizers. Sustainable approach for the
production of high-purity potash fertilizers
devoid of chloride is  highly needed.
Conventional  preparation  processes  for
chloride-free potash fertilizers have certain
limitations, such as complicated synthesis
procedures, including high-temperature
requirements, causing environmental pollution.
A novel approach has been proposed for the
production of high-purity potash fertilizer
{KNQ;, K.50,, and KH,PD,) from K{l by
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Conversion of low value potash to high value potash by metathesis electro-dialysis

R Meimgel Solagl-Srferig GNT FolkIgs 5o Ulerdl

Figure: Chloride-Free Potash hy metathesis electro-diglysis.

& ITATE o A U Ad = fofer orefae & it MED
YO & el GethlHeE Ulell (SUR Wothl) amuriRd
HeRE TEEe B 3N FedEgee alitHee giell
(2, 6-STEF2E-1,4- el CIERIEE SRS
TARA-URTOST Fr B ST 5T Sar §1 /9
AT & 19T ST AN SR aTdRT ReRar e §
KNO,, K,50,, 3R KH,PO, T 3tqe HA: 90, 86
3T 90% TR TR KNO,, K,S0,, 3R KH,PO, F forg
MED W& & SR SeTell HF @ HH: 0.94, 0.89
FIR 1.04 KWh/THIT g81 ScUTel T I[E0T B IC WA
3R TE-¥ e faeT ofR STIies vl &f A1
& GRT Of¥ &1 T8 I8 uiar Ui SaNE & Soo-
TS HHINUT P 7T T e ool (91 HET it
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metathesis electrodialysis {MED). Sulfonated
poly (ether sulfone}based cation-exchange
membrane and quaternized brominated
poly(2,6-dimethyl-1,4-phenylene  oxide)-based
anion-exchange membranes are used for the
MED experiments. The membranes show
adequate water uptake, ionic conductivity, and
ion-exchange capacity with good mechanical
and thermal stabilities. The yields of KNO,
K.50,, and KH,PQ, are found to be 9o, 86, and
go%, respectively. The power consumptions
during the MED experiment for KNO3, K,50,, and
KH.PO, are calculated to 0.94, 0.89, and 1.04
kWh/kg, respectively. The purity of products is
confirmed by inductively coupled plasma and X-
ray diffraction analysis and by measuring ionic
contents. The process provides an energy-
intensive way for high-purity synthesis of
potassic fertilizer.

ACS Omega, 03 (2018) 9872-9879
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Theme: Fine Chemicals
& Catalysis

I T W &
HCFATSAR-FICHUTATARATS T S9ehT F Nk FHT F "Iep® T 3R IR & Hay g
R AT fafder 3fiv efeaféep SIugeh Seer 851 3 M $ 38T &) 59 T o A= v &
B3 dli-iepl A [T YR & ISR URAHl bl A3 e UTH B H Heedqul T fear &, former
I TR, ST, Whiiehet 3R 3 ST WATT SAFI 81 §HD STolTET, AR d3T(e, Wik ©9
T AN 51T & TR qRgd=T & forv sRa T fAftm o wenfig oo o orivg 8 Sorfa
aRE<HT BT A= T R it SoRe munferal = ¥R S g0 P oot ma &, o
EIESIPHATSOIN, TG TFHIH, F-Id, seaidad difel & TNy frarsfieiser,
IfehT C-H/ C-0 I1 BRTCHBHH ATHHATAT 31N SR TREdHT IR SN T 7127 Bl “Iedp® T
T TR P A9y B iR, o, BT A afeld TR S, Biffe TS, wHiT HEHe R =
HeeqqUl RS soifed § BURE HEAT 3R TRTHR-g~ THRIAT BT Jeadd 8K H6 TIE A
TR A ¥ 0§l WA 7 aArSeye Wenlfieh Hihan I &, ATRSET TR W Uiifed
TEETaT B TUERI HehTe (500 F Af2rep) SN T ST Tiefa ey GRT ool aRE ¥ Hierd &l
TS ATBR I WhTTe & F o B 38T B & SN I W PO DI AR e NSHAT F faRa
e T &1 Agcaqut T I8 € o I SRR/ TN HishaATal § ¥ T BT eTeTIeh SINT o =i
BT & 59 HISH 3feeieh % AT, B 2018-19 B SR [T 7Y SN 6 JeelgH 17 BRI T T P
H =TTl =BT ST Y T2 B

Thematic core competences:

CSIR-CSMCRI has been working in diverse and highly applied research areas based on the
central theme of “Fine Chemicals and Catalysis” for more than three decades. Numerous
scientists from various divisions of this institute have contributed immensely in gaining
insight of a variety of catalytic transformations that find potential applications in fine
chemicals, pharmaceutical, agrochemical and perfumery industries. Furthermore, our
scientists are actively involved in establishing green chemical routes for synthetic
transformations of industrial demand. The catalytic transformations have been developed
relying on various homogeneous and heterogeneous catalyst systems with an emphasis
on hydroformylation, selective oxidation, degradation, synthesis/ffunctionalization of
heterocyclic compounds, inert (—H/(-0O bond functionalization reactions and asymmetric
transformations. Within the theme of “Fine Chemicals and Catalysis”, conversion of CO2
to value-added chemicals e.g., formic acid, cyclic carbonates and other important building
blocks, and value-addition to biomass-derived chemicals are some of our major ongoing

oge R
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research endeavors. The institute’s output is well balanced by technology/process/product
developments, quality publications (more than 500) ininternationally reputed journals and
various societal activities. IP rights protect some of those processes and a few of those are
transferred to various industries/licensees. Importantly, a few of those catalysts/catalytic
processes are being exploited commercially. With this concise overview, we are delighted
to present some of our noteworthy works that were conducted during 2018-19.

e Tt SEUROT ® ZnO AXNAREAT

ZnO nanostructures in heterogeneous catalysis

&lel & 991 7 I8 WAl b Feld U - 2
BT BT & 3R TR # ol ge e
AT o T 81 e Eed, DU SN el vy
T Hieg TAT UfhaTan & e $ w1 O fiern
TR AT A 8 SRR STIR 35y
ST dTel T I & T R G IIE IR
Tt SER® & SWM T9d TN F
FATSFS 3R TAET T B ZnO T AEeaqur
AT, Ged! OF TN A SUcled, Hed urg ATrdgs
&, ST = 11 9 o UTaeeT aTrHichartail 3 Ue oo
IND Pl B BT 2

Faa: AwZnO SHRT Y&y 290 d 158 -3y
it

Figure: Au/ZnO catalyzed ester synthesis and
nitro-reduction reactions.

el A e iR ol IHRAT & PEHD
Aifilep] Aed1d) (A0 scfich] et ueh Hgcayu <1 & €I
Feolee AT B HANFH F X 3] BT FT0T
TETICT 7d HR{Pe5 TeTef & B SfFTC o BPIRuT e
IrfEres HIT aTell WA &1 59 FeF H, ¥ 3 T
IRIeT 3T Y ST SR Zno AFEdcs
Tes FNOR®  (Au/Zn0) Fafdd e & o
T AT (90% T® Ieare-) Hi Iuierky
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In recent years sustainable production of fine
chemicals  have received tremendous
attention and have become a decisive
challenge to chemists, Thus, the minimization
of toxic and hazardous starting materials,
solvents and wastes through the development
of simple, efficient, and environmentally
benign synthetic procedures is highly
desirable. Use of reusable heterogeneous
catalyst, in place of mostly used homogeneous
catalyst, is the promising and effective way
towards sustainable development. ZnO being
the most important inexpensive, earth
abundant, sustainable metal oxide, servesas a
key catalyst component in different gas
phases as well as liquid phase reactions.

O5N

NH

R

Esters are an important class of organic
compounds and ubiquitous building blocks of
different fine and bulk chemicals. The direct
synthesis of an ester molecule by combining
two alcohol moieties is a convenient and
highly demanding strategy owing to the
abundance and low-cost of the starting
materials. In this context, we have developed
a 3D assembled porous rectangular ZnO
nanoplates-supported gold nanocatalysts
(AufZnD) that allows  for oxidative
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Yidlelel [Aaibd Bar 8, Sl &9 999 9 (90% db
IeIE) AEgiged iR HifeyH wWge ¥ 5
AfeRfle-1H-2 oo & (elY Ub pelel I &
Y A HR HT &l

esterification of alcohols in the presence of
molecular oxygen {(up to 9go% yield). In
addition we have demonstrated that the
AufZnO catalyst system also enables the
reduction of organic nitro-compounds by
NaBH; to the corresponding amines {up to
96% yield).

fir=r: bt Zno SR fdors srfae

Figure: Yellow ZnO catalyzed click reaction.

The synthesis of 5-substituted-1H-tetrazoles
from nitriles and sodium azide (click reaction)
is an important organic transformation of high
industrial relevance. We have developed a
simple protocol for the synthesis of yellow
ZnQ (¥-ZnD), as an efficient catalyst for 5-
substituted-tH-tetrazoles from nitriles and
sodium azide within a short period of time {up
to 90% yield)

ChemistrySelect 03 (2018) 9414—9421
Chem. Asian J. 14 (2019) 612-620

WA & gallfome & ot MnO-TaRfd He Icuvs

MnO-supported copper catalyst for halogenation of arenes

HEMH R $ A7 G9a afiv Bl e
TORDT 6 T F Fa F, 99 T MnO- FHi3fa
TR SR (B 2T & ST el 40W A0S o T
& fafdwor A UFeged ok fEeIlRE 6
NfRiNeided EAIfTRE @ 989 S9ar @
HIEAUTEAT & T AT F 1. TRIEAAE IJORE
I YN, 2. 3fleNflle w4 § 3% [delHed & wy
H URERIMCE o1 3. el Hid & B0 | 21 N-
2ol HFEHIESSH BT SWAFT AT 31 9T Sl
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In the context of advancing simple and
efficient heterogeneous catalysts for organic
transformations, we have developed a MnD-
supported copper catalyst that enabled the
regioselective halogenation of anilides and
guinolines under irradiation with household
40W incandescent lamp. The technical
advantages of the methodology include 1. use
of recyclable catalyst, 2. acetonitrile as an
industrially friendly solvent and 3. use of
economic  N-halo succinimides as the
halogenating source. The reaction was scaled
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ars IaNE TR 3 Uy Herees Afafred
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Figure: Visible Light-Mediated Regioselective
Halogenation of Anilides and Quinolines on a
MnQO Supported Copper Catalyst.

up to multigram level demonstrating the
synthetic practicality of the process

[~
Ty N\
¥ 63 examples
) - v up to 98% yield
= ~ ¥ Recyclable catalyst
¥ Regioselective
/) \ ¥ Mild condition
v

Scalable

]
N
DT NH

Eur. J. Org. Chem. 2018, 4748-4753

TS T & Herel C-H BRITHBHRUT & foIq ge-anTer Y Tegwer
fermmit yprer SR & &I A Zr (IV) oD § AeW~AToil g7 EOSIN-Y

Covalently hooked EOSIN-Y in a Zr(IV) framework as visible-light mediated,
heterogeneous photocatalyst for efficient C-H functionalization of tertiary
amines

AT YIS H2AE T FUUNT DY b fHofei puleh
& GRT EOSIN-Y & el glbm & apfia
D 2elgorg Zr (IV) |1g-dldide hHdd (MOF)
T U A4 fITHET Flel-3dia fTafie fhm
T 81 IARE B FEUN THE-2MEIR, TN,
ElESIRGREN CEEL L i A 2 12 e K E AR A
TFEdTE,  SIARGE-Eg AR TIUHRIR
TECEPIdT FRT O 5T T e, ST BhHad
EOSIN-Y & ¥ T=av¢ -NH, FraeMie! & et
fetfémT &1 gfEr T €1 Scpe UER & 1o Jois
S & C-H TR 3 feTT S0 T weie
MOF TR 3R &Y QR-IHIT Tegeerd hic- 3RS
B BT H BRI BT 8l FETq HT H, 0D FHAIE
EOSIN-Y ¥ §8R 9T T 39 areltdT, EY @MOF
S A A [l =l Agcaqui Jeam & &,
SRITTR 10 TG T JA-d 11T BT ST Febell
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A novel heterogeneous photo-catalyst has
been developed by utilizing post-synthetic
modification of an amine functionalized Zr{IV)
metal-organic framework (MOF) through
covalent hooking of EOSIN-Y via dehydrating
coupling. The characterization of the catalyst
was accomplished by FT-IR, XRD, BET surface
analysis, TGA, as well as TEM, SEM, XPS, DRS-
UV-visible, NMR spectroscopy,
confirming successful linking of EOSIN-Y with
the pendent -NH. functionality in the
framework. That post-modified MOF acts as
simple and green visible light mediated photo-
catalyst for the C-H activation of tertiary
amines with excellent yields. Importantly, the
activity of dye incorporated heterogeneous
photo-catalyst is superior to that for the
homogeneous photo-catalyst EOSIN-Y.
Moreover, EY@MOF catalyst could be
consistently recycled up to 10 cycles, without
any significant loss in activity. This study
emphasises heterogenising the photocatalyst

and

TSk TfdaET 2018-19 ANNUAL REPORT 2018-19
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21 TT 7T BIS-IRE EQSIN-Y & feiiaor
& €1 HebR & ol bl Wi el 2 (31) Y2iea]
BIGTE, AT 1 FHART IR & Tash0l Heedl Ja
HegcadH & el (3l ¥ EOSIN-Y & ufdepel
TR HTET 2l STeplere s 4T 21

Visible Light Photocatalyst

20 examples
63-96% yield

EOSIN-Y benefits in two ways: (a) the
separation difficulty, as well as recyclability
issues of homogeneous catalysis are excluded
and {b) the adverse environmental effects of
toxic EOSIN-Y is optimised.

forat: gAlra-HimT & C-H Faamcieaier & 3
EOSIN Y G HICIS =TI

Figure: Photocatalysis by heterogenised EOSIN
Y towards the (—H functionalization of tert-
amines.

J. Catalysis 371 (2019) 298-304.

garet ferifs Zn(ll)/ Cd(ll) MOFs: Alge=uier Wam= Uiifihar vd sUawrEs &
Tl WS STRfRaT § CO, & |ad SUANT 2 $e [AuarT IoRD
Dual ligand Zn(ll)] Cd{ll) MOFs: efficient heterogeneous catalyst for

Knoevenagel condensation reaction and sustainable utilisation of CO. in
cycloaddition reaction with epoxides

SEY Telrll (ligand) STHEWANT SgA® (CPs)
{IZn{ADA)L,)]-2H,0} (CP7),  {[CA(ADA}L,)}
2H,0} (CP8) Tlel 1,3-U8HcT 318 THIfe®H ot
(H,ADA)/ TRIREH-TITRT fIF & & =Y gY
N 4TRSS PRI SRS S a feAg
ERENM (L,) i & &0 § TR ofR of e
Uit fasaT TR 2T forfiel &l Feg Hifear § Tafad
TeFel $ I Wiy & 91 fOfy= d=agel &
Agd-ioiel HeF P fel el ¥ & w4 7 Sl
AT TN SR A Dl [REd- aHar b1 01
vreei fesum oS4 el gig e 3N CP S L, feills
H THEE HRIcHHAT Sl SURART TehR! HT H &
SR DT FRT pel Hu- UikilEhar A et
2 81 §9% 31T, & TRIHT Zn(l1) Cd (I1)-3TmemRa
i el CPs  {{M(CHDC)L,).H,0}, CP9
(Zn™") 3R CP10 (Cd™) o 4-TRRIfSw
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Dual ligand coordination polymer (CPs)
{[ZN(ADAY(L)]2H:0(CP7),  {[CA(ADAY(L)]
2H,0}, (CP8) decorated with flexible 1,3-
adamantanediacetic acid (H,ADA)/ pyridine-
based Schiff base and 4-pyridylcarboxalde-
hyde isonicotinoybhydrazone (L) as linkers
has been synthesized and thoroughly
characterized. These ligands were utilized as
efficient catalysts for Knoevenagel
condensation of various substrates giving
good vyields of the corresponding adduct in
agueous media. The catalysts also exhibited
good recyclability. Lewis acidic metal center
and the presence of amide functionality in the
L. ligand of the CPs cooperatively involve in the
efficient condensation reaction by these
catalyst  materials.  Furthermore, two
dimensional Zn{I)/ Cd{l1}based mixed ligand
CPs {{M(CHDC)(L)].H:0}, CPg (Zn*") and CP10
(€d*) involving 4-pyridyl carboxaldehyde

msﬁ
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Heterogeneous
Catalysis
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Grinding

Ta=r: Figdder Gu=- iafaar & o o faea
JANE & T 5 {MADA)(L,)} 2H,0}, CP7/CP8.
Figure: {[M{ADA)(L)]-2H;0}. CP7/CP8 as d

heterogeneous catalyst for Knoevenagel
condensation reaction.
PHTFITEEES ITEAFHeAIge gggM (L1)

& T Told) & BT 7 el 1,4-TBad o S5
FEfrfed 3F (H,CHDC) e § &7 0%
e M HicTaier s G Rd fbar mr
#1 3F1 CPs @ AFmd 9% FeIf 7 8-30Ra
TBAB @7 I9Rfy 7 FUGARSH $ 91 CO, H
T THIT HAST o (7Y Ueh Sep® AMST9T Soo¥eh
0 H HRT B & o0 grIy T SR et 3
Hecaqul THAT & &1 O =fehd T Tam

Metal-Organic Frameworks

Grinding

{[M(CHDC)(L)],-H,01},

B SUIEAIEST & 1Y CO, & deh 1T HUTS @ [ely
Th  HUA  [A¥ERT Jale H w0 F
{IM(CHDC)(L,)].H,0}, CP9/CP10I

Figure: {{M(CHDQ)(L)].-H.0}» CPo/CP10 as an

efficient  heterogeneous catalyst for CO;
cycloaddition with epoxides.

isonicotinoylhydrazone (L1) in combination
with flexible 1,4-cyclohexanedicarboxylic acid
(H.CHDL) as linkers has been synthesized by
an adaptable synthetic protocol. Both CPs
were Tound to act as an excellent binary
catalyst for €O. cycloaddition with epoxidesin
the presence of a co-catalyst TBAB under
solvent free condition and were recycled

without significant loss of activity.

Inorg. Chem. Front. 5 (2018) 2630-2640.
Chem. Eur. J. 24 (2018) 15831-15839.

P T Hiferd SRS 3R 9 FTIANT

Carbon-supported basic catalyst and its application

I i AR Rdfes Tt 4 Haamd € 3fiv
TADT STAFT AT Ieat S i arferens®, &R
BIE P -Hel 3R IeURe Hal & folq &1 S 81
Sfelfes Wigplieh sbrd bl U ifefH Bl 3R cdpdl
FEITST fRT Sirar &, AR iR 9 fFfes
BT bl Il ool JAFHUl,  BlgglHd
BTN, AT JTr-dlecol 3 debriid] BT UM
Hp (BT ST 81 FRTS i Rieifesd ¥l &
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Carbon is omnipresent in natural and synthetic
materials and has been used for various
purposes such as adsorbent, rubber
enrichment, fuelblending, pigments, gas
storage, electrode, carbon fuel cells, and
catalyst supports. Whereas natural carbon is
synthesized from petroleum coke and wood,
synthetic carbons with diverse morphologies
are produced by using laser ablation,
hydrothermal carbonization, or high-voltage
arc techniques. Amongst the various synthetic
methodologies  employed, hydrothermal
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3, TSNS G AR A4/ ASHT oWl
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TEN Bl BT AT H T & UTH T ST T84
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& HHRINI ) B B ¥a ol T ai oF, fasielt
st wiaby sifbeforee & Wagd v el & for
BRI HeIel & T % [ofy STIRIE STHME &1
ST

Figure: Utilization of waste biomass for the

synthesis of functionalizable support for
covalent anchoring of active organocatalyst.

JEET & SNM 9T I0— - & o7 Tig 3
AR AT &, RO aTarenor 3 987 7:1 & BiEe
el B ZHfIT, BRA FeHieeT & U s
Ul Tl BT HNE SUAM U feemRd
LEEERR I

&4 A= 19 grggiudet ufhal (LTH) & g1 i
AT @Y (T GIE) ¥ FET TEHhehiad
(BCM) ol Htheldlgde Hoiellbived & WU
T URTS T SUATT Fd ST far &1
BCM 1R § Web \HI 3N &g [haiallel Wig ¥
# ST, —OH, —COOH, —C= O T 3T &7 arfHfspam
T YA U B gY Ufeepet GHIRT & HTeH 9 U
TS ThicTd TTE ST & oIl 3d: U AR SRS
BT TS B &l T TaIeT AN -R_T ISRD B
JORT TR B oc-c g W (@) A
arffihaTaTT ST WafeTe foar mom it R g 1
Sod B s TS 3- (2-
NEEERDIETEp i s R e e o
UlcSglge & ITd WURRY {100% ) H p-
TEIRCRA & U IepT TeeTsmal SERl
SO Bl HlghaelT & HEcaqul Jeba & 1 T IR
e O: ST fepgT T |

synthesis merits the one-pot synthesis of
metal oxides/carbon  having  distinctive
nano/micro assembly. We have been working
on the synthesis of carbon materials using
readily available largest bio-waste bagasse
(BA) obtained from sugarcane in India.

cHo

» gllica free precursor

In general, bagasse is burned for generating
steamn during electricity production releasing a
large amount of carbon into the atmosphere.
Hence, the possible use of this cellulosic
material for carbon footprinting would be an
interesting value addition.

We have successfully synthesized carbon
microspheres (BCM) from agricultural waste
residue (sugarcane bagasse) by a low-
temperature hydrothermal process (LTH)
using oxalic acid as the dehydrating agent.
These BCMs were uniform in size and contain
numerous functional groups e.g., —-OH, -
COOH, -C=0 providing an ease in further
functionalization to create a hydrophilic
surface using alkylamines which ultimately
lead to a basic catalyst. The catalytic activity of
this supported organo-base catalyst was
demonstrated by (-C bond forming (Henry)
reactions. Among all prepared catalysts, 3-(2-
aminoethylaminopropyl }trimethoxysilane
grafted in toluene showed high conversion of
aldehydes (up to 100%) with excellent
selectivity towards B-nitrostyrene. The catalyst
was reused five times without significant lose
of activity

ACS Sustainable Chem. Eng. 07 (2019) 3018-3026
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3TeFeATel BT ATFeATeTP 37T H TUATHS IATFAIHUT

Selective oxidation of octanol to octanoic acid

o el e

Tferthiees ol Uiesage / URTS 3 aisH =1 gm0
BT € 3fR 2 e ST H SUGRT fF e
2 g uelia far & & MnCo,0, = 5% Ru
HACAED 96% WU 3R 80°C W 10 dN
TN a9 & T80 76% TIACASAT & Al
it o llarcTel b dvel T 3l dtHe hl
IURT HAT &l MnCo, O, AT Ru-ScIeh WU
& SN ¥ B3 WHN hHi |iedl ey FEe
dtee (HPifFe Tdgs, sEeny RIgEs,
SRR EIN ER HES RN ERIEC NS CA IR AN
{NaOH, KOH 2R Na,C0,) & 9T AT &, &
T 1T HeoaT 2

0, (10 bar) [a)
5% RuMnGo,0, /\M)L
ST Y g B H————————= H
£ 80 “C, BTF 2

Oztanol Octanoic acid

BTF = Trifluorotoluene

Aliphatic linear aldehydes/acids have desirable
olfactory properties and are used in several
industrial applications. We have demonstrated
that 5% Ru on MnCo,0, efficiently catalyzes the
liguid phase oxidation of octanol to octanoic
acid with 96% conversion and 76% selectivity
under 1o bar oxygen pressure at 80 °C. The use
of MnCo,04supported Ru-catalyst system
avoids several drawbacks including the use of

homogenous oxidants {chromic oxide,
hydrogen peroxide, tertiary
butylhydroperoxide) and inorganic bases

{NaOH, KOH, and Na,C0y).

fas: Ru daferld MnC0,0, SSIRT affacHiar &
AT 3T 7 SATeRTeR

Figure: Ru on MnCo.0,-catalyzed oxidation of
octanol to octanoic acid

3-FrermEer-5-RFTSeT Yer el (AvhNTeT) & SchiRa Svor & fo1v sfRa wftrar
Greener process for the catalytic synthesis of 3-methyl-5-phenyl pentanol
(Mefrosol)

BIpRATST U 3fedd Agcaqul 39 TR & e
SO TS YA R e I GRT {57 S #l
RURFTT &9 9, 39 4@ @f o 7 ofdw ard
(AICI,) T STHETD 3T (HCI, Triflic acid) yafia
TIeidiel o AT ¥ TR 3 SITar 81 e s
7T Y Yl WeTNe BT & oY AN aTenfie #wer
BT SedIE dvd & e qufeeofiiy o) 98 o 3
Y U JAspUl el IS SN BT SN
@ch AWhI¥A el o HHINUT T Udh BINe HEeheUT (AT
ST B AU AT A & erfHfhaT SUR el B 1. U
UpR & TSFAEaIH T8l difcssiEs i
AZATART & T e ¥ SHEEeEIE
eyl @bl AU ST B 2. aRurH =hly Sedre
S0 BT SR SIS oI 10T >80% Ieed 3R
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Mefrosol is a highly important perfumery
chemical that is largely utilized by aroma
industries. Traditionally, this compound is
prepared in bulk via Lewis acid (AlCk) or
inorganic acid (HCl, Triflic acid) promoted
protocols. Inorganic acids are corrosive in
nature and produces enormous industrial
wastes thereby increasing the environmental
hazards. We have developed a green variant of
the synthesis of mefrosol by using a recyclable
acidic resin catalyst. The new synthesis
consists of two reaction steps: 1. Prins-type
cyclization leading to a mixture of
dihydropyran derivatives by the reaction
between benzaldehyde and isoprenol; 2.
catalytic hydrogenation of the resulting
cyclized product mixture. The reaction was
scaled up to obtain 250 g of mefrosal with
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90% T (81 TN H) 3 | 250 T W JTH
$ & (ol 3AMERIT Bl ¥hdA-31y T 1T | 89
YR, HhMETS & Ueb e, 3 3R afieifie &y
4 ged IS RN Bl WIH [BAT R | gE
TRINTSTTRT 3 HthINAleT @l 1 fhel T S0 UTH A &

>80% vyield and >90% purity {over two steps).
Thus, an efficient, green and industrially viable
catalytic synthesis of mefrosol has been
achieved. Further up-scaling to attain 1 Kg level
of mefrosol is ongoing in this laboratory.

Telu 21T 319-Edbl et ST 21
¢
Ph” g +/kﬁDH acidic resin ﬁﬁ 3 /HH +b
Toluene, &g 4 b0 Ph " "0
-
)

(30-93%) (7107

H; (40 bar), 5% Pd/C

- = |

R 250 79 o7 TN 9mIGIA @ sRa Gaim

Figure: Green synthesis of mefrosol at 250 g

scale,

. +
lsopropanal, 120 °C PR~ ™" ~""0H  ph
(95-98%4)

[

l Seperated by distilation

Ph .-'\/J\/\OH

Mefrosol {=98% pure)

Patent No. IN201611009444

(2-50%) "

&R 7h URFRefal § HMF 9 FDCA & SiTaiIaul & folg 9917 &0 o
qeFRuiig Rf3e arg sffess SoRe
Magnetically separable mixed metal oxide catalyst for the oxidation of HMF to
FDCA under base-free conditions

T&h TR &R Te- 7800 Bl & A1 9 franfeass
JATaTES/ ESaUES IORD D TH HE B
FHfT R T @dlT Boifas offEe-
ERSEEEY q, S8 AaHe B STaHee $ B
W IUINT XA 5, HMF 5 IHRT ST 7 Ru
g gerl JHTET O | 7E SRR g o
N =T HMF % 30 & 7 Ru-
MaTRE yorferyT &t wEeaqu e S @i
T Bl IeUND 5 TT. IHfHIT To¥ IR FDCA &l ~
95% TS & Arer HMF & >99% SiTa=iiaeT &
T T e TR B 10 T TR 96 oM W
FDCA & Iare 7 7l fREe 58 1 & SIfie
TS F A AFEERT $ HRO 2 ISRG Dl U6
T E9e ST IUUNT FHeds AT F el T S
e & AN TR AT Qe % i A
TET FHT & HIRT G IUHNT fehalT T FefelT 21
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A series of trimetallic oxides/ hydroxide
catalysts were synthesized via 2 simple alkali
co-precipitation  method.  Among  the
trimetallic oxy-hydroxides synthesized, the Ru
containing materials were found to be
effective for the catalytic oxidation of HMF
using dioxygen as the oxidant. This underlines
the important role of Ru-based systems for the
oxidation of biomass derived HMF under base-
free conditions. The catalyst was effective for
the >99% oxidation of HMF with ~o5% yield of
FDCA at 5 g reaction scale. Increasing the
reaction scale to 10 g resulted in a slight
decrease in the yield of FDCA owing to an
incomplete oxidation of the formyl moiety.
The catalyst can easily be separated using a
permanent magnet and reused with a slight
decrease in activity, without further chemical
pre-treatment.
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Rt 91T U & YRy Ru SR HeTicass AT ¢1q)

Figure: Magnetically separable Ru-based trimetallic mixed metal.

Catalytic value-addition of biomass-derived chemicals

T IR SR T Iiel ) =% 276 TEaT 2l
5-ETEGITE H g PP (THUAU) aﬂ?é@%lﬁ'cﬁ
3l (TolV) 59 SHA § Hecaqul qHedT AT B
TGN 25 TUAIHD 3@l IeUle, W 815
Gffddferes e (THERY) ik 81§ hHige
PRI (SIghath ) Sl A UHuR® sgoic Gl &
o1 e 3N Had faeed & wd § B o B
g4 alelldl, y-deliclgeld (Sdlvd), LA @l
TIIcHD 8IS I-1eul Iedle, wldHd uRadl &
0 U 2T ATedd &iN S $8 R difer iy & Fra
& WY H HRT AT B

Catalytic transformations of biomass to
organics like fuels, chemicals, polymers etc.
have an immense impact on the future
generation. The biomass-derived cellulose-
based  platform  molecules eg.  5-
Hydroxymethylfurfural (HMF) and levulinic
acid (LA) play vital role in this domain. The
selective oxidation products of HMF i.e., furan
di carboxylic acid {FDCA) and di formyl furan
(DFF) serve as attractive and sustainable
alternative to traditional polymer precursorsin
industry. In addition, y-valerolactone (Gvl), the
selective hydrogenation product of LA, acts as
a green medium for organic transformations
and a source of biofuel and polymers.

Ni/ 510,-Al,0, SHRE BT ITINT BN AGfeT 1 RIS SR BB BT TAAHD
ESIERICaY]

Selective hydrogenation of levulinic acid and furfural using Ni/SiO.-Al.O;
catalyst

Blet &1 3 g9 diftiisuss Nif Si0,-AlLD, (Ni/SA) &
SWRINT B Uah Al IUNes & B H elgfell e sial
(LA) & 31Ufde graglai (THF A1zaH 8) & SUdiT
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Recently we have demonstrated successfully
the use of commercial NifSiO,-AlLO; (NifSA) as
an active catalyst for the conversion of
levulinic acid (LA) to y-valerolactone (Gvl) via
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P GNT ThI BEGIATSFlIga I GRT Y-deRIciTe

(Gvl) @Y IURT TWHRY BBENEFa &I
VU Acdiza (IPA) HI ARIH/ H-EId P ©F
H JWRANT Bl A dd el 6 81 SaRe o
aiploid aiffbar YRRl & d8d Gvl (99-
100%) F FRIFETT ITET & T ST A 5
FePE AT gl THF e 7 Gvl & AR
AT % foNY A1 IR B Frherayde 7 fHa
T ofT, FEY 20 92 & 9T TN 97-99% IS & T8
TP IO, SORD (NiIfSA) 7 H, i Iufkfa J
STRAIATT ATENRT 3 SGoTd & BHRUT Fod FTeASAr
& TR RGN o fAeT FeTel Bl HUTeuT 1 fram
T arE! afafaty GwrE

- P
o

0. THF )\/Yon s H, | tHp. /0
0 L
v H, 0 ©\40 CK/O“
Gvl " Levulinicacid  Furfural THFA
FA i o
e (_,\I
{ mcdl"la Q/

2-MTHF

piomass

Y

catalytic hydrocyclisation using molecular
hydrogen (in THF medium) and catalytic
transfer hydrocyclisation using isopropyl
alcohol {IPA) as medium/H-source. The catalyst
showed excellent activity in both cases with a
maximum yield of Gvl {g99-100%) under
optimized reaction conditions. The catalyst
was also successfully deployed for the
continuous production of Gvl in THF medium
giving 97-99% yield up to 20 h time-on-stream.
Furthermore, the catalyst (Ni/SA) showed
good activity towards the conversion of
furfural to various products in the presence of
H. with high selectivity by varying the reaction
medium.

Ren: clgalld® /el SiY WRPpYdd B Ni-SHRdT
g A e

Figure: Supported Ni-catalyzed hydrogenation
of levulinic acid and furfural

Catalysis Letters 149 (2019) 215-227

TTT IEURDT & ATETH W CO, P BTESIo 10T W I 3l

Hydrogenation of CO: to formic acid by means of heterogeneous catalysts

Wi el &l UH HY A Wl EX&HS, HARRN &
TN A SR e 3R Tal & forg Hleas &
Y H ST (T ST &1 S AT, THHT THST,
H SATTE AR B T BHC W H ST HHH
e g7 39 % HY § fhgT SIar 8 W B9 4,
I 3T BT ScdTeT e SR U= HeFof &
TR (W@ S-G90 Fihan) & Aread o fhar
ST 1 fUser & 2ot § O, F ERgeT IR B
I ¥ GBS I @ GRNT B & O] I8
TeRI 25T TT &1 ST ISTaT CO,3 SATeha ™ BTN
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Formic acid is widely utilized as a food
preservative, antibacterial agent in livestock
feed and pesticide for crops. Moreover, it has
wide applications in the leather, dyeing,
textile, and rubber industries and also in
varipus cleaning products. Some formate
esters are used as artificial flavorings or
perfumes.  Traditionally, formic
produced in industrial scale via carbonylation
of methanol (a two-step process). Within last
two decades tremendous attention has been
paid for synthesizing formic acid via
hydrogenation of (0.. Consequently, a series
of homogeneous and heterogeneous catalyst
systerns have been developed to achieve

acid s
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HoaaTE T -H e =TS
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IR qunerd! &t U sEer [nied 6t 1 ¥ 39
YA ¥, 894 UR & [ e Gelfeam M-
NaR S91 BRelFdes I¥d UUTl (PdNi-

LDH) &l afeedl SUsf A thiffden arret 24 b foru
Homogeneous/
Hetarogeneous
Catalyst
H2 o 002 HCOOH

Rae: SavEl & TeTH F CO, & FRg I o
BRI EARCE]

Figure: Catalytic hydrogenation of CO; to formic
acid.

YRR SE¥AT & d8d 5 MPa CD, 3il¥ H, g9/d A
A RIS f5ar ST FHar & SORS H
TR 7T Tl & forg fsamelictar o famm faedt
BT B T ST 3531 7]

CO, & EENHI®TT & AT I s 3 Br
THRT H F AN FReR 7ol & B FwT H,
AECITT-BETH Zr0,- TN garef (N/ Z2r0,)
1 T ST Bl FoRI R BT T 37 APy TehAu
Hq & HER & 70 U 31 AR & w9 F ofvarmr
3T T HANe® B9 F N/ Zr0,- T4 Ru-
FONE (1% Ru-aATST) T NI 3w 3 d8d o7
TN 50 U a1g SRS F S RS o B
FooeH IR FERT I (e SEurgds
SECHITNU A A Hoa Werar £ arfifear
H1ETH &1 STl ¥ AT H g8ed 3R H, ¥ & 9
Zr-=7 PV gd-afaag = e aRume fea | Hgeqqui
W ¥, FTET 8N (S Et,N) ST TRIEH 37996 "8/
251, Et,N (C,H,gN) 1 e 3 g Yeh fufa
(C;H,N,) & | 2r0, 9% @I fFrrelie 97 &
Hgcd ol SIe el 81 YR dlfetal 3 fEuy 3|
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maximum conversion of CO, to formic acdid. In
this endeavor, we have found that z palladium
nickel-based layered double hydroxide catalyst
system (PdNi-LDH) can be successfully
employed at 5 MPa €O, and H: pressure,

S.No Catalyst Formic acid
{mmaol)

1 1% Ruo/N/Zx0»-1 1.8 {1.6-2.0)

21 1% Ru/N/Z10, —

3 1%Ru/N/Zr0: 0.32

4+ 1% Ruw/N/ZrQ,-1 1.8

5 2% Ru/N/ZrQOs-| 1.6

o 4% Ruw/N/Zr0,-1 1.6

7 &% Ru/N/Zr,-1 1.5
Reaction condition: 100 mg catalyst, 40 mL H.0O,
50 bar pressure {25 H,: 25 C0O»), 120°C, 6 h; 1 g
EtsN. “ MeOH in place of water; * sample reduced
by Hy/ N2, 400 °C, 4h. © without EtsN

under basic condition to give formic acid in
good yield. The catalyst was also reused for b
four reaction cycles without appreciable loss
of its activity.

As part of our continued efforts to synthesize
formic acid via €O, hydrogenation, a series of
nitrogen-functionalized Zr0,-based materials
{N/Zr0,) were synthesized and explored as a
solid support for anchoring various transition
metal candidates. Gratifyingly, the N{ZrO,-
supported  Ru-catalyst (1% Ru-loading)
displayed the highest production of formic
acid among the other tested metal catalysts
under hasic condition. A careful optimization
study indicates that changing the reaction
medium from water to methanol and pre-
reduction of the Zrsample with H. gas
provided inferior results. Importantly, the
addition of an external base {e.g. Et;N) is not
necessary indicating the significance of
functionalizing the ZrO, surface with nitrogen-
rich molecules {(;HsNg) compared to Et;N
{(CeHisN). The results are summarized in the
given table.
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lodine-catalyzed One-pot Decarboxylative Sulfenylation of Electron rich arenes

A-S B, FHNGCHed, HRIWEG Y,
T I F AR FE 6 IUIR $ foT
FEIAIC BT WA Tl Tt T3l 7 FreR A6 H IRy
ST &1 9 WP, TNe-S dfrs Bl Ao Jer+{d Hecd
BT RE 81 T B frStfore 3l T arg-Se e
THEFET AFRleT WHeH BT 7 Hohe-
e Terel B TRiT TR o T STeie
WHIfT &, TS Paa Y A SReliTaEs
(CO,) SU-S<UE & ®F ¥ aa 21 gleliis, ¥
Al HepHU O IORE B I B g, S
Sfeifies 9T & SO & forU ofJugsh &1 39 e
o, T HepHUT AT TR  SoraeiT S5
W BE (I AT 3N FSIT DIaTrsTiold e
& AREH SR fepEleagafta Yethizrsase
! BRI T &1 72 gy &1 U wox | a1frfsus
Aol atet Hecayyf Aead & SRR B 5
T YR A AT TR |

o SAr
MeO OMe
N S Ar
SAr H
OMe

Aryl-5 bond is abundant in pharmaceuticals,
functional materials, potent drugs used
against inflammation, immunodeficiency virus,
Alzheimer’s and Parkinson’s diseases as well as
cancers. Thus, the construction of aryl-5 bond
is a fundamental
importance. Metal-catalyzed decarboxylative
thiolation of arene carboxylic acids is an
attractive strategy to install a sulfur-based
substituent into an aromatic ring, since the
gaseous carbon dioxide {CO.) is formed as the
only by-product. However, these methods
employ expensive transition metal catalysts
rendering them unsuitable for industrial scale
utilization. In this context, we have developed
an  iodine  catalyzed  decarboxylative
sulfenylation of electron rich arene carboxylic
acids and indole carboxylic acids under
transition metalfree conditions. The new
methodology was applied to synthesize
important intermediates having commercial
applications in gram scale.

transformation  of

forT: o Fecayyl TRe Temigew)

Figure: Some important aryl sulfides.

ChemistrySelect 03 (2018) 6116— 6121

S9T-UHTY URA C(sp®)-H HRITTHSHAT & ATETT | UTell (ARICIIIT-aTs31ew)
T AT
Synthesis of poly (substituted-pyrroles) via visible-light induced C(sp?)-H
functionalization

ad drgl, srfred Hifdayew @y Wil
ITATET F TTERIeT FHad Taferd &1 TA e faftor
& TEd AEeN SoRa eiffcEgNeM 3T OB-
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Pyrrole frameworks are prevalent in numerous
pharmaceuticals, bioactive molecules and
natural products. We have developed an
elegant synthesis of tri- and tetra-substituted
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ST 39 & W1 § ((sp?)-H Hraeegaie
F ATeIH F T <N Co-faenitd Uil BT Wb
GO U] HIUT iR fdhaT 51 HISThiel 2! HTuu
SERTNaT @l Wl Ul uiliel €dhthiee &
Hec ™ +H0T & ATeaH 9 fhar [ g R HaioH
WHeN P HTER Tg [ erg qh yRRefoul 3
IRl & dUHM R 3cU¥E HicHd U5 &6
HAIU[ BT YgelT JeTedyf 2

o= 278 iR Sgr-maenita UTgRiet & SETEvoT
Figure: Examples of tri- and tetrag-substituted
pyrroles

pyrroles via Jiodine catalyzed ({sp*)-H
functionalization of tosylhydrazones with [-
enamino esters under visible light frradiation.
The synthetic practicality of the protocol was
demonstrated via the multigram preparation
of representative pyrrole scaffold. To the best
of our knowledge, this method constitutes the
first example of the synthesis of highly
functionalized pyrroles at ambient
temperature under metal-free conditions.

CO,Et CO.Et  Ar CO.Et
085, A, U
Ar N Ar Ar N TAr Ar NT A
H H H

J. Org. Chem. 83 (2018) 9412—-9421

Synthesis of imidazopyridine-based azo dyes

UAT IS UAT UHfepT 6 TEdie S0 § "ecaqu)
ST E, T ST =06 ©F H 79, I8 3 T
31 F6 W qerl 6 eler & oy fésar S 2|
I S RIS T B S &Y, E5 it
Iefenl P Ueb AY G o HRINUT 3R 3T Gl e B
U &R UTplad R e dusl 6 g
Ut 1 fepRie febar 81 Fofar 7 Gl e &
TA0T 37T STV F Fforiae Fawan & 1. o
fshT egai il & & SN 4 s g¥ gyfen
3D B, 2. Tg ~AH ST BT JeqTfed el 2,
3. AffehzTal Pl el dATIHI U wicdiied faar T
%, 4. G & 2RM, IRl B ITF LT B T
60-90% T IUTE BT 8, 5. TS DI HiEa 7 9%
(oTepfers) RyeTiean) T el TTHAT R W5 7 Ga]
AT 21 597 bR, Tt A7 Gel-5ramer i sireasgand
TE BT 2 31N TS UERT 7 B AT MR See
T2 BRI B
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Azo dyes are a commercially significant family
of azo compounds widely utilized to treat
textiles, leather articles, and some foods.
Given their broad industrial prominence, we
have developed the synthesis of a new class of
azodyes and the dyeing process of both
natural and synthetic fabrics by using those
azodyes. As a whole, the synthesis and
application of the azo dye have the following
features: 1. the entire process is eco-friendly
avoiding the use of metals and bases, 2. it
generates minimum waste effluents, 3. the
reactions are performed at room temperature,
4. during the synthesis, the products are
obtained in fo-go% yield with high purity, 5.
the dyeing process involves simple sinking of
the fabric (naturalfsynthetic) into the dye
solution at room temperature. Thus, no pre-
treatment is required and no effluent
generation is involved in the dyeing process.
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ferr: TolY I5Te BT AT It

Figure: A new closs of azo dye.

Patent filing No 0182NF2018.

SSRGS SIS & galformer & oy Qifsad aqur (Nal/ NaBr/
Nacl)

Sodium salts (Nal/ NaBr/ NaCl) for the halogenation of imidazo-fused
heterocycles

BelliS (22X1) WiAfE® Fifie! Bl g Reifes
HEET HIAT ST & el fdb o WiReITa AT shie-gmT
gfifieamen & qregd I 2R et Jfeer W= &
AT S Hoar Bl R ufhar & e W R
RO W & U6 R0 & U H, 31T o A A
AT F ITTE AT AUl B TR | 37
K,S,0, T ITFE I T TS E 3 w0 H ST H3h
FHEH-TTE SCMEa e &b saH PRy (|, Br 3R
Cly % o7 v Horet Ty &7 aui= 5 &1 | o
qemq Sqred 6 g fafggdmget  gfewend
o foWEsy SN B shiewmEiEs,

mﬁ@ﬁ? guei?-r aﬂg@ﬁr‘:ﬁﬁ?ﬁq aﬂ?
TERAREN Bt o s

A wifegT #fered @ SWF and wEad
Beilfoiee eglurId el & ISRl

Figure: Examples of halogenated heterocycles
synthesized by using sodium halides,
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Halogenated (hetero) aromatic compounds

are considered as valuable synthetic
intermediates as they can be further
transformed into a more complicated

structure via substitution or cross-coupling
reactions. As a part of our continuous effort on
green process development, recently we have
described an  efficient method for the
halogenation (I, Br and Cl) of imidazo-fused
heterocycles using readily available sodium
salts as the halogen source and K.5,0z or
oxone as the oxidant. Diversely substituted
halogenated heterocycles such as
imidazopyridine, imidazothiazole,
benzoimidazothiazole, aminopyridine, indole,
isoguinoline, and pyrimidine were obtained in
moderate to good yields.

f”}f‘“f\f

X - IJ'Br."CI
Phegm N J\
R

J. Org. Chem. 84 (2019) 792-805.
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Chelation-assisted de-aryloxylative amination of 2-aryloxy quinolones

qY & IORP B AT F O- T N-Bietfen a0
FRIf® 2-TReTRiaET e @ Uh g
Jferadcfies S-Wiaaifaafed fHe o g3
fohT TN Hee Bl Il HRITHAS Fg C-2-
FIATCHE THII ihaT B FERRT T J feeaquf
TR FrIe €, S URerRifrd THE 5 W TdE
WD e TRIeeTo & Head I amy
gedl Bl BRI sryide  2-sHEA e
(88% T [T IeuTe) % Ueh Heeduul o e
g T S UM Hedl € 3f 39 Wb Hgcaqui S
T PRMTS FFaRT€eh & Ueh Hecaqul 3127 & HTo0

& fely Hhetddds AR fdhaT 7T |
o™ o~
N
= T
2T Rars L
S
N L S
1 - -
L.z D ~.°
ArOH o SO
DG =0H Sanbslraie: 25 syamples Key Irig:nant of
= 0H, S |
NHR &tz directed Sy Ar Up to 88 hioactive PRMTS

reaction” inhihitor

A highly regioselective de-aryloxylative
amination of O- or N-chelating group-
functionalized z-aryloxy quinolines has been
accomplished by means of a copper catalyst.
The chelating functional groups of the
substrate play a crucial role in directing the C-
2-selective amination process, which proceeds
through a nucleophilic
substitution of the aryloxy group. The
methodology provides expedient access to an
important «class of functionalized 2-
aminoquinolines (up to 88% isclated yield) and
was successfully applied for the synthesis of a
key fragment of animportant bioactive PRMT5
inhibitor.

novel aromatic

o i SR feailer o1 RuResiiaasiea
C-2 U=

Figure: Copper catolyzed dearvioxylative -2
amination of quinolines.

Org. Biomol. Chem. 16 (2018) 3716-3720.

S AffmaTel § SORE & w1 H Sk Gl Peree () sfase
Binuclear double-stranded cobalt (lll) helicates as catalysts in asymmetric
reactions

fadblod ol afetbe [Co,(H1)T™, [Co,(H2)T"
3 [Co,(H3Y]", & W 3T HA-SHRHeS
CH, ¥IFH & §”T H,1, H,2, 3R H,3 & ferile
e, UTH Bl T3l 3 AT Bl e
ERIHEH Bl FTh AL 3R AA TR F gersp
farmr mam & GifFaamRe efibey o5 wfig
TifEearel 7 IORE F BT § B B & foae
AT FIEgNee e afwET 2N SSifgcre
ATITEREITRM o5 ATEas ¥ ST SHHICaIeTT e

/_024

A series of double-stranded binuclear helicates
[Co:(H1)]*, [Coo(H2)]* and  [Cox(H3).]*,
derived from mono-deprotonated bis-pyridyl
hydrazine-based ligands of H.1, H.2, and H.3
with one, two, and three —CH, spacers, were
obtained. These asymmetric-carbon-free
racemic helicates were separated into their AA
and AA enantiomers. These enantiomeric
helicates act as catalysts in some established
including asymmetric nitroaldol
reaction and asymmetric desymmetrization via
benzoylation reactions. This report
demonstrates the first time that these

reactions
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<
21 7% RO Tecll IR UEfia #d! 2 5 J oF™a-  asymmetric-carbon-free helicates possessing R

Bl defred [ forme e1fere) o urg helical chirality and metal centered chirality
. > ;5; ¥Ry 25_5; can act as enantioselective catalysts.
HEd® EQ oIl &, Qf% “TalTelred SoRe

& ®rRf Y Fehd B

Desv_TmEtrisSjj
R @A (M) Slomboy IHNAT  SREIAG ® | .
®UIAR! ‘,1 3 o P

Henry reaction

Figure: Co(M))-helicates catalyzed asymmetric

- ,:E‘ ) ‘:—“E}‘)
transformations. % 4‘5 @ m

Enantiomeric Resolution of Helicates

Inorg. Chem. 57 (2018) 11414—11421.
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Theme: Materials

T Wi eFane

HITHEHR-HICHUHIHRATE = (5ol $o qu! 4 yarRl G5 W s ugd iR B3 srawr &3
H Jecl@A1d HHeY IR [ILusar fiwrg 81 G F fafeT gerel S fh e, fsiieged, arg
SATFZS, BIEGICAHISE, DI, G-~ Hhadh (MOFs), HIUTHD D e AT HiFderad 3N
TATO=T ST & W ST & Tolg 10N b WHRINI TN FeelG1d INe i) fedIsrdr o &1 2l
S LA & faf¥e fepri & AsiTiviep 31l Ieh T8, SR geref 0¥, HIQATSR & 3fweX Ud qTeY
T ITSEIRT TR, $1eifUres Tl 1R S & A1 el B 3% 38 8l ST &l INEH
RTSENRT UeT AERRISC I Wic e Uit 5 U dTet WepTaIHT, Tebrile! WshAl, Wit Iearal 3R faf¥=T
AT TR GRT AT 8 PO UshA i TueT i & 95d WREh § W 371 4 39
TERAT ol AT SR/ ST aRTenNat o TG faraT T &1 SaTeTaR WY geref wmr arfiregs
T I ST & &7 21 99 2018-19 F veref st U= mera ave st & e &= i 2w S wa
2l

Thematic core competences

CSIR-CSMCRI has shown significant strength and expertise in highly applied and assorted
research areas on theme “Materials” over few decades. Enormous contribution has been
devoted in gaining insight of a broad spectrum of materials including clays, zeolites, metal
oxides, hydrotalcites, carbons, metal-organic frameworks (MOFs), functionalized
inorganic metal complexes, and nano-particles for practical and sustainable applications in
various industries. The scientists and their research groups from various disciplines in this
institute are working on the aforementioned materials, and collaborate with other
national laboratories both inside and outside CSIR, academic institutions and industries.
The Institute’s output is well balanced by technology/ process/ product developments,
quality publications in both national and internationally reputed journals and various
societal activities. The IP rights protect some of those processes and a few of those are
transferred to various industriesf/licensees. Many of those materials are being exploited
commercially. In the following, some highlights on theme “Materials” are described that
were carried out during the year 2018-19.

027 .
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quf 31 FURHURIE SUHRN & {1 srear HRFET W AT ¥a-SI0S $Ta Acddh

Self-doped carbon network derived from Ulva fasciata for all-solid
supercapacitor devices

geifdee dIe-] bl dad] A1 P |2 Giddel oY g
I geldgl-ed & 77 H g 5 BRU &oo, Iz
ol aTIR g eied & |1 HolEd [degd Sl bl 1T
o ol  gf §F 81 39 & 0w feaT hNRIET $
Ueb SEY ¥ g ISR Pre- § wUidw Hi Y-
=07 fehdT Ul S 8 HHE-Ic0—~ & SR &
Ul b dRUEERY Wd-Ehd WY
SRIYeH-SITs SeRARIMNS ¥ 4 Ffba IhH
A-IryIE U1 gaiTl I AT Ueb Hvel ailk
ITHMT H Fhordel Zolde s Yarel Ieured hl HiN]
B Iroid D 8, NRIh TR U Saef oty
TR T & AT W ISR Foa AR R i

The surging growth of portable and wearable
electronics along with increasing demand for
electric vehicles has led to an exponential
increase in the demand for light weight, robust
power spurces with high energy and power
density. Here, we demonstrate a single-step
conversion process of seaweed Ulva fasciata
to interconnected nanoporous carbon.
Pyrolysis of marine origin green biomass
inherently heteroatom-doped
electrochemically active graphene
nanocomposite. Present study outlines a
simple and easily scalable electrode material
production which resulted in a relatively high
and stable specific capacitance through a

resulted in

Pyrolysis
—

Pyrolysis [§
—

Separator cum solid elactrolytet—-

Rt siear BREIET 9 W [4eiRm - Aol Bie- goiagls Ja1ef 3R Sqel-ofak Foi-ReRo Hablaad

& qreaH 9§ ReR (IR o o1y 30 3m)

Figure: Solvent-free nanoporous carbon electrode material derived from Ulva fasciata and its
applications towards stable capacitance through o double-layer charge-storage mechanism.

/_ 028
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dea aTRaT ure Bt 1 UERiegee T & e
800°C (UF-800) B Hifcie il a1l siquiT & &=
I HEfpaar & e, a9 R emEiRd sk
=T Gl 161 gelgele gl 1 Hifds fFawam,
ST 9100 mS/m 1 F= faele Aletan 3R 376
m?ig 9 3718 & BET Hds 89 l cafdl &1 H,PO,-
PVA Tthes &1 faIoies-He-geidglenge a2 UF-
800 &I Jefclchy uerel & wu A Sy e veb gof
ST YUIHTRTCR IYR, 10 KWikg & 3T B
T 330 Flg ¥ ® &1 Iz IRee ariar
Tefifa ovar 81 39F AE, TR o e
RPUNEY, el 9gd 9o oFe Hulifed
TTER BT 5000 TH (97.5% HURTCH REeM) 6
R Uef3a oear 21 IRfEs Satca § 2.5% &
AT 40T & T2l 5 Alg T 200 F/g &1 U6 324
IR, 9 SERT B I @ "l A
TRRIGT & SRF Aghl 3N O/ &
SFYATEaT B E2far

double layer charge storage mechanism.
Temperature dependent morphology and
texture variation was observed for the
pyrolyzed samples, with best synergy between
physical properties and application achieved at
800°C (UF-800). The physical characteristics of
electrode material highlights high electrical
conductivities of ~9100 m5/m and BET surface
area of >376 m*/g. An all-solid supercapacitor
device using HsPO,-PVA film as separator-cum-
electrolyte and UF-8p0 as electroactive
material exhibited high gravimetric
capacitance of >330 F/g with a power density
of 10 kW/kg. Further, the symmetrical two
electrode supercapacitor demonstrate ideal
electrical double layer capacitive behavior
stable up to 5000 cycles {(97.5% capacitance
retention). A high capacitance of-200 Ffg at 5
Afg with a nominal loss of 2.5% in gravimetric
capacitance reflects the collusiveness of high
electrical conductivity of the composite walls
and the micro and nano-pores created during

pyrolysis.

ACS Sustainable Chemistry & Engineering, 07 (2019) 174-186

TSR Tar & e e & fog smafare seifrasegd srRe-smeRa
pH-fRATN T1E PuraraenT erggiorel

Anionic carboxymethylagarose-based pH-responsive smart superabsorbent
hydrogels for controlled release of anticancer drug

dter Argmid AAfiees MR doiid & Aredd o
deliUiheT™ =SS (PAM) & H1Y A0S R Sa
GATeTe TS SFRIST (CMA) T ST
Feh RIIATET sIggied (CMA-g-PAm) Tare &
ffemfor 1 wedie fobar T par & @ ol
ftFe et T SfARER, Bt i A
& saTal 1 O ST BT TS TROT ETgg eIt e
& JIER I FH ST pH 3R T sl
STEN BT U gt 21 39 7RE 9 Ml egger #r
AT T ST T o FATiele SThNT o7 Il o <6

Tk UfeEeT 2018-19 ANNUAL REPORT 2018-19

The preparation of superabsorbent hydrogel
{CMA-g-PAm) materials using anionic and
water soluble carboxymethyagarose (CMA)
with polyacrylamide {PAm) through rapid
microwave assisted grafting technique is
demonstrated. Effects of initiator, crosslinker,
and monomer on the swelling behavior and
grafting parameters have been thoroughly
investigated. The swelling behavior of the
resulting hydrogels revealed excellent pH and
salt responsive behavior. The drug delivery
application of thus fabricated hydrogel was
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T Aleet &ar & ®7 ¥ Seae T (Dox) BT

SUTIT FRep HeTen 3 | Refisr & arema
gRUrET § 9T goT {5 7.4 W 5.0 I% pH ¥ HHT F
S Nl BrohT ot g8 FINTeRar sregeir -1 qfe
1o R TS ot 5 ST SIETErel (VERQ) B forg
TSR A0 oft, ST Dox-TSS EE3Nel A49
R Hep-G2 TR PRERT F U IR
fA9hdr A S 381 g4 A farsarai A yHIr fasam
T2 T TR EgeieTe (HK11) e SUeN & forg
HATIT ST {9~ ehH & B 7 B B3 8l

R Dox Fh EggIoiet 37eh (HK11) & 72 HaNerT
F T VERO, A549, 3IR HepG2 HIrprel &1
FI3reET SraERfan

Figure: Cell viability of VERO, A549, and HepG:2

cells after treatment with Dox-free hydrogel
extracts (HK1).

further evaluated using doxorubicin {Dox) as a
model drug to explore its possible
applications. Release study results revealed
that Dox release was significantly accelerated
with decrease in pH from 7.4 to 5.0. Toxicity
assays confirmed that the blank hydrogels had
negligible toxicity to normal cells (VERQ),
whereas the Dox-loaded hydrogels remained
high in cytotoxicity for Ag4g and Hep-G2
cancer cells. All of these attributes implied that
the new proposed hydrogel (HK11) serves as
potential drug delivery platforms for cancer
therapy.

International Journal of Biological Macromolecules, 124, 2019, 1220-1229

S8 3R YRT 4T3 BT g & fog AT Siarel egea— AbIA

Seaweed-derived graphene for the removal of dyes and heavy metals

TET &9 THa1 GTeT STEN (3fed] BRIRIET) & Toel
=N YRR R & Aiead 8 FeS/Fe(0) drafctie
THI A TBIFIINE (G-Fe) & Ied1E & folu Ud ARl
3l e g RHafes 96 uefia axd & a8
aRTfae & o5 wat St F s 3N SrEfs
Fehd SFI B YIPRE TERAT Sy TIHA R
RIS ThEed ofie & aTaaT & URg
F Bl FeCl, BI AR S TN & HHY
TS Tole 6 &Y W fhaT T e 3RRA
ST o TFERIeT & A=Al i veie i

/_ 030

Here we demonstrate, a simple and solvent-
free synthetic route for the production of
FeS{Fe(o) functionalized graphene
nanocomposite ((-Fe) via a one-step pyrolysis
of seaweed biomass (Ulva fosciota). 1t is
proposed that the natural abundance of both
inorganic and organic sulfur in the seaweed
induces the reduction of exfoliated graphitic
sheets at elevated temperatures. Fell; was
employed both as the iron precursor as well as
the templating agent. Iron doping played a
dual-faceted role of exfoliating as well as
activating agent, producing composite with
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SIEt AT A, ST Pp® (645 mg 10mg/g),
CR {370mg/g), CV {809mg/g). MO (664 mg/g),
MB (402 mg/g) STE & foIT 3w TRE (8 T)
& ITd AN EHHAT dlel DFAINTE Bl Iede
T Pb?* STTeTUT &7 pH TR 1T S1SehHui e 3i
T 35T T BN (G-Fe-Pb) FT ITIRT BT
I Cr (IV) (100mg/g) E€W & fow fmar mm
I ST F B Tl Sl AiEt o s
T STafes ArRTEEe ST TRTHER STaeNuT §H e
T Ot a¥E ¥ fihe 21 39 AeTET, BN Hf &
OeTedl 4Rl e ftheer gRT Us fthee? QUR q¥ ofHT
$I T8 597 RB5 B8 8eM & fov e fthoewad
Hi1g & dad W T [N uRfHe gk gq
BFGIRE ST &1 Bl Seet ST Wel & ftheeyed
& Telg Hap H=5 widsarall & ge-panfe = 4
ITINT &3 T ST B gafd 8

HITHSTESTR - THUHH TS
CSIR-CSMCRI
high  adsorption  capacity for  Pb*

(645 £ 10 mg/g), CR {970 mg/g), (V(909 mg/g),
MO (664 mg/g), MB {402 mg/g) dyes and good
recyclability (8 cycles). Pb* adsorption was
irreversible even at low pH values and the
spent composite (G-Fe-Pb) was utilized for
efficient Cr(IV) removal {(10o0mg/g). The
adsorption data followed the pseudo second
order kinetics while the equilibrium data fitted
perfectly into the Langmuir adsorption
equation. Further, a thin layer of composite
was deposited on a filter paper by vacuum
filtration which was tested under continuous
filtration mode for RB5 dye removal
Preliminary results highlight the potential of
this composite to be used in pretreatment
steps in hybrid membrane processes for

filtration of complex wastewater feeds.

R FeS/Fe(0) RIS IHI AImIFAISIE (G-Fe) SIR 5 HQEH] & SN [HobRIT & 107 90t

SN

3

Figure: FeS/Fe(o) functionalized graphene nanocomposite (G-Fe) and the aforementioned
application towards adsorptive removal of several pollutants.

Journal of Hazardous Materials, 353 (2018) 190-203
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Fe-aRR&T0T ST & o1 st aRet aref

lonic liguids materials for UV-shielding applications

Tl dge AFG wEee, e, wiites IR il
TSI TR §90h Hfigeel W1 & fo7g ST STy 21
TG & AT FmET ¥ FE S IS 8§
Tt FHBNE BIT 81 SO, AR SRt It
ORRET gETef AR v & BIhT SaeaadT £l 57
HIFT BT T B % (AU, Tehed Ule FHIT0T GRT TN
-G IS T N1 ReR Ua Refen-
forfé Zet-aRRarT fthewt o 61 =it 57 =45.0 76
B FISA-TRE BRE (TIUR), =200% Th ged
e ofY =70 WY 9 a-uaT afh UehRia
T & O Sfae diferdRe fhenT gy veffa wax
i | N G I U G e B G
AT AT -THT- TN veref BT Tha T
o] yefie el 8l

et Sla-aEiRa iR et gR1 R fWale-
forfegr e 31 TaeE 3T Gen iRy qerel
Figure: A UV-shielding material developed from
Gelatin-lignin film stabilized by bio-based ionic
liquid.

UV light is known for its adverse effects on
human health, paint, plastic and cosmetics.
Most of the sunscreen formulations contain
organic compounds which are also harmful.
Therefore, there is a considerable interest in
developing environment friendly UV shielding
materials. To address these drawbacks, a
gelatin-lignin UV-shielding film stabilized by
bio-based ionic liquid prepared by one pot
synthesis shows a sun-protection factor {(SPF)
of up to =45.0, large elongation =200 %, and
tensile strength =70 MPa, which are as good as
those values exhibited by org. polymeric films,
indicating a promising renewable-resources.
based material for UV light blocking. This film
with excellent mechanical properties also
shows antimicrobial properties.

Gelatin matrix

Chem. Eur. J. 25 (2019) 1269-1274

ANYFeR & B § ATATH T MR A NgHee =

lonic liquid based nanoemulsions as nanoreactors

T IS TR TEHT (BISSIhleTd, TaE HihT
IR ETESIBIfRS) I T HIgAerT BT FEi

/_ 032

Nanoemulsions comprising all ionic liquid
components {(hydrophilic, surface active, and
hydrophobic) have been constructed which

TSk TfdaET 2018-19 ANNUAL REPORT 2018-19

¥




B N

FOH TS -H UHUHE TS

CSIR-CSMCRI

T W B A T S 5 wEeed e,
S Rerdr @ik angdicie dald, gdiy
ST AT A i & He g5 & ATHN F HHT AR
Sog aidy Ay bl femar @ gafar &1 ¥
AFIgHeYH, AT -PEHE HHTH e SR
glsfe e SiY Sudliedl siqdhel ueref &

TN & folt GRTEIT ARYEFe & %9 5 2dER
ECE

shows several contrasting properties such as
spontanepous  formation, thermodynamic
stability and isotropic nature, decrease of
droplet size with increase in polar medium
concentration and high thermal and kinetic
stability. These nanoemulsions behave as
recyclable nanoreactors for user-friendly
synthesis of materials such as metal-organic
frameworks/light harvesting hybrid systems.

frrar: ) sirafAe ave gedl (g1gs)fhicie, Wds
ibd, SR EESIBIR®) § Fh  AHIgHes
GRIGAT1 A7IRUFR @ B4 & 2fde R B 8
Figure: Nanoemulsions comprising all ionic
liquid components (hydrophilic, surface active,
and  hydrophobic) behave as recyclable
hanoredctors.

Langmuir 34 (2018) 10081-10091

TSI 9T AR & WY STHehIge AR BT AL HIN [+TShIA bl feem o
U% IR-SHreIRmAfes afaciy fia & U ¥ srfcas w9 faferer

Functionalized mesoporous silica as a non-chemodosimetric fluorescence
probe towards detection and removal of bisulfite anions along with toxic
metal ions

SR U TN H WYEd 6 BY H TSHFASed <J19d
T H IIIFT fbv IRT &, b T AFg Tareey afiw
qgfaeer & ol wWawr &1 g4l ave, 9iq S oy
Hg?t) cd?t, cu?t, 2R Zn?t off fader iR
TR [@aeT 81 Eelifs, IEHhEed 6 oy
2ATERIeT T HHSINACH UN 8, AT SGhRuiT
g o U U ey yurell § quf =T,
YR @i gerelieldr St ol drel Bl
IR BEAT B G B SN e  fAsadu &
ZIEX BT B T S D [oT8, T BRITHD HHIGH
fRyforenT BT TR fahe T 78 el Sréeraeed
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Bisulfites are widely used as preservatives for
food and beverage industries due to
antimicrobial and antioxidant properties, but
they possess a threat to human health and
environment. Similarly, metal ions like Hg?*,
€d?*, Ccu?t, and Zn?* are also toxic and of
environmental concern. However, most of the
sensors for bisulfites are chemodosimetric
probes, which are irreversible and having
drawbacks of absolute selectivity, recyclability,
and solubility in a2 pure agueous system. To
address the above drawbacks and to impart
dual functions of sensing and extraction, a
functionalized  mesoporous  silica  was
synthesized. This material can detect bisulfite

mﬁ




R o1ehvT & T F HSO; & TR & W 69

foresT ST IR-BHISIATCS s TiE
Figure: Silica based non-chemodosimetric

fluorescence probe for detection of HS03 levels
in sugar samples.

(LOD: 64 didieh) afv sar: 873, 630, 633, 633
260, 3R 412 Feiam afimmT & ey T &
1o Hg? ™, €d?™, Cu?*, 3R Zn?* (LOD: 1286, 95,
14, 31X 27 ppb, HHA:) S @8 gIg ST @I
AT B Wl erdEnwn, R SR
JREIHAT e & R Wadoliie
AR § AT I & [ I8 yaref & &t oo
& ol Ues reral AT 178 Srfremyor garef 81 33
ST, S USTl BT SUAN FARTST TR AT 7
HS03 W & SE &g U Sdeaiiel S uarel &
T T 7 haT &l

anion {LOD: 64 ppb) and toxic metal ions like
Hg?*, Cd**, Cu®*, and Zn** (LOD: 126, 95, 14,
and 27 pph, respectively) with adsorption
capacities of 873, 630, 633, 260, and 412 mg g7,
respectively. Spectroscopic studies along with
adsorption, striping, and regeneration studies
reveal that this material is a recyclable sensory
cum  adsorbent material for these toxic
analytes. Also, this material can be used as a
sensitive probe material for detection of HSO3
levels in various sugar samples.

Adv. Funct. Mater. 28 (2018) 1704726

AREISSBIaH FANT ST SESITHISS & ATedHq A Ael / Sel YAl
fafi weveew W ag-va afg
Oil/water separation through the superhydrophobic layered double hydroxide
in-situ growth on various substrates

RIeT-STeT TedhuT WTehalT o paTet Taer & fory, >50
AN % G IYINT Bl & $ e, Al w9 SRy
Agel T, UTeltsR thisi, Tha, IR Bie) W dg-
T I AGHNCFATY TaE DRIE  Sad
TESiHEE (LDH) fThRa g | 78 TRurt Tedg
YIERLh 4% 3R 96.9 + 1.9 % H J¥FH &t

/_034

Developed an in-situ growth microstructured
surface  functionalized layered double
hydroxide (LDH) on various supports {such as
metal mesh, polymer fabric, scrubber, and
cotton) for the efficient treatment of oil-water
separation process, with a reuse capability of
>50 times. This resulting surface s
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eIl STl Atelt B, R fafeT del s
faetrrel fet & fHsur S8 THedlH, Sled, P,
JEIferd 2R, Slef, Sa, SXAIEH def, SRIHHY
FARIBH, 31N U= / Tl 107 & H7er 50/50 wt%
B IEAT >99.5 % U I 2

In-situ growth

Metal Mess (MM)

LDH@MM

superhydrophobic and separation efficiency is
more than 96.9 = 1.9 ¥ with a high purity of
>99.5 % for the different oils/organic solvents
water mixtures such as gasoline, diesel,
kerosene, petroleum ether, toluene, hexane,
turbine oil, transformer oil, soyabean oil,
engine oil, carbon tetrachloride, chloroform,
and dichloromethane with water/oil mixture of
50/50 wti.

Fn-LDH@MM

T Te1 @ GerFevt] & (210 1314 HOIE IR AISHIRCFR ¥ds &g WING 891 SI8gIadIse (LDH)!
Figure: Microstructured surface functionalized layered double hydroxide (LDH) on various support

for oil water separation.

fereger ramarteres Stet-fererest & forq a1 ferere afoha SoRes 1 fery

Developing efficient electroactive catalyst for electrochemical water splitting

B F T W, FEGOM INURG AT FEF BI
SR e & fory el aTet didh & w1t |
F TU T I &, FIE T8 3, Ho IR I
w1l =Ted S 21 TEE[ SN & T 3T Blg g
I5d URATHaT (HER) % 3T E8S e B Seuft Uh
Teeauf 7R 1Y WA Bl T8 Sy Fall, SHY,
R, YT F T ITA S AR TS Hl B
gIeif, TMERING Sfagq, g THmee aflv
T 7l Pelel  HER FgmsoR®-Pt #1 924
I & BT I BT 21 Pt Heh, DT I T
HER fEIASRS &l iR #21 & faar o, g9
G B |17 s B - e - oot Lo O ro M e o
ATFAEE (MoS,rG0) G (2D) Fauifae
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Recent years, hydrogen has been emerged as
ideal next generation energy source to replace
traditional fossil fuels, as it is renewable, ¢clean
and high energy density fuel. Generation of
hydrogen through electro catalytic hydrogen
evolution reaction {HER) is an important and
attractive strategy. It also offer the
opportunity to couple with renewable energy,
e.g., solar, wind. However, practical
implementations  has  been  hindered
reasonably owing to the limited resource and
high price of Pt, the most effective state-of-art
HER electrocatalysts. In the direction to
develop Pt free efficient and cheap HER
electrocatalyst, we have developed novel
molybdenum disulphide -reduced graphene
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offe & T ©7 § BERa 4-8 HFEg 515 nm
MoS, ATed ®l rGO Y3 gl faar &1 84 NiD
3R U FEA e B-Mo,C Egel el &l o7
T fbar & ST |l fagdsaineg & vy 4 o
HRAT §l MoS,-rGO HUINE I faela-gaiia
HER febamailerdl @1 Hafdid aear & #fiv 168 mV )
10 mA/ em’ T FIgeRT-Eed fe@m, 2ithel glel
62 mV/ dec (ST BleT 207 3iN gab! fpamafierd

Enhancement of spacing |[NH4+ induced phase transformation
‘ = Vel - ~ & §
Q ey Ny

- 3 Dadad et
‘ 43

Steps & Edges

Propagation
of size

<
Carrent demsity (mA/rm’)

Potential ( v RHE)

oxide (MoS,rGO) two-dimensional {2D)
nanocomposite sheet with homogeneously
dispersed 4-8 stacked 5-15 nm Mo5, sheets on
rGO. We have alsp developed NiQ and porous
carbon incorporated B-Mo.C hollow sphere as
active  electrocatalyst.  The  MoS,rGO
composite exhibit excellent electro-catalytic
HER activity and showed a current density of
10 mAfcm?® at 168 mV, a Tafel slope as small as
62 mV/dec, >98% activity retention after 1000
cycles. The synthesized p-Mo2C with an

1
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_Current density (mA/cm?)
I'S

¥

64 Mo;'t-z
Mo,C-3 |
84 GC
oy e ) ! .
€02 01 00 01 02 03
Potential(V) VS RHE
[B]

R [A] 3FIgT MoS, 3T MoS,-rGO ARSI GITE $iT 3R 597% §iF & forg Ryeiies A1t &1 laer [B]
TAEjSciNb I GIEgIoT @ (AR @ fofd YN Bid GHIIA™E b-Mo,G @IREeAT Tletl!

Figure: [A] Developed synthetic strategy for bare MoS; and MoS.-rGO nanocomposite sheets and
carresponding Defects. [B] Porous carbon incorporated b-Mo.C hollow sphere for electrocatalytic

hydrogen evolution.

YR 1000 3R & 9I< HT 98% | e 21 Us
EAT PET ANST & AT THET B-Mo,C Pr
fR[GaRI-ge, 0.5 M H,S0, T Soiagibiisa
Fgelo- S§9 (HER) & fol7 146 mV & &
ATERIIEIRIA T 90 mV dec”! & (% BIT TFd o1
& TTRT 10 mA { em” ENT &+Tcd e T ST 8

optimal carbon loading reaches 10 mAfcm®
current density at a low overpotential of 146
mVY with a small tafel slope of go mV dec-1 for
the electrochemical hydrogen evolution {HER)
in 0.5 M H.50,.

CO, & Bt aFa H gIZSIToMeN & 1T 2r0, ATeRT ST SR B Uh
ST BT FAATT
Synthesis of a series of ZrO, based solid catalysts for CO, Hydrogenation to
Formic acid

foreseT 3Ter &1 FRENAT 3, ZrO, SITeTRe =T 6t
U AT A (N/ZrO,) & TTef feparefierar gRT

/_ 036

In continuation of previous study, a series of
ZrO. based samples were prepared by
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SR &Y T, S o e RIS A B T B AAT B
ZrOCl, | Zr (OC,H,), / Et,N / C,HN, B T & &
Y STl R UIEThicd & J1el G g mar
AR Ru (1-8 wi%) 9 |1 <ile 3T 1T gdadt &
®U A el B 39NN @ b e garef |t
31T % 3T 2N aref & W F3eA ERT IR fdr
1y

functionalization with nitrogen  (N/Zr0.),
which have not been reported so far. The
samples were prepared with varying synthetic
protocols using sol-gel, precipitation, physical
grinding, impregnation technigues, and ZroCl,/
2r{OGH;), / EtsN/ CiHeNs as source, and were
loaded with Ru (-6 wt¥). Carbon based
materials were also prepared with acid and
without acid treatment using starch as a
precursor. Among all prepared

Transmittance %

Ru/NZr-1

Transmittance %

1542
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T T
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T
1500

T T T T
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Wavenumber cm™1)

3T 1% Ru /N / ZrO,-1 SHNea] F401-0 (a) PXRD, (b) FT-IR ¥c 3N (c) 1 & 915 0

(C,H N,) B THECI-3T2HR |

Figure: Characterisation of 14Ru/N/Zr0;-tcatalyst (@) PXRD, (b) FT-IR spectrum of and (c) FT-IR

spectrum of pure amine molecule (GHsNs).

et TR B U SORDE H, 1% Ru/NjZrO,1
i TS (4.5 FBEfHTen B SToem T
IR & NeraaRal (-3 3 gar gofar & b
IHIE U (C,H,N,) AN Ru =T % wrer T &
% Zr0, BT TTRIAS [hece T Tva-T NN Bl
Thel-a3aR Taed (RF-9) & TeT 9war & fb
HTST AT (C,H,N,) ZrO, Te b Frer sl TNe
thell &311 & ST [ VNH, 38 & olld g & Fbd
el &, ST 4[5 SIS AU ® 3469, 3337, 3130
et ie ‘TTEI; o (F=-); BTeAfdh, &NH, M ven
FHA: 1618 2A1T 1390 I YL W T v, & (o7
3441 e’ WR Ud &0 48 @R v, F o] 2923
om™ W BT HT Al Hivle ol difede a0 gy
UBR &
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catalysts, 1% Ru/N/Zr0O.1 showed highest yield
of formic acid (4.5 mmel). PXRD {Fig a) of the
catalyst shows that tetragonal crystalline
structure of 2r0, remains intact after
functionalization with amine molecule and Ru
loading. The FT-IR spectrum {Fig b) shows that
the amine molecule {THsN;) is well dispersed
with Zr0. surface as indicated by the
disappearance of vNH, band, which was
present at 3469, 3337, 3130 am’' in pure amine
molecule {Fig c); however, 3NH., and vCN was
observed at 1618 and 1390 cm respectively. A
broad band at 3441 cm' for vou and small peak
at 2923 cm’ for ven was also present. The
elemental analysis is as follows:

N/ZrO,1:  €=35.45%, H=1.72%,  N=21.36%.
Ru/N{ZrQ,1: £=36.01%, H=2.05%, N=21.06%.

037ﬁ




N/ZrD,-1: C=35.15%,H =1.72%, N = 21.36%|
Ru/ N/ Z2rO,1: C = 36.01%, H=205%, N =
21.06%!

AYd=ToTel AIgaTolel WeA TTHAT & forg fg-forii zn (1) / ¢d (1) MOFs
FeTe T SHRe Td SUTITSS o AT =3hiy e srfifeman & co, &7
Tdd U

Dual ligand Zn(I1)/Cd(Il) MOFs efficient heterogeneous catalyst for Knovengal
Knoevenagel condensation reaction and sustainable utilization of CO; in
cycloaddition reaction with epoxides

fa-feifie CPs {[Zn (ADA) (L1)] - 2H,0}, (CP7),
{[Cd(ADA) (L1)] - 2H,0}, (CP8) R FT=telm 1,3-
TerMeHieRiies TRTE (H,ADA) / e & IRRiew
MR 9T 39 oS, 4-TERSaaEiadicsa5s
FEAFEIAETEREgNI (L1) e & ®7 7
T IR Ter-affa 5 10 iR s Jeare
3R Wiy Hifear 7 aiastt gfeisr Rerftrt & a8a
AR o T s B e & oy Fgaole
HATUT URITHAT 5 Uer H2Tel Foeh & &9 5 giHTel
[E2IRIN

Heterogeneous
Catalysis

ou P

uapuoyg jabeudand

7]
&
=
o
>

9 el Ui P e I bl L1 7 Higs
BEHG B IURATT FEPN B I &7 IH
qTelf RT P o Hifhar ¥ e BT 2
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Dual ligand CPs {[Zn{ADA)(L1)]-2H,0%. (CP7),
{[€d(ADAY L)} 2H,0} (CP8) involving flexible
1,3-adamantanediacetic acid (H,ADA)/ pyridyl

based

Schiff base ligand, 4-

pyridylcarboxaldehyde
isonicotinoylhydrazone {L1) as linkers has been
synthesised and characterized and used as an

efficient
condensation

catalyts
reaction

in  Knoevenagel
for variety  of

substrates with good yields and recyclability
under ambient reaction conditions in agueous
media. Lewis acidic metal centre and

Metal-Organic Frameworks

0,
R x
H 0
‘E+ bo
Znhcd"
+
Ns
o
N*

. Lo}
\”

o’b 0
Recyclable

RIA: (M{ADA)(L 1)} 2H,0}, Cp7/Cp8, Ta=oict Tem Hicihbal & Io7¢ A9 SaRE 3R FUaTIRS &
S1E CO, W 1075 ThI7 WA % 1077 {{M (CHDC) (L1)}i H,0}, CP9/CP 10 Vep eTet 189HT SR

Figure: {{M{(ADA)(L1)]- 2H,0}. Cn7/Cp8 as a heterogenous catalyst for Knoevenagel condensation
reaction and {[M(CHDC)(L1)].H.0}. CP9/CP10 as an efficient heterogenous catalyst for CO,
cycloaddition with epoxides.

Grinding {[M(CHDC)(L)],"H,01},

presence of amide functionality in the L1 of the
CPs cooperatively involve in the efficient
condensation reaction by these catalytic
materials. Two dimensional Zn{l){Cd(II) based
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fastam™ 2n (1) cd () amenid B e gm
(CHDC) (L1) )l H,0}, CP9 (Zn**) 3R CP10
(cd*™y  SEd 4-uERicaoridiceszs
A BIRAsaggsN (L) el 8, oflel
1, 4-HEdel [BFETSEaRAFaed 3TFel (H,CHDC)
& {1 HANSH & T F el (Hafe el
NI SRS fdar mm SH0 il AT fdet
el gHIT qHEM B 3 ISRT BRI 3R
ARG & G HE-ISRD TBAB HI Suief §
CO, & 9 ZUITHIES & ThiTgdol- & ol U
I=d iy fdeflde g f@aen] 3dlve & vy §
I

mixed ligand CPs {{M{CHDC)L1)].H.On CPg
(Zn?*) and CP1o (Cd**) involving 4-pyridyl
carboxaldehyde isonicotinoylhydrazone (L1) in
combination with flexible 1,4-
cyclohexanedicarboxylic acid (H.,CHDC) as
linkers has been synthesized by adaptable
synthetic protocols. Both (Ps emerged as a
highly active solvent free binary catalyst for
€0, cycloaddition with epoxides in the
presence of the co-catalyst TBAB with good
catalytic conversion and recyclability without
significant loss of activity.

Ueh GRSl THTE WIS eT-srd e hHad 3§ & fawh sifffreas 3R Fed
AT BT AR e =T
Guest-induced ultrasensitive detection of multiple toxic organics and Fe®* ions
in a regenerative smart fluorescent metal-organic framework

fgomi®, iR d=-3mam Zn (1) —framework
CSMCRI-1 & 412/ -OH HHg Wl bpg feie, 3l
N=N-4TT SR H,azdc foiis et 8, g
SET-Hage FARNE WId & WY H HRf deel] 21 Hiehd
MOF (1") FTSSIpNIA (NZF) Uaerifes & Hre-
ey fopies AEe-WRARS  2,6,6-Fthid
(TNP) ST 31T TI-TeHaE WISy 39 & 77 319
fapa ST &1 YTt B A 1° W 982 MOF &7
fafieg Hear &, S SOWMNE T B
e IR T AR SR oEg IS 4-
UFBTITet (4-THT) T Hecaye’ wiaeier e - &r
AT SN AHaT & SFeT Graemd RIga ToMET
Zedci-e Y A T BRfTE gerRif gRT 17 & "oi-
3T 7 - TR UfefieaTart ¥ Ty sRfedar &
fafsTE Hecd B SIFR B! &, 31N PBHah 2R

Tk UfeEeT 2018-19 ANNUAL REPORT 2018-19

The dual functionalized, and three-dimensional
Zn{ll)~framework CSMCRI1 with —OH group
integrated bpg linker, and —-N=N- muoiety
containing H.azdc ligand, functions as unigue

tetra-sensoric ~ fluorescent  probe. The
activated MOF (1) represents hitherto
unreported  pillarlayer  framework  for

extremely selective fluorescence quenching by
nitrofurazone {NZF) antibiotic as well as
explosive nitro-aromatic 2,4,6-trinitrophenol
{TNP), where ultrasensitive detection is
achieved for both the electron lacking
analytes. Impressively, 1' represents the first
ever MOF for significant fluorescence “turn-
on” detection of toxic and electron rich 3-
aminophenol  (4-AP) in the concurrent
presence of isomeric analogues. Density
functional theory calculations highlight the
specific importance of pillar functionalization
in “turn-on” or “turm-off” responses of 1" by
electronically divergent toxic organics, and
provide further proof of supramolecular

mﬁ
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e & selaciine BT & 149RE BiEie IR quHEmes Fe'* Hagd & STal-STRarl 31K slegi®
A DI G [gBRITa EN1g-Blal+a FTal CSMCRI-1 5 FHIfed faber =i

Figure: Guest-responsive and ultrasensitive luminescent detection of three electronically
divergent toxic organics and colorimetric Fe®t sensing is realized in dual-functionalized metal-

organic framework CSMCRI-1.

9er e 81 Fed* wHetgelal U o oY fdera
HTGET H B & GeOHM WA I IREd & Href-Hre
o Uil 9Tq ST OY Fed Tt &t eler A
GRT 1" ol USHTH SleraT 1 AT T8 ST T AT
el FEND! & W BE =bi qeb 1’ Tt Hefar &
RERTT Tt T e (-, Traefier ofik e
T & RIS TS Fnoll BEINUT (ARZET) &
HRU &, AT WP FTHN & AT Bl g2ar 9
e T B Sl 3N adaad J9g 6f
FRIT BT 779 4 T gY, AND 9127 81 91T OR
AT T T & AT Uedies [T & fory
fertees WS ulafsh & sar WRT |l ded |l
ST TR & T T1E LMOFs $T TRIR &R
& o7 U 7 TEH P B

interactions between framework and analytes.
The fluorescence intensity of 1" dramatically
quenches by trace amount of Fe3* ions over
other competing metal ions, alongside visible
colorimetric change of the framework in solid
and solution phase upon Fe3* encapsulation.
The sensing ability of 1’ remains unaltered for
multiple cycles towards all the lethal
pollutants. The sensing mechanism s
attributed to both dynamic and static
guenching as well as respnance energy
transfer (RET), which strongly comply with the
predictions of theoretical simulations.
Considering long term and real time
monitoring, AND as well as OR molecular logic
gates are constructed based on the
discriminative fluorescence response for each
analyte that provides a platform to fabricate
smart LMOFs with multimode logic operations

ACS Appl. Mater. Interfaces, 11 {2019) 9042-9053

/_040

TSk TfdaET 2018-19 ANNUAL REPORT 2018-19




\ FOH TS -H UHUHE TS
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Theme: Healthcare

[ELEACEECRL RN

TN 9T bl (S dS1 T aedT I & T W A S Bt & s 81 59 g Rl 37 @ 1@ SR
T STelT SUaBT U TI=nfiifesat 7 arare 81 oRUmMAEasy, ARd H B! Taey Scdiel 61 A
e T F o ¥ B HUH S TR-H U REE A [T I & S STt & fory sfiftedha ofiv
FIECRIERIT e SR < AT UXeh FUehUIT & fdehIdy & Tefel M fehU ST 9 81 397 e H detii-yent
Pl U B ey JaT 89 & fo1u et e ofR | a1 IUBRull o (R H oI HRf 2 38l 3] 89N
g fafi=T SreiRUel W) A9 8, Si JR18U Tefel TR ST 8 Jeld® & Hahd ol Salexyl & foly, eqN
TRT RIEEIH, SRR, e, grguiaeivg uRie, ATgeifae, Cr (111 3R TRA & e &,
FT ffte= I, 9T ©Y 9 ge I (@4, iRty a7, SRR, TuNE, A & AR & B N
T 81 371 | T8 Jiftedd (e AEarEisR & o TaR € o 38 adqm 9 i e &
T 81 WA 7 BT Al Sef & 9T § T @7 UL o drell U e faiie o & Ryt
TNt U TFaTmet) SUHT Bl SEAING BN o TS &1 SH% ITelTal, TR U WiRed [T Seldars
(PCE) AM® U U<l Zoldgle tichie 41 2, Sl IR & tolchi™ S ThH-iice goidgie &r
FHIARIT 81 B TI3Y -2 SN 3R 3! TR & YR % BT a0 & 2l Gl oI alel diTe-
JATETNT Selac i Hahel T fah e U 81 H2 91 &F1 S slTeigelaeiimad, A= HI&RT, 9/l- / HH1-
Y, ehd BITET NS & ot BrTeE AF-He NIy = i Bl eTivel of 81 39 & o, SF M
& U i~ P FNgFeR (Fedoc W ATISICd H1 2afeerd 6, Igald Aa1huT, Hoe A1)
& IeuieA J [Aoystar 2, oraer sred R, g feellad, AReT ik aiicelsaadife 3 warn 99 &
S TR H e8] HET H ey TFeBICHIET, S eR afgwel ok §5-fT wariHie, g4i-
TERT-UTaME AR TUFCIBIEHIeR, 3k HIST Uieiies T Tenfug fsar &, ST afifteder A= Sgeal % farg
IR §1 39 ATar, TERRICET T U 4T & A1 IAB HecH 31N BH-HS, FH drTd Seu d
TRTeT TS CA, TH-Bh1 B! T RIHICY SR F2ie 3w & foly SR Bl

Thematic core competences

Mass population of our country is increasingly suffering from lack of timely diagnosis of
diseases. The key reason for the tragic situation is the lack of cost-effective devices and
technologies. As a result, demands for affordable healthcare products in India is growing at
arapid pace. There has been an ongoing endeavour at CSIR-CSMCRI in the development of
sensors for various disease linked biomarkers as well as complementary optical and
electrochemical devices. This institute has group of scientists who have been working
endlessly in the development of indigenous kits and/or devices for healthcare sector. We
have sensors at various TRL in our pool that can be useful for point-of-care application. For

p41 .
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example, we have sensors for the cysteine, homocysteine, glutathione, hypochlorous acid,
nitroxyl, Cr(lll), and spermine, which have established in the literature as markers for various
diseases particularly, cardiovascular disease {(CVD), oxidative stress, cancer, diabetes, etc.
Some of these optical kits are ready Tor commercialization and some are currently under
clinical trials. The institute also developed a bacterial detection kit for use in any water
sample and the technology has been transferred to an aguaculture company. Furthermore,
we also possess a patented electrode platform called plastic chip electrode (PCE), which is
a successor of biosensing platform like screen-printed electrode. We have developed PCE-
based electrochemical sensors for early stage detection of biomarkers for type-2 diabetes
and broad-spectrum tumors. Nanomaterials with tailored functional properties have gained
tremendous interest in many research fields such as optoelectronics, nanomedicine, bio-
[chemo-sensors, surface coatings etc., to name just a few. In this direction, the institute has
expertise in production of various functional nanostructures {ordered array of nanodots on
substrates, polymeric nanocarriers, hybrid nanoparticles) which have potential use in
bioimaging, drug delivery, sensing and optoelectronics. This institute housed a good
number of state-of-the-art spectrophotometers, such as steady state and time dependent
fluorimeter, UV-vis-NIR spectrophotometer, and CD polarimeter to be useful for optical
measurement purpose. Moreover, a range of potentiostats including custom and home-
made, low-cost version and single excitation touch-screen, cheap fluorimeter are also ready
for point-of-care application.

HT-STHTRA SIS e SR IeTeh Weh TN

Metal-based ionic liquids and their potential applications

NS Hoel A9 S JSIell-H, (HARTE & Paramagnetic metal ions like Gadolinium, in MRI
bireree AN 8, Sifed ®1f3br & e giiers contrast applications, have shown to create
R BT & o sile & AT TRt By o harmful ISSHIES with the living cell and beln‘g
replaced with lron. Therefore, paramagnetic

# gHfery, tNEHCE AmE awe gerel AT jonic liquids were found advantageous as MRI
BI~ERE Uale b ehldel WHATRANS tha R Uuld b &Y contrast agent over the existing contrast agent,
ﬁWﬁWﬂqﬂﬂT@?HWﬂmﬁ?ﬁﬂW as these paramag:etic iDIII“IiC liguids aI\re
. ] containing neither the metallic nanoparticles
et 7 7 ) SHe B & AT & AR nor the bflky metal- ligand complex, and do not
H1g- feillg Pireldy, 3N 2 ol bl giftsd |igd deb degrade DNA up to desired concentration of
ST HT SN AL BYdl 9l wilg emgiRe  iron. So, Iron-based paramagnetic ionic liquids

RERIRe e awe uere  afemiferm, with long alkyl chain bearing imidazolium,

pyridinium or isoguinolinium as cationic motit

gRISFRR a7 SgHfFarTer™ aIRT @il WhZel  ang bromotrichloroferrate (1) s anionic motif
ST % Wl TS Hed 0F dHIgBFARE (Ill) were constructed for various applications.
ORI T BT AR s 3 g fmi fr These ionic liquids show reversihle DNA
> _ compaction and exhibits excellent dual mode
T 3 AT TReT vaTe! HidEe S 0y e oy P

AR
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Figure: Tt and T2 weighted MR fmages of paramagnetic surface-active fonic liquid at various Fe
concentrations

g ﬁ?@mﬂﬁa@ﬁ ﬂWﬁ ol HH HEIT W T1 & T2 contrast property in low concentration
IoPHE SIENT IS 21 1 37N & 2 Shiee o =i wa  regime for MRI contrast applications.
gl
J. Colloid Interface Sci. 16 (2018) 14-23
J. Indian Chem, Soc. 94 (2017) 12911310

vermrsfess Qersia 3T aftafer srmawor § It vftret

Endophytic microorganisms and their role in drug discovery

ST SfRTET ATSTenl &1 Ter g9 WHY o 981
TR T {9 &, 89 727 & R f 991 J Ag1+6
T T ST ATt =TT T S 40 TS TR R that current clinically .used drugs were in‘vented
) 40 years ago, prompting an urgency to discover
TRIT ofT, T AebIiefd TN W 8 MR TS new  antimicrobial drugs.  Endophytic
I GG %g URT TRaT & USihEies q\a—‘quﬁzr microorganisms are usually in symbiotic
SRR TR ST G 3 ey e ey S A relationship with the host plants, where they act
. 5 i ' as a producer of secondary metabolites which
ST 7 et ‘ Ey T & 9 7 F1 A & plants use Tor defence against predators and in
ST Tty oRATaR % NI TR Y 36 & 7Y ST return, these endophytes get nutrients from
FNG & AN Tl §, I USIHIEod &I I% Teeiar  their symbiotic host plants. The halophytic plant
5 ) frers '\é pER - 5. brachiagta was collected from three different
diel & daed & ) diel s. coastal locations. Different treatments were
brachiata T 7 S-S TERT T H U3 &R1T

TR TS O g4T A @ T 9t o) e g

Resurgence of drug resistant pathogens are the
greatest concern at this moment, due to the fact

employed using fresh plant and air-dried plant;
and surface sterilization was done following

043ﬂ
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OCHy
Structure

NMR

HPLC separation

Bioactivity

RrT: SiEIgics Gemoiial &1 3ferTd, el SR Frigkerict Bl FE

Figure: Depiction of isolation, purification and bioactivity of endophytic microorganisms.

Rl elel o 28 (&) Afcaad W gagde far
IR YfFeamEyey o do2iNgT & (e &I ST
TN A1) [FAwdrA] & TER U, Y2 bl Hal
oI T AT 3R S8 2[5 DY o1 YO s 1) 300 &
it SIPIEfid el 3fe Y T 378 -
86'C ™ WHEIT B TRl IMURIEr SeT B arer
UEIhEles [ewile # TEEE #w $fom,
HAISHICISEY Wl B ST BHieh, 3-8d Jea-20T
R B IeD $ AR &g fEi e mm
OfeRpeTiEl  fpamefiear &1 Uedd w A
USIPTE e Gaesiral o ATZTRTE e &7 T el
Qiehe 3fY TN gIUe STiF hf whif=r g1 fhar /=
$h STaT, I URIhTgics HaHaiidl & a2 ey o
JUR Bz 31 Bl dull 9 SIRCeAh & (oY Yerdl-
I 3T e W o A, ST 9 i
FAFY Dl U] PIACHIthe JFHul 5T
5 T T TR ST HeETal $ 1 €l i 2 €
UUHATR 3R G/ A Heel b QU & gRI Y
foha T
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standard protocols, followed by incubation with
8 different media. Plates were incubated at28°C
and growth was observed for actinomycetes
and bacteria. On the basis of morphological
characteristics, individual colonies were picked
and tried to purify them. More than 300
endophytic microorganisms were isglated and
stored at -86°C. In order to identify the
endophytic microorganism producing
antimicrobials, the in-house high-throughput
assay, using microtiter plates were developed
against pathogens. The endophytic
microorganisms exhibiting antimicrobial activity
were evaluated for their bipsynthetic potential
by screening for PKS and NRPS genes,
Furthermore, the crude extracts prepared from
the broth cultures of those endophytic
microorganisms are subjected to LC-MS analysis
for faster dereplication. Finally, bioactive
secondary metabolites are purified employing
HPLC chromatographic separations and their
structures are elucidated using 1D & 2D NMR and
MS/MS spectra.
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AT IERST MEN 4 PT IFAVT: 2139 1l SRE & foIY U ara=TehR

Detection of retinol binding protein

TTRY (Il) AEHE 7 ST & 0 7HE T’ 4 3 &6
& RNl 18 AT SRR A SferT HfeRI &1 RO Jwal
% iR VAT TERFT U 4 (3Tt 4) T A FT
T AT ST 81 FHI0TT RBP4 & F-1-30% 367 901 1
90 &1 HEaqyl § HR 9 923 &, EM-AS s
R gegere (.22 SemT | 4.0 T
TS AN (THUH) AR o ciIweggs & el
g & FNT U6 99 RBP4 TIRIERN
[EEARRACZIRIEI

(a)
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o )

Current (mA)

S
s

00 02 04 06 08 1.0
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4: A biomarker for type Il diabetes

Type (11} diabetes is one of the major threats to
mankind as it causes insulin resistance in human

body and Retinol Binding Protein 4 (RBP4) is

currently considered as a potential biomarker
for early management of this disease. Hence a
low-level detection of RBP4 is a very important
task and for this purpose, a novel RBP4
biosensor has been developed, using
homemade plastic chip electrodes (PCEs) as a
platform for self-assembled monolayer (SAM)
of 4-ATP and further functionalization with

—a— 1 fg/mi
=21 pg/ml
—a— 1 ng/ml
—a—1 pg/ml

(b)

R, = 615.7 ohms
R, = 721.7 ohms
R, = 2.616 kohms
R = 3.42 kohms

1400 2100 2800 3500

Z,, (ohms)

700

= ) SAM TN Au BIES T 7 Ag-Ab 5 RBP 4 % TTe 52379 B 91T qiecHg] wiacT ol Jigar
GRac @ W1l UAlfses e | Yiaa Hicilebdn Saldl & (g74e)! (1) SAM HeNTRrT Au wiftid PCE & RBP4 &
Ag-Ab 3CFeR &7 Tigldave Wi, RBP4 &1 Wigdl & W AR, 3 9% &1 291fd 50

Figure: {g) Cyclic voltammetry spectra of Ag-Ab interaction of RBP, in SAM madified Au coated PCE
showing linear response in anodic peak with change of concentration {inset). (b) Nyquist plots of Ag-
Ab interaction of RBP, in SAM modified Au coated PCE show increment of AR while increasing the

concentration of RBP,

TET ARETIT 4 BT ST TTATRBITeR RO & B9
T ST TRIT AT ANETYT 4 WG &l qal T & o1y
FolereIoh Eehel icraTeT T bl &Y TS| HATseT Y
AN BN TR & el Wi fhar T 100
fg/mL ¥ 1 ng/ mL deb % Usb [ Hisdl el 5
TRTRIIT T TR T TEdT @ e HHT(LOD) 100
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glutaraldehyde. Anti RBP4 is wused as
biorecognition species and electrochemical
impedance spectroscopy has heen performed
to detect the RBP4 concentrations. The
concentration is plotted against charge transfer
resistance. A wide concentration range from 100
fg/mL to 1 ng/ mL has been tested and a low
limit of detection {LOD) of 100 fg/mL has been
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fgfmL TR B T2 | TE AR 4 & TelFg bt
JRER & [FHiUr S ggell RUIE 2 fH99 Ag Ab
SERF T ITINT el §Y Seini1 (1T UeTailal Ui i
Rt & AuR el quigH-aui R fhisii-bMde
BT % GRT (T T Iep¥ ToedTed Ud R
IUTHT ST B

achieved. This is the first report demonstrating
fabrication of electrochemical biosensor of
RBP4 using Ag-Ab interaction having such low
LOD. The sensor is characterized by various
physico-chemical technigues. Excellent
reproducibility and quick measurement make
this biosensor extremely useful for the
biomedical industry.

Biosensors and Bioelectronics 128 (2019) 122-128

Mitochondria targeting nanocapsules for enzyme-triggered drug release

Fped $f ThT SSIART Sar & A 996!
UREGREAT Bl IepE HHH &1 2, S TTad H9H
FoRITTeR TgeATel i PR 3 1T a7 Soieger
ST (40907 & [ofU YT 201 SR s-1d] 21 39 HeH
4, IEIEIeEd AR 91 SSeRE, S
AT gl Afead W aTafFed AT I Za7al B
A FeH E, AR~ ge dHTRAY B 3T § 7S
&FTAT T Uy o TWendl 81 U Agetd dHAT &
Y FHg W 6w AR e 9
TaTgtifes ST & ufaiEseT F aedes delt §
INEHE B, TESWRI ATSCIdi-gdT 7 Iaigiecd 31
7 g7 Refist Y, 39 HR & o0 399 w0 & sads
ST G 18 Bl &M H T §Y, €9 Ulefigee-
TR UifomNG §&41 BT SN Heh AdH BT I
T Ao fFei fey § S INaRE Wel
SHITTHBAT I AT HeaT 8l RUTHT AHHvged B
IFATE PR 3R MFR 7 AFNSTIS =T =M
TEAq ®U ¥, 3 R-RENEIT UEReE
AIHCEYel P RN & fofq Ueb uT IR-AIgq T
HAT SR TN S e b A q URee W
feidet, WEadsl UslisH HeT <ol 1 ufefsar 3
iR dehal= & U7 &R~ el A ST &) SIS
T SEARAET S gESfhfe S @
FTR T el ERTSSE TR ERT S AT
& SRM g9 ANHRE & e ol [T Sl e 8l
BRI A, A H (F HISelbi-gdl-alad
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Surface engineering of nanocarriers zllows fine-
tuning of their interactions with biological
organisms, potentially forming the basis of
devices for the monitoring of intracellular
events or for intracellular drug delivery. In this
context, biodegradable nanocarriers or
nanocapsules capable of carrying bioactive
molecules or drugs into the mitochondrial
matrix could offer new capabilities in treating
mitochondrial diseases. Nanocapsules with a
polymeric backbone that undergoes
programmed rupture in response to a specific
chemical or enzymatic stimulus, with
subsequent release of the bioactive molecule or
drug at mitochondriz would be particularly
attractive for this function. With this goal in
mind, we have developed biologically benign
nanocapsules using polyurethane-based
polymeric  backbone, that incorporates
repetitive ester functionalities. The resulting
nanocapsules are found to be highly stable and
monodispersed in size. Importantly, a new non-
isocyanate route is adapted for the synthesis of
these non-isocyanate polyurethane
nanocapsules. The embedded ester linkages of
these capsules’ shells have facilitated complete
degradation of the polymeric backbone in
response to a stimulus provided by an esterase
enzyme. Hydrophilic payloads like rhodamine or
doxorubicin can be loaded inside these
nanocarriers during their synthesis by an
interfacial polymerization reaction. The
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Ay ®roemfeardr B, & W Aadege &t
GREIThET A 89 gal 6l aed-f[ARy Refisr & wry
T H Heg il arfiiee Argeiods 19 & FTer-amer
TEERH I IS F TAS-AFEERT TN T
AT H BT & FATH G gfE B gER
B TReTT s & gt Bt & i Aredieitaa
SRR 1 JeT T SEeIRRie s
PG T BN DR I79T Bl GO TABH o
AP 2 WEhe B 3R 3T SN Hegeles

postgrafting of the nanocapsules with
phosphonium ion, a mitochondria-targeting
receptor functionality, has helped us achieve
the site-specific release of the drug. Co-
localization experiments with commercial
mitotracker green as well as mitotracker deep
red confirmed localization of the cargo in
mitochondria. Our in vitro studies confirm that
specific  release of doxorubicin  within
mitochondria causes higher cytotoxicity and cell
death compared to free doxorubicin.

Endogenous enzyme triggered nanocapsule

e Snltee At & 57 A4} Reflor nabn 39T @ 72 5C & 915 Slslhel oy & He-83 (F09) 3 Hiasii (qa) =9 (§) Fafa;

(&) srer AT offv (o) o nnER e Adege

Figure: In vivo release experiment in zebrafish model. Bright-field {upper) and fluorescence {lower) images of
zebrafish embryo after 72 h of injection {d) control; {b) non degradable nanocapsules; and (¢) enzyme responsive

nanocapsules

BTE T A Bl U A3 (kT Aiegel B off Soriar [ 39
T 3T DHi-te TSl B TRUM a7 § & Wiy,
TG @ TR feellad aEs uem ax
R & TR U TaT 1 Ffheei i TATEepiRe 7 gaN
TN HhaT & IT AT A-[IT3TE SHTT SMET_ & ol
ST 35T ST e &
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rupture and release of the encapsulated dye is
also demonstrated in a zebrafish model. The
results of this proof-of-concept study illustrate
that NIPU nanocarriers can provide a site-
specific delivery vehicle and improve the
therapeutic efficacy of a drug or be used to
produce organelle-specific imaging studies.

Bioconjugate Chem 29 (2018) 3532-3543
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Theme: Energy

fersTet o &g

AU o, I BT F AR AT Fult 31N TN TAN ST & TN 8] T AEIH-3ME
TP a1k anfeie gie & fofu wrEl & 4 QIe T fU off Hepd 81 |13 & o] & <2 & IR qel
R A Fofl b7 U b3 dledt Fewaqul ulenfifbal & (e 3 smull em Wik drere, |k Reey,
AR 7efiad, IR 00, IR diaced, efefi guv, 9k 3R ofiae, IR Soif gnT mfae Sef STar
AR B8 o Tl TR < TehU T &1 o B o9 (AT &edT & IR foha =M ofedt & e
B Ueh FHY, HEAFT oh U ARG HISH TS fErT (IMD), qUT <t i 5 Ueh W fafesor w2er
&I ST TR o YT T A 9[seh 3R 31ef-3[5eb &3 ! cherk herl aTel] UhA A T Tl JeIfd, Teh el
& G, 2006 ¥, HIGHHTSITR-ICHURITSARETE 7 NG A Ygell T e T 98 R Sl e
N I &7 Nae ST were (e, Iereeli=) TRIte {3 I8 9o S+ Wientiiaar Br
TR B TN B H &7 &, FoIHT SUINT UTHION ERT H HTer AT (T ST e &, dlfd iR
AR I % SEHATE i IR U, W Teb ™, a¥ G 3R qRIMM & 2] HUTIR &
HieaH § Sz Sei il 3de Uil bt ofl Yabl et et W g4 Afafaferat gfFar 4 A sl ulig
£ 3R 39 &9 F g vl 99 Rageivels ¥ ETH wgfvw, e 9 vader fafiarem, sedege)
SHAT® € AR, Affgs, el Ry, TR e whed!, Sifter & adi!
ferefeerTera, eTRaT 3 tetaatd S TR TETT & e Wik SIawsg - Tea il Jivg 81 | g0 o
TN R Fout T DTS 5 i TRl aTevt AN ORIeror Gaenq 8] YSa WaTs 231 Sl 8 7 gt
YT U S Heedqu AT 81 3 UREETET & |, B9 2018-19 & SR o/ il & T8d Y M
HE B IRRIT B 8l

Thematic core competences:

Renewable energy, particularly from solar thermal energy and biomass can be harnessed
effectively in rural regions of our country for socio-economic development and economic
growth. During the sixties to eighties the Institute was a pioneer in development of radical
technologies utilizing solar thermal energy. Solar ponds, solar stills, solar refrigeration,
solar pumps, solar concentrators, sterling engines, solar passive cooling, waste water
treatment by solar energy and many other technologies were researched and some were
implemented in different parts of the Country. At a time in the eighties, the Institute had
a principal radiation station in collaboration with India Meteorological Department (IMD),
Pune which was the only station covering arid and semi-arid zones in the western part of
India. Albeit after a pause, in 2006, CSIR-CSMCRI set up the first community scale solar
powered brackish water Reverse Osmosis plant in India (Tilonia, Rajasthan). The institute

ECA
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is focused on working to develop technologies which can be directly utilized in rural homes
to provide potable water, cooking, drying by harnessing solar thermal energy and clean
fuel and fertilizer through thermochemical conversion of biomass. Our activities on Solar
thermal are quite well known worldwide and several active international collaborations in
this area exists with renowned institutes like ETH Zurich in Switzerland, University of
Exeter in UK, Instituto Tecnoldgico de Sonora, Mexico, University of Sydney, Bulgarian
Academy of Sciences and Technical University of Sofia, Plovdiv in Bulgaria. At present our
solar energy laboratory houses all kind of outdoor solar testing facilities. Redox flow
batteries are another important ongoing activity in the energy sector. With this preamble,
we present salient work carried out under the theme ENERGY during 2018-19.

IR0 R 3 WIH{da &% ofic & g™ & fag 9k ardi gRR &1 faer
Development of solar thermal dryer for drying the natural rubber sheets in
North-East India

FGRT <1 A YTphiep WS BT U G 581 IS
g N AT 7 @Ry AR gyRm Hut s
(TFDC) % TR DT & IeUe aaY 2018 TH
2173.46 HIfZH T oM AR ) | & A BF
Wl 3T ¥ AT YU dre-eR F FEW B TRIND
TTETC STt 21 3T O FTEEha0T o forg Wiy e
G N 0.8-1.0 Tt el i Agegemar et &
affw giftset WG UTH B & [olq ol 4-5
T & Bregs, [ Ugel ol &1 U Wl BId
HIFT ST 91, 3 GelH 3N HeT 81 1T Bl g5
AT, GEH d afbur & SNH el g3
arEdReRg ey U qaiawer eg uiiger €1dr &l el gy
eI & (o0 o 7-8 f2=T &t aMTdedesd €1 &,
gl ifh 3rd-ep F1RY U Sl FHAAT 8, ST gL 3l bl
T B el 1 ST SiT AT &b Foy 3oy I
FY U 2, a8l 9y o BIhT g iR [ vy giar
21 aTffp <TRTT Uemer AT fAfeAv0T 4.37 kiWh/m?
fa 8, 3flR oy A &4 9 o4 260 & 3t gy dlel
I 21 Wi SRR U [dehed & 91 gy & RT3k e
YT A Y T ATl IS | DI S AT 2

TAATECT AReell, O (23°84'N 91°42'E) &
TR § UH A At 9k ardia gRR ST 3l
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Tripura is the second largest producer of
natural rubber in the country and the total
rubber production according to Tripura Forest
Development and Plantation Co. Ltd. {TFDC)
was 2173.46 MT till Nov 2018. The conventional
process of drying of rubber sheets is carried
out usually in open sun or in smoke - houses.
Smoke house processing requires about 0.8-
1.0 kg of firewood per kg of rubber and takes
about 4-5 days to achieve desired dryness.
Firewood, which was earlier considered as a
cheap source of energy, has now become a
scarce and expensive. Also, the profuse smoke
liberated during the drying process leads to
unhealthy environmental conditions. Open
sun-drying requires about 7-8 days, however
the difficulty encountered is the sudden rains,
which can spoil the entire batch. The state
which is pne of the remotest states of India,
receives a fairly high solar radiation over the
year. The annual average Direct Normal
Iradiance is 4.37 kWh/m’/day, and the state
accounts for at least 260 good sunny days.
Solar dryer is an alternate option to eliminate
the difficulties encountered in drying in smoke
houses and the open sun.

A mixed mode solar thermal dryer was
designed and implemented at the carmpus of

TSk TfdaET 2018-19 ANNUAL REPORT 2018-19
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Froffad o T GEH & Y 847 & a1y AR 9k
SN o folt | Beldex & &4 &l T0HT 5 hellum
TTHIeTs Ta Sife & ATER TR & 7, 51 & e
HHY 10:00 A YT 9§ 4:00 S 3WRIG & i g
STt &1 STATIT WRS T4t Bl 7R 40% w.b. 37¥
higHel 5% w.b. SRR ¥ 8 m? IN 990 wi©
el AN U Y@M dlell HE Al Bl #
0.00196 m? & el &5Ithet = a1y Tise! T HHA -
tele delded b el W g4l b YW b b H YdA &
foly 3flv g@m & P& & oY W 841 & gy 4
T & foTU Ua (BT TRI7 Weilee U9 Udh S
TSR ¥ TN 7 597 @l T o 39 Foded W
RePRee T SHNT IIRAT 9% 7 SN &7 T 59
TRE, T IREI H 5N GEE P B H 9T
AT UTH 35T ST Bl &) HFT scllal T Foalt
DT TE0R I F 7S §f lfer g4 T @ ffer T8t
B e Potae? $I e fEam A &l & 200 W
ST GHT T 1| Berdhey i has ATt sTaanis
o off fEaT HUE0T A »0.82 ol Heided 3N
T 1 e Tl Tet I A (ST o7 51 TH! & BT
B A & foTQ U & SR dgH ¥ R Higet &
AT W S AT T g & 7 #Hl-
TMelTeb N AT bl G b el (AT q-a7T e
55 Ulehufei & e fsar T, W |k -3t

Exhaust
Chimnev

Mixed-mode tent
type Drying

——Photovoltaic Panels

Solar Air heating
~collectors

T A9 7S Aler e SR
Figure: Mix Mode Solar Thermal Dryer.

TN & G P IHEA & TAeT GO Bl IR
AT AT 0T H TN TRETT P 2T § I are B
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NIT Agartala, Tripura (23°84'N 91°42'E). The
area of the solar collector for air heating and
solar dryer for drying was calculated based on
5 kg of natural rubber sheets drying within the
stipulated time between 10:00 am to 4:00 pm.
The assumed initial moisture content was 40%
w.b. and the final was 5% w.b. The dryer
consisted of 8 m? solar flat plate collector and
a drying chamber. Air vents of total area
0.00106 m® were provided at the bottom of the
flat-plate collector for air to enter the drying
chamber and on the top of the drying chamber
for the exhaust to the atmosphere. A suction
blower at the exhaust drew the air from the
chamber and redirected it into the collectors
and again into the drying chamber. By this,
higher temperature could be achieved inside
drying chamber in the form of recirculation.
The suction blower also helped in improving
the exergy as it minimized the heat going to
waste from exhaust. The collector faced south
direction and was kept tilted at 20° from
horizontal. The cover material of the collector
was commercial glass having transmittance
value 20.82. The collector and drying chamber
was connected by flexible pipe having
insulation of wounded spring coil in vacuum
over pipe to prevent heat losses. The drying
chamber of hemi-spherical structure made up
of aluminium rods was covered with

Exhaust Chimney

Mixed-mode tent
type Drying

Door for
Opening

ultra violet stabilized

specialized
polyethylene cover which protected direct
contact of drying produce from solar UV rays.

rays
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& 71 FEF WE & v e @R fd HEferd
fearfafehrt ol e el § wAT fobar T @
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AR bl dTeel/ sRETE & 14949 4 Y@H 8 S
37 841 Bl T i AN I & FHY @ b AT
Pl FAIY WG & it Ten ST €l e 7 i
ERIREIE

A solar PV operated dehumidifier was set-up in
the drying chamber to maintain the humidity
of the drying chamber at night and in rainy
periods. The  de-humidifier  protected
formation of mould on the rubber sheet
surface. A DC heater for heating the air inside
the drying chamber in cloudy/rainy season and
for maintaining the temperature of drying
chamber during night time were installed in
the chamber.

ThIe R ATIH-TaaT o 9Fs

Semi-interpenetrating network-type cross-linked amphoteric ion- exchange
membrane for vanadium redox flow battery

T Foll A S & ol qET ATEeTendT B
TSI FAl dTiT SfiaTed $6 &7 ey B Tadt 2l
ST ereriol f3Teelt Y1 Fall Hedl 7 9T 91T
B T ST H, B U NIE §g SHa gt
AA-TET T (AIEMs) @1 SIS T
Egle dehiHe 3R 95 solige FdNge
Tsheld! BT ST AIEMs ¥ TS IR RIS
BHE & BT T BT TN AT AT TPR F
TGRS Tael & ITN Wefie e @
TasHN® oI WHE ¥ oRafid &1 & forw fhar
T TET, BT $ER BRS I CMME 3 STINT
T UNE T, ST STHE R T S-S (3ot &
T & o0 IR fhar ST 81 TR fEreelt
T=T ety RreRdT & W afess fela T ol
e TR T T e et T
HEH T 310e 31 MHT aRad- oI |Y g
AIEMs 4 ZWMO fafeell A 3.12x1072 Scm™
SIS ATelehel AR 5.49 el & 310 Ul BRIfHH
g & HIY dER 07 fQEN ZWMO fsfeell &
AT @R RO [ AT S e 1,11
3 0.62 meqglg $! 12 94 AIEMs 7 28 didlg
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Clean energy is the main requirement for
human life. Redox flow battery may be an
altemative to fossil fuels. An ion exchange
membrane is the heart of the redox flow
hattery. In the present study, we synthesized
semi-interpenetrating crosslinked copolymer
amphoteric jon-exchange membranes {AIEMs)
with a partially rigid backbone. The styrene
sulfonate and vinyl benzyl chloride monomers
were used as the cationic and anionic moieties
into the AIEMs. Three different types of
gquaternizing agents were used to convert a
primary aming into a quaternary amine group.
Here, we avoided the use of the carcinogenic
chemical CMME, commonly used for the
synthesis of anion-exchange membranes. The
prepared membranes  exhibited good
electrochemical and physicochemical
properties with a high acidic stability. The
membranes also showed moderate water
uptake and dimensional <hange. ZWMO
membrane showed better properties among
the AIEMs, with an ionic conductivity of 3.12 =
107 Scm™ and 5.49 water molecules per
functional group. The anion and cation-
exchange capacities of the ZWMO membranes
were calculated to be 1.11 and 0.62 meg/g. All
AlEMs showed good thermal and mechanical
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3R i Rerar foxamm, fSRrhT oM fEwfErTe
EHAT PANHCT, SRHHS dobl-ebed TR 3R
T SRET Haf Gt T 1 ) fRreail
FfeoT R wefl 32 § 99 99 & fow
HHAE AT AR & gt § At
A IR SISl WP alelldl, AIEMs @l
R Tl St 5 T & w9 A SUANT fdbar /7
3T AT oY fearfsiT geT & |2 87% dledsl
SET 3R 919 GRT ST & RS 3728 TRUI 531

stabilities, calculated by differential scanning
calorimetry, dynamic mechanical analysis, and
universal testing machine analysis. The
membranes showed low vanadium ion
permeability than the commercial membrane
Nafion for their use in vanadium redox flow
batteries. Further, the AIEMs were applied in
redox flow batteries as separators and deliver
good results with the charging and discharging
phenomena, with 87% voltage efficiency and
91% current efficiency.

AN =T
_ : ) _ Qresona O § 5o { =%
ooooooooo CE 3 g&“ﬂ b —— \. '\
0000 e [ F4 SN
Semi inter penitrating AIEM

= dR1eTm NSTerg Tot! Aovl & 1210 AIEM 3 95101 &7 %11
Figure: Sketch for the preparation of AIEM for vanadium redox flow battery.

ACS Omega 03 (2018) 9872-9879

Tl 928 & o1y g UfeRTelt PVDF-co-HFP JTeTRe ShIuTel e M
geTeoT freett
Acid resistant PVYDF-co-HFP based copolymer proton exchange membrane for
Flow Battery

el UfRET UieE UeETS S (PEMs) &
HE- T RUIEelH  (PVDF-co-HFP) @
wWifes gEglifthleie Aifgud-di Ry Jethine
N ARG TR R O #N SR T
THIST BTN PEMs & YRS =T @7
feperor e THE! T SuRkerfy S qfY F97 %
fore fasam mam fRga TS FaT SR -
A v, RS TTewar iR ST "ET @
arezrE 39T T PDSt-40 HIHTeHR PEM & forg
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Acid resistant proton exchange membranes
{PEMs) were synthesized from aliphatic highly

hydrophaobic polyvinylidene-co-
hexafluoropropylene  (PVDF-co-HFP)  and
aromatic hydrophilic sodium-p-styrene

sulfonate at nanostructure level modification.
Synthesized copolymer PEMs were analyzed
for their chemical structure to confirm the
presence of functional groups.
Electrochemical characterizations  were
carried out in terms ion-exchange capacity,
ionic  conductivity and water content.
Maximurn IEC value 1.91 meq/gm was observed
for PDSt-40 copolymer PEM with 1.58x107
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ARSI IEC T A 1.91 meq/gm, 1.58x107 Sjcm proton conductivity and 29.1% of water
Siem TITH TTAHaT F 29.1% oIl 67 AFT 98 1§ <ontent. Vanadium ion permeability was also

e S . checked for copolymer membranes in terms of
eefl 3 w1 STt applicability for wvanadium redox flow

At I REleg Fallded! & foly TISTT & @ batteries. PDSt-40 copolymer PEM showed

T &l 31 PDSt-40 DIy PEM 3 VO* afgq  lowest value of VO™ ion permeability 2.87x10™

= " cm*min”, which was about 40% less compared
UNTHIET 2.87 x 107 ¢em® min™ T =9 &R , .

. g to Nafion membrane. Further all synthesized
T, ST AR Rreet b7 et H ST PEMs were checked for charging-discharging

40% HF o7l T TNT PEM FH =g Uk T performance for single cell VRFB. PDSt-40 PEM
VRFB # TRF-REaii wed & e & m showed better performance in term of

- columbic and voltage efficiency. Copolymer
PDSt-40 PEM 7 Haifs® IR 91ece ST F T mambranes found to be stable thermally and
T 9% veEF fearm PR 3989 9 Ud mechanically and also in harsh condition with
T BT T U5 24 2 35 77 18M H,50, Fman 18M H.S0, for 24 h. Results indicate that

: o ReR R T =R synthesized copolymer PEMs can be a good

candidate for electrochemical energy systems

PHIUTEAHR PEMs fae[aRmafed Sl UMl T = as well as high temperature applications.
AT STENT 8 U e8] SHHIEaN & Haell Bl
1.7
1.6
1.5
S 2.0 ——
\Q—; 14 1.84 —-—gggt-ig
3 167 B
,_g 1.3+ £ 1
> —=—PDSt-40 £ 12
1.2- S
—=— PDSt-30 0'8_
L1{——PDSt20 o =
ol Nafion T E
0 1000 2000 3000
Capacity (mAh)

2 TR SeT-31oF TR &5 Hea & 1070 Fiecdl (V) I 30— 47ah (mAh) 35
Figure: Voltage [V) vs generated power (mAh) plots using four different types of membranes.

Journal of Membrane Science 573 (2019) 485-492
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Acid resistant sulfonated poly(vinylidene fluoride-co-
hexafluoropropylene)/graphene oxide composite cation exchange
membrane for hydrogen production.
ATAIEH-Heth geladih bt $-8 Ufshal (1. S2h)  The acid/ oxidative resistant aliphatic polymer-
F arrer) STTTT-URRIET Teithies-Oielie amarfia based cation-exchange membrane (CEM) is

S urgently required for water splitting by iodine-
i =T {CEM) &l T Bt sulfur electrochemical Bunsen process {I-S

8l 1-S T o SITORIET TRy & T8, A1 cycle). Under operating environment of 1-S
WY ¥ 39T CEM (NFAREewiAE R dga®  cycle,  commerdially  available  (EM
SR AR aT) goleel-aT R i AT § St {perfluorosulfonic acid polymers such as

) Nafion) exhibits excessive mass transfer via
%s SR BT HfAe SUERCIES electro-osmosis  and its  conductivity

TG faTee! [Foietiheul & HRU fTedl 8, TH  deteriorates due to membrane dehydration,
WHES SEeERT ST dferR Sy &7 &5 while aromatic hydrocarbon based polymers

o s - showed short lifetimes due to the oxidative
BT B TPl G 5l T8l &7 Ulei e Afedrd . _ ) .
degradation. Herein we achieved partial

GICESIRRRES sl R ISINERIFES GRS RINESS sulphonation of poly(vinylidene fluoride-co-
TE-ETF RIS (PVDF-co-HFP) & JTf%  hexafluoropropylene)  (PVDF-co-HFP)  to

TR ¥ o] FHIET 59T 3 -5 7% & 9T introduce hydrophilic character in the polymer
’ matrix, and prepared sulphonated PVDF-co-

HFP  (SPVDF)/ sulphonated GO (5GO)
PVDF-co-HFP (SPVDF) WehIFes GO (SGO) composite acid resistant CEMs with different
OIS 3Fe UTeRTet CEMs &6 AT 9gie-T da®  composition for water splitting via |-S process
S50 T CEMs Hﬁmﬂﬁﬁﬁ Nafion117 Bysch #1 for hydrogen production. These CEMs were

— o o~ extensively characterized for  their
defl S AT TR STehl ST (2T, STr- morphological characteristics, ion-exchange

A &FaT (IEC), SieT 38T, TTetdhal 31K RRRET  capacity (IEC), water uptake, conductivity, and
(i, TEERE ol ey & farv e mm stabilities {mechanical, chemical, and thermal)

Nafion 117 (SFED STe 5T 1.04%) &1 & in comparison with state-of-art Nafion117
Al T - BORE) IR membrane. About 3-fold high bound water

JUIH Tl SPVDF{SGO40 CEM (ST Wie  content of suitable assessed SPVDF/SGO40
HET: 3_17%)#3@'[3—&\ = qFeT ool AeT Breait . CEM (bound  water content: 3.47%) in
frofelimer ¥ Tt § @R 3§ vBR Rieet & comparison with Nafion 117 (bound water

content: 1.04%) avoids the membrane
TG BT A T T =¥ (1-5) dehydration and thus any deterioration in

0 Ul B G-l Soiaciagod T (ERNGC  membrane conductivity. lodine-Sulfur (1-5)
aﬂué_;}f_%) T et ﬁ;@ﬁﬁg A Bunsen process was successtully performed by

% [T ST EESN SculeT &6 Y Fethiies

055
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R ErEgior SereT @ 101U Selagionlaehel g~ Hisbal (ATAISIH-Tethy =55) FNT Sicl & 14 & 1oy
TP Ticll (ARl TaNIEs-Te-aaToIRTc) HEevs-»l-gaupdl/ Gomlqes ThiT
SHiaTes BrioTe/ Suge FiaRIe} e veree ol Heaee)

Figure: Sulphonated poly(vinylidene fluoride-co-hexafluoropropylene) PVDF-co-HFP/sulphonated
graphene oxide composite acid/oxidative resistant cation exchange membrane for water splitting
vig electrochemical Bunsen process {iodine-sulfur cycle) for hydrogen production.

FOF-AST FASHT @B SPVDF/SGO FHINE
CEMs T IU 1T hReh Hehel g =9~ T Tl
wHielge ailN Heildge § IR e & Jgifas
37N TN HIA TS FTHS T 7| §9H% e,
SPVDF/ SGO40 CEM &l SHN &¥d gV [Hgd
RS 799 a1 & fo aremed Seg awT
THAT (100% & Hee) 1 Tt A oy rfafesar 6t
FrTaRerfer 1 Of® 1, a5 H, 2 T Hel B IeqEA
B b folq eFTHT 300 kJ mol-Hy ' Sl @ g3l
FANTS I 117 Brocdl B gorr F B
HTeTehd 2 dTaeE, SPYDF / SGO40 FHINE CEM
I g BH AT dlel] Ui, T2 I8 Sfef =T
SN afcufdie arvelly dIdeRy 4 Icpw welded B
BRU IS (F74) UfshaT & HTeTs I oel & faued &
fotu s wiedR & g § Hexie (ot 14l

membrane electrolysis in a two-compartment
electrolytic cell {direct contact-mode) using
SPVDF/SCO composite CEMs of different
compositions. Theoretical and experimental
values of acid produced in the anolyte and
catholyte showed good agreement. Further,
relatively high current efficiency (close to
100%) for electrochemical Bunsen process
using SPVDF/SGO40 CEM confirmed absence
of any side reaction, while approximately 300
k) mol-H3 ! energy was consumed to produce
one mol of H.. In spite of low conductivity in
compare with state-of-art Nafion 117
membrane, SPVDF/SG040 composite CEM was
assessed as suitable candidate for water
splitting via I-5 {Bunsen) process because of its
low-cost nature, high bound water content
and excellent stabilities in highly acidic
environment  atiributed to the partial
fluorinated segments in the rmembrane matrix.

Journal of Membrane Science 552 (2019) 377-386
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T el & ToTq et & SR BT Uiell (2,6-STsfrenge Wil Jfearss)
TR TR f¥2R BRI Tera<of el

Comb-shaped poly (2,6-dimethyl phenylene oxide) based alkaline stable anion
exchange membranes for fuel cells

N,N,N,N-2ZT  eMEge-1,3-010  SUET  add®
RO edd f3eell (AEM) ®T 3lcarge aq
(DQCP-36) % I Slse? &8 A eh THE dlel
T-Hapleld Mpid BT Tod fban Tl I9H
FPleld AEM (DQCP-35) = EIESHEEe T
ATABT (4.66 x 107 S em™) F g2, RA-fAfFHT
SAT (1.35 meq. g'') 3 471 |lepur 3l (11.52
kJ mol™) 3T el f5aml 59 AEM 7 T9-Hhferd
FHA (FEl TE I Ao epgihiad Ik
TS hI4% SH) 3R Iep® FeTied (e, R
3T M) Bl fEErm 60°C W ol &R H1E5H
{(2M NaOH) & d&d, DQCP-36 AEM = 700 h
SUAR % 97€ dletdd] H e 9% @ BT R,
FIR &N et Wel B fefU SUh |l gl

The N,N,N,N-Tetramethyl-1,3-propanediamine
quaternized Anion Exchange Membrane
{AEM) spliced with alkyl chain (DQCP-36)
formed self-amassed morphology with larger
ionic clusters. The most suitable optimized
AEM {DQCP-36) demonstrated enhanced
hydroxide ion conductivity {4.66x107 5 cm™),
ion-exchange capacity (1.35 meq.g") and lower
activation energy {11.52 kJ mol"). These AEMs
showed self-amassed morphology (well-
balanced  hydrophilic and  hydrophobic
domain) and excellent stabilities (thermal,
alkaline and dimensional). Under harsh alkaline
medium (2 M NaOH) at 60°C, DQCP-36 AEM
showed about 9% reduction in conductivity
after 700 h treatment, and proved to be a
suitable candidate for alkaline fuel cells.

Rr=r: TEM B13 & wrel e} & 3PN & &N1e SBUI VTl f3lcci] @ [aver 89 Ple-i

Figure: Cartoons for the preparation of comb shaped alkaline anion exchange membrane with TEM

image.

International Journal of Hydrogen Energy 43 (2018) 21742-21749
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Theme: Environment

fersrzerer s &g

I WAfer SiR ST AE ST, WS S ST, e S Ao, SEal SR, wifERe
AgMFepT & wrer Fe (A= SUI o fory yarfaruilr gHTd Hedie (S1180) 3R STURY ST U8
et YRATSHT H a8 B 9v A1fHet 81 Brf qeg o A a4 gaiarur df erfial ol $Hsi #fiR
TN AT H Reere o it 7 ST BT TRATOAT 25 fory Sewor & ST 251 AfersTraoft e o fory amersgss
& TR TERT AT Tl STel H FIefeeT T &Y TgerT & fofv deii-e srega ot 7 ot afeeT & &lef
& T HIrTATSR-H TR eIReTs 7 IR 857 ¥ NABET H A0l WIH &1 &, orT anfie §; Heex
22 (f&fieerl), Udes 30 (TENT e d1ei! SHISAT HiZd THI e dis dlef A1E), Haex 33 (TTE,
3 ATex 31N ST o7R Ve 36 [ AUfETE STAR T4 (CETPs)] 3 I 7 AQ &l Brad 4T
&9 H I Re FRIcHd & fA9msT (FAE) ot € gafery, duaandam-divauaiamang w@as 579
IRIh AN &FT & HA el AT TRITSHT § HRCY FelehN & HU § B &Y FehdT 8l T8 Fed
T wrfaRur & e qal & WHTer & ol Y S & de ORISR § a1 81 579 3 55
STETSl Yri: FebuT S A1 G Terr YHIg Fedleh 3R SR SfewiRed o afafafi] & orefrar, weerr=
feperauTTeH e fafer T, Tagt Sief & ol GRSl &1 @l @ &5 3 THa] TI1a W gHret e
A off ST w0 F M 81 | 39 TIA & A §F a9 2018-19 F &Y 1Y qfeRur Taet e &
SIS Fd & 38 2

Thematic core competences:

The institute, with its trained and experienced human resources including marine biclogist,
microbiologist, marine chemist, environmental scientists, is involved extensively in the
project related to environmental impact assessment (EIA) and baseline data collection for
different industries. These works are mainly required to understand the present
environment conditions and predicted pollution impact for establishment of any new
industries located in coastal areas. The institute is also involved in conducting scientific
studies for identification of discharge location in the coastal or marine water. Recently
CSIR-CSMCRI has acquired accreditation from NABET in four sectors including sector 22
(Distilleries); Sector 30 (All ship breaking yards including ship breaking units); Sector 33
(Ports, harbours, break waters and dredging) and Sector 36 [Common Effluent Treatment
Plants (CETPs)]. This institute also have in-house Functional Area Experts (FAE) in all the
area except AQ. Therefore, CSIR-CSMCRI can independently work as master consultant in

o0 TR
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any projects related to above four sectors. This institute is involved in projects with major
industries for addressing various environment related issues. Some of them are Tata
chemicals, Nirma, Jay chemicals, Sarigram Clean Initiative, Gujarat Maritime Board,
different ship recycling industries at Alang etc. Apart from EIA and other activities
mentioned above, the institute is also actively involved in basic research on marine
environment in the area of coral microbe interaction, constructed wetland, biological
degradation and suitable analytical method development of critical organic pollutants,
recovery of energy minerals of seawater. With this background we are presenting an
account of environmental related activities carried out in the year 2018-19.

O BfPe seveis foafiies, @WTa & fore Soarfa emfére & Fdga o il &
¢ T B A1 SUATRY SR fade fig &1 gatwar siR Rerar s

Adequacy and stability study of treated effluent discharge point after
resuming the discharge of treated effluent for Jay Chemical Industries Limited,
Khambhat

HIrHA g R-dIgHIaNag 5 JCIL, IV, CSIR-CSMCRI conducted the adequacy and
WG SNT IR IULTRT a9fRE $F gu gear stability study with relation to resuming the

- - zer B discharge of same capacity of treated effluent
® PR S i (aukd A ¥R produced by JCIL, Unit-IV, Khambhat. A rapid

RRRTT @ e fm 2007 5 HITHATSAN-  FIA was carried out in 2007 by CSIR-CSMCRI
HIoHHH NS g1 U dld 3380 fdar r o and location of discharge point (DP) was
Sﬂ?@wﬁtﬁ?{ (DP) T oI Ffee e 1T 2 marked. As EIA was carried out more than 10

years ago, water quality with respect to both
ESUEE ST 10 Tt s T w5t iR biological and chemical parameters were

ofT, BA 3ThaY 2018 H Srel TMI W 79T ®IHT  analysed again, keeping the same location as
T T T, ST 2N I S Auger pEey  our sampling stations in October 2018. High

¥ ST 35T OTErT T O 2 Frdrur FR 2007 Y tide {(HT) and Iov.\r tide (L‘T) data \‘NEI’E collec‘ted
= for all the sampling stations during the rapid

femT: rFgay 2018 & SN WG] IR

Figure: Marine monitoring survey conducted during October 2018

AR o0
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foeeft i SaTmdy afee &I SN I=9 Sar (TE0)
3N & waR (Geldl) Sel 9ol 49T 21 & ey
Ueha Tl T oI, gl e afagsR 2018 § FHT 7T
€231 & felq el Sl Terd) Ser v fb 1w weft
T U Y AMene g AReREl gRT
iR e el & auier 3 21 9 gigsil
T FET U 6T HAT I A < 8iR o arn T
fOwal areg Bl gel-1 d Faolldl deyur § 4l af1g
B TIRTT ¥, TE 5 (ATt ST Tebell & fe wiefar
TTENOT ¥ T 7RI aTel WaTe ol Hde fahar o
T B BT, STRTRG SO e miafafy
7= I BT & qTS YTV U i SATaei] (RTT
2T RN eT & T8

EIA study earlier in 2007, similarly in October
2018, HT and LT data were collected for all the
sampling stations. All the tested parameters
were In compliance with the permissible limits
as prescribed by the statutory authorities. The
heavy metals were below the detection limits
and it was found that the microbial pollution
has reduced in comparison to the previous
study. With the findings, it can be concluded
that effluent with the same capacity can be
discharged in the existing environment.
However, periodic monitoring of the
environmental quality after resuming the
treated effluent discharge activity was
recommended.

TS &1 $S¥EIS (PBI) WTgec feifies, sreiT &1 qiexor FRET

Ervironmental Monitoring of Priya Blue Industries (PBI) Pvt. Ltd., Alang

TTse, WE de b Mg, TRt arg Jurer ok o)
& T TR ATEet $ A 3TN e
M 21 [RisR-Side moest, JeE, WR
T, ol =gl WHfea 3R e s
Fer TRt 25 foTQ Tl et / 97eT 3 771 b Pl aor
famaT oM Teree SR Mgt & AT &7 P It
TEE, BT B, TCTTTT TG &

T 137 57 SSRGS, 37t 1 R T SN UREel arg TeAve Ry 1 T

CSIR-CSMCRI involved in the sampling and
analysis of various environmental parameters
of sea-water, ground water, sediment, beach
soil, ambient air quality and noise. Seawater/
ground water samples were analysed for the
physio-chemical parameters, pigments, heavy
metals, poly nuclear aromatics and micro-
biological characteristics. Sediments and soil
samples were analysed for their texture,
organic carbon, petroleum hydrocarbons. The

19 09 2018 |

e N

Figure: Work place ared of Priya Blue Industries, Alang and ambient air ashestos monitoring.
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fery fasar 1m uRR@=n ary I AT sitrer e,
AT, ST, T 3N AEgNH & AFEs,
I FIRT et ol

ambient air monitoring was conducted by
studying the particulate matter, ozone,
ammonia, oxides of sulphur and nitrogen,
particulate heavy imetals, benzene,
benzo{a)pyrene and asbestos.

el CATSHT HIENTiTehT T SUTNT HXP Tl [GerTdeh] & GRIET e W
TTTERIAT TeTTT

Feasibility study on safe disposal of spent solvents using thermal plasma
technology

CeATSAT areRiferirg! e desie gfant afe
TR & STD AXIb A Forie PR faemat
BT YT B Tebal! B UM 7 TERTH IUHT &,
T SeqT {7 B AW 7 AGS P & AT Fod HaAn
T T ST & Tt &, FORT 7T SR St 7
IRET [T 7 Tt 81 TR GRT S0 [Aadad
AURE FUSHE & o0 15 Thuveer  omeHr
B ERIEI R Ut Bl HITHATEAR-
HITEUEIRATE, RIS 796 B 5 werfue T
T 21 AT 13.01.2017 B THATaEieT, e
SR I T T em REw HivHaTgaIR-
AR ofRR & 15 fEmERT s
TTSRITTRI o 2 HT-HTe T 58 qail 3R

The plasma pyrolysis/ gasification technology
can dispose the spent carbonaceous solvents
in a safe and environment friendly manner.
The system has accessories, which help to
burn off the generated gases or can produce
high calorific value gases, that can be further
converted to useful energy. 15kg/hr plasma
pyrolysis system for Institute generated
solvent waste disposal was installed at CSIR-
CSMCRI, experimental salt farm. The plant was
commissioned on 13.01.2017 by FCIPT, IPR. The
illustration shows the 15 kg/hr plasma pyrolysis
plant at CSIR-CSMCRI premises as well as some
of the parts and accessories installed. The
testing of the system was carried out
throughout the year along with FCIFT, IPR

o= (a) Am7de 1 Be; (b) WIT ITUIEE: (c) (901 5018; (d) 3TiHete I faxiva)
Figure: (a) Graphite rods; {(b) steam generator; {c) control unit {d) online gas analyser.

HHT e 22T &l [eed &1 wiar ghelargdid,
3T 9 & |rer R a9 fhar T 3R FE gurred]
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team and the system was ready to run on spent
solvents from May 2018. The feasibility study
was carried out under DST funded project.
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74 2018 9 Flid [Hele W "o & olg IR ol
It o e oRE F ded SdeRiaT
SETT T TN el IS & ATEIT I TN
R # P sfire e o amt 73 ¥ Uz,
7UfIre e s & RE TRET Bl [ B
foIY &1 BT GCMS epelmor STy 3p=Tr &, d1feh
TR 5 7T SURh AT BT I 12T W1 Tl
(TSN 0T BT ¢ 2fa) 3N CoTeHT 79Te &
T =] AT 1A &1 FifEd JToHT 61 Ugd W, el
IS 4T 1% T ST & ofiR fretraes 1 de Hamer
TR fSgaT <1 2l

Before charging the mixed waste solvent into
the plasma system through liquid feeder, the
usual practice is to conduct GCMS of the batch
to comprehend the major composition of the
waste solvent mixture, so as to select the
suitable temperature of operation. Followed
by the desired temperature was set and the
Induced draft (ID) fans was started along with
cooling tower and plasma torch switched on.
On the reach of the desired temperature, the
liquid feeder pump is started and solvent is
sprayed directly on the torch.

fafir=T 9 R & STer Al F SFERTer AT BT AT e T & feTg WRed, -
TROT TAB-SATTRE foe

Simple, one-step dye-based kit for bacterial contamination detection in a range
of water sources

AN e T ff voR & S |g 9 Sifed
FFCHNAT BT TdT o1 & oW U fEeei -3 fiae
(Rgm) BT Afaafd Far € 9 Coraio™ 9%
AT BT e A 81 AT I 9ol § g4
ST R R & 37 ufRedT ST ST €, St o
HEH IUBT BT AFIHAT F 2517 I FRtereT &
HrE | N Bl T Hebdll 81 F GRE § o
el I % YN T 20 7 E.coli F A Fgar
&l PAAAYdD il g9 Yook YIH URUH <id 2
fdb Breeil-ammena RET A YR & T & AT
q Hiofg STid1u@h ! RHTMOI Y Habell B1 g4 fbe A
faf¥=T ity Sef & T (TTer, HHg, S 3
TR FRH & gl 4 4l dtheldigded M b, ol
R el SR BRe] / TRUTAdr T M, g
TR TERAT T IR BN Fpar # T R
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The present study reports a membrane-based
kit (strip) that comprises tetrazolium dye and
a carbon source for the detection of live
bacteria in any kind of water source. Color
change is observed on the strip when dipped
into water containing bacteria that allows
visual detection of contamination without the
need of any expensive instruments. The strip
efficiently estimated different concentrations
of E. coliin the water on the basis of time taken
to change the color, The results thus obtained
supported that membrane-based strip could
quantify live bacteria present in a variety of
water samples. The kit also successiully
worked
samples {pond, sea, ground and municipal
water) which may improve its acceptability by
different end users such as in aquaculture
industry, swimming pool and domestic/
municipal water etc. These strips exhibit a
feasible manufacturing approach for low-cost

in various environmental water
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arferenTer STel WIAT H & AT H S0 &7 Gl o=
dret eder] fdf-Hir gt &l yeid o 2l

R Sict A deeiaer Aguor B O o W e
TTB-3TTTNT SeFciRgel fhel
Figure: Dye-based bacterial kit for detection of

bacterial contamingtion in water.

bacterial detection in majority of water
sources.

Clean water

Contaminated water

R €1q & FFTCqS MaRU &g 104 Sics fafas e sifTass
AAIREE SR I difermR WYt 79T
Magnesium doped lithium manganese oxide nanosorbent and their polymer
composite beads for selective heavy metals removal

FHIRR site ot dHe ffleags ST
Tebel TR0 ST TTaelT fAfd ST hel Qe JUR
Tt T SR AT wAT fad it TRy o
ISR S RIRNUT o ol YafRrd febam A1 de 3 Wl
gg  emA F fw Rfw s
NiZ'<Co®'<Cd*'<Pb*'<Zn?'<Cu*" & TIAHGI
T & T2 AEI-3TeT AT ST 66.54, 49.48,
56.15, 17.80, 15.52 3iN 7.94 mgg™” vefiid I, @
3 EEealS 9Tg STRAT (Na®, K', Mg?* 3l Ca™)
Sit Hpfetep Sef < W |iel, <fid arl fi¥ it
TN T 1o HE-SAeeed ¥ 21 8, % o 1 Heeaqef
TRTehaT 72T <7 37 It oA & P ARtaw T ud
fereeed TRY a1 SN ST 7 SeRT- A
RN ST & TR TS TR B
el TR ST i AR T A (PR, Zn,
Cu?") & T ST qUT FaRoT 257 &fwrelT el I il
ferTl diefe -1 Gy 7=l 4, g
AT & G T AT SIS 4Tq ST Bl

/_064

Magnesium doped lithium manganese oxide
nanosorbent has been prepared successfully
by a single step solid state method. Prepared
nanosorbent has shown pseudo second order
kinetics and Langmuir adsorption mechanism.
Nanosorbent have shown a specific selectivity
for heavy metal ions with selectivity order of
Ni**«Co** <Cd*"<Pb*"<Zn*"<Cu* with individual
adsorption capacity 66.54, 49.46, 56.15, 17.80,
15.52 and 7.94 mgg’, and no significant
response for common interfering metal ions
{N=a*, K*, Mg* and Ca**) which are generally co-
exist with all-natural sources of water,
contaminated water and industrial waste. A
competitive heavy metal adsorption studies
with mixed matrix of all these ions have
exhibited selectivity trend almost similar to
individual adsorption performance and nearly
complete removal capability for three heavy
metal ions (Pb*, Zn*, Cu™). Polystyrene-
Nanosorbent compaosite beads have shown
explicit selectivity and adequate removal
performance for heavy metal ions even in the

TSk TfdaET 2018-19 ANNUAL REPORT 2018-19

¥




B N

FOH TS -H UHUHE TS

CSIR-CSMCRI

Sufeyfy 7 off, R &g oAl % fou e
FIH D] 3118 Gid (IR0 @daR br gagiH i

presence of common interfering metal ions

similar to pure nanosorbent.
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E7e] TR0 BT A5 e

Figure: Heavy metal removal performance of nanosorbent from the mixed solution of heavy metal
ions in {a) absence and (b) presence of common interfering fons.

AT SFERAT FRT icigRIel 3R Uil famTgel FARTSS BT &R0

Polyethylene and polyvinyl chloride degradation by marine bacteria

T fepermTenss oY Hawraell smelieil 5 gT
T dediNaT B T AIW2 BT diediage
FANISS (T, -SRI ATeTZmgel (W)
3TN ST-Eed JielIgTSel (TTe U13) O dere gel
ITeAg, 3907 AT NN BT diF H1E T IeTTq
fewar 7T 165 rRNA Sfi<T 354 i Bigallom s
fasiNur & areR uv w2 AIW2 Sy ST & |
97.39% THATT 9T 8 dFCINTS ¥ & 9wl
THATRC® BT &80 AR 7T ST H gRT 90 f&AT & gama
T i mm, e dER, e sie
g Rt % URME YR @ e
0.26%+0.02, 0.96%+0.02 3 1.0%+0.01 HH &HT
TARN RCH fher & WP TerediE 7
IfHd UF 35 915 Taerds iR it &1 we
qrT T 3T B AR fhar e
SoiFal HISHINDIT 31X U2 i B ATgH NG
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Studies were carried out on the bacterial
adherence, degradation and destabilization of
polyvinyl  chloride  (PVC), low-density
polyethylene  (LDPE) and high-density
polyethylene {(HDPE) by marine bacterial strain
AllW?2 by a series of analytical and microscopic
observations over three months. Based on 165
rRNA gene sequence and the phylogenetic
analysis the strain AllWz2 showed 97.39%
similarity with Bacillus species. Degradation of
plastics was determined by the weight loss
after go days with bacterial strain, which
detected up to 0.26%*0.02, 0.96%%0.02 and
1.0%+0.01 for PV(, LDPE and HDPE films,
respectively over initial weights. The
mineralization of plastic film was found to be
maximum in LDPE followed by HDPE and PV(.
Bacterial interaction had increased roughness
and deteriorated the surface of plastics, which
was revealed by the scanning electron
microscope and atomic force microscope.
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R : Tt (), Tz (@) Sk aeitig () & 9aET 1 SaeiRae wod AllW2 & &1 30 Tl &
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Figure: SEM images of PVC (A), LDPE {B) and HDPE (C) control films; and PVC (D), LDPE (E) and HDPE
(F) after 30 days of incubation with bacterial strain AINW2 demonstrate the surface deterioration.

TN b 81T 81 TeTeld s 7e Tge 418 el H T
I T (-CH, 3Tk —CH,) 3Tk B (-Cco) &=
ST ArgeRH, dEET § FEnaicle UNE &
BTSSR (-OH) &1 7 HIHCAT T RRT, SHAT el B
TR H TTHNRS TIded JeggAr & "Aregd & gar
TOIAT &, A INAT B afifereefed frfaferr T sarrar
21 grefifds, R fihed &l germ 7 ety v
ToeE R AT B afefafie arfee o, wg
e TR TT 7 ST U T SuRY 5 HR
21 Hebdll B, ST S IgAwE! ST &1 IS SRTTT %
TROITHT ¥ T §F2IRET B CelTiee fthed TN wHe
31 3P GRT UTfer™ HeHT & &RUT & udT defll 78
ied & SR F (AU dha efdeEd iR
DictFTS0E T2l U PTG WOl & dig Sy Hee
I ST Bl TOHM 3T SFIRTA T2 (AllW2)
P ified TNTAT Bl ReR e & v h
FIHIGIR & T H ST 8, R oResh 470
I YR T A B B b o Sdper febarr o
Hee B

/_ 066

Bending vibrations of the alkane rock chain (-
(H, and —CH;) and carbonyl (-C0) regions in
LDPE and HDPE films, slight stretching in the
hydroxyl {(—OH) regions of carboxylic acid in
PVC as evidenced by Fourier transform
infrared spectral studies suggested the
oxidative activities of the bacteria. Though,
the bacterial activity was higher on the LDPE
and HDPE than PVC film which may be due to
the presence of chlorine atom in PVC structure
making it more versatile. The results of the
present study revealed the ability of marine
bacterial strain  for instigating  their
colonization  over plastic films  and
deteriorating the polymeric structure, It
reveals a possible relation of successful
adherence and continued attack at the
colonized site to the degradation of plastics.
From the present study, it was revealed that
the bacterial strain {AllW2) found to be a
candidate for destabilizing the plastic

structure, which can be used for the

production of plastic extricating enzymes and
their optimization for safe plastic waste
reduction,
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Theme: Water

fersRITer Wi 4T ag:

IS R-HICHGHH SIS o T of < <2l & "Siet” el favy uv iR f&fde a3 4 arcafge
ST SFTHL B &M Bl 38 T % 2T it & JT=ept =1 7T I8l &b WHIW, g fFHior
SifehaT BT fESTTg B TR Hsi o T HIf g TFhe0l HishATall & b § 980 e 2 &l
T WY & W TS o STel & SAeTdUieh & oY Tehel TNUT AR HFs o fSepT TN b1 & V&
&, g 1l €1 Wel & Yol 3TN DICUa & ol el Bigas A TR el fheey, deil
fthe™ T A theeta A= b (e, FEsT SRRy o) it ofgeT SN & | Sfie Sfef & STRifw
3N fevur & forg faf=T amee faffmy A== &7 fdbr off T & Fa 81 A% $1 38T,
SN reha/ STaTe faepT, STARRISE I TR TR WIS STeietl 3 Torer Heptar 3R fafoe |
affafal A sriien g guld: ddferd 81 3l aiftie R 3 ufsbarall 4 9 oo Bl vl ol & o 344
W P5 o [~ drsdaaRal Bl sxdidRd [Ha7 17 81 50 A& sadieT $ ar, 89 2018-19 &
SR fU Y BHR B ScoRg-1d BT Dl IEdd B §Y IE—TdT HEHH B I8 Fl

Thematic core competences:

CSIR-CSMCRI has been working in the diverse and highly applied research areas based on
the central theme of “water” for about three decades. Scientists from various divisions of
this institute have contributed immensely for the synthesis of new polymer, designing new
fabrication process and developing membranes and many separation processes. We are
actively working on the development of single stage RO membrane for sea water
desalination, hollow fiber membrane based high-flux domestic filter for water clarification
and disinfection, tailoring the substrate and rejection layer of thin film composite
nanofiltration membranes, membrane bioreactor, mitigation of arsenic and fluoride from
contaminated water, optimization of spiral module winding method, membrane module
rejuvenation, development of different ion exchange membranes for water desalination
and purification. The institute’s output is well balanced by technology/ process/ product
developments, quality publications in internationally reputed journals and various societal
activities. IP right protects some of those processes and a few of them are transferred to
various licensees. With this concise overview, we are delighted to present some of our
noteworthy works that were carried out during 2018-19.
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Development of single stage RO membrane for seawater desalination

o fASTE iR geugEww WiENfihT fadm &
JEThT 7 99 SIRITT (20000 I 40000 HIUTTE)
ST @l O ST H IREfIT a3 & fow Tt thd-
TR FARAT [Feauiia=e F79 &1 fAam BB 2
farn T 3TRaT H75= 30000 UTHCH & STeT &1 U &f
TRUT H (AeTduiiehaor Beeh 95T Teitd 350-500
dIiee a6 ofF § 98| 81 I8 30 &ear € 6
fZpfHd HET WHg & Wiel § Yool A0 & 98% &
Mo ofaW Bl Npd Y bl EECT Y §
SIfed ol & IEIUE @l el 300 dHIed &
AT o & Iy & & 9RT 21 800-800
TIUHSTS &b GRR A Sz edd ¥ e 4 HaH wHw!
Tt foerauitemor & o fIf= ey & "vsH
HigUel el s & fory sl o) wafy ue B

Scientists in the Discipline of Membrane
Science and Separation Technology reported
development of single-stage desalination
membrane for treating high TDS {20000 to
40000 ppm) water indigenously. The discipline
states that the recently developed RO
membranes are capable of desalinating water
of 30000 ppm in a single stage to bring down
the product water TDS in the range 350-500
ppm. This indicates that the membranes
developed are capable of rejecting more than
98% salt in single stage from seawater. Further
work is in progress to bring down the product
water TDS precisely around 300 ppm. Work is
in progress to develop membrane modules of
different sizes for sea water desalination
capable of handling high pressure in the range
of 800-900 psi.

el % YATHRUT 1Y HISTOTLIL & forq ITar-vars giel Wrgas Jesi srena
EIQF!\RE:*E?
Hollow fibre membrane based high-flux domestic filter for water purification
and disinfection

€T o (A Sooll ¥fad, eimid-wHidl, Tocdredur
Helfle oIt fvdes soE fAefad &1 81 g
Whigse Je34 Bl a4 b e A dicfise aile
ViehaT HTYEST BT SHART fehaT Tl HEsl T T
P GNT 9T & Udig, Ufded AN 7 Heldl 3y
FIIYR] BIT ATHIND! & FI7 bl TSI A= ey
& Bl HIgaY Higget P fFafor fakam m qer 3%
TG4 BT TR [T TRl 718 ORI R & 3 Star
TRISER HFs 10 psi & TdTe &1 7 164 TeATHIT
T Y9E UeH Bl & 09 100 kDa 3R 200 kDa
gt BT e IPd HRd! Bl W GRI AT & 9T F
ST BT 6 AT BH, TRRH B 4 T FAT 3N
NTU ¥ > 99.9% I Wad+ famm w@gelt &7 ¥
e Efcl ThTgaN 9 TR ATeRE el feue
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The target of the work is to develop cost-
effective, gravity assisted water filtration unit
operated without any electrical energy input.
Different polymers and process parameters
were used for preparation of hollow fibre
membrane. Membranes have been
characterized with respect to their water flux,
molecular weight cut-off and cross sectional
morphology. Hollow fibre module of different
sizes were fabricated and performance has
been evaluated. It is observed that the hollow
fibre membranes exhibited a flux of 164 LMH
at operating pressure of 1o psi with fotal
rejection of 100 kDa and 200 kDa PEQ. The
membranes exhibited 6 log reduction of
bacteriz, 4 log reduction of virus and >99.9% in
NTU in Tap water. Water filtration unit based
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ferr: Bt HIay BT O SN TR fhoey
Figure: Domestic Hollow Fibre Filter

ZH1S I MU T 71 Bl BieT higs Higdel 9
Ugel el & olel Bl U HIgghH (theex UgH e
ey A ToINT STl & ST el Hom e afy &
(I B1E 3N B 9T § P <f 8l fheex iy e
1.3 ¥ 1.5 Sex U 9T 9ol &7 Ieara (Bar A1
fA[d o1l < AT FHh TeedTdhsvT (7 - 8 psi) B FRT
FIAT B ISR STRETE 7 g
oYt WO T R Sar BiEas A IX STETNGT
exe] fheex Rinzai Hydratech (GSHRFN) &I
P WS Heaip & o ol 81 o % TR
& AT 7ET 7 39 a¥E & fthees & RT A 8

on indigenously developed hollow fibre
membranes has been fabricated. Hollow fibre
module is preceded by one micron filter to
remove the suspended particles and carbon
filter for the removal of odour and colour (if
any) from the feed water. The filter works just
under gravitation {7 - 8 psi) without any
electrical energy input and produce 1.3to1.5L
of potable water per minute. CSIR-CSMCRI has
handed over 5 numbers of indigenously
developed hollow fibre membrane based
domestic filter to Rinzai Hydratech (licensees)
for their performance evaluation. There is
huge demand of such filters in different
villages of Saurashtra, Gujarat.

GHTEIvE WRTST STell BISaY U TUTRE Aeae FaiNgaey

Membrane bioreactor based on the PVDF composite hollow fiber

ST el BigeR I, 15 FHT 2 3R 50 FHt
7S b THETSTR Higgel TR fhy T 31 HIgsr 3res!
TS FoT WGRIT B & T2 ST ST FHora
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MBR modules of 15 ¢m diameter and 50 ¢m
length comprising of the PVDF hollow fibers
were fabricated. The fibers showed good
mechanical strength that the fibers can
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UHHTAN T &t ORerer el & dad 21 Hadm
21 thle I Sl UiehaT & fef 500 FHP/ fAe darg
UATE &% % HIY SATTR JETRE (b SITem & 3R g
Yulsy IATE Siel Bl U dayH 49 gRT 100-200
mbar & 919 TR =T 11 79 392 Sel & 9TTR
H WSS Yuled” 15 feAT & for Haferd 1 18, 39
AATY & SR yeei= RFer arr |

withstand under the operating conditions of
the submerged MBR system studied here. The
feed was continuously aerated with air flow
rate of 500 cm?/min for the biological process
and the reusable product water was drawn by
a vacuum pump at 100-200 mbar pressure. The
MBR system in the treatment of dairy
wastewater was operated for 15 days and
found that the performance was stable during
this period.

gcrelt fthe WiTsr A9 fheeer Avs T § WeIee Ud SRATGiT URe BT Aha:
3T VaTE IR BT 6 wfey

Tailoring the Substrate and Rejection Layer of Thin Film Composite
Nanofiltration Membranes: Achievement of High Flux and Rejection

Ffheca™ TR &7 UNTRIT 9N TRATHESAr
EIRUEE R I I B IIE R G R R R E VA
el AP & el Joeaa sdgr o B Hiar
YT TR STl B, TfehT Asdee Terpia J fHeTar
TR RN IR & amHIRGT B varfad Fwer
21 1T 1@ AET (Ti0, 3R Si0,) FT Wi
UielEhlaTEETEe (PAN) 2ITaTRT afecTithea sl
A9 Hefod W GRUiREE  ZEHaHEs
ANhega Ara FUR BRI F8 & Uil (el
e, fdWe, 8 3R Sy FIE STBING], |
Sfel JHT Mfe) TR A= & Hapfl W& H=T & T491d
AR vedlH &1 fawga sregg= 3T 1T I <4Er /=1
2 feb A1pur G2 AT sfeelfthecs Hedce 1Y AU
Ao d Hes Sl fAEISHT, 97ard IUF Heie 3
TeBTae 7 Hacl FTd YATE dfee 8% USRS o7
ot 81 TeReEs AIfeTT Tothrc - TeluieRmNsiT
TISHEFIES & FT SEIUFefe dieiivR Acad 3
T STegITER SRR R T TS T & o forg
IT-3MCTT PAN 3egthecyd™ Hedge W 4RI
T AT IPN A5 7 3-4 AT A8 WaTe (11045
LHH), Tehet 2R faoglST Al & Sope aredigpha
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The permeability and selectivity of
nanofiltration membranes are directly
influenced by the properties of the barrier
layer. The substrate layer although doesn’t
have any direct influence on the solute
of the membranes,
however wvariation of the substrate
topography influences the morphology of the
ultrathin  barrier  layer.  Polypiperazine
trimesamide nanofiltration membranes have
been prepared on virgin and nanoparticles
(Tio. and Si0;) modified polyacrylonitrile
(PAN)  based  ultrafiltration  substrate
membrane. The effects of the nature and

separation behavior

doses of the nanoparticles on the membrane
properties (hydrophilicity, potential, surface
and cross-sectional morphology, equilibrium
water content etc.) and performance have
been thoroughly studied. 1t is observed that
nanofiltration prepared
nanoparticle modified ultrafiltration substrate
are characterized not only by higher flux but
also better antifouling properties than the
membranes prepared on virgin UF substrate.

membranes on

Ultrathin  barrier layer made of semi
interpenetrating  polymer  network  of
Polystyrene sodium sulphonate-

polypiperazine trimesamide and polyacrylic
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AT SN SFERIET H BT el § T80 6
G e Il &b el el

acid- polypiperazine trimesamide were formed
separately on PAN ultrafiltration substrate to
form the NF membrane. Semi IPN membranes
exhibited 3-4 times higher flux {110 = 5LMH),
excellent rejection ratio of mono and hivalent
ions and much better antifouling properties
than the unmodified membranes.

¥ ITRTE §RT W Sl &7 faerauiiaor

Desalination of highly saline water through membrane distillation

AIRETES IS oIS |t Jr $ON
B T HET 6 e andiply EEN, gEE-
T, ST, TAE GIEITT 2T BTEIhIae!
BT AR 5T TT| AfRIAferaT ST dhed 6f
afe & Tl AF 1 ferfras ) TR o7 e
(LEPw) ¥ 9519 £ 0ol HRU Sl $ YaTe §
g &l G Pl 3z Wik 3Miel 1N T8 MHictdr
[P IR Asi &1 9dE et R g avamr d
ofadT &7 Ta® & | 3T 5 & g gaiferdT
GFET B ST 80-87% TP dgMT T HR-
AT UHIT & ATETH H Afcfde @R I (3 -
20%) T fAAauiianr & forg AFae & 99T fdhar
T

Superhydrophobic  Silica-PYDF  composite
membranes were prepared. Solute rejection
behaviour, morphology,
surface roughness and hydrophobicity of the
membranes were studied. The “Liguid Entry
Pressure of water” (LEPw) of the membranes
were increased with addition of the
organosilica nanoparticles because of higher
resistance of membrane surface to the flow of
water. This implies change in membrane
surface topology and pore structure upon the
silica incorporation. The £ polymorph content
for these membranes was increased to about
80-87%. Membranes were explored for the
desalination of highly saline water (3-20%)
through membrane-distillation process.

microstructure

Journal of Applied Polymer Science 135 (2018) 45718

el fReT UTelIvHTSS WS A aH- Ofe A SRATh AT 3R RS 31
IBREZ

Thin film polyamide composite membrane- potentiality in mitigating
hexaconazole and arsenic

& BHHPHNIA g2 & HeY d udell fthed
GefIRHIgS |iH A5 6 T 9
Pl WA [hAn @AM WS Rl
191 & NTET IIINT Hddb =0T & o1 faar
SIAT 81 39 A5 6 S 4 dielden U Quiis
AR T (eI FNIgS) & d1 SethTd
Ui REeed  3RT d9aq  fhed @ity
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We have studied the separation ability of thin
film polypiperizinamide composite membrane
in terms of hexaconazole removal.
Hexaconazole is a trizole fungicides used for
controlling the fungi. Thin film composite
polypiperizinamide membrane is prepared by
interfacial polymerisation between piperizine
and TM{ (trimesoyl chloride) on polysulfone as
base membrane. The prepared membrane is

marked by its charged nanofiltration
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diefldiuRkfs=Hge A9 JuR 1 Jar 9w9
NaCl 3R Na,50, Je/aa0 =d8N (NaCl- 36%
3R Na,50-96%) & T 7 O AERR
AAifthecysM EER gRI Rfed & Wi A
ERTD AT o] I 3 TS 7 SATHT &7 STt
21 Tl fthew UTeliuATS S St 9s 51l 9 92.72%
IRFF (V) 5T F v Ff SoogH @EER
Tt 81 T8 +ft qofar & {3 557 7% & folT As (1)
B TATH As (V) FISBRIT 950 T (~ 14%) BT
2l

behaviour in terms of Nall and Na,S0,
separation behaviour (NaCl- 36% and Na,S0,-
96%). The marked membrane is showing its
potential in terms of hexaconazole rejection.

Thin film polyamide composite membrane also
shows remarkable behavior for
removal and remove 92.72% As(V) from water.
It also shows that As(V) removal is much more
{~14%) compared to As{ll1) for this membrane.

arsenic

U STel B FR1SS Heh B & DI Ih-TbIE{+P Tgeic edd ® fIbr

Development of organic-inorganic polymeric network for defluoridation of
water

T SRBIIT-TaTRT AR ors arfdrenys,
T, ZrVAC 3T ZrAN @1 Sel ¥ FeRIZE Bl &9
P B folU f[Aeiya fear mn Sefya fey v
TS T ZrVAc 3R ZrAN 3 SAfreiyor T &1
T HY & o RIS SR S 6 o
pH & T, Te-Asle SRUMEHI, doAH, e
Ateat 3N TaE TR 6t T B TE) AT THe
Sl 3R SR STIIRIIYUT SYTererT & Aref et
TYGR fhe BT B STaaT FaNIES STaenyur T sFar
HI: 138 mglg 3TN 46mg/g (6 BT DT AT pH:
7.0£0.2, YRS F Higal 100 mg/L, ITTNEH
HAET: 0.5 g/L) UTE el SIS T FeRTe , AG, AH
3R As FfRreiuw uERT St wWrE gHia B
ZoTiaT B SRS pH 6.0-8.0 H IRN T T
YT S9ie 8, S 5 el A7 Sftd uewl &
ITST o T3 ITET SeT STy 7 QR 3R 9
T ST IS el 2
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Novel zirconium-based organometallic
adsorbents i.e.,, ZrVAc and ZrAN have been
developed for mitigating fluoride from water.
The experimental factors such as effects of
solution pH, coexisting anions, temperature,
isotherm models and surface chemistry were
investigated to verify the adsorption
properties of developed adsorbents i.e. ZrVAc
and ZrAN. The eqguilibrium data were fitted
well with Freundlich and Langmuir adsorption
isotherms. The highest fluoride adsorption
capacity was found to be 138 mg/(g and 46mgfg
{at pH: 7.0t0.2, initial F* concentration: 100
mg/L, adsorbent dose: 0.5 g/L for 6h)
respectively. The thermodynamic constants
AG, AH, and AS suggests the spontaneous
nature of adsorption process. The adsorbents
showed efficient adsorption in pHrange of 6.0-
8.0, which is preferable for field water
application  without leach  out  any
contaminants and deliver safe and potable
water.

Chemistry Select 3 (2018) 11765

1. Applied Polymer Science, 35 (2018) 46993
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BIECT-BrFeMATSoS IHIN TTFATSS FRT Ph (11) &7 TS TTenyor

Selective adsorption of Pb(Il) by chitosan-functionalized graphene oxide

U AT W SRT SIS e aThie
AFEEE (APSGO) B THWT Hee UhN
TS (SHT3TT) BT Fra el e TR HiE-
fofae drEe (HivgarE) arfienys & arfEr
USRI AThT ATFEEs & J1Y TCRalSeEs
B ITRRATT A HieT-iel GRT 3TFel AT 5 Tfd
25T 70T, 27N STl ATETH W Pb (1) & ey

Functionalization of graphene oxide (GO) was
achieved by synthesizing aminopropylsilane
graphene oxide {APSGQ) by a condensation
reaction.  Cross-linked  chitosan  (CHI)
adsorbent grafted with aminopropylsilane
graphene oxide was synthesized in acidic
medium by sol-gel in the presence of
glutaraldehyde, and assessed for Ph{Il)

CHI

CHI

st Pb?* Famew & fory 7el agere sl AR SR e B IR ARG

Figure: Schematic presentation for the preparation of novel polymer composite adsorbent for Pb**

removal.

Hedldd  fbal N sig-ldee  CHI-APSGO
TR BT ST T Ph (1) & TITCHS e
Bl 34 9ig AT Bl ol H g9 9 Blgede
31T % TPIROT JET TRT| SRR T ATEeT (AG*,
AH®, 3R AS°) 77 U FEATENST U ST Iigsar
& oY A, SEfe e @y drR ek
PRISfCTE AT B OTelT #eel 81 CHI-APSGO
2TfereTes ol arfeRTINOT &9aT 566.2 mglg (pH 5.0
W) & AT B T o 31 offt e
AT A AMAT A F Pb () & TARHD
SR & fofU Big-fefde CHI-APSGO & THTET
ST Tz

adsorption in agueous medium. Selective
removal of Pb** using cross-linked CHI-APSGO
adsorbent was attributed to its larger hydrated
radius than other metal ions. Thermodynamic
parameters (AG®, AH®, and AS”) confirmed an
endothermic and spontaneous process, while
the equilibrium adsorption obeyed Langmuir
and Freundlich isotherms. The adsorption
capacity of CHI-APSGO adsorbent 566.2 mg/g
(at pH 5.0) was comparatively higher than
other adsorbents cited earlier. Desorption
studies also revealed effective utilization of
cross-linked CHI-APSCGO material for selective
removal of Pb {11} from wastewater.

ACS Sustainable Chemistry & Engineering 7 (2019) 1427-1436
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Membrane module rejuvenation

GIFRIT R Fgct fdefauiieeum afiv wiel & g SHINT
I &l & e, ferauileeur efiv sfel g 9T
H3T | gV T ST T8 BFa dedT B ST H
IR gfg 81 Y8l &l 8H g SO &l it A ofedl
oI [ThY o TUANT & el AT Tebri 1eh faehiRac i
21 39 dep-leb 0 URcuh WHgl oo Rerd el Al
B BT [0 BYh B UKl died Sl P
fEeTEuTTeRoT 3T ST O ST 3 SR & fory

With growing desalination and water reuse

capacity across the world, there is an
equivalent increase in number of membrane
elements, being discarded from desalination
and water reuse plants. We have developed
the process technology of rejuvenating these
membrane elements at the end of their
lifespan. The technology can convert used and
discarded  Seawater Reverse  Dsmosis

membrane elements into rejuvenated

o= CSIR-CSMCRIS HRIFAE % T TR 556 SAIIER & 1078 TRICIE Wil
Figure: Pilot plant for Membrane Refuvenation at Experimental Salt Farm, CSIR-CSMCRI

[T fthaT ST AohalT &1 39 T 1 o TR 3Rt
B DT Aeg Ttheea™ HFsi o AT S&eT o waaT 2
TH TE 6T WS B WATET I STl AT
T STAR ¥ & 9l 21 FFsH BT 39 YaR Siad
fENaR 1 Shae I I YRR 0aT ST &, Siod
HE & Seured ¥ S MHers 1 IewsiT ®r it
& R Bl 5 (G919 ®Y § HRT % foIQ Fekil #9el
N aflelifes Sel & 7T S 35 8q SWlawr &
TP 3R RIS T A B FHEM & 52
SRCICERI BRI
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membrane elements for low salinity water
desalination or water reuse applications. It can
also convert the discarded RO membrane into
ultrafiltration membranes. Such membranes
find potential applications in  water/
wastewater  treatment. Extension of
membrane life will not only create value from
waste, but also decrease greenhouse gas
emission  associated with production of
components of membrane elements. It is a
unique facility aiming at making desalination
an environment friendly and economically
attractive solution for mitigating the growing
domestic and industrial water demand
especially for INDIA.

TSk TfdaET 2018-19 ANNUAL REPORT 2018-19

o




B N

FOH TS -H UHUHE TS

CSIR-CSMCRI

ST fererauiiervor & fa1g smee farferr fvs

lon exchange membranes for water desalination

UieifErTs e FaRTsS ATHTNT BTN 0T
7 9959 (AEM) TR &7 TN AEMs @& Ht
Wawper RO @RT il (FEEH-9E-
(IS FeNIZe) & TEJH FaNEsds
TR G AR GRT T foaT TR AT am=e!
1.24x1072 S/em W 3.95x1072 @ Feg T 3
fAf T emaT 0.64 T 1.36 meq/g & T gt T
feretaniianur & SR SBUMTa- Werg=el Hre & Wasid
T He1ehA [Solal] Dl WU 3R GRI-HT & Jad 4
{2paT 7RI AT 92T 1.46-1.89 kiWhikg 21K 78.31-
85.46% GTRIT 7]

geUf-efen Aedd (IPN) WblR &l PVC-St/ DVB
W NG A= 79T & 91y FehiHes IhH
ATFTES (SGO) T o= [T 7w+ (CEM)
I T HIe e P &Y & Aregw & TR
TN PN CEM & ol omoe fafmg serem o
I+ ATABAT F699T: 1.76 meg/g AR 4.7 x 107
Sicm & T FTaad 915 TSI AT SRS
eed g (AR Aree SR AR T g
T ey AR iR aTfe Rerar RETd 8 soag-
e WispETalT 6 3N T Tt i Swe
i TG BT HeTehT Seldol S TelNRT GINT 1o &
feauiieor H far Tm PM-5 1PN CEM Sfas1
T4 @ o0 ST & faorauite=ur & SR fatelt &
WU 3N TRT SerdT HHe: 1.07 kWh / kg 23F 82%
O1E T3 ST IPN 509 & 19 J5aN off R-fAes
URT B 9T SaE-HaTferd A5 i dURT &
foTU Qb Theldet, ST UTET =iT ol TfhaT 21 T,
B Ui PelNIEsS (PVDF) wie Uiell
(fFremget Helfthele) -wi-tiell (FefRHTeTEel TCTEfer)
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Polyvinylidene fluoride based copolymer anion
exchange membranes has been prepared.
AEMs were synthesized by grafting poly
{styrene-co-vinylbenzyl chloride) on
unsaturated fluorinated backbone using free
radical mechanism. Membranes show good
ion transport mechanism, having ionic
conductivity 0f 1.24x1072 5/cm to 3.95x1072 5/cm
and ion exchange capacity ranging between
0.64 and 1.36 meg(g. Performance of AEM
during salt removal was evaluated in terms of
power consumption and current efficiency and
found in order of 1.46-1.89kWh/kg and 78.31-
85.46%, respectively.

Interpenetrating network  {IPN)  type
composite cation exchange membranes (CEM)
based on PVC-5t) DVB with different content
sulfonated graphene oxide (SGO) has been
prepared via simple solution casting method.
lon exchange capacity and ionic conductivity
for IPN CEM was found to highest with values
of 1.76 meq/g and 4.7x1073 S/am, respectively.
Composite interpenetrating network cation
exchange membranes {IPN CEM) show better
thermal and mechanical stability in comparison
with virgin membrane. The suitability of
synthesized composite IPN  membranes
towards electro-membrane processes was
evaluated  against  salt  removal by
electrodialysis for water desalination. Power
consumption and current efficiency during salt
removal for PM-5 IPN CEM composite
membrane was found to be 1.07 kWh/kg and
82% respectively which was superior among
the IPN membrane. Non-solvent induced
phase inversion is a scalable, cost-effective,
and fast process for the preparation of
pressure-driven membranes. Herein, we
report the preparation of supported anion
exchange membranes of polyvinylidene
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(PMMA-co-PCMSt) 3N TR-fiema oRa
YR F qE JATF SIS Llere aRT TN
T Ut FEe TS 359 T8 2| W Bl 3ffad
©T F PrA-foTF fam TT e, S 5 e 991 6
T eSS e & H1ef SR & ~gaalithicid
IfeeTT IR & BRI T 81 3T J= BT
SYGN TTIUEHR & HL-H Soae STy
(ED) WfZhaT o AT F FelNIgS 1 Bl &M &
foru o1 T 70% wiw PR N 30% wiw
PVDF Ih &80 & TR W Jvsi -y
ST 1.85 meq g, M TTAHaT 3.02 mS THT
! ofiR FEUIE T 0.98 F T T o fagw
I UIT T T e B! & $ SRS (e
Y5 = el o fAauies & SN 0.978 KWhkg™
fartelT &7 Eud 3R 94% <aar ff Rl
(A)

CH;

O—C 0

0=C—-0 H3

CH,
MMA CMSt

(B) PVDF + PMMA-co-PCMSt

(i) Castingon Fabric Support
(i1) Phase inversion

Supported Film

Post treatment
N,N,N’,N’-tetramethyl
-1,6-Diaminohexane

[€]

(C
T S A

cl
PMMA-co-PCMSt

.m
210 nm
8

fluoride (PVDF) blend poly(methyl
methacrylate)-co-poly{chloromethyl styrene)
{PMMA-co-PCMSt) by the non-solvent induced
phase separation followed by post treatment
with  tertiary diamine. The obtained
membranes were partially crosslinked due to
nucleophilic substitution reaction of diamine
with the activated halide groups of the blend
membrane. These membranes were used for
the desalination as well as removal of fluoride
ions via the electrodialysis (ED) process. A
membrane prepared with blend containing
70% wlw copolymer and 30% wjw PVDF
exhibited best electrochemical properties with
ion-exchange capacity 1.85 meg g°, ionic
conductivity 3.02 mS om’ and transport
number 0.98. This AEM also showed 0.978
KWhKg" power consumption and 94% current
efficiency during desalination of water.

™
ull

o (T) PMMA-co-PCMSt IRIcHFR @ T4, (o) Te-1aeTaie BT =ReT Jererepeol g1e7 0] sl A

AT () i wHiea fihow 61 siificamer ava N (31) hias Hiefa 8T (£ 3iiv T) T57 &6 879 3iR

(Sl 3R ) Yo el

Figure: lllustration of (A) synthesis of the PMMA-co-PCMSt copolymer, (B) preparation of blend
membrane by the non-solvent induced phase separation (C) optical photograph of fabric supported
film (D) fabric supported AEMs, (E and F) SEM and {G and H) AFM images of the membranes.
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Desalination, 444 (2018) 35-43

Journal of membrane Science, 564 (2018) 44.52

Desalination, 445 (2018) 85-94

Folt BT Sl AeTduiteor & fory e ferferma v

Cation exchange membrane for energy efficient water desalination

3o fIfdfer e eca Feir &F ool oM dref!
HehIHCS diell (32N $2R HITH) AR PRBNECS
I ifddIgs (PGO) SiH 8+ [l Ha A,
i gelegisfer SNT $Urel Sl fderduiiheu
aglfdl 81 Hefl YR a{@leid SPEEK/ PGO-8
(PGO AT 8% whw) H%H H I=Id ATetsdl
(4.15x10% Sem™), iV gHHefFefdd (87%) fawl
SPEEK/PGO-8 &l §d &l &l Je2Teh feIfHfcm

Sulfonated poly {ether ether ketone) (SPEEK)
and phosphorylated graphene oxide (PGO)
composite of cation-exchange membrane with
low frictional coefficient and high limiting
current density has been reported for efficient
water desalination by rapid electrodialysis.
Well optimized SPEEK/PGO-8 (PGO content: 8%

wfw)  membrane  showed  improved
conductivity (4.15x107 Scm™, and
permselectivity  {87%) The membrane

efficiency of SPEEK/PGO-8 was alsp evaluated

IF: SPEEK / PGO T CEM &7 Jior7 3IRG!

Figure: Schematic representation of SPEEK/PGO composite CEM.

YR gcd UF [l MiET aRT e7cd & Hde GRS &
fdeteuiiepenr  gRT ol far wm Wi @l
SOIFCISFICIRT & SR SPEEK/ PGO-8 3 llim,
FTq PYT G&T (82.9%) 371 P HoAl i WU (7.9
kWhikg TH® B21E), $9, 3R &g 9 45 &g
S GRT SRR UG HaT 3l

Tk UfeEeT 2018-19 ANNUAL REPORT 2018-19

by and desalination of brackish water nearby
limiting current density {llim). Further,
improved lim, high current efficiency (82.9%)
and low energy consumption (7.9 kWh/kg of
salt removed) of SPEEK/PGO-8 during
electrodialysis provides a broad current
window for efficient, and rapid water
deszalination/ purification.

ACS Omega 03 (2018) 1033110340
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YRIRT AT BT ITANT b TG fT ZRT ol I FerganfyeerT fsar dx

Mechanism of fast defluoridation by alumina using safe chemicals

7% WA & {5 T 1.5 Fiee 6 99 safyr &
TR T T 3 51209 H pH ~ 5 % 37Fel 1 4[oTe] Bl
OTNG 9, TANTGS B ol I G {357 T
S STIATNGT e BT pH ~ 8 T 15 TAT ST
B ERgERE SR dEAHEMC AT, HAA b
TTpfad Teh, P AT GRI STEHERT F 9T
T T GRT FARIES & SFEeNur O¥ T S5y i
T & T ofll FUHuEEANaTE g dhfeush
Uitk @ 9¢T (WO / 2016/035101) fFar T,
S i ur GifegH 2I3iai- dethe ol Ui

e e (e ol TR S H U [T ol UE-3Ue R

Relative order of affinity

towards Alumina

HCO;3 ~ OH-> F- > 8Os

o Bicarbonate
' O
o-. Hydroxyl
O
O O Fmuide
o o0
[+
o ©

It was reported that passing acidified
groundwater of pH -5 through alumina with
contact period of around 1.5 minutes, has
delivered fast fluoride uptake. While that of
untreated groundwater having pH ~8 is around
15 times slower. Hydroxide and bicarbonate
ions, the natural constituent of groundwater,
were reported to have strong interference on
fluoride uptake by alumina on neutralization
by acid. Alternate process was patented
{(WOJ2016/035101) by CSMCRI wherein pre-
treatment of alumina in a suspended bed
column using potassium or sodium hydrogen
sulphate led to fast defluoridation of

Effect of HSOs washing

OH's) + HSO4 — H:0 + SO42(s)
HCOy3() + HSOy — CO2 + H20 + SO04?(aq)

Fluoride
* Sulphate

o

—

o
(o]

fera: Ufre dler g1 <t o gicf) Tfa] @l g2 W Vel [5H7 67 ST bveb dvr] o SletiReeiT &l weH

fapeit ST FEIT

Figure: Removal of interfering species by acid wash enabling faster delfuoridation using alumina.

febar 7t o1, FSray afFefld el & o Yolel Bl
BRI PRSI 3Tl 3 3/aelb Bl T3 &
forg wer fam-o weeiad fhar Tm SEgEaiNG
TR BT SUTIT AWATET efT, AT FhT AT
AP BN WWifba Pear 8 @I A8 W
TS ITISS 31N BREMT R Hl SURIRY TSR,
BIT-HERIT THUSIR 3R T TUFCRD T &7 SUI T
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groundwater comparable to that with acidified
water. A mechanism has been proposed to
understand  this  observation. Use of
hydrochloric acid was ineffective, suggesting
role of sulphate ions. Presence of hydroxide
and carbonate species on alumina surface was
confirmed using IR, solidstate NMR and
Raman  spectroscopy. Hydroxide  and
carbonate fons are neutralized by hydrogen

TSk TfdaET 2018-19 ANNUAL REPORT 2018-19
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T g it 1S off) TEgledEe ok HEMT 9T sulphate jons producing alumina surface easily

BIEeIS Aethe g SerH hT olldl & ol Ve - accessible for fluoride fons. This step enables
- , - regeneration of alumina thereby avoiding the

Ea) Hd§ BT FARIGES AT P Folq STRAAT § oo use of sodium hydroxide.

BT Bl U YT Ve [HHT ob YrAvi-i bl HarH a1l

& ey Aifer Sgeidgs & SUIT & g4 S

Hepd [ 2l

Int_hydrogen energy 43 (2018) 21699-21708
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Theme: Agriculture

forrTe o &g

B YTy Frefegercell 7 Ga¥ Hecaqul & &1 Pof AeTy, HRAI-HiY & YN & Hebel H¥e] IS
(ST.1dT) BT 18% fREAT & 3fR 991 & 50% 2B BT ISR T Bl 8 AHEs SN & AT
Iifad e (Y &7 ¥ o) dfed A TRe & SRS U@ 19| & Hvaagaii-
HICHUARaTRATS s S9! J BT o & 7 B PR 8T 8 FEA 7 Rt T T8 "Heurdr W &7
i Bl & A Iief P Iearer iR Tt darer b Gell & Ay § T 8 F ISR H2H
Fe A Y e & | A Sta-SiefiehT SN Saret v (549 SEieaieisl TS higd el i)
W IR ARSI T G T HIY & [T TSl S [ St aa1d SIS, Ued Iaid da9d (feg
HeER), Yo NaTel, FaT Aaret Bt Wl 3N Hog 987 IR BH Bl 2l TG B HSud (ITHARIYH)
H Re2rd U les T T.Q.3R.0H. (FET 9Tl SITae TCar) Wispd ©F § Ts! daret i Sl
TR B P 6T &1 TG AT (AT SR TG Aarer T Wt 1 A ST Meharall BT e STepid
e & 1IN I = FafAT &5 I1d S SR TaTETRT P [depie [T &1 R FTHH 5 rel-
T ST AT BT Iudd ATHBRI, TR & 3dbel SN T BV Bl BRI BT 81 F&H
dard H Ty JT IR, GeH ST (Microbes) § Hez-affd IwEl (dereH, fime,
UTATRTE g 1 Yo db M-3TCH 3T e-UTeicTg R A1) BT IeuTe, IR, Fg! SHTel AT ured-
fa=T iR g Sdve o1 [y Jad SN B o TAfAfet & et 2] 39 Sielrar Ger 3t
Wy 4§ Heeqqul g4al ddier $1 G ud de A g2 Wl 3l gl ddret bl Wl & o yfrar | <ar 2
T A STEcileh & HTef, 5 2018-19 & SR FEAT FRT T TV 6 Soroig 17 HIa| &1 T
BU U1 HEGH &Y 38 B

Thematic core competences:

Agriculture is the most important sector of Indian Economy. In total, Indian agriculture
sector accounts for 18 per cent of India's gross domestic product (GDP) and provides
employment to 50% of the countries workforce. Different factors including abiotic stress
{especially salinity) are major constraint for the profitable agriculture. CSIR-CSMCRI has
been working in the field of agriculture from several decades. Institute not only focusing
on the major constraint “Salinity” but also involved in the enhanced agriculture production
and providing employment to the coastal area by seaweed cultivation. A team of twenty
scientist from ‘Marine Biotechnology and Phycology Division’ are working in the different
aspects of agriculture such as abiotic stress tolerance, tissue culture, micro algae, seaweed
cultivation and value addition. Afield station MARS (marine algae research station) located

os1 R
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at Mandapam (Ramnathpuram) of Tamil Nadu is actively working on seaweed cultivation.
Stress physiology and seaweed cultivation have gained attention of the end usersinrecent
time and the institute generates advance knowledge and innovations in the relevant areas.
Basic as well as applied research are aimed to develop a remunerative, eco-friendly, and
sustainable agriculture. The major activities on sustainable agriculture include microalgae
with biorefinery, bioprospecting of microbes for value added products {enzymes,
pigments, polyhydroxyalkan-oates & e-polylysine etc.), biosensors, development and on-
farm validation of seaweed-based plant biostimulants, seaweed-based feed additives,
agronomy of halophytes and biofertilizers. In addition, the institute focuses on coastal and
off-shore farming of economically important seaweeds and training for seaweed farming.
With this concise overview, we are delighted to present some of our noteworthy works
that were carried out during 2018-19.

I Py & fAQ srafas TTT wiEer Gwer & orer

Abiotic stress tolerant crop plants for sustainable agriculture

AT (Arachis hypogaea L.) T el Bell §
¥ Ua &, Wl EHIES WY d @ del & A g9
TS T & BT H YA il AT 21 TE YIS dod ST
S w0 & |ftha Afh! o7 (e sl Hid ol Ty
HY H YR HIhel! Bl R HaY a8l IS Aol &
AN <2 § HThedT b dTfS e JedTee & oI Bl G
q81 VIS B glelil HR &=thel & ¥ ¥ Hilthell
T Wl A dTel] Y 8T < &, WReg] PH ISR &
BN FeTE H 718 THY T UR 377 91aT 81 o W
4 33 Sids (F1fd) o sRifdd BRS Fhell &
FedTeedl ® FAld) & B Hithedl &7 Ieuie & v
3R T, STEUTET TR W ERT ST 8T 3
Hithell 1 HcllalfoT 5fbuerl (S. brachiata) ¥
Fo i (o TS T STarT Sii & ATanaD
HY I G fHaT T JASHES T ST S
I AT~ AR B ATl ZEI(+Teh el SurT
afl I i Reeyfey 7 gy TfReuT vefdfa e &
3TN 537 TRE T U T WA &1 A e iy
forT AT &t < Tt 21 fAsRId giRrerfas dier
! aTarerr uivfeerfaa & sl 39 arg SLatd,
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Groundnut (Arachis hypogaea L.) is one of the
major legumes, commercially used as the third
largest source of edible oil. It is a good source
of nutrients like lipids, proteins,
carbohydrates, vitamins, minerals and
biologically active compounds. India is the
second largest producer of groundnut across
the globe and Gujarat is the largest contributor
to Indian annual production. Though India is
the largest cultivator of groundnut crop in
terms of acreage, low yields kept her in second
place in terms of output. Groundnut
productivity is challenged by numerous biotic
and abiotic factors around the globe. The
groundnut production is limited by two major
abiotic  stresses, salinity and drought.
Groundnut was transformed with abiotic
stress  responsive genes, isolated from
halophyte Salicornia brachiata (5. brachiota).
The transgenic groundnut, overexpressing
abiotic stress responsive gene exhibits
adequate tolerance under salt and drought
stress conditions and thus could be explored
for the cultivation in salt and drought-affected
areas for sustainable agriculture. Developed
transgenic plants were first characterized
under laboratory conditions and thereafter
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IRT ARHN H T GRar &g e % ATANR UDH  tested under a containment facdility (green
FRIAT | @ 8w & ded gem By mm house) as per biosafety guidelines of DBT,

e ! Govt. of India. Transgenic plants showed
ZTEifeh GTET = FH% HIESTT 6 WS- & |ref S 5 P
= < enhanced salt tolerance and also stable gene

&l e wehleseur gariar | integration.

Control

=
£
=
7]

Drought

Tt eyt AR SR FIfa Ciesife &g @ S Qe | [3-UFsaRce Sioiyd vaaraioq $1
e (§), ¥R STE (GUS) S=gich (§), G2R TRiSiiFe 90w @1 Jo-H, 9, 3814, BicT 3
TFET (), BTG (k=n), TG (0-p) HIN He BN (q) 2N 4701 AR 71a Su=R &1 Reifd & Ssegc]
3l ergaffe onig—l 7 waIcHD v

Figure: Genetic transformation and tissue culture of putative transgenic lines. Co-cultivation of de-
embryonated cotyledon explants (a), transient GUS expression (b), regeneration, selection,
elongation, rooting and grafting of putative transgenic shoots {(c), hardening (k-n), flowering {o-
n) and seed harvesting (q) and Morphological differences in Wt and transgenic lines at control and
stress treatment conditions.

AR UHTT FHTOT HR TR & fIQ T7a1 o Iea1 BHRIATT A |ISTHIT cb
(UfCyt c6) ST B tfr-sifircafs
Over-expression of Cytochrome ¢6 (UfCyt c6) gene from Ulva fasciata in
tobacco for improved photosynthesis and enhance biomass
Foal BRIIET Soligel U AT 16 (JUBLTEEel  Cytochrome ¢6 (UfCyt ¢6) gene from Ulva
#fi6) T B wHT TR R Ay Elﬁﬁ’ ¥ faro fasciota Delile was overexpressed in tobacco
aﬁr@ﬁ ST arfares e T SR (__ia_@_# for enhanced photosynthesis and growth.

Transgenic tobacco overexpressing UfCyt cé

EREEIL &<l Hle SfFT BT Ffr-sihiarhl & HR, gene exhibited enhanced growth as compared

to wild type and vector control tobacco.

os3 TR
Tk UfeEeT 2018-19 ANNUAL REPORT 2018-19 .j




_
CSIR-CSMCRI /

MTfas TR AR AaTee MU da@ Hf o d  Transgenic tobacco exhibited better ratios of
afd E{E—g I yedH BT eieafe eI Jyprr Photosynthetic pigments and exhibited higher

o 7y 3 3 photosynthetic rate and improved water use
'\':r ) = = 7l ST S5 e 18] efficiency. Due to improved photosynthetic
I Y1 HRITO &X 3} Jecly el SR S8l b performance the transgenic tobacco had
el 3T ST UehreT WA & BRI grifie  higher contents of sugar and starch, and
9T T AT ailR wer gTw SET ¥ Ui g, aiR exhibited comparatively better growth.

oA Y 9 T8 (depr &l y2ei o |

4 Psrl Xhol EcoRl Pstl
\a
. ) Total chlorophyll contents 10 Net photosynthesis rate i 009 $PS2 )
X oo | 2 ]
B -; i 004
) é 5 003
: i I
b 43D o ] |/C” wT ve LI L3 d wT ve Ll L3
0 ETR L Total solable rugar comtents r ] Stach contrats
: o
_e"l wT ve u B fh
RE: craaiHe ddig sifg-siffeis quedlagd |l 6 4 qumdlardd] |ie Wi sifdeafd 3470 (a), B
FANIhel I T (b), UG HebIa GV X (c), Web1e] HA{S0] ST (d), Setdrgi- TMHaRY X (e), Pl

faorT 91T 61 W), IR ¥2r (g)
Figure: UfCyt ¢z expression construct {a), accumulation of total chlorophyll {b), net photosynthesis
rate (c), photosynthetic efficiency (d), electron transfer rate (), accumulation of total soluble sugor

{f) and starch {g) in transgenic tobacco over-expressing UfCyt ¢,

Molecular Biology Reports 45 (2018) 1745-1758
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fersiTeRfteReE T TeRTeRIATUT = & ITRETT & ERT Hoqrs kT GRfsT Ja@r
ATESUTAT WaT™ &l &

Salvadora persica confers drought tolerance by maintaining anti-oxidative and
photosynthesis machinery

thhecied waulTad Fcars Rl TIHT Uel. 95, oy
I AR FR 4T B I 8 SfevE & ded
HIeIS R T 3 T & Tfe Hemrefierd oF & T8
T % F2oT H UTeT fIH § 5 & Ui ofEd,
AT BTN, WorT WV, FoRIth
e, ARG AR 3R wferaierdisrs 2am
FTh! $T [T T 7 i YN H SRy

The facultative halophyte Salvadora persica L.
grow in arid, semiarid and saline areas. In this
study, drought induced alterations in growth,
ion homeostasis, photosynthesis, chlorophyll
fluorescence, ROS regulation and
antioxidative defense components were
analyzed in 5. persico with an aim to elucidate
the drought tolerance mechanisms. In
response to drought, significant reductions in

(/

Drought Stress

&

Y

@ Changes during drought
with respect to control

® Cchanges during recovery
with respect to control W/

RE: 8. persica 5§ G TS & o @i faw@r @ Tor Fiorreg ! Tdie 5w (1), (|) i () A
1371 H9ES] & ST, STS-1R1E 31I] PIg Fecaqyl gRec= &1 &1 81 Faid 81 Fv/Fm- STfBaq
FIicH SUW; PPSII- BICINFEEH il &bl eraicH 9u; ETR- Siagia URas oF; tAlay- i hicidHeet o,
Fgl- Ha7eT RIS HaieT W0 & gs- V8 el A 3- argleaeld 2% S WUE-

ST SN Eafen 3 Wl £

Figure: Schematic diagram showing the mechanism of drought tolerance in 5. persica. Symbols such
as (1), (1) and {|) represent upregulation, down-regulation and no significant changes of various
harameters respectively. Fy/Fm- maximum quantum yield; ¢P5il- quantum yield of photosystem I;
ETR- electron transport rate; NPQ- non photaochemical quenching; gP- photochemical quenching;
PN-net photosynthetic rote; gs- stomatal conductance; E-transpiration rate and WUE- water use

efficiency.

Tk UfeEeT 2018-19 ANNUAL REPORT 2018-19

0ssﬁ




HTHSTSH - H UHURE T3S

CSIR-CSMCRI

qierr & [derd, UPIe SR UG YRl HEYH
Uizl # quiy T ST T qnfy, o F Ay
e AHT (%R, Sacg, ) 7 ST daete et g3
HledIS R qidfer & T & IUaRa 4190 Bl I
RETE v U3 7 e & @iy &) Uy fder, dar
FATT0T IR U1 T 9ofds I To9 T 8

T T, PSI T FaeH SUa (PPSI), Telaci
URTET 6l T2 (ETR), PSII 3T 31Had S&7ar (Fv/
Fm), 3R UeI3l I % 99 (gP) STt &l 41 &
T F AU B TR 991 3 @ a1, BT
3R 1R- T PRE THET THUT T FHT & U
HER & ¥ahd 8| SIO-IHeg afeda 5 99 &
dlv gt Saal 3 Na', K, ca®, B, cu®, Fe?,
Mo, 3% Zn®* % HHATST § 1S AEca ol YRad- el
qRIr R e, wivey s el S R
TATSH USRS &I TRafET 99 & SR
s @l siefd diaivey afafaf 4 gig gd @ik
el P iRy e didr B e § qu P
T B T=T BT FEI ST RO A ARSI 6
SR Higdl 1 WG & {0 Hgeayql aRaiy
THATIT U A Y THATS, TIva 3fR 3R
BT Pelles TR W BT IRT IE&T e & Ted
S.persica T WeAY SIUU (AsA/DHA) 3R wlegua/
ST (GSHIGSSG) (ST DI &% RSar
AT & Hehad 8) b R AT 93 T 7 59
STaUITEE A BT B RS 9T &l T ST 8T
AT BT IR & T & 780 ROS TR (H,0,
3R 0,") A Hh! g &8 &, AT &l P T R b
3R golggense e &R fafie SRiRies= &
TR JURERTT € ST ROS TR § =AcH g B
ROS €3S UagHT &t Aihodm & T Hbdadl &
WO H AT &1 EAR UNUH S, persica H '\‘ZI;G G|
el & o8 YIeY fdeprg Silv Wepler Tdwur & fiREe
Bl Hoil TR B U Heed ol WHIT & HT H
TR B B I B IS S, persica T URY
eI, U1l HEINUT @R a1 & |egl J ool |
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growth, photosynthesis, and photosynthetic
pigments were observed in 5. persica.
However, leaf relative water content (RWC %)
did not change significantly. In 5. persica
seedlings, the growth, photosynthetic
pigment contents and photosynthesis were
resumed to control level within 7 d, when the
drought treated plants were re-irrigated.
However, quantum yield of PSII {OPSII), rate of
electron transport (ETR), maximum efficiency
of PSH (Fv{Fm), and photochemical quenching
{gP) remained unaffected under water deficit
stress. The results suggest that both non-
stomatal as well as stomatal limitations can
account for photosynthetic reduction. The
ionomies studies revealed no
alterations inlevels of Na*, K*, Ca™, B, Cu™, Fe™,
Mo, and Zn** in leaf tissue during drought. The
activity of different enzymatic antioxidants like
S0D, APX, and GR remained unaffected during
drought, whereas POX activity increased and
CAT activity declined under drought stress in
comparison to control. This result proposes
that vital ROS scavenging enzymes like 50D,
APX and GR are at threshold levels to maintain
the appropriate concentration of ROS. In 5.
persica, the ratio of AsA/DHA and GSH/GSSG
{which are the indicators of redox potential of
cell) remained steady or increased under
drought which indicates that cellular redox
level is maintained in this halophyte. Although
ROS levels {H,0. and O,*)
significantly under drought stress, electrolyte
leakage and lipid peroxidation level remained
unchanged in response to water deficit
condition which indicates that minimal
increase in ROS level under drought stress act
in signaling for activation of ROS scavenging
enzymes. Our results propose that decline in
growth and photosynthesis is a vital energy
conservation strategy of 5. persica under
drought condition. The rapid recovery of
growth, photosynthesis and water relations in
S. persica following drought, seems to be a

significant

increased
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TR, 39 T & FE-ATAER0 B e AN IqH
SR S RE1 6T AR S ATl U Heeaqof o
eI SIAT 81 $HF @], SR IR0 F4 | 6
feraiterdsR USTTEHT T il & el J Hae
R, TRATTE Fa¥ N dele Yeiay Reify &
AT o 3 9ieH o3d 8, Sl S, persicaa?f
TR alfedieied afd & =T #1 adA
eI & UNUTH S, persica & Vs TET AeS]
SAUITRE BT 99T € 3fiF g% o miRfEefdT d
I TR BT I8Tell F foly Teb FATT gred &
e 8l

critical mechanism permitting this plant to
withstand drought
environment. In addition, our results implicate
that efficient regulations of antioxidative
enzymes in leaf tissue, contribute in regulating
the ROS level and cellular redox status, thereby
protecting the plant from drought induced
oxidative damage in S. persica. The results of
present study propose that 5. persica is a
drought tolerant halophyte and it can be a
candidate of

and survive under

potential for restoration

degraded saline lands of coastal ecosystem.

IIoTe! AT faeRT ofR AT & 3wt qft
Development of seaweed based crop biostimulant formulations in solid form
with sustained release property for soil application and its validation in tomato

FUFEHT Ta! AT HF B J&T ITAIT F oY
3 w9 ¥ RN R mr @ owl su y i
(eTRereE) Tl @ e THTER Wil WX U
FRT T Bl i1l IRUTT J67 § $ gThees
TS el Se-SRiNd Bl W STEiNg 7
TR Ay 3R FoRIthel Febies &R S 4
T &) T B, 3 START Bl T 7 5 ITIN
TS0 Sl ATl B ®Ferer A €T Jr=e o
e o7 A AT TTTHRT BT JeaTe &l

Kappaphycus seaweed sap was formulated
into a solid form for soil application and was
compared  with  control  {unformulated)
ingredients applied in powder form to tomato.
Results revealed that vegetative growth and
chlorophyllindex were conspicuously higherin
the treatments with encapsulated seaweed
biostimulant formulation.  Simultaneously,
flowering was early in this treatment when
compared to other treatments. Slow release
property was evident in the developed
formulation that led to higher biomass
formation.

Tt & T b e g P U IR ARITRAT $IRT 316 &I THTT

Effect of Gracilaria dura extract on wheat performance under water stress

T BT 1 TR B9 I 1 % IUTSA Bl B el
1 [ WIS STt 31 T $HE AaS<oid 8, I FD
SFISRINT =T TR 1T & Ul S 5= 5 39328
TR @M o= {53 ) ETeTiies, 3 StasxioD! o
HRI-Fr TuE TE 81 TE e TA-Ee Y -
TiRfEerie Reafemt & aroes aremgsl, TRNG
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Water stress severely reduces the production
of wheat. Application of seaweed extracts
have started to show promise in protecting
plants from environmental stresses as they
contain several biostimulants. However, the
modes of actions of these biostimulants are
not clear. Here, we investigated the role of

087ﬁ




HTHSTSH - H UHURE T3S

CSIR-CSMCRI

A &1 STl & USHIHN0T & NI AR SR
(o1, Wb ofled ATTe, b FRTIE H & & R dH1d
ARSI TaT &R T AL Tl S -8g JuiT
= 9t el ol HET g9R) WA W |fEd aRiRe
aRacHr & HTemH F, T -URRES (SEHEe 5 57%
b bl gl oY thifel bl Iust § 70% b gleg) &l
TEM | SHUH-HT IUART = Fa%507 S $ ST
Afyegfzh @) d@1 B UHIU G (pHI: 4 3R 6 &A1
F YW W 2.34 AN 1.46 T 7 gy &I Y
FTNERT ST SilR RN widarstt ST B I @
S el e T FHBT SFTHT (5T, S IHT BT
THRT T ZHTN b A, SSI-0T P T
A9 ST J 1T 3 T P Ted TATd-GRaTera 1

:- == ® GD-sap foliar application

.
ebe 5
Drought stress

ABA metabolism genes (NCED3 ‘ TaABA8'OH2 ']

ABA level ‘
.
”

0
*

vor
Expression of
drought
responsive genes

N/

Physiological adaptations

ABA response
(stomatal closure,
reduced water loss)

Drought tolerance

&I ftreafh Bl TN FIRSH, U WY SRRie,
& SR+ T 2T T FROAT H Tel-87 Feawera
FRT WEIT BT AT B A 5T 37 37Eas &l
fshy TET SRS § guR § S -8 @ T
TFRT P T E oY SR S ¥ R T
51 7 ReR-HiY F Y U AfRael S9-3<d® 5
Y ¥ AT B AR T05 ARG e Sl
AT ST B
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Gracilaria dura (GD), a red alga, in conferring
stress tolerance to wheat during drought
under greenhouse and agro-ecological
conditions by integrating molecular studies
with physiological and field investigations. GD-
sap application conferred drought tolerance
{as the biomass increased by up to 57% and
crop yield by 70%), via facilitating physiological
changes associated with maintaining higher
water content. GD-sap application significantly
increased ABA accumulation {2.34 and 1.46
fold at 4 and 6 days of drought, respectively)
due enhanced gene expression of
biosynthesis genes. This followed an activation
of ABA response genes and physiological
processes  including reduced stomatal
opening, thus reducing water loss. Moreover,

to

o= U 2 TG @1 RIRT & e U @ B IR
ARARGT =TT 7 Gof Ig4)T |

Figure: Foliar application of Gracilaria dura sap
on wheat crop under water stress condition.

GD-sap application enhanced the expression
of stress-protective genes specifically under
water stress, Treatment with fluridone, an ABA
inhibitor, further supports the role of ABA in
GD-sap mediated drought tolerance in wheat.
The findings of this study provide insights into
the functional role of GD-sap in improving
drought tolerance and show the potential to
commercialize GD-sap as a potent biostimulant
for sustainable agriculture in regions prone to
drought.

TSk TfdaET 2018-19 ANNUAL REPORT 2018-19

¥




B N

FOH TS -H UHUHE TS

CSIR-CSMCRI

ARFARTT TSTorT Sursi #f & T W Hae ve Jt darer 6
TR Wit & forq ey smaria diat 6t smgfet

Mass culture of Gracilaria edulis spores and supply of spore based plantlets for
commercial cultivation of seaweeds

THECTBTe o AT FRIARAT Tgor ISr-em e
I Teb febell TRIT ST TRIFTITeT & ey b fafes=T
i faT ™ T gV SIS B 60-75 AT & B
WIS o Haftid faar mm qem qou Tdig b
3000 FElSiiey 9FaPR TaR® ¥, T 99&
HTEH 3 T T el § 4 deb AR B mar
9 T T 0.9-1.3 THT & o SATHR oTeb el T8
M| 3 TN @ 9 Tl § wAMicG far mr
37N 25 T e Wi 26 ™7 9 9% i dier 2.0
§ 2.5 991 & bR de Hel ugd T FeEd
e Pl Tqg H TN fobar /= &N 1 4t
141 2l & S § yRRfieE & foy 20 &A1 &
TorT 3T M YU fhT 17 URHE S 10 7, URT
37 91 3R 20 AT & 915 1.5 fhaTBmr a9 SR
HY Ve el SUR IR @ 2 el x 2 /e
ITHR B IS T IRAT T SR 100 397 TR TP TerIT
TT 45 AT H U 92 F 2o 25 fhai i aran

Gracilaria edulis fertile plants with cystocarps
were collected and spores were released in the
laboratory. The released spores were cultured
in the laboratory for 60-75 days and young
sporelings were grown in 3000 mbL conical
flasks in seawater enriched with MP1 nutrient
medium until they reached to an average size
of 0.9 - 1.3 om. These sporelings were
transferred to outdoor tanks and cultured for
25 days until the plantlets reached to the size
of 2.0 to 2.5 cam. The plantlets were then
transferred to the sea and kept for 20 days for
conditioning in tm x 1m size rafts. Initial seed
used was 10 g perraft and 1.5 kg fresh biomass
was harvested after 20 days. The harvested
biormass was seeded in 2m x 2m size raft and
multiplied to 100 rafts scale. An average of
25kg fresh biomass was harvested from a
single raft in 45 days. Totally 396 kg. fresh
biomass of Gracilaria edulis has been produced

based plants.
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Figure: [A] A Spore shedding; [B] Young spore based plantlets; [C] Commercigl cultivation of spore
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T IURTT g2l ATt & B 3.96 fhems
ATt RaT ggferd SR T 10 Seufed sri=rE
BT FIE H AW 4700 THAI™ A7 4.7 S TwI
SR cfeb d@RIT AT ST R bl 2yl
TRETg 92 W 69 fHMT &I $T TS 3N I=+ 1
digl Bl 492 HT HETH 919 & 93 (3 Hle? x 3
HIZ AT} A STRT 3IgpR fenam femarT 1 2,12,932
fdbell™ dT AR Saifad fbar, i 20,000
fEHEIEITT AT 20 T YW AFMRT & RIeR T TR 7
T BT N TR A G.edulis 9T P Feure S
Tehriieh T TheIIdeh [ (5T T G.edulis
& folv 417 3o i e 718 73 B

directly from the The biomass
produced were further multiplied at sea to
4700 kg or 4.7 tones fresh biomass. The
biomass produced were supplied to 69
individual farmers along the Tamil Nadu coast
and they seeded the seedling to 492 number of
bamboo rafts (3m x 3 m size). The farmers
harvested 2,12,932 kg fresh biomass which is
equal to 20,000 kg or 20 tonnes of dry biomass.
Technology on production of G. edulis plants

spores.

from spores was successfully developed for
the first time in our country. Seed bank facility
has been created for G. edulis.

TSUH § ARYeIRaT fSRiforvt & @t

Cultivation of Gracilaria debilis at Mandapam

AR [SRHler IR (hHTRbd e R)
SATIT PR dTelT dTel &, $TH! Well Jeflg, 2018
qH 50 981 T R & TE1 IFRA-2018 W, 70 ST
39 R WA P T ST 5 S frowt THUT H
Ieare T a3 750 @ieR 99 i 100
feAIT TET Y P Hefel GUR 37N 377 7o
i STARr & T ) A9 sEESar @
TR H P oY SR T T s Seiee
3.1% ¥ 4.23% 3f¥ 37 9d I 999 3.71 9 6.89
kg fr.wt/ m?® & 1= T
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Gracilaria debilis an agar (pharmaceutical
grade agar) yielding alga, its cultivation was
carried out at 50 raft scale up to July, 2018 and
from August-2018, cultivation was done at 70
rafts scale. About 5 ton fr.wt material was
produced. From this 750 liters sap and 100 kg
dry residue was prepared to test the sap
efficacy on agricultural crop improvement and
formulation of other value added products.
The average DGR was ranged from 3.1% to
4.23% and the average biomass yield was
ranged between 3.71 to 6.89 kg fr.wt/m?*
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faw=Iad;: JAEiSIaD Ad
Theme: Social service

T W e

TN e 3N IR SIae § e & & el l, HCHURETaTNalTs delis A
TRl T T OI1 el 81 59 991 H, G A 0= & Y Gd G sfraegahdral & fory

. EAY

IFCUTYfep A ST GALTar BT ey T 21 59 GfAem 5 g/ Tl ATHNT IYH,
T TR B HTYeh ST, FeHeall R HTe v Gui debriteh TR 81 HE 61 gfe
fafer Rrfd=mer, sarfire, Sraeea™ & e Wt 3R ST ST ATTRS Tad! B IR B &
ITETTET, TAR & SR W d5HE dlfsd 379 UaH & 31 4fies Sere, fafdememt ofk T
Sy WA & AP SH-geT § eI SR I [diid B 8 dal Yoo H B P H12EH 4
HErIdT He bl STl &, 2il 39 aee 9 wsg & Fufor & Al far sirar 21 dieduEiaieng sidbay
Ae-afed Ieqral & by & Ty gem Sharel @61 =T0eh Well, THS Icdre i TurER 3R H1= §
YR, THeD- ST (ArERET) B & ARl 3N 3= Heca Ul a1 § SFRoehdl YaT B & FIe-HTef
ST & AT i Reerfey & Ied & foly STgenrd Mol RrIT SiN Hierel BT s T &l
& STy IREtH, g8 Soll Hebe, Wi @i o 81 3 59d TRUTET, SN 811 B Tl Bl A7
AT Bl & AR A1l FHfretl Bl defouds FHTET HeT Hed g Heell Thel TX U8 & feATT 3
AR AT Sode &R & foT7 g HRIGH BT &, N 3MuA-g 3R RIS HRisGT i 2l
T {cieh JTIRT3M 3 SIRT TR &1 AT IAfGci Tel €1 87 TSI YuR HIgdrel (1999), oI ¥ H56
T (2001), AT F GATT (2004), 48R & DI 6T 91 (2008), YEHT ST T THaTT ATgAT
(2009), STRIES F feHTAT GAHT (2013), AISATS-AIRR P G T aF (2016) TR T 99 e
1% & SR GRIET RISTel AT B YRT A & TolT 39T HIaTgel Sfet e g1 B el I19S SRl I
2| 4 Hf3H ATHFIE & E1, &9 T & Wi 2018-19 & SR FHINT & Ul gHR 38 a9 derH
CARICIICR R

Thematic core competences:

Apart from contributing technology development and basic research, CSMCRI also
shoulder the scientific social responsibilities. Over the years, the institute has developed
state of the art sophisticated scientific instrumentation facilities to supports its routine
R&D. This facility comprises separation technigues-based instruments, modern tools of
molecular spectroscopy, microscopy and surface characterization techniques. The vision
of the institute is to provide scientific intellectual inputs to various universities, academic,
R & D organisations and industries on charge bases, apart from catering the internal needs.
Assistance through the discounts in the service charges is provided to educational
institute, universities and statefnational institutes to support and flourish the scientific

pop R
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knowledge and in this way to build up the nation. CSMCRI frequently undertakes outreach
activities and skill development program on mass cultivation of the microzalgae for
extraction of value-added products, improving the quality and quantity of the salt
production, improving the work environments for the salt-workers {Agharias) and in other
important fields to create awareness as well as for uplifting socioeconomic status among
people. \WWe address the impairment issues like climate change, rising energy crisis,
depletion of natural sources and its consequences also and provide alternative solutions
to policy makers. The institute undertake several programs to generate scientific temper
in young minds at the school level, which includes open-day and “Jigyasa” Program. The
service of the Institute during the natural calamities in unparallel. We were at the ground
zero with our mobile water purification unit to cater the safe drinking water demands
during Orissa super cyclone (1999), Kutch earthquake in Gujarat (2001), Tsunami in Tamil
Nadu (2004), Kosi floods in Bihar (2008), Cyclone Aila in West Bengal {2009), Himalayan
Tsunami in Uttarakhand (2013), Drought Affected Region of Marathwada-Latur (2016) and
during the Kerala flood this year. With this brief introspection, we are proudly outlining
some of our humble contributions toward the society during 2018-19.

g IfSgeT U FTeT (HWaTTEew)

Centralized Sophisticated Instrument Facility (CIF)

TR Bl Bl [EwTuTeHs Fiawm e #ik
ATl AT TR B IUIRH AT & foTg agi! oTam
U T GNATUIRAS FE%IN0T & {70 IR Sqaeo
IMART [PewuTeds Fare B 6 JEa JaH
et Bl ATRT JUINSATA] B o, A & AR
¥ fdIS0THe S9N weM & Sk 3 Seifd,
A Tl (75%) iR f&iis SeaE)
ISERT YA (50%) & ULl & BHEl &l
T &1 O e T Uerdhel bl 1% 21 84 <7 el Jquf
ofars afiv =iers A derfes Jar sfasabdrs B 9T
e & oY ETer & auT = sitcier Sy oSt 2 & ot
Ao Qar ue Sl &S dda-lel s ae 9uiq &
T HY I Flhel 3R Fsnul & srefaas J
YR e 8l HHlUe Il &R daifa-T o1
THE SUBI & HdTel= 31N TEENE J 97He & 3R
AR Wl gH-grey disiged & foin [ayuress
Tl 3R difEe ST9e uer X @ ¥ g9
I31ERh b JYuf HeTer @l "l & oy Sugh
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The centralised analytical facility of the
institute offers a range of sophisticated
instruments based analytical services for
multifaceted characterization and quantitative
analysis for both internal and external users.
For outside users, analytical services were
provided on payment basis. However, for
Ph.D. students from varipus universities (75%)
and academic institutions/ national
laboratories {60%) discounts on normal rates
has been offered. We cater the scientific
service needs in entire length and breadth of
the country and in recent years provided
scientific service to neighboring countries like
Sri Lanka also. Multiple technigues and levels
of characterization improve the accuracy of
the measurement and confidence in findings.
A group of dedicated scientists and technicians
are involved in operation and maintenance of
the instruments and rendering analytical
services and intellectual inputs to all of our in-
house projects. Currently an attempt is
underway to enhance the whole operation of
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TR b 52 M Bl YA Tl S8l 8l A aifeidr2018-  CIF to a level suitable for accreditations.

19 ¥ 2R Fr3ETH gRT 5T T ey % §ay  Following table furnishes a nutshell of the
analysis performed by CIF during 2018-10.

SR el Bl
e 2018 - AT 2019 & SR PR AT 1 frawor
Details of the samples analysed during April 2018 - March 2019
fepmor YT feramor fepq QAT B WeAT | Pl AT
Analysis Instruments No. of samples analysed Total
FT-NMR (JEOL ECZ600R, | 'H=5111; 3C = 2774; 3'P = 156;
600 MHz) 7V = 08; BF=33; "B =04;
2D =238; DEPT = 11,
External: 83
'H = 62; 5C = 42; YAl = o, 39
951 = o1;
NMR 2D = 05; DEPT = 02;
APT = of
FT-NMR (Bruker, 500 Lig: 'H =190; 3C =120 7Li = 41,
MHz) 2D = o1; APT = of; 353
FT-NMR (Bruker, 200 Tt T i
MHz) H=380; ®C=215;3P =5 600
EPR Spectrometer Magnet-TECS M5-5000 — 175
FT-IR spectrometer
Infrared Spectra (Perkin Elmer) 2080
FT-IR, Carry 680 & Imaging 00
IR Imaging and ATR | Microscope Carry 620 ATR 398
{Agilent Technology) Solid/Liguid 00
Raman Spectrometer LabRam HR Evolution 152
P HORIBA .
XRD {single crystal) | Bruker D8 Quest Analysed 129
8 y Q Solved 117
Philips X’pert MPD
XhDi(pewider) System Empyrean 1835
TEM Analysis JEOL, Model JEM 2100 — 597
FE-SEM analysis JSM-7100F 1346
AFM NT-MDT {Ntegra Aura) - 452
TGA 294
Thermal ?;ZES;CH’ Mettler DMA 56
DsC 158
. Elementar, Vario Micro
CHNS5/O Analysis Cube 744
1CP-OES Perkin Elmer, Optima 3683
2000
Thermeo Fisher {(ICS-50007
ton Chromatography DC_Dionex) 994

ooz TR
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Surface area Analysis ASAF 2010, Irate 2
Y Analyzer 45
Particle size Mastersizer Particlesize -
distribution Analyser
LC (Waters)
LC-MS (Q-TOFF ‘
EM5(QTOFE) MS {Micromass) 2481
A IEX
MALDI-TOF/TOF BSCIEX, Under maintenance oo
Model:4800plus
] Horiba Jobin {Fluoro-log)
Luminescence .
Edinburgh Inst. {(uF 7528
spectra
g20H)
Varian cary 500 — 3565
UV-VIS-NIR Shimadzu, UV-360-0 929
Advanced Photonics -
{Portable UY)
Isothermal Titration | MicrocaliTC 200 b
Calorimetry /
Circular Dichroism Jasco, Model J-815 156
{CD) Polarimeter
HPLC Shimadzu, 1088
Waters 1598
GC Thermo, {Trace GC-Ultra) 30
Thermo (Trace GC-Ultra) 30
Shimadzu {2010, M5
GC-MS ! 1138
QP2010)
Agilant (TQ 8040) 1717
Elementar, Model Liquid
TOC ToC 228
TCSPC (T"T‘e Edinburgh Instruments
Correlated Single --- 337
) (0B920)
Photon Counting)
Anton Paar, Mod.Physica-
Rheameter MCR-301 49
Biod, -
S — iodiesel Rancimat 95
Matrohm
Potentiostat (PARSAT) 2754hrs
Potentiostat {(Metrohm 4648hrs
. Autolab)
Electrical anc Bipotentiostat {Pine
Electrochemical i 33h
ectrochemica AFCEP1) rs
SMU (Keithley 2635A) 748hrs
LCZ meter {(Hioki IM3570) 226.5hrs

/_094
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BT Uga-faar erfse: forsmar
Student Outreach Program: JIGYASA

ToRIT § UhAT HITHASAN G & T o,
HCHUHH TSNS 7 “fAsT BRIHA & Jead 9
Tl TR T AT 5 A AT FA I I e
& forq Srif-Te AT R HeRT S I &9 5 9gd
e & FTEmaT SmA (SA-3EHS Hel-Aet
PR HA) P BT B FH S T H Fhel H BET
BT SFTHEE N UeTer araa e %
Hizgq | SFEYM &1 W 3 & o7 Hiewsnderr-
HIEEERIRETE 3T o/ a9 2018-19 § &8
b I by U Heawrdlaeeg &
dSfaRT 7 Tpell =T & Wi d1adid e & fol]
il P AR el o < fbur @@ anl ik
Tl feU T TSI hRIH & T8 d HeT &l IHT
et A MET OfT & TTel, S HRIGA H AW o
TS T fdexur F=ferRad afresr 7 oega féam
Tl

As the sole CSIR institute in Gujarat, CSMCRI
immensely contributed to accomplish the
scientific socdial responsibility to generate
scientific temper in young minds at the school
level through “Jigyasa” Program. As part of
the implementation of the Jigyasa Program
{Student-Scientist  Interaction  program)
several program was conducted by (5IR-
CSMCRI in F.Y. 2018419, to engage school
students to get a flavour of research through
research and laboratory-based activities.
CSMCRI scientists visited different part of the
Gujarat to interact with school children and
talks and demonstrations given.
Following visit to the institute have been
organized under the Jigyasa program and
hundreds of students and many teachers were
participated in the program, with keen
interest. The details of the visits are furnished
in following table.

were

e HrIHT & Ted WIHEERIaTRag F ST faemeat &1 dRT
Visits of Kendriya Vidyalayas to CSMCRI under Jigyasa program

Date Program Name No. of No. of KV No. of No. of
days Schools students | teachers

Student-Scientist Interaction

20.07.2018 | program at KV, Chandkheda, o1 05 {(Ahmedabad) 148 12
Ahmedabad
Student-Scientist Interaction 05

03.08.2018 | program at KV, AF-l, o1 (Jamnagar) 85 10
Jamnagar

. Student-Scientist Interaction - 02 {Bhuj) . 58

o program at KV, AFS, Bhuj o1 {Gandhidham) 3>

Student-Scientist Interaction o

15.09.201 KV 1 141 1

5.00.2018 progra.m at KV, Sector 30, 0 (Gandhinagar) 4 0

Gandhinagar

Tk UfeEeT 2018-19 ANNUAL REPORT 2018-19
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Date Program Name No. of No. of KV No. of No. of
days Schools students | teachers
KV, Bhavnagar on the
25.09.2018 | occasion of (SMCRI open 01 01 {Bhavnagar) 30 02
day
T Student-Scientist Interaction g5 {Burt)
program at KV, KRIBHCO, o1 101 - 06
Surat

[A] [B]
o st wicafemt 61 Seid §) SEESIEIe § BH-dene SidEd, W) a5 WTageaeiNeg
T o B W SR

Fig.: Glimpse of Jigyuso activities A) Student-Scientist Interaction et Ahmadabad. B) Visit of
students to (SMCRIHaboratories at Bhavnagar.

T WHE T HFRTETor
Training the salt cluster

T e & 1 B & @0 ¥, T8 9 BT
fermfaTall afiR srefRkamsil &1 s U & A5
oo & o dsmfee Arfed= uem w6 o
WERT 3R IR-TEnT WIRRT SR 34T (SEWA),
FFET (ANANDD, AHRM 3TTS @5 91T 9@ aiN
THGT T Y <3 R TG FHE & (b W HH
T Bl T 3R HHgT T SR o ol Turere
IR IO F GIR & Y AR 9 AR A9
STafE SEt 35 forg sifarfare S o o6 for
9T W A= widreror srig AT ST Hear 8l
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As a part of social mission, this institute also
works on development of salt cluster across
the country on salt & marine chemicals with
Governmental and Non-Governmental
agencies like SEWA, ANANDI, AHRM etc. to
provide scientific  guidance to  small
manufacturers and agariyas for good guality
salt productions. Salt & Marine chemicals
division also conducts various training
programs across the country to improve the
guality & yield of salt and also to cater trained
people to salt and salt-based industries.
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T WE! & (o7 STNfore UfTaror HrRiwHT S fFewor

Details of the training programs organized for the salt clusters

SEIE] firerstt i
.| WfRTeTu B o ¢ e >
G R TATT (FENT ) weEar
Title of Training .
SN Venue Duration Number of
Program ; .
{in months) Trainees
' Training on high purity Adesar & 28/11/2018 to ]
) salt production Santalpur, Gujarat 03122018 5
5 Training program for salt Nawa & Phalodi, 18/12f2018 & "
) manufacturers Rajasthan 19{12/2018 >
Training program for salt | Issakapalli, Andhra
3- manufacturers Pradesh Higi{Zeto 5

[€]

T2 921807 PRIhH [A]GTery?, Uie, [H] SR, e, [{] Ssd H WIvayad]siNsrd a1 ¥fdd diE
HRyferd Hew

Fig.: Training program at [A] Santalpur, Patan, [B] Adesar, Kutch, [€] Common Facility Centre at
Adesar, established by CSMCRI.

e SeTel Wil & HTeaT A ATSifsT Scure & forg I srar werar

Infrastructure assistance for livelihood generation through seaweed farming

Elelifch TR HHETT |ithd BT H AT & foU Although the coastal communities are actively
TSl UheT & AR F o g0 E, e ot 7 engaged in fishing activity for livelthood, yet
T 2 : - many of the women are not capable of

) el P 'TE?F Bl T securing adeguate income. The time after the
Fiel & 1S BT EFT, T I F T 1 3 AAE  household duties, they seek to put in
B H oFET ITEd Bl 970, IFT SHIdRT & additional-work in the nearby coastal regions.
TEATT $ 210 T AT AR T T o R Therefore, a survey was conducted in order to
identify the deserving candidates who can be

el E_ BT TR 2 for el ofiR : _ supported and encouraged to carry out the
SISERIERIECIR W%Wﬁﬁﬁﬂ%ﬂ T HT  seaweed cultivation. Two hundred participants
T foReTT T TRy A, v, ITFT o AR S were surveyed along with their family back-

3y ¥ % T TeroT BT TR o) 25 ground. Survey was undertaken based on age
oo group, education, income generation and their
RN & T ¢ EPTH faarT T e S AT assets value. A group of 25 persons were

qCRT & J HUTHISEHY Wl I iRy far mam selected and the training on Kappaphycus

(IrARE
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gfererr & T AT B ARI WA $ 0, CSIR-
HARIT YRETSHT & ded 3EEd e emr
TERET &5 T7E, e 9 S99V U IR 1 faehl
& HEgq Ao I B Hd| o SAHBIE
UfeHTRRT (95%) = |HET dgTel T Well 9= Joige
Pl ead f[dbied by iR 3T dd B @l
TR I §U & PUIThIgEd i Wl & Ui @fth oy
31 e ¥ 20,000/ - HEAT 31

. ” :
R oSN (liepiNg) T7C O, GFl Diciie] & TN

cultivation was imparted to them in nearby
coastal region.

To continue the cultivation after the training,
necessary infrastructure assistance was
provided under the CSIR-HARIT project
enabling them to generate the revenue
through the selling of the cultivated biomass.
The majority of the participants (95%) could
able to develop strong skill-set on seaweed
farming and pursuing the work till today. The
income  generation out the farming
Kappaphycusis an average of % 20,000/ month
by each individual.

,-\I h :‘ - 5 -
FTEIZH D Gl BT HIE

Fig.: Training on Kappaphycus cultivation at Muthaiyapuram (Tuticorin) coast near Tsunami colony.

AIEATS & HATIYRA el § FHsl darer ) Wl 3R Iu-Ieurs fera &
TOHRI BT HeTRHHT
Empowerment of Fishers in Seaweed cultivation and by-product Development
in Ramanathapuram district, Tamil Nadu

TS AR & Je T & feita weam 9
dMeHIg S dY HBaIRT T $l HHgl die
Hol S[Eel & fdsr § Helt 9 (FReY i oy
& HIEPH H HARhdWT & (oY Udb bl g fbu
TN BRIET & Ia9g FHefelRaa I &) aitivgs
Gl @l @l & & fely 8000 I8 & i
sTaegearell & AT B3 F Iy BommEsd
earfor o g9 F@ Bl TAT9AT; ) TS Wat
& 1T 3000 95T 99 % oY QIR & Ta@st

/_ 098

The program was initiated that can, empower
coastal fishing communities of Tamil Nadu
through sustained additional income by
engaging in developing seaweed value chain
with the financial support of Department of
Fisheries, Nadu.
Following were the objectives of the program
a) Establishment of seed bank of Kappaphycus
alvarezii in order to supply seed requirement of
6000 rafts for supporting commercial
cultivation; b) Adeguate supply of seed plant of
agarophytes for 3000 rafts scale of commercial

Government of Tamil
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bl a e 3TYfc; 1) i Wl & 124 & 3y
T HTOEET g R ST M 4 99 599 & fol0
TICIETST TERUT SdTS dhl T 3R o) HRe=T
3R SR S 2T e SUmal 7 SedeT F &
77 0.25 TPD & a7l SISTECI Tl 3hls
& FITTAT §H IR B AT R F AT 4
e, 2018 P THALAR-ITTACHHARAE
SR g T2 Ao {39 & g v Fesiar
ST TR &R T 0 3N Ao fmr, i
TR -1 3 TIfAf & fo7q § 207.50 oRF Hipd
B2y

cultivation;
processing  unit
Kappaphycus alvarezii  biomass harvested
through commercial cultivation and d)
Establishment of downstream processing unit
with a capacity of 0.25 TPD to produce value
added products like carrageenan and agar. To
implement this project a MoU has been signed
between (SIR-CSMCRI and Tamil Nadu state
fisheries on 4th December 2018 and DoF, GoG
has sanctioned Rs. 207.50 lakhs toward this

¢) <Commissioning prototype

for making sap from

activity.

B & IEGIT TTeIehT & THIART WIS bl Ueb & BT UfRraror yeeis I

One day exposure visit of fishermen community from Abdasa Taluka, Kutch

24 IFCIL, 2018 B HEH P IHQAN AIH P
FEESTRT 26 ST % 1T Qe eeriter SfSreior wreef ey 2mm
o1 SRl Bl T Fre TG Adter B Wl & [T
T, S T T, Wl & BT i afik
Tog-geT o qehl § aRiEd SR T -
TNt 3R Aerer T & defrs S
SR B H 3 WHE & AT S < ol A1t F 37
Y I % TN § F HIE PR B T AT A
ATSHfereT % fAfaeie & w9 ¥ 77 78 8

| |

o gaT Siater 1 e widnem geelq @1 setb

-

One day exposure visit was arranged on
October 24, 2018, for the benefit of fishermen
community of Abdasa Taluka, Kutch. They
were introduced with different aspects of
seaweed cultivation, such as site selection,
various methods of farming and techniques of
value addition. Scientific staff of Biotechnology
and Phycology division personally interacted
with this group to clear their doubts about this
new venture which they are undertaking as the
diversification of livelihood.

Figure: Glimpses of seaweed cultivation training exposure visit.

AffeTITS Ud 318 TQer & we SIaTel Sl Wil ST AfRraor

Seaweed cultivation training at Tamil Nadu and Andhra Pradesh

IS AR e A1, HexTaTe A "Hieg ¢ W
TR S B B SR P TR W wiren
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Board,
Hyderabad has sponsored a training program
on “Imparting training on seaweed cultivation
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DRI TR fasm Tf3TenT HrRim & 9Irn & o
&) UidTEdl & YA (ToT) 3N @) dlae [dem
FRIFET TR BEET § USle 39 o S8e
AT, JellelRA N ygdalzs el 7 ddlg
Tl § IgaH $i T T2 TEel TS T Bl =T
9T Ul DT 21 2 didalRd sty & SN
250 WAHIFRT @l el &xd 80 < SRimd
SIRIIST {3 Tg1

and dissemination of farming along Tamil Nadu
coast”. The training program was in two parts
A) Training of trainers (ToT) and B) Skill
development program. Each batch of training
program was aimed at imparting hands on
experience to fifty women members identified
from the coastal villages of Ramanathapuram,
Tuticorin and Pudukkottai districts. During this
reporting  period programs
conducted covering 250 participants.

ten were

ot wige) Qdret &) Q) Hidiewt epleps & siciapl

Fig.: Glimpses of Seaweed cultivation training program.

TS dTer T T TTETAIT BT e oy wee &
Werdl, d9ce, JeX el 3 10 qcm arior
SATHITRITT cdb (a1 12 3118 WS 1wy & 1ae (g
M (APSSDC), fawmarer @il Hivwsndsmx-
HICHTARA I3RS & §19 16.05.2018 I 218 UeT
& & el 4 g gplor 3nere & oy defoud
sArolifdent ¥R & wd H 42 Sldrel Wl ulzigu
BRI % P b Tolg FHST 0 T SRR
[P Q1 41 $T79 < T8 ¥ 15.17 <l & w7 H P
500 I 3BT AT 2527 T Bl

R AUEeEeIR-AICHrTEISTRE SN
vifleguaeiv], [daarer & dia waelar s
Fig.: Mol between CSIR-CSMCRI and APSSDC,
Vijayawada.
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Seaweed cultivation training was extended to
10 coastal rural beneficiaries in Suryalanka,
Bapatla, Guntur district, Andhra Pradesh. Mol
signed between Andhra Pradesh State Skill
Development Corporation (APSSDO),
Vijayawada and CSIR-CSMCRI on 16.05.2018 to
initiate seaweed cultivation training program
for coastal rural population in Andhra Pradesh
coastal districts as an alternate livelihood
opportunity. Under this MoWU at a budget of ¥
15.17 lakhs a total of 500 people has been
targeted.
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Deployment of mobile water purification unit for relief work during Kerala
flood

16 3FTET 2018 I, SRIH-I B H Izd 991 4 & On 16 August 1018, severe floods affected the
NIRRT I et T S T O UTfaer s, forg south Indian state Kerala, due to unusually high

N . rainfall leaving hundreds of people dead and
L2 1 ST A T Y o i w about a million people were evacuated. The

DI FeRITIeT oher el GRfarT ek T e T F 9T mobile water purification unit developed for
b IUIET & fof¢ fdesfiaa &) 718 Alagel Ao agd producing safe and clean drinking water {(as per
SHTE (WHO 3 HTFIEST i SFeR) STeToqsT ey & WHO norms) was quickly deployed in
) LT = Pandanad, a village in Chengannur Tehsil of
w : e T 1SS H T T § 1T Alappuzha distric%, that Wags facing severe
P, ST 9 3 UTET ST THIR ST BT JTHAT B I=T scarcity of drinking water. The mobile unit was
of| HIGTgeT SPIT Pl el weT WIfERAUr & gftgey  stationed at the pumping station of Kerala
T TR AT BT T, S O e & SueTed Water Authority, where the water was

: available in the bore well, although was not

o, STl T 7T, TRIRECT Fere e i e & drinkable due to impurities, turbidity bacterial
SRINEE @W%Wﬁmﬁ B as well as pathogenic contaminations.

R 57 i O G HISIecT 9t AN SePTS bl ST b1 ST

Fig.: Glimpses of deployment of mobile water purification unit during Kerala flood.
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g5 31 T SR U & Y Sueley R T
SATHIT 20,000-25,000 wlcd el U 24 Iucley
TR T T 37K 12 f&AT & o 916 ST 8 o7
SRIEIREGIEGRE 2R L

/_102

Our mobile unit is equipped with indigenously
developed  ultrafiltration  hollow  fibre
membranes & RO membrane technology
capable of purifying and cleaning bacteria/
pathogen  contaminatad water, turbid/
suspended particles as well as desalting excess
unwanted dissolved salts {also arsenic,
hardness, fluoride, nitrate, odour and colour).
The water was purified and was made available
for drinking. Around 20,000-25,000 Liters per
day water was made available and was
distributed to the people in the flood affected
areas for 12 days.
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I.  Synthesis and characterization ot a novel polymeric hydrogel based on
hydroxypropyl methyl ccllulose grafted with polyacrylamide. Das R.; Panda A, B;
Pal S. Cellulosc 25 (2018) 2769-2769.

2. Marine macroalgal nursery: A model for sustainable production ot seedlings tor
large-scale farming. Gupta V.; Trivedi N.; Simoni S.; Reddy C. R. K. Algal Research-
Biomass Biofucls and Bioproducts 31 (2018) 463-468.

3.  Self-Assembly of Partially Alkylated Dextran-graft-poly[(2-dimethylamino)ethyl
methacrylate] Copolymer Facilitating Hydrophobic/Hydrophilic Drug Delivery and
Improving Conetwork Hydrogel Properties. Chandel A. K. S_; Nutan B.; Raval I. H ;
Jewrajka 8. K. Biomacromolecules 19 {2018) 1142-1153.

4. Niwogen-rich graphitic-carbon stabilized cobalt nanoparticles for chemosclective
hydrogenation of nitroarcnes at milder conditions. Nandi S.; Patel P.; Khan N. H.;
Biradar A. V.; Kureshy R. I. Inorganic Chemistry Frontiers 5 (2018) 806-813.

5. Metabolomics and network analysis reveal the potential metabolites and biological
pathways involved in salinity tolerance of the halophyte Salvadora persica, Kumari
A.; Parida A. K. Environmental and Experimental Botany 148 (2018) 85-99.

6. Pilot scale production of extracellular thermo-alkali stable laccase from
Pseudomonas sp S2 using agro waste and its application in organophosphorous
pesticides degradation. Chauhan P. S. ; Jha, B. Journal of Chemical Technology and
Biotcchnology 93 (2018) 1022-1030.

7.  Influences of Different Halophyte Vegetation on Soil Microbial Community at
Temperate Salt Marsh. Chaudhary D. R.; Kim I.; Kang H. Microbial Ecology 75
{2018) 729-738.

8.  Corrclating growth mechanism and morphology in Cu-TCNQ organometallic
complex: A microscopic study. Bhadu G. R.; Chaudhari J. C.; Rebary B.; Patidar R.;
Srivastava D. N. Micron 107 (2018) 85-93,

9. The wheat TabZIP2 transcription factor is activated by the nutrient starvation-
responsive SnRK3/CIPK protein kinase. Luang S.; Sornaraj P.; Bazanova N.; Jia W;
Eini O.; Hussain S. S.; Kovalchuk N.; Agarwal P.K.; Hrmova M.; Lopato S. Plant
Molccular Biology 96 (2018) 543-361.

10. Octadecyl-silicaPVDF membrane of superior MD desalination performance. Mistry
R. I.; Saxena M.; Ray P.; Singh P. S. Journal of Applied Polymer Science 135 (2018)
46043 [1 to 14].

11. Nanoporous composite proton cxchange membrancs: High conductivity and thermal
stability. Gahlot S.; Sharma P. P.; Yadav V.; Jha P. K.; Kulshrestha V. Colloids and
Surfaces A-Physicochemical and Engineering Aspects 542 (2018) 8-14.
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12. An uncommon multicomponent reaction involving nucleophilic heterocyclic
carbenes: tacile synthesis ot fully substituted cyclopentanones. Krishnan J.; Jose A.;
Sasidhar B. S.; Suresh E.; Menon R. S.; Nair V. Organic Chemistry Frontiers 5 (2018)
1202-1208.

13. Substrate Directed Asymmetric Reactions. Bhadra S.; Yamamoto H. Chemical
Reviews 118 (2018) 3391-3446.

14. Watcr Transport through Ultrathin Polyamide Nanofilms Uscd for Reverse Osmosis.
Jiang 7. W.; Karan S.; Livingston A.G. Advanced Materials 30 (2018) 1705973.

15. Solvothermal synthesis of magnetic copper ferrite nano sheet and its antimicrobial
studics. Muthukumar K.; Lakshmi D. S.; Acharya S. D.; Natarajan S.; Mukherjee A.
Bajaj H.C. Matcrials Chemistry and Physics 209 (2018) 172-179,

16. Polysulfide-triggered fluorescent indicator suitable for super-resolution microscopy
and application in imaging. Hoskere A.A.; Sreedharan S.; Ali F.; Smythe C.G;
Thomas J.A.; Das A. Chemical Communications 54 (2018) 3735-3738.

17. Acid resistant sulphonated poly(vinylidene  fluoride-co-hexafluoropropylenc)/
graphence oxide composite cation exchange for water splitting by iodine-sulfur bunsen
process for hydrogen production. Das A. K.; Manohar M.; Shahi V.K. Joumal of
Membrane Science 552 (2018) 377-386.

18. Basc-Promoted Transition-Mctal-Free Arylation of Tmidazo-Fused Heterocyeles
with Diaryliodonium Salts. Kumar R.; Ravi C.; Rawat D.; Adimurthy S. Europcan
Journal of Organic Chemistry 14 (2018) 1665-1673.

19. Biosynthetic Potential of Bioactive Streptoniycetes Isolated From Arid Region of the
Thar Desert, Rajasthan. Masand M.; Sivakala K. K.; Menghani E.; Thinesh T.;
Anandham R.; Sharma G.; Sivakumar N.; Jebakumar S. R. D.; Jose P. A. Frontiers
in Microbiology 09 {2018) 687 [01 to 11].

20. Environmental benign synthesis of reduced graphene oxide (rGO) from spent
lithium-ion batteries (LIBs) graphite and its application in supercapacitor. Natarajan
S.; Ede S. R.; Bajaj H. C.; Kundu S. Colloids and Surfaces A-Physicochemical and
Engineering Aspect 543 (2018) 93-108.

21. A group of nuclcar factor Y transcription factors arc sub-functionalized during
endosperm development in monocots. Zhiguo E.; Li, T. T.; Zhang H. Y.; Liu Z. H.;
Deng H.; Sharma S.; Wei X. F.; Wang L.; Niu B. X_; Chen C. Journal of Experimental
Botany 69 (2018) 2495-2510.

22. A water soluble Cu*-specific colorimetric probe can also detect Zn*" in live shrimp
and aqucous cnvironmental samples by fluorcscence channel. Raju M.; Nair R. R ;
Raval I. H.; Haldar S.; Charterjee P. B. Scnsors and Acmators B-Chemical 260 (2018)
364-370.
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23. Nitrogen-rich graphitic carbon stabilized cobalt nanoparticles as an  cffective
heterogeneous catalyst tor hydrogenation ot CQ; to formate. Patel P.; Nandi S.; Maru
M. S.; Kureshy R. 1.; Khan N.H. Journal of CO2 Utilization 25 (2018) 310-314.

24. Three-Dimensional Co(IT)/Cd(Il) Metal-Organic Frameworks: Luminescent Cd-
MOF for Detection and Adsorption of 2,4,6-Trinitrophenol in the Aqueous Phase.
Rachuri Y.; Parmar B.; Suresh E. Crystal Growth & Design 18 {2018) 3062-3072.

25. Crosslinking of Polyvinyl Alcohol (PVA) and Effect of Crosslinker Shape {Aliphatic
and Aromatic) Thereof. Sonker A. K.; Rathore K.; Nagarale R.K.; Verma V. Journal
of Polymers and the Environment 26 (2018) 1782-1794.

26.  Optimization and up scaling of ionic liquid tolerant and thermo-alkali stable laccase
from a marine Staphylococcus arlettac S1-20 using tea waste, Chauhan P, S.; Goradia
B; Jha B. Journal of the Taiwan Institute of Chemical Engincers 86 (2018) 1-8.

27. Salt-Induced Microstructural Transitions in Aqueous Dispersions of lonic-Liquids-
Based Surfactants. Vaid Z. 8.; Rajput 5. M.; Shah A.; Kadam Y.; Kumar A.; El Seoud
O. A.; Mata J. P.; Malek N. 1. Chemistryselect 3 (2018) 4851-4853.

28, FEnantiosclective Addition of Cyanide to CF3-Substituted Alkylidencmalonates:
Construction of Trifluoromethylated All-Carbon Quaternary Stereocenters. Jakhar
A.; Nazish M.; Gupta N.; Khan N. H.; Kureshy R. I. Chemistryselect 3 (2018) 4838-
4843.

29, Effect of Zcolitic Imidazole Framework-8 nanocrystals on  hydrocarbon
permsclective Poly(dimethylsiloxane) membrane as probed by small-angle neutron
scattering. Prajapati P. K.; Kansara A. M.; Aswal V. K.; Singh P. S. Polymer 143
{2018) 96-105.

30. Dynamics of the phospholipid shell of microbubbles: a fluorescence photoselection
and spectral phasor approach. Slenders E.; Seneca S.; Pramanik S. K.; Smisdom N.;
Adriacnscns P.; vandeVen M.; Ethirajan A.; Amcloot M. Chemical Communications
54 (2018) 4854-4857.

31. Natural Variation in Elicitation of Detense-Signaling Associates to Field Resistance
against the Spot Blotch Disease in Bread Wheat (Triticum aestivum L.). Sharma S.;
Sahu R.; Navathe S.; Mishra V. K.; Chand R.; Singh P. K_; Joshi A. K.; Pandey S. P.
Fronticrs in Plant Science 9 (2018) 636 [1 to 18]

32. Modulation of FKBP5 Expression by cigareite smoke. Bhatt H.; Khandelwal A _;
(rajaria T.; Gohil K.; Cross C.; Vasu V. Free Radical Biology and Medicine 120
(2018) S96-596.

33. Evaluation of the anti-cancer property of Toluguinoel, a marine fungus derived namral
product. Khandelwal A.; Bhatt H.; Gajaria T.; Sabapathy 1.; Manikkam R.; Vasu V.,
Free Radical Biology and Medicine 120 (2018) §122-8123.
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34, Chelation-assisted de-aryloxylative amination of 2-aryloxy quinolines: a new
synthetic route to a key fragment of a bioactive PRMTS5 inhibitor Gupta A.; Kumar
J.; Bhadra S. Organic & Biomolecular Chemistry 16 (2018) 3716-3720.

35. Pd'-Catalyzed methoxylation of C(sp3)-H bonds adjacent to benzoxazoles and
benzothiazoles. Kumar J.; Gupta A.; Bhadra S. Organic & Biomolecular Chemistry
17(2019) 3314-3318.

36. New Route for Synthesis of Fluorescent SnQz Nanoparticles for Sclective Sensing of
Fe (III) in Aqueous Media Vyas G.; Kumar A.; Bhatt M.; Bhatt S.; Paul P. Journal of
Nanoscience and Nanotechnology 18 (2018) 3954-3959,

37. Carbon adhcred iron oxide hollow nanotube on membrane fouling. Muthukumar K ;
Lakshmi D. S.; Saxcna M.; Jaiswar S.; Natarajan S.; Mukherjec A.; Bajaj H. C.
Materials Chemistry and Physics 211 (2018) 468-478.

38. Enantioselective Synthesis of -Nitro Phosphonates Catalyzed by a Secondary Amine
Bisthiourea Nazish M.; Jakhar A.; Gupta N.; Khan N. H.; Kureshy R. 1. Synlett 29
{2018) 1385-1389.

39, Bi-functional heterogencous iron complexes for catalytic conversion of cpoxides to
cyclic carbonates and their application in the synthesis of polyurcthane Verma S.;
Nazish M.; Kureshy R. 1.; Khan N. H. Sustainable Energy & Fuels 2 (2018) 1312-
1322.

40. Study of fluoride content in some commercial phosphate fertilizers Ramicke L. P;
Sahayam A. C.; Ghosh A.; Rambabu U.; Reddy M. R. P.; Popat K. M.; Rcbary B.;
Kubavat D.; Marathe K. V.; Ghosh P. K. Jownal of Fluorine Chemistry 210 (2018)
149-155.

41. Biotouling of polysultone and polysulfone-graphene oxide nanocomposite
membrane and toulant removal Raval H. D.; Makwana P.; Sharma S. Materials
Rescarch Express 5 (2018) 065322 [1 to 9].

42. Synthesis of Chloride-Free Potash Fertilized by lonic Metathesis Using Four-
Compartment Electrodialysis Salt Engineering. Sharma P. P.; Yadav V.; Rajput A.;
Kulshrestha V. ACS Omega 3 (2018) 6895-6902.

43. Photosynthctic pigments, betalains, proteins, sugars, and minerals during Salicornia
brachiata senescence. Parida A. K.; Kumari A.; Panda A.; Rangani I.; Agarwal P. K.
Biologia Plantarum 62 (2018) 343-352.

44. Drought alleviatory potential of Kappaphycus scawced exwract and the role of the
guaternary anunoniwm compounds as its constituents towards imparting drought
tolerance in Zea mays L. Trivedi K.; Anand K. G. V.; Kubavat D.; Patidar R.; Ghosh
A. Journal of Applicd Phycology 30 (2018) 2001-20135.
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45. Stercosclective Metabolism of Omeprazole by Cytochrome P450 2C19 and 3A4:
Mechanistic Insights trom DFT Study. Jana K.; Bandyopadhyay T.; Ganguly B.
Journal of Physical Chemistry B 122 {2018) 5765-5775.

46. Efficient Solvent-Free Carbon Dioxide Fixation Reactions with Epoxides Under Mild
Conditions by Mixed-Ligand Zinc(Il) Metal-Organic Frameworks Patel P.; Parmar
B.; Kureshy R. I.; Khan N. H.; Suresh E. ChemCatChem 10 (2018) 2401-2408.

47. Poly (tricthoxyvinylsilanc-co-guaternaryvinylbenzylchloride)/ fGNR bascd anion
exchange membrane and its application towards salt and acid recovery Sharma P. P.;
Yadav, V.; Rajput, A.; Kulshrestha, V. Joumal of Membrane Science 556 (2018) 303-
311.

48. Pilot-scalc produced super activated carbon with a nanoporous texmre as an cxcellent
adsorbent for the cfficient removal of metanil yellow Sawant 8. Y. Pawar R R.;
Senthilkumar S.; Somani R. S.; Cho M. H.; Bajaj H. C. Powdcr Technology 333
(2018) 243-251.

49. Synthesis of tinest superparamagnetic carbon-encapsulated magnetic nanoparticles
by a plasma expansion method for biomedical applications Sarma L.; Aomoa N.;
Sarmah T.; Sarma S.; Srinivasan A.; Sharma G.; Gupta A.; Reddy V. R.; Satpati B.;
Srivastava D. N.; Dcka S.; Pandey 1. M.; Kakati M. Journal of Alloys and
Compounds 749 (2018) 768-775.

50. lodine-Catalyzed One-Pot Decarboxylative Sulfenylation ot Electron-Rich Arenes
and Indoles. Ravi C.; Semiwal R.; Kumar R.; Reddy N. N. K.; Adimurthy S.
ChemistrySelect 3 (2018) 6116-6121.

51. Judicious Reduction of Supported Ti Catalyst Enahles Access to Disentangled
Ultrahigh Molecular Weight Polyethylene. Gote R. P.; Mandal D.; Patel K.;
Chaudhuri K.; Vinod C. P.; Lele A. K.; Chikkali S§. H. Macromolecules 51 {2018)
4541-4552.

52. Aminc-functionalized Zn{IT) MOF as an cfficicnt multifunctional catalyst for CO2
utilization and sulfoxidation reaction Patel P.; Parmar B.; Kureshy R. I.; Khan N. H.;
Suresh E. Dalton Transactions 47 (2018) 8041-8051.

53. Study of Jatropha curcas shell bio-oil-diesel blend in VCR CI engine using RSM.
Patel H.; Rajai V.; Das P.; Charola S.; Mudgal A.; Maiti S. Renewable Encrgy 122
(2018) 310-322.

54. Synthesis of 1,2, 4-Trisubstituted-{1H)-imidazoles through Cu(OTt)}{2)-/1-2-

Catalyzed C-C Bond Cleavage of Chalcones and Benzylamines. Salfeena C. T. F.;
Jalaja. R.; Davis R.; Suresh E.; Somappa S. B. ACS Omega 3 (2018) 8074-8082.

55. DFT Study To Explore the Tmportance of Ring Size and Eftect of Solvents on the
Keto-Enol Tautomerization Process of alpha- and beta-Cyclodiones. Jana K;
Ganguly B. ACS Omega 03 (2018) 8429-8439.
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56. Influcnce of gauche cffect on uncharged oxime reactivators for the reactivation of
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152, Copper Nanoparticles Immobilized on Nanocellulose: A Novel and Efficient
Heterogeneous Catalyst for Controlled and Selective Oxidation of Sulfides and
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Alcohols. Dutta A.: Chetia M. Ali A, A Bordoloi A.; GehlotP. S, Kumar A.; Sarma
D. Catalysis Letters 149 (2019) 141-150.

153. Screening of Solvents, Hydrogen Source, and Tnvestigation of Reaction Mechanism
for the Hydrocyclisation of Levulinic Acid to gamma-Valerolactone Using Ni/8i0»-
Al>Os Catalyst. Gundekari S.; Srinivasan K. Catalysis Letters 149 (2019) 215-227.

154, Probing the Role of Imidazopyridine and Tmidazophosphorine Scaffolds To Design
Novel Proton Pump Tnhibitor for H K*-ATPasc: A DFT Study. Jana K.; Ghosh S_;
Wakchaure P. D.; Bandyopadhyay T.; Ganguly B. ACS Omega 4(2019) 1311-1321.

155. Selective recognition of Fe3+ and Cr3+ in agueous medium via fluorescence
guenching of graphene gquantum dots. Raj 8. K.; Rajput A.; Gupta H.; Patidar R ;
Kulshrestha V. Journal of Dispersion Scicnce and Technology 40 (2019) 250-255.

156. Photosystem photochemistry, prompt and delayed fluorescence, photosynthetic
responses and electron flow in tobacco under drought and salt stress. Khatri K.;
Rathore M. S. Photosynthetica 57 (2019) 61-74.

157. SbMYBI135 transcription factor mitigates cadmium and nickel stress in transgenic
tobacco by limiting uptake and modulating antioxidative defence system. Sapara K.
K.; Khedia J.; Agarwal P.; Gangapur D. R.; Agarwal . K. Functional Plant Biology
46 (2019) 702-714.

158. Synthcsis and Characterization of Zn**-Zr*™ Substituted Barium Hexaferrite by Sol
Gel Auto Combustion Method. Godara S. K. ; Singh H.; Malhi P. S.; Kaur V.; Narang
S. B. Sood A. K.; Bhadu G. R.; Chaudhari J. C. Materials Today-Proccedings 17
(2019) 371-379.

159. Structure-property interplay of asymmetric membranes comprising of soft
polydimethylsiloxane chains and hard silica nanomaterials. Kansara A. M.; Prajapati
P. K.; Aswal V. K.; Singh P. S, Polymer 160 (2019) 30-42.

160. 2-Amino-pentanoic acid and 1-Pyridiniumylacetate are new additives to generate
distinct morphs of salt crystals: A combined computational and experimental study.
SiM. K.; Pramanik S. K.; Hingu V.; Ganguly B. Journal of Molecular Structure 1175
(2019) 728-733.

161. Hydrous ruthenium oxide: A new generation remarkable catalyst precursor for encrgy
efficient and sustainable production of gamma-valerolactone from levulinic acid in
agueous medium. Gundekari S.; Srinivasan K. Applied Catalysis A-General 569
(2019) 117-125.

162. Self-Doped Interwoven Carbon Network Derived from Ulva fasciata for All-Solid
Supcreapacitor Devices: Solvent-Free Approach to a Scalable Synthetic Route.
Chaudhary J. P.; Gupta R.; Mahto A.; Vadodariyva N.; Dharmalingm K.
Kotrappanavar N. §.; Meena R. ACS Sustainable Chemistry & Engineering 7 (2019)
174-186.
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163. Sclective Adsorption of Ph{IT) from Agucous Mcdium by Cross-Linked Chitosan-
Functionalized Graphene Oxide Adsorbent. Sharma P.; Singh A. K.; Shahi V. K.
ACS Sustainable Chemistry & Engineering 7 (2019) 1427-1436.

164. Two photon excitable graphene quantum dots for structured illumination microscopy
and imaging applications: lysosome specificity and tissue-dependent imaging. Singh
H.; Sreedharan S.; Tiwari K.; Green N. H.; Smythe C.; Pramanik S. K.; Thomas I.
A.; Das A. Chemical Communications 55 (2019) 5321-524.

165. Dual-Mode Calixarene-Based Chemosensor: Highly Selective Fluorogenic Detection
of Hg?' and Chromogenic Detection of Cu?" with a Single Ionophore. Patra S.;
Boricha V. P.; Paul P. European Journal of Inorganic Chemistry 2 (2019) 199-205.

166. Sodium Salts (Nal/NaBr/NaCl) for the Halogenation of Imidazo-Fused Heterocycles.
Semwal R.; Ravi C.; Kumar R.; Meena R.; Adimurthy S. Journal of Organic
Chemistry 84 (2019) 792-805.

167. Next-generation organometallic adsorbents for safe removal of excessive fluoride
from aqueous systems. Khan H.; Sharma S. Journal ot Applied Polymer Science 136
(2019) 46993 [1 to 12].

168. Affinity Directed Surface Functionalization of Two Different Metal Nanoparticles by
a Natural lonophore: Probing and Removal of Hg** and Al** Tons from Agqueous
Solutions. Raju M.; Nair R. R.; Debnath S.; Chatterjee P. B. Inorganic Chemistry 58
{2019) 1674-1683.

169. Catalyst-Free Solid Phase Microwave-Assisted Synthesis of 1,4-Dihydropyridine
Derivatives and Their Single Crystal Structwre Determination. Maru M. S.;
Antharjanam P. K. S.; Khan N. H. ChemistrySelect 4 (2019) 774-782.

170. Catecholase activity of mononuclear copper(Il) complexes of tridentate 3N ligands
in aqueous and aqueous micellar media: Influence of stereoelectronic factors on
catalytic activity. Natarajan A.; Natarajan S.; Tamilarasan A.; Eringathodi S;
Mallayan P. Tnorganica Chimica Acta 485 (2019) 98-111.

171. lonic Liquid Stabilized Gelatin-Lignin Films: A Potential UV-Shielding Material

with Excellent Mechanical and Antimicrobial Properties. Mehta M. J.; Kumar A.
Chemistry-A European Journal 25 (2019) 1269-1274.

172. Cloning and functional characterization of the Nat+/H+ antiporter (NHX1) gene
promoter from an extreme halophyte Salicornia brachiate. Tiwan V.; Patel M. K.;
Chaturvedi A. K.; Mishra A.; Jha B. Gene 683 (2019) 233-242.

173. Sultonated polylether ether ketone)/imidized graphene oxide composite cation
exchange membrane with improved conductivity and stability for clectrodialytic
watcr desalination, Shukla G.; Shahi V. K. Desalination 451 (2019) 200-208,

174. Phytochemical profiling, polyphenol composition, and antioxidant activity of the leaf
extract trom the medicinal halophyte Thespesia populnea reveal a potential source of
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bioactive compounds and nutraccuticals, Rangani J.; Kumari A.; Patcl M.;
Brahmbhatt H.; Parida A. K. Journal Of Food Biochemistry 43 {2019) 12731 [1 to
16].

175. Co-cultivation of siderophore-producing bacteria Idiomarina loihiensis RS14 with
Chlorella variabilis ATCC 12198, evaluation of micro-algal growth, lipid, and
protein content under iron starvation. Rajapitamahuni S.; Bachani P.; Sardar R, K.;
Mishra S. Journal of Applied Phycology 31 (2019) 29-39.

176. Effects of Aliphatic Alcohols on Solubility, Physicochemical Properties, and
Mortphology of Caleium Sulfate Dihydrate (Gypsum) in Aqueous Sodium Chloride
Solution at 35 degrees C. Shukla J.; Mehta M. J.; Kumar A. Journal of Chemical and
Engineering Data 64 {2019) 536-544,

177. Synthcsis of Calixarcne-Capped  Silver Nanoparticles for  Colorimetric  and
Amperometric Detection of Mercury (Hg-TT, Hg-0). Vyas G.; Bhatr S.; Paul P. ACS
Omega 4 (2019) 3860-3870.

178. Lightweight SrM/CCTO/rGO nanocomposites for optoelectronics and K-u band
microwave absorption. Mohamumed I.; Carol T. T. T.; Hateez H. Y.; Basandrai D.;
Bhadu G. R.; Godara 8. K.; Narang 8. B.; Srivastava A. K. Journal of Materials
Science-Materials in Electronics 30 (2019) 4026-4040,

179. Utilization of Waste Biomass for the Synthesis of Functionalizable Support for
Covalent Anchoring of Active Organo Catalyst. Doke D. S.; Advani J. H.; Naikwadi
D. R.; Gawande M. B.; Walke P.; Umbarkar S. B.; Biradar A. V. ACS Sustainable
Chemistry & Engincering 7 (2019) 3018-3026.

180. Chemo- and Regioselective Synthesis of Arylated gamma-Valerolactones from Bio-
based Levulinic Acid with Aromatics Using H-beta Zeolite Catalyst. Gundekari S.;
Srintvasan K. ChemCatChem 11 (2019) 1102-1111.

181. Advances in surface modification technigues of reverse osmosis membrane over the
years. Ankoliya D.; Mchta B.; Raval H. Scparation Science and Technology 54
(2019) 293-310.

182. Preparation of new CgHil13-polydimethylsiloxane membranes via a ‘cross-linking'
reaction using trichloro(pertluoro-octyl) silanes: Effect of cross-linker amount.
Kansara A. M.; Singh P. S, Separation Scicnce and Technology 54 (2019) 329-342,

183. Cross-linked thin poly(vinyl alcohol) membrane supported on polysulfone in tea
polyphenol separation. Saxena M.; Chaudhri 8. G.; Das A. K.; Singh P. §;
Bhattacharya A. Separation Science and Technology 54 (2019) 343-359.

184. Dcgumming of crude vegetable oil by membranc separation: Probing structurc-
performance and stability of PYVDF membranes. Doshi K.; Trivedi Y.; Ray P.; Singh
P. S. Separation Science and Technology 54 (2019) 360-369.
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185. Sodium Styrene  Sulfonate-co-Methyl Methacrylate-Based  Proton  Conducting
Membranes for Electrochemical Energy Applications. Sharma P. P.; Gupta A. K ;
Kulshrestha V.; Sharma S. Separation Science and Technology 54 (2019) 370-376.

186. Zn-MOF@SPES composite membranes: synthesis, characterization and its
electrochemical performance. Gahlot S.; Yadav V.; Sharma P. P.; Kulshrestha V.
Separation Scignce and Technology 54 (2019) 377-385.

187. Dcvelopment  of Hg*™  colorimetric  scnsor  using  polymeric  mcmbranc.
Mukhopadhyay S.; Mehta R.; Paidi M. K.; Mandal S. K.; Bhattacharya A. Separation
Science and Technology 54 (2019) 386-395.

188. Synthesis and characterization of different mctal oxide and GO composites for
removal of toxic metal ions. Rajput A.; Sharma P. P.; Yadav V.; Gupta H.;
Kulshrestha V. Separation Scicnee and Technology 54 (2019) 426-433.

189. Efficient catalytic conversion of terminal/internal epoxides to cyclic carbonates by
porous Co(IT) MOF under ambient conditions: structure-property correlation and
computational studies. Parma B.; Patel P.; Pillai R. S.; Kureshy R. 1; Khan N. H.;
Suresh, E. Journal of Materials Chemistry A 7 (2019) 2884-2894,

190. Boron Trifluoride Catalyzed Divergent Synthesis of 3-Alkenyl-3-amino-2-oxindoles
and Spiro-indeneindolones from Propargylic Alcohols. Muthusamy §.;
Balasubramani A.; Suresh E. Advanced Synthesis & Catalysis 361 (2019) 702-707.

191. Template-free synthesis of carbon hollow spheres and reduced graphene oxide from
spent lithium-ion batterics towards cfficient gas storage. Natarajan S.; Bajaj H. C.;
Aravindan V. Journal of Materials Chemistry A 7 (2019) 3244-3252,

192. Acid resistant PVDF-co-HFP based copolymer proton exchange membrane tor
glectro-chemical application. Sharma P. P.; Yadav V.; Gahlot S.; Lebedeva 0. V.;
Chesnokova A. N.; Srivastava D. N.; Raskulova T. V.; Kulshrestha V. Journal of
Mgembrane Scicnce 573 (2019) 483-492,

193. Tuning the ring strain effect in acridine derivatives on binding affinity with G-
gquadruplex-DNA: A computational and experimental study. Si M. K.; Pramanik S.
K.; Ganguly B. International Journal of Biological Macromolecules 124 (2019) 1177-
1185,

194. Anionic carboxymethylagarose-based pH-responsive smart superabsorbent
hydrogels for controlled release of anticancer drug. Khan H.; Chaudhary J. P.; Meena
R. International Journal of Biological Macromolecules 124 (2019) 1220-1229.

195. Picomolar detection of retinol binding protein 4 for early management of type 11
diabetes Paul A.; Chiriaco M. S.; Primiccri E.; Srivastava D. N.; Marueecio G.
Bioscnsors & Bioclectronics 128 (2019) 122-128.

196. A comparative analysis of different extraction solvent systems on the extractability
of eicosapentaenoic acid from the marine eustigmatophyte Nannochloropsis
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occanica. Mitra M., Mishra S. Algal Rescarch-Biomass Biofucls and Bioproducts 38
(2019) 101387 [1 to 7]

197. Microalgal lipid extraction strategics for biodicsel production: A review. Sati H.;
Mitra M.; Mishra S.; Baredar P. Algal Research-Biomass Biofuels and Bioproducts
38 (2019) 101413 1 to 12]

198. Gracilaria dura cxtract confers droughe tolerance in wheat by modulating abscisic
acid homeostasis. Sharma S.; Chen C; Khatri K.; Rathore M. 8.; Pandey S. P. Plant
Physiology and Biochemistry 136 (2019) 143-154.

199. Multiple Pollutants Removal from Industrial Wastewaters Using a Novel
Bioflocculant Produced by Bacillus licheniformis NJI3. Joshi N.; Rathod M.; Vyas
D.; Kumar R.; Mody K. Environmental Progress & Sustainable Encrgy 38 (2019)
S306-8314.

200. Functionalized Cubic Mesoporous Silica as a Non-Chemodosimetric Fluorescence
Probe and Adsorbent for Selective Detection and Removal of Bisulfite Anions along
with Toxic Metal lons. Chatterjee, S; Paital A. R. Advanced Functional Materials 258
(2018) 1704726,

201. Enhanced Thermocatalytic Activity of Porous Yellow ZnO Nanoflakes: Defect- and
Morphology-Induced Perspectives. Galani S. M.; Panda A. B. Chemistry-An Asian
Journal 14 (2019) 612-620.

202, Gracilaria debilis cultivation, agar characterization and cconomics: bringing ncw
speeics in the ambit of commercial farming in India. Vecragurunathan V.; Kamalesh
Prasad.; Malar Vizhi I.; Nripat Singh.; Ramavatar Meena.; Vaibhav A. Manuri.
Journal of Applied Phycology 31(2019) 2609-2621.

203. An Anthracene Excimer Fluorescence Probe on Mesoporous Silica for Dual
Functions of Detection and Adsorption of Mercury (1) and Copper (L) with
Biological Tn Vivo Applications. Chatterjee S.; Gohil H.; Raval 1.; Chatterjec S.;
Paital A. R. 2019. Small 15 {(2019) 1804749 [1 to 16].

204. Covalently hooked EOSIN-Y in a Zr(lV) framework as visible-light mediated,
heterogeneous photocatalyst for efficient C-H functionalization of tertiary amines.
Kumar G.; Solanki P.; Nazish M.; Neogi S.; Kureshy R. I.; Khan N. H. Journal of
Catalysis 371 (2019) 293-304.

205. Protein-Functionalized Aecrogel Membranes for Gravity-Driven Separation.
Vadodariya N,; Meena R. ACS Sustainable Chemistry & Engineering 7 (2019)4814-
4820.

206. Guest-Tnducced Ultrasensitive Detection of Multiple Toxic Organics and Fe3+ Tons in
a Strategically Designed and Regenerative Smart Fluorcscent Metal-Organic
Framework. Goswami R.; Mandal §. C.; Pathak B.; Neogi S. ACS Applied Materials
& Interfaces 11 (2019) 9042-9053.

123 R
Tk UfeEeT 2018-19 ANNUAL REPORT 2018-19 .j




_
CSIR-CSMCRI _

207. Engincering Fe-doped highly oxygenated solvothermal carbon from glucose-bascd
eutectic system as active microcleaner and etficient carbocatalyst. Halanur M. M.;
Chakraborty S.; Aruchamy K.; Ghosh D.; Singh N.; Prasad K.; Kalpana D.; Nataraj
8. K.; Mondal D. Journal of Materials Chemistry A 7 (2019) 4988-4997.

208. Ionic liquid catalysed aerobic oxidative amidation and thipamidation of benzylic
amines under neat conditions. Joshi A.; Kumar R.; Semwal R.; Rawat D.; Adimurthy
S. Green Chemistry 21 {2019) 962-967.

209. A halotolerant growth promoting rhizobacteria triggers induced systemic resistance
in plants and defends against fungal infection. Sharma 8.; Chen C.; Navathe S
Chand R.; Pandey S. P. Scientific Reports 9 {2019) 4054 [1 to 17].

210. Multistimuli-Responsive Self-Healable and Moldable Nickel(Tl)-Based Gels for
Reversible Gas  Adsorption  and  Palladium  Scquestration  via  Gel-to-Gel
Transformation. Saha E.; Mitra J. ACS Applicd Matcrials & Tnterfaces 11 (2019)
10718-10728.

211. Herbs that Heal: Natural Panacea tor Health Promotion Pandey K. B. Annals of
Phytomedicine, 7 {2018) 6-12. [Invited Article].

212. Effect of oral supplementation of composite leaf extract of medicinal plants on
biomarkers of oxidative stress in induced diabetic Wistar rats. Tiwari B.; Abidi A.
B.; Rizvi S. L; Pandey K. B. Archives of Physiology and Biochemistry {(England),
124 {2018) 361-366.

213, Sodium styrene  sulfonate-co-Methyl  methacrylate-based  proton  conducting
membranes for Electro-Chemical Energy Applications. P. P. Sharma, Anil R. Gupta,
V. Kulshrestha, Saroj Sharma. Separations Science & Technology, 54 (2019) 370-
376.

214. WATER: CSIR-CSMCRI prepares the road-map tfor the people. Pathak N.;
Bhattacharya A. Everyman’s Scicnee LITT (3) (2018) 182-191.

215. Chemo- and regioselective synthesis of arylated y-valerolactones from bio-based
levulinic acid with aromatics using H-p§ zeolite catalyst. Sreedhar Gundekari, Kannan
Srinivasan, ChemCatChem, 11 {2019) 1102-11.

2. Q¥dh/ e | AT [Book/ Chapters in Books]

Title of the chapter Nano—tcch.nolloglcal‘ lll-tcchntl(jnS f-or the
decontamination of water and wastewater
C. Amit, H. Chandarana, M.Anil Kumar and V.
Authors .
Sunita
Title of the Book Water and Wastewater Treatment Technologics
Editor Bui X., Chiemchaisri C., Fujioka T., Varjani S.
Publisher Nature Singapore Pte Ltd., Singapore
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Book identifier number (ISBN,
ISSN, DOIT etc.)

978-981-13-3258-6

Publishing year 2019
Page numbers 487-499
Enzymatic Research Having Pharmaceutical

Title of the chapter

Signiticance

Authors Raval, L.H. and Chandel, Arvind Kumar Singh

. . Rescarch Advancements  in Pharmaccutical,
Ttk sTilieBosk Nufritional, and Industrial Enzymology
Editor Shashi Lata Bharati and Pankaj Kumar Chaurasia
Publisher 1GI Global

Book identifier number (ISBN,
ISSN, DOI etc.)

978-152-255-237-6

Publishing year

2018

Page numbers

141-158

Title of the chapter

Pathogenic Microbial Genetic Diversity with
Reference to Health.

Authors Chatterjee, S. and Raval, [LH.,

Title of the Book In Microbial Diversity in the Genomic Era
Editor Surajit Das and Hirak Ranjan Dash
Publisher Academic Press Elsevier

Book identifier number (ISBN,
ISSN, DOI etc.)

978-012-814-849-5

Publishing year 2019
Page numbers 559-577
Halophytes: Potential Resources of Coastal

Title of the chapter

Ecossystems and their Economic, Ecological and
Bioprospecting Significance.

Authors

Parida AK, Kumari A, Rangani J

Title of the Book

Halophytes and Climate  Change:
Mechanisms and Potential Uses

Adaptive

Editor

Hasanuzzaman M, Shabala S, Fujita M

Publisher

CAB International, UK

Book identifier number (ISBN,
ISSN, DOI etc.)

978-178-639-433-0

Publishing vear

2019

Page numbers

287-323
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Title of the chapter

Graft modification of Polymers: Application in
membranes.

Authors

Romil  Mehta,
Bhattacharya

Paramita M™Manna and A.

Title of the Book

Encyclopedia of Polymer Applications. Editor-
Munmaya Mishra CRC Press, Taylor & Francis
Group

Editor

Munmaya Mishra

Publisher

Taylor & Francis Group, LLC

Book identifier number (ISBN,
ISSN, DOI ete.)

ISBN-13: 978-1-4987-2993-2

Publishing year

2019

Page numbers

1712-1728

Title of the chapter

Applications of Fungal Nanobiotechnology in
Drug Development.

Authors Pandey K. B, Tiwari B. K.

Title of the Book Fungal Nanobionics: Principles and Applications.
Editor Prasad R., Kumar V., Kumar M., Wany S.
Publisher Springer Nature (Singaporg)

Book identifier number (ISBN,
ISSN, DOI etc.)

9978-981-10-8665-6

Publishing year

2018

Page numbers

273-286

Title of the chapter

Activation of plasma membrane redox system: A
novel anti-aging strategy.

Authors Pandey K. B, Rizvi 8. 1.

Title of the Book MQlcc}Jlal' basq.s and cmerging strategics for anti-
aging mrerventions

Editor Rizvi 8. 1., Cakatay U.

Publisher Springer Nature Singapore Pre Ltd

Book identifier number (ISBN,
ISSN, DOI etc.)

Dol: 10.1007/978-981-13-1699-9 19
ISBN: 978-981-13-1698-2

Publishing year

2018

Page numbers

297-304
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3. TEIHpd Ude/ SRR 9ET [Patents-Granted) Filed]

WRAT Uee ERR: (12 Uee 3eeEA)
[Indian Patent Filed: (12 Patent Applications)]

SN Title Inventors Esent Applcation
Number
Arindam Kumar Das,
_ o ) Geetanjali Shukla, Murli
Aqd and oxidartive resistant Manohar, Vinod Kumar
| cahqn exchange membrane Shahi, Baharat Bhargava, 01811013972
and its n_l‘fth‘)d of Puncet Kishore, Dmaraju
preparation thereot Parvatalu, Chandra Sekhar
Sarma
Process for production of Bishx_vaj_it Ganguly, Mrinal
2 |alanine enriched NaCl Kanti S1, Sumit Kumar 201811020002
crystals with improved flow | Pramanik
G-gquadiplex-DNA binder BiSh‘_"‘ij it Ganguly, Mrinal
3 |and its method of Kanti 8i, Sumit Kumar 201811025105
preparation thereof Pramanik, Shibaji Ghosh
Transparent and flexible
polytmethyl methacrylate) ]
composite films with uv- Tufan Singha Mahaparra,
4 |shieldin g performances and Sumit Kumar Pramanik, 201811029277
process for preparation Amitava Das
thereof
An integrated process for
the simultaneous .
_ |preparation of biostimulant, | Ramavatar Meena, Nilesh
5 |cellulose and biochar from | Yadodariya, Kamalesh Prasad,| 201811025622
brown seaweed sargassum | TUD Ghosh
species
Rukhsana Ilyas Kureshy, Noor
Iridium catalyst, method of |Ul Hasan Kh.an, Ankush
preparation and its use for | enkatrao Biradar, Parth 5
b |the preparation of formate/ | Patel, Balasaheb Bankar, 201811030629
formic acid Sekhar Nandi, Hari Chand
Bajaj
An improved process tor Paramita Ray, Sobhindro
7 |preparation of ultrathin- Singh Puyam, Veerababu 201811031932
film-composite Polisett
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nanefiltration membranc for
waler softening,
desalination and
purification

A compound for the
detection of 2.4,6-

Harwinder Singh, Karishma

g |trinitrophenol and its Tiwari, Sumit Kumar 201811032672
method tor preparation Pramanik, Amitava Das
thereof
Compaound for detection ot _ .

9 |glutathione and its method Pabitra Baran Chatterjec, 201811037482
of preparation thereot Ratish Rajgopalan Nair
A process for recovery of

10 |de-salted organics from Pratyush Maiti, Brijesh Patel 201811042594
spent wash
A process for the
conversion ot poly{ethylene )
terephthalate) waste bottles Iflamalesl1 Prasad, Nripat .

LI I PN biodegradable solutions §|r}gh, Arup Ghosh, Pramod 201811046311
suitable for agriculture Shinde
applications
A compound for live ) o )

i imaging of lysosome and Rajeshwari Tiwari, Karishma

process for preparation
thereof

Tiwari, Sumit Kumar
Pramanik, Amitava Das

201811046957

YR 9 TS (09 UeT IHTAS)
[Indian Patent Granted: (09 Patent Applications)]

SN Title Inventors Patent Application
Number

Preparation of inorganic . _ _ B

1 |hydrogels with alkali Ajeet Singh, Bishwajit 295612
halides Ganguly
A method for immobilizing
lipase onto microporous Kripal Singh, Amit

- . f=hieh E

2 |ultrafilration polymer Bhattacharya, Shweta Gupta 293557
membrane
A method for the Kripal Singh, Hari Chand

3 |preparation of 1- Bajaj, Pravin Ganeshrao 298625
enantiomers selective Ingole
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membrang for optical
resolution of alpha-amino
acids

A solid nutrient media
uscful for isolating and Gnanasekaran Gopalsamy, 7
4 |identifying alkaliphilic Kalpana Haresh Mody, 298711

Busta Sumitra Datta, Bhavanath Tha

Free flowing 100-500 mm

size spherical crystals of Indraj i.t Mukhopadhyay,
5 |eoriiran saivand process Pushpito Kumar Ghaosh, 298725
for preparation thereot Vadakke Puthoor Mohandas
Rajan Sodankur
An improved domestic size | 1himmannabhat, Pushpito
6 |solar oven for multiple Kumar Ghosh, Sanatkumar 299945
houschold applications Natvarlal Patel, Jitendrabhai
Narsinhbhai Bharadia
An improved process for Hari Chanc} Baja.j, Sayed
the preparation of 2-phenyl Hasan Razi Abdi, Rukhsana
7 |cthanol by catalytic Ilyas Kureshy, Noor-Ul Hasan 301450
hydrogenation of styrene Khan, Aasit’ Asharatbhai
oxide Dabbawala, Tamal Roy

An improved process for

preparation of high purity Maheshkumar Ramniklal

g |heavy basic magnesium (Eandhi, Jatin Rgmeshchandra 301912
carbonate from bittern Chunawala, Satish Hariray
containing magnesium Mehta
Development of a cycle .
process for the production Mahesl.lkun?ar Ramniklal
9 |ofhish purity soda ash with Gandhi, Jatin l.Qameﬂshcha-n_dra 302594
reduced fluoride content Chunawala, Pratyush Maiti,
T e — Kiritkumar Mangaldas Popat
fagelt 9de s (02 Ude 3mden)
[Foreign Patent filed: (02 Patent Applications)]
Patent
SN Title Inventors Country Application
Number
An eco-friendly
process for Kannan Srinivasan,
! hydrogenation ot Sreedhar Gundekari Liponast us
organic molecules
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using hydrous
ruthenium oxide
catalyst

A new regent for
specific detection of
HOCl in

Firoj Ali, Sunil
Babanrao Autc,

2 . . Anila Hoskere PCT/IN2018/050281 WO
P}U’S'.U.]Oglwl Ashok, Suman Pal,
condition Amitava Das
fereft 9de Wi (05 9ce amae)
[Foreign Patent Granted: (o5 Patent Applications)]
Patent
SN Title Inventors Country Application
Number
Prasenjit Mahato,
Amrita Ghosh,
Zn(l) based Sanjiv Kumar
I colorimetric sensors | Mishra, Anupama (01847027 KR
and process for the St
preperation thereof | ga5 dhya Mishra
Amitava Das
Improved process for
the preparation of Kannan Srinivasan,
fatty acid alkyl esters Sivashunmugam
2 | (Biodiesel) from Sankaranarayanan, MY-165640-A MY
riglyceride oils Churchil Angel
using cco-friendly Antonyraj
solid base catalysts
Ramavatar Meena,
Pushpito Kumar
. Ghosh, Dharmesh
Biodegradable Chejara
hydrophobic . Karuppanan
3 | composite materials | Bewaran Arup 6336457 JP
and proeess for the | kymar Siddhanta,
preparation thercof Eanisledi Brad
Jai Prakash
Chaudhary
An integrated Chennur
4 | process to valorize Radhakrishna 10,000,579 uUs

seaweed hiomass for

Reddy, Ravi Singh
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a spectrum of Baghel, Nitin
bioproducts Trivedi, Puja 3089999 EP
Kumari, Vishal

Gupta, Kamlesh
Prasad, Ramavatar 3089999 FR
Meena

Ramavatar Meena,
Kamalesh Prasad,
Arup Kumar
Siddhanta, Pushpito
Kumar Ghash,
Gauravkumar
Kishor Mehta,
Improved process for | Bharatkumar

the pl'{:paration of Kalidas Ramavat,

5 | agarosc polymer Meenakshi 2411418 EP
from S‘f"lWCCd Sundaram Ganesan,
extractive Bhavanath Jha,
Avinash Mishra,
Mahesh Ramniklal
Gandhi, Pradeep
Kumar Agarwal,
Karuppanan
Eswaran

An improved fast
and selective process
for the preparation of

y-valerolactone by Kannan Srmivasan, : _

. catalytic Sreedhar Gundekari USI022114282 us
hydrogenation of
levulinic acid using
Ru-based catalysts

4. UINAET g&ATRT [Technology Transfer]
SN Name of Technology
1. L AFTT - Sargassum W ATT AT AAT UTET

FATAITC 1 13 ITATReHe e (TAUATET) T9T R T THRAT

Date of Transfer : E s g
25-09-2014 Process tor preparation of liguid seaweed plant
biostimulant (LSPB) irom brown algae — Sargassum

HJeq | AgaEd H I 9L gHer =3 SH 5F Sargassum whighti,

Sargassum swarizii and Sargassum tenerrimum ¥ TIA HGIE TET
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FTATEZH A= (THUATTET) ¥ IT7eT ® OT-910 93999 F T/ =T F
TATEA ¥ A0 UF TFATE 7 AR 7T 3| U1 aeEl ' T0E, I T
HHET ST SF-S7ror 9T ¥ I TaTeF F =7 § SUgrl 1 $ere 11w
¥ A, FT STANN IO1ET 1 At =8 F ATsaw § 9Hg1 Sa7e o= |
UTH TRAT ST AT 21 35 A AT Moty At 7 5w § = e
T HHET ST AT & T3 THE AT TET SIG-3w0eTh (AT AT) F =7
# 60-80 FreTrmH 4T=T IfZ WATES 3T 237 UTH T+ A%/ I7 481 ATH
TTA=TE UTH 24T 21 CSIR-CSMCRI # YTEf9: 31&=+1 ¥ 07 917 2 % LSPB
(2-10% STAT ¥2) F 9=/ Mgl 7% Y40 5 9RO eT F2 Fa9i °§ 10% ¥
30% TF T F AT AT SATTATLF ST F o Tt FT 97T F F5
ST AT AT/ Zearatea AT 747 21 57 fFam § f{Em =i s=ri
TR F AT dfaarEar ¥ wEag g TERT 2016" T TH AT

The institute has invented a technology for production of liquid seawszed plant
biostimulant (LSPB) from the abundantly available brown seaweeds such as
Sargassum whightii, Sargassum swarizil and Sargassum tfenervimum along with
a residue that yields cellulose/biochar. Obtained agro-nutrient rich liguid seaweed
bio-stimulant is useful as a plant growth promoter. During the process of
production, multiple uscful products can be obtained from scawced residue
through the invented method. Tts cconomic benefit is evident from the following
data that as much as 60-80 Kg of plant growth promoter in the form of liguid
scawced plant bio-stimulant (LSPB) and 237 g cellulosc and/or 481 g biochar arc
obtaincd from 5 kg of dry scawced biomass. Preliminary studies at CSIR-
CSMCRTI showed that the foliar/ soil application of LSPB (2-10 %% usage level)
form resulted in yield improvement from 10 % to 30 % in scveral crops. The
technology has been licensed/ transfared to several industrics in Tndia for
commercial production. CSTR - “Best Technology Award 2016”7 for S&T
Innovations in biological scicnces was bestowed to CSTR-CSMCRI for this

technology.
. A i PSFe gy 7 F3EaT F ardavz A F
I IEE AR P ]
. . for T 3THTL
Date of Transter . . . ]
Treatment of RO plant reject stream for economic
26-04-2018 A
removal of hardness.

]

A AAE T ITATE HIF (A2 dT) F o St AT Foea1 o 4T H27 2,
AT F ATeA 7 A s e B=m AamsEe F aqaed o
ATTIY ST F S 7 AT F o) F5ar | w7 o TRy e & ydam ¥

A | ::
’—. TSk TfdaET 2018-19 ANNUAL REPORT 2018-19



B N

FOH TS -H UHUHE TS

CSIR-CSMCRI

FT 90% I IT2T 9% FH 4 F [0 HHH a1 F oIfHIg, T AT, TS
*F At T F I0ATE F =0T o Fenfag FIeT-ATsH It 397 A )

Water hardness is a major issue across the Common effluent treatment plant
{(CETPs), recovering water from effluent through evaporation to comply with
regulatory ‘Zero Liquid Discharge’ norm. Both cost of hardness reduction and
expenses related to resultant sludge management attect overall operating viability.
A maoditied lime-soda process was devised for treatment ot the RO rgject stream
of M/s Vanitec Ltd., Vaniyvambadi, Tamil Nadu, to reduce hardness by over 90%.

5. WAl ¥ HiRka® |/ gReR FRT:Iﬁ-I‘ [Oral/ Poster presentation in conferences]

Title of the Conference
SN Presentation Details Venue Authors
DAE-BRNS
Tailored made | Sponsored Eighth
polymeric adsorbents | Biennial Birla Institute
having potentiality | Symposium on of Technology, : '
1. | towards the removal of | Emerging trends in | Pilani, K.K. I:Am] .R' Guptd,
P D : L Sare] Sharma,
fluoride from aqueous | separation science | Birla Goa
system: A sustainable | & technology Campus, Goa
solution {(SESTEC-2018)
May 23-26, 2018
. Indo-German
Industrial waste as low- | .,
cost and  ecoftiend Bilateral Workshop
adsotbeiit ﬁf:_ on Membranes CSIR- Anil R. Gupta,
2o | e .| tor Water and CSMCRI, Vipin C. Joshi,
remediation of ) _ s )
haEafliE. fohd. o Energy Bhavnagar. Saroj Sharma,
contaminated water (IGWMWE-2019)
) 18-20" Feb. 2019
Bead-shaped Indo-German
polymeric  adsorbent | Bilateral Workshop
having potentiality | on Membrancs CSTR- : '
3. | towards the removal of | for Water and CSMCRI, ém] .R' Gupaa,
E . . Saroj Sharma
fluoride from aqueous | Energy Bhavnagar.
system: An cemerging | (IGWMWE-2019)
adsorbent 18-20% Feb. 2019
A novel gene SARPCSL | 13" International
from Salicornia | Conference on ;
. Central Arid
brachiaia Roxb. | Development of ) Mangal S.
: ) Zone Research :
4. | improved salt and | Drylands: : Rathore Kumari
X ) Institute,
osmotic stress | Converting . A and B. Jha
) ; Jodhpur, Tndia
tolerance in transgenic | Dryland Areas
tobacco from Grey into
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Green February
11-14, 2019
Thin film Polyamid
1in Lm olyamide Bhavin
Composite Indo-German Koladiya, Romil
Membranes: Co- | Bilateral Workshop %
. e - Mehta, Aditi
relation ot diamine | on Membranes CSMCRI, ) Had
5. | vatio and  separation | for Water and Bhavnagar, Mehta, Harsha
% i Ener y Gujal-at Blahlnbhatt al’ld
performances of salts £
T — {(IGWMWE-2019) A. Bhattacharya
dnic Crugs In watd 18-20" Feb. 2019
Interplay of conducting
Polypyrrole in between | Indo-German I
Polysulfone support | Bilateral Workshop g‘)m;l] ]{\l/kh ta,
and polyamide in Thin | on Mcmbrancs CSMCRI, arsha
6. | film Composite | for Watcr and Bhavnagar, Brahmbhatt and
Membrane: separation E“C"g}’ . 7 Gujarat Fr BhATEGHEE
performance of salts _(IGW 1MWE'2019)
and pesticides 18-20™ Feb. 2019
The Indigenous
Technology of | oo -Cormian
Membranes: From | Bilateral Workshop Sanjay D. Patil
Thin Film Composite | on Membranes CSMCRI, and A.
7. | (TFC) Membranes | for Water and Bhr:.lvnagau', Bhattacharya
preparation to Module EIE%)&IWE 2019) Gujarat
Mak’ing. and its field 18.90™ Feh. 2019
application.
Microfluidics
2018: New T
Integration of | Technologies and ope
. . . . . Molecular .
microfluidics with the | Applications in ; Nalin H.
s . Biology : -
8. | porous silicon | Biology, ; Maniya, Divesh
. _ . . Laboratory, B
biosensor to enhance | Biochemistry and . ] N. Srivastava
i i Heidelberg,
sensitivity Single-Cell
5 Germany
Analysis
15-17Jul 2018
Electrochemical -
reduction of carbon | . Dilip B. Parmar,
o : .| symposium on CSIR-
dioxide to formic acid ; ; 5 Laxman N.
9. .| electrochemistry in | CSMCRI, .
on thin . Kadam, Divesh
: .| materials and Bhavnagar .
electrodeposited plastic : N. Srivastava
. devices.
chip electrode.
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28-29 September
2018
National
; _ g .| symposium on
Fé;i';‘]OLai;iit;bg;:;; electrgchemisﬂy L CSIR: Kirti, Divesh N.
g 4 for early management z:gf;éals ang EEMLRT’ _ Srivastava
of type 1T diabetes. o avhagar
2¥-29 September
2018
National
AuNPs  cncapsulated | symposium on
ZIF-8 for a mediator | clectrochemistry in | CSTR- Anirban Paul,

11.| free enzymatic glucose | materials and CSMCRI, Divesh N.
sensor by | devices. Bhavnagar Srivastava
ampgeromeny. 28-29 September

2018
Development and Natmn?.] e :
characterization of | SYMposum on bur?ﬂ . Aala,
RuO:@CeD:  hersro- electrpchemlsﬂy in | CSIR- Aniruddh .

12. ctriictire and IS role in materials and CSMCRI, Mondal, Divesh
eleistioeamlylis-oxygsn devices. Bhavnagar N. Srivastava,
cvolifioh reaction 28-29 September Asit B. Panda

) 2018
National
B0, erdieiden sy 5- symposium on L'c}x.man Kadam,
n  junction based clcstrgchcmmﬂy in | CSTR- D}hp B. Parmar,
13. waterials by phiotomnd mat.{:nals and CSMCRI, Dly{:sh N.
clectanatalyiicronte devices. Bhavnagar Srivastava,
28-29 Scptember Rajesh I, Tayade
2018
NANOBIOTEK-
2018 conference
. cum innovation

14, IE)llsztg E;het%ll %Cal;loint—o ‘e Bazar for ‘ AIIMS, New T?iyesl1 N.

e TIEEES demonstra!tm gour | Delhi Srivastava
technologies
25-27 October
2018

. Indo-German

Study of pH And|_ . " .

Temperature  Changes B]]‘m',l al Wofkbhop

on Kinctics of ?n.M".:m_b‘l‘amS CEIR Dipak Ankoliya,

e Polyamide  Oxidation o detu ang CSMCRI“‘ Hiren Raval
By Sodium Encrgy Bhavnagar
Hypochlorite (]IGWE}M JWE-2019)

8-20™ F¢b. 2019
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. . Indo-German
Surface Alweration of | . _
: Bilateral Workshop
Commercial TFC-RO ST ey
Mofibiitie, 5§  the on Membrancs CSTR- Ashish R
16. ; for Water and CSMCRI, Kavaiya, Hiren
Crosslinked  Polymer i _
and Monomer after the Energy Bhaviagal Raval
xidative reatment (TGWMWE-2019)
° c e 18-20™ Feb. 2019
Indo-German
Mitigation of Complex | Bilateral Workshop o .
; . Niraj Jasani,
Fouling (Organic + | on Membranes CSIR- Wl i
17.| Tnorganic) on Reverse | for Water and CSMCRI, - i
! Harshad Rathod,
Osmosis Membrane by | Energy Bhavnagar Efie ol
a novel Approach (IGWMWE-2019)
18-20" Feb. 2019
National Pl:aqu .K' )
SymES:o Prajapati, Narcsh
Acid  recovery  from | Electrochemistry in CSIR- I Rl
. ; i CSMCRI, Raghavendra
18 industrial cffluents by | Materials and Bhavriavar Nimiwal. Puvam
"| chemically stable | Devices (NSEMD- s =7 9 Ty
] , ) ‘ Gujarat, Singh, S.
charged membranes 2018 =
, INDTA Adimurthy,
28-29 Scptember '
Rajaram K
2018
Nagarale
Preparation and | Indo-German
Characterization of | Bilateral Workshop Pradeep K.
Highly Gas Permeable | on Membranes CSIR- Prajapati, Ankit
19.| Zeolite-4 A for Water and CSMCRI, M. Kansara,
Poly{dimethylsiloxane) | Energy Bhavnagar Vinod K. Aswal,
Membrane for Air | IGWMWE-2019) Puyam 8. Singh
Separation 18-20"" Feb. 2019
performance sudy of | 11660 TWA
%)_L‘ao ce bl }? _HO] Regional M. 5. Mayank Saxcna,
5 POYPRENOU § fembrane University, Puyam 8. Singh,
20.| through  high  flux ) ) .
Polgsulfone - Poly Teehnology Vadodara, Amit
(Vi Jeohol) Conference (TWA- | Gujarat, India | Bhattacharya
y HEONOU | _RMTC 2018)
membrang
. o s Indo-German
Theanyestzanon S0y sep ) Wotkshon | ESIR-
of the  separation Mayank Saxena,
) on Membranes CSMCRI, .
71 performance  of tea i —— Hliavnapas Puyam S. Singh,
" | polyphenol through ) . ’ Amit
poly (vinyl alcohol) — Energy Gujarat, Bhattacharya
olysulfone membrane CGWNWE-2019) | THDLA
POTyS 18-20" Feb, 2019
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OctidoeyhSilicilii-] | Jia0 Gt
incor 031[0 d v Bilateral Workshop | CSTR- Ankitkumar M.
Pol £m thvlsiloxane | ™ Membranes CSMCRI, Kansara,
22| L OYAIMEYISTOXANG | o Water and Bhavnagar, Pradecp K.
membranc for i G L :
iliziriced aleohol Energy (ujarat, Prajapati and
¢ e o (IGWMWE-2019) | INDIA Puyam S. Singh
permseiechvity 18-20 Feb. 2019
CSIR-Inter
Institutional
Efficient Catalytic | Students
Conversion of | Conference on CSIR-Indian Bhavesh Parmar,
Terminal/ Internal | Sustainable Institute of Parth Patel,
23.| Epoxides to Cycelic Chemistry for Chemical Renjith S. Pillas,
Carbonates by Porous | Heath, Technology, Noor-ul H. Khan
Co(II) MOF at | Environment and Hyderabad and E. Suresh
Ambient Conditions Materials
{Su-CHEM Yuva
2019)
: Intermational
Overexpression of seritee-EaE
AINAC4 transcription - f.‘ -
factor from a halophyte | Plant responses to gﬁmi:nlb in Khedia, I,
Aeluropus  lagopoides | light and stress: cnginecring Agarwal, P.,
24, S 2 LT and !
modulatcs  oxidative | Emerging issucs in bisteshiology Parida, A K.,
stress }Jy RQS climate change (ICGEB): New Agarwal, P.K.
homeostasis in : .
; Delhi, India
transgenic tobacco
International CSIRL 2
Ion homeostasis  and Institute of
’ Conference on : Sanadhya, P.,
metabolite mass | . . Chemical o
A . Biotechnological Paidi, M.K.,
profiling revealing salt ) Technology ]
25. = 7| Research and - More, P.,
tolerance mechanism in : (CSIR-TICT),

, Innovation for Agarwal, P.,
reerctohalophyte Sustainabl Hyderabad, LPK
Aeluropus lagopoides HSalrabie India DEWEL TR,

@ * | Development '
40" meeting of
; Plant Tissue
Functional . _
Characterization of e
) ) Association-India Dave, A., Joshi,
AIHKT2; 1 Promoter .
. and International . P., Sanadhya P,
26.[and its Regulatory | . .~ II'T Guwahati
3 o, Conterence on Agarwal, P,
SeUEnTES from trends in plant Agarwal, P.K
Halophyte  Aeluropus | . p g A
sl sciences and
2 ‘ Agrobiotechnology
2019
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40" meeting of
Plant Tissuc
Development of | Culture
mansgenic  cucumber | Association-India —
with enhanced phytase | and International AP, K b
7] . \ L L T Guwahat Agarwal, P,
activity in truits | Conterence on
- . ’ ; Agarwal, P.XK.
towards developing | trends in plant
nutritive green salad sciences and
Agrobiotechnology
2019
. . 13th International
Nutrignt cycling,
; : = | Conference on
microbial community DevelBhmEt 5
structure and functional pﬁ Chaudhary, D.R.
\ Drylands CAZRI, i
28.| gene abundance . . and Rathore,
T . | Converting Jodhpur, India
associated with AP
: : : Dryland Areas
Salicornia  brachiata | . .
. . from Grey into
Roxb. in coastal soils, _
Green
Indo-German
Highly pomeakle Bilateral Workshop
nanofitlm  membrancs | o Membranes CSIR- Pulak Sarkar and
29.| . : , tor Water and CSMCRI, -
for organic  solvent i _ Santanu Karan
nanotiltration Energy Bhavnagar
' (IGWMWE-2019)
18-20" Feb. 2019
Dehydrogenative National Seminar | CSIR- Jogendra.
C(sp*-H on Organic CSMCRI, Kumar,
methoxylation of 2- Transtormation & | Bhavnagar Sukalyan Bhadra
30. | alkyl benzoxazoles and | Catalysis (NSOTC-
-benzothiazoles with 2018)
methanol: Synthesis of | 27 Sept 2018
o-methoxy acctic acids
Chclation-assisted de- | National Seminar | CSTR- Aniket Gupta,
aryloxylative on Organic CSMCRI, Sukalyan Bhadra
31 amination of 2-aryloxy | Transtformation & | Bhavnagar
“| quinolines Catalysis {(NSOTC-
2018)
27 Sept 2018
Chelation assisted de- | 24th CRSI CSIR-CLRI Aniket Gupta,
aryloxylative National and IIT madras | Sukalyan Bhadra
amination of Z-aryoxy | Symposium in
32 o -
quinolines Chemistry
February 8 to 10,
2019
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Dchydrogenative Frontiers in IIT Guwahao | Jogendra Kumar,
C{sp’»H Chemical Sciences Aniket Gupta
methoxylation of 2- {FICS 2018) and Sukalyan
33 alkyl 2-benzoxazoles 6- 8th December, Bhadra
"| and -benzothiazoles 2018
with methanol:
Synthesis ot d-
methoxy acetic acids
Strain improvement National Department of | Balar, N.,
of Ulva through conference on Botany Vaibhav A.
conventional breeding | vistas in Madras Mantri, Reddy
biodiversity, Christian CRK
biology, College
34, biotechnology, and | Tambaram
nanotechnology of | East, Chennai
algae (VBBBNA
2018)
20-22 September
2018
Biochemical studies of | National Department of' | Kanchan
distinet life phases of | conference on Botany Sambhwani,
industrially important | vistas in Madras Jaskeerat Modi,
red alga G. dura biodiversity, Christian Avinash Mishra,
biology, College Vaibhav A
35. biotechnology, and | Tambaram Mantri
nanotechnology of | Bast, Chennai
algae (VBBBNA
2018)
20-22 September
2018
Enrichment of Marine | International CSIR-Indian Tejal K Gajaria,
Macroalgal Proteins conference on Institute of Ankit
and their bioactive Biotechnological Chemical Khandelwal,
potentials Research and Technology, Vihas T Vasu,
16 Tnnovation for Hyderabad, Vaibhav Mantri,
’ Sustainable CRK Reddy
Development
(BIOSD 2018)
22-25 November
2018
Ettfect of varying National Seminar | Parul Institute | Balar N., Jaiswar
salinity, temperature, on Recent ot Applied 5., Vaibhav A.
37 dehydration and inclinations in Science and Mantri
"| photoperiod on microbiology and | Research,
induction of biotechnology Ahmedabad
sporulation in Ulva 24 December 2018
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Yicld and quality International Socicty of Kanchan
cnhancement of Seminar on scicnce and Sambhwani,
sulphaccd ‘Recent Trends and | nature at FDDT | Avinash Mighra,
polysaccharides from | Experimental College, Vaibhav A.
red algae Approaches in Jodhpur Mantri
38. Science,
Technology,
Nature and
Management
23 — 24 December
20138
Analysis of growth India international | World Trade Balar N.,
potential of edible scaweed expo and | Center, Shamagat P.,
39 marine summit 2019 Mumbai Vaibhav A.

" | macroalga Ulva: (IISES 2019) Mantri, Reddy
implication for strain 22-24 January CRK
scleetion and farming | 2019
Eat wiscly: A notc on | India international | World Trade Gajaria T.K,,
the nutritional. Health | scaweed expo and | Center, Reddy CRK.,

40 and satety aspects of summit 2019 Mumbai Vaibhav A.
"| seaweeds in the course | (TTSES 2019) Mantri
of food revolution 22-24 January
2019
Study of seaweed India international | World Trade Doniya Elze
endophytes through seaweed expo and | Center, Mathew, Sanju
culture and summit 2019 Mumbai Singh, Pankaj
metagenomics {IISES 2019) Kumar, Vishal
41.| approach 22-24 January Ghadge,
2019 Vaibhav. A
Mantri,
Pramod B
Shinde
Socio-ceconomic India intcrnational | World Trade Santlal Jaiswar,
dimensions of coastal scaweed expo and | Center, Manali Rathod,
42 population involved in | summit 2019 Mumbai Vaibhav Mantri
| seaweed farming {ITSES 2019)
22-24 January
2019
Seaweed farming-an India International | Indira Gandhi | Veeragurunathan
alternative livelihood Science Festival Pratishthan V
43.| opportunity for coastal | 5-8 October, 2018 | Lucknow
rural population in
India
44 The Impact of International ICAR-Central | Veeragurunathan
‘| Scaweed Farming On | conference on Tnstifute of V Eswaran K,
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The Sociocconomic Brackish water and | Brackish water | Vaibhav A,
stats Of Coastal Aquaculture Aquaculure, Maniri,
Communitics Tn Tndia. | 25th January, 2019 | Chennai Thiruppathi §
Exhibition on Vivekanada Veeragurunathan
45 Showease in Green Kendra, A%
| Exhibition Rameswaram Rameswaram
14th October, 2018
International Hitex Veeragurunathan
. cxhibition Exhibition V
Showcase in . _
46. Exhibition Aguacx Cenicer,
India, 20197 Hyderabad
31 Jan- 2 Feb,2019
International Andhra Veeragurunathan
Showeasc i exhibition Upiversity, v
47. oo “World Ocean Visakhapatham
Exhibition s ,,
Science Congress
25-27 Feb,2019

6. A 9T [Invited Talks]

Title of the Conlerence
SN Presentation Details Vienus ATGES
Thin film Polyamide National Seminar | Department of | A,
Composite Membrane- | on Applied Chemistry, Sardar | Bhattacharya
to build avenues in Polymer Science | Patel  University,
1. | separation science and Technology | Vallabh
(NSAPST 2019) | Vidyanagar.
24th — 25th
January, 2019
Electron Microscopy: | Invited lecture to | Charotar University | Divesh N.
A Versatile Tool students as part of Science and | Srivastava
2. of curriculum. Technology,
4 October, 2018 | (CHARUSAT),
Changa

Tailored and
unconventional
glectrodes: Some

One-day
workshop on
FEG-SEM, TEM

Sophisticated
Instrumentation

Centre for Applied

3. | emerging trends. and XRD Research and
10 January, 2019 | Testing, Vallabh
Vidya Nagar,

(Gujarat

Divesh N.
Srivastava
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Tailored and National 5. P. University, | Divesh N.
unconventional Conference on Vallabh Vidya | Srivastava
¢lectrodes: Some Novel Chemical | Nagar, Gujarat
4 emerging trends. Systems for
’ Therauptic and
Energy
Applications
02 March, 2019
Simple, one-step dye International CSIR-Indian Dr. S. Haldar
based kit for bacterial | Conference in Institute of
contamination Biotechnological | Chemical
detection in a range of | Research and Technology,
5. | water sources Innovation for Hyderabad
Sustainable
Development
22-25 November
2018.
Bio-mincralization and | Intcrmational Department of Dr. S.
biogenic uranium Workshop and Chemistry, Govt. Kushwaha
nanoparticles Symposium on Dungar College,
6. Green Chemistry | Bikaner,
and Technology
15-17 October
2018.
Activities of Marine Induction/ VVP Engg. College | Dr. R. B.
Environment Group, Refresher Rajkot, Thorat
AESD & CTF, CSIR- Programme  on
CSMCRI, Bhavnagar. | Air Pollution
7.
Measurement &
Its Control
Strategies.
Junc 11-16, 2018.
Marine Environment Seminar on Solapur University | DrR B
3 Tmpact Assessment of | META of on 26.3.2019. Thorat
" | the industries. industries.
Marine Environment National Science | Dept. of life science, | Dr. R. B.
9. | Impact Assessment of | Day Lecture. MK Bhawvnagar | Thorat
the industries. 28 February 2019 | University.
Synthesis and Intermational Bangalorc  Royal | Dr. S5
Functionalization of conference  2nd | Orchid  Resort & | Adimurthy
10. | Pyridine Bridged World  Cancer | Convention Cenitre,
Heterocyeles: Congress  25-26 | Bangalore.
Biological Evaluation | Sept. 2018
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towards Human
Cancer Cell lings
Metal-Organic Invited Talk, Cochin  University | Dr. E. Suresh
Frameworks as a | 12 September, | of  Science and
Functional Material | 2018 Technology, Kochi,
11. | Towards Kerala
Adsorption/Sensing  of
Hazardous Molecules
and Catalysis
Tonic Liguid Based National Department of Dr. Arvind
Novel Colloidal conference on Chemistry, Sardar | Kumar
Systems for Energy Novel Chemical | Patel University,
and Biomedical Systems for Vallabh
12. | Applications Therauptic and Vidyanagar, Gujarat
Encrgy
Applications
(NCSTEA-2019)
27 March, 2019
Preservation and | 99 ' Japan Konan University, | Dr.
processing ot bhio- | Chemical Society | Kobe- Japan Kamalesh
13. | molecules in  new | Annual meeting Prasad
solvent systems™ at during March 16-
19, 2019.
How to process | Invited Talk Gyanmanjari Dr.
14 Biomass: A sustainable | 9 ® of January Scienee College — | Kamalesh
| Approach 2019 Bhavnagar Prasad
Green solvent systems | UGC-CPEPA Department of Dr.
for the iolation of | Sponsored Chemistry, Kamalesh
natural polymers from | National Seminar | SardarPatel Prasad
bioresources with | on Applied University,
15 | special attention to | Polymer Science | VallabhVidyanagar-
seaplants. and Technology | 388 120 {Gujarat).
(NSAPST-2019).
24 —25 " January,
2019.
Sustainable processing | National Department of | Dr.
of natural polymers for | Symposium  on | Chemical Kamalesh
material preparation Green Chemistry | Engineering. G H | Prasad
16 & Technology for | Patel  College  of
' Sustainablc Engincering &
Development. Technology,
18-19®  January, | Vallabh Vidyanagar
2019 - 388 120.

[FER
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Marine Environment S¢minar on Solapur University | Dr. R. B.
Tmpact Assessment of | META of Thorat
17. | the industrics. industrics.
26 March 2019
Research on Tnvited lecture in | Bharathidasan Dr. K.
I improvement of refresher course | University, Eswaran
biomass and value in life science on | Tiruchirappalli
addition of seaweed 05.07.2018
Levulinic acid & 5- 5% Indo-French CSIR-National Dr. Kannan
Hydroxymethylfurfural | Bilateral Chemical Srinivasan
— Platform Bio-bascd | Symposium on Laboratory, Punc
Feedstock for Functionalized
Chemicals and Marterials for
Polymers Sustainablc
19. Catalytic and
Related
Applications
(MATSUCAT-
2019)
26-29, February
2019
Biomass to chemicals | 24th National CSIR-Central Dr. Kannan
and polymers — Symposium on Leather Research Srinivasan
Opportunities & Chemistry, Institute, Chennai (CRSI
20 challenges Chemical Bronze
' Research Society Medal
of India Lecture)
8-10, February
2019

7. A HATYA fIH [Human Resource Development]

TCTh Fardl ZRT UfIrar wrismdl § Yriert

[Training Programmes attended by staff members]

on Mangrove
Conservation:
Present Status &
Future Perspective

Education and
Research, GEER
Foundation &
(rujarat Ecological
Commission

SN Title of the Organizer Date Name of the Staff
Programme
National Workshop | Gujarat Ecological [26-27, July-2018 | Dr. 8. Haldar, Dr.

Anil Kumar M
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Refresher VVP Engincering | 11-16, Junc-2018 | Dr. R. B. Thorat
programme on Air | College, Rajkot
2. |pollution
Measurement & Tts
Control Strategies
National Workshop | CSTIR-NEERI, August-2018 Dr. R. B. Thorat,
on Urban Hyderabad Zonal Dr. 8. Haldar
3 Environmental Centre
© |management-
Solutions for
Sustainability
New Fronticrs in ICGEB, N Dclhi 19-30 Nov 2018 Dr. Shruti
4. |Algal Omics Chatterjec
(NFAQ-2018)
Training on high Salt Dept., Govt. of |28 Nov 2018 Dr. Arvind Kumar,
purity salt India. Mzr.S.C. Upadhyay,
2 production Mr. R. I. Sanghavi
& Mr. 1. I. Shukla
Training program | Salt Dept., Govt. of [ 18-19 Dec 2018 Dr. Arvind Kumar,
for salt India. Mr.5.C. Upadhyay,
6. manutacturers in Mr. R. J. Sanghavi
Rajasthan.
Training program | Salt Dept., Govt. of | 11 Jan 2019 Mr.5.C. Upadhyay
for salt India.
7. |manufacturers at
Isakapalli, Andhra
Pradesh
Programme on Administrative staff | 08-10, Aug. 2018 | Dr. Kamalesh
3 Rescarch college, Hyderabad Prasad
* | Excellence in
Organisations
NANOBIOTEK- All India Institute |25-27 Oct 2018 Dr. Divesh N.
2018 conference of Medical Science, Srivastava,
g |cum innovation New Delhi Dr. Pabitra B.
" |Bazar tor Chatterjee
demonstrating our
technologies
Emotional Centre for 18-22 Feb. 2019 Dr. Divesh N.
Intelligence at Organization Srivastava
10. | Workplace for Development,
Scicntists and Hyderabad
Technologists
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dogSt uerH foear T

[PhD Conferred]
Name of the | Conferment : 1 5 Name of T
SN Student diife Title of thesis SiieESEoE University
_ Studies on self-
M, Biiiheil assemblies of surface | Dr. Arvind
1. |Singh 31-05-2018 |SURTRER DS A . AcSIR
Ganlst active 1onie liquids lumar
and their applications
Dr. Subhash
Synthesis of Chandra
molybdenum based Ghosh
Mr. Arka nonostructured {Supervisor)/ i
2 Saha [2-06-2018 materials, their Dr. Asit ACSIR
characterization and | Baran Panda
possible application {Co-
Supervisor)
Synthesis and
Mr. functionalization of Dr. S
3. | Chitrakar 21-06-2018 |bioactive N - A d-im.ur h AcSIR
Ravi heterocyclic scaffolds y
derived from pyridines
Dr. Parimal
Identitication and Paul e
biotechnological (SUPEFISURY
4. |Mr. M Raju | 22-06-2018 _— : Dr. Pabitra AcSIR
applications of e
siderophores Chatggee
{(Co-
SUpEIvisor)
Transition metal ion
detection/removal
SR . Dr. Alok
5, (MG SEOIAY | 55 g s ((VEMETRERUORRIIRS,: s AcSIR
Chatterjee materials & 1onic .
A Paital
liquids in aqueous
media
Production of &-
" polylysine by . y
&, | M SO | 56 o ss Fdlophilic busteri: | o 2andhyA AcSIR
Bhattacharya . Mishra
characterization and
application
Studies on interfacial
Mr. Murali layer of bipolar Dr. Vinod K
20-07-201%
e Manohar 20RO membrane for water | Shahi aleSIR
dissociation
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Dr. N. H.
Homogenous and Khan
Mr. Naveen | heterogencous {(Supcrvisor)/ -
8. Gupta 272008 catalysts for organic  |Dr. S. H. R. SR
transformations Abdi (Co-
Supervisor)
Physiological,
biochemical and
transcriptome analysis
Kic. Ruriest in maize (Zea mays Dr. Asish
9. K o 03-08-2018 |L.) for unraveling the |Kumar AcSIR
umat : .
alleviatory response of |Parida
Kappaphycus alvarezii
seaweed sap towards
drought tolerance
Preparation of value
added fucl, polymer
and chemical
intermediates from
o, |Mr. Sreedhar| 55 e 5018 | biomass-based D arinan AcSIR
Gundckari .. Srinivasan
functional molecules
using tools of green
catalytic organic
transformations
Dr. Asit
Spray drying strategy |Baran Panda
Mr. for the synthesis of {Supervisor)/
11.| Anirudha 30-08-201% |nanostructured Dr. Subhash AcSIR
Mondal materials and their C. Ghosh
possible applications | (Co-
Supervisor)
Dr. N. H.
Development of Khan
e heterogencous {(Supervisor)/
2. | Mr-Sekhar | 3 00 0018 | catalysts for Dr.R. 1. AcSIR
Nandi .
hydrogenation Kureshy
reactions {Co-
Supervisor)
Mr. N Oxidative coupling of
.~ |Naresh ! 1o | C-C and C-Hetero Dr. S.
13- Kumar Le-02-2ls bond formations under | Adimurthy il
Reddy metal-free conditions
Development of
14, Mr-Mohd o5 16 5018 chira]:’a[cj;hira] Catalysts | DF N- F- AcSIR
Nazish - Khan
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¥

Hydrophosphonylation
Reaction

15.

Mr. Raj
Kumar Tak

05-11-2018

Development of Chiral
Catalyst for various
Organic
Transformations

Dr. R. T,
Kureshy

AcSIR

16.

Mr.
Kalyanshis
Jana

26-11-2018

In Silico Studies
towards
Understanding the
Structurc and
Reactivity of Organic
and Biomolccular
Systems

Dr.
Bishwajit
Ganguly

AcSIR

17.

Mr. Prem
Prakash

26-11-2018

Synthesis and
Characterization ot
Stable and Highly
Conducting
Membraneas and their
Application in Electro-
Membrang Processes

Dr. Vaibhav
Kulshreshtha

AcSIR

18.

Mr. Mrinal
Kanti Si

26-12-2018

Computational
investigation to
exanune the role of
non-bonded
interaction towards the
reactivity of chemical
and biological systcms

Dr.
Bishwajit
Ganguly

AcSIR

19.

Mr. Anirban
Paul

02-01-2019

Design and fabrication
of electrochemical
sensors for molecular
and bio sensing
applications using
ditterent
glectroanalytical
technigues

Dr. Divesh
N.
Srivastava

AcSIR

20

Mr. Arvind
Kumar
Singh
Chandel

10-01-2019

Design and synthesis
of polysaccharides and
{Co)polymers hased
amphiphilic
conctworks gels for
biomedical
applications

Dr. Suresh
Kumar
Jewrajka

AcSIR

21.

Mr.
Madhusree
Mitra

31-01-2019

Identitication ot
microalgae as a
potential source of

Dr. Sandhya
Mishra

AcSIR
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omega-3
polyunsaturated facty
acids viz. EPA and
DHA
Understanding the
influence of
Kappaphycus alvarezii
seaweed extract
01-09-2018 |towards enhancing
productivity of maize
{Zea mays) and
alleviation of drought
stress
Development of
catalytic reaction
systems for the Dr.S
05-04-2018 |synthesis and " AcSIR
: - Kannan

separation of furan
derivatives from
biomass sugars
Oxidative C-0O Bond
Formation Reactions
Mr. Supravat| o5 04 3018 | and their Applications | o " - AcSIR
Samanta (thosh
towards Heterocycle
Synthesis
Study of physiological

and molecular
M. . responses in wheat
25, Khantika 05-09-2018 | towards stress
Patcl

tolerance by the
application of liquid
scawced fertilizer”.
Physicochemical
Studies and
Morphology Study of
2019 Gypsum in Agueous
Electrolyte Solution:
Effect of Organic /
Inorganic additives
Analytical Studics on
M Arun Plant Growth Dr
27. ) Feb, 2019 |Rezulators and Kamalesh

Kumar Das = ;

Polysaccharides Prasad

Presentin

[EOR
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Mr. Khanjan
H. Trivedi

Dr. Arup

2% Ghosh

AcSIR

Mr. G.

23. Sampath

24.

Dr. Pradeep |MK Bhavnagar
K. Agarwal |University

Mr. Jignesh
Shukla

Dr. Arvind |MK Bhavnagar

26. Kumar University

MK Bhavnagar
University
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Kappaphycus
Abvarezii Scaweed
Study of physiological
and molecular
Ms. Rnddhl. responses in wheat Dr. Kalpana |MK Bhavnagar
28. | Nareshbhai 2018 towards stress H Mod iiverei
Dholakiya tolerance by the ’ ¥ R
application of liquid
seaweed fertilizer".
Developing innovative
Mr., Gopala njub‘n:hi])db :{?rati?ﬂn Dr. Divessh
Jyy [k SOD Zo-fg-pply | 2SR JUEIRlEID N. CHARUSAT
Ram Bhadu and processing of .
: . Strivastava
organic conducting
matgrials,
Studies on recognition
o ot selective metal ions _.
30. Mr.. RajEs) 13-12-2018 |using fluorescent Dr: Parimal CHARUSAT
Patidar Paul
molecular ans
nanoparticles.

ferfi=T WA & UTGashH & <Ted ofe] arafer ufareror

[Short Term Training under Curriculum of various institutes]

Name of the Name of , .
SN Student Degree Supervisor University
1. Ms. Chayiing B. Tech Dr. P. Chatterjee Amltya Universiey
Dashora Rajsthan
2. |Mr. A. lingraj Rao | M. Sc. Dr. Jugun P. Chinta | Andhra Umivwrsity
3. |Mr. Ladi Syjit M. Se. Dr. Puyam Singh | Andhra Univwrsity
g% M. Sc Dr. Mangal Singh ” ; ;
4. |Ms. Bhatti Rajvi Brdhndioey T Nirma University
5, |Mr. Kaushal Rumar|B. Tech Chemical \py, v yeyighresiha | I (Bhu) Varanasi
Yadav Eng
6. M. J_zlskccrat Singh M. 5¢ C&MB Dr. Vaibhav Mantri M. § Crivcraity
Modi Baroda
Mr. Shivam B. Tech Chemical - Mal_a A8 Naueial
7. Dr. Subarna Maiti | Institute od
Chandra Eng :
Technology, Jaipur
8. s slbabhip 5: Teeh Chemisal Dr. Subarna Maiti | Nirma University
Sharma Eng
g, |Ms. DIWANS. gy oo fiaress Di: Fadsep PDPIAP, Charusat
Patel Agarwal
Ms. Pruvisha B. M. Sc ) - N
10. Donda Micrabiolon Dr. DR Gangapur | PDPIAP, Charusat
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11. [ Ms. Sweta M. Sc Chemistry | Dr. Arvind Kumar | NIT, Jalandhar
12. | Ms. Jasvindar Kaur |[M. S¢ Chemistry | Dr. Arvind Kumar | NIT, Jalandhar
13. s Nl?““ L B.E. Mech Dr. S D Patil GEC, Bhavnagar
Kothari
Galgotias
14. |Ms. Sonal Rajput - |M. S¢ Chemistry | Dr. S Neogi University, New
Dclhi
(Galgotias
15.| Ms. Aarti Bhalla M. S¢ Chemistry  |Dr. R J Tayde University, New
Delhi
) Galgotias
16. 1_}_4: Ifm AHEHL M. Sc Chemistry | Dr. § Neogi University, New
yag Delhi
_ M. Tech | Amitya University
17.| Ms. Goral Bhatt Biswdmdlny Dr. DR Gangaput Raxthan
Dr. Ramavtar Loadou.Seademy
18. | Mr. Vedant Gandhi ) of Science VA,
Meena
USA
R Swarnim Startup
19, M Helly R M. E. Envon. Eng. |Dr. Anil Kumar Innovation
Chandarana . .
University
Dr. Kannan Devi Ahilya
20.|Ms. Sheetal More | M.Sc. Chemistry s 0 Viswavidyalaya,
Srinivasan
Indore
8. ¥R I W [Awards and Honors]
SN| Name of the Awards and recognition Awardee
1. Chemical Rescarch Socicty of Tndia Dr. Kannan Srinivasan
Bronze Medal
The Japan Chemical Society .
i Distinguished Lectureship Award-2019. P Kamalesh Prosad
Biotech product, process development and
3. [commercialization award by Department|Dr. Soumya Haldar

of Biotechnology, Govt. of India.

9. Y9N fHTAY &Y [STIAT [ Membership of Professional Bodies]

SN

Name of the Staff

Name of the Society/ Body/ Committee

Dr. Pradeep K. Agarwal

Plant Cell Tissue Culture Association of

India, 2019

Dr. Pradeep K. Agarwal

Biotcchnology Rescarch Socicty of India,

2018
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) e Lifc Member of TIndian Socicty for
L. [DE. 2. Blilinehig Technical Education (2019)
Registered in ASEAN-India Science,
4. | Dr. A. Bhattacharya Technology and Innovation Co-
operation portal,
Technology Development Board,
5. |Dr. A. Bhattacharya Department of Science and Technology
{TDB- DST)
) . Member of Intemational Society ot Plant
6. | Dr. Mangal §. Rathore Biotechnology (TAPB)
7. |Dr. Mangal S. Rathore Lite member of Indian Date Palm Society
8. | Dr. Kamalesh Prasad Rovyal Society of Chemistry, London, UK
9. |Dr. Kamalesh Prasad Llfc membership  of  Vijnanabharati
{Vibha).
10. [ Dr. Kamalesh Prasad Indian Tngtitute ot Material Management
_ . . Lifc membership of Administrative Staff
11| Dr. Kamalesh Prasad Collcge of India (ASCI), Hyderabad
12.1Dr. R B Thorat Life time membe‘r of Indian Society for
Technical Education,

10. fa2er § ufafgfih [Deputation Abroad)]

SN | Name Date (From) | Date (To) | Country Visited
Staftf Member:
Bieleteld
1. |Dr. Arup Ghosh 26/03/2018 26/06/2018 i
(Germany
2. |Dr. S. Maiti 26/03/2018 30/03/2018 Switzerland
3. |Dr. Arvind Kumar 19/05/2018 30/05/2018 Zambia
4. |Mr. P.M. Parekh 19/05/2018 30/05/2018 Zambia
5. |Mr. 8.C. Updhyay 19/05/2018 30/05/2018 Zambia
6. |Dr. Hircn Raval 15/05/2018 14/05/2019 USA
d |2 Kamalesh 22/05/2018 20/05/2018  |Germany
Prasad
Dr. Vaibhav , _ . Uni. Of Glasgow,
8. Piilsiretia 24/06/2018 01/07/2018 UK
9. |Dr. V.K. Shahi 24/06/2018 01/07/2018 8‘{2 Of Gilasgow;
ji, |Df Bamalesh 16/03/2019 19/03/2019  |Kobe, Japan
Prasad
Students:
i Ms., Kusum Khatri 01/05/2019 31/08/2019 Abcrysowyth
) University, UK
12 Mr. Veerababu 24/05/2018 24/11/2018 USA
" |Polisetti

/_152

TSk TfdaET 2018-19 ANNUAL REPORT 2018-19

7 d—




B N

FOH TS -H UHUHE TS

CSIR-CSMCRI

11. ORI SIS 31X SR [Distinguished Visitors & Lectures]

SN | Date and Occasion N?me & Affiliation Topic of talk
Designation
Salinity &
Former DG, sustainability
10.04.2018 . |TCAR, Former imperatives-call
1. |CSMCRI- Fézfe?/léﬁegjtl)a Rai Sccretary, DARE, |for integration of
Foundation Day Former VC, Pant | efforts and
University consolidation of
supports
10.04.2018 Prof. Ashok g‘fiz;’;i?’PRL
2. |CSMCRI- Kumar Singhvi : ’ Address
Foundation Day |{Guest of Honor) Al n?edabad,
* President, GSA
What have we
leamed about
Principal Scientist, | neurotransmitter
3. |14.04.2018 Dr. Anant B. Patel |CSIR-CCMB, ghergetics in
Hyderabad neurodegenerative
and psychiatric
disorders
Computational
" . Senior Scientist, | Studies of Small
4. |08.05.2018 Dr. Kumar Vanka CSIR-NCL, Pune |Molecule
Activation
Reliance overall
s 16052018 Mr. Vinayak R. Hef?‘L RED, G&dL arowth and its
- Marathe EE telfios Inide L, R&D managing
Mumbai
systems
Challenges &
s | ; Dr. Samir H. Senior Scientist, | Opportunitics in
| 22052018 Chikkali NCL, Pune Organometallic
Transformations
CONACYT Water Scarcity in
D GG Res;arch Fellow, |Northwest Mexico
7. 106.06.2018 L Instituto & Research
Fimbres 5 s om0
Teenologico de initiatives at
Sonora, Mexico [TSON
‘Tnnovations in
Head, Department |arsenic & fluoride
, Prof, Sirshendu De | of Chemical removal
illlo 02 Tectures Engincering, TIT | technologics:
Kharagpur From lab to tigld®
AND
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“Ultra low cost
INNoOVANve
spinning of
polymeric hollow
fibers and their
various
applications’

Associate Prof,

Chompstry and | SEIectve

9. 109.08.2018 Dr. Bhaskar Datta |-, . Recognition of

Biologica Quadruplex DNA

Engineering, IIT-

Gandhinagar

Scnior Rescarch
Fellow, Australian

Nano-composite

Institute for Catalysts:
Biocngincering Enabling
, Dr. Jorge and Innovations for
10. 19.08.2013 Belwramini Nanotechnology | Sustainable
{AIBN), The Energy &
University of’ Environmental
Queensland, Technologies
Australia
27.09.2018
i National $emlnar Reliance Industries | Novel catalysts tor
11. |on Organic Dr. R. V. Jasra, .
: ’ Ltd. naphtha reforming
Transformations
& Catalysis
27.09.2018
National Seminar . .
: Prof, Partha | Chemistry in
1% Jon Organlc . Sarathi Mukherjee Il5C, Bangalars molccular flasks
Transtformations
& Catalysis
Novel and
27.09.2018 SUstaidable
National Seminar catalytic protocols
13, |6t Orsatiie Prof. Bhalchandra 1CT. Mumbai for the activation
) B : M. Bhanage T of CO, CO: and
Transtormations :
& Catalvsis C—H bonds in
ataly synthetic
chemistry
, High-valent
27'0.9'201 5 . Dr. Basker cobalt(TIT)-
14. |National Seminar | _ : [T, Kanpur ,
: Sundararaju catalyzed C(sp3 )
on Organic
H bond

/_154
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Transtformations functionalizations
& Catalysis
27.09.2018 Total syntheses of
National §emmar Prof Alaleds gr{:}?lte_cturally
15. |on Organic o ITSER, Bhopal intriguing
; : Bisai ; .
Transformations pyrroloindoline
& Catalysis alkaloids
New class of
27.09.201% aggregation-
’ B induced cmission
National Seminar _ L
, . Prof. Paramgcswar . materials for
16. |on Organic IIT, Guwahati ,
s K. Tyer SCNSoTs,
Transformations toclectioric
& Catalysis op ‘.)P,u' ottie
- devices and
mechanochromism
27.09.2018 .
National Seminar Deielopine iy
: Dr. Surendra University ot chiral catalysts for
17. i Organic Singh Delhi symmetri
Transformations g © asymmetric
& Catalysis arganic reactions
27.09.2018 Chiral catalysis:
7 National semmar Dr.R.T. Kurcshy | CSTR-CSMCRI, An important tpol
18. |on Organic Sl —— for the synthesis of
Transformations | >"P = pharmaceutically
& Catalysis active molecules
Tnflammation,
Immunity and
Cancer: When the
“Standard of Care™
Narula Research | has been
19. 119112018 Dr. Acharan S. 107 Boulder Blutt, | exhausted, what is
’ T Narula Chapel Hill, NC | next? Leads for
27516 Drug Development
from traditional
medicine
and Natural
Products
Royal Society Towards
University Renewables-
Dr. Mark D, Rescarch Fellow | Driven Hydrogen
20. |03.12.2013 Symes ang Lccn{rcr, Produa'tmn: Insight
School of nto
Chemistry, Elcctrocatalysis
University of and new Devices
Glasgow, UK.
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Department of Th{' ma?g,n ctically
| rcsponsive
o Prof. Ranil Chc}mcal. membrane for
21. [13.12.2018 . . Engincering,
Wickramasinghe o < advanced
University of o
Arkansas, USA REpaRaans
Director, Indian
Institute of Science
Education and o
22, [26.12.2018 Prof. Sourav Pal  |Research (IISER), IhSPlﬂ.lIIOﬂal
Kolkata; Former Buildig
Director, CSIR-
NCL, Pune;
Emcrims :
23, |28.12.2018 B Ro G | Now Dol o i B
& Former Biomolecules
Dircetor, CSIR-
IITR, Lucknow
School of Colloidal Selt-
Chemical assembly of
24, |11.02.2019 Dr Saum_il Enginee_ringj Polyelectrolytes
Vadodaria University of and Surfactants
Birmingham, UK. |Using Valve-jet
Based 3D Printing
Former Dircctor,
CSIR-CECRI,
Prof. Karaikudi, Periodic Table and
25. |28.03.2019 Vijaymohanan Tamil Nadu and  |the design of new
Pillai RC Mcmber, Materials
CSIR-CSMCRI,
Bhawnagar

12. SI1-2Tfxh WRI2T [Manpower Summary]

Person on Roll as

Person on Roll as

Category Group on 01-04-2018 on 31-03-2019
Regular Manpower
Scientists Group 1V 77 81
Group IIT 33 29
Technical Group 11 49 45
Group 1 09 09
Total Technical 168 164

Non-Technical
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Group A 02 03

Group B 16 16

Group C 24 22

Group D 00 00

Total Non-Technical 42 41
Total Regular Manpower (A) 210 205

Fellows/ Ad-hoc/ Project Stafts

Scientist Fellow

(QHS) 01 00

DST INSPIRE 03 02

Faculty

Project Advisor 00 00

Emeritus Scientist 02 03

Woman Scientist 02 02

CSIR-TWAS Fcllow 01 01

Senior Research

Associate (CSIR 01 01

Pool)

CSITR Nchtu PDF 00 02

DST Young Scicntist 01 00

Regearch Associate

(CSIR) 01 03

Research Associate

{Project) 02 0%

Senior Rescarch

Fellow {CSTR/UGC 38 53

NET)

Senior Research

Fellow {DST/DBT/ 08 06

BANRF)

Senior Rescarch

Fellow (Project) 0e {4

Junior Research

Fellow CSIR/UGC 16 14

NET)

Junior Research

Fellow (DST/DBT/ 08 08

BANREF)

Junior Research 29 02

Fellow (Project)

Project Associate 00 01

Technical Assistant

(Project) ok u

Project Assistant 1T,

i 46 a1
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Assistant Engineer 00 00
Project Technician 03 02
Shift Incharge 00 00
Electrician 00 00
Plant Supcrvisor 00 00
Data Entry Opertor 00 00
Technical Consultant 00 00
Summer Research 00 a0
Fellow
Executive Assistant
{AcSIR) 01 ol
Apprentice 25 34
Total Temporary Manpower (B) 184 215
Total Manpower (A+B) 394 420
13. frafhai [Appointments]
2
Date of
’ .| Joining CSIR- "
SN Name Designation CSMCRI, Remarks
Bhavnagar
1. Dr. B. Nisar Scientist | 16-04-2018
Ahamed
) L Joined on Transfer
2. Mr. Pardeep Principal 11y 009018 | from CSTR-HRDC,
Kumar Scientist .
Ghaziabad
3. Dr. Govind Sethia | Sr. Scientist | 08-08-2018
4. Dr. (Mrs) Shilpi | g oo iist | 20-08-2018
Kushwaha
M. Dinesh Finance & Joined on Transfer
5. Rt © Accounts | 22-10-2018 | from CSIR-NBRI,
uma Officer Lucknow
6. g e DIShIOmar | . ¢ ciontise | 18012019
(15711 R
1223113
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N Multi-
7 Smit, Bhavnaben T Tasking 23-01-2019
Kanada
Staff
Dr M) Ioyee | o sefentist | 23-01-2019

Mitra

Dr. Sukalyan

9, Sr. Scientst | 18-02-2019
Bhadra

Previously worked
as Group [T in

10. | [OCHl | P GopalaRam | g0 s | 21122018 [CSTR-CSMCRI

N Bhadu Appointed as

Scientist w.e.f,
21.12.2018

14. Jafrgfty wAftes Jarfgf Temiayen ge=gf Sama

[Superannuation/ Voluntary retirement/ Transfer/ Dismissal/

Resignation]
Date of
SN Name Designation | Retirement/ Remarks
Relief
Dr.C.R. K. Chief Voluntary
= S0
1. Reddy Scientist A-O42018 Retirement
Transferred to
2, Dr. Hariom Gupta | Scicntist 28-03-2018 Gtk LTMAP,
Lucknow.
3. =Y \Mr. Dhanawjay | \ g6y (pg ) |25-06-2018 | Lechnical
-~ |Kumar Resignation
e
" Mr. M. T.Shah  |PTO 05072018 | oluntary
Retirement
a. Mr. J. M. Parmar |Sr. Tech. (2) [31-08-2018 Superannuation
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6. B (| PrtME Rl Chist 30-09-2018 | Superannuation
— Kureshy Scientist
7. Dr. I. G. Bhatt Sr. Scientist | 30-09-2018 Supcrannuation
Mr. V Transferred to
8. s SO (F&A) |01-02-2019 CSIR-NIIST,
Harikrishanan )
Thiruvananthpuram
9 ol Sr. Tech. (2) |31-12-2018  |Superannuation
) Makwana ’ -42) P
10. Mr. P. K. Harsora |Sr. Tech. (2) |01-01-2019 | ¥ ohntary
: Retirement
Mrs. Dina V. Hindi .
-01-2 :
1. Bhatt Officer 31-01-2019 Superannuation
Mr. M. N .
- = o Y 2 _N2.9 2 ;
12. Makwana Sr. Tech. (2) [31-03-2019 Superannuation

15. Eﬁf—?ﬁ [Always in Memories]
T = g UF AT oI g EAT F g YT 12 T2 o1 S w2

The Director and the staffs of the institute deeply mourn the sad demise of their colleagues.

SN Raine Design'atim-] at the time
of Retirement

1. |Dr. P.S. Aanand Sr. Pricipal Scientist Mar, 1948 — Apr, 20138
2. |Mr.Y.J. Shah Tech Gr1(4) Nov, 1941 — Apr, 2018
3. |Mr. P. Krishnan COA May, 1941 — May, 2018
4. |Mr.S. . Somani Water & Ward Assistant Dec, 1932 — Jul, 2018
5. |Dr. M. V. Mchta Scientist A QOct, 1928 — Aug, 2018
6. |Dr. P. C. Thomas Scientist Nov, 1935 — Sept, 2018
7. [Mr. R. P. Gohil Head Arm Guard Apr, 1935 — Sept, 2018
8. |Mr. N. K. Vaghani Tech Feb, 1948 — Oct, 2018
9 |Mr. V. ] Shah GR{IV) Tcch Dee, 1943 — Dee, 2018
10. |Mr. Madhubha M. Waghela | Tech Jul, 1936 — Dec, 2018
11. |Mr. D. P. Suru TO Sept, 1938 — Jan, 2019
12. |[Dr. R. 1. Kurcshy Chicf Scientist Oct, 1958 — Jan, 2019
13. |Dr. J. M. Jashi Scientist Feb, 1932 — Mar, 2019
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16. 3ATETAT €Y [Interagency Linkages]

Project . Amount
SN No Praoject Title Funding Agency| Name of PI | received in
) 2018-19 ()
Grant-in-Aid Projects
Fstablishment of model | The Asst. Salt Dr. Arvind 1,06,357/-
i GAP- |salt farm (MSF) in Commissioner, |Kumar
’ 1068 | Marakanam salt factory |Jaipur
in Tarnilnadu
Study ot NAC tamily of |Science & Dr. Pradeep 1,11,926/-
GAP- transcription factors from|Enginesring Agarwal
2. 2001 halophyte Aehuropus Research Board,
- logopoids for multiple  |New Delhi
stress tolerance in plants.
Department of | Dr. Joyee 21,56,127/-
(GAP- Science & Mitra
3. 2007 INSPIRE Faculty award Teghtioloays
New Delhi
[solation, Ministry of Earth [Dr. D R 2,00,000/-
= characterization and Sciences, New | Chaudhary
GAP- ; ; 5 ; .
4, 2012 diversity of marine Delhi
biofilm forming bacteria
trom Gujarat.
Macroalgal biorefinery  |Department of  [Dr. M 25,00,000/-
GAP- for CO: sequestration Scientific & Ganesan,
5 2015 and production of biofuel | Industrial MARS-
and value added Research, New |Mandapam
compounds. Delhi
High temperature solar|Indo-US Science |Dr. Subarna | 3,50,000/-
gasitfication of biomass|and Technology, |Maiti
GAP- for  efficient energy New Delhi
6. Hpp7 |Tecovery along with co-
production of potassic
fertilizer {(SOLGAS-
2BF).
Integrated protemomic, |Science & Dr. Asish K 49,067/-
metabolomic and Engineermg Parida
1onomic approach in the |Rescarch, New
7 GAP- |xero-halophyte Delhi
) 2018 |Haloxylon saliconicum
to understand its
response towards salimity
and drought siress.
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Tn vivo functional Deparmment of Dr. Parinita 1,51,713/-
characterization of Science & Agarwal
WRKY manscription Technology,
8. GAP_ factor and its promoter | New Delhi
2019 | .
from Jatropha curcas tor
enhanced biotic stress
tolerance.
Copolymer-based novel |Science & Dr. Suresh 1,00,000/-
hydrophobic/hydrophilic/ | Engineering Kumar
9 GAP- |amphiphilic membranes|Research, New  |Jewrajka
’ 2024  |and their applications. Delhi
[solation and screening of | Scicnce & Dt Shruti 6,50,000/-
fatty acids derived from|Engincering Chatterjee
marine  microalgac  for|Rescarch, New
their  potential — anti- | Delhi
10 GAP-  |virulence activity
"I 2026 |towards enter pathogenic
bacteria [Start-Up
Research  Grant-Young
Scientist-Life Science].
POMACEA-Affordable |Department of |Dr Paramita | 8,85,310/-
technology for mitigation | Biotechnology, |Ray
of membrane ({bio) New Delhi
11. GAP- fouling through
2027 5
optimization of pre-
treatment and cleaning
methods.
Amphiphilic copolymer- |Science & Dr Uma 6,00,000/-
12 GAP-  |bascd membrancs for Engincering Chattetjee
Y| 2029 | pervaporation and clectro| Rescarch Board,
dialysis Applications. New Delhi
Supported cation Department of | Dr Uma 5,00,000/-
exchange and anion Science & Chatterjee
13 GAP- |exchange membrane by | Technology,
"I 2030 |phase inversion process |New Delhi
for electrodialysis
applications.
Seasonal dynamics of Ministry of Earth | Dr S Haldar | 3,50,000/-
GAP. |enter pathogenic bacteria |Sciences, New
14. in Gulf of Khambhat: its |Dclhi
2031 .
impact on health of
coastal population,
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Exploration of aquecous  |Scicnce & Dr. Asit 3.,00,000/-
metal ammonium Engincering Baran Panda
carbonate complex Rescarch Board,
15 GAP- |Solution as unique New Delhi
"I 2032 |precursor for the
synthesis of’
Nanostructured
materials.
INSPIRE faculty award |Department  of | Dr. Sukalyan | 15,29,040/-
GAP. in favour to Dr. Sukalyan | Science & [Bhadra
16. 2035 Bhadra. Technology
(DST)
New Delhi
Design and synthesis of | Science & |Dr Subhadip | 6,00,000/-
functionalized metal- Engincering Neogi
17 GAP- |organic frameworks for  |Rescarch Board,
"1 2036 |sclective gas adsorption | New Delhi
and heterogencous
catalysis
[nternational Consortium | CSIR- Indian Dr Mangal 3,23,000;/-
for renewable and Institute of Singh
advanced fuel Petroleum, Rathod
18 GAP- |technologies (i-CRAFT- |Dehradun
"I 2037 |INDO-US Sciences and
Technology Forum
Fulbright House New
Delhi).
Value creation from Deparoment of | Dr. Hiren 25.01,294/-
19 GAP-  |solid waste: Discarded | Science & Raval
" 2038  |Reverse Osmosis Technology,
membrane clements. New Delhi
Nanocarriers Tor targeted |Science & Dr Sumit K 2,20,000/-
GAP- drug delivery and Engingering Pramanik /
20. 2040 controlled release under |Research Board, |Dr Amitava
NPDF (EC Chemicals New Delhi Das
Sciences).
Development of electro- |Department of  |DrV K 10,83,488/-
deionization unit for Science & Shahi
continuous production | Technology,
21 GAP-  |[demineralized water New Delhi
"l 2041 | {resistivity 1-10
Mohm/cm) with zero
discharge without any
Tcsin regencration.
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DST-Ramanujan Scienee & | Dr. Santanu | 19,00,000/-
29 GAP- |fellowship Award to Dr | Engincering Karan
| 2043 | Santanu Karan, Rescarch Board
New Delhi
Copper-Catalysed Science & Dr 12,00,000/-
denitrogenation of 1,2,3- | Engineering Adimurthy S
23 GAP- |triazoles and Rescarch Board,
"| 2044 |phridotriazoles for the  |New Delhi
synthesis of fused N-
heterocycles.
Designed Synthesis of Science & Dr Alok 8,00,000/-
fluorogenic task-specific Engineering Ranjan Paital
24 GAP-  |ionic liquids for transition | Research Board,
"I 2046 |and heavy metal ion New Delhi
sensing and
remeval/extraction.
New high temperature Science & Dr.Vaibhav 6,25,000/-
nanostructured ion Engineering Kulshreshta
GAP- conducting mem!:)ranes Research Board,
25. 2047 {ICMs) for sustainable  |New Delhi
energy conversation and
electro-membrane
applications.
Genetic engineering of | Scicnee & Dr Avinash 4.00,000/-
groundnut using a novel |Engincering Mishra
26 GAP- |salt and drought Rescarch, New
| 2049  |responsived gene for Dethi
¢nhanced abiotic stress
tolerance.
Antitubercular Science & Dr Pramod 10,00,000/-
27 GAP- |metabolites from Engineering Shinde
"I 2050 |endophytic microbes of |Rescarch Board,
Salicrmia brachiale. New Delhi
Development of label- Science & Dr Maniya 9.10,000/-
free optical bioscnsor Engincering Nalil Hiraji
18 GAP-  |bascd on nanostructured |Rescarch, New [ (Fellow) / Dr
"I 2051 |porous silicon for cancer |Delhi Divesh N
detection, Srivastava
{Mentor)
Molecular recognition:  |Science & Dr Amitava | 15,00,000/-
29 GAP- |Receptors for biomarkers | Engineering Das
"| 2052 | & probing bio-chemical. |Research Board,
New Delhi
SERB-National Post- Scicnee & Dr Jijo 7.00,000/-
GAP- g s .
34. 2053 Doctoral Fellowship to | Engincering Johnson
Dr Jijo Johnson. {Fellow) / Dr
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Rescarch Board, |Joyce Mitra
New Delhi {Mgentor)
Directing-Group- Science & Dr Shubhash | 6,00,000/-
31 GAP- | Assisted C (sp3)-H Engingering Chandra
"I 2054 | Activation Research Board, |Ghosh
New Delhi
SERB-National Post- Science & Dr Tufan ¥,20.,000;/-
GAP- Doctoral Fellowship to  |Engineering Singh
32. 2055 Dr Tufan Singh Research Board, |Mahapatrra
“ | Mahapatira. New Delhi (Fellow) / Dr
Amitava Das
Development, testing & | Ministry ot Mr Sanjay 19,05,300/-
33. GAP._ installation ot innovative | Water Resources, | Patil
2056 . :
water desalination. New Delhi
Studies on macrolide Science & Dr. Pramod 6,00,000/-
34 GAP- |antibiotics: Application |Engineering Shinde
T| 2057 |of genetic approaches for |Research Board,
drug discovery. New Delhi
In  Silico studics on|Departmment of | Dr. Bishwajit| 2,41,000/-
Peptide  Nueleic  acids|Biotechnology, |Ganguly
towards their stabilitics | New Delhi
with mectal 1ons, Nano
15 GAP-  |[clusters/modificd
" 2058  |backbones and exploiting
the PNA for bio-scnsing
of DNA, RNA with
metals/hydrocarbon
surfaces.
Diversity, stress status & | Science & Dr Gaurav 9,10.,000/-
adaptive potential of Engineering Gokul
36 GAP- |Indian corals under Research Board, |Shimpi
“| 2059 |climate change scenario. |New Delhi {Fellow) /
Dr S Haldar
{Mentor)
Multifuncrional catalysts |Scicnee & Dr Ankush 8,00,000/-
37 GAP-  |bascd on silica and Engincering Biradar
"I 2063 |carbon for enhanced Rescarch Board,
applications. New Delhi
Tonic liquids and deep Science & Dr Arvind 6,00,000/-
eutectic solvents based |Engineering Kumar
colloidal formulations: |Research Board,
GAP- . .
38. . | Applications towards New Delhi
2065 ;. .
light harvesting and gas
adsorption/storage
materials.
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Farming of red scawceed | National Dr Monica G| 1.00,76,000/-
Gracilaria dura on Fisherics Kavale
39 (GAP- | Gujarat coast for Development
| 2070 | promoting inclusive Board (NFDB),
economic growth in Hyderabad
coastal rural settings.
Pre-feasibility study to | The Joint Dr.K. 4,63,750/-
GAP- gvaluate the suitability of | Director of Eswaran,
44. 2076 West Godavari District | Fisheries, DB&P,
coastal waters for Andhra Pradesh |MARS-
farming of seaweeds. Mandapam
Self-assembled actively  |Science & Dr Rina 7,80,000/-
CAP- targeting organic- Engincering Kumari
41, 2077 inorganic protcin-DNA | Rescarch Board, |(Fellow) / Dr
hybrid nanocluster for | New Delhi Amitava Das
theranostic applications.
Development ot Gujarat State Dr Mangal 5,34,264/-
GAD- improved tissue culture | Biotechnology  |Singh
42, 2080 protocol tor elite Mission {DST, |Rathod
- genotype ot Castor. Govt. of Gujarat)
Gandhinagar)
Gulf of Mammar |Dr. V. 3,50,000/-
Studies on the current Biosphere Veeraguru-
43 GAP- |[seaweed diversity and Rescarch Trust  |nathan
"I 2083 |their ccology inislands | {GoMBRT)
of Gulf of Mannar Ramanathapuram
Biosphere Reserve {Tamil Nadu)
Mass cultivation of National Dr. 46,34,000/-
spores: An approach to | Fisheries M.Ganesan
id GAP- |vigorous seed Development
"I 2085 |development tor Board, Hydrabad
commercial farming of
Gracillaria dura
Small angle neutron UGC-DAE CSR, |Dr. Kamlesh | 45,000/-
scattering studies on BARC, Mumbai |Prasad
45 GAP-  |micellization of surface
Y| 2086  |active bio based ionic
liquids and deep eutectic
solvents,
Synthesis and UGC-DAE Dr. Vaibhav | 3,48,340/-
characterization of Consortium for | Kulshrestha
46 GAP- |nanostructured proton Scientific
| 2087 |exchange membranes Research
{PEMSs) for tuel cell University
applications Campus
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Development of low cost [TDP-DST, New | Dr. Shobhic | 29,70,000/-
47 GAP- | device for measurement | Delhi S. Chauhan
"I 2089 |of cysteine in human
blood plasma.
National Dr. K. 15,50,000/-
Impart training on Fisheries Eswaran
48 GAP- |[seaweed cultivation and | Development
| 2090 |dissemination of farming | Board Dept. of
along the Tamil Nadu Animal
coast, India Husbandry
Molccular and functional | DST, New Delhi | Dr Parinita 11,10,000/-
characterization of Agarwal
ATRab7 and its
mteracting rarget protein
49 GAP- |from a salt scereting
Y| 2091 | halophyte Aeluropus
lagopoides for
modulating stress
signalling (WOS-A
Project)
To examing the tolding  |Science & Dr. B. 20,29,620/-
and unfolding of rib Engineering Ganguly
switch with the binding |Research Board,
50 GAP- |of ligands by the aptamer | New Delhi
"I 2092 |domain for the discovery
of antibacterial drug
candidates: In silicio and
experimental
New Ton-conducting DST, New Delhi 14,75,000/-
hybrid membranes for
51 GAP- |clectro membranc Dr. Vaibhav
| 2093  |processes and cnergy Kulshrestha
applications [Indo-
Russian joint project]
[dentitication ot elite Science & Dr. Santlal 17,45,000/-
GAp. 8™ plasma and Engineering Jaiswar
52, 2095 development of Research Board,
“ |molecular markers in New Delhi
Gracilaria dura
Discovery of bioactive | Science & Dr. 9.60,000/-
therapeutics from Engincering Ycdukondalu
GAP- . . .
53. 5096 | Microorganisms Rescarch Board, |Nalli
associated with untapped [ New Delhi
maring bio-resources
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Consultancy Projects
EIA studies and selection | CSIR-NEERT Dr. S, Haldar| 8,60,000/-
of marine outfall for|Zgnal

CNP- |treated disposal for the Laboratory, IICT
1109 |proposed  CETP  at| Campus
Bhimavaram, WG
District, AP.
Environment monitoring | The Gujarat| Dr. S. Haldar| 19,08,000/-
CNP- |at Alang & Sosia ship|Maritime Board,
1110 |reeycling yard, Alang Gandhinagar

Marine environment | Myss Kadam Dr. 8. Haldar | 3,31,000/-
evaluation ot Chhara port| Enviromental
Diu Gujarat for| Consultants,

CNp. |ecological studies at the|Vadodara

3. 1423 |proposed LPG and POL
import-export plant for

West Coast Terminal Pyt

Ltd
Study the maring ETA My/s Tata Dr. S. Haldar| 2,97.000/-
and watcr quality Chemical Ltd
modclling With relation | Mithapur
CNP- _ tion :
4, (474 to proposed expansion of | Dwarka

soda ash, cement and
captive cogeneration

power plant.
Sponsored Projects
Pre - feasibility study to | Sahayamatha DrK 2,49,893/-
SSP. gvaluate th; suitability of |Sal t_Um _{P) Ltd., |Eswaran
1. 1437 Veppalo_dal coast _ Tuticorin
(Tuticorin) for farming of
scaweeds.
Pilot scale proof-of- AISHTMA Dr Arvind ¥,10.,000;/-

concept demonstration to | "Leather Centre”, | Kumar
separate sodium chloride | Tamil Nadu
and sodium sulfate from
SSP-  |solid waste generated
1438 |[through cvaporation of
RO rgject of tanneries®
effluent, meeting the
purity requirements of
the users industries
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Exploratory work for Shree Chamunda | Dr Arvind 50,220/-
3 SSP-  [recovery of value added | Chemicals, Kumar
’ 1439 | chemicals from bittern. | Bhavnagar
Farming of Seaweeds in | Andhra Pradesh 1,35,027/-
" Andhra Pradesh: Pre- State Skill Dr. V.
SSP- ks . .
4. 1440 feasibility studies and Development Veeraguru-
hands on seaweed Corporation nathan
cultivation {APSSD(C)
Laboratory scalc sudy | M/s. Ambuja Dr. Subarna | 8,00,000/-
on preparation of Intermediates Maiti
5 SSP-  |activated carbon from H- | Private Limited.
h 1441 |acid wastc, with focus on
process optimisation &
cconomic analysis.
Collaborative Projects
1 CLP |Hydroformylation of BPCL Noida Dr. Ankush | 35,54,545/-
) 1206 |olefins V. Biradar

17. S9IC WRTA [Budget Summary]

| (Zin Lakhs)
CSIR Allpeation

A. Revenue (National Labs.)
Total Salarics 2508.915
Budget {Including PO4/P05/PO6/P-70-Statt Qtr.) 508.730
P-07 Chemicals/Consumable & Other Research 447.000
{A) Total Revenue Budget 3464.645

B. Capital (National Labs.)
Budeet (Including W & S/ Staff Qirs. Capital) 120.000
P-50 Land Cost 0
P-50 {App. & Equipment/Computer Equipment/Ottice Equipment) 173.500
P-50 (Furniture & Fittings/ Workshop Machinery) 25.000
P-50 (Library Books/Library Journals) 188.039
P-50 Vehicles 4.750
P-26 (ICT) (Infrastructure/ Fagilitics) 0.000
{B) Total Capital 511.289
Total Rev. + Cap. (A+B) 3975.934
C. Total Networking & RSP Projects 329.028
Total National Lab. (A+B+(C) 4304,962
P-61 NMITLI 6.000
Revenue other than CSIR Allocation

Sponsored R &D | 19.115

TR
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Collaborative/Cooperative R &D 22.000
Grant-in-Aid R &D 611,178
R &D Consultancy 18.550
SMM/TSP 75.606
SUB TOTAL (ECF) 746.449
Analytical/Tech Services 43.930
Knowhow Transfer/ Royalty 36.460
Sale of Lab Products 9.001
Conference/Seminar/Workshop 42.829
SUB TOTAL {Credited to CSIR/ Lab Reserve) 132.220
Amount collected as service tax {Repaid to Government) 39 562
GRAND TOTAL 918.231
Laboratory Reserve
Opening Cash Balance 535.370
Receipt during the year 262.273
Investment encashment on maturity 475.000
Total Receipt (A) 1272.643
Expenditure during the vear 34.675
Reinvestment 500.000
Total Expenditure {B) 534.675
*Closing Cash Balance {A-B) 737.968
ST TRYE [Research Council]
SN Name and Affiliation
1. |Prof. Jayesh Bellare, II'T, Mumbai Chairperson
2. [Dr. R. V. Jasra, Reliance Industrics Lid., Vadodara Member
3. |Dr. Parthasarathi Dastidar, TACS, Kolkata Mcmber
4, |Mr. P, N, Rao, GHCL Ltd., Ahmedabad Member
5. |Dr. Anil Kumar Kruthiventi, TCIC, Pune Member
6. |Dr. Anil Kumar, CSTR-NCL, Punc Member
7. |Dr. Rajeev Kandpal, Salt Commissioner, Jaipur Member
8. |Dr. Vipin C Kalia, CSIR-IGIB, Delhi Member
9. |Prof. Alok Bhattacharya, INU, Delhi Member
10. |Dr. B. Chandrasekaran, CSTR-CLRI, Chennai Member
11. |Dr. Anjan Ray, CSIR-IIP, Dehradun A inhacts Bt
Nominge
12. |Dr. Vijaymohanan K Pillai, CSIR-CECRI, Karaikudi Member
13. | Dr Amitava Das, CSIR-CSMCRI, Bhavnagar Member
14 | Dr (Mrs.) Paramita Ray, CSIR-CSMCRI, Bhavnagar Secretary, RC
15. |[Dr Kannan Srinivasan, CSIR-CSMCRI, Bhavnagar Secretary, RC
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19. &gl IR¥E [Management Council]

SN Name and Affiliation Remark
1. |Director, CSIR- CSMCRI, Bhavnasar. Chairperson
Dr.NH Khan, Senior Prineipal Scientist,

2 | CSIR-CSMCRI, Bhavnagar. Member
Dr. Arvind Kumar, Pringipal Scigntist, , .
3 | CSIR-CSMCRI, Bhavnagar. Membel
4 Dr. Soumya Haldar, Senior Scientist, Roferdlio
© |CSIR-CSMCRI, Bhavnagar.
5 Mr. Shibaji Ghosh, Scientist, CSIR- Member
" |CSMCRI, Bhavnagar.
6 Mr. A. A. Patel, Principal Technical Member
" |Officer, CSIR-CSMCRI, Bhavnagar.
Dr. Rakesh Kumar,
7 | Director, CSIR- NEERT, Nagpur . i
Dr. Paramita Ray, Senior Principal R
Scientist, CSIR-CSMCRI, Bhavnagar. | Upitoi0 520520015
8. Member

Dr. Kannan Srinivasan, Senior Principal
Scientist, CSIR-CSMCRI, Bhavnagar.
Controller of Finance & Accounts/

9. |Finance & Accounts Officer, CSIR- Member
CSMCRI, Bhavnagar.
Controller of Administration/
10. | Administrative Officer, CSIR-CSMCRI, Member
Bhavnagar.

From 05-06-2018

20. derfrs AFHFEAT [ Statutory Committees]

TT | et & fory e frramur wfify

[Grievance Redressal Committee for SCs/STs]

SN Name and Designation

1. |Liaison Officer for 8Cs/8Ts Ex-Officio Chairman
2.  |Mr. Bhupendra Kumar Markam, Scientist Member

3. |Mr. B. 8. Makywana, Sr. Tech. Officer (2) Member

4. |Mr. M. M. Rathod, Sr. Technician {2) Member

S.  |Mr. H. M. Tadvi, Sr. Technician {1) Member

6 | Mrs. Sarla M Solanki, Technician (1) Member

7. |[COA/AQ Member-Secretary
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From 26-09-2018

1. Liaison Officer for SCs/STs Ex officio Chairperson

2. Dr. R. B. Thorat, Principal Scientist Member

3. Dr. V. P. Boricha, Senior Technical Officer {2) Member

4. Mr. B. A. Sharma, Senior Technician (2) Member

5. Mrs. Sarla M. Solanki, Technician (2) Member

6. COA/AQ Member-Secerctary
IR ferdrra afifa

[Local Grievance Committee]

SN Name and Designation

1. Dr. C.R. K. Reddy, Chief Scientist Chairman

2. |Mr., S. C. Upadhyay, Senior Scientist Member

3. | Dr.(Mrs.) Anjani K. Bhatt, Sr. Tech. Officer (3) |Member

4. |Mr. Pramod Makwana, Technician (2) Mcember

5. |Mr. Niraj Kumar, Section Officer (F&A) Member

6. | Dr. D. R. Chaudhary, Senior Scientist Member

7. |Mr. Mayank S. Roongta, Technical Officer Member

8. |Mr. D. R. Parmar, Senior Technician (2) Member

9. [Mr. L.S. Vaghela, Lab Assistant Member

10. |Mr. Nripendra Chandalia, Assistant Gr. T Member

11. | Section Officer (Establishment) Member-Secretary
12. | Liaison Officer [SC/ST] Ex-Officio Member
13. | Liaison Officer [OB(] Ex-Officio Member

From 11-06-2018

1. |Dr. (Mrs.) Paramita Ray, Senior Principal Scientist Chairperson

2. |Dr. D. N. Srivastava, Principal Scientist Member

3. |Mr. R. J. Sanghavi, Senior Technical Officer (2) Member

4. |Mr. Bharat B. Parmar, Senior Technician (2) Member

5.  |Mr. T. Rambabu, Scetion Officer (G) Member

6. | Dr. (Mrs.) Beena Tyagi, Principal Scientist Member

7. |Dr. R.J. Tayade, Senior Technical Officer (2) Member

8. |Mr. Brindesh B. Modi, Technician (2) Member

9. |Mr. K. N. Rana, Junior Sccurity Guard Mcember

10. |Mr. Satish Chandra, Stores & Purchase Oftticer Member

11. | Adnunistrative Officer Member-Secretary
12. | Liaison Officer [SC/ST] Ex-Officio Member
13. |Liaison Ofticer [OBC] Ex-Otticio Member
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sraia farera wfufa

[Internal Complaints Committee]

SN Name and Designation Remarks
1 Dr. (Mrs.) Paramita Ray
© | Sr. Principal Scientist
Prof. Dr. Kairavi Desai
Protfessor, Government Up to 05-11-2018
Medical College, Bhavnagar
Mrs. Umaben Trivedi,
Secretary, RD Gardi Stree
Kelavani Mandal & Trustee, From 05-11-2018
Bhavnagar Grahak Suraksha
Mandal

Ms. H. H. Deraiya

Principal Scientist

Dr. J. R. Chunawala

4. {Sr.) Principal Scientist Member
5, Dr.. A_l"v‘ind I_(um_a.r Member
Principal Scientist

Dr. {Mrs.) Anjani K Bhatt

Presidimg Officer

Member

Member

o Sr. Technical Officer (3) Member
Dr. (Mrs._)_ Arum}vRawPrakash Up to 10-10-2018
Sr. Technical Officer (2) L

7- Dr. (Mrs.) Saroj Sharr Member

VYIS SaTo] SRAra, From 10-10-2018

Scientist

8. |AO/ SO (Viglance) Convener-{Ex-Officio)

RTSTHTST HRIfeaaT wfifr

[Official Language Implementation Committee]

SN Name and Desisnation

1. | Dr. Amitava Das, Director Chairperson

2. |Dr. Kanti Bhushan Pandey, Scientist (_/001."d|n.e-1tor & Rajbhasha
Adhikari

3. |Dr. Vinod Kumar Shahi, Senior Principal Scientist |Member

4. |Dr. Divesh N. Srivastava, Pringipal Scientist Member

5. | Dr. Ankkur Goel, Principal Scientist Member

6. | Mr. Rajesh Patidar, Scientist Member

7. |[Mr. Sandip Vaniya, Scientist Member

8. | Administrative Officer Member

9. | Store and Purchase Officer Member

10. [Finance and Accounts Officer Member
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11.

Mr. T. Rambabu, SO

Member

12. |Mrs. Deena Bhatt, Senior Hindi Translator

Member-convenor

JTRETUT H1feT BRIT=aa [Reservation policy implementation]

As on 01 January 2018

CitevirsiTavel of Total No. of | Number of Number of Number of
“g"lﬁ by EVELO | filled up posts SC’s ST’s OBC’s
€ (Percentage) {(Percentage) | (Percentage)
Scientists Gr IV 47 ) ) 5 ) 9 )
(Pay band 3 & 4) (10.63%) {10.63%) {19.14%)
Technical Gr 111 5 ] 3 6
(Pay band 2, 3 & 4) 23 (24.24%) (9.09%) (18.18%)
Technical Gr 1T 49 6 . .5 . 7 .
(Pay band 1 & 2) {12.24%) {10.20%) {14.28%)
Technical Grl 09 ) 3 0 0
{Pay band 1) {33.33%) {0.0%) (0.0%)
Administration
Group-A n 0 0 0
(Pay band 3 & 4) 7 (0.0%) (0.0%) (0.0%)
Group-B 1% 0 3 3
{Pay band 2) {0.0%) {16.66%) {16.66%)
Group-C 1 20 1 . 4 )
{Pay band 1) (9.52%) (4.76%) {19.04%)
Safaiwala " 3 0 0
(Pay band 1) = (100%) (0.0%) (0.0%)
As on 01 January 2019
Citesiivi Lavel of Total No, of Number of Number of Number of
st filled up posts SC’s ST’s OBC’s
unts (Percentage) | (Percentage) | (Percentage)
Scientists Gr TV . 07 05 12
(Pay bgnd 3&4) 29 (12.50%) {3.92%) {21.42%)
Techmcal Gr 11 2% 07 _ 03 _ 05_
(Pay band 2, 3 & 4) (25.00%) (10.71%) (17.85%)
Technical Gr 1l o 07 ) 05 ) ,07 )
(Pay band | & 2) (15.90%) {(11.36%) {15.90%)
Technical GrI 09 03 00 7 00
(Pay band 1) (33.33%) (0.0%) (0.0%)
Administration
Group-A 03 00 00 00
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(Pay band 3 & 4) {0.0%) {0.0%) {0.0%)
Group-B 16 01 04 04
(Pay band 2) (6.25%) (25.00%) (25.00%)
Group-C 19 02 01 03
{Pay band 1) {10.52%) {(5.26%) {15.78%)
Safaiwala 03 03 00 0g
{Pay band 1) (100%) {0.0%) {0.0%)

22. JRETIATE AT [RTI Compliance]

. Openin Receipts Received in . Closin
Period Bglancf Under [6)(3) the quarter Disposal Balanci
Apr—Jun 2 14 8 19 5
Jul — Sept 5 19 17 32 9
Oct —Dec 9 13 11 22 11
Jan — Mar 11 16 22 27 22

23. ST WA [Knowledge Resources]

Available as on Total Collection
SN Particulars or s Addition as on 31 March
01 April 2018 _
2019
TAZ/ Collections
1 Books (English) 12317 31 123438
" |Books (Hindi) 637 55 692
2. |Back Vols. 27446 - 27446
3. |Translation 427 - 427
4. |Photocopy 2149 - 2149
5. |Patents 340 - 340
6. |Standards 761 - 761
7.  |Micro-cards 67 - 67
8. |Microfilms 1326 - 1326
9. |Maps/Charts 265 - 265
10 |Reprints 2698 - 2698
Total 48433 36 48519
QAT / E2rad [ E-TEETs i 'eedl
Journals/ Database/ E-Journals Subscriptions
SN, 2018-19
1. |International Journals 57
3 |National Journals 12
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1. Sci-Finder,
I. ASTMDL,
1. Decrwent Innovation,
V. Wb of Scicnee

3. |Bibliographic Databascs

24. IISTYTNT IR [ Official Language Dissemination]

HITHHTE AR-HHUAHITRATE & HALTes ISPATST A1 & SFUTe & \re-are 371 U aeid!
TR BT fBeel A WebrarT i HRSIT §RT AT a9 Ugd &1 WIN {31 Srar &1 HERIE B
Temal frmT WRERT BT 7 fErE ATST H7 TN U Tl SUAN & FTel ST AT & H9dH AT 6
T H RS TR & TN H HRRE 21 3 2018-2019 & SR 281 s Fr=ferfiad & |ue
[ERIY

NTSTHTHT H=ER-UY

w2 PRI & IR H TEHATCT IR fEarT gRT 9 2018-2019 6 o) e Bris it
fERTTETal el ASTAIST BRI TART & Feed) Bl W a7 a7 o Jedadl Fae &g
=i feT

» R e % 3R TR AT 10/09/2018 H 17/09/2018 & SR Bel AHE HSeaT ™ AFRT TR
&2t e % SR BT afefeTer SN AR IR By, HioeT 916 TR 4T St 87,
AT T AFfed THTTRT BT SRS (BT T TS grame gRT aiFeTed THTosT & =
SRS T2 T, o et = IeaTeqdad 11T for

= 17 fiae, &<t 9HE 9O FARE A BRw afafy & wu ¥ o @) &9 qear, SN, 9
fEdet i, METR AR qYeg ATffer & R o et ST s{FEe, 7ugel W Jayd, AR
T AT [T TT oM 59 RIS A &3l THIE & SR SR Hieefiarst & fasrarei &
T fehaT T

m  yfdfed e & gl wHeiRAl o geme gr EHEl (Red-eiilll) ‘@it o Ylewr ud 2ree Bl
|

f&=&Y ufdrerom

= 31O 2019 dF BT HHTRET i Bl 579 ST IRTT A= 3T T
m AR < SRR HelurdT U AR/ RUT ol fBedl § drl $eq 2q dulthe sl
ST fepr Ty

AR
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= ey (Bcl WIRIANT eI, YEHATAY, YR EepR § Ui (B2 2ee Hrg=(3-<l ergfin) y3m=mr
NI W& BRihE (56 9T |9 -1 IR 2018 ¥ SIFas] 2019) Het SHHhR FAM & g4t
FHHATNAT BT IR 3-HeT gNT A% 25/05/2018 BT Ui 67 T

n e F eHET B b Priga Bl darEr o do B o g fAeel e |
A/t AHIRAT BT LY G &2t § Rl T g IR He qer Ares & & forg
FTepel 32 A TTTET BRI w7 RIS R 28/05/2018 | 01/06/2018 % SN fbar T se%
ferdll BIRUTaST SFTUIrT JeTTi-el 2T Febrilenl ARTHTNAT & folY 3T 03/07/2018 BT I U
AR bIfspH el AT bt 1)

s — ST Wfdreror drele T ¥ ety f9gsT U W oy wierrit
f&=aT BraATeRy

= &) T ST e b pHaiRAl/ARBINT i ferel 3§ BRI e & fol¢ MedIfad e &g avy-
Y ¥ BRI &7 3T fdhar T

AT 10/09/2018 F 14/09/2018 T &a) AHTE Haf-e faferey MIrIaaiy & TS § g fema
AT A Tl folT FIeieor, J==meor o arer T q¥ AreslT (&7 T e oRYsT & neretTs
I A G TG, 8T FEed, ST A0, eq=amesar, dsmi-esdr, fa=at ¥ feraufi &1 g,
fEwel 3 TR AT AT ool 7T Bed T B TR 7 FRgd SRl < T3l

n TS 11/12/2018 B T g 5 W REFT & SRl & g <o =ife 1 dwher
PRI~ fd9 qR Wb el adbaiiy bl STl (3T |

= [oHid 25/01/2019 BT INTHTYT BIET-a8 b GeiTe, Hel w9 A [Haig & s b i, AT i
femel srfer ROIE ey & I & S & fafv=T ot & fmmes &t g arfesi & & fag
U BRI BT AR T 7]
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Ter — SHRITTET A ISTATST ST 37 €T FAEral 0 == O AregT
TAB-Tch! Ud HeTRA+® SaT

" TG I EIeY, T, A, .., BT, TR BT, I 2T o Feanfie/aRaris B a1
HTTEBATTER SIS TAT DU BRI T =Tl

n e Witdely & YHeadsR WaHl 9o S el ol fovdl § Jur fbar mar qur e srimd §
AT O B H O o o i Semeum T o Uiy 9o Rl B OO f R

= fFTe 25 Ry, 2018 Bl RIS ToRT (ORI WieT) & FEA [ & ST 7 AT 9Ra SR
AT HEToae 2018 ¥ SRTE-T SRIEH J el U H1e, SATH=0 HS Tl A @1 fgwTeien &1
SR Tt Tl

= T H THINA oFF JESH WS T ARV 7 891, =01 97, U7 AT, Mt ferar
S fo TR feTir 26 FHAR, 2018 BT I W@ iTnfies SFTHdr TReE (HTHATER) 5 762
RO (e WHIRIE & RIS & feret U A1, STTHAUT 1S el IR1 T (o= &l & fdr

T

SAUUTEhT 3R dareT e AT @ Iy ST B B Ff Ukl f@eel 3fETS U Sl
EZ Rl

&= =R v Wt RaE

n 3RS ¥ AT HAEET WA P ST BRar § TT 3T TSTe O U & SO favar 7 arereT et A ey
T

» TE TS § TR & T g F STHENT ThET T2 Shferd e Wiy ROE TR & 18
FIR TISTHATST T, Ui &1, HE 1 ATTeTST T2l AT TSN, JETerd Hi i 731 TR IRTTT
AT AT, 9T B BHTE N SRl TS |
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w g & SR AR ferel HRiemarel S RIS 927 Ia=191 HEfeaae amfe $f de@r o Hrigd
HUHATEAR Bt Tt TN U TR ITATET ST Ay, 9 TR 6 Jee SEF B
TS fohar T

&=t Ao

0 oy SR TN TETET T s Oy $ S5d M ST s ¥ U S T qer
I TN ISTHTT PRI T, ST g7 IS Srefanis 35w 7 9w o7 vt
e mm

fe_Yeror

= gy 2018-2019 & SN GEAH bl ATHST BRI HHT SRT uldH™ d¥2H & b G @1
THINT BRI~ FaH aTaRes FStenr fRam am e aidid, T9e & el 9y 5 #rf & o
T 8 GHEITRT 5 GHIEM B |1 TN S YAHET S @] 93197 & o g |l 8 1 dar
AT & ATEeISH TR B, AT, Wiy ofids onfe Gt B argere off =1 fawm awr
I HET T

MeATET

® A Y VSN B2l 4 3iftedd drf Sl 9eldl & & pH q dicay siftieds @< eeal ol Wi
&Y dlel HEAT P HHATNAT B TR ol T2 g6 AR Har 1 F 12 e fael vy = waffis
&leb WIH BXAd el BHEIRTT & seel] bl Y byt 1|

" 2018-2019 H &= o~ag 5 giy v QAT Turg & & forg ST (sfieeT) =i v, femmeer -
g fASTT U JerFaaur, 2. UEY &, SWETe- fTmese] - Saviter e 3 Sraref e faam, .
HHC THTE- FAWNTETer -5 ierd SeuTe Ud B TR fa9rT, sft o, ot Aear- famree -
ffeer SRR o g, ot G5 =rer - OeRT @ PR e geer faww, Sf. dwa -
ST 2R daet T fervT ot STferey feba T

=<1 ¥ fore= &1 TERSER

B TR GRT AN INTETNT S aae JiHfd, TaNed; Feo ¥l UeHd, T3, YaTR W1 N1 a1i¥a
STATT TR RS @ Fahre & fEwel 3 Hifeld o, HErT S1fe 9 10

= Oaie & ey ST Ul fbe A5 o A9el Rad Sdofme SRIRA, A8 ficefl Hi
e ufAaT AfassrR, REsR, 2018 & 36 H Tl

B HHAER-HEHATRATE 96R H INHNT ST AR JoT9T prliady G,
Yg-R ! g1 GEep-TRediia § 3715 2018 F verfard
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A

" HUHHHTANATS, AIETR B I AaS-24 72, 2018, 22! & Tovrd 39a o! oft

N TEURITSIRETE, HER 7 (Rt B B s Beal & ToNIe 39d 7 7 977 2018 BY
EERIER]

" oINS, HIAIN &l AU HMee’ fB-dl &Ha uRId 99 ® 28 S, 2018 bl Yl

" HITHUAHIRINETE ¥ U WHTE 09 doi Al B Sripe ferel 2f1e TovId Jud & 12 Ry,
2018 @l Yl

N TS T &1 P ST TR & fAU Hforepifar B Wl A+ of ISgra T T
H eI B 26 A, 2019 BT U]

N TR (2) TYHE AT B (Y T IR deTS o Aol RE SdeTHe SRUNE, T8 foeelt
o1 faIT Ufeh! $Hfsh 7 Tehrer & 29 AR, 2019 i UE |

JISTITT fPYRT BT A T

20/06/2018 & TG FeF F AHAEIR-
& W TSI e, TS Yo WUE T ST, o
RIH, AT FRT TS T 7=

AR |30
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25. A/ FRIATATY/ HRIHH/ SHT BT ST
[Seminars/ Workshops/ Events/ Meetings Organized]

HroauadenEms w9t @29/ CSMCRI Foundation Day
10 srii=r/ April 2018

National conference on Industrial Waste: Technology & Policy Drivers
26-27 =79=1/ April 2018
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SIS g T g4/ International Yoga Day
21 91/ June 2018

waTefar feaa/ Indepandance Day
15 3=/ August 2018
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AT 2a9 9L g1 =+ o0 el A=/
Sports Events for children on Independence Day
15 smr=a/ August 2018

fa=<t f&==/ Hindi Day
14 937/ September 2018

Mm
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a4 sa4g g =19 Agieaa / India Intemational Science Festival
25 ffra¥ </ September 2018

TogATEsE =197 299/ CSIR Foundation Day
26 faaTa7/ September 2018
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FT9 A% AL T Feforfag o= TET TS

National Seminar on Organic Transformation and Catalysis

27 ffra¥a/ September 2018

ATAIT S STH H FEaeaTdT T TP Gt
National Symposium on Electrochemistry in Materials and Devices
28-29 Rrasa¥/ September 2018
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4 TAHAT SIATEHAT THTE & 21T A =81 il G/

Integrity Pledge during Vigilance Awareness Week

29 =57/ October-03 73+%/ November 2018

AT e HidiT U ST AiHZ-2019/
India International Seaweed Expo and Summit-2019
22-24 a1/ January 2019
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= fea9/ Republic Day
26 SfA=<1/ January 2019

W UF ST 92 32T - STHA FHIF 97T
Indo — German Workshop on Membrane & Energy
18-20 ®<=<1/ February 2019
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