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The Mahatma who rocked the British Empire
&
galvanised the people
by defiantly gathering salt at the Dandi seashore.
6" April, 1930



" I do not wish any worker to come to these laboratories merely with the aim of earning his
living. What | wish is that our young men and women who come here should have a zeal for
working out problems which would have great consequence. That would give vitality to
these Institutes. They should realize that service to science is real service to India - no, even
to the whole world; science has no frontiers".

Pandit Jawatiarlal Nebina
Extrnact from the Tnangural address an 10th Aprdl, 1954
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FOREWORD

| have great pleasure in presenting the Report for the
period 2004-2006. The landmark achievement of the
laboratory was the global recognition of our work on
Jatropha. Three Mercedes Benz vehicles driven by
eminent journalists conquered the world's highest
St ¥4 motorable road (Khardungla Pass) running on our neat
: biodiesel. Not surprisingly, our Jatropha biodiesel showed
I Biodiest the best engine performance of all biodiesels in tests
“eat (LITOP 0 . conducted by the Austrian Biofuels Institute. It is these
mﬁmanﬂn hﬂfﬂi By i S remarkable achievements that led India Today to feature
-"K Oy 107 LR S the work in its Independence Day Special Issue (2006)
and to state in the Editorial page that the special issue has
“stunning news reports of what makes this country great
from the first woman graduate of a tiny tribal village to a
mall for farmers in Madhya Pradesh, a bio-fuel experiment
in a Gujarat laboratory to a mosque run by a Hindu family, this is India as itis.” Our work on Kappaphycus alvarezii
seaweed, which could lead to production of large volumes of a highly effective biofertilizer, was cited by none other
than ex-President Dr. A. P. J. Abdul Kalam in his Technology Day address (2006) as one of the great technological
achievements of the Nation. Then again, the Institute's breakthrough invention of round salt was featured in
newspapers, magazines and scientific journals all over the world and even made it to the New York Times Year in
Ideas (2006) issue which featured the “year's most important innovations”. It is significant that these important
inventions - which can give a competitive advantage to the Nation - are protected by international patents/patent
applications. Indeed, 30 patents, including a patent on sulphate of potash, which is the basis of a major
technology, were granted during this period and a large number of new patent applications were filed. It is also
gratifying that the GNFC Board began contemplating afresh about the setting up of a 100 TPD plant for value
addition of calcium carbonate-rich solid waste following the grant of two U.S. patents on the invention.

] an running on CSMCRYS

The institute continued to take great pride in taking its inventions to the masses. Radical inventions on
improvements in the production of solar salt were demonstrated through setting up of model salt works and we
could produce salt of a quality hitherto not considered possible in the field. That the Salt Department, GOI has
requested for several such model salt works is a testimony to the success of the technology, backed up by IPR.The
Institute also set up the first community scale (600 LPH) solar powered RO plant in Rajasthan in collaboration with
the Barefoot College, Tilonia and also boldly set up several seawater desalination plants based on 2-stage RO
through the support provided by DST, GOI. The work features in a recent UNDP publication. It is gratifying that a
seawater desalination plant was ordered by a Kenyan company and several brackish water RO plants have been
ordered by Norwegian Church Aid for deployment in Afghanistan. Doordarshan's Turning Point programme
referred to the institute's RO plant at Kisari village (Rajasthan) as “one of the greatest success stories of Indian
Science & Technology for villages”. Our successful demonstration of desalination of mine water also led
Rajasthan State Mines & Minerals to issue a tender for a 20 MLD plant which could be a boon for the water
stressed state of Rajasthan. However, special praise must be reserved for all those who worked selflessly and
daringly in the aftermath of the Tsunami and provided water to the needy in Cuddalore, Nagapattinam and A&N
Islands.



The Institute also received recognition from the Government of Gujarat as a Centre of Excellence in Marine
Biotechnology and rapid progress was made in building up our capability in molecular biology. Itis noteworthy that
the Salicornia brachiata plant, which earlier inspired us to invent vegetable salt, has now yielded a major bio-active
lead and also a salt tolerant nitrogen fixing bacteria for which the partial gene sequence has been registered with
NCBI gene bank. The plant has also served as a model to isolate salt-responsive genes for developing future
transgenics. It is also heartening that the institute was successful in initiating its practical cultivation along the
coast through densification of the natural habitat and over 100 hectare of area has been covered.

CSMCRI has maintained a healthy balance between technology development and research. Important research
findings were published in international journals and the institute has steadily raised the number of publications
without compromising in any way on the average impact factor which was maintained in the healthy range of 2.0-
2.4 during 2004-2005 and 2005-2006. Many of our papers are cited today as “hottest papers” in different journals.
A major accomplishment was the synthesis and structural elucidation of the largest water cluster ever reported.
The Institute's scientists also won prestigious awards such as the Dr. Vikram Sarabbhai Award, the Daimler
Chrysler Environment Leadership Award, the CSIR Young Scientist award and Raman Fellowship. Our Research
Scholars and project assistants have also been doing well as far as national and international placements are
concerned.

The institute was successful in recruiting fresh scientific talent and, together with the appointment of large
numbers of research scholars and project assistants, this has led to significant improvements in our productivity
as can be gauged by successes on all fronts. The continuing improvements in the infrastructure of the laboratory -
be it access to most journals online or the state-of-art centralized analytical facilities or IT services - have gone a
long way in attracting talent and in addressing problems with greater scientific rigour.

Finally, there are numerous contributions which do not get measured. The tremendous response to the CPYLS
(CSIR Programme for Youth on Leadership in Science) programme is something we are very proud of as also the
large numbers of personnel who have been trained at the institute on diverse subjects. Several people from
overseas have also spent time at the institute and it is gratifying that such requests are continuously on the rise. It
has been rewarding to see the growth in our activities aimed at dissemination of knowledge through the medium of
Hindi. The process has been aided through coverage of many of our inventions in the vernacular medium besides
in English.

CSMCRI has pulled together well as a team and | take this opportunity to thank all those who have contributed to
the primary goals of the institute through their able support. | also thank the Government of India, State
Governments and the numerous clients, collaborators, well wishers, the media and, finally, CSIR, who have all
contributed directly or indirectly to make CSMCRI into a vibrant organization. It will remain our endeavour to strive
continuously towards higher goals.

Joieft €A

Pushpito K. Ghosh
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Studiesonalteration of crystalmorphology of common salt

Interest in crystallization, and in various ways of altering the =
shapes and structures of crystals, has along history becausean
extraordinary range of physical and chemical properties of |
crystalline solid-state materials is dictated by their crystal form |

and size. As part of our efforts to enhance the flowability and
other aesthetic aspects of common salt, it has been shown that

the cubic morphology of NaCl crystals can be transformed into |
rhombic dodecahedron shape through use of glycine as an
additive during the crystallization process from natural brine
under ambient conditions, i.e., mimicking solar salt production. i
These findings, together with the realization of a practical by e

process of recycling glycine, have aroused interest world wide
and efforts are underway to produce ton quantities of this salt in
theinstitute's experimental saltfarm.

Salt & Marine Chemicals

Rhombic Dodecahedron salt

As reported in the previous Biennial report, we have also devised a technique for preparation of spherical
salt without use of any additives. The method would be most appropriate for preparation of vacuum
evaporated salt. In animprovement over the previous work, it is now possible to reduce the crystal size
downto 300 micron andincrease sphericity through a novel seeding protocol. Ithas been established that
the individual salt crystallites retain their cubic morphology and the round shape arises from the nature of
agglomeration. The spherical salthasidentical powder XRD patternasthatofthe normal cubic salt.

Optical micrograph of nearly spherical NaCl produced without use of additive and (ii) SEM micrograph
showing surface of a single crystal wherein the agglomeration of large numbers of cubic crystalsis clearly

seen.
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To widen the applicability, the process was modified furtherto prepare spherical salt of still smaller size. In
the new approach, the size of the crystallites was controlled by the addition of seed crystals during the
growth ofthe crystalsinthe bath. However, the minimum crystallite size is restricted to 300-400 microns to
maintain the spherical morphology. It has been established that the free flow characteristics of the round
salt with appropriate surface modification are superior to those of the premium vacuum evaporated edible
salt presently available inthe market. Furtherstudies are being conducted with deliberate addition of free
flowagentsintotheroundsalttoensure sustainedfree flowability.

Study of the anti-caking behaviour of nitrilotriacetamide through density functional theory
(DFT)

It is well known that nitrilotriacetamide (NTAA) can act as an anti-caking agent for sodium chloride.
Interestingly, the related compound, nitrilomonoacetamide, imparts no similar effect. It has been
previously proposed that the cumulative effect of three amide functional groups properly aligned on the
surface of sodium chloride facilitates adsorption of the triacetamide over the monoacetamide. Our DFT
calculations revealed that the NTAA has the lowest energy conformation in aqueous phase and that this
conformation is similar to that reported for the crystal structure. The findings are contrary to the
speculated geometry reported earlier. The electrostatic potential surface (MESP) derived for the lowest
energy conformer of triacetamide suggests that the effective interaction sites are much larger than that of
nitrilomonoacetamide;as a result, NTAA can bind more strongly onthe NaCl surface (the 100 plane) which
presumablyleadstothe anti-caking effect.

NMAA

B3LYP/6-31+G* calculated conformations (top) and isopotential surfaces (bottom) for NTAA and NTMA
(red:negative potential;blue:positive potential)
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Ultrasonic measurements of brine systems

Seawaterisconsideredtobe a store house of chemicals with more than 73 elements dissolved init. Out of
this about 99 % constitutes Na*, K*, Ca*, Mg*, CI, SO,” and their study in a homogeneous system is of
considerable importance. Accurate determination of physical properties and derived parameters as a
function of composition and temperature of electrolyte solutions provide an insight into ion-ion and ion-
solvent interactions. Towards this end, we have carried out ultrasonic, viscometric and densitometric
measurements of aqueous NaCl and CaCl, solutions saturated with CaS0O,.2H,0 under ambient

conditions. Shear relaxation times (t) were measured for the ionic species from the experimental data. t,
which influences the system dynamics and depends on the momentum of particles and also on inter-
particle interactions were measured for the ionic species from the experimental data. The results, which
are consistent with observed solubility trend of gypsum in different brine compositions have been
interpreted in terms of existence of different ionic species such as hydrated ions solvent-separated,
solvent-shared, and contaction pairs. It has been further observed that the hydration shell of the cations
expands when the brines are saturated with gypsum. We plan to study the implication of this on the
crystallizationbehaviour of salt.
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Effectofcalciumchloride onsolubility behaviourinbrine

We have previously reported the patented invention of an integrated process for co-production of high
purity solar salt and KCI through desulphatation of brine with distiller waste liquor of soda ash industry
which is a cheap source of calcium chloride. To optimize the addition of calcium chloride to brine for
effective desulphatation, we determined the solubility behaviour of CaS0O,.2H,0 in aqueous NaCl

solutions uptoaconcentration of about25% NaCl (w/w) and constant CaCl,concentrations at 35 °C.
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CaS0,-2H,0 solubility product at different

Solubility of CaSO,-2H,0 at constant CaCl,
CaCl, ionic strength in aqueous NaCl solutions at 35 °C

concentration but varying NaCl concentration at 35 °C.
Addition of CaCl, reduces the solubility of CaS0,.2H,0 quite dramatically while maintaining the basic
pattern of the solubility curve. Mean ionic activity coefficients y, of CaSO,.2H,0O derived using extended
Debye Huckel law with quadratic terms decrease with increase in ionic strength. A comparison of the
thermodynamic solubility product [K,,,,] of CaSO,.2H,0 to the solubility product K, obtained from the
observed solubility data indicated sizable differences. This has been explained through a combination of
extended Debye Hickel law and lon Association theory. We also measured accurate densities for the
guaternary system, CaS0O,.2H,0 + NaCl + CaCl, + H,0, at 35 °C. Density of solutionincreases linearly with
the increase in concentration. Solutions containing higher amounts of CaCl, were found to be less dense
when compared at same ionic strengths. Solubility and density data as a function of concentration have
beencorrelatedusing polynomialandlinearfits by the method of leastsquares.The above studies have led
us to conclude that the ions in solution are present both as free ions as well as in the form of ion pairs, their
proportions being 69% and 31%, respectively. Itisrelevantto pointoutthatthe higherthe presence ofion
pairsinsolution, the higherwouldbe the solubility product.

Production of good quality industrial grade salt from sub

High purity salt with improved whiteness from soil / sea brines

sub soil/seabrines

- Analysis by| Analysis by | Analysis | Analysis
_ _ Salt GACL GHCL by JSC | by IEL
Aninnovative route was developed for the recovery | constituents | (wt.%) (Wt%) Wt%) | (wt.%)
of .very h.lgh pgrlty solar salt .Wlth improved NaCl 99.60 99.80 99.80 99.80
whiteness in the field. The process is based on the |(ondry basis)
modification of the salt crystal morphology insucha |C8 0.005 0.005 0.005  10.005
. . Mg 0.03 0.03 0.027  |0.03
way that agglomeration is reduced and, |go? 0.07 0.04 0.035 002
consequently, the impurity level in the salt is |Moisture 0.10 - 0.52 0.27
reduced Insoluble : 0.04 0.035 |- J
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The impurity of gypsum which usually embeds the salt is
maintained in superficial state and can be easily washed off. The
heap washed saltanalyzed Ca<0.08%, Mg<0.05% and SO,< 0.2%
with >99.5% NaCl purity. Rain washing of the heaped salt has
resulted in a salt with greatly reduced calcium and sulphate
impurity levels hitherto not achieved in solar salt production (see
table). The down stream bittern based products were also of
improved quality and whiteness. The process is cost effective and

canbeimplementedinany solarsaltworks.

Salt crystals obtained through routine process (left) and those
obtained through improved process of brine clarification.

A model salt farm of 10 acre area was developed in the
premises of Sambhar Salt Ltd. in NAWA city of Rajasthan
state to demonstrate the production of good quality salt from
sub soil brines in and around the Sambhar Lake. The main
problems identified were the presence of algae and heavy
metal impurities in salt besides high levels of sulphate. These
problems were addressed through a novel approach of
eliminating the possibility of algal blooms coupled with
clarification of the brine that helped to reduce heavy metal
impurities and also the sulphate level. Besides the improved
quality, the yield of salt was also enhanced substantially,
presumably through better control of brine seepage. The
results could help in improving over all salt production in
Rajasthan and inspired by this success story the Salt
Department has advised other states to set up model salt

works.

Salt & Marine Chemicals
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Superior quality salt produced at the
experimental salt farm of CSMCRI

T
a7

Model salt farm established at Rajasthan

BAMBHAR BALTS LT 91425 22428 04-18-05  16:43 P.oL

SAMBHAR SALTS LIMITED

(A Govt. Enterprisc)
SUDSIDIARY OF ININDUSTAN SALTS LTD.
SAMBHAR LAKE-303604 (Raj)

Phone : 224249, 224208, 124214

Fax : 01425224284

Gram : JHEEL NAMAK

doryzas

i
Email ; Sams g fan

No.1-WM/72004/ \G % Dated April 15, 2005
Dr. P K Ghosh

Director.(SMCRI

G B Marg, Bahavuggar (Gujarar)-364002

MODEL SALT FARM AT NAWA WORKS OF SAMBHAR SALTS Lid.,

Sir,

At the outset let me congratulate you and your 1eam of Scientisis who
were instrumental in fulfilling the dream of estblishing 2 madel salt fann in
Rajosthan 1o demonirate the process for the meaufaciuse of induswial grade
salt from the sub soil lrines of Rajssthan. The colluborative project
undermken jointly by CSMCRI {Bhavneger), Seli Deparument (Govi, uf
India), Tnduseries Dept (Gove. of Rajasthan) and Sambhar Salis Limited (SS1)
has stavted hearing fruits now. The first trial jiself has shown excellent
resules. The first crop of salt harvested has shown specifications as under:

NaCl 98.5% and 50+ 0.3 - 0.4% (s NasS0O4 1.

The wlt was further upgraded to NaCl 99.3% by simpli: heap washing
with dilure brioe, The yield of salt has gone up by factor of 3. The evedit of
thiz achievement poes to all rthe collaborating pariners in general and

BMCRI seienrisis in particolar.

oftgn wrater : O-ag7, W AR WY R O A A 1e, GAR-02 17
Regd. Office : B-427, Pradhan Marg, Malviya Nagar, Post Rox No. 146, Jaipur-102 017
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A one day workshop/training on production of good quality salt from the sub soil brines of Rajasthan was
arranged for the benefit of the salt producers at Rajasthan. The program was arranged jointly by CSMCRI
and Salt department. The model salt farm established at Rajasthan was made open to the salt
manufacturers of Rajasthan by Mr.Naspath Singh Rajivi, the Hon.Minister of Industries, Rajasthan State.

Improving quality andyield of salt produced by the marginal salt producers at Maliyain Gujarat

Asreportedinthe Biennial report2002-04, CSMCRI along with SEWA had adopted 109 salt works in Little
Rann of Kutch (LRK) for quality upgradation and under the supervision of CSMCRI scientists the marginal
salt producers at LRK could produce good quality salt from the sub soil brines of LRK region. The salt was
marketed directly to the user industries at a premium price. Looking to the success of the project,
Industries Commissionerate, Govt. of Gujarat has sanctioned a similar cluster development projectin the
Maliya region of Gujarat with CSMCRI as the nodal institute and ANANDI as participating NGO. 23
marginal salt works were adopted in the first instance. The new technology of controlled salt crystal
morphology for purer salt was adopted and the salt works were operated on sea brine as well as sub-soil
brine. AqualitycontrollaboratoryisalsosetupatMaliyaforthe analysisofsaltandbrine

GUJARAT ALKALIES AND CHEMICALS LIMITED, BARODA

PO:PETROCHEMICALS
‘ DIST:BARODA - 391346 ,GUIARAT
PHONE NO. ©256-22326B1-82, FAX NO, 0265-223213¢

________________ T T T T g ey

MTL=P/SALT/ANALYSIS DATE : 17/11/2006

BY COURIER

To

ANANDT PROJECT-MAHILA MITHA UTPADAK

MANDAL

C/0.ANANDI,

D-173, RAVIRATNA PART-3,

RAJKOT 360 005

GUJARAT

Sub:Supply of Ihﬂuttri_ll Salt (BARODA PLANT)

Pleage find hereunder datewise analysis of Industrial Salt supplied by you.

Date 504 Ca Mg Iron off Spec.
- i - == - qaty

09/11/2006 0.16 0.03 0.04 25.00 0.00
14/11/2006 ©.25 0.05 0,07 40,00 0.00
15/11/2006 0.24 0.04 @.07 50.00 0.00
weighted Average 0.20 0.04 ?.06 34,44 0.00

This is for your
. kind information

: i 2. Necessary action for improvement in salt quality
(Top) Salt being harvested by marginal agarias in

Maliya and (bottom) field training being imparted to [ VY g
the agarias by CSMCRI scientists. The table onthe authorised Signatory

right shows the analysis of the heap washed saltas . . N. Parikh)
measured by the user industry General Manage (WM & T.5.)
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Inview ofthe excellent quality of saltbeing produced (see reportfrom GACL,Vadodara)with very low levels
of calciumand sulphate merely through heap washingthe saltis being marketed to leading chlor-alkaliand
sodaashindustries.

Training
Training programs on production of high quality salt were organized for the technical personnel from
various saltindustrieslike GujaratHeavy Chemicals Ltd.and Hindustan Salt Ltd.

A one day work shop in Hindi on Salt & Marine Chemicals was organized on 7th Feb 2006 in which 10
technical presentations were made in Hindi. The programme was chaired by Dr. Durgadutt Oza, member,
Joint Hindi Advisory Committee, Ministry of science and technology. The institute is bringing out a
book/monologueonsaltinHindilanguage.

Establishing a model salt farm in Orissa

Salt production in Orissa has decreased dramatically in recent years and there is a need to reverse the
trend. Besides climatic factors which hamper productivity, the salt being produced in Orissa is of much
inferior quality and some of the saltis not even complying with edible grade specifications. As a result, salt
is being procured from distant states such as Gujarat. Looking to the success of the Rajasthan model salt
works, the Orissa Government and the Salt department wanted CSMCRI to set up a model salt farm at a
selected site in Orissa. The scientists of CSMCRI along with salt department officials and Orissa Govt.
representatives identified a site in the Humma region of Ganjam district and an agreement on
“Establishment of Model Salt Farm at Ganjam in Orissa” has now been signed for implementation of the
projectduringthe nextsaltseason.

Brine purification protocol for salt with inverted Ca/Mg ratio

The purity of brine required for chlor-alkali productionis extremely high. Brine prepared from salt mustbe
free fromtheimpurities of Ca, Mgand SO, which are always associated with solar salt. These impurities are
eliminated from the saturated brine through lime-soda treatment and it is reported that the Ca to Mg ratio
should be around 2:1 for optimum operation of the process. Reduced ratios lead to what is commonly
known as butter formation. On the other hand, the new process developed by CSMCRI yields salt with
extremely low levels of Ca and givesrise to an inverted Ca/Mg ratio, i.e., Ca:Mg <1. Accordingly, studies
have been initiated to ascertain the criticality of the Ca to Mg ratio and devise means of addressing the
problems, if any, so as to derive Analysis of purified brine using NaOH and Na,CO,in combination

maximum advantage from the new ( __ Saturated brine
process. Itwas observed that within two De[.;s:r:;ﬁ:;,on (untreated) aItr:ra':'?o ?]'g"‘:s Treated brine after
hours period maximum efficiency of Ca | gy ay) 24.18° Be’ . 20 hours
and Mg removal was realized although (2001)

complete removal necessitated longer pH 6.10 11.35 11.35
durations of settlin Constituents
¥ (ppm)
Ca” 12.03 Traces Traces
Mg” 85.56 246 Traces Y
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Low sodium salt from Bittern (Demonstration of the process)

Inthe biennial report2002-04 we have mentioned aboutthe development of a cost effective process for the
recovery of low sodium salt directly from bittern integrated with salt production. (US Patent No. 6,890,509,
dated 10 May 2005). The technology was successfully demonstrated on a workable scale to our licensee
M/s Hindustan Lever Limited, Mumbai.

Desulphatation of bittern Harvesting of carnallite Pilot plant operation

Demonstration of the process for the production of low sodium salt from bittern to
M/s Hindustan Lever Ltd., Mumbai.

Improvementsinthenovel SOP
manufacturing process

Carnallite/NaCl

(i) Generation of sylvinite directly from schoenite 100
endliquor %

Although bittern of oceanic origin can be utilized for 80

production of K,SO, via kainite (KCI.MgS0O,.2.75H,0)
and schoenite (K,S0,.MgSO,.6H,0) double salts, -
certain limitations are encountered in practice. These 11
include: (i) difficulties in obtaining pure schoenite from .
crude kainite, and (ii) requirement of KCI in the K,SO,

70

MgCly(mal /1000 mal H,0)

40

3o

forming process. It has been reported previously by us ,
that when schoenite is prepared from kainite through a 20

0 5 10 15 20 25 30 a5 40
simple reaction-cum-leaching process, the liquid CofeiH,0)
effluent, after desulphatation, is an excellent source of Phase diagram of the K.Cl,- MgCl, H.0, system
KCl which has led to development of a self sustainable Saturated with NaCl. The compositions of Dead sea

brine (¢), desulfated oceanic bittern (A) and SEL (°)
scheme of SOP manufacture (US PatentNo.7,041,268 and the trajectories these follow upon evaporation of

B2dated May 9,2006). water are also shown. Points 1 and 6 represent the
initial compositions of Dead sea brine and
desulfated oceanic bittern, respectively, while points
3 and 4 represent the initial and final compositions of
desulfated SEL.
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It has now been found that the desulfated effluent is ideally positioned in the phase diagram for direct
recovery of 70-80% of the KCI in the form of sylvinite (NaCI/KCI). The intermediate steps of carnallite
crystallizationand decomposition, encountered during sylvinite preparationfrom Dead Seabrineandasa
resultdesulfated oceanicbittern areavoided. (Ind. Eng.Chem.Res.(ACS),2006,45,1551-1556).

Ga(CH), CaSOy

(ii) Selective extraction of KCl from schoenite end liquor through
use ofdipicrylamineligand

DPA Ga’*(DPA),
Inthis approach, the production of KClfrom SEL is carried out with the aid caso, = .
of dipicrylamine (DPA). Lime is treated with DPA in water for the xo (NS'JTEEMgzt
production of highly soluble calcium dipicrylaminate Ca(DPA),, which, in cat: 07
turn, is treated with SEL to produce insoluble potassium dipicrylaminate " kroea) fitee llem
K(DPA) with >95% yield. The isolated K(DPA) is treated with 1:1 HCI to e

produce KCI solution which is separated from insoluble DPA and ¢, ¢ giagram showing extraction of KCI

precipitated gypsum.The gypsum canonce again be treated with limeand rom ?i“e”f‘ ;ﬂzg DPA and Ca(OH), and
recycling o

recycled. The aqueous KCI thus obtained is treated with schoenite to yene

prepare SOP.

Recovery of SOP from Sambhar bitternthrough glaserite route

Solid bittern available in the Sambhar Lake area comprises a mixture of sodium sulphate and sodium
chloride. We have explored the possibility of recovering glaserite (Na,S0O,.3K,SO,) from this bittern

through addition of KCI, inview of theimportance of sulphuras aplantnutrient.

NayClo

60

Phase equilibrium data of the system Na,SO, +
Na,S0, - 2KCIl K,SO, + 2NaCl at 25°C (Concentrations
expressed in mole / 1000 mole of H,0). Point 1
represents the composition of Sambhar bittern
while points 2, 3, 4, 5 and 6 represents the
composition of the KCI treated bittern at various
stages of evaporation.

Na; S0, 10H,0

NapS0y,
60 Lof

20
K550,

Itisobservedthatata solution compositionrepresented by points 2,3,4 and 5inthe figure, the solid phase
separated is mainly glaserite and at point 6 glaserite is separated along with NaCl and KCI in the solid
phase.Basedonthe above findings, ascheme has been worked out forthe recovery of SOP from Sambhar
solid bittern. The bittern is treated with stoichiometric amount of KCI (with respect to sulphate) and the
solution evaporated underambient conditions up to the stage of point 5. The solid phase containing mainly
glaserite (61 % yield w.r.t. KCl added) was separated and the solution was further evaporated for the
recovery of otherpotassium-containing products.
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High purity magnesiafrom bittern

Two important problems encountered in the preparation of MgO are: (i) poor filterability of the precursor
Mg(OH), and (ii) residual impurities in lime used in preparation of Mg(OH), from MgCl, which end up in the
product. Inone solution to the problem, the issue of poor filterability has been addressed and material of
evendough-like consistency canbe processed. Asecondroute hasbeendevisedthataddressesboththe
above problems andyields MgO of >99% purity. Its potentialforscaleupisbeingassessed.

” |

#7 A L T L IW\"""I“L T _)\\T \_'TN -
70 80

4o ) o P 100 wo

Powder XRD pattern of MgO having 99.35% purity
which was prepared by a novel route that dispenses ) ) ) )
with the need for washing of crude Mg(OH),. Preparation of high purity MgO in progress

Synthesis of nano structured MgO from bittern

We are actively working on the synthesis of nano-structured MgO for speciality applications from natural
bittern. Three different approaches namely (a) bulk synthesis of MgO from aqueous MgCI, solution (b)
hydroxylation of Mg precursor using suitable template and (c) hydroxylation of Mg precursor using phase
transfer approach have been tried to achieve the target material. The experiments are at a preliminary
stage.

EHT = 15.00 Ky Signal A = SE1 CEMCRI-SEM Chamber = 5 506001 Pa
WD= 14mm [He Mag = 18.57 K3 um” ignal A - 581 C3MCRISEM Chamber = 5438201 Fa
o= 03K Mag= 647 KX

SEM image of (a) nano rods of MgO obtained by the template assisted hydroxylation of MgCl, and (b)
nanostructured layered MgO prepared via hydroxylation of MgCl, using phase transfer approach
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“GreenBromine”: ANew Conceptin Eco-friendly Bromination

We have previously disclosed the cost-effective preparation of a bromide:bromate (2:1) reagent (termed
as “Green Bromine”) from the alkaline intermediate of the conventional bromine recovery process . (US
PatentNo: 6,740,253 dated 25 May 2004).The reagentis acidified in situto generate HOBr as the reactive
species which effects bromination. Facile bromination of a large number of organic substrates has now
been demonstrated. Aromatic substrates that have been successfully brominated under ambient
conditions without use of any catalystinclude phenols, anilines, aromatic ethersand even benzene. Non-
aromatic compounds bearing active

methylene group were monobrominated Bromination with "Green Bromine"
selectively with the present reagent and Eco-friendly
olefinic compounds were converted into Versatile
the corresponding bromohydrins in Atom Efficient

. s Cost-effective
moderate yields. By obtaining the 4NaBr + 2NaBrO, + 6NaCl

present reagent from the liquid bromine = Salt bittern
precursor, the twin advantages of PH23 y NaOH + CI
avoiding liquid bromine and producing
the reagent in cost-effective manner are
R

realised. When coupled with the Aq.NaCl  sNaBr +NaBrO
additional advantage of high bromine 6H (Bmmmepmi,umw)
atom efficiency, the present protocol

becomes attractive all the way from 6RBr
cradle to grave (Green Chem., 8, 2006, | Debror inated Br
916-922).Technology has been licensed | bittern (Transient
for the production of p-nitro-benzyl Jormation)
bromide using this reagent. Technology

has been separately licensed for

manufacture ofthereagent.

4y

Aq. NaOH

lodine estimation kits

During the year 2001-02 the Institute supplied 200 lodine estimation kits to UNICEF. The estimation of
iodineis carriedoutthroughanimproved methodology which can detectthe possible adulterantsiniodized
salt. As a result of the encouraging feedback from end users, UNICEF had placed orders for more kits for

distributionin different parts ofthe country.
Dr.Vikram Sarabhai Award (2005-06)

The Institute received the Dr. Vikram Sarabhai
award - 2005-06 in the field of Industry for the
work on: "New products and processes in the
area of salt: From concept to
commercialization." This award was
constitutedby GUJCOST, Govt. of Gujarat

lodine estimation kit developed by CSMCRI

11 CSMCRI BIENNIAL REPORT 04-06




Analytical Science

ANALYTICALSCIENCE

Estimation of moistureinliquidbromine

A methodhasbeendevelopedto estimate moisture contentinliquid bromine using FT-IR.Dry bromine has
no absorption in the 4000-3000 cm™ region whereas water absorbs in this region. Therefore, moisture in
liquid bromine can be estimated by recording absorbance of the sample in this IR region. Standard
samples (five) were prepared by adding known amount of waterinto dry liquid bromine.The IR absorbance
ofthese solutions was determined and a calibration curve generated. The absorbance of the sample liquid
bromine was measured and the moisture content estimated using the calibration plot. Moisture content as
lowas 5ppmcanbe estimated quantitatively by this method.

3-Dimage oftalc particlesby SEM ---

Three-dimensional image of individual talc particles was generated for a
particular study. The samples were added into a suitable organic solvent
and dispersed through sonication. The dispersion was then placed in a
sample holder and the solvent allowed to evaporate in vacuum under dust
free condition. It was then scanned for images of single talc particles. In a
noteworthy achievement, the SEM Graphic User Interface software which
yields 2-D images was modified to generate 3-D view of the talc particles.
The methodhasbeenusedinanumberofrelatedapplications.

3-D image of talc particle

Biological sample preparationfor SEM

Normally biological materials require tedious
chemical treatment procedures for prevention of
structural collapse due to the drastic conditions
inside the sample chamber of SEM. Moreover,
costly and toxic chemicals like OsO, are required for
staining and it takes days to complete the sample
preparation. Using the Peltier cool and variable
pressure mode of the environmental SEM, the _ ] .
pretreatment of the samples could be totally [EREE= = y & saticarnia

Treated with NaF

avoided and, instead, the biological sample could [ . mx  coum ™5 crezoony woe tzen  semome e saA- v
(24

Collentol Biag = 2% %

be introduced in "garden fresh" condition into the |p. s o T ———————————
sample chamber of SEM. Temperature and SEMimage of leaf surface of salicornia species showing

however, crucial. Paand-20°C.
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Identification of urinary stone constituents using Powder X-ray diffraction and FT-IR
techniques

The Saurashtraregion of Gujaratis a highly urinary stone disease prone area. Constituents of urinary stones
removed from various patients in this region have been analyzed. Stones were collected from various
patients through urologists and have been analyzed using powder X-ray diffraction and FT-IR spectroscopic
methods. Constituents present in the stones have been identified by comparing the measured
diffractograms with JC_PDF (joint committee for powder X-ray diffraction file) and ICDD (international
crystallographic diffraction data) database set number 46. The analysis revealed that calcium oxalate
monohydrate (COM), also known as whewellite, is the common constituent of all of the stones at the primary
stage. However, stones from patients with long history of disease show presence of mixed phases consisting
of whewellite hydroxyl and carbonate apatite phases. Powder X-ray diffraction and infrared spectroscopy are
foundto be excellenttoolsto characterize and quantify constituents of urinary stone.

1 1 14 T 1 KSN3

10 20 m 40 m 60 4000 3000 200 i 1500 1000 40 .0

2
Diffractograms of pure whewellite phase FT-IR spectra of whewellite, hydroxyl apatite,
from various patient and carbonate apatite mixed phases

Kinetic study of thermal cycloimidization of PAAto PAlusing TGA technique

The kinetics of cyclodehydration of poly(amide-amic acid) to poly(amide-imide) was investigated by
isothermal TGA experiments performed under nitrogen atmosphere. Polymer samples were heated from

80 P

604 /A /a/

40 "
—

iy/aas

0_

0 10 20 30 w0 50 0 min 0 10 20 30 40 50 60 70 80

Wt loss (%)
Imidization rate (%)

Time Time (min)
Isothermal TGA thermograms showing Completeness of cycloimidization (%) of poly(amide
cycloimidization behaviour heated at 175°, amicacid) polymer as computed from TGA curves at
200°,225° and 260°C. 260°, 225°, 200° and 175°C (top to bottom)
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room temperature to a specified temperature (175, 200, 225 or 260°C) within a fixed time period (12 min)
and maintained at that temperature for 1 h under nitrogen. Thermograms were recorded from the start of
the experiment as weight loss against time. The extent of cycloimidization (%) at different times was
estimated by taking the ratio of observed weight loss to the theoretical weight loss expected for complete
imidization. It was observed that the onset temperature of cycloimidization is around 200°C and that
heating for 1 h at 260°C leads to quantitative cycloimidization. The cyclization of PAAs to imide was also
monitored by quantitative FT-IR experiments. TheIRandTGA analysesyielded convergentresults.

Analysisoftrace metalsinsaltusing ICP-OES.

It has been observed that analysis of different metal ions in salt using 'normal’ standard provides results
with high error. Therefore studies were conducted to minimize such errors. In this study, standards
containing high concentrations of salt (12.5%) were prepared and calibration plots run on these samples.
It was found that when standards and samples had same matrix then even 0.1 ppm sample could be
analyzed with accuracy against 10 ppm standard. Results improved further when 3 point calibration (using
1 ppmstandard) and 4 pointcalibration (using 0.1 ppm) was carried out.

2 Merck std Merck std High salt std High salt High salt std High salt std
Analyte (10 ppm) as sample as sample as std as sample S G
) (10 ppm) (10 ppm) (10 ppm) (10 ppm) (0.1 ppm)
(1) (1) ) ()
Co 10 10.130 2.179 10 9.659 0.095
Cu 10 10.060 7.577 10 10.08 0.105
Ee 10 9.847 2.250 10 9.945 0.158
Mn 10 9.916 2.402 10 10.13 0.104
Ni 10 10.150 1.985 10 9.754 0.106
Pb 10 10.120 2.168 10 9.590 0.068
/n 10 10.000 1.443 10 9.563 0.096 /
Iron = Series3 — Linear (Series3) y = 1.004x Zinc |—|—Series7 — Linear (Series7) | y=0.7988x
— R =0.9917 R2=0.9801
Conc of std. (ppm) Conc of std. (ppm)

Calibration curves for Fe and Zn obtained from ICP analysis using high salt standards
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Quantitative analysis of alkali and alkaline earth metal ions in a mixture using ion
chromatography

Analysis of alkali and alkaline earth metal ions in a mixture of these ions was carried out with precision
usingion chromatography. The critical part of this analysis was preparation of standard samples. Standard
was prepared in a mixture and the relative concentration of each metal ions in the mixture was close to the
expected concentration of the metalionin the samples. The analyses were carried out using lon Pac CS12
(2mm)analytical columnand 20 mM methylsulphonic acid as eluant with aflow rate of 0.25 mL/min.Method
was validated by analyzing standard samples in a mixture as unknown samples. This method was applied
toanalyze metalions extractedfrom saltbitternsusingvarious extractants.
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lon chromatogram of a standard solution  lon chromatogram of bittern lon chromatogram of the extracted
containing Na’, K', Mg’* and Ca®™ metal ions

Estimation of methanol to glycerol ratio by NMR in the
reaction mixture during production of Biodiesel

Biodiesel preparation from vegetable oils such as Jatropha oil 13-885
requires greater than stoichiometric amount of methanol. The

excess methanol, together with catalyst and glycerol produced in

the reactionyields aviscous liquid mass referredto asthe “glycerine

layer”. With a view to recover methanol and catalyst from the
glycerine layer, we have undertaken a study to quantitatively 8.522 1
estimate the constituents of the glycerine layer. NMR has been
foundtobeasuitabletechniqueforthispurpose.

KOH
Oil +MeOH —— P Biodiesel + glycerol + MeOH
5.134 1

Identification of phorbol esters in jatropha seed cake using
LCMS

Identification of phorbol esters, a group of naturally occurring
compounds present in jatropha seed cake (raw material for bio- Intz- lVB«azlue
diesel), was carried out using LCMS. Initially, analytical HPLC
experiments were performed (280 nm, UV detector) using the
methanol extract of the seed cake to develop suitable methodto m————————T7———7———71—

. . 3.8 3.6 3.4 3.2 ppm
separatethe esters.Fourpeaks ofthe esterswere obtainedinthe
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retention time 24-27 min. These compounds were separated using semi-preparative HPLC column and
both MS and LC-MS experiments were performed to determine the molecular weight of the compounds.
The m/z values for the first peak is 537, for second and third peaks is 733 (710 + 23 for Na") and for fourth
peakitis 303.The molecular weight of the phorbol ester corresponds to the third peak (m/z710) also found
inthe oilisolated from Jatropha.Detail structural characterization of thiscompoundisyettobe carried out.

Identification, quantification and shelf life study of plant growth regulators in Kappaphycus
alvareziisapusingLCMS

It has been reported by us previously that the sap of the red seaweed, Kappaphycus alvarezii, is a potent
biofertilizer with considerable prospects of large scale production, along with the phycocolloid, e-
carrageenan, which can be extracted from the residue (U.S.Patent No.6,893,479).The application of ESI-
MS and MS-MS spectroscopy has enabled us to characterize four plant growth regulators [indole 3-acetic
acid; kinetin (6-furfuryl aminopurine); zeatin (6-[4-hydroxy-3-methyl but-2-enylamino] purine); gibberelin
GA, (2,7-dihydroxy-1-methyl-8-methylene-13-0x0-1,2,4b,5,6,7,8,9,10,10a-decahydro-4a,1-
epoxymethano-7,9a-methanobenzo [a] azulene-10-carboxylic acid )] inthe sap. Quantitative data could
also be generated on their concentrations (indole acetic acid, 23.36-23.62 mgL"; kinetin, 7.94-8.07 mgL™";
zeatin, 23.97t024.32mgL"; GA,, 27.87 t0 28.16 mgL™") through MS studies with an internal standard. The
growthregulators were also quantified by HPLC for comparison and validation. The similar concentrations
estimated for cytokinin (kinetin + zeatin) and gibberelin (GA,) by HPLC validate the quantification by ESI-
MS. However, the MS could individually identify the kinetin and zeatin constituents whereas HPLC could
not. Inthe case of IAA, the HPLC is far too complex for its accurate quantification whereas such problems
are easily overcome inthe ESI-MS analysis. Shelflife studies over a period of three months revealed that
the concentrations of these growth promoters remainedvirtually unaltered when a suitable preservative is
incorporated.

N Kinetin (MW: 215.19)
indole acetic acid (MW : 175.15)

I (2362 ppm ) - \(7.92 ppm )
e ) :;;",i ' ” ]
by \ L. w{m“““w“m T

HO,
_; /\ Gibberellin (MW 345.45)
&g — NW ) ) \ (28.16 ppm )

220 47)

" ““h‘ L|/ .

Mass fragmentation pattern of plant growth regulators
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HPLC technique to evaluate performance of membranes towards separation/rejection of
phenolanditsderivatives

A method has been developed to analyse phenol,
2-chlorophenol, 4-chlorophenol, 2,4-
dichlorophenol, 2,4,6-trichlorophenol, 2,3,4,5,6-
pentachlorophenol by HPLC using C18 reverse
phase column and acetonitrile-water mobile
phase. Applying this method, analysis of all the
above compounds were carried out quantitatively
before and after passing through different
membranes. Rejection efficiencies of different
membranes were studied and the results were
rationalized on the basis of pore size of the O
membrane, molecular volume and dipole moment
of the compounds. The compound 2,3,4,5,6- HPLC profile for phenol and its derivatives before and

pentachlorophenol shows maximum rejection @/ter passing through membrane; 2,5,4,5,6-
pentachlorophenol shows(inset) maximum rejection.

ATIS Lewt 9120

4 ClPhe

i1 246-m Ciphe 23456
it PentaCl

whereas phenolshowsleastrejection.

Spectrophotometric method of estimation of Br and BrO, ions

Quick and sensitive spectrophotometric methods have been developed for bromide estimation in
presence of excess bromate; and bromate estimation in the presence and in the absence of excess
bromide in both chloride and chloride-free aqueous acidic solutions. Employing the present method we

have estimated the concentration of Br and BrO, in the alkaline intermediate of bromine recovery plants,

debrominated effluents, seawater samples of variable densities at different coastal parts of Gujarat and
alsofromplantmaterials.

Receptorsforanions

Fluoride Sensor It has been shown that urea and thiourea binding
sites anchored to anthraquinone signalling sub-units are suitable
colometric reagents for F sensing. The effect of subtle changesinthe
structure of the receptor (from urea to thiourea) has been observed.
Receptors 1 and 2 have shown least or no affinity for Cl', Brand I'ions.
Accordingly, it is possible to conceive the use of these systems in
various sensing, anion transport and purification applications.
Interestingly, the urea-based receptor is unsuitable for sensing
fluoride atroomtemperature. Abinitioquantumchemical calculations
and indicated the possible factors responsible for the selective ,_p.. Receptor, B = Fluoride,

binding of fluoride to the exclusion of otherhalides. C =Chloride, D = Bromide,
E =lodide

RECEPTOR 1

RECEPTOR 2,

D E
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xj/
O NH HN/®
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X=N,1;X=0,2

Receptor for fluoride Ab initio quantum chemical calculations shows
thiourea binding sites

Supramoleculararchitecture and properties

Interaction of water cluster with native and heptaprotonated octaamino cryptand Homoditopic cryptand
having N4 donor sets with xylyl spacers has been utilized as a template to isolate the largest water cluster
[(H,O),] reported so far (J. Am. Chem. Soc. 2005, 127,13132-13133). Crystallographic results reveals
an infinite 2D layer of water molecules having a central cavity along the c axis that accommodates the
cryptand molecule.

~
NH N/:?"]\l
(@) (b) © (@) @)

(a) Octaaminocryptand; (b) Interaction of (a) with the water layers where N, units are covered by the “water crown”
viewed down a-axis; (c) Topology of (H,O),; cluster having C3-symmetry; (d) Topology of (H,O),, subunit in the
asymmetric unit; (e) CPK diagram of the water structure making through channel down c-axis.

It is previously reported that protonated aminocryptands are good receptors for anions. We have
protonated the above octaamino cryptand (a) to study halide encapsulation. Heptahydrochloride salt of
native cryptand (f) encapsulates one chloride inside the proton cage. Crystallographic analysis shows
thatthe cage stabilized the structure of discrete propeller-shapedtricyclic water [(H,0),,] clusters (g).This
isthefirstreportofa“discrete” propeller-shaped undecameric water cluster (Angew. Chem. Int. Ed. 2006,
45,3807-3811). This water cluster, oriented symmetrically around the cryptand moiety, interacts with the
encapsulatedchlorideinsidethe cryptand cavity.
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(9)

(a) ORTEP diagram of heptahydrochloride salt of octaamino cryptand; (b) encapsulated chloride and its
interaction with the discrete (H,O),, cluster.

In a further study carried out with functionalised (with anthryl moiety) octaamino cryptand (h), the
interaction of the host with different guests was investigated. The single crystal of (h) grown from

(h) (i) j
(h) Hexaanthryl octaaminocryptand structure; (b) Self assembly of six molecules of (h) forming a channel where
adduct (space filling model) is stabilized; (c) Space filling model of the chloroform-benzene-chloroform adduct.

ethylacetate / chloroform / benzene solvents revealed that six molecules of (h) self assemble to form a
symmetrical organic channel in the solid state, which acts as a host for the CHCI,-C,H,-CHCI, adducts

(Figures (i) and (j). The unique interaction of chloroform and benzene, with the C-H of CHCI, interacting on

both sides with the & cloud of benzene (i), has been reported for the first time and is in agreement with
theoretical predictions (J. Am.Chem. Soc. 2006, 128,9600-9601).

Receptors foralkalimetalions Afamily of p-tert-butylcalix [4]arene-crown-5 with various substituents (H,
COCH,, CO,C,H, and CO,H) appended at the opposite phenolic oxygen atoms have been synthesized in
cone conformationto evaluate theirefficiency and selectivity towards differentalkaliand alkaline earth
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metalions, and also to ascertain the role of appended side arms
in the complexation process. Selectivity of these ionophores
has been evaluated by two-phase extraction method using
aqueous solution containing equimolar amounts of Na*, K*, Mg*
and Ca*, followed by ion chromatographic assay of the metal
ions in the extract. Among these ions, K* shows highest
selectivity in all cases, except in one case where two phenolic
oxygen atoms contain COCH, substituents. All the ionophores
show poor selectivity towards Mg* and Ca*. Association
constants (K)) for the binding of Na® and K* to these ionophores
have been determined spectrophotometrically. K, (7.2x107) is

highest for the binding of K to the ionophore having CO,C,H,
substituents. Molecular structures of four of the ionophores and X-ray structure of the K* complex of a calix-
four of the metal complexes have been established by single crown ionophore, coordinated oxygen
crystal X-ray study. Analysis of the structures revealed that the atoms are shown with red ball and K" with
oxygen atoms of the crown ring and hydrogen atoms of the blueball

substituents atthe phenolicoxygen areintensivelyinvolvedin H-

bonding interactions and in case of the ionophore with two COCH, substituents, the C-H...O interactions
make a eight membered zigzag ring almost perpendicular to the crown ring, which prevents entry of the
metalionsinthe calix-crown cavity. The ionophore with CO,C,H, substituents, where no suchinteractionis
observed, forms metal complexes easily and exhibits the highest association constant. 'H and °C NMR
studies have also been carried out to investigate conformational behaviour of the ionophores and their
metalcomplexesinsolution.

NIR-active electrochromicdevice

Newly synthesized semi-quinone-
derivatives of the ruthenium polypyridyl
complex covalently linked to a porphyrin-
core, show very strong absorbance ( ~
59000-83500 M’'cm”) for the absorption
band in the NIR region of the spectrum. The
compounds also exhibit reversible
electrochromic behavior, as a function of the
redox state of the coordinated dioxolene functionality and switching phenomenon between bleaching and
restoration of the NIR-peak could be achieved electrochemically. Thus, these complexes could be ideal
materials for application in NIR-active electro-chromic devices. Ultra fast studies on complex (1) and its
mononuclear components, corresponding catechol derivative of the porphyrin and Ru(bpy)(bsq)’, reveal
thatthereisno electron orenergy transferfromthe porphyrintothe Ru(bpy),sq-fragmentorvice versain 1.
The observed decrease in the luminescence quantum yield for 1, compared to H,L, can be ascribed to the
increased non-radiative pathway due to higher vibronic coupling because of the direct linkage of metal
centertothe porphyrin moiety.

L =400nm
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Non-polymeric organic hydrogelators

Tris-(4/3-pyridyl) trimesic amides have been prepared and tested for hydrogelation. Both compounds
showed excellent hydrogelation properties. Single crystal structures determined for both the compounds
showed presence of 2D hydrogenbonded network having continuous channels comprising of hydrophobic
cavities. Using 8-anilino-1-naphthyl sulfonic acid-Na salt (ANS-Na) as a hydrophobic fluorescent probe,
the gel formation has been monitored and it was observed that fluorescence intensity gradually increased
with time and remained unaltered after the gel had formed. These results along with single crystal X-ray
structures supportthe formation of hydrophobic cavity formationingel network.

’N| Ho A
H-Nj;j } o e NZ o) N
o .

Be. zene-1,3,5-tricarboxylic acid
vis-pyridin-4-ylamide

Benzene-1,3,5-tricarboxylic ar .d
tris-pyridin-3-ylamide

S-anilinenaphthale ne-1-sul foric aicd N salt
ANS-Na

Hydrophobic
cavity in gel
state

Designed organic-inorganic hybrid solid

A. se.ries of perchlorocuprate salts of py.ridinium mo!wo-.and ”_”Q_“\_(‘:‘;N‘_H H_NC}_‘:_C”'”
dications (Scheme 1) have been synthesized and their single C D
crystal structur.es analyzed. It was observed that th.e t?lfurcated H-NQ_{N_Q !D_{N—uw-ﬂ
hydrogen bonding synthon N-H...Cl,-Cu (synthon A) is important b H ] o
f

in shaping the supramolecular arrays of such solids. However, iE F__H_
occurrence of synthon A is dependent on the topology of the H—NC}—E E—Q‘H O ,O_H__,:}_C“*'”
cations, geometry of the anions and other weak interactionsin the G s H
solid matrix. The figure below represents one such example M Q
wherein the alternating arrangement of cation and anion can be H‘”iﬂ H"}H
observed.

Scheme 1

Synthon A

The pyridinium cations studied
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Metal-organic coordination framework

The study of self-assembledfinite and infinite metalorganic coordination networks (MONSs) is a very active
interdisciplinary research area with potential applications in magnetics, optics, electronics, catalysis, and
general guesthost interactions. The ability to control or predict the network architectures that obtain from
the self-assembly process is a central but elusive goal in this area of supramolecular chemistry. We have
been interested to understand the various structural motifs that can be created by using o,»-
dicarboxylates with versatile mode of coordination of the carboxylate groups with transition metals and
various N-donar ligands. In this direction two coordination ternary Cu(ll) coordination polymers
[Cu(2,2Bpy)(p-adipate-H2)],.2.H20 (1) and [Cu3(p-adipate-H), (p-adipate-H2),].3H20 (2) have been
synthesized and by simple one pot reaction. Both these complexes have beenisolated and characterized
by various physicochemical methods including single crystal X-ray diffraction studies. Structural studies
reaveled that (1) is a one dimensional zigzag coordination polymer and the packing of the polymeric
network with ©t--n interaction of the bpy ring creates cavities which occupy the lattice water molecule with
strong H-bonding with the carboxylato oxygens. In the case of complex (2), monodentate carboxylate
oxygens from both the ends bridges the Cu(ll) centers of the mono and di anionic adipte ligand. In addtion
to the interesting motif in both these complexes, the tertameric water tapes generated by O-H...O
interaction between the lattice and the coordinated water molecules bridging the adjacent two
dimensional sheetsbytetrameric watertapesisaninterestingobservation.

Packing view of the complex [Cu,(p-adipate-H), (u-adipate-H,),].3H,0 (2)
Cu(2,2Bpy)(u-adipate-H2)]n.3.H,O (1)

Tetrameric water tapes in 2 generated by O-H...O interaction between the lattice water and coordinated
water molecules
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Supramolecular Metallohelicates

The self-assembled single stranded supramolecular
architecture synthesized by simple one pot reaction,
preserving amino acid in their helical skeleton, was
investigated for their optical property. The complexes [Cu(DL-
Phe)(BPY)](CIO,)(1), [Cu(DL-Phe)(Phen)(H,0O)] (CIO,)(H,0)
(2) and [Cu(L-Phe)(BPY)(H,0)]IH,O0CIO,, (3) where DL-Phe =
DL-phenylalanine, BPY = bipyridile, Phen = 1,10-
Phenanthroline, were synthesized and characterized by
various spectroscopic and analytical techniques. All these
three compounds possess almost similar chemical
compositions and Cu" geometry, the small difference in the
orientation of phenylalanine resulted into folded and extended
conformation leading to non-covalently propagated

supramolecular helical architecture. The compounds (1) and ffelical architectures indicating helical
(2) consisting enatiomeric DL mixture of amino acid the “switch rotation; green (folded fqrm), red (extended

. . ) ) ) o form) and yellow-red (mixture of folded and
on” and “switch off” nature of their optical behavior is currently oytenged form) of complex 2.

underinvestigation.

Computational Study
C,-Chiral Substituted-cis-1,3,5,7-tetraazadecalins as proton sponge

Using density functional quantum chemical calculations chiral 1,5-diaza-cis-decalins and substituted
1,3,5,7-cis-tetraazadecalins have been designed as chiral proton sponges. The calculated gas-phase
proton affinities of 1,3,5,7- cis-tetraazadecalins are higher compared to the well-known 1,8-
bis(dimethylamino)naphthalene (DMAN) compound. Cooperative and anomeric effects seem to be
responsible for the stabilization of the protonated forms in 1,3,5,7-tetraazadecalins. These calculated
results show that the 1,5-diaza-cis-decalins and N-substituted-cis-1,3,5,7-tetraazadecalins can be used
as chiral proton sponges and will have a range of useful applications in asymmetric synthesis. As a first
stepitis proposedtovalidate the theoretical calculations through experimental determination ofthe pK..

N M 92 N M 62
1,5-diaza-cis-decalin 1,3,5,7-cis-tetraazadecalin DMAN
[1048] [1055] [1030]

Proton affinity B3LYP/6-31+G** (kJ/mol)
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Tandemreactionstoward alkaloids andterpenoids.

Alkaloids The three-component reactions of cyclic diazoamides
involving rhodium(ll) acetate catalyst were utilized for the
synthesis of spiro-furansincorporating the oxindole unit (a). The
processes involving bis-diazoamides and bis-aldehydes lead to
the simultaneous creation of four carbon-carbon bonds, two
carbon-oxygen bonds and four chiral centers in a single
synthetic step. The operational simplicity, high
diastereoselectivity and high yield are salient features of this
multistep, one-pot synthesis of novel heterocyclic compounds
(J.Org.Chem.2004, 69,5631).

Inanother synthesis, five-membered-ring cyclic carbonyl ylides,
generated from the rhodium(ll)-catalyzed reaction of -diazo
ketones, undergo successful 1,3-dipolar cycloaddition reaction
across indole =m-bonds to produce oxa-bridged
decahydrobenzocarbazoles (b) in a facile manner (Tetrahedron
2004, 60, 7885). This tandem intramolecular cyclization-
intermolecular cycloaddition sequence is attractive as eight
stereocenters, four carbon-carbon bonds and two carbon-
oxygen bonds are formed concomitantly in a single step with a

X-ray crystal structure of
compound a

high degree of stereo and regiocontrol under mild experimental X-ray structure of compound b

conditions.

Terpenoids The transient five-membered ring carbonyl ylides
generated from a-diazo ketones undergo multiple 1,3-dipolar
cycloaddition reactions with heterodipolarophiles such as
ketone or aldehyde functional groups to afford the bis- or tris-
epoxy-bridged tetrahydropyranone ring systems (c¢) in a
chemo- and diastereoselective manner (Tetrahedron Lett.
2004, 45,6485).

An efficient approach to synthesize spirocarbocycles with
variousringsizesviarhodium(ll)-catalyzed tandem cyclization-
1,3-dipolar cycloaddition reaction was developed that features
arapid construction of the oxa-bridged spiro[n,m]alkanes (d,e)
under mild conditions with high regio-, chemo- and
diastereoselectivities (Chem.Commun. 2005, 3862).
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A range of cis-fused hexahydro-1-benzofuran-3(2H)-one ol
or tetrahydro-2H-cyclopenta[b]furan-3(3aH)-one ring re\@_o\ , ]
systems (f) was synthesized by the rhodium(ll) acetate

catalyzed reaction of a-diazocarbonyl compounds in the

presence of various oxygen, nitrogen and sulfur  Me a -
nucleophiles. A double nucleophilic addition was possible ’
= ) Ph %
to obtain (g) by using an excess of a-diazo ketone. This & R 7 & =
process discloses the first example of tandem cyclization- exo-dsomer endo-lsomer
nucleophilicadditionreaction (Org. Lett. 2005, 7,4577). d €
Nu
( ) H 0. O
We have also demonstrated for the first time that the R o Vg
p 1
tandem cyclization-1,3-dipolar cycloaddition reaction of - Ve 5

diazo ketones induced by rhodium(ll) acetate catalyst in

100% diastereoselectivity n=0,1
[bmim]BF, ionic liquid as a solvent at room temperature. when Ry=H meso and d/ compounds
(Tetrahedron 2005, 61, 1309). This process was also f 9
studied in other ionic liquids with different rhodium and o Q
copper catalysts. The solvent [omim]BF, and the catalyst o Ej\sr
Rh,(OAc),canberecoveredconveniently and reused. COCHN2 Rh,(OAC) éH3 H
/\CH3 ——< Q tolyl
. Bmim]|BF p-toly
New synthetic methods IBIERESA OZ%(
O H
CHs
We have developed a novel method to synthesize
macrocyclic tetralactones in a facile manner from
commercially available raw materials. This methodology O O PTC, K,CO4 o O
provides synthesis of medium- and large-sized R1J\)J\R2+ Br/\(%Br_>DMF R R2
macrocyclic tetralactones having oxyethylene-, alkenyl-, h n
. 3 +
alkynyl-, alkyl-, and aryl spacers. Further, the multiple n=13 p1c = |FNAN-R X~
reduction of unsaturated macrocyclic tetralactones was =
successfully performed to afford fused, saturated
macrocyclic core under mild conditions (Org. Lett. 20086,
8, 1913). We have also demonstrated that o o oﬁo
environmentally benignimidazolium saltscanbeusedas voXon O oH X o o
R HO " "OH - :
i i . O ——» X X X
phase tranlsfer ca?alysts fc?r the dialkylation and Eé TEA DN on_poe g S
cycloalkylationreactions of active methylene compounds o OMO o, OMO
under mild conditions. Notably, cyclopropane and N
cyclopentane derivatives (h) were obtainedin goodyields 13

atroomtemperature (Tetrahedron Lett. 2005, 46, 635).

25 CSMCRI BIENNIAL REPORT 04-06




Inorganic Materials & Catalysis

DISCIPLINEOFINORGANIC MATERIALS AND CATALYSIS
CHIRAL CATALYSIS

Recoverable chiral catalysts forasymmetric epoxidation

Catalyst+ NaOCl )
! 2 PyN-O/DCM/O°C R, R
Non-functionalised
olefin Epoxide

R,=R, H, alkyle, aryl

Immobilization of chiralMn(lll) salencomplexes on MCM-41

Furtherto the earlier reported studies on anchoring of chiral Mn(l11)
salen complexes in the clay interlayer space, it has now been
possible to anchor the complex on pyridine N-oxide-modified
ordered mesoporous silica-MCM-41, where the pyridine N-oxide
functions as an axial ligand. The enantioselectivity towards
epoxidation of styrene was found to be better than that observed
with the homogeneous counterpart (62-69% vs. 36-51% under
homogeneous conditions) however the rate of reaction was slower.
These catalysts were also effective for the bulkier alkenes such as
indene and 2,2-dimethylchromene and have shown comparable
reactivity (82-98%) as well as enantioselectivity (69-92%) to that of
homogeneous system. The catalyst could be separated by simple
filtration and recycled several times without loss of

performance.(J.Catal.235(2005)28; Tetrahedron: Asymmetry, 16(2005)3562; J. Catal 238(2006)134).

Mn(lll)salen supported MCM-41

Dimericand polymeric Mn" salencomplexes asrecyclable catalyst

Dimeric Mn" salen complexes 1a and 1b were synthesized for asymmetric epoxidation reactions, as an

alternative approach for easy recoverability of the catalyst. These catalysts exhibit high efficiency and
selectivity and can be very easily recovered at the end of the reaction through simple precipitation with
non-polar solvents while the product remains in solution. Polymeric chiral Mn (Ill) salen complexes could
alsobe synthesized through asimple protocoland canberecovered easily after completion ofthe reaction.
(J.Catal, 224(2004)229;J.Mol. Catal.,218(2004)141; Catalysis Lett., 107(2006)127)
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1a

Dimeric Mn" Salen complexes 1a and 1b
Epoxides which cannot be synthesized directly with high enantioselectivity can nonetheless be obtained
in high chiral purity through hydrokinetic resolution of the racemate. Recyclable dimeric Co(lll) salen
complexes are found to be particularly useful forthis purpose. Enantiomerically pure epoxides and diols
(99%, ee) fromracemic epichlorohydrin, 1,2- epoxypropane, 1,2-epoxyhexane, 1,2-epoxyoctane and 1,2-
epoxydodecane were achieved by hydrolytic kinetic resolution and the catalyst could further be recycled.
(Chirality 17(2005)1)

O Complex 1 HO OH
/A N >4 N
R HzO R

R= CH,CI, (CH3)3CH3;, (CH,)5CH3, (CH,)gCHs

Dimeric Co™ Salen complex 1

Epoxideringopeningreactionsundersolventfree conditions

Zeolite Amolecular sieve was found to be a useful catalyst for preparation of chiral amino alcohols in good
yield and selectivity from the precursor chiral epoxides. The reactions could be carried out under solvent-
free conditions. Interestingly, the regioselectivity was reversed when the R group of the epoxide varied
from alkyl to aryl. This reaction is an improvement over the known reaction employing BiCl, as catalyst.
(Eur.J.Chem., (2006)1303; Tetrahedron Lett. 47(2006)527; Tetrahedron Asymmetry 17(2006) 1638)

PhHN OH HO, NHPh
R = Alkyl >—/ +
—>
o 5AMS. R R )
/ \ + Minor-A Major-B
R rt, neat
NH = PhHN OH HO NHPh
2 R = Aromatic +
R
Major-A Minor-B
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Asymmetricring-opening of meso-epoxides

NH,
O . © Catalyst HO
Ph Ph Toluene, TPP (10 mol%) Ph
MW, 60 °C
6a

O. _/O\ O
O,Tl \O/Tl\o
Catalyst

Propranolol- A Potent 3-blocker used in
the treatment of hypertension prepared
by the epoxide ring opening reaction

Ti(IV)-Salencomplex catalyzed asymmetric synthesis of O-acetylcyanohydrin usingcyanides

Chiral cyanohydrins have potential applications in pharmaceuticals, agrochemicals and other fields and
many efficient and successful synthetic methods for their preparation have been developed. Recyclable
Ti(lIV) dimeric salen complexes were synthesized in situ and were used as efficient catalysts for
asymmetric cyanation of a series of aldehydes using NaCN/KCN as cyanide source. Excellent yield of O-
acetylcyanohydrins was achieved in 12-17h at -20 to 10 °C with high chiral induction (up to 90% ee). Asin
the case of dimeric Mn- and Co-salen complexes, Ti-salen complex too could be easily precipitated out
and recycled. (Eur. J. Org. Chem. (2006)3175; J. Mol. Catal. 264(2006) 140; Tetrahedron: Asymmetry,

17(2006) 2659)

©/CHO

CN
catalyst

-
=

Ac,0 + NaCN\KCN

(j)"/OAC EXZETRIINS 3 ©)

COOH

"'OH

N

LN

\,N— = b
| Mandefic

Ti(IV) dimeric salen complex

Mandelic acid is a key ingredient in
skin care formulations besides it's
use as an intermediate in several
chiral drugs. Itis synthesized by the
hydrocyanation reaction of
benzaldehyde
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Chiral BINOLligandimmobilized on mesoporoussilica

Chirally pure BINOL ligand was immobilized via its sixth position onto two mesoporous silicas having different
pore sizes [MCM-41 (37 A) and SBA-15 (68 A)]. O catalyst HO W
This heterogeneous chiral auxiliary was used )J\ =
with Ti (Opr), as a catalyst in asymmetric R H R
alkylation of aldehydes by the addition of diethyl Et2Zrl

zinc.Yield up to 90% and product selectivity up to
93% was obtained for secondary alcohols. Better
enantio-induction (69%) was obtained with with
SBA-15 as immobilization support. Capping of
silanol groups in the immobilized catalyst through
reaction with trimethylsilyl (TMS) group improved
the performance further. (J. Mol. Catal., 244 (2006)
110; Tetrahedron Asymmetry 17(2006)1506)

Immobilized chiral BINOL on mesoporous silica

C, Chemistry

Hydroformylation of alkenes usingsyngas (CO +H,)

Onepot synthesis of2-ethylhexanolfrom propylene

The industrial process for the synthesis of 2-ethylhexanol from propylene shown in the scheme has several
drawbacks, viz. (i) process involves 3 steps, (ii) requires alkali in large amount for aldol condensation in the
second step with concomitant effluent disposal problem, and (iii) cumbersome post-synthesis work-up. One
pot synthesis of 2-ethylhexanol from propylene involving Oxo-Aldol reaction using a multi-functional catalyst
hasbeenattempted (Catalysis Communication, 7, 881,2006; US Patent Publication No.20060149101A1).

Existing Commercial Process

Proposed strategy

(Step 1- Hydroformylation)

Temperature

N +CO+H, 1}{);1%&1(‘(:2 O/\/\JrO\)\ N 1 co+ Hy
Propylene catalyst n-butanal iso-butanal propylene

[HF/HT] Catalyst
(Step 2 - Aldol Condensation) =60°C, 7, =3h

1
:I‘) T,=120-250"°C,
207N e Tempemtuw \/\)\/ t,=5%
n-butanal KOH or

2 -ethyl-3 hydroxy 2-ethylhexenal
hexanal +
4 HO

(Step 3 - Hydrogen atim)

Nior Cu Ni or Cu
atal /_2—/7 catal Z
2

2- ethylhexenal 2 ethylhexanal 2~ ethylhexanol (2-EH)

2-ethylhexanal 2-ethylhexanol
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Ligand selective hydroformylation of ethylene

Hydroformylation of ethylene by syn-gas at 150°C was
catalyzed by Rh, Co, Pd and Ru complexes bearing triphenyl
phosphine, triphenyl arsine and triphenyl antimonyl ligands.
The studies indicated that that AsPh, is also a useful ligand.
Among studied metals, Rh, Co and Pd complexes selectively
yielded aldehyde product whereas Ru complexes yielded
aldehyde and alcohol both. The conversion and selectivity of
the metals with PPh,, AsPh,, SbPh, ligands showed that, as
expected, Rhcomplexes are more efficientthan Co, Pdand Ru
complexes. Except in the case of Rh, all the studied metal
complexes with AsPh, ligand were found to show better
hydroformylation catalytic activity than the corresponding
complexes with PPh, and SbPh, ligands
(React.Kinet.Catal.Lett., 85, 3,2005).

New metalcomplexes forhydroformylation ofalkenes

1400

Pressure (psi)
— — —
—_ [\ w
S () (=)
[e] () (=)
1 1 1

1000 T . )

Time (h)

Plot of pressure vs time during the
hydroformylation of ethylene at 150°C,
Co/AsPh3 = 1:60 (molar ratio), p(C2H4) = 30
barand p(CO+H2) =50 bar

Rh/Ru metal complexes made with the bulkier trinaphthylphosphine (PNp,) ligand exhibit higher selectivity
towards aldehydes at elevated temperatures. Selectivity was found to be increased. No hydrogenated
productwasobservedandthe normaltoisoaldehyderatiowasfoundtobe0.8.

Optimized structures of Ruthenium and Rhodium metal complex of trinaphthyl phosphine using

Density Functional Theory
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Directoxidationof CH,
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Catalytic oxidation of methane by molecular oxygen was performed at moderate (15 atm) pressure and
room temperature (30 °C) in 1:1 water-acetone (v/v) solvent using a salen (bis salicyaldehyde ethylene
diamine) based p-oxo di acetato bridged ruthenium complex as a catalyst in which methanol was found to
be the major product with small formation of formaldehyde. The rate of methanol formation was found to be
favored on increasing the concentration of the catalyst, pressure of methane, pressure of molecular
oxygen and ratio of methane: molecular oxygen. Methanol formation was found to be 6.3 % in terms of
consumption of methane withturnovernumberof 16 cycles perhourpermole ofthe catalyst.

25

0 50 100 150 200
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Reaction conditions : [Catalyst] = 0.5mM, pCH,= 10 atm., pO,= 5 atm., total pressure =

15 atm., temp. = 30°C, RPM= 450

Greenfinechemical synthesis using catalysis

Isomerization of methylchavicoltotrans-anethole at0.50 kg levelscale

A commercially potential metal complex
RuCl,(PPh,), catalysed conversion of methyl
chavicol to trans-anethole, a perfumery chemical,
investigated using variety of solvents gave the most
encouraging results in ethanol in which the
maximum conversion (99.7%) and selectivity of
trans-anethole ( 95.4%) was obtained. Maximum
conversion (99.7%) and selectivity ( 95.4%) were
obtained with ethanol. The process was studied at
0.5kgusing2.5gofcatalyst.Theyield of product (cis
+ trans anethole = 0.49 kg) and the re-cyclability of
the catalyst were observed to be excellent. The
catalyst as well as solvent were recycled five times
without significantlossinconversion and selectivity
(J.Molecular Catalysis, 245, 200, 2005).

105
90
75
60
45
30
15

0

A

%

—a— Methyl Chavicol
—&— trans-Anethole

—=— cis-Anethole

15

30 45 60 75

Time, min

90 105 120 135

Mass balance for methyl chavicol consumption and
selective formation of trans-anethole with time. Reaction
Conditions: methyl chavicol = 1 g, solvent (ethanol) = 3g,
catalyst, RuCI2(PPh3)3 = 5 mg, reaction time = 2h at

refluxing (84° C).
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Data on the reusability of the Catalyst RuCl,(PPh,),

Catalyst Cycle | Conversion (%) trass-lz;t‘le‘tlliz : E% )
First Recycle 99 95
Second Recycle 98 94
Third Recycle 95 94
Fourth Recycle 93 94
Fifth Recycle 90 93 J RuCL,(PPh,),

Solidbasebinary andternary hydrotalcite catalystsfordouble bondisomerization

Isomerizaton of estragole to anethole was carried out over binary hydrotalcites, M(I)M(I11)-xHT, (M(I1) =
Mg, Ni, Co, Cuand Zn and M(llI1) = Al, Fe and Cr) with different metalion combinations and concentrations.
Among various hydrotalcites studied with Al as
trivalent cation, Mg and Ni showed highest activity.

100 Conversion

"| 58888 cis-isomer 77
Trivalent metal ion variation revealed a maximum 80_trans-isoer ] Z N
activity for Al, followed by Fe and Cr, and a direct g § Z §
correlation was noted between the activity and the geo- § % §
crystallinity of these solids. Variation of Mg/Al ‘@& § Z §
atomic ratio in MgAl binary hydrotalcites showed %40- % % §
that the catalyst with Mg/Al atomic ratio of 4.0 has O 20 § §
highest activity. Solvents with higher polarity i§ Z, §
favored the reaction. Variation of substrate:catalyst 04 N N

mass ratio for MgAI-4HT showed that the activity 50:1 25:1 20:1 10:1 5:1

increased with decrease in this ratio, wherein a Variati fSuEstrate:.Catallyst mass rahol ;
maximum conversion of 99% in 6h was observed ariation of substrate:catalyst mass ratio for

. . . o isomerization of estragole over MgAI-4HT
with a substrate:catalyst mass ratio of 5:1 with a

) . , L (substrate: 0.5g ; solvent: DMF (20ml) ;
cis:transratio of 14:86 (Catalysis Communications, reaction temp./ ime: 200°C/ 6h)

6, 394, 2005; J. Catalysis, 231, 381, 2005; - )
J.MolecularCatalysis, 244, 83, 2006).

Nitration of o-xylene usingrare earth cation-exchanged zeolite- B as solid acid catalysts

Aromatic nitrationreactions are particularly importantin pharmaceutical andfine chemicalindustries.The
traditional catalysts (HNO, and H,SO, mixture) have limitations such as environmental pollution hazards
arising fromthe disposal of spent catalysts. Nitration of o-xylene was studied usingrare earth (Ce, Gd, Sm,
Pr, La, Dy, Nd, Eu) cation-exchanged B-zeolites. The catalytic activity was studied for the nitration of o-
xylene with HNO, as nitrating agent. Acetic anhydride is the favoured solvent medium and the activity of
Ce-p was found to be maximum with 86% conversion and 58% para selectivity. Characterization of the
catalysts was carried out using SEM, XRD and IR spectroscopy (Journal of Molecular Catalysis A:
Chemical 252, 194(2006)).
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Nitration of o-xylene with H-f and rare earth cation exchanged zeolites

/Catalyst | Conversion (wt%) Selectivity (wt%)
AC,0 DCE | p-Nitroeylene | o-Nitro-xylene
AC,0 | DCE | AC,0 | DCE
Ce-p 86 61 58 55 31 45
Gd-B 77 43 58 54 33 46
Sm-p 77 40 56 51 29 49
Pr-B 77 53 56 54 34 46
La-B 76 54 57 63 29 37
H-B 74 53 61 60 27 40
Dy-B 70 60 56 61 29 39
Nd- 67 65 57 55 29 45
Eu-B 66 50 56 60 29 40 J

Reaction Conditions: o-xylene:solvent = 1:4(v/v); o-

xylene:HNO, =

1:1.2 ratio; reaction temperature = 100°C; reaction time = 3 h; catalyst Zeolite 3 Structure

0.1 g after activation at 450°C for 2 h.

Hydroxylation of phenolover CuMgAlternary hydrotalcites with different Cu/Mg atomicratios

CuMgAl ternary hydrotalcites with different
Cu/Mg atomic compositions (5.0 to 0.2) were
synthesized without co-crystallization of any
impurity phases. Orderliness of the HT-like lattice
and thermal stability of these materialsincreased
with increasing magnesium concentration as
evidenced from in situ powder x-ray diffraction
and TGA measurements. Activity for selective
hydroxylation of phenol using H,0, as oxidant and
H,O as solvent increased with increasing copper
concentration while normalized activity showed a
reverse trend. A mixed trend in the activity was
noted with the variation in substrate:catalyst ratio
in identical conditions. Comparison of the activity
of as-synthesized hydrotalcites with their
corresponding calcined forms indicated that the
formerare more activethanthelatter.

257

Conv.
201 CAT
15+

101

Conversion, %

500 200 100 40 20 10

Substrate:Catalyst mass ratio

M(II)MnAl ternary hydrotalcites with M(l1)=Cu or Mg with
M((11)+Mn/Al=3.0 and M(II)/Mn=90:10 were synthesized
through co-precipitation method with different aging
times ranging from 0.5-18 h.

Hydroxylation of phenolwas carried out over these differently aged samples and aging time of 6h was found to

be optimum for the Cu-containing sample (J. Phys.
10,117,2006)

Chem. B, 110 (2006) 12365; Catalysis Survey from Asia,
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Hydrogenation of internal olefin with Ruthenium catalysts

Ruthenium triphenylphosphine and trinaphthylphosphine complexes were found to be useful catalysts for the
hydrogenation of 2-octene. Ruthenium trinaphthylphosphine was the more efficient catalyst and gave 100
percent conversion in 120 mins (0.25 mmol of catalyst and 5.5 mmol of 2-octene in 50 ml THF; T=80°C; P=40
atm) vs. 74% with the corresponding TPP complex.

Photocatalysis
Metalimpregnated nanocrystalline mesoporousTiO,

The photocatalytic activities of silver-, cobalt-, copper-, iron-, and nickel-impregnated nanocrystalline
mesoporous TiO, were evaluated by studying the degradation of nitrobenzene in aqueous medium under
UV radiation. Rate of reaction was studied by monitoring the COD of degraded aqueous solution as a
function of time. It was observed that the initial rate of degradation of nitrobenzene in silver-impregnated
catalyst was higher than all other catalysts used. (Industrial Engineering Chemistry Research, 45, 922,
2005).
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DRS spectra and XPS analysis of metal-impregnated catalysts of the Ti 2p region

Anion effect on photocatalyst impregnated with Fe salts

P-25 Degussaphotocatalystwasimpregnated usingchloride and nitrateions ofiron, to have an alternative
tochlorideionwhichis observedtoinhibitphotocatalytic activity. The photocatalysts were prepared by wet
impregnation method usingferric chloride and ferric nitrate solutions with varyingamount of Fe metal from
0.1-10 % (w/w). These catalysts were characterized by XRD, single point surface area, DRS and SEM
analysis. The results suggest that it may be feasible to replace chloride with nitrate to avoid inhibition of
catalytic activity.

g g
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° —— P25C4 =
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Different amount of Fe impregnated in P25 Degussa using a) Ferric chloride b) Ferric nitrate solution.

Decolorisationofdyesundersolarlight

Investigations were performed for the decolorisation of various dyes under solar light instead of UV light
using photocatalyst P-25 Degussa. Degradation of Methylene blue, Malachite green, Orange G and
Bromocresol green dye under solar light was studied and it was found that all the dyes were completely
decolorized undersolarlightalthough, as expected, the rate of degradation was fasterin case of UV light.
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Adsorption on zeolites

Adsorption of nitrogen, oxygen and argon on mordenite zeolite with mono, di and trivalent
cation

Mordenite zeolite is exchanged with mono-, di- and trivalent cations to increase its nitrogen selectivity and
capacity for the separation of oxygen from air by pressure swing adsorption. Sodium form of mordenite
was exchanged with lithium, potassium, caesium, calcium, barium, lanthanum and cerium ions. The
equilibrium adsorption measurements were carried out at two different temperatures in order to calculate
theisostericheatofadsorption.Fromthe adsorption measurements, ithasbeennotedthatLi’-exchanged
and Cs'-exchanged mordenite have the highest and lowest adsorption capacities, respectively, for
nitrogen adsorption. It is further concluded that N, adsorption selectivity is governed by electrostatic
interactions (Industrial Engineering Chemistry Research, 44,6856,2005; Langmuir, 21, 11220, 2005).
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Adsorption isotherms of N,, O, and Ar on Lithium Heat of sorption of N, as function of extra-framework

exchanged mordenite at 288.2 K cation charge density.

Adsorptiononmanganese (Il) exchanged zeolites oftype Aand X

Manganese (ll)-exchanged zeolites of type A and X were synthesised and characterised and the
adsorption of N,, O, and Ar at 288.2 and 303.0K were studied. In manganese-exchanged zeolite A, the
valuesforN,, O,and Aradsorption capacitiesincreasedlinearly atall equilibrium pressures studied. Inthe
case of manganese (lI) exchanged zeolite X also, the adsorption capacities for these gasesincrease with
the degree of Mn(ll) exchange. But the increase in the N, sorption is sharp in the low-pressure region and
the isotherm becomes non-linear.The O, and Ar adsorption capacities, onthe otherhand, are observed to
increase linearly with pressure.

The values of Henry's constant, Langmuir constant and isosteric heat of adsorption as well as grand
canonical Monte Carlo simulation studies shows that the nitrogen molecules interact strongly with the
Mn(ll)ionsinthe zeolite cavities.
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pink for aluminum, red for oxygen, green for sodium ions, brown for Mn(ll) ions, and blue for N, molecules)

Adsorptionof CO,andN,on NaXand NaA zeolites

The adsorption studies were performed forCO,andN,
on NaX and NaA zeolites at 303 K and corresponding
isotherms are shown in adjacent figure. The
adsorption capacity for CO, is very high in both
zeolites compared to the adsorption capacity for N,.
The adsorption isotherm of CO, in NaA at 303 K is
almost square type which is unfavorable for the
pressure swing adsorption (PSA) process. Zeolite
adsorbents mainly interact with CO,and N, molecules
through electrostatic interactions. CO, having higher
quadrupole moment (4.2 esu) than N, (1.2 esu) is
expected to interact strongly through the zeolite
surface, which could explain the higher degree of
adsorption CO,inzeolite adsorbents.

37

Volume adsorbed (ccg’)

140

120 - ./.‘._.,.—0’0’.0..““‘
J /..’
100 - o
1 o A-A-A-A
—A—A—A-A-A-A-
80 - . _A/A—AJ‘A‘A_A—A’A A
] —e—NaX(C0,)
60 4 —0—NaX(N,)
—&—NaA(C0,)
10 —A—NaA(N,)
20
0 - a=m=m=m=ﬁ—ﬁ—&=@=@=@: A=RORCREA
1 T T 1
0 200 400 600 800 1000

Pressure (mm Hg)

Adsorption isotherms of CO, and N, in NaX
and NaA zeolites at 303 K.

CSMCRI BIENNIAL REPORT 04-06




Inorganic Materials & Catalysis

Industrial waste:recovery andvalue addition

Processforproduction of sodiumsilicate, zeolite-A, and precipitated silicafrom Kimberlite

Process technology package comprising of process know-how, equipment specifications and market
survey for the preparation of sodium silicate (50 kg scale), precipitated silica (5 kg scale) and zeolite-A
(10 kg scale) from residual silica recovered from Kimberlite waste was submitted to NMDC, Hyderabad.
Based on these investigations three patent applications entitled (1) An energy- efficient Process for the
Preparation of Sodium Silicate from Kimberlite Tailings, (2) A process for the preparation of Zeolite A with
Kimberlite tailing as a silica source and (3) A process for the utilization of silica-rich Kimberlite as a source
of silica for the preparation of precipitated silica, have been filed. Discussions were initiated with Kanoria
Chemicals Industries Limited (KCIL), New Delhi for possible commercialization of the process in view of
the proximity of KCIL's factory to Panna mines which would enable cost-effective transportation of
chemicals such as sodium hydroxide, sulphuric acid and hydrochloric acid required for processing
Kimberlite. Presentation was made to KCIL's CMD on the feasibility of putting up an Integrated Kimberlite
Complex at Renukoot and the suggestion was received positively; moreover, KCIL has agreed toputup a1
TPD pilot plant for processing Kimberlite at their Renukoot site. A tripartite MOU is signed on Dec 12,2005
between NMDC, KCILand CSMCRIforup-scalingthe process.

Recovery of TiO,fromindustrial waste

For the recovery of TiO, from raw Kimberlite, having ~ 35% SiO,and ~ 4 % TiO,was treated with acid. The
material was enriched with SiO, (70-75%) and TiO, (up to 9 %), respectively. After recovery of SiO, as
sodium silicate, the solid residue is rich in TiO, content. The analysis of the solid residue shows that it
containsabout70-75%TiO,and 20 22 % SiO,asquartz The solidresidue was digested with concentrated
sulfuricacidtodissolveTiO,.

Another study had been initiated on recovery of TiO, which is present to the extent of 18% in a paste-like
waste material generated in the polypropylene plant of Reliance Industries Limited, Hazira. The objective
is to develop pigment grade TiO,and TiO, suitable for use in polyester coating. Product having whiteness
index of 95 withrespectto standard MgO hasbeen produced.

Process demonstration forthe manufacturing of finely divided precipitated silica

The final technical detail report onthe successfully completed project entitled, The Development of a
Process forthe Manufacturing of Finely Divided Precipitated Silica, sponsored by M/s Kadvani Chemicals
Limited Jamnagar, Gujarat, was prepared comprising of complete process know-how, product
specifications, methods of analysis and chemistry of precipitation. The report is submitted for the
preparation of finely divided precipitated silica with specifications required by the party. A demonstration,
for developing process for the preparation of precipitated silica with particle size < 10 (micron), at 400kg
scale was performed successfully in the factory site of M/s Kadvani Chemicals, Jamnagar during 19-20
July 2004. The silica was evaluated for preparing transparent polypropylene film at Reliance Industries
Ltd.
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Synthesis of zeolites from low grade bauxite from Kutch

M/S Cube Minerals, Baroda, approached the institute for carrying out exploratory studies to assess the
feasibility of Zeolite-A manufacture using low grade Kutch bauxite accessible tothem. It was observed that
the properties of zeolite-A prepared from low grade Bauxite samples are matching closely with those of
internationally available products.

RS-I(Std) | RS-2(8)-1
Content um m RS-28) um | RS-2(7) -Na um RS-2(7) -Na pm
d(0.1) 0.091 5.565 1.611 0.575 0.421
d(0.5) 0.447 40.605 15.423 3.256 1.385
d(0.9) 1.190 155.029 43.404 30.997 37.421
d(0.99) 2.13 841.62 73.94 54.64 136.22
Par.tlcle % % o, o, %
Size
<1 um 85.09 2.55 6.07 23.57 40.06
<5 um 100 9.21 23.52 54.79 63.10
<10 um 100 16.23 37.02 62.80 69.48
Whiteness 103 84 90 95 95
Na,S treated &
Reference Washed Washed with Na,S tr.eated & calcined
B with water water calcined -300 me;h re-
-300 mesh -300 mesh suspended in water
and again dried /

Comparison of specifications of Zeolite-A prepared from low grade bauxite with the
internationally available products

/ SPIC PQ Using
Characteristics Degussa Fine BIRAC Corporation Kutch
Chem. Bauxite
Calcium binding capacity, 320 308 300+10 280 >285
mg CaCOy,/ g of absolute
dry sample
Loss on Ignition, % at 21.5 21.5 2041 20 20-22
800°C, 1hr
pH 5% aqueous slurry 11.0 10.7 11.5 11.1-11.3 10.5-11.5
Bulk density gm / cc 0.56 0.62 0.50-0.55 0.30-0.40 0.45-0.55
Average particle size, 6.75 3.31 4.2 3-5 4-5
D(0.50), um
XRD crystallinity (compared | 96 91 95+5 Crystal >97
to BDH 4A powder) Structure
cubic
Chemical composition
SiO, % 31.7 32.2 42 - 32 -33
Al,O; % 29.7 29.7 35 - 27-28
Na,O % 16.2 15.9 23 - 15-17
on dry
basis
Whiteness index 98.5 98.9 96+2 White >98 /
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Low grade Bauxite Zeolite A powder

Nanomaterials

Synthesis ofultrafine calciumcarbonate using solid statereactions

Synthesis of submicron sized particles of calcium carbonate was studied using solid state reactions
between calcium chloride and sodium carbonate with sodium chloride as a diluent. The reaction was

carried out at 400°C after ball milling the sample for 4-12 h. Calcite phase was formed in all the cases and
particleas smallas 200 nm could be formed with employed conditions.

(CaCl; + NaCl) + Na,CO; —» CaCO; + 3NaCl

1207
100] | 5 MG
80-
607

401

ol il 2 2,
* D __7 Calcite

1= S ' — " Aragonite
Reverse Simultaneous

Mode of mixing the reactants

Phase content, %

Effectof mode of mixing the reactants onthe polymorphs of calcium carbonate:[usual=sodium carbonate
solution added into Distiller waste containing CaCl, and NaCl; reverse=Distiller waste added to sodium
carbonate solution; simultaneous=both reactants added simultaneouslyintoto 100 mL of water].
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SEM images of aragonite and calcite type calcium carbonate obtained using solid state reactions

Bentonite clay up-gradation and nanoclay synthesis

Inorderto optimize the clay upgradation process, the solutions of different clay percentages (0.5%.1% 2%
and 3% and 4%) were prepared. The clay fraction of these samples was separated by sedimentation
technique and < 2 um particles were collected using Stokes equation. The upgraded clay samples were
analyzed for their chemical composition and cation exchange capacity (CEC) using standard methods. A
variety of treatment options (H,O,; CBD; MgCl,+ dithionite; TEOS; sodium stearate) were alsoinvestigated
toimprove the whiteness of organo-clay samplesusedinnano-composites.
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Alkyl ammonium-MMT from discrete platelets by breaking “house of cards” structure
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1 kg of organoclay with the improved particle size distribution in the narrow range, where the upper limit of
the 90% particles is less than 20 micron, was prepared and sent to NCL, Pune for evaluating the same for
polymercompounding studies.

Nanocrystalline zirconia

Surfactant assisted zirconia samples were synthesized using sol-gel technique. A series of non-ionic
surfactants namely, Tween 20 to Tween 80, were used with increasing hydrocarbon chain length to study
the effectofchainlength onthetextural properties of zirconia.

/~ Sample BET Surface BJH Ad. Average Pore | Crystallite
Code area (m’/g) Pore vol dia. (A°) size (nm)
(cm’/g)
ZT-20 91 0.16 40 8.4
ZT-40 71 0.11 32 9.6
ZT-60 110 0.16 59 6.6
ZT-80 89 0.16 54 9.1
RZ 151 0.24 44 103/

ZT-20 to ZT-80 = Zirconia with Tween-20 to Tween-80 surfactant; RZ = Reference zirconia

Nano-crystalline (4-6 nm) zirconia samples were prepared by sol-gel technique using supercritical drying
of zirconia gel samples. Effect of synthetic parameters such as supercritical temperature, pH, nature and
concentration of the precursor and calcination temperature on the crystallinity, crystallite size and the
mesoporosity of zirconia were studied. For comparison zirconia samples were also prepared using
thermal drying. Supercritical drying method results into the formation of nano-crystalline zirconia (4-6 nm)
having high mesoporosity with narrower/ more uniform pore size distribution as compared to thermally
dried zirconia samples that showed larger crystallite size (13-20 nm) with low/nil mesoporosity. Nano-
crystalline (4-6 nm) zirconia samples were also prepared using supercritical drying method and effect of
various synthetic parametersoncrystallite size were studied.
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Nanocrystalline mesoporous zirconia by sol-gel followed by supercritical drying
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Catalyticisomerization of longifolene using sulfated zirconia

The isomerization of longifolene to iso-
longifolene using sulfated zirconia solid acid

catalyst has been studied. Effect of temperature >/\

and substrate:catalyst ratio at different time - : SZ-1 -
—_—

intervals have been studied. 90% conversion

with 100% selectivity of desired product was
obtained. A tetralene derivative was obtained by
further rearrangement of the isomerized SZ-2
product, iso-longifolene by changing the l
substrate to catalyst ratio and the acidity of the

catalyst (Catalysis Communication, 7, 52,
2006). >

Isolongifolene Tetralene derivative

Longifolene Isolongifolene

Nanocrystalline titania

Nanocrystalline TiO, prepared by sol-gel method was calcined at different temperatures in the range of
550-1050 K under airflow. The crystalline structure, bandgap, and morphology of the TiO, have been
characterized by X-ray diffraction (XRD), Diffuse Reflectance Spectroscopy (DRS), Scanning Electron
Microscopy (SEM), and surface area (BET technique). The surface areas of the TiO, calcined at 393K and
1023 Kwere 259 m°g' and 2m?g". The band gap of this nanocrystalline product was reduced with increase
in temperature. The photocatalytic activities of these catalysts were determined by conducting
experimentsunder UV lightirradiation (1-8 hrs), by degradation of 50 ppm nitrobenzene, The initial rates of
degradation of nitrobenzene were determined for all the catalysts and it was found that the catalyst
calcined at 753K showed highestinitial rate of degradation of nitrobenzene.

Synthesis and characterization, of nanocrystalline mesoporous TiO, prepared by sol-gel method and
impregnation with transition metals, namely silver, copper, cobalt, iron, nickel, palladium, magnesium,
and strontium, having varied work functions were done. Impregnation of metal was confirmed by DRS
technique and the highest red shiftof 11 nm and lowest of 1.5 nm were obtained for Ni and Fe impregnated
catalysts, respectively. The mesoporous TiO, was found to have surface area of 38 m”g™ and pore diameter
of 11 nm whereas the surface area dropped to 7-13 m°g" upon impregnation of the metal catalysts
(Industrial Engineering Chemistry Research, 45,5231, 2006).

Poly-aluminium chloride as a coagulant

The evaluation of poly-aluminium chloride (KANPAC-10) for the efficacy of its use as a coagulant/
flocculantforthetreatmentof raw waterand removal of heavy metalsinthetreated waterwas carried outas
partofaprojectsponsored by M/s Kanoria Chemicals & Industries Limited, New Delhi (KCIL).
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Technologytransferforcatalytic process forstyreneto styrene oxide

An agreement was signed with M/s Eco-Organics, Rampur, in Dec 2005 for transfer of process know-how
forepoxidation of styrene to styrene oxide at 1 Kg scale using H,0O, as oxidant. The processwhich employs a
novel transition metal as catalyst and gives 98% styrene conversion with 98% epoxide selectivity was
successfully demonstrated during 6-8 December 2005. The process for the production of styrene epoxide
from styrene has been transferred to M/s Eco-organics, UP who are putting up 2TPD plant based on
CSMCRI know-how. Since thenaninternational patent (US PatentNo:7,235,676) has also been granted

fortheinvention.

O]

Transition metal salt catalyst

y

H, O, + Promoters

Agreement toputupapilotplantforprocessing 1 TPD Kimberlite at Renukoot

Atripartite agreementwas signed between the Institute, NMDC and Kanoria Chemicals forup-scalingthe

Kimberlite value addition processto 1 TPD scale at Renukoot.

Memorandum of Understanding with National Thermal Power Corporation

CSMCRI Bhavnagar signed a Memorandum of Understanding with National Thermal Power Corporation
Ltd. (NTPC) on 24th Sept. 2005. NTPC, through this MoU, intends to conduct research towards

“Development of selective adsorbentfor CO, recovery fromflue gases”.
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f& TEdAIcEASS WS FARSS @ ol TSI & &1 $R FHdl & | Ig 09S¢ 6 Fefera dare @ e
ARLASTSTAASS SUD T IR e BT | 4T & ugel <@ 74, frareha i vass & w9 & |fea der gwre
WEH RIS &) Ga8 TR T4 9 AFITHCHATSS R SISUICHSS P RN ¥Rl ST & | §9R ©9ed fspareiia
RIET @ Tt g3l {6 RIS URAISS B STella Tavell § <[ Sroll o JFeTaT STae 8idl & Wl Whicd Wasl &
o g erilY 71% <=1 S1eraT S e & WA © | A URemH use RUIE 31 18 srgarta sarfafa & fauRka € |

TTEUHCHISS 31 =4 ReR fag[d Hott 31 0T &Y T8 31k $HH Jfad gar {5 Al TacHIsS 9§ $H6T IRER f3Har
Trd fIwqa 81 @ NaCl a8 TR NTAA FEedT 9 ST 2 Ol 39 B 9999 9 Adell 2 |

SIS e &7 e MId ATI : TqEIoTel YR BT HeR A1 7T & R 73 ed gol §¢ § 1 3909 9 99% Na', K,
Ca”,Mg", Cl, SO, afed 8 3iR 71T THIT UGHT H ST Hecaqu! AT 911 © | SATGIATE "id & ATIH qoi Farer
3! fpar & o0 A Hifae oAt ST G dradl ® de1 iR 7 - U7 ARF—Hld IR AT & IR |
TSR & 21 9 SR 599 oae uRReIfal #, S NaCl defm CaCl, B/l &1, CaS0,2H,0 & WT STegTalia,
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P REIE T SRICHES AaaaR fo5aT | 3R Reraias w93 Tiomfssar & p91fad &=ar 2 SR I8 S1v] & [aw qer
37d: 319] TREARS fohaT IR SMenRa BiaT & | IS faaver R @ smaife wiRiis & R R a7a &1 orgar fean
T | At sTeA Harer § o 31 faegear & e & are S aRom @, A seRces o, sterfiaa
faetas, faciae o Wus & sHdTel 39 79 9i¥ e WSl & s @ dew 4 <@ T | I8 +f <@ 1 & o9
15 fTq & |1 W@ ST 8 T9 T BT TAATST Fied 9T 8 | T THS B WhCHIDHRIT TRV § §H 3eqIT BT
3T B B ST I8 © |

159 ® 9w fIIaar @ IER IR e FAIRTSS BT U1 : |l 7 svewg), ot sivergH
FAIRTSS BT AT &, SUD ATAIT SITBTE B W1 §T57 I Ao e fed HI¥@ JIYE TP TAT KCl  A8IUTIA
FT 7T 47T BT g3 UFHIT BT 597 Usad Sea fHAT © | AT Wew cfagdi e & fad 9139 9 sfewran
FAIRTES Bl JATHA fHarac & fad 899 CasSO,2H,0 & g sraxer fAerfRa f6d | Siefia NaCl end &1 a1+
25% Td® ATEOT AT CaCl, BT T 35°C U ATE T a1 7147 | CaCl, &1 fHaTa | CaSO,-2H,0 &Y fadtgdr #H gl &
MR D! A faAIH AT IR WT I ITA D |

33T ggHd RNigT=a— 'smafaa frarsfiadar eem | s s 9ga1 ' — @ JATEMR U= CaSO,-2H,0 B St fisw
feparefiaar qons &1 eTATT a1 TAT | CaSO,-2H,0 B IHMFT BT fTAIAT ITUTT Ksp(+4) BT TATT Ksp BT
foaaar STUTE fIaRoT & AT B U HTHT AR I AT AR IT I gFhd FAGT=a qAT 174 A1 figr=a &
§TRT AHAT 79T | §97 CaS0O,-2H,0+NaCl+CaCl,+H,0 &T 35°C U AF A® Ugfa & foad el er=ar &1 919+ foar |
T BT ATIAT ST | SUDT Ta1 # gfg gi<1 © | ArA % 968 @ AT S U CaCl, $T I ATATATA A DI
AT HH UTE T8 | AIGT $Y F5A1 & U A faadgar go e=ar faaver &1 frefarHiud 2 a3 $1 AT &b
ATH 97 Ug i gRT Aea § fora far 737 | Sug e st 4 e fadr fe ena 7 sma=a a1 a1 93d @eu o
IEU T SAAATINTIT ITH S U A T8A & 3T ITD T[T HAT: 69% TAT 31% UTA W1 ® | IST I8 T AT Ifaa g1
T A A STa AT H 1gT g B I %4 fad aar St w19 |

YT /a1 ¥ 9ot Ahal Ud YEAdrdl TG : St EdT a97 GedIga SR THe B it @ ol
TS D A A TP TdI-aH ufshar fAaRia &) 12 | I8 ufshar 796 whfesd ) reRa) § gRads R amenfRa & R st
DI IRIFEAT TP THICHIBOT ALHAT B IR D% & ¥4 ¥ S 81 drall | Roroaq @1 it o qrr=aa: 7@
37T Bih & S AT A ISR BTaT S Gl © | ol §Y THS B ©X BT [9gAwo7 f5ar 7137 3fR NaCl >99.5% EaT
® W7 Ca<0.08%, Mg<0.05% T SO, < 0.2% UTAT 7T | TR B BRI Pl TT T9% B X A Do iR FAebe 31 gt
5 & $HF UTE TS Sl W THG TG | 319 IF 81 UTS T3 | S 96 AFd BT Sel 4 fafder ST & IR § greqor
o T qer o= faslt W 9 | S8aR U T | JrguaTe! faes smenRa Scare Y Sreet T T Aha e IR Y |
I Afshar fPmrRd & T fadt +ff Ak Aiee 90@ A AR & T A © |

TSR & AT 918+ # A SiTENfid WR 1, 26 YUIaIIad TS BT SCUTEH : MR R Td S &
&3 B AT TS # A I YITARE TS S ST B (e & ford ISR 7Sy & 14T e 4 10 The & &89 4 (P
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e ATee B fASGRIT fHa1 1| 781 & 9% H Wohe 3 9o WR & SURIT arel qa7 WY 81g B IRIf&al o I
ARG o | aTeT JTTBTE BT FHTATISN X BRAT AAT FT31 B FHATGROT B T AN §IRT 37 T3 B FARIHR0T
R e for T | ) e 6 A 9 O1g 31 SR AT AT e BT WK B B A Werddl (el | 3159 Rara e
ERT, TS YOIl 4 IR & IWIA 796 31 U] A |1 srfarfa gfg g8 | A aRom IR # T9&6 Se1ee @ JoraeT
TG # WETIS B 3iR 50 AheraT | ART S ATee fEuTehTe 7 3= <Al BT i ATed ATee o4 WA HA BT AATS
T | TR & TS IATEADARN B ford AT 9159 7 @ el YU T9& ScTad & fordl eI a1 8g Uh
fea<iig wReror SRimH G AT 737 | I8 HTIHH WTHTAAISTIRIMS TAT 790 fAURT §RT Hgaa o9 A AT fowar
o | SATEAGAIRN B T IR H T AT Ao BT AT far a2 |

SIRTA & ATTAAT 1T | JFRITST §IRT I+ LTI T 19D B (a1 SUF : Sham 6= & 2002-
04 & fgarii® afddss # IAAT TAT 2, $o06 B BIT 3T 7 AITATAAINRITS 7 AdT S AT 109 AIeC I I Bl
JRATAT §IRT STUTFET AHS BT [OTATT YERA & frd UATAT AR HTHTAASRIATE & d=ATThT & FAieror 4,
MRATT ERT BB @ BIT 3T & AT §137 § | IS4 LUTGTTATAT A9 BT IUTIA fHIT AT AHT | §9 A8 4
Irfed 9% A & SuTTHEAl STHST FH ARSI uR AT TATI $H AIFAT P AHAAT Bl IEDH
HITACAAISRIITS Bl TIAAT S FHTIAT-ATT B I FTH FEAT TAT AT T H1 AFTHATHAT NGO FT ¥IT9 7 8T
ASRTA TGRS $7IGT HHIYFARE 7 [ORTd & AMAAT ATd § TP A7 JISAT B WqHT 939 @7 2 |
HTATAHTATRIATE 7 ATAET WIAT D AT 77 [UIATL I A9 ScUTed & fAd gl Harq # 23 AT Hl
JUATAT® | ((Aeiy Sa I & g g @ 6 3@ 1) 3[g 999 SwuTed & fad fafa 99s wwicsd snasiReT o1
FETaH 7fpar AT T8 AR A ATee IH A AT TAT AYFT T3 11 IR BT A © | T9F AT 159 B
fazdyor & fad wrfeaar & g qora< =01 gatremar i wenfia @1 78 2 A sTa A sraa @ | % garg gy
Y% f5a §Y 999 ¥ ofeeraw o Gehe &1 ATAT 95 81 &4 © AR 54 996 vl |IsT g I qAqT Il
ATeH AT ST H SATATA |

TSl H ATSH Alec B3 B FATUAT - $B ATl A ST H T4 BT SeUT& BH &Il S X&T & 3R I8 oF g8 B
JTITIHAT © | ST A Scrarg GEh U] T SUTGHdT H AR &, TGURIT ST § ScaTfad oD 71+ Jorairare’l &
3R ST W B SRS §RT STAd TP T I 796 B ford FEiRT A®! & TR W) TEl & | ooy oI oid
TR AT W TS YT AT ST 2 | TSR AT WTee IH A $I Aheral | AT S §Y ST ISy WRER AT Alee
9T 7 NTATHRAIARSTS ERT ST H FATT W UR ATST Ao BTH AT B B $28T Fa DI | AT
B AATDT A ST AT B ARYHTRAT 7 I B 7o et & AT Wi # ATS e Aiee BTH R JTTH TS IUTGH Fg D
RT ATSTT & SHCATHROT o PR A & |

TP @ ford ferrad / 7Raw Irgurd 4 <afrshd & A1 S5 YRGHI0T f3hAT : el arepent Scures & o
IIYE IT B ITaTaHar Bl ¥ | WK WS ¥ A Ca, Mg 3R SO, 3 rgIfaadl | 79 | 9 TR 1A # T8
=1fe | Wifsd FT51 9 9 RYfEAT DT ATSH AieT AW §RT §R 6T W1 & SR I8 <@ T & 530 9fhan o aRd 99 &
ford Ca 3R Mg &7 3IJUT 2.1 BT &I4T ATy | SIUTA TS &1 AT WA 9% BT & 90 § SH] oIl & | g 3R
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HoagafiemRens §RT g 79 Sared & ford fasfia Fdi=aw uftear s g1 Scanfd 7976 § Ca &1 Wk Raqa &9
BIAT & S SIJUTT FRIHH BT 1T & IIMEX Ca | Mg <1.1 TEIAR Ca, Mg BT gurd fFeiRa s dem woameii &
FARTEHRT R & SUTAT BT TS B B (o 37eaTT Yo 6 T, Rt T4 ufshar o1 9 a1 1= far S 9 |
I8 < T 6 59 fehar & <1 g # Ca dAT Mg §R R &I He<I¥ &1 & AT o THI SR YUT ¥F 3 B I &7
g TS |

e # 9 &9 ArSrHaren T9e (fhar i) : T9e sareT @ @E fed 4§ 4 09 € o SeHae e B
wiftd & ford frmracht ufsran faesfRia @t 1€ @ e IR A W™ & 2002-04 & fgarf¥e uftdss § g9 Soorw faar o |
(g T YT 6, 890, 509 f&=ia 10 A 2005) 9 Henfa! &1 ¥ fergwar «fiex fafics, 4a8 o Ihaargds freeia fear
T | (FaRiy S & forg g & 8 2Ry )

T AT T BT Afshar § R :

i) TATSE T Ol 9 A1 ATedIMTSE &1 STe+

TEIf o1 Wl f9ET A @ BI318E §RT K,SO, FT 3R IS BT ST {531 ST Wahdl © | ifdee aas1iRes o A gaa!
$B TIQIG & | S99 FAIMAE B (i) 3TYE PIARE A 9 Y WHARE IS FA 4 HfoAsar (i) K,SO, 99 # KCI @t
AILIHAT | T gl Sa1dT & & e wfafsear &9 femem ufhar gRT ®igise W wWMISe S914T 471 9
AHABHIHRYT B 1 SUT JaTe! KCl T STHE A = | WeEE & S IRUMH 7 SOP S5 &1 w@raai« fshan fas R
F B ford &9 ARa a1 ( Td dewe + 7, 041, 268 B, fa7i® 9 W 2006) 319 Ig <@l 74T f& AewefadN i,
AIdHTSE & ¥ § KCI Y 70-80 Ffcrera wifid & ford wafen Sugad & | 9 WA S189 doIT Aebefae aqal fded |
AIAHTSE M & IR BRAATSE ThICHIHROT T faeed & Aeaefl TR0 # T9WT a@d §Y §7 QA1 &1 SUANT eralT
T |

ii) SN foroi~s @ SUART §IRT IWHTEE & ad 8id KCI &7 Fafed fspyor

39 SAPRM ¥ KCI 3iiR SEL $T ST SIUIfhelAIs &I A8s ¥ fohar ST © | 99 [eaargad sferad SedifshersgT
Ca(DPA), &T STTET & & ford g &1 Sy & |1er ur+it A SuaRa fawam Srdm & S SEL & 1 SuaRd & 9 918 A
Ifeeras MerfRrmw SERNfFaAaTsT & 95% A Y SUTeT SIS & A1 fAerar 8 | KCL 8id <1t ifaaias SIde qeur saeifia
=T 9 o1t foa 8, S Saure @ ford 1T fhd T K(DPA) @1 1:1 HCL & 1T SYaRd far im | Saa = &t
fhR | THIR ATZH D ATY SUTRT fHAT ST FHAT & | SOP 91 B ol 39 ORE W SUAT= Seiid KCl &Y TAHTSE & A1
SYART fear ST 2 1

JYR fJe+ I edise gR1 SOP &1 It : |ivR 9R1aR 85 A SUeer 31 e ¥ |ifeaw Geve qor |fsaw
FARTSS AATAT BIAT © | 9 AehR BT UMY GNP & U H Aecd GAsd g¢ KCI s 39 fies 9 TelvRise I &= &
HHTT IR e 6T 2 | 9R WRIGR & 314 e+ |/ SOP & Wil & ol U A1 99118 718 & | 99 fdesi &1 KCI 31
TR SR A3 & A1 SuARa foHar M &R 8 &1 srgaa RNy # a1faa far T | eRigega (61%
IU9 w.t. KCI FAamam ) o1 uaret ofeT foma 137 oiR 918 & dieRRge o SreAl & 0T< $- & forl 9t &t
i faam T |
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e 9 srftrgg FRMET : Mgo ¥ % geg &) wweag uE ot # 1 i) gdadt Mg(OH), #Y v frieseiera ii)
MgCl, & Mg(OH), S & SUaiY g & Rerd srafiree sifeat — it Swures # +ff qwm 31 ferdt @ | $9 fieefiemr @t
AR & fod U S T fam T & iR o dig Oifl |armlt ) +f wfshar &) Sl © | SR Su foRe Saa gt
AT BT FATET B 17 2 iR 99% W 31f¥re FEamaret MgO & SUT BT AT 2 | $9 I8 AN TR Hrgifad H ol
THTGTRN BT HedTh fHaT SR |

el 9 srforgem WeamaTel MgO &7 T - &6 faxe fies W aiftged |avemrarel MgO & Wiyl W wihd 9
A BRI B | 39 ford W= fafd=1 1f¥re orem 3 | (faeiy siearel & forg g & 103Raw 1)

(i) STefra MgCl, 8Tel & MgO ST IgATAT § AT

(i) Sfa | (SHIeie) ST SUANT & qaddt Mg $T ST SIadTee

(iii) FrertRa arreft ot o= & o, swra<er uRads gRT gaad! Mg & sTssiadere

BT S — TATaR0T TGl SIHFE BT T ST : URURET S 1 Hfsham & Heave diedhel W 2:1
FHTES : FHiE AT 1 BT fHHR T & IR ¥ 99 IHeRI &1 off | (F T Uee + 6, 746, 253 faA1d 25 A8 2004)
1 digere 31 Rl B | afifhae wread # € gTsUENT (HOB,) &7 SedTe 8iaT & Sl SiHee ufsear &Y wnfaa
HRAT & | 5 KA | 39 SFHIIY HTEE GIIoH! & TR srieE & ford fraef fear w2 | gt s1dfe @t
S fpeleq, THifer, WASI® SR, Swi4 Aife o1 3rgaa aRRefEl 3, 5l «ff ToR & SoR® &1 SwINT &) TR
%A FHFEA 5T T[T 2 1 9 WRAde Sared A afhd el ag sar @ R s afafeas & a1 aaeia
THARI 33T 3R Sifediid Aare B Aoy SAegs—d 3 uRkafdd f&ar | gdad! qarel s+ 3 fewrd dve<
T RS BIIST SOTAT T | AGURIT Id S URATY S&TaT B AIRET BIIR 1, YO 9 37 TP q4 & SUARTarel 59
AT BT AMMHYD 91T B | 3 QoI B SYANT §RT U ATSSI~sd SIH5s ® Sdred ® ford 39 Henfia & ara=a
fear a2 | 39 Wenfie) B S s 791 B ford e A A= fear g |

JMATET URATIT HIT : 2001-02 99 @ R g9 JERI® B 200 JRNEH B T& B | JREH BT IRATGT St
BRI FRT fHIT ST 8 | ST AAEIGd 794G § FHlaa fdTae &1 uar o 9ol & | STARGAT & Scasadd IR &
MR R IR = HRA & 31 Ul A ies & ford VT 117 P SUA BRI B 98 A1 3R WRATH 7 0D Il B 5 |

fasps ARTYTS TaT : (2005-06) <He Ud WL XATa @ &9 § WA B Ay AT ) ToRtd drawie o
AT TS cHAIarel (TAdIee) = T fHar 8 3R [T & Jioi1 796 & &5 # T IeUTe U4 Afharg: Afdedr
A ATIRIHROT TH” DI ST D &7 J I8 2005-06 BT Sf fIspH ARTHIS Tars I fhar Tar e |
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CEGLNIRCACE ]
famfd fazayoers ugfaat

TATE! ST ¥ STEdl BT A : FT-IR BT SUGN Sxeb YaTe! s # STl &7 A1 &v & ford U ugfey faeRra

P TE ¥ 1 IR &9 B 4000-3000 WY T S TR FB TG TE TST AfhT T BT IELNTOT 37T | o7: IR FRT A B
TNy & RBHTS §RT FATET ST BT SATEAT BT STTAT FHAT ST AHAT & | FATET S0 # feriRa 7 # urh sraas Aeids
A TR T | 37 Al BT IR SAfRrRnYor EiRa 3@ siene J199 61 TR B TS | 39S §RT ST 99 d BT
SIErRTISOT TUT 7T TLAT SFATH AU BT SUBNT BRD AT BT AT AT 747 | 397 Ugfay g1 5 WfIes qe o1 foe=t arrekar
BT AT AT AT AHATT |

SEM Tgfa g1RT &19@ BT &7 3-D FHemar (Brursd) ufafds : fiftre oeaaw @ stwa @ a9s a1 &7 e
gff¥e S far a7 | ve &t Sfua srefve faeas @ arer femar @1 iR saf e gRT S 117 | A+ ¥ Barg
| frafa, T fea aRRefa 7 facas o1 arefivas gon 918 3 tavd 319 91 & afafds & ford S0 o fovan Tam 1 99
T grexh¥ ATedaR—sl fFamard ufafds <ar or s+ fBurd ufafds s a3 @ ford aRacd= far a1 98 &
SeoraEg Rifg § — 59 v &1 ST 399 Wit Sy # fear s e 2 |

SEM & fordl Sifd@ T+ual @I S91Ta¢ : SEM &) el IR &) 99 TRRIRY & SROT \-e T 47 i & ford wrrwrar:
Sifde gaTel P 9gd DeTdToTTd IO e FfHar ST © | TguRid SEM A7 91aC & ford 980 99y oral & qem
OsO, ¥ #&l Td fatel IIv1 I97& & T ¥ Ma¥TF & | 39 SRyfdeore uRReIfY &1 uediar o dei faft= <19 uRads
BT SUINT HD A THd & 3R YA Sifad Avadt i A ararn Reafy § €1 SEM 7R o ST 9&d © | §9 999 A199TH 3R
39 %1 frawa forias yfsrd e |

FT-IR T2IT UTaeR Uad X T@h+11d & AGE W TN & SERUT BT TR : T[ORTd 198 B WRT 3iet § qerdl &7 I
a9y $u | <@ B fAear 21 39 wid @ fafqy il & IRk | el 18 9o &1 WRamTere favayer faar T
FRIAGIRE §RT TH {5 T gerdl & 7l BT faweiyor g ¥ fSwhaer™ e FT IR ugRi §RT f&%ar =11 IC PDF derm
ICDD STT 99 46 & SUANT §RT Ul @ TSH! S YT 4T | fIseivor iR | udl gt & & URMYS sraven & yerd) &
HIRTIH 3MNoileie TAT IS TS IO Held] ATH FHTH & Sl AlFIssgedddrse @ A1 3 &g & | R ol a9 99 9
ifea <<t @1 verdt ¥ daaTge @ AT FTSSIRN TAT HIEMT TUTSTST ITa=eAT, Tl B FAsTaer urs T8 | urass Uas X aei
FT IR TF1 92l & WoeH! & AU dofT qoTed S+ & ford S wmed fag g9 1 (e siar & fog g 4 13
<REg )

TGA d&-id & STINT §RT PAA 9 PAl § SHIT ATSAISHISTSOIYA BT TIBIT 1WA : PAA &7 PAI i
IHY ASTFAISHISISOe TGA THE Bl 988 | ATSEIoA qraraRel § f5ar 77| Igad A¥al BT $&T & arga |

ferfRa aramm= (175, 200, 225 a1 260C) % fad FHATAR & ford TR fHar 1 iR g arararer # g8 uRRUfy v
S TP G T | TART BT YB3 3, THY B AR s Ioi Bkl & TAITE Bl Reps f6ar 171 | Aot apagHiszore

AgaeaRienRens fgarf¥e ufeded 2004-06 50




P ID I

% ford, SgIfa® o KR TT U1E T8 o1 ST IH1 QU & g7 fafay w99 R apiagHiegee ™ & ufoex &1
AT B 74T | I < T 5 A s Aes oY ford URfYS Ao 200°C IF@HR 1 €0C T& 260°C TF TH &R B
ATATHS THIAGHISISOII T | PAA BT SATSS § IHIBROT BT ATATHS FT IR TANT §IRT ATATH {HAT 74T | IR TAT TGA
fargeryor 5 = uRoms e |

|CP gRT He & Rerd Swergsil & faeeivol : a8 <@ a1 & & e 3 Rerd fafd arg st &1 faseiyor o &
ford 59 e eres &1 ST AT SIraT & 99 A1+ ® Surer &7fa utg Sl € | I8 &fd B B @ ford a1 fhY |
A 979 AiaErd THSHIE eres GIR 6l T iR SHS! S ATI I@T TAR S T8 | $99 Ia1 el {6 99
TS iR AFd TNl &Y Afgas T 81t 8 99 0.1 ppm AFe oY 10 ppm EFss & 1 JATIT A J199 dRAHA & |

3MMem el SR ATeHTATSH 3T ST B FHSIUT BT AT HIACSIUTHT §RT AHTHD [ATANT : wered wret
T &1 ST 34 fATAoT BT Aeaqul 11T 8 | 9Fd & ) 9T STl @ [igdT & ATHY HTg I BT A SdTaTe Tes
JFIS FTT T | F5 FITAwor 3 Uas CS 12(2mm) TATfrciae dietd a2m 20mM fiersa aemifie Tdis Teger< & 39
# 0.25mL/min & ¥aT8 T TR fHIT 7T | 59 UG FT [eTTH IS W & FASI0T ST =1 A7 & U A fIeayor s
o 1T | 51 U T BT U TS faes @ Frewiia eg gl o1 faveryoer B # fosar |

SISl SUTaA ® QIR UTG As107 # fALser dem TeliaRiel & J1gurd BT NMR §TRT 3TgAT : Sgisr e
I I A | IS 99 a1 ufshar # fdee Sfya g syt @ sarer s g @ | sifiRe g,
IEIS TAT ARIGHAT & SRM ST HRId & 91 (& °¢ Jare! Hadr 8, R e @R 9 9891 9 & |
sfaRRad feia & gA:91Ra & S5eg | Tl WR & T acdl BT AR [aaA9oT f&har 17 | 59 S22 &1 Rig o<
@ ford NMR Ta=ites Sfaa urs 718 | (el S=ar & forg ges & 1539t 1)

LCMS & ST §TRT SISTHT UIS ©d H BIvdTel Tiex &I TSdT | LCMS BT STIRT %@ JEIHT W o 3 Rerd
BRI TIH (TEHfad $7 A SURYT WECH) BT TSAM T | YT H TEH BT 37 SR I S Afshar s a3 &
o <fre % @ MY FpyvT BT SUIHT H fITAToTeA®s HPLC T fohd T | 399 URed @ O fRreR 24-27 e &
= w9 W et | 597 varert o A SRS Eia HPLC e 9 o1t fod T 8fiR S9aT IR fAeiRa &< & ford MS
3R LCMS 71T &3 TR | e RIER 7 m/z 7 537 TR SR iR RIER & 733 (710 + 23 I 39 & ford) qerm agef
RrER #7303 a1 | BRI TR $T AYHR TR RER & a1 fedr @ S JgieT 9 e dd & 9974 © | 59 0SBl
ORI AT 31T qTaT 3 |

LCMS & SUIRT §RT SWTHISH Yeavol! el &l gfeg =T &7 1S, ATareids aeIm WHRET &7 3 : 89K §IRT Usd
RO {5 71 8 6 e a1 B W H A FUTHISHH STeaol] ATH TeTH 919 B BT I8 JAH TR ST (BT ST FhelT
2 3R |1 & A9 A |/ FUT BRI S BRIDIDIATSS UK 5T ST Faval & | ( T Ue< 7 6, 893, 479) ESI-MS qeI
MS-MS RegIfAfd 3 R § 9§ IR ToR & 3fg Fame o i seia-3-tada g, srmdE RardE, faared= ot
SuRerf &1 wawelq f&ar | aaRe e &1 MS # SUaNT #X® 39 dRI &1 AT [qavor # i {53 1| 37 IR
forIT® @ ATATeHS f4aRoT BT HPLC 1% §1RT HedichT 3R Weel= f&har 7T | 1 Aigdrarel Argelebig=ie (Brg=ei +
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Rrardi) iR faTeli™ &1 HPLC §RT {53 TR 31ATIA & ESI-MS | HHIFT fham 1am | Jeifd MS aa =%y | SsaeH ik
f7ardie g &1 ggaT U1 S HPLC 98] &R 9T | SvsIacIgieId TS & AT § HPLC g1RT 98! AT3eq® fqaRoT F8)
et grar S ESI-MS ERT AReTdr W 9T T S a7 | SR GReTd! & SUART $RD FUTHISHY Aeavei] d AR B diF
AR TF I8 FA & 915 1 37 I Fmdm &) A4 A o aRads 781 uran | (e saerd & forg gee @ 16 2Raw )

BT AT D I~ D TATMNDHRIT B §IRT AFI DI HIYETHAT BT HPLC Thi1dh §IRT J&TH : HPLC F
C18 o B9 PicH TAT THCHISEISA—oId AfTd Bl BT SUANT IRD 2-FARIBIAIA, 4-FARIBIAA, 2, 4-
SEFARIBIAN, 2, 4, 6- SEFARIBIANA, 2, 3, 4, 5, 6- TFARIBIAI BT fITATT B B ugfay AR ) 712 |1 39 ugfa
PT SUANT R, ST AT BT IR A9 § A U A | g 3R 918 9T A¥el BT ATATHS {qgeiyor foam r |
faf =1 A Y SRATafT &t &7 oI faam T SiiR UROTHT &1 999 & <9 @], MR o fggadare A anfe &

3R UR TH 5T AT 1 2,3, 4, 5, 6- ICTFARIBIATIS 7 HE<IH ATl 3R BT 7 A SR < fa@s |

Br @I BrO, 3! & AT & [o7d WagBICHg @ TS : FiRgS T FelRIgS Jad wold Tieis feras
# SIS S @1 SRR Tor SuRARY § TR $T AT e AfaRed siie # SrTss o SURIT &7 39 &3 & ford
TS TAT WG WAGIHIC SIS Uil BRI 31 718 | 59 TG §RT 99 I G- e & ehalg 7eaveT §
I fafes sfeemal A, Torm @ It 7 seen & R avarerd, SEiea & J9al § a1 S g e
|RET # Br @47 BrO, Y WIS BT SIgATI BT |

FOTI & ford 9=ad

TARTEE U4 I8 37 747 & b 87 aorm SRy & groradi=1+ SU—Yebal @ A1 g6 § W Aoei=e FwiRigs
T Wad! 19 & fordl A & | APITE ! &) We 4 ged aRadd & | TS S 3 Ui Gagaeiiaar o e
T T | TS 919 % © P e B A IR GIAT TR IITE S FARTSS 3T & Ui Wageid el U W |
(forery St & forg geo & 1738w )

IR e TRATIY 3R IO

el U4 eeMICHCS MaeTUHAEl B &I Wl Wi & |12l 3id:[har : frena Sormg o & @ forl
TTEaTsd JaRPardl N4 IIT WEIa sHISISclUId e &1 I & 39 § SuANT Iffoidsd Rure fear i g
frredrwIe TR 7 el 5T @ f5 = [erga oa o] &1 sifed fgemar Wk e o] &1 wwifase a=
|HAT © | I8 Uscl RUIC fHaT gam & & Wiegad THAIh< oIl & 3796 JIUTE® © | 89 ACILAHIhTS Bl
TAES AT DI WY B @ ford AISHYad 61 | T Fhic—s &7 2T SIRQITARISS &R SUS HleH Aid & 3aR 1
FARTSS BT WY HR TG © | heAI®Is favevor I 91 go & I8 STaawe s AIsc! & 9urd 999y |
3rafkerd 8, 9 s o1 § WYfea TaRTsS & A1eF Sia:fohar &ar & | Braspa oa Wi & fafte— gt snerared! |an
DI G 71 ReRaT 7 @1 2 | aRErferd AeegiiET sies (Temsd Aise)) IR I sregae # o ot fafd= srfafrt
@ AT 3ict: o 1 W faram T | (e sea & forg s & 18 2fEy )
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P IH I

3Tl STq AT & [ordl AMIATED - fafder siredell T STebenrs= aref eTg AT @ U SHrieran o Tg=eferd
BT [IIHT B B fordl TAT ARASTOT AfHam # Fere forelt &1 wr FeiRd $ & for WRieewR) Yersed deiad (4)
W w194 & fafy= aforenfial ot fhaifers siiefio T 31 fIog § S H-H<aeE # FAfa fHar a7 | 57 IMI%R o
Na’, K', Mg™ 3R Ca” @& "fay sraerefierar <1 =Ron A feifRa &) 78 1 (1) K', Mg™, Ca”* & FH1foq fastor § gx9ae1 forsapror (2)
AULATT 31D A K, Mg™, Ca”" a1 AT BT I IS RITGT SITATI | 37 T+ STAGIRA 7 K & iy Soa ga=refieran
R Ca”, Mg” & ufa fraw aeefierar fRwmg | 59 9) SR &1 Na' 9o K @ gfa daeq faare gt o
AT @ FAaRT A GG 2 | 37 JMAABIR B A AeaASTHhdT & AT & ford S91d Na', K' &R Hoif¥d fpd 1 | 591
T G BT SMOTT AFAT Yhel Thicd &fHR0T 1+ | 1T & 718 | 39 faseiwor 7 wfourfea fovan & wrea R s
Mafior TRATY] Ua fhAifore sirarfior & afiRenfidl @& sTsgior RATY] H-S8A ofid:fhar uqd € iR A% R & A1t §
Tl COCH, ufcrenfidiaret C-H...O sria:fhar & 8 wwaiarell shre+1 R & @q fawn & sfiesme R gt © i g o &t
DA HTST T8 H T Adelt 8 | CO,C,H, TRefiaiarel STEeR & Arfel § U H1E + aric:fowar 78 < 78 sk g
PIFIAGTT AT W TAAT 2 SR e JAIo Al Q@ & | fiogs® o JMFIeR iR SUs a1g Srdead &
JMERVT BT AT HIA B BT F 'H 3R °C NMR 17 Y oo 7 |

NIR @fera g faeaant e : safgm deid¥did 1 BRAF SR & |re Teadieies I W Wi 3 ™ 73
QAN gl = goig & NIR & &5 # JAfEN0T ug &} I5d &1 Soa JauuTd HId (~59000-83500 M em ™) Teidft
TQURIT AEHEAN STSSiadIel 3T T NIR Haod 3T fIRer T ufoRea & g uRad aeHT ol YSIa¥ 1awel & U
# 39 QUM Gaul A SMHYS Hfcad| [Ied quishd ST St faea Ao fhar g1 o fova o et | 39 aRe
Hared NIR Afha faea aoima & areq & fod s am s wad & |

JTEADIT BIATH BEGITelcd @ TIET : O (4/3 TES) SreaRie ATy Sresifee oderr & for)
HANT 5 T | ST WAISTAT A I SIS RITTeIR YU AR | Thdl Thied WRaHT 31N 7 STeRIg® [Wiare 2D
gIggIo 999 Aead 31 SuReafy FuiRa @Y1 8 Tffa 1 FersT Teniffe wie JE diee M & SoRIy®
gfordifaefiar TemdT BT ST FRD Sidt I B gihaAT &1 e fageryer (Wieesi) far &R ur 6 9w @ |y
FfIia 31 ear el T8 9 $o 999 B 918 ReR U1E T8 ot davd e & Sia 99+ @ wfsear gof 81 18 | 3 aRoms
IR THd THieH & fHor WRET 74 9d ead A ToRe® [T 999 &1 9l foar 2 | (fey sard & fog 9= @ 21

R 1)

PIE (TH—3THIE [T THY T B TUNE] : HB U T4 TR 6y 7 TRISINTH g-RET B MR W e RIegRe
&R &1 Aol TG B T qAT STP! Vbl Wi QR FHifRa den fasaifia &) 7€ | I8 <xar mam fb W o= ueret &)
FRARER = & oMaR 3 favriiaa sesior su Riree A faRiy Feayquf 8 | aguRia Rieei= A @t miftd & uar
T 5 I8 oMre @ < fagm, Rrens 31 sarfaf sik fder o wfsear o amenfRa 2 1 59 8w 3 7 geiq fear &
T &M 3R T Y B oud ARl @) O Ahal & |
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BT ID AT

T BT TeHATSTH U] : wae: ra fFied va sifiied a1g sréfies da Gares Jedad o1 e &
AU AR ST &5 8 e A=, Aiad, SAagIad, B AR ASAF—ASIGH AT
IAET ARG © | [qa: ST FfshaT §IRT IS Aead [ea1 ST {FRIF07 TAT IFAM &1 JUREIagas Ao &5
H, T DI D Hifo® d8d T | o, © — SEPETUIAT D BIIaoilelc g S GBI &g D AT I Feadrer]
va¥ fafaer N-gmar forive & 1 SR WRa1 99sm & fordl 89 Sog® & | 39 e 4§ &99 <1 9at wswaia (1) SR
(1) e AT fBd | 37 I AASHT BT AT HD el Whicd & fvor faads o:fY fafy= wifvs maftre
gl §IRT gera®mRoT {5 T |

GURTHATTF R GTfcad Titel TLaT : Yad: AT Yebel T AT BT Axel YhUTAg HithaT gRT Wseiyoy febar 7
IR TR it @ aftfer et IR Y@ax SHa SaSTRI UTerd &1 UIeToT faam /™1 | [Cu(DL-Phe)(BPY)](CIO,)(L),
[Cu(DL-Phe)(Phen)(H,0)] (CIO,)(H,0) (2) @ [Cu(L-Phe) (BPY) (H,0)]H,0CIO,, ¥ = \aior- daifa ford 13 qer
fafey Wz iR fI<ifd qa-al | Toremt ST aetor fHar mar 1 39 9+ Ao 5 S 99 TS
AT gd St gy |

IS T

C, fopvrer ufe=enfid 1, 3, 5, 7-cis SEIUSITS®IeiA TSl ol & $9 ¥ : fBrat 1, 5 STSyai-cis-SoTe=d ae
gfeRenfid 1, 3, 5, 7-Cis-SSIUSITS BT~ BT S*UIE! T BHIb FIOHT BT SYIANT HRPB HIIR e Wl & ¥J H
SIS a1 7T | WO R aaT =0efl 6 1, 3,5, 7-cis SEIUSTSdIel @1 1 B YHIIe! gRf 1, 8 bis (STEALUTSTHY)
T (DMAN) HHITS~S W SITET UTS T8 | 1, 3, 5, 7-Cis-S STUSTIS®I =T B MeIFes oy &1 ReRdT & ford e
TAT TAREIS SRR RTSR ITT 37 | 59 0T & IR | gaT et & 5 1, 5 STSUST-cis-Sdhrai=a a2im N ufa=enfaa
cis-1, 3, 5, 7-SRTUSTSHICT Bl fohvTeT HICH WA & U § SUINT B Tadl © IR $HD AT FAvoT # faa siofy
AT 81 AT © | U =ROT # I8 FRATad g3l & Agriad SvHTeds gkl S 9RIRe pKa AT99 @ G fear
STHAHATE |

AMcheilg S delT TUMISSY B Ui 3TJag Hffhamg :

AMehHAlsSal © FahIa SEAYARSY B Preed ufifsar § W (1) wiee &) Sgus @ U § Sud ava
NFAIgEIel THH B FAINAE BB WTSRI—RX BT FATT f5am 17 | Ra—srganvargs ok 4 snedierss o waifae
FRD DI T3 UHAT § AR HET—HIE 981, I BIIT—AaIIoTT §e1 3R TR SIS D75 BT THAT, T &I AR0T H i garT |
IREATE ARATT, ST STSURIMIGaedIe dofT Sed el 39 T SIead® HHTS~s & S, T&b U
AT & Y AL & | (STeie 37T, BIARET 2004, 69, 5631)

TUTHISSY : ATehrerms el W S R uie Awdlarel =, Bl 3R aTesiergs o fbarefier Tgarel
BICISTSUIeRIBIged & T 953y 1.3 fgdia Arsaaived ufshar & oal 3R SIRERIARIad Tgfa 9 919 ik
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P IH AT

A sURNEIoS SRS SRR T Wied I91aT € | )9 gRRURET § Soa a1, 3 iR srreRaRaed T @
AT FEISITH, SEIUS §RT I HIarell WISATHETAISHA Th BT FRAYY HRA B oI FeTH ATHTH STu=ram 17 | (B4
BIM 2005, 3862) fafder Siarfio, AEgoN iR AehR YFAISNEISA BT BN A ATCHISATHIGEA HHTSS B

B, THICE SEIUG A SEIUG ARHAT 3% ARIRISeadaelggl-1-9wiagd 3(2H)-cn 3R HRWRT 3(2H) iR

CCTEISSI-2H-ATgdAII=<T [5] WIRTH-3(3aH) THI FUTTel Svf FANT B 15 | I8 UG | FHIBROT DeagRri Jrfora
Af$haT BT UgT SETERVT TG HRAT & | TH FAVIHIR REISIIH, THICS S5 1ud gIRT S HaTe! Bl &1a% S T
T PR He ATIA TR ATEhISHIbIe & 3% 1, 3 fegdia asaal geae ufsbar &1 fdeha f&ar 21 (geregH
2005, 61, 1309) 3T UE T BT TIR AT Fare 3R fafder @IEm ok BIuR SEIus! & A1er 7w fham T | 519 3R
SEUS B ATdd TRRRY F g: U R g: ST fobam T |

AHTETD Ul TaH SR faHTT
AT SR

ST FUTGRITHYOT & Tord UT= 7 H153e SRS : MCM-41 TR BT3Re Mn (111) Aer el BT srerer JaT )
Mn (I11) S dgal & (RT & f3avor 31 s34 gga 31 Ruid & 911, siefa Jaie 9, RS N-araarss suiaRa,
MCM-41 TR 3 Jrafera drgxel Mn(111) Hgd I T T FeT38 $T SR SUradTaH-oT fomar T | sureifia<er, ufafdg
I (62-69% ee) TAT AT SSIRVT BT TAT H (36-51% ee) 31 YT farwg AR 1Y B BT | 3detraza Y eI,
I TAT STEATNHIHET B R Y A SRS THTAY & TAT I AlHACT (82-89%) TAT HIATIT =TI-TAT (69-92%) FHIT
TORYT | A UTS T | SORG Bl BF HR A IR, FR—F & 991, gifsha far mar 1 (S.ded. 235 (2005) 28;
RS TRIAET 16 (2005) 3562; & ded, 238 (2006) 134)

UTEE g SIEARS T ggad! Mn (111) Hele Tl : SORS & WRd TR & fiwed @ 0 3, s1$aRs Mn(1l)
o Agd STYE SRR SUIRITHRUT B WA {5l T | 97 SORS! 7 Soa &9 a1 9 Ia-iaT g | g7 rggdt
faemae! & ATer AT W AT B AfNTHAT & ofd # g: I fHar T Tor Sk s # € 357 | 3¢ yeR WRa
T TgAD! Mn (1) Feis ga 1l T8 T T AR & 918 g {63 T | (S.dea. 224 (2004) 229; W ded, 107
(2006) 127)

IS SuIATE St & TeTias! e : R staarse! o 9o YR Ta=aT @ 91 WS T8 9917 o 9 &,
I8 Sod BIRd YEAT S AT SASTIa! AT T A 911 S a1 Traseid Co(l11) Heid Aqga 59 ford fawiy wuor
Y U T | STerTire fIen ™ gy, RfAe shaaRiesss =, 1, 2-3uraime, 1, 2-Suiaiigadid, 1, 2-guiasiamac e
1, 2-3UTAISIS®A | 2-12 ©¢ # FARRI-YE UGS S TAT ST (99% ee) UK §Y AT SIHRD DI G {shal (T 1T |
(@rsferey 17(2005)1)
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PTeTh AT

eI Fa awer # Sulavss daid Gal & AT : Rraiege smogfas Wer A W SR gierdfes qer
WAfeH 3FF gRT gUlTgS! & TINS W 9oy o &) faaras gaa srawen 31 fharet § srga orfiFl sediea
I I oI ARTAT Fga1 & AT 9 | FUIaTsS & R-WE Bl AMfedd A YRA T& gaar # Aol Fg+dT1 Seel urg
% | BiCl, 9gad ATd AT |, 39 SORS §RT R IR T[T | (A 1. A, (2006)1303; TETREA oI<. 47(2006)527;
TgTegd TRIfAEY 17(2006)1638) (faery seal @ forg g & 27 2fEy 1)

feraraselt faferaT ur erafera wrsve BINOL fori=s : ®1sval g€ BINOL foris, 88 <o g1 <) fafy= =g &
forarasel) faferer [MCM-41 (37 A) T2 SBA-15 (68 A)] WR sraferd fd T | Ti (O'pr), @ AT I8 fATHIT BIsvel WIS,
SISURA Nid @ tfeserss @ A JMewheliaxyT & forg SOR® & $U # WA fosar 1am | R 90% d@ Scae wif
TAT 93% D~ 3MTehIed B FATAT fAeil | MCM-41 BT STUETT SBA-15 JTENMRT SRS H STH FAT-21AT IROT (69%) AT |
STRARERIfIT JU 9 & SORS - SRITWET § 3 uR f&Har| (O, Ald. ded. 244(2006)110; SETegd TR
17(2006)1506)

i STEARD Ti(1V) () Gaa—saiRa O-yRifed Wigiesiy Agse & yan I i
TEAYT : PTgRel AFAETSE BT Auferl, HRRarET T o &3 # Fecayel SuanT 8T € qei7 $ 99 & B3 3
qT A% It fefaa & 18 § | gAdfha 7i(1)) SR A Aqhd S99 T T §5 Jlfceslss! & ST AIS—eN
% ford SOR® & TU H, NaCN/KCN HATSTgS | @ A1, Fgad a1 R o-wRifee wrgHieTsfyT @ St wifid 10
A -20°C UR 12-17 € ¥ 370 PISXcl SOIRVT (90% ee) B I 8 | SISARS Mn- TAT Co- Held Al @I e, Ti- Held Agar
o} AR ¥ JMFEAT YD TAfshd b T | (RIS . BFA. (2006)3175; . AT, DT, 264(2006) 140; TETeSTYRIAGT,
17(2006) 2659)

C, 91+
R T (CO +H,) A ATeHIAI BT ETSSIBIH A THROT

T U1 H UITel @ 2-Uf¥er eIl &7 WYvoT : fifieia & 2-uhia sl 99 @1 aitenfies fafty & o3 sfiai
2 1 (i) P g1 &1 BT (i) SR U A BNaTe Seeie WeHAd & ford fasTert KOH a1 NaOH &a & R /131 # SudhT 4 3festwe
DI TART AAT (jii) GLATT B QB IR BT | TP I A AU | 2-TU saq-1al 91 & fordl T Igamani! SoRS A
T YesTd & A1, Ahd T a1 M7 | (ST, FRIFHA 7, 881, 2006; J T U< faae F 20060149101 AL,
T1e) (foery ST & forg ges 6 29 3faw 1)

ferife Tafa Tieia—eTggIBTieaToT : BrReY, ait qer ¢ forite amenRd Rh, Co, Pd deiT Ru e SSRd
150" Q. W, faamgs 304 &, RF—3 g1 Ufele & SreSIerichaxer & oi1d goi f5 AsPh, ) 39@ ford Us <1 forfs 2
Rh, Co 3iR Pd Sgal 7 ag-a: Yfeesrss Scure faam 9afd Ru dqe 9 tfesergs oIk siedisial aMl a4 | RadH ik
AT B e W AUSTTAR Rh AGHd, Co, Pd TAT RuTHA | SATAT WeT ¥= | Rh & 3rATar w7 o1 el 7 AsPh, ferife &
AT, AsPh, TAT SbPh, BT T H, ST BIRQIBMIHRY fhd | (RIde. HTse. Hed. wic. 85, 3, 2005)
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BT D AT

3MEDHTH & BTEQIBIRA BT v 3 g AdHd : 4 grefeere Brah= (PNp,) ferite W 99 T Rh/Ru et =
S A9 IR Yfoeergs I &Y II-aT § Soaar eRid &1 2 | N 313 ) srsgioif-e S Tl fHer a2 9 | st
T 3UTT 0.8 ITIT TT |

HroIT BT eI TS0 : S Jer senfa =g arai 12 YRICeI—g Gad SRS gRT 15 TeHNIbIR €19 qeil
30°C A9 TR HIYT HT AT §RT AFHHR], 1:1 FAgRIeH (v/v) faemaes # faar T e+ gea Sars e, oS
A BRI fSETSS & AT U1 AT | SORS B A, HO 09, MRS Q19 qoT H9T Saiior 3urd 98 9,
fadTa 7 @1 e T A gfg o 1 | LA @1 ST # (6.3 %) uRadd 16 9% / HeT | fid—SoR®, e AlaR &
AT AT 7T |

SR A R BI85 TR BT FIATOT

0.50 fo. U7, %= U= At AfadTer ST gra—ele # TATTI « arawariie Werd €1g Gael RuCl,(PPh,), SSIRE
fafy=1 faamae! & my fed T, Afda Ifaera 9 gI—ufHena Wiy [, @ 9Rads ¥, 999 3resT uRvmH famas
S ¥, 99.7% URT T TI—TAT BT AT (95.4 %) B AT UK 31T | 36 U6 4 0.5 5.1, (Af¥rar 2fderer) W
TR 2.5 UT. SORS & A1 3ega+ fhar mar | s s (R + gragf=ena = 0.49 f6.an) Tor SORS @ gaasmadn
S TS 7T | URad gaw waear § fet ey w1y & 31 SoRe aur faemas 5 IR geEied 6l T | (S, He. de.
245, 200, 2005)

gy wraaes & ford o &R g T 3 a7 Essic s e SO : i arg st & after e disarsit
3 1 = 9o @ srggersrsel M>IM(IID-xHT, (M(11) = Mg, Ni, Co, Cu T Zn 8k M(I1II) = Al, Fe @I Cr) W
SIS 9 Uil ST GHaaa foar T | sregae fondl T |t fgeg srsgicforansel # Baies e\ Al ® 11T Mg
AT Ni 7 Sa1 afsharar fea@s | e o1g el & g8a 3 IdT 9T {6 Soaas |Aishadr Al $1 & 71 SUS 918 & H9 3§
Fe TIT Cr & O S99@! Qfshaar qorm feadr # Wer 99 21 Mg/Al & WRATY[ES U & o+ 4, MgAl fgemg
BIESICIONITSE A SORE § Mg/Al & U 4 TR Ieadd Afhaar TeRia @ | o gadmare faamast @ Afifear a1 |
fTHI®: SRS U BT TG | IdT Il {$ AU TS | AihIT 961, ol U= 99% IRadH, B = #, sifvferas:
IR AT 5:1 TR R4 : T+ S1UTdl 14 : 86 B AT T | (Hed. G 231, 381, 2005; S HEH 6,394, 2005; I Al
e 244,83, 2006)

g a1 g fafAfia Rrararse-f 9 ST o7 SOR® §RT IMAT—SIgelid-0 BT ASSIA : 31 3t
SARS SN fb gelHaT (Ce, Gd, Sm, Pr, La, Dy, Nd, Eu) =g+ fafafifa Rrarerge-p g snuf-smsel & Aggem w
e T 14T | | TS e rfATHATY Siufdr v e S & ford fadhy eyl § | RFRRT SOk (HNO, e
H,SO, fHsT0T) 3TaRIY SOR® & B+ W BMaldl [Auaa qaiaxeT HguYT &1 MRl I&d & | TRIfed TeIggiss def o-
TS FARTEA fIdma®! § ga—arawell # 313 K IR 3 ' & fod AR Ja@ HNO, & S1eT JAi—wTsela & Agged W)
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T Ih AT

SRS AfhIar R eI fHar 1| WgeiF-0 @ A3eyH @ ford tRifepy=ssss 6T AreyH &7 3R Ce-f &Y
afspadr S=a (> 85% ) 58% URT &Y TJAT B AT TS TS | SEM, XRD T IR WASIBIUY §RT SSIRD] BT A&T0T fpar 127 |
(. Aret. dead A: DDA 252, 194(2006)) (Fareis Seal & forg g & 32 2Ry )

=T Cu/Mg TRATI] SUTRT CuMigAl e BTSSICieTge IR fhAld BT STSSITITEHRIT : CuMgal Freng
gTgsicioarsed =1 Cu/Mg TRETT] rgaral (5.0 9 0.2) & w19, 37fg 3ravern Sufsheead 341, deewor fod T |
FRTT B A=dT To11 W 37 UaTdl & HT-99 ofed @t swaar a1 S Rerar # gfg g8 a1 ar, PXRD e
S AN | TT | PTR BT FEdT T6M R, H,0,3MRIBRS 7T H,0 e #, fb-rar & wafva srssifaaciiaxor d
3fg g2, SIaf® AricTsS Afhadr 7 Rwd v famar | w99 <emel # sififhas: SoRe o U Iea & afpaar 4
i3 v fie | ga deeifia qor farfia ssgicfearsel 4 9 9d Aeefa o afshadr siftre 321 |

M(I)MnAl f3errg srggrefemsel M(11) = Cu or Mg, M((11)+Mn/Al = 3.0 @I M(11)/Mn = 90:10 & ¥Tef S 3rqerqvr fafey gy
fafy=1 w93, 30 e 9 18 ©12, @ W19 GO {6 A, 91 59 AT fhTTer &1 FTegHaTeiiaxoT faar a7 | 99y 98 (6 &)
TTggIefeaTsel A uRad ¥ gfy urE TE, el SureT 99y 98 SR Jad A § uRad= § B urE 7 | (S, e S,
110 (2006) 12365; el [d TH TRMAT 10, 117, 2006)

ST SORD] A IITARD ATBIA] BT ETSSITT-HTIT : SR SEBATA T SEARIABRBIT el SSRP,
2- AMFET B BTSQIGHIGRYT # SUYF TR T | 99 & A1 f6d M 597 aifferanai # greafra & 91y & dqgd 3 9w
&I, 100% aRRacds & w19, 120 fide ¥ faams Safd S <2 7 SIEnia BIesi SR Waga 9 71 70% & gRkadd
9 7 | (e ST @ forg gee < 34 3Rag 1)

TBTINIIROT

T ATHRT At Jrarase! TiO, : Ag, Co, Cu, Fe @il Ni 3R SHifhecerss frarivedl Tio, & yarer
SART Afhaar T Jodid, Seflg AETd H ASg~IT & FTHYUT gRT 1-8 8 # UV Farer fsvom § UVIVIS
Werpierex ¥, 71 fafi= wwg § ford T srgefia STeiy ol § | e eie 917 &) fSf¥ed v foear |
TTH Ag ITHRT SORS W aHYS & TR, I B o1 ¥, T ST 3T | (SrsRgae Sl &, R 45, 922,
2005)

Fe-3T=Rd U@l TSRS TR 0TI &I THT : Yb1e SR AiHaar Bl Nd-arel qelkIgs 3 & faded ¥,
ST SRS P-25 fETAT P Fe & TARISS qAT AggC ATl A HRa farar mar | fafy=1 Fe arg Amamsif 0.1-10 %
(TR/MR) & BRS FARTZS TAT AgLC el @ TART A 79 aHRa fAfer F Y131 SRS §91@ A @21 XRD, DRS, SEM
I Vot a5 waie & fafdr g1 et ford T | aRommsl @ <1 ol o FaiRTS S 1 S8 ATS e 3 &1 31T fobar S
[HAT & TAT SSIRYT AlHAAT B AP Bl G [HAT AT AHATE |
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TRI—T@TeT # ¥5Ta] BT faveT « fafr= <ol & ke @ R, yererssR® P-25 R ugad UV TaTel & R 1R
ARI—T&HTeT & A1 Y 6l R | AR aeyg, Aamarse W, SRS G TT SHENTA A9 HT by GRI—JHRT H §5
A UaT TR 3 fHT 797 1 B €S § 9 3578 quiadT, GR—F&1er & e 81 T | UV 901 G- JaT1er # 71 I8 3T<i)
ITIT TRT 6 UV 1T 4 Sfaahidh o1 il SITaT Xe |

R % e aferer
ATS SIS, RIS TAT NI BT Ybed, fg T BRI g9 A © |91 Aie-rse Raldige uR ferenyor:
ATZSISH IIFAT AT BT A A ATRATST A7 &rHaT B g9 R AfRrenyor gRT 9e™ & fod vaq, fg 9o i 9ave
A | AreATss Rratarse & fafafia fear | Msase @ ifsam &) taa, fg aon B—dareen: «Nferm, qefRnm,
WoraH, dfeeraw, IRTH, duwa T NRTH D 1 g5 747 | FAFTIR SIRENYor ST $1 70T & ford | e ardl wR
Agfera siferenyort o1 Arq foar T | rfereTYor Ay | uar g & Afrm—fafafia arerse § ST siftrenyor e der
Hfr—fafafia arsarse & 9ax 7= e @ | g8 ) a1 T {6 g e @ ford Srferenyor S, 3w o9 &1 98 |
THd a1 fgaaere aamrEl & e, el 91, S 98 uaRRid ol & & N, sferenyor 3t ga+ar Rer g s far 4
fifya e 2 | (SSReaa Soft. »fi. Rerd 44,6856, 2005; TR 21, 11220, 2005)

Hrrot (1) fafsfEa A el X ver @ RSratarse : # (1) Rfaffa A ok X TR & Rriarge 9mes, @il 3
J9THT N, O, T Ar & 31ferensor & ford 288.2 81k 303.0K TR, regad far mar | Mn-fafafifa Rraearse A N, O, dem Ar
BT AT AT Wferd <19 98T A 91 | Mn(11) faffia Rraemse X @ N, O, T Ar 31 AfreyoT &varl Mn-R
To™ W 931 | Afhs TgciorN SIfErENYor o7 g9 &7 & & X & 399 915 3R & AT | T19 P A1 O, TAT Ar &Y
Srferenyor e Wil 91 | B o o R ReRie, Tor anfa=ardl srferenyor S & 7! | uar 9 & Rraege
TR A Mn(11) AT AT ATSEIT ] ATl A SAfHAT B E |

NaX T NaA fratersel uv CO,dem N, &7 SIfErenor: Nax aer Nad Riarsel R Co,aem N, @ SifrRiyor &7
e 303 K TR faam 1am N, &Y g § <1 fRiamrarsel ©R CO, 3t S1fereiyvr &iar Sed 81 Nad H 303 K TR CO, &l
STERINYT FHATY TFMHR 811 & BRT PSA faf¥r & srgaqat 7181 © | CO, T2 N, 3] fSaiarse sferenvai & Jea: Rer dga
Jrafspas gRT 35T S € 1 CO, BT agyd et (4.2 esu) N, ¥ (1.2 esu) 1ferd 819 9, CO, &1 Ridieige |as W nféa
AT ¥ f3ha1 BT, CO, 31 fAaIeTse Uk 920 SIfereiyvr &l 89 & SR |

e St : gaviftd vaq geugfy

feaRarse 9 AifsTd Rifase, Ratarse A dr s@efta Rifasr 9@ o 9fafy : frserse Q@ gawfa
Rifera sy @ \ifsam Riehae (50 f.a1.wR), s@afa Rifersr (5 f&.a1. =) e Rriase A (10 fFIwR) 90 @
o, ufafdr denfrer dow, dqof ufafdr s, SuHRer fARvarl dor IR |derer & A1 IR $X$, M/s NMDC ®T 59T
o T | 39 W B AR IR A Yo i Bid f$3 T | 39 ufafd & ifaa arfdrsas 8, T 919 & U KCIL &7
FREM B T U Hea a1t (NaOH, H,S0,, HCI) 3t gfe 4 fhararrse & Jeugfe 7g, KCIL, 73 facdt & ulReat ot
YB3 B T8 | XOHE A SICUTS HhavaTse Hiuchd T BT AT TR IR q1 J9Y fFRed & Tl U=l 31 718 ol
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Arefd WHR g8 | KCIL 397 IFa@HE A5 R 1 e I fhararse dk 39 & ford a0 wire o & ford weafa €1
12 f&gwR 2005 &1 <9 Trféat, NMDC, KCIL, 73 faeg! 9o CSMCRI, & 919, 1 e afufed feavarse KCIL Xae A 9™
PP IUDH A B Bg TSI HRIR SRITENRT 3T |

3iTEnfire Sfeese 9 750, &1 v : e ~ 35%, Sio, T ~ 4 % Ti0, I &eel fhaxellge W 7i0,®) -1 B
for, 110, %Y o | SuART faar T | uaref | HHE: Si0, (70-75%) AAT 710, (9 % qF), Jad Urdl T=AT | Si0, B AfSIH
fiferde & v A wiftq & 915, ST 31G&Y § 750, HTH! UTAT 7147 | 198 & fIgeiyor ¥ uar =relt fa §99 S99 70-75 % Ti0,
AT 20 22 %FAfAHT TS B TUH & | 710, B Tie B ol 31 1aeid B AT Aeag R 31t H TeTdT 37 |

T 31T ST BT B3N, fITHe WR—7:0, TAT UIfeRex ST H ygaw, Sugad 7i0, 991 & Qe & S2eg |, Rargw
Fewid fafics, soiRT & Wrelimdiel W< & sfeew iRe 99 uaref (R 18% T 7i0,3) W 7i0, o gAvifd ag &t
TS | 96 MgO @ ATUeT, 95 YA 3 BT SUTE ITAT 17 |

Her fawriora sraelfta fafersT a9 &1 ufafe &1 uee : wweagde R 5 T S sear sfiwe s,
TR, TSIRTA §TRT AT 59 Wioide &1 Sifer favsga aa-rat ufrdes, R wfafy s, Sure fafrear, fageryor fafey g
JFFEIYT B IATAIOTS fafer & rer AR v w1t 9 sfea fatrear & wr e fawrfora saeifia Riferer &1 Rard
IR SX® ST {531 4T | 10 ATSSHI | HH BT ATqdTen sraafia Riferat a9 31 fafdr &1 weei= 400 f5.am. wr wR A
T dfimed TS, AR & Baedl W15 TR 19-20 JATS 2004 HY AHIATdd BT 727 |

Foo & 7 W giaarge ¥ fTadEe Aeey : 6w & dearge W Rididge—A §9M 3 GHIEH & oifie
I B W9 I AR, SRIST 7 CSMCRI &1 WS AT | fedhell §RT TIFAT &1 Menferd &= & fod der
fenfoaes d Radse—A 91 @ o TN WR IR TN 65 1 | 7991 WR Sieage 9 91 R Raarse—A @ 59
AT TAT IR U RaTcTse—A & TOTerdl A 1! Ta=ar urs 18 | (fFery S=ai & forg gs 9 39 afey 1)

SRR

SraTawer ATl ¥ SrfigE & ieerd HraiHe WeelvoT : e Felikigs vaq Afeaq seie @ dra afsam
FARTSS TIPRT B AT SITERAT AALHATSN FRT HRTIH BT S AT ATSH AT & BN $ GIATT & o 3eag+
o | T @ faf=T w9, 4-12 ©e, 9@ 911 fafelT & 919 400° 9. R IfTHAR 31 7S | 99 dese B 99 IR
TYET ST § 200 mm AT B HOT 4 |

(CaCl,+NaCl) + Na,CO, CaCO,+3NaCl
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JEIFTST HaT BT ST TAT FFHal BT LT : 7aT S~ Wil & Seaad s & ford =t gar wfdreral
(0.5% 1% 2% 3% TAT 4%) & faea 14 T | $9 Al S QT T BT ATATGT AHAIP §IRT AT BT 77 3R ™
FHIBROT I < 2 um 919 & ST THId 6 T | S+ J&T 1 IR feed g1 favelfd f6d 1 | S derse gar
AT BT AT fITdyor Tt g fafg erar w19+, ar9s faftr @ faram 131 | IR deiaTse Ja1 T AriA) gar
BT, 741 GoeHl 3 ford, Taaar YuR & ford 7T @ f&5d ™| 599 fo’d H,0,; CBD; MgCl, + STseImaMTse; TEOS iR
AifsT Reave 1R e 5l T | I IR 3§ FER S7 419 39S & 91 & 6.1, F1efe a1, R s 9 &
90% HOTE @ ATY 20 ATSHIT W HH T8I, TIR HD NCL YOI BT TgAD SMMTASUT AT B g1+ o Hofl 1T |

91 fohve el oI : e o fafty g1 geoifhae Wern Sl T 98 T | Avfieg e qeRifhas,
TI-20 | TAF-80 TP, T&T TS SIS SIBIET oA Bl G B AT, AT AqTs D THIT DI FHI1AT B 6 & OTAT T
AT B B o, T T | A4 el (4-6 nm) Tif=al T Aia—oia fafdr g1, TEF & srfusmifas g g
TR T | 3H FIANT HTETl, S fF Srfcrspifire g, pH qEemh @ uefa vaq s, fRares arg, feeeedt 7 der
THITIT BT AT TR AT HA T | TATTHD eI B ford it & T SHT e fafdy 4 +ft 773 1 |
Jfspifae Yoh gIRT AHR / ferd Ta= | A1 faaRa S=a Al A—five ™ (4-6 nm) Faifam g+ wiafes S
TS §RT $ /A HAael g fovved AMarel (13-20 nm) FIaT T 9 | Aifheedd o (4-6 nm)
rfaspifre e fafdr 9 +ff T TR e fveed wTg W fAfv=T smemat 1 steres oo | (e S & forg g o
423y )

IAMEA—ATBICAE S FAGIGT IR WY fHAT TT | 19 T2 ARMBIei /SORS B U B J91G BT ega faf=
THATORTA & 19T T 37 | $f2ed Sere @ ford 90% aRac= q2m 100% a==raT el | aRreafad STe & gregaferd
XD, (AR / SRS BT AT BT TG | TSI Ga~T UTK §aTT | (HeTfarlRied HRH e, 7, 52, 2006)

Ay el - da—aa Ry fAiffa Sfeda ersefrn & sa—vars § 550-1050 K a9 & $ra fAfrm
ATt TR R feam /T | AMfehReeiid Tio, & fihveeiia AxaHT, Se—3iaRTel T JMHIRPT BT fdgasor XRD, DRS, SEM
qT BET fafer g1 fooam 7w | 393K qem 1023 K W= fA=arfia Aifsheeeiia Tio, Wds &4 HHe: 259 m’g ' q2m 2m’g o | /19
T W $ AT elId TiO, BT 98 el | 39 SOR®! & USRI Afshaarent &1 feriRer UV warer fevor (1-8 8) # 50
GATH TEEISON B SabyoT gRT fobar 72T | T SSRB! §RT ASLISSI @ adyvr B MRS iy fHeriRa @ 7 R
A 753K R fARaaTfid SeRe 3 wat=a i fears |

Ara—ord fafer 3 Arraseh Tio, Ira) SUH fafi=1 Sriert |hHvT emgeii — Ag, Cu, Co, Fe, Ni, Pd, Mg 3R Sr T /=+RoT
PP DT [ITATOT fHT 797 | ETait &7 ST=7+ReT DRS §RT GFad foma 7am | fomi Seaas aret fR1ge 11 nm T =a
1.5nm A Ni TAT Fe THRT SSRS! # U1g 713 | ARIEREN TiO, BT 68 &7 HAn: 38 Mg TAT WY &7 11 nm T | €7
aHRT SOR®! &1 AdE &7 (7-13m’g”) HRARAReR Tio, ¥ &4 urar T | (SsRead goft. . R<ad, 45,5231, 2006)
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ThHad d OU H Ul TAIH TARTSS : STaRd Uil & HIY 7 SeiT B Tl IR U &) STaiRd &
% ford, ITel—UIHI™ FARTES (KANPAC-10) & THed / St @& 30 A FHTET WA o e (6a1 14T | I8 Aiolae
AT FNRAT DB T ST ferfiies, 78 faeell (KCIL) gRT yrafra foam 1 |

e EXaraxoT / arforsa

SIRT ufafer @ weEq A wigH ITRTgs 94911 1 WenfIe) &7 SWIaRYT : & fFa. ®R | ©5dA
IS S LTS B TUNTAHRIT | H,0, BT IMRNBRS B $U H WY HD, I & UfIf 91191 & forg Hgegaienzansg
AT A SHI—IART e, IR 7 FEFR 2005 H TS HIR SRR H3 | WHAvT a1g SRS I, 98% UGS S
FIATAT TAT 98% FTZ0H URaci=Tare 337 UfAfe BT 52+ 6-8 faamaR & SR fo5am 17 | e | g sags 9
P U AT SHI—TI T, STV BT SRATART DI T I HITHTAHIRNRSTE B U S B MR WX 2 e ufarfed &7
ATE T RET B | 59 U9 & oY U STt Ueve (Y 9 Uee 7 : 7, 235, 676) i wiaza fanam wm | (fawiy sear & forg
TS ¥ 443 1)

& e ufifed fhavarge STaRa 3 & ol Jae ¥ @ive o & Fedld : HTagawiisnRans, JaiR,
AT PR STad= BIYReE fAfies (NMDC), 2evETe qeT $HIRAT e =6 sTe&Iol (KCIL), 78 feel 7, 1
< afafe fravarse ot Yrugfg SwTe # 95 @ A & Swaad Scarad & ford, Hrveft wsiiar s swiieRa fad |
I Ul UTaR HIIRIE B A1 THSIAT BN © A o uTaR STORIA s (NTPC) 7 24 faawR 2005
BT AHSIAT HIR THERT 65 | $9 TSIAT SR §RT NTPC ST PR “®e 449 ¥ CO, & gwifa & ford =afa
JfereNy®! & e IR Mg HIATR |
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REVERSE OSMOSIS

Thin film composite membranes obtained by coating polyamide over polysulfone
membranes of differentpore sizes

Thin film composite (TFC) RO membranes were prepared by forming polyamide skin layer over two
polysulfone membranes having average pore size of 0.07ym and 0.15pm. The former TFC membrane
designated as Type 1 showed superior salt rejection efficiency over that found with the latter TFC
membrane designated as Type 2 (S/R = 96% for Type 1 vs. 65% for Type 2). ATR-IR studies suggested a
two-fold thicker skin layer in Type 1 membranes due to reduced penetration of polyamide into the pores of
polysulfone, whereasinthe case ofthe Type 2 membrane the pores are plugged with polyamide butthe skin
layer was thinner (0.2pm for Type 1 vs. 0.1pum for Type 2), leading to the possibility of higher degree of
defects and, consequently, lower salt rejection efficiency. The higher bulk density ofthe Type 2 membrane
in the IR penetration region accounts for the overall higher intensities of IR signals compared to those
observed withType 1, whereinthe IR beam encounters greater degree of voids that yield no signal
(J.Membr.Sci.2006, 278, 19-25).
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Reverse Osmosis

Capillary flow porometry and N, sorption studies of the pore structure of polysulfone
ultrafiltrationmembranes

Large-scale polysulfone ultrafiltration membranes were obtained by precipitation of clear polysulfone
solutions in a coagulation bath containing appropriate amount of non-solvent water. Pore sizes > 400 A
(0.04pm) were measured by capillary flow porometry while pores in the range of 4-500 A were suitably
studied by N, sorption measurements. The majority of surface pores measurable by the flow porometer
experiments are in the range of 500-700 A (0.05-0.07pm) having median pore size of about 600 A though
there are some differences in size distribution within that range among the samples, as revealed by flow-
pressure curve and filter flow data analysis. The similarity of this surface capillary pores among the
samples was also apparent from N, sorption measurements where the samples exhibited similar Type IV
hysteresis at higher P/P, due to capillary condensation and similar cumulative pore volume and area over
the pore radii of 20-500 A. The sorption measurements further revealed the presence of very small pores
(ca. 10 A diameter) in the samples; differences in their sizes and number densities may account for
observed permeability differences.
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Flow-pressure and flow-pore curves drawn from the porometry experimental data of the samples
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Study of chlorine stability of polyamide thin film composite membranes

Conventional aromatic polyamide TFC membranes are known to be adversely affected by exposure to
chlorine, with steep declineinsaltrejection efficiency. Ithasbeenspeculatedintheliterature thataliphatic
amines may alleviate the problem due to reduced vulnerability to ring chlorination of the diamine. To test
the hypothesis, a novel composite membrane was made using 1,3-cyclohexanebis(methylamine) and
TMC as the salt rejecting ultrathin layer. The composite membrane was exposed to different
concentrations (1-5 ppm) of NaOCI for a period of 1-10 days. The membranes were characterized by
FTATIR and SEM, and separation performance by permeation tests. The IR spectrum of virgin TFC
membrane shows strong amide (C=O stretch) and amide (C-N-H) bands at 1644 and 1543 cm”,
respectively, as expected, whereas chlorine-exposed membranes showed a split in both the bands (see
Figures below). SEM revealed a change in the surface morphology from smooth granular structure to
rough particle structure on exposuretochlorine.Simultaneously, rejection of NaCland permeate flux were
both foundto decrease substantially (see Figures). The decrease in performance may be attributed to the
conversion of the hydrogen bonding amide NH group to the nonhydrogen bonding NCI group, with
concomitant change in the polyamide skin layer chemistry and morphology. The results suggest that
performance deteriorates evenwith aliphaticamines.
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Reverse Osmosis
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Variation of NaCl rejection and flux of the membranes on chlorine exposure. Feed: 2000 ppm NaCl solution. a)
virgin, b) 1 ppm, c) 3 ppm and d) 5 ppm chlorine treated membranes.

Developmentofhigh saltrejection composite membrane

Inorderto develop high saltrejection membranes for seawater desalination to obtain potable water and/or
water for agriculture use, polysulfone membranes having different porosities were prepared under
different conditions using Hollytex and Nordlys non-woven fabrics. A polyamide skin layer was formed
from the interfacial polymerization of m-phenylenediamine (MPD) and trimesoyl chloride (TMC) over
these polysulfone membranes. The performance of the composite membranes was evaluated at 600 psig
for >30% recovery of permeate water from seawater having 30,000-35,000 ppm TDS, and the data
obtained are shown in the Table below. The TFC membrane prepared on HT supported polysulfone (PSF)
showed higher salt rejection with somewhat lower water fluxes than of the membrane prepared using
nordlys-reinforced polysulfone (NR-PSF). However, in both the cases, the salt concentration in the
permeate was less than 2000 ppm, indicating that the water can be utilized for agricultural use. TFC
membranes were also made on PSF support membranes prepared using different concentrations of
polymer to gain insight into the effect of PS supports on salt rejection and water flux performance of
samplesforseawaterdesalination.The observedresultsindicatedthatthe porosity ofthe PSF supporthas
considerable effectonthe structure formation of polyamide skin layer, thus affecting both salt rejection and
waterflux.Thisappearstoberelatedtothe conclusionsfrom FT-IR studies described above.
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Reverse Osmosis

Seawater desalination with indigenous TFC membrane

Membrane Initial Feed Reject TDS Permeate Flux
TDS (ppm) (ppm) TDS (ppm) | Liters/ m*-hour

Hollytex-TFC 30,000 49,000 1050 18.7
Nordlys-TFC 35,000 50,000 1860 27.2 )

600 psi pressure; 30% recovery

Development of Nanofiltration membrane

Nanofiltration membranes are of great interest for diverse applications, including water softening and dye
removal. TFC membranesthemselves canfunction as nanofiltration membranes when the structure ofthe
polyamide layer is varied. In particular, NF membranes have been prepared in the literature using
piperazine as the amine source. We have undertaken a systematic study to identify optimum process
parameters to obtain membranes having maximum differential of selectivity between divalent and
monovalentions. The performance of the membranes has been tested in different single as well as mixed
electrolyte solutions (see Table below). As can be seen, divalent ions were rejected selectively. It is
believed that the higher rejection of sulphate is on account of Donnan exclusion while the higher rejection
of divalent cations is due to their higher degree of solvation leading to much larger effective cationic sizes.
Variation of selectivity and flux with operating pressure was also studied and it was found that whereas flux
increases steeply with pressure, thereis only marginal effect onrejection selectivity. Efforts are underway
toscaleupthe membrane productionsoastoachieve consistentresults.

Performance of nanofiltration membranes

" lons Sea water Brackish water ©
Feed conc. | Permeate %R Feed conc.| Permeate %R e " REJECTION
(ppm) _ [conc. (ppm)| " (ppm) | conc. (ppm)| "
Na* 6736 4782 29.0 790 529 33.0
cr 14466 9673 33.1 1508 752 50.1
Catt 769 124 83.8 136 15 89.0 o *
Mg 964 80 93.1 84 6.6 92.1 5 .
804" 2457 13 99.5 352 2.4 993] m " * OPER:TSING PRESSZ;E, psi ® ’
Variation of Flux and % Rejection with Pressure
Spiralmodulerolling facility Measured for indigenous NF membrane

CSMCRI is developing the full facility for spiral rolling of 2” to 8” dia. and up to 40” long modules.

We have already established membrane rolling machine and module testing machines. Some of the
machines like ultrasonic welding m/c, trimming m/c, spacer cutting m/c, hard wrapping m/c etc. are
being added.

Spiral module rolling unit 8040 spiral module rolled at CSMCRI
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Reverse Osmosis

Hollow FiberMembrane Technology

The Institute initiated work on the development of hollow fiber membrane. Necessary infrastructure for
spinning hollow fiber having 1.0 to 2.0 mm OD and 0.7 to 1.5 mm ID has been created, as shown below.
Polysulfone hollow fiber membrane having mean pore diameterin the range of 0.065t0 0.08um has been
made through wet phase inversion process and hollow fiber cartridge of 3” diameter x meter length
accommodating 1400 fibershasalsobeenfabricated.

Hollow fiber spinning machine Hollow fiber cartridge

Synthesisanddevelopmentof polyimide membranes fororganic solvent separation

A majoradvancementin membranetechnologyisthe development of solventresistant membranes. Such
membranes could have diverse applications in petrochemical industry, chemical processing and solvent
recovery following extraction processes. Novel organosoluble film forming polyimides were synthesized
in two steps using commercially available monomers. In the first step, polyamic acids were prepared by
polycondensation of dianhydride with diamine in a suitable solvent under optimum reaction conditions.
The polyamic acid solution was then converted into polyimide. The polymers were characterized by
variousinstrumentaltechniques.Two classes of solventresistant polyimide membranes were prepared.In
the first type, the polymer is insoluble in almost all

o
. . Il ﬁ
[ h h h R HN NH,
organic so vents whereas in the second type, the <:;©/ \©(c> i _@/K\©_

membranes are resistant to solvents used in specific " £ o
b 0] c

applications. The second class of membranes were i g_“’x““““”"“ .
evaluated for low temperature (-15 to -20°C) recovery _HN_°:©/R\©< @@
oftoluene and methyl ethyl ketone (MEK) from lube oil

mixture (solvents:lube 0il=70:30inthe mixture).The  membrane
laboratory experiments showed that the permeate "

with about 95% solvents (toluene and MEK) and [ oreano-sotubie Polyimides |

g Polyamic acids E Cycloimidization
Additives

about 5% lube oil and solvent flux of 7-8 gfd could be Cyeloimidization Membrane [preparation
obtained at the operating pressure of 550-600 psi. , 1

2°x12” size modules were fabricated from the Lmetwierimenimmes | [ ommerictmenivares_|
membrane andtheirperformance was evaluated. Scheme for the preparation of polyimide membranes
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Reverse Osmosis

Low temperature performance of polyimide membranes

/ Membrane | Feed concentration (%)| Permeate concentratioifs)

preparation Flux, R (%) ;

condition Lube oil Solvents Lube oil Solvents gfd Lube oll
Polymer + 32 68 29 71 20.7 94
Solvent 32 68 28 72 16.9 12.5
28 72 24 76 16.4 10.7
Polymer, 30 70 20 80 12.9 33.3
Solvent + 31 69 20 80 94 35.5
THF 36 64 24 76 14.8 33.3
35 65 24 76 15.6 31.4
Polymer, 31 69 15 85 8.3 51.6
Solvent, 29 71 13 87 71 55.2
THF + 30 70 14 86 6.7 53.3
PEG-600 28 72 12 88 7.7 57.1
Polymer, 30 70 5 95 8.2 83.3
Solvent, 33 67 5 95 6.9 84.8
THF, Maleic 32 68 6 94 8.1 81.3

acid 30 70 3-4 97-96 56 | 87-90 /

Ultrapure water system

The institute has developed alow cost ultrapure water system
(shown in the Figure) by combining RO and ion-exchange
resin processes. The system consists of a diaphragm pump,
sedimentfilters, carbonfilters, RO module, resin columns and
different sensors. The unit produces 8-12 LPH water having
>18.2 MQ resistivity and <10 ppb TOC from raw water with
1000 ps conductivity. The resin need to be regenerated after
producing about 500 liters product water. Presently, the
institute is working on the development of EDI unit which
would enable in situ generation of resin and allow for
production of waterwith >10MQresistivity asrequiredin most
of the applications. It is proposed to fabricate a scaled up
versionaswell.

Ultrapure water production unit

Designand Developmentof 1000 LPH 2-stage seawater RO desalinationplant

Although seawater desalination is conventionally done the world over with seawater membrane modules
at high pressure and in a single step, it was felt that lower pressure operation with brackish water
membrane modules in two stages may be a better option for villages. Such a plant would have the
advantage of using less expensive hardware and, consequently, lower capital cost. Moreover, lower
pressure operation would be a safer option in a village environment and there would be the further
advantage of greater flexibility of operation, i.e., the ability to tolerate changes in the seawater TDS which
was found to vary from 28,000 to 40,000 ppm depending on the season. Results obtained on a prototype
unit with sequential 2-stage operation using the same set of modules were reported in the previous
Biennial report.
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An improved version of the unit, with synchronized 2-stage operation, was subsequently designed to
produce ca. 1000 LPH product water with TDS in the range of 400-800 ppm. By recycling all of the second
stage reject water into the first stage it is possible to realize overall recovery as high as 45% w.r.t. the
seawater drawn in. Another notable feature of the plants is that no chemical is used for pretreatment of
seawaterotherthanalum.

=

Water being drawn from sea RO Water being collected by people
Synchronised 2-stage RO plant installed at Mullimunai village, Tamil Nadu

Feed and product water analysis for Mullimunai 2-stage seawater RO plant

(Source Sea Water Product Water
Date of collection 21.12.2006 21.12.2006
Parameters A B
APREEEIE Clear Clear
Colour 25
Odour/ Unobijectionable None None
Turbidity-NTU 2.5 10 2 1
Electrical conductivity 41,700 580
mcs/cm
TDS 500 2000 29190 400
Suspended solids, pH 6.5 9.2 8.1 8.9
Alkalinity as CaCO, 200 600 170 36
Total hardness as 20 600 5900 65
CaCO;

Calcium as Ca 75 200 720 12
Magnesium as Mg 30 150 984 8
Total iron as Fe 0.1 1.0 480 3
Free ammonia as NH;4 0 0
Nitrite as NO, 45 45 0 0
Nitrate as NO;

Chloride as ClI 200 1000 15300 180
Fluoride as F 1.0 1.5 1.4 0.2
Sulphate as SO, 200 400 998 0
Phosphate as PO, 0
Tidy’s test 4 hrs., as O, 1.4 0.52 j

A=Desirable B=permissable
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Regenerationandreuse of discarded RO modules

Alarge number of RO modules get discarded each year once they cease to perform satisfactorily in highly
demanding environments such as in industrial RO plants and single stage seawater desalination plants.
Around 100 such discarded 8” RO modules were provided by M/s CPCL. Several of these modules were
found to be in good condition while some were beyond use. There were many in between whose
performance could be revived to some extent through suitable chemical treatment. The nature of
treatment varied depending on the kind of fouling observed. Nearly 25 modules were returned to CPCL

after regeneration while a sizable Performance of discarded RO modules before and after chemical

number were utilized in various treatment

societal mission activities; especially ( Permeate Rate Lit./Min % SR

less demanding applications such as| SrNo. Herore After Before After
brackish water treatment and seawater treatment | treatment treatment treatment
desalination through 2-stage process. 1 4.8 5.6 84.0 91.0

Use of such regenerated modules is 2 12.0 12.8 88.5 9
seentobeahighly cost-effective option 2 122 122 gig ;iz
while, at the same time, mitigating the 5 12.0 12.6 86.9 90.9
problem of waste management. Data 6 8.0 12.0 92.3 95.0

on a few representative modules are 7 8.0 11.5 90.0 931 /

providedbelow.

Fluxenhancementofthinfilm composite RO membrane by controlled chlorine treatment

Ithas beenreported earlier that exposure to chlorine can adversely affect the structure and performance
of TFC membrane. However,ithas also been observedthatshortterm (minutes) exposure to chlorine can
improve the performance of Performance of chlorine treated membranes at different pH and exposure time

fouled membranes, especially / Chlorine Exposure | Exposure Solute Flux (cubic
o P concentration time level (ppm- rejection | meter/square
the fI.ux. Chlorine conta|n|.ng (opm) (minute) hour ) (%) meter. day)
solutions were made with Nil Nil 00 92.375 3.30
: PP, pH=8.5 4000 15 1000 82.50 3.44
sodium hypochl.orlte in different 4000 30 2000 85,89 267
pH buffers. Spiral wound TFC 4000 45 3000 85.61 4.67
membrane modules were also i i
o Nil Nil 00 81.14 1.20
similarly treated under [pH=10.0 4000 15 1000 88.56 2.14
controlled conditions. The 4000 30 2000 95.13 1.42
. i ) 4000 45 3000 88.73 1.22
results obtained are provided in
the accompanying table. Ithas Nil Nil 00 81.14 1.20
b luded that chlori pH=12.0 4000 15 1000 83.77 1.61
een concluae at chiorine 4000 30 2000 78.22 2.15
treatment is a risky proposition 4000 45 3000 87.64 1.20
may be useful in extr.eme cases Ni Ni 00 99.38 330
when a module is beyond |pH=12.7 4000 15 1000 86.38 4.08
; 4000 30 2000 85.82 4.54
regeneration by othermethods. 24000 o 3000 9153 .30
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Sewage waterconversiontoprocesswaterinleatherindustry

Underthe CSIR network project on environment friendly leather processing technology, we have installed
an advanced integrated RO system at Central Leather Research Institute, Chennai. A hollow fibre-based
pretreatmentsystemwillbeinstalledinthe plantassoonasitisdeveloped.

(WWWL) THROUGH RO SYSTEM

TREATED

WASTE WATER

(FEED WATER)
TANK

o MEMBRANE MODULES 2 g
W v ) l
Li PRODUCT WATER FOR
REUSE IN

LEATHER PROCESSING

HIGH
PRESSURE PRESSURE PRESSURE
PUMP

WINNING WATER FROM WASTES FOR LEATHER PROCESY b

b ol m%“ i é ' | RO plant for the treatment of sewage water at
i : cuamcaL wasi CLRI Staff quarter campus, Chennai

Desalination of saline lignite mine waterin Nagaur, Rajasthan

Rajasthan State Mines & Minerals Ltd (RSMML) encountered a
complex problem of highly saline (7000-11000 ppm) ground
water during exploratory mining in their Matasukh and Kasnau
lignite mines in Nagaur district. Itis projected that as much as
50-100 MLD of water may be produced once the mining
operation is in full swing. To convert the problem into an
opportunity, it was proposed by the Institute that a 2-stage RO
plantcould be setup torecoveras much as 75-80% of the water
in the form of either drinking water or irrigation water while the
reject water which would have seawater-like salinity could be
utilized for production of salt. RSMML viewed the proposal
enthusiastically and CSMCRI set up its indigenously

developed 2-stage RO plant at the mine site at no cost to the §

company. If only 1-stage operation is undertaken the plant
produces agriculture water @ 3000 Iph with 78% recovery.
Depending on requirement of drinking water, the second stage
unit is operated. Following successfully commissioning of the
plant and confirmed smooth operation over extended periods,

RSMML purchased the unit and subsequently issued a tender E

fora20MLD plantinthefirstphase.

Water being used for irrigation
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RasasTHAN STaTE Mines & Mingraus LimiTen
% (A Gavornment of Rejasthan Enterprise)
Corporate Office:
4, Maera Marg, Udalpur - 313 004, INDIA
Tol:+01-294-252B601-5, 2527379, Fax: +91-294-2523170, 2527207
E-mail: smmi@sanchamet.In;
infe@rgmm.gom Dtp//WWW.rsmmn.com

No. REMM/CO/Projects/2006/ Dated ; 31™ July, 06

Notice Inviting Expressiun OF lutegest

Notice Inviting Expression of Interest (EOI) for “Seuing up of Desalination facility of 20
MLD of Brackish Water coming out of the Lignite Mine at Matasukh, Disuict Nagaur,
Rajasthan, for {ta gffective utilization in the local areas for Drinking Water Purposca®.

Rajasthan State Mines and Minerals Lid. (RSMML) is the largest producer of high-grade rock
phosphate in India, The Company also produces steel grade limestone for all major steel plants and
supply almost three million tonnes of gypsum to the cement and agriculwre sectors. RSMML is the
piencer in lignite mining in the state and caters to a section of industries cogaged in power, chenicals,
processing etc, to the tune of 5 lakh wnnes a year. A lignite Lased thermal power plant 15 coming up
shortly at Gical which will use 1 million tonnes of lignite mined.

While mining lignite at Matasukh Kasnau, in Nagaur (about 220 KM NW of Jaipur), the company
encounteced a huge aquifer under pressure ar a depth of 60 meters, capable of producing considerable
amount of brackish water. The Company has adopied a mining system after thorough studies
vonducted by NLC and CMPDIL, Ranchi

, The Company intends to desalinate the brackish water, coming out of the mine, for effective utilization

- of water resources in the local aress for drinking water puirpuses, RSMML is sunsing & pilor
desalination plant at Kag for last sev: onths under the technical sssistance

. Bhavoagar. The Company wants to install desalination Facility having a capacity of 20 Million Litres per

,Day (MLD) to begin with on BOOT basis for at least 15 years, The weated water conforming o WHO
standnrds will be supplied to the water deficient villages in & wround Nagaur. The payment shall be
based on the water processed & supplied at ex works, Water distribution will be the reaponsibility of
RSMML in association with local authorities and PHED.

The Company will provide land and all other assistance for puding up the project ar the mine site. 11
KV HT power line is available at the mine site. The BOOT eperator/s will be responsible for puniag
up the desalinadon facilicy with all allied infrastructurcs like water srorage etc. The operator will be
solely responsible for Design, Engineering, and procurement etc of the desalination facility, Part of the
water may be used by the operator for value addition like bulk supply of R.O. water to the consutnets
on commercial scale to reduce the cost of operation. Typical Analysis af water semple is given below:

Taral Dissalved Salids (mg/1) ~ 12600, Chloride — 6014, Total .aikaliniry - 349, Total hazdness — 2040,
Calcium hardness — 350, Magnesium hardness — 1690, Temporary hardness — 349, Permanent hardness
- 1691, Silica. (as Si03) - 0.5, Dissolved iron - <0.1, Sulphate (a5 5O - 723.

The competent & interested parties are required to send their propasals on their letter head so as w
ceach us latest by 31 August 2006 The proposal will be cvaluated on technical competency, work
experience, ecanomics of location, implementation schedule ete. The decision of the company on the

suitability of an offer shall be final.

For further information, please contact

Group Genezal Munuger (Projs)

Solarpoweroperatedcommunity RO desalination unit

Following the previous success achieved in developing a solar-
powered domestic (10-12 LPH) RO unit, the institute entered into
a collaboration with the Social Work and Research Center,
Tilonia, Rajasthan, for development of a community scale unit.
Accordingly, a 700 LPH unit was installed this year in Rajasthan
to produce drinking water from brackish water containing excess
fluoride, where the electricity to power the unit is generated by
2.5 kW solar panels. This is the first community scale solar
poweredunittobesetupinIndia.

Solar powered RO desalination unit producing
700 LPH pure water
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Boat mounted RO desalination unit for treatment of highly
salineriverwater

The institute has developed and installed a barge mounted RO
desalination unit. The unit produces about 150 liters/h potable o
water in 2-stage desalination process from feed water having ol
salinity of about25000 ppm while the boatisin movementfromone

place to another place in the river. The pretreatment for this RO unit / ~

contains SS 316 micronfilters whichcanbe washed easily. Barge mounted RO desalination unit
installed in West Bengal

Developmentofhigh pressure pumpforhigher recoveryindomestic RO applications

Domestic RO desalination units contain a small pump which can be DOMESTIC
operated upto 70-100 psiwith arecovery of 10-15% for brackish water N K
having salinity of about 2000 ppm. It was felt that the pump which can ||
be operated up to 200 psi is desirable for higher recovery and for the “'
desalination of brackish water containing salinity up to 5000 ppm. i
Accordingly, a compact high pressure pump was designed and |
fabricated. The performance of the pump was evaluated for
desalination of 5000 ppm saline water at 200 psi. Product rate of 12-15
lit/hr with 30% recovery was obtained. It is expected that the unit may
be mass producedat<Rs 10,000 perunit. Effortsare alsounderway to
improve the robustness of the pump for longer duration of operation High pressure domestic RO
andto produce adomestic seawatertreatmentunit. desalination unit

Processdevelopmentforsafe disposal of RO rejectwatercontaining fluoride

Although RO is the best option to obtain safe drinking water from the water containing both salinity and
fluoride, disposal of reject water which contain high concentrations of fluoride should be addressed
properly. Accordingly, a simple and cost effective coagulation cum precipitation process was developedfor
the treatment of RO reject water containing fluoride up to 20 ppm. The fluoride was precipitated out to
discharge as low volume solids (see table below) and thereby making the process simple. Flow diagram
explainstherejectwatertreatmentscheme appliedforfluoride removalfrom concentrate stream.

Product water
for drinking

Raw
water

Pretreatment RO membrane

Supernatant water

_ Chemical Treatment JE{=I[=10;
" Filtration

Solid sludge for disposal

Flow diagram for RO desalination and treatment of fluoride containing reject water
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Results of RO desalination cum defluoridation experiments with indigenous 4040 module
Module: M-29 TFC; 93% SR & 4.5-5.0 LPM

( Parameters Experiment- 1 Experiment-2
Feed solution 2000 ppm NaCl + 2000 ppm NaCl +
5.1 ppm Fluoride 5.5 ppm Fluoride
Feed volume, liters 150 1800
Permeate volume, liters 105 1350
Reject volume, liters 45 450
Operating Pressure, psi 200 300
Operating time 25 min 5 hr
Recovery (%) 70 75
Permeate, TDS, (ppm) 200-220 220-250
(based on conductivity)
Fluoride in permeate, (ppm) 0.25 0.3
Fluoride in reject (ppm) 17 20
Fluoride in supernatant reject | 0.05 & 0.039 ppm 0.03-0.04 ppm
after chemical treatment after 3 & 20 hrs,
respectively Y,
Reject water was treated chemically to remove fluoride in the form of solid sludge
Improved Herbal Concentrator
Herbal
RO membrane based improved Herbal Concentrator is developed and ll !i Genceutrator

supplied to several bio-technology laboratories for its application in
dewatering of aqueous herbal extract to give >75% recovery. Unit operates
at 70 to 80 psi pressure at the water removal rate of 3 to 5 lit/hr. Unique
features of the system is automatic flushing of membrane module at regular
intervals to minimize concentration polarization effect, and membrane

fouling.

Activities under societal mission

The Institute has designed, fabricated and installed 15 RO desalination plants (see table below) in different
places where there was a great demand for safe drinking water. The cost of the plants has been borne largely
by DST, New Delhiwith partial supportfrom the District Collectorate andlocal organizations.
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RO desalination plants installed by CSMCRI during 2004-2006

(Sr. Location of Plant State Sponsor Capacity Year Feed water
No. LPH salinity (ppm)
1 Akkarapattai, Tamil Nadu CSIR 2000 2005 6,000

Nagapattinam Dist.
2* Hasnabad West PHED 700 2005 3200
Bengal
3* Jaisalmer Rajasthan RSMML 700 2005 3000
5 Barmer Rajasthan DST 2500 2005 3,000
6 Andaman Nicobar Island Union CSIR 1000 2005 3,500
Territory
7 Campbell Bay Island -do- CSIR 1000 2005 12,000
8# Nelamadur, Tamil Nadu DST & DC 1000 2005 Seawater
Ramanathapuram, Dist
o# Mullimunai, Tamil Nadu | DST & DC 1000 2006 Seawater
Ramanathapuram, Dist
10# Thirupalikudi Tamil Nadu | DST & DC 1000 2006 Seawater
Ramanathapuram, Dist
11# Karankadu Tamil Nadu DST & DC 1000 2006 Seawater
Ramanathapuram, Dist
12 Dwarka New Delhi Society 2500 2006 2500
13 Surat Gujarat DST 2500 2006 4500
14 Abadkuliyadanga West PHED 2500 2006 15000
Bengal

(2) Oxen, (3) Camel; # 2-stage desalination plants;

After tsunami struck the Andaman & Nicobar islands, most of the wells and drinking water supplies had been
rendered non-usable as they were contaminated with seawater and sediments made the water not suitable for
drinking. In such a situation, CSMCRI has designed, fabricated and installed RO desalination plants at three

different places.

Tamilnadu Water Supply and Drainage Board

District Water Testing Laboratory - Nagapattinam

From:

fffffffffff &

\B. Karthigeyan, M.A B.Sc, BEd, -
Junior Water Analyst f TWAD Bd_,
District Water Testing Labaratory.
Horth Palpannaichery,

T

The Execulive Engineer,
TWAD Board,
RWS Division

‘tiagoor - 611002,

Ref.

:Cate of Collection:

Appearanca

Farbidity NTU B
“Total Dissolved Sali

pH
Alicalinity (Pho)

.Cnloride as Gl
iFluoride as £
iSulphate as SO,

Chloting

‘Facal Caliform

Phone:251011.Email:

CNAGAPATTINAN

\charnet.in.

Lr.Ne 1388000/, WY ATNCI2004.-DS dated 12 .01 2005

Sub: Examination of water samples for Petability - Repor sent reg

JZ 01200

PHYSICAL EXAMINATION

CHEMICAL EXAMINATION

:Alkalinity (Total jas CaCO,
i s as CaCly,

st 4 Hrs s 0"

GICAL EXAMIANTIO!

[FHY I
& &ivia

S AR

o
@

Sample tlg 18680 Cpen well Water is Not Potable

BV T

Junior Water Analyst/ TWAD Bk,

Dsltrict Wator Tosting Laborators,
Napapatiin:n

‘NOte: A - GPHEEC Standards - Dex able Liits. B - CPHEEO Standards - Cause for Rejection when
\  eoerds. Resuts are ecressad in mefL | Asraptable bmit far Mg oan go upto T25mgiL. when an 3 )

2000 LPH RO plant installed at Akkaraipettai
village of Nagapattinam District, Tamil Nadu.

]

Car Nicar Islénd' Jaaj-ary 2005
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Mobile Water Purification Units-cum-Exhibition

CSMCRI has continued to play a laudable role in providing water to the needy in the aftermath of natural
calamities such as the Orissa supercyclone, Kutch earthquake and Asian Tsunami. With aview to ensure
rapid deployment of the units, a mobile van has been designed which will be equipped with the institute's
water purification units (RO, ED and resin-based purification) to treat different types of water from
seawater to water containing harmful impurities such as arsenic and fluoride. Itis hoped that the van will
help spread awareness of the indigenous technology besides its role in disaster management. The units
will run utilizing the power from the engine of the van and solar panels will be fitted on the roof to carry out
solar-powered water purificationaswell.

Space for gpacz lor

TV and L)

audio maqug

system machine
Door

Entry in
the bus Driver & Co i
driver area Working Reverse Arsenic i
area osmosis cleaning desalination
unit plant
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Waste heat augmented solar desalination of brine

Lack of drinking water is a serious problem that confronts the
people working in salt farms. Besides, there is no power supply in
salt works located in remote areas such as the Little Rann of

Kutch. CSMCRI has embarked on a project to utilize the waste = )

heat from diesel engine pump sets used in salt works to produce
potable water from brine. Accordingly, a unit was designed and

fabricated to cater to the needs of 10-20 people. Such units can

be replicated in different salt works.

ELECTROMEMBRANE PROCESSES

Preparation of Bipolar membranes by non-conventional
route

Attempts were made to prepare bipolar membranes by surface
modification of interpolymer of polyethylene-styrene
divinylbenzene cation-exchange membrane with sulphonic acid
functional group. Surface of the cation-exchange membrane was
activated by treating with a transition metal salt solution. A solution
of poly(4-vinyl pyridine) was prepared in tetrahydrofuran by radical
polymerization of 4-vinyl pyridine in the presence of
benzoylperoxide and a commercially available epoxide as the
binder. Desired thickness of this polymeric solution was coated on
the activated surface of cation-exchange membrane and cross
linked by thermal treatment. Water splitting experiments using this
bipolar membrane were performed with sodium chloride, sodium
formate, sodium sulfate, sodium lactate, calcium lactate,
ammonium lactate etc. solutions under different experimental
conditions and different parameters such as power consumption
and current efficiency. These membranes were behaved properly
but salt leakage was significant. Trials are in progress to reduce the
salt leakage by optimization of anion-exchange layer thickness
and ion exchange capacity of both the layer separately. These
membranes are stable in highly acidic or basic solutions.

ElectroMembrane Processes
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during electrodialysis with bipolar membrane
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The bipolar-ED process uses ion-exchange membranes to separate and concentrate the acid and base
constituents from a salt stream. The key element in this electrodialytic process is the bipolar membranes.
Bipolar membranes are a special type of layered ion exchange membrane. They consist of two polymer
layers carryingfixed charges;oneispermeable forthe anions and the otherforcations. Actually, unlike with
membranes used for separation purposes, nothing should be transported from one side to the other.The
desired function is a reaction in the bipolar junction of the membrane where the anion and the cation
permeable layers are in direct contact: water is split into hydroxide ions and protons by disproportionate
reaction. The produced hydroxide ion and proton are separated by migration in the respective membrane
layeroutofthe membrane.Unlike water splitting atelectrodes during electrolysis,nogasesareformedasa
side producttothisreaction,norgasesusedup.

Under various electrolytic and electrical environments, studies on the performance of developed bipolar
membrane have been carried out. It was found that about 80% of electrolyte could be converted into
equivalentacid and base with purity about 60 to 70% (depending on electrolyte concentration and applied
potential). Energy consumption and current efficiency were foundtobe varyinginbetween 2.0-5.0 KWh/kg
(of salt splitting) and 50 to 70%, respectively under moderate electrolytic environment. Particular, at
relatively higher electrolyte concentration, enhanced salt diffusion was observed, which reduces the acid
purityaswellasincreasesenergy consumption ofthe process.

Although adhesiveness of cation-exchange membrane with coated anionic layer was excellent but the
difference of ion-exchange capacities of both is responsible for the observed salt diffusion. Trial
experimentsareinprogressto optimize the thickness of coated layeras well as charge density over cation-
exchange layer for their highest water splitting performance. To move towards a mature technology, the
above said optimization studies together with the other limitations of the bipolar membrane have to be
addressed. To overcome the challenging limitations, the influence of each parameter on the process
performance needs to be evaluated and their origin needs to be understood for the possibility of their
elimination or minimization. Therefore, the understanding of the process as well as the membrane
materialsandthe membranetransportproperties are essential.
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Typical variation of conductivity of salt stream and current with coulombs and time, respectively during ED with
bipolar membrane in 5000 ppm NaCl solution
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Separationoflactates fromfermentationbroth andtheirconversiontolacticacid

Under NMITLI project sodium/ammonium/calcium lactates
were separated from the respective fermentation broth by
electrodialysis. Under different experimental conditions 92-
95 % ammonium lactate, 87-90 % sodium lactate and 75-
80% calcium lactate could be separated from the
fermentation broth.

Based on the experimental data collected at CSMCRI,
Bhavnagar, one lab scale and a pilot plant ED units were
supplied to NCL, Pune, for conducting more trials with
differentfermentation broth.

Conversion of Lactatesinto Lacticacid.

Generally lactic acid is prepared from lactate salts using
bipolarmembranes. Due to high costand rare availability
of bipolar membranes a new method known as lon
Substitution Electrodialysis (ISED) was adopted using
interpolymermonopolarmembranes. More than 95% lactate
salts could be converted into lactic acid. Final purification
can be archived by ion exchange resin for the preparation of
polylacticacid (PLA).

Seawaterdesalinationby electrodialysis.

A two-stage electrodialysis unit having a capacity of
100 lit/hr potable water was fabricated and tested in
the laboratory with sea water and kept ready for
installation. Electrodialysis Reversal (EDR) system
(using solenoid valves) was incorporated to increase
the life of the membranes and also to reduce the scale
formation.

The ED unit used in the first stage consists of 100 cell
pairs of membranes having an effective area of 80 x 40
sg. cm. By recirculation method the 5000 ppm total
dissolved salts (TDS) of the seawater was reduced to
3000-3500 ppm. The other ED unit for the second

Conductivity (broth/product), mho's
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Lactate conversion to lactic acid by ED
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Plot of conductivity of broth/product against time
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Sea water ED desallnatlon plant being tested at

CSMCRI, Bhavnagar

stage consists of 70 pairs ofion exchange membranes having an effective area of 52cm x 24 cm.The 3500
ppm T TDS waterobtained from the first stage was passedthrough this unitataflow rate of 100 lit/hr.through
asingle pass systemtoobtainapotable water ofaround 500 ppm.This projectwas sponsored by Science &
Society Division, Departmentof Science & Technology (DST), New Delhi.
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Reduction of pH and TDS of the solution by
electrodialysis

Preliminary lab scale experiments were carried out for
the reduction of pH and TDS of Sodic condensate of
National Aluminium Company Ltd, Damanjodi, Orissa.
The pH of the solution was brought down to around 7.5
from 10.3 while the TDS of treated solution was found to
belessthan 400 ppmfromits original value having 6600
ppmTDS.Tobringdownthe pHfrom10.3t0 8, itrequires
200timesvolume of water,whereasby EDitispossibleto
bringdown with equalamount of water.

Time, min

1] 1I:'IEI ﬂgﬂ SIIlI:I LI:'I:I SI:'I:I EJ'IJ T00
Acidity (Treated/Concentrated stream), g/liter

Plot of change in acidity of treated and concentrated
streams with time

Separationandconcentration of H,SO,and Na,SO, fromindustrial effluent

Separation and concentration of sulphuric acid and
sodium sulphate from the effluent in lab scale ED
experiments were conducted under different
experimental conditions. Preliminary experiments
indicate that one canincrease the concentration of acid |
and sulphate by ED technique. The acidity and TDS of |
the treated stream could be brought down to disposable &
limit. This study was carried out as a sponsored project
forM/s.SolGel Film Pvt.Ltd., Rajkot.

ED experimental set up for conducting lab scale
experiments.

Societalmission works basedon ED technology

CSMCRI came forward to help the tsunami affected people by installing its owned ED technology at
Ayyampettai and Rajapettai in Cuddalore District of Tamil Nadu and provided sufficient quantity of safe
drinking water.

PO AR e

ED desalination plants installed at Rajapettai village (Left) and Ayyampettai village (Right) of
Cuddalore district of Tamilnadu
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Two ED desalination plants havinga capacity of 500 LPHeach wereinstalled and operated at Ayyampettai
and Rajapettaivillages of Tamil Nadu to provide safe drinkingwatertothetsunamiaffected people.These
plants were in operation forabout 6 to 8 hours per day. CSMCRI staff operated these two plants for a period
of one month.Necessary training for operation and maintenance of the plantwas giventothevillagersand
there afterthese plants were handed overtothe Cuddalore districtadministration foroperation.

SEPARATIONTECHNOLOGY

Defluoridation of drinking water

Arecentreportfrom Mehsanadistrictof north Gujaratindicates thataround 3000 villages are affected with
excessive fluoride in ground water. Excess fluoride is presentin water due to fluoride rich minerals present
around the water table. Safe drinking water has been the priority of National drinking water technology
missions but no noticeable headway has been made so far to mitigate the sufferings of vast population
livingintheseareas.

| B
=

2003702705

Skeletal Fluorosis affected lady Dental Fluorosis affected person

Process employed

An ion-specific resin developed by separation technology discipline shows rays of hope for the
beleaguered population of the affected areas. A chelatingion-selective resin vizaminomethyl phosphonic
acid resin is synthesized, initially converted to Na-form and finally to Aluminium-form (H*, Na*, AI"™) for
exchange with fluoride in water. The water obtained after passing through the resin contains less than 1
ppm (parts per million) fluoride. This resin can be repeatedly used for the purpose of defluoridation of
ground water containing fluoride. Besides, the resin is capable of treating water over a wide range of total
dissolvedsolids (TDS) and pH.The performance of the resin is unaffected by dissolved salts like chlorides,
sulphatesandbicarbonates.The process has great utility whenthe TDS ofthe watertobetreatedislowand
only excessivefluorideionisrequiredtobe removed.
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Technology economics

We have designed and prepared domestic units for
defluoridation of ground water having fluoride content in the

range of 1 to 10 ppm. The unit consists of a PVC vertical |

column with about 5 liters of resin which can treatabout 15 to
20 liters of water per hour. The column is attached with
regulatory valves to control the inlet and outlet flow rates.
The domestic unit costs around Rs. 10000/-. The recurring
costis only the regeneration of the resin by alum, which is a
commercially available cheap chemical. Three units have
been fabricated and installed in three villages of
Banaskantha and Mehsana districts of Gujarat in February
2005andtheyare working satisfactorily.

Dearsenification

In the beginning of eighties cases of arsenic poisoning
started appearing in many areas of West Bengal and it was
foundthatthe origin of the problem was the arsenic contentin
drinking water. An area of about 30,000 sq. km. and a
population of 3 million is affected by the excessive arsenicin
drinking water.

The World Health Organization (WHO) has fixed the
maximum permissible limit of arsenic in drinking wateras 10
ppb/lit, but now developed countries like Germany and
United States have brought this limit down to 2 ppb/Ilit. Out of
ten inorganic contaminants listed by National Interim

Defluoridation unit at Nana Kapra, Banaskantha
District, Gujarat

Defluoridation unit at Bhatvas, Mehsana
District, Gujarat

Primary Drinking Water Regulations of USA, the arsenic happensto be the one, whichis highly hazardous
to human beings.The poisoning is cumulative with tiny amounts of arsenic from drinking water building up
inthe bodies of victims over many years untilthe symptoms emerge.

Processemployed

Syntheticion-selective resins developedintheinstitute have akeyroleinthisregard.Therefore, acomplex
forming resin containing polyacrylamide-imide type structures having specificity to remove arsenic from
waters which contain low concentrations of arsenate / arsenite has been developed. It assists in lowering
the arseniccontentinthetreated waterstothe newadopted WHO limitortonil orcloserto 10 ppb/lit.
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Salientfeatures ofthe process

The resin is taken in column and complexed/immobilized with ferric ion. The arsenic containing water is
percolated down the resin bed at pre-decided flow rates. The water is continued to flow out of the column
until traces (10 ppb/lit.) are detected in the effluent. Regeneration of resin can be easily done with
commercialferric saltsand caustic alkali.

Applicationandtargetindustry

Five domestic dearsenificating units have been installed in five households at Maslandapur, 24 Parganas
(North), West Bengal State in October, 2005. The units are performing excellently ever since and both
arsenic andiron presentin water are being removed. Residents draw ~ 20 liters of water each day for their
use.The institute has recognized the need of installing similar types of domestic units in Ghospur village,
24 Parganas (North), WestBengal State.

k o | |

Three dearsenification units installed in Maslandapur, West Bengal

83 CSMCRI BIENNIAL REPORT 04-06







Sgeie Y4 f3reetl fasm

PINCRIRSICA I

fafd=1 fog daareh TeiiremiA fRifeeral wR delimTss @ Smaxver gRT SruwdY fRrfeeral &Y \R=T : woe:
6.07 pm AT 0.15pm BE & HEarell ] elAedd fRrfeeral IR TefiSHIgS &7 TR TSR Uden Fefed fhew 3R &
f3rcell 9IS Il & | U8l B SIUHH A% A 9718 | I8 T8 SIUH! AR B Gl 3 Sod TP JRdTaaial Gl |

Uleiaene Geao- fSifeaal & fog &1 WaeT T SdleR] Tl TRIHIEST deT Aggiod IReNyeT gRT
ST : gt AT ¥ AfAeid S (A9 AreAawe) I # Ja&fid dieiae® = & 919 §IRT g8 T TR Ui ehi Jeas-T-
farfeerat 977 718 | f5g &g > 400 A (0.04 pm) Tl Rrfeerat R vl TR gRT AT 18 S19f% 4 - 500 A &Y ¥aret
e &1 B AT BT AU ATS SIS TRINSOT gIRT fHam 17 |

UleliuATsS Wef~d udell fhed fSreeial uR aelii= RIS BT ST : tRuRFTd SYHd 38 IR FaRT BT
&R Tl Srderar # Ao s wafafdd & | aause Suae Aifecd # Iarm T & & tewdle Ui g1 59
FARIT BT fARTHROT fHAT ST qhalT & | 39 IRSGTAT BT 0T B & Y A9 deiiseRAachI= Jerao ffeeal
WS AITATATDEID AAITATSS BT UdAT ARV B AdI-aH wefed Rifeerat a8 718 | 39 Wufeq ffeeal o
2000 ppm NaCl J&T 1,3 31eFaT 5 ppm NaOC1 €t & 1-30 f&1 & o 3@ 71371 1 2000 ppm NaCl €1 BT SUINT I SRS
WIERBIUT (FT-ATIR) TBHIT SATEIT ATGHRDBIYT (SEM) TT o= srivee= grr 37 fifeerat & woremt &1 aeror
o T | fifoeral & ors TR WagT THeToT 3 1644 TAT 1543 cm’ R SHRT: Aol QATSS-1 TAT TATSS-11 §¢ <oy | 99
fagelyor § 39! |aE MBS 7 FATA IR f3eed] | FARTgaRT f3reet # GRav) |as |e1 urs 713 | fifeeral # NaCl
AR ARIT® 78% W 63-65% HH §8 IR URINS TaT8 73 I/m'- hr A 32-38 /m’-hr HH 31T | T LTI | TAT 9ercll & b
STRT AIGATaTe FARgad U1 f3Teet &1 SIS $I Seq af H9Tfad e Q1 7 |

Tod THS SRR DI &g dd Werfed f3recl] &1 fTaTd : aqdicte & smemiexe gR1 fi 91 Siet qerm Riarg
% ol 5Tt 1T = & S5 | Blefied™ (HT) T ARSI 100 A HUS BT STAN s, fafy=1 aRRerfoat 4 fafte=
foRTgargad Uil aenid f3feadl GOR &Y 718 | 39 Uieied fifeardl TR T BHRIEUSASs (MPD) AT grswrarea
FARTES (TMC) BT ITAT GITHISS JATAROT SI-T T 1 30,000 - 35,000 Ydigs gt TSI B 600 Fgaagsil i
ST FRS wafed fEifeaal ) sricerar &1 e fear T R 30 afiera @ SareT e 31 71 g8 | RS €6
UIRIe® I BT SUANT XD IS T3 [31feetal BT Gl STETRT UAehIT BT SUIRT GRS T8 T8 | SIHT f3rfeeral =
Ioa TS FAIq G a1 1 Farsex <A | gEfy I Al § TWe diaar 2000 4died | $9 g3 e udr g 6
I ST &1 TRl & ST A SUART AT 1 FHhaT © | TEISTA A7 B AULRIBRYT B IR T ATl qAT STANaTs
@A & ford Sruwdt fifeerat 15, 16 R 17% IgAd BT SUIRT XD T8 18 NI SremRa fRreet w i 99718 718 |

15% YIqd e UEH el §RT STavars & gfg g8 aifeh T 19 SRATg o &7 $ g8 AU SehHTl TR 16% eI
17% SITAROT HR =T 14T | 51 FaAN 9 I8 e gar fo fioaus smaR o foargar &1 uieligargs Ove iR Seaa iy
3R BT & SR sy 1w A1 fy e are wR i SRR BT 2 |
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3ifergen B+ f3recll fadT™ Ud 99T : arft Y SodT S a2t 1 fafaia=or & srefar o STl & HRoT sifeged
ffeeral § fay aifrefar 3= g2 2 1 Suwsl AR & UieligATgS STaReT a1 # gRadT &3 & a8 3w+ afisges
fareehl @ U # SR B Al © | Wifecd ¥ FIRAS &1 Tl 91 & 39 9 STaT oxae Jifayged fifeeral a9 oM &1 9oiq
2 | f§ To e SarSll & 919 Heaw faud) seeiiadrard fifeedl a9 & o 899, SIgaerad STad &1 gaiRerd sard
fooar | fafeeral @ voda don fas1 sagciaise Oid @& SRIVE &1 RIeroT fhar a7 | aRere <19 & a1ef Jar8 aen
T @1 fafi=ar &1 sreaee a1 T | BoRaey uar Fo & 9 @ A g9 6 gie F 9 R s
FITEierar IR 9T BT & | T IR T 81 e I el &7 STee $ S IR IR E |

Afta Ared WUl T AT : WeagaRiamRans = 2» W 8 RiaTel 9T 40” o Hiegel & itfer Kefi B gl s
PR | T AR AT qAT TR0 7N wfid frd € 8k sreerRisIe desi #73h+, ST 73fi9, IR & 73fi= +f
N Sxara © | (s Sear & forg g & 66 2Ry )

BIAIBISaR 2eell Th-i1d : fafr= R R & R w3 SYawsaR Rieeh Rafid 337 &1 S oy e
21 SABEER BRI B & o 1.0 9 2.0 mm OD TAT 0.7 9 1.5 mm ID a1el IfAe AR a1 @ | 3¢ oo ufres
TFHAT §RT 0.065 | 0.08 pm BT IRTHAITA ATAATAT TAT i Bwarel UeiiehI= SIAbrssR fRree 918 T8 iR 1400
HTSER BT AHTISE HIA BT &TAATATAT 37 AT x HIex ddl Bl BIgaR i &1 i fmvor faear | (e s=er & forg

TS ¥ 67 qfEg 1)

BT [Terad Jorameol & for uleiisaTss fEreet : Riceh stenfie # ficas ufeRius fifeeral &1 famr s
2 1 g frfoeral @1 AgiaHiaed S, dHitee MR, fadas ot g: frrsaor uftraret # faf= suai f5d smasa €1
TIATH FES fGoras fRree dielisass § | < @vl & Wifyg & 1E | Rrad amuiRe R W) SUas (&ad! Bl
SYIRT f&AT 7T | 8t =ROT § STgAefielacHaTss & SISHM & U1 SI3elsgiss &I sigqaad uRRefm # defivdis thrs
TR Y | faf=T SRl Aol §IRT Igad! & IO 7@ T | ] TSR o fJeras afoxiel dieiisarss fErfeadl 918 181
UEd UBR ¥, Igareh AHI ST fIoras # aifderg Jen TR e #, = fafea # wgaa fafeort fers uforty g 78 |
IR B AT T <Y 3 fsror # | fAerge somsd ded (MEK) 3t It & ford R o & frfearal &1 <oy ot
T T ogq Sirae fHsToT (feras &9 sfige = 70:30 FT fsror) # | fosd somsa $ed (MEK) @ oiftd & fod frs
ATIAT (-15° C 9 20° C) TR TRIET0T fHaT -7 | T—ATRITeT # fohd R Y= | ualt gt b 550-600 HIYsas uRkere= a9 iR
T 95% A (SIegH T MEK) 5% SIS 3i1Iel 9T 7-8 ¢fd BT faeias yars uret f6ar 1 | 59a 27x12” BIc Alegd
IR T T f3rfeeral &1 sl Jeard foar |

3Iferglg UTHT UfhaT : R 3 SR & qT faegge srtes IR MEnfia o1 ferex e scdd feerd siftgg o
afsar faefaa 31 2 1 59 afhar # S 7, A< Bieesd, HE4 bieed, 3R 31 Aregd, I diaw der faftm=
TR AT © | 39 FE §RT Fed Tl 4§ >18.2 MQ TRRIE&SATaTar @@ <10 ppb TOC, 1000 s Aargdhargad 12 ofiex
T TveT T ST BT £ 1 500 SWIESH T ST & 91 39 o BT G:Frarefia o<1 gear © | Gear= 4 ¥
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DI B Il TAd HATeie T BIAAY iR SRR ST & 7Y 3maed® >10 MQ IRRIESGarars Sidl Sre 8
EDI e T & ford WeieHaTd 81 T8 © | U1 U& Wieiersy JfHe &1 fmfor forar mam 2 ok 39 s gfire & fmfor &
P GRI 7 | (e Sar & forg 7o & 68 3Rag )

RIS B AUETRIBIOT & ford 1000 <fiex ufer Tver &1 edmare 11 Wi IR 3 e & 6T gd
10T - gefy faea # WSl BT SUETRIBRYT RURTTA ¥4 W WHsIoTel Rrecl Alegel §RT 924 419 U9 Yo Wik W &
AT € Wfb I8 Aexgq b T {6 e i & fRreell Alegd gRT &4 <19 TR fERa¥iy Suerriexor Tiqarel & ford
I AP 327 | T WTe & {B 3 BIIS W1 & O AR AT 3R Beaey Joe B 8IdT & dguxid JTHI0T qaiaxer
# =1 <19 R uRETe IRy o0 @ RIE 8 3R TURT Aoyl | URETA BT e & 37eI Saioid & Srergd §
gRacd &war 9 g ITFAR 28,000 | 40,000 Hdigw &1 & | o fgarfiie Ruid § diciery gftie w® 3 w™a ke
ERT AL & AULRIGRYT & IR ¥ TSR &F T8 off | 39 wWie & 31 fasfia $u, 400-800 drdigs drigware
FRIEOET 1000 e T BT STUTG STFATaTe & TR JfAE TN T | TR VR R SRATGA ofel Bl I: HoH WR W) I
TAfHT BB 45% w.r.t. TR T FHAT ST FHhalT © | S FTHAT BT Sct@ g ATHYT I8 & b 307 WIoidl & qaIgar
% ford fheal & Rar o = &1 SuAhT 81 foam T | (e Sl & forg ges ¥ 68, 69 3Raw 1)

oAt 3R & Areye &1 grociras gaq J=: ST : afuay 5 siefiis oR o wive o1 YHvaid aqdid
STYETRIPHROT AT WYYl B HIAT 4 PR od © | 79« ARG §RT U 100 fAguanh 87 sararet 1R 3 Aregd
ITE HRAN T I | 574 | {B AlsYd o] RUfy # 91 T afd 7o Aega & Agearh 9 ok §8 W& o fSear
IRATATES SYAR A Y: BRI AT GG o7 | ST & TR R SYAR FiHaT &1 FHjerer f&am 1am | 5979 @ groantad
PRD 25 AT WGIATS BT AT WOl T | 31T B Ars g JAOIIGT B AT~ ArTioTe Hgfadl § SUIRT § a1 |
faRIvey @ THS ST IFURIBROT TAT SRR FfHAT §RT GO UTRIBRYT § U Gocariad Alegel 9gd ol
BT U TR AT B SeT HeEH 3 GHwT & FR1ERer 4 o 3 St g gu

FHIENT 715 U] BT THAT Sl H SUTAR0T : gaiaRol sigdher =¥ fshar Henfie) ) WoasngaR Seas arorHr
3T B DI T ATHITT WATH (CLRI), A8 H AT FATHB o1 MR 37T UfHAT AT B & | BTl WISaR MenRa
gaf e ufshar Tmfia o SR |

AR, ISR § WH & THPI O Bl SYART B D o1 R N FIYF B TATYAT : I[oRAT R AST
TS R fafics (RSMML) ¥, 7000 drfigHaTer T od (ferrge @« # @ gam) &1 SuaRa & @ ford 87
AT &1 A Arsgearen Td AR Al wre faTid 7 R 2005 B wnfia fear T 59 w9F gR1 aREreaT
gRRefedT Tom mazasar & 3meR R Wl & o 3000 <Y / TV STt &Y 78% ARG BIY & TAT 2000 oY / VT YISTel B
50% AT BT & | A1 ARl #, SRATHA et SHEiRIe WR & TS SUTE & ford WRATATS S1eraT 9d UTH ¥ Y@ [T |
(forehy ST & forg g8 & 71 3R 1)
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IR FHoft g1 IRATerd 1R 31 [Taaoiiewor e : roreer &1 fyeiian wifd, stef fsrell W Urera g7 aifdfa 1
T & gl faRiy AT fARgSga o ¥ UAed U %A @ ol TP 600 T/ EUET S eararel Wik Holl §RT
gR=ETfTd 3R N FIF IATHR AT BT T | 39 R 3N FIF 911 B o o= & fyaf~a it & arire ot
AT AFATT D=k BT AP FEANT I gl | (e Sarel & forg 7o & 72 2few 1)

T D Sod &R T B YA B ford AT H SR AT USTRIBROT [T B TATYT : R 3 B wiir § AR
3N SYERIHRTT e & & ford Ffie g9 3R zenfia faam | 98 gfiie 25000 driigaarel @ o1 & 9 & W
STULTIHROT AfshaT §IRT IRRrerveT 150 Sfiex Ugeiel STuTfad ST © | I8 AIPT T4l H T& S8 | §UNl o8 deid! <&l & | §9
IR 31 fF7e # q@aR & ford SS 316 AZHIT Wicex & FoTd! WRerdl | W% a1 & @& & | (e sear & fog 7=
% 73:Raw )

BN SUINT & fordl ey ervaraTel 9ea <19 TRiarel 3R 31 Jf7C BT AT : ee] i o gfire § ue uwg g @
ST 70-100 psi A =T 84T 2 3R 2000 WrdIgHaTel T9&E STe 10-15% W YF STt SUATET B AHAT & | I§ Aqd (Har
T o5 U U797 1T AT =1fRY A 200 psi TR gR=fd 81 9ab &R 5000 Hfies e o1t | 3f6d g i &1 SaraT
ST PR AP | W T &1 f$o1s9 Bxe fHHfor foar Tar | 39 799 &7 119 200 psi WR 5000 FrAIgHarel o9 STl BT
JUETRIBROT §IRT YR foam 71T | Ry 30% & A1 12-15 ofiex gfraver STt oTdt UTed gaTT | 89 o1em & 5 ¢ gfe
BT AHfed IUTE B | FRRITE T 10,000 | HH S IR TARIT ST S | §9P Sredblei= ST S ford 77 # guR
B B PR TR TAT TR TIEIGTA [ & ST B BT IR G TRI & | (i SRl & fog 7 9 73 3Rag )

IR 3T AFhAT T SR TARIgSYad ot BT JRard U =g faesRid afshar : qufy arge aen
TARTSSYTT ofdl # W R UaoTel T $’e @ o IR it Uik Sow oo 2, 39 uihar g1 aRdigd et o
TRISS BT Ied Qg9 Bidl &, 99 (ucH & ford Sfera wasen aea® © | a8gaR 20 IgH 06 & FaRgsIad
IR STl BT STANRT HRA B AiHAT (GBI BT 7S © | T FARTSS BT BT T SR 3 T8 HH AAT H 319 qAT
&R g HaT8 o B B AHaT IR a1 © |

TSI B8l WG : SR 3 FHI R TR S~ g4l Aigeh I7T T 3R STelg g4l 37 B STeRied B 75% Wit
oY BB g Hrefire! JanTears ®f f&ar a7 | 8 gfHe 70 | 80 igwegst uRere <9 R 3 9§ 5 °ff / °9vel ofd geM #
[eT © | 39 ishar 3 fafkrear I8 & & ST 81 911 & 918 A% Aregd W@t ou | Fafid sfavTel uR g 91T 8
T a1 BT WIGT THTT B BIAT & AT A= HH gfa il & | ([Fer seer & forg g o 74 <fag 1)

[T T : RIv GasTel 3 Srearaeaadrarel i werell TR FReMT 7 15 3R 3 Sermiia<el gfed & fRsires
TSR GLAT BT TAT WA {5 | 577 AIH BT = SIQe, T3 faoei! a1 MRS ©° | Wi e smgad gRT 981
[ERIRE
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AT AHe B 915, AT TAT HBER FIRTE TR TILIS T | §d 811 & HROT SITGTAR 39T & d, B 31
fgoarh 81 T 9 | 31: YISt BT TR o1 e 81 1S oY | it uRRef # Wrowgeedtemens & faeivs dsnfie wiE
A A A= IR &1 ® oTIR 3t wATe Temfd 53 | (faeiy saT & fore g & 74 3faw 1)

Ul fEHTT & o afera e : ST Fmard, Bo5 YHU a9 TRRM A SRi Gavdl sl B wHa R
WTATARAIRIRETE 7 R SITaT B UoTel UKl XA & fordl weiasig &1t fohar 2 | Q9 gfel IR dchTal Srifsares =g
TS AaISAdT Pl G & Siel YfGHIOT SUDRYT Y[ (3R 31, TST 7 5 menRa Ylgaras!) A oo [$a1 T[T &,
R fafi=1 TR & T — LIS | AHR IS T FARTES ¥ SIIRgihRS A&l I Tgfid o — &I SuaRa
e S 9@ | 3men © 5 39 AT a9 | W HeEH § WETd 3 A1 W1 Wa AEifie! & IR S werft | 3 gfe
I S Tl B UTaR FT SN BB FTd SRR TAT I B B W o AR U7 §RT AR SHolt | I gfgawvor fean
SR | (faeiy STM&R) & forg g8 & 76 3R 1)

IAfoid ST Waed gRT 9TS BT WX STUeTRIGRUT : |iee I & SFTRATS ST G AR St B TR T BT
ATHAT HRAT IS BT & | HTB B BIC 0T 91 R &3 H Reqd Wiee 394 H gelagia yrax T 781 81T | WA A Aiee B §
TSIl Yo T8 B Scaford ST T TN IS | UFoiel ScaTe SR H fHT 2 | 32w & & 59 Jfie g1 10-20
AR & o 9eTer el &1 ST 9a ! | 39 Yfoe Al e svd A e ST wed © |

g f3reetl ufharg

IR (AT g1 fEgdta fRreeiiat &1 fFHior - fyygdia Rifeeral & fmtor & g g suRerd srmir—vgers e &
DI 3T AT TS ATg A A—TARRI—STE fAId dwoii9 g+ fafea Feaarelt fSreell & wag &1 aduerd
HHAT Tl & A99T fIerg=r g1 Afsha far Sram 21 el (4-famrge Ak) &1 e SgmsIwRE § I<ara
RIGATSS B SURATT H ot Jerdb fafer §IRT 771 W1t & | 99 9fshan & Surawiss & 989 & 39 9 FAN & © | SuRIa
faera 1 afeha g R SxmaTel fireetl @ wae R iR Alers & AR oud o) S faftr gy WRaa s
HR o o 2 | 59 v AT fggdia fresht gr ot fawe= 90t foran, Wfeam wairss, Qifea™ wkie, Wifsaw deve,
QST wiace, HIRTH elace, sMIfaH wiace e faerami 7 faft=1 arafie < qen fr= v Hrett S wmed @a
TAT HoTTGerdT & AR fhar 1T | I fifeeral smoT Sl Sl & IRy @avll BT RATT $76! &1 B &I ¥U A g
HAT & | AG0T RATT BT HH S B 1Y Geaa: T fAfra Sxerared! f3reed! @1 Aiers aor a1 fSifeaal & oma= fafma
A B BT B T B+ B B3 74T 6 W1 e © | A fFrfeeran sifdreriia vd e faerami 4 warfi e 2 |

37T 9 8RT B WECH! DY Yd T ig Wiad dxA ¥ oma+ fafmg Rifeerat &1 waw fear sirar 2 1 7 uftean fggda dea
3aTEs HEAT & | 39 ufshareit # fggdra fafeerat waifere weayet aft ¥ 1 3 fafeert faeiy yar & wad) wmu= fafrra
fafeerat et €1 579 <) Sgaary wag B § R Tl S 81 € | U W M 9 gkl s RO og IR
Bl & | A frfoaral faeras qeoravor og T & TS Wil & | 314 foedt +ff Wele &1 IR Ua Ias 3 SOl 9ae o wToi 8T
T1f2Q |
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34 frfeeral @ iy wordt STet &M 9 o IRARG A U0 QO @ IS 60 ¥ Sl 8, S ¥ TR ofd & 37931 &
fagve 3t faram il © | 599 fodT §IRT OH T AT STIfad 8K & @ 3 3 feifeetal 31 was §RT URIAT 81 © | STArgeli
% fagved W BIS 1 9 W8 SIS & 20 H 7 A1 Fp1Rid il & 1 81 ST &1 o & | fggdra faifearal &1 fasfia &<
oq B3 Tan 3= dega aRRafral # feg g § 1 I8 aram 13 & 80% I=a Jrveey [9ged ofd 9 &R # ufRafia 8t o
2157 2.0-5.0 KWhikg T 50 3 70% & Wed | SHoff @ud g Ighd 91T U1s 718 © | |ig dghd Juuey o SuRefa # aqor
fIaRoT 98 ST £ 1 A 3 BT YEAT DI TCSAT & T Holl I TUA DI IGIAT & | TG0 B [IARIT v <1 I T F0MIAT
fafafrg frfeeral @t smam fafsma wmed STRer 8iklt € | 5719 aavr faaRoT e 9 faifeeral & 9w frwares 8 Starogei
% fIgve 31 9fHaT T 98 o DS TAT4 6T A1 e © | $99 AihaT § SURIT TS a7 Bl ARy THsiaR S9 sfidfora
PR ffeeral B TR &7 98T IR SR f3AT ST XET &, S A © |

fpvaf e TR W diace AT BT JAHIUT d SUHT olfded RIS H BUTARIT : TYACITHATS Hioiee o s
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Marine Biotechnology and Ecology

MolecularBiology and Biotechnology

Stressgenomicsofsalttolerance

Salicornia brachiata Roxb. (Amaranthaceae), a succulent annual halophyte, which can tolerate salinity
upto 2.0 M NaCl has been selected as a model plant for stress genomic study. A partial transcriptome data
base from this halophyte has been developed. cDNA library from Salicornia brachiata has been
constructed and 930 Expressed Sequence Tags (EST) sequences have been depositedinthe NCBI Gene
Bank (EB 484528 to EB 485289 and EC 906125 to EC 906292). The distinct genes were grouped into
different functional categories. The classification shows the mostabundant of mRNA is of unknown genes
in total population. Approximately 8 % of the ESTs are found to be involved in abiotic stress tolerance. A
comparative study of expression and function of members of the same gene families in this extreme salt
tolerant plant has been undertaken besides unraveling additional stress-associated gene resources.
Cloning and characterization of some important salt responsive gene(s) has been undertaken. Some of
the majorthrusts are analysis and characterization of antiporter gene like NHX-1, antioxidantgene PAPX,
GST (Accession number EF 373062) and ASR-1 involved in salt tolerance mechanism. Full length
sequences of these genes have been obtained using 5' and 3' RACE. These genes are being used for
genetic engineering of the important crop species such as Arachis hypogea (Peanut) and Nicotiana
tabacum(Tobacco)forenhancedsalttolerance and sustainable agriculture.

Total Gene Pool Differentially
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Classification of Salicornia brachiata ESTs in different functional group

92 CSMCRI BIENNIAL REPORT 04-06




Marine Biotechnology and Ecology

(a) (b) (c) (d)

RACE of Abscisic Acid and Stress Ripening Protein

i Pstl  Colony PCR of ASR-1+ Fall Out ASR-1 Gene
Colony PCR of ASR-1+ pRT 101 0 csted pCAMBIA 1301 (Pst)

Cloning of the ASR-1 Gene in the pRT101 and pCAMBIA1301 vector

A. 1st Nested RACE

B. 2" Nested RACE

C. Colony PCR using SP6 & T7 primer
D. PCR using GSP2 & T7 primer

Halotolerant Plant Growth Promoting Rhizobacteria

A number of salt tolerant PGPR have been isolated from a non- leguminous halophytic plant. These
isolates are highly efficient in N, fixation and IAA production. Further some of them can also help in
phosphate solubilization. Molecular characterization of these isolates has been done and their
biotechnological application is being tested. Some of the isolates have been found unique and their full
length 16S rRNA gene sequences have been deposited in the NCBI Gene Bank (DQ 458961 and DQ

458962).

Starch hydrolysis

Sub-surface pellicle

Phosphate solubilization

Isolation and characterization of PGPR
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Fluorescence in situ hybridization (FISH) using 16S rRNA - directed oligonucleotide
probe for identification of PGPR

Characterization of Haloalkaliphiles

Approximately thirty five haloalkaliphiles have been isolated from coastal
area of Gujarat.Tenisolates were found to be strongly alkaliphilicin nature
and could be grown even at pH 13.5. Molecular and biochemical
characterization is in progress and the isolates will be explored for
bioremediation of alkaline effluents.

1 2 3 4 5 6 7 8 9 10 11 12

Pure culture of an extreme
haloalkaliphilic bacteria grown
Biochemical characterization of extreme haloalkaliphiles atpH 13.5

1.Citrate utilization 2. Lysine decarboxylase 3. Ornithine decarboxylase 4. Urease 5. Deamination 6. Nitrate reductase
7. H,S production 8. Glucose 9. Adonitol 10. Lactose 11. Arabinose 12. Sorbitol

Although agar is an excellent gelling agent under neutral-to-
moderately alkaline conditions, it loses its gelling properties
under more alkaline conditions. A new low-cost medium using
k-carrageenanasagellingagenthasbeen developedto enable
us to isolate, purify and identify extreme alkaliphilic bacteria.
Using this medium, fourteen alkaliphilic bacteria were isolated
from alkaline soils and effluents. These isolates could grow in a
pHranging from 8.0to 13.5. Some of the cultures could grow at
high salt concentration as well. One of these isolates produced
copious amounts of viscous extracellular polymeric product on ;
alkaline solid medium. The crude product was found to be | Biopolyme production by a halo-
proteinaceousinnature. alkaliphilic bacterium
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CO,sequestration by soilmicrobes

Soil serves as a sink for different carbon compounds, including CO,. Studies have been initiated to
understand CO, fixation by autotrophic soil bacteria. The functional gene ebbL involved in CO, fixation is
beingutilizedto determine the diversity and composition of CO, fixation by soil bacteria.

Moleculardetection of'‘quorum sensing'-mediated biofilm formation

Healthy, fresh seaweeds were collected from the natural habitat from coastal areas of Gujarat and both
aqueous and organic extracts were prepared for the study of molecular signaling of quorum sensing.
Bacterial strains E. coli MT 102 containing plasmid pJBA89, Pseudomonas putida F 117 with plasmid
pKR-C 12 and Serratialiquefacienns MG 44 containing plasmid pBAH 9 were used as the sensor strains for
thispurpose.These strains contain Lux Rand gfp (greenfluorescentprotein) as reportergenesplus one or
more genes for antibiotic resistance. The known biofilm-producing bacteria, Pseudomonas putida lso F
and Serratia liquefacienns MG 1, were used as tester strainsto check the efficacy of seaweed extracts.Ina
different set of experiments, synthetic AHL compounds and/or algal extracts were used to screen large
number of marine algae for the presence of quorum-inhibiting chemicals. Some of the seaweeds have
givenexcellentpositive leads and theirfurtherdetailed chemical characterizationisinprogress.

Serratia liquetacienns S. liquefacienns + AHL (C° and C°) In situ detection of signalling
+ AHL (C*and C’) + extract (Asparagopsis taxiformis) molecules in the rhizosphere by
confocal laser microscopy
Inhibition of gfp expression by algal extract (courtesy Prof. A. Hartmann)

Molecularcharacterization of economicallyimportantseaweeds

Molecularphylogeny of some important seaweeds yielding carrageenan, agar, agarose and alginate have
beendoneandfulllengthgene sequencesfor18SrRNAgeneandITS-Ihave beendepositedin NCBI Gene
bank. A comprehensive database embracing key characters, molecular diversity and usage of seaweeds

ofﬁ%yj%[tcoastliunfier preparation, === NCBI Gene bank accession no. of 18 S rRNA
J.aa‘8 gene:

Gracilaria dura- DQ 399795

G. corticata var. cylindrica- DQ 409339

e

L&
»

G. corticata var. corticata- DQ 409340

3 5 ety ‘
Kappaphycus ~ Gelidiella acerosa

alvarezii

Gracilaria dura
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Molecularcharacterization of halotolerant micro algae Dunaliella

Halotolerant green microalga Dunaliella was isolated from CSMCRI salt pan and grown in the laboratory
culture under different salt concentrations, ranging from 0.5 to 5.5 M NaCl. Concentrations of different
stress metabolites such as proline, glycine betain and glycerol were found to increase with increasing
concentration of NaCl in the medium. The SDS-PAGE profiling of Dunaliella showed evidence of certain
specific salt-induced proteins. Molecular characterization of the isolated Dunaliellahas been undertaken
using ARDRAtechnique. 18S rRNA gene was amplified and submitted to NCBI (accession no. AF506698).
Isolation of saltresponsive gene(s) using subtractive hybridizationtechniquesisinprogress.

Poline contents
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0.5M Salt 1M Salt 2M Sait 3M Salt 5.5M Salt
De wallen Media with different salt concentration
SDS-PAGE profiling of
R Stress metabolites in response of salt stress in
alotolerant green algae )
Dunaliella halotolerant green algae - Dunaliella

Cultivationof economicallyimportantseaweeds

Gracilaria durahas been shown by us to be potential source of agarose. Unfortunately, the alga, which was
harvested from Saurashtra coast (Gujarat), occurs scarcely in nature which limits its utility on commercial
scale. Preliminary studies undertaken during2003-2004 at Thonithurai and Krasadai Island (Mandapam,
Tamil Nadu) showed encouraging results with daily growth rate of 2-3%, although there were severe
problems of grazing. Experimental cultivation was thereafter started in four different locations, viz.
Thonithurai, Ariyankundu, Akkalmadam, Rameswaram, employing raft cultivation method (2mx2m raft;
25ropes) whichhasalready been successfullyemployed for Kappaphycuscultivation. The depth atwhich
the rafts were placed was also varied.The results obtained revealed the scope forlarge scale cultivation of
Gracilaria dura along the South-east coast of India, especially at Akkalmadam , Ariyankundu and
Thonithurai. Studies were conducted in the Gujarat coast as well, and the results are equally promising.
There are, however, several outstanding problems which will need to be addressed, such as maintenance

ofgermplasmduring off-season.
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G. dura cultivation at Ariyankundu

" Initial fresh | Fresh weight | Depth at

weight (kg) | after 60 days | which raft

(kg) suspended
(m)
1.0 6.5 1.0
1.0 7.2 2.0
1.0 9.2 2.5

Raft cultivation of Gracilaria dura 1.0 9.3 3.0 J

Raftcultivation of Gelidiellaacerosa

Several attempts were made by us inthe recent pastto cultivate Gelidiella acerosainlarge scale. None of
the methods were found to be sufficiently practical. Raft method of cultivation of Gelidiella acerosa was
introduced in 2005 on the back of the success achieved with Kappaphycus alvareziiand certain species of
Gracilaria. The size of the raftusedwas 1.5m x 1.5m with 20 seeding lines having 25 plantings each. Each
raft was seeded using 400 g fresh weight and cultivated for six months. Produce from 30 rafts was
harvested in 2005 and from 49 rafts in 2006 (Table 1). The ideal growth period was between May-October
for Gulf of Mannar side, which coincides withthe observed peak growth periodinnature.

Yield data for raft cultivation of Gelidiella acerosa

(" Year No. of | Initial Fresh  Percentage | Fresh weight per
rafts weight(kg) survival raft harvested
seeded after 6 months
(kg)
2005-06 30 150 60.334+ 8.99 | 0.90+ 0.285
2006-07 49 400 67.73+£10.88 | 2.265+0.873 )

Cultivation of edible algae

Kappaphycus alvarezii

Cultivation of Kappaphycus alvareziiat Okha (Gujarat) was continued using both netbag andraft method.
The cultivation was done inthe sea where no exposure was found during low tides. Total 275 netbags were
cultivated at GMB site Okha over alength of 110mrope and the crop yield obtained was 390kg (fresh).The
raft cultivation was increased to 100 rafts, of which 70 rafts were at GMB site, Okha, 10 were at Mithapur
and 20 rafts were at Bhadrecha covering total length of rope of 2500 m, and the total crop yield obtained
was 16.5tons (fresh) excluding the loss of 2.5 tons (fresh) washed away due to high velocity water current
during January 2005. Studies were simultaneously carried out with CFTRI Mysore on food preparations
usingthe cultivated material.
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Enteromorphacompressa

Enteromorphacultivationwas doneinthe open seabetween November2004-March2005. Twenty seeded
nets (2.5 m x 2.5 m) were used for this cultivation and a total crop yield of 187 kg (fresh) over 3 harvests
correspondingtoayield of 1.5 kg freshweightpersqg.m.

The composition of seawaterin Mithapurand Bhadrechaindicated the presence of high levels of nutrients.
Presence of heavy metal in the sea and also in the cultivated materials was studied by ICP-OES.
Kappaphycus and Enteromorpha did not show any pathogenic organisms like Shigella, Pseudomonas,
and Vibrio although othercoliformswere present.

Protoplasts as seed stockforcultivation of edible seaweeds

Protoplasts are cell wall-less living cells. The species of Porphyra and Monostroma are regarded as
delicious sea vegetables and consumed directly as health foods. At present, cultivation of Porphyra and
Monostroma utilizes spores as seeding material for their propagation. However, the process is time
consuming and requires development of elaborate culture methods. To circumvent these problems, an
attempt was made to use protoplasts of Monostroma as seed material. The protoplasts could be obtained
using an enzyme solution containing Cellulase Onozuka R-10 (Yakult Honsha Co.Ltd.Japan)in 1% NaCl
solution.Mannitolwas also added andthe pH suitably adjusted. Forseeding purpose, the entire protoplast
suspension (~5x 10 °cells/ml ") as obtained after purification process was gently dispensed onto a glass
frame with nylon threads. The culture bowls were maintained at 21+1C under daylight white fluorescent
lamps at 15pmol photons m®s™ irradiance with 12:12 h light: dark photoperiod throughout the study
(Aquaculture 260 (1-4):290-297, 2006). Protoplasts from Porphyra, another edible red alga occurring on
Indian coastand popularly known as noriin Japan, could also be similarly used for seeding (J. Appl. Phycol.
17:331-337,2005).

e

Freshly isolated protoplasts of Monostroma and their seeding and
growth on nylon threads wound around glass frame
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Developmental morphology of isolated protoplasts from Porphyra okhaensis
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Cultivation of Gracilaria edulisin Andaman &
Nicobarlslands

Cultivation of Gracilaria edulis was demonstrated to
Community Enterprise Forum Internatioanl (CEFI),
Port Blair under cultivation knowhow transfer
agreement. The demonstration was carried out at
Badabaluand Shippighatin Andaman Islands and at
CampbellBayin NicobarlIslands. Raftcultivation (26
rafts of 3 m x 3 m size each seeded with 1.0-1.2 kg of
fresh weed intwo rows ) was successful at Badabalu
and Campbell Bay but not at Sippighat due to low
levels of salinity as a result of fresh water inflow. At
Badabalu site, the plants reachedto harvestable size
in 40 days period (20 kg fresh/raft; 6.1 % of DGR) and
there was incidence of grazing. Commercial cultivation has been initiated on the back of the success
achieved.

Gracilaria edulis grown at Badabalu

Mr. A Tewari, CSIR -Emeritus Scientist has edited two volumes on “Indian Marine Algae with reference to
Global Scenario". Vol 1 comprises of papers on : Seaweed taxonomy, Aquaculture, Resource and
Environment and Vol 2. includes Application and utilization, Food and feed, Biotechnology, Chemistry,
Drugsandbioactive substances.

Graftingexperimentsin Kappaphycus alvarezii

Traditionally, grafting has been reported mainly in higher plants. No
report is available on grafting in seaweeds. A successful attempt
was made for the first time on different strains of Kappaphycus
alvarezii (Pallavan Red, Pallavan Brown, Green) and control. Grafts
were made as if putting two straws together; a portion of thalli of the
one seaweedtobe propagated was slipped ontothe thalliof another.
Growth rate and physico-chemical characteristics of carrageenan
fromthe grafted plants of K. alvareziiwere analysed.

Studiesongrazing of seaweeds by herbivores. Grafted Kappaphycus alvarezii

Grazing of seaweeds by herbivores causes inconsistent crop yields that make commercial seaweed
farming aless economically viable venture.To identify the seaweeds thatare preferred by the herbivores, a
study was carried out near the experimental seaweed farming site at Krusadai Island (9°14.823¢N;
79°12.921¢E), southeast coast of India where abundant populations of grazer fishes, namely Siganus
javus (Rabbit fish), Acanthurussp.(Surgeonfish), Cetoscarussp.(Parrotfish) and sea urchin Tripneustes
sp.were seen.Twenty differentseaweed species coveringthree groups ofalgae were testedforthis study.
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Gracilaria edulis was the preferred choice of herbivores
and 72 +17.8% of its biomass (P < 0.03) was grazed from
the initial biomass of 5 g fresh wt. The corresponding
grazing value for G. durawas 57.4 + 28% (P < 0.02), for G.
corticata, 47.2 + 27.2% (P < 0.02), for L. papillosa, 41 +
21% (P < 0.01) and for K. alvarezii, 34 + 10.4% (P < 0.01)
against their original biomass of 5 g fresh wt each. These
observations suggest that grazers prefer coarsely
branched, filamentous or succulent algae.
Rhodophycean (red) algae were preferred over N
Pheaophycean (brown) and chlorophycean (green) algae Xy e
and this may be due to the reasons of palatability (Curr. Grazed portion of Kappaphycus alvarezii
Sci.Vol91(9)2006,1256-1260).

Seaweed-animalinteraction.

Mariculture of G.acerosaandK. alvareziiis being carried out experimentally atlowerlittoral zone at Ervadi.
In February 2006, a thick slimy mass with deep orange to red color was found inhabiting the surface of G.
acerosaand K. alvarezii.Due to this, further growth of G. acerosaand K. alvarezii was adversely affected
and most of the plants fell down from the substratum with consequent loss of crop yield. Some samples of
this deposition were scraped from the substratum and observed under microscope. It was found that the
slimy mass is a marine sponge, Sigmadocia pumila LendenFeld, belonging to the family Chalinidae,
Porifera. It was further confirmed that the red color pigment was due to the presence of spicules, an
important character of Porifera (sponges). G. acerosa which was infested by S. pumila showed stunted
growthand pale brown colour (Curr.Sci.inpress).

Studiesonseaweedbiodiversity of Gujaratcoast

Since the marine algal check-lists prepared so far are based on secondary data collected from literature,
and further given that the data is quite old, there is no guarantee that all the species listed are presently
available on Indian coast. Therefore, a study was initiated to survey the seaweed flora, mainly in the
Gujarat coast. So far 200 seaweed species have been collected from the intertidal zone. The collections
revealed 20 new seaweed species from Gujarat and two new for Indian waters. The studies are being
compiledforpublicationinthe form ofabook.

Natural products andvalue addition

An US Patent (No. 6893479 May 17, 2005; EP1534757 dated June 1, 2005 and WO 2004016656) was
granted for “integrated method for production of carrageenan and liquid fertilizer from fresh seaweeds”
developedearlier.Thistechnology was licensedto M/s Pepsico India Holdings Limited.
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Quantification and evaluation of plant growth regulators in Kappaphycus sap (liquidfertilizer):

- — ] p—— e
- - E— [ wrareneg

The sap was found to enhance growth of R i

various crop plants when applied as foliar ..,)I\/EHQ = 'é/l\"‘/\@
spray. Plant growth regulators such as - M“““:;::::;’) R
indole acetic acid, kinetin, zeatin and | - I el |
gibberellin (GA3) in the sap were
quantified by using Electro spray mass
spectroscopy (ESI-MS/MS). The shelf life
of sap with preservative was evaluated
and found to be stable up to 10 months.
The efficacy tests of sap was carried out by
our licensee and others at different e e
locations in field trial experiments on B \r_zq.azppmn
various crops. The data indicated

significant increase in the yield of various ‘ -
crops (Table). =

T LA S A" A M WA WA o e S R S = =

 Identification and quantificétion of plant growth promoting
substances by electrospray mass spectrometry

Yield improvements using Kappaphycus sap

f Crop Ir:(c;;?das(oe/ol)n Trials location
Corn 16.1 Pepsi farm
Maize 49.9 ICAR, Jharnapani (Nagaland)
Non Basmati Paddy 18 Madras University
Basmati Paddy 15 Pepsi fam
Wheat 10.9 Pepsi fam
Brinjal 221 Pepsi farm
Okra 13 Pepsi farm
Okra 20.5 PDKV, Akola
Potato 26 Techno Tubers
Potato 44 6 BCKV , West Bengal
Peanut 14.5 Madras University
Chilli 11 Pepsi farm
Soyabean 13.6 Soya Producers Association
Soyabean 46.34 ICAR, Research Complex, Jharnapani
Capsicum 19.1 Pepsi fam
Sesame 27.3 CSMCRI, Bhavnagar
Tomato 60.88 RCA, Udaipur, Rajasthan
Cabbage 18.9 BCKV , West Bengal
Sugarcane 40.1 Renuka Sugars (extended to 1000 acres in 2007)

CSMCRI acknowledges all for generating and providing data.
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Hand planting Seed and furrow after spray.

RESULTS - ATLANTIC

Plant Survival

Plant survival was assessed at 43 days post planting. There was a recordable variation in
mortality between treatments. Death was attributed to,

1) Fusarium infection of the seed piece, and,

2) Rhizoctonia girdling of sprouts and stems.

All plots and treatments had at least some seed piece and / or sprout and stem infection.

The controls and water furrow treatments recorded greatest survival at 90% +.

Plant survival declined when the seaweed product was applied to the seed and furrow

Aﬂat tubers and crop at 43 days post planting

Improvements in the yield of potato using Kappaphycus sap.
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Granules-araw material fork-carrageenan

Kappaphycus alvareziigranules obtained after crushing the fresh seaweed were used for preparation of
semi-refined carrageenan. The residue (granules) yielded carrageenan similar to that of the whole plant.
The advantages of granules are reductionindryingtime, area, costoftransportationand storage. Itcanbe
directly usedforgelpreparationincertainapplications.

e

Se'mi refined carrageenan from A
Kappaphycus alvarezii
Granules

Kappaphycus alvarezii
Granules

Kappaphycus
b a_ﬂvﬂé i

Preparation of semi-refined carrageenan was carried out using whole plants and the respective granules
at20kgraw material scale usingrecycledalkaliinthe CSMCRI pilot plantat Mandapam.

Low Sodium salt of vegetable origin: Saloni K

The process for low sodium salt (Saloni K) exclusively from vegetable origins has been patented (US
Patent Appl. No.2005/0220975 dated October 6, 2005; WO2005097681). Saloni K is a by-product of
Kappaphycus alvarezii (as a source of KCI) and Salicornia brachiata (as a source of NaCl). The
technology has been licensed to a local small scale Industry, M/s N M S Pharma, Bhavnagar who is now
marketingthe product.

The main advantages of the salt are (a) vegetable in origin (b) both the plant sources grow on saline
soils/seawaterand hence not competing with other crops forland and water (c) the process of preparation
of saltisbenign (without use of any chemicals) and (d) the presence of micronutrients notfoundin sea salt.
Thesaltcanbecustomizedfordesiredratiosof NaCland KCI.The saltisfree flowingand does notneedany
additive for the purpose. Test marketing done by M/s Pepsico International (Pl-India Snacks) showed
people's preference (2:1) for potato chips containing Saloni Kto regular table salt. Analytical and sensory
resultsindicatedthat Saloni Kscoredsignificantly better performance over control.

Agarose

The process for extraction of agarose from Gracilaria dura has been
patented [US Patent 2005/0267296 A1 (pre-grant); December 1, 2005;
PCT: WO 2005/118830; December 15, 2005]. Agarose prepared from
both wild and cultivated seaweed was comparable in all respects. The
CSMCRIlagarose (AS0505105) was found comparable with that of Sigma
(A9539) in user's trial with respect to DNA separation and downstream
processing.
Comparative agarose gel electrophoresis in TBE buffer (pH-8.0) at 50
Voltfor 1 h. A: Sigma agarose (A9539) gel 0.8% B:CSMCRI agarose
(AS0505105) gel 0.5% [Lane-1: Plasmid pBluescript; Lane-2:
Genomic DNA; Lane-3: Molecular weight marker (1kb DNA Ladder)]
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Modification of seaweed polysaccharides

Seaweed polysaccharides e.g. agar and carrageenan were modified using different substrates to impart
various properties e.g. hydrophobicity and changes in physicochemical properties for newer applications.
Twotypesof modifications were carried out: physicaland chemical.

Physical modifications

A. Agar-surfactantinteraction: It was found that nonionic surfactants e.g. Brij35 and Triton X-100 lowered
the viscosity and gel strength of agar while ionic surfactants increased the latter values with an exception
to SLS. The phenomenon of lowering of viscosity of agar sol in the presence of nonionic surfactants was
beneficially exploited in the agar extraction process with 50% lower quantity of water in presence of Triton
X-100aswell as Brij35, which were removed later by water wash during the downstream process (/ntJ Biol
Macromol(2005), 35, 135-144).

B. Agar-fatty acid complexes: Adducts were prepared with agar and four saturated (C12:0-C18:0) and one
unsaturated fatty acid(s) (C18:1). It was observed that fatty acids impart enhanced gel thinning under
applied shear with respect to agar, and this effect may be utilized to explore newer application of agarin
cosmeticsand health care products (PolymerJournal (2005)37,826-832).

C. Agar-sugar complex: “Sugar reactivity” of agar prepared from Indian agarophytes e.g. Gelidiella,
Gracilaria, Gelidium species, were studied in the presence of sucrose and glucose. It was found that all
agars had “sugarreactivity”in different degrees with 20-45% increase in gel strengths of a particular agar
in the presence of sugars. These results would be useful in food applications of Indian agars (Food
Hydrocolloids (2006) 20,1206-1215).

1.12% Agar gel

1.12% Agar gel in presence of 50% Glucose
1200 - E11.12% Agar gel in presence of 50% Sucrose
1000 1
800 1
600 1
400 1
200 1

(=)

Gel Strength (g per sq cm)

Oxoid G. acerosa  G.crassa  Gedulis  G. pusillum

Agar source

Effect of sugars on the gel strength of agar gels (in 1.12% gel at 20°C)
obtained from different Indian agarophytes (Gelidiella acerosa, Gracilaria
crassa, Gracilaria edulis and Gelidium pusillum) and on Oxoid agar gel
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D.Kappa-carrageenanbasedcapsules

Hard capsule shells were prepared from semi-refined k-carrageenan, in a collaborative project with a
pharmaceutical industry who is evaluating the performance of the capsule shells, for pharmaceutical
applications.

Semi-refined k-carrageenan based hard capsule shells

Chemical modifications

Carrageenan-graft-PMMA: Under
microwave conditions carrageenan was | : -
grafted with methyl methacrylate (MMA) in - [

the presence of initiating system potassium N /NMW..
persulphate (KPS) with grafting efficiency, E = RN
99%. The hydrophobized product has

enhanced crystallinity and decreased XRD Patterns i

thermal stability comparedto carrageenan (J XRD and TGA profiles of carrageenan-graft-PMMA
Appl Polymer Science(2006) 101,161-166).

R R

%

Wi g Change ('8)

Agar-graft-PVP and Carrageen-graft-PVP Hydrogels: Polyvinyl pyrrolidone (PVP) grafted agar and
carrageenanwere preparedunder microwave conditionsinthe presence of potassium persulphate.

—m— 3 % Control agar
8.5 —@— 3 % agar-g-PVP hydrogel Agar-graft-PVP

y.adadaaa s s aaael 200 -

g
-8B %
}
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Swelling properties and XRD patterns of agar-graft-PVP
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Optical micrographs (a) agar; (b) PVP (c) agar-graft- PVP copolymer

The PVP grafted agar and carrageenan formed hydrogels showed
more water holding capacity, enhanced swelling properties, less
syneresis and enhanced crystallinity in comparison to the parent
polysaccharides. The swelling properties and XRD patterns as well
as optical micrographs of agar-graft-PVP are shown in the figures.
The carrageen-graft-PVP exhibited similar properties (J Appl
Polymer Science (2006) 102, 3654-3663).

Drugsfromthe SeaProject (MoES):

Seaweeds were collected from the Gujarat, Goa, Maharashtra and
Tamil Nadu coasts. These were identified and extracted with
methanol and water. The extracts were sent to CDRI and other
participating laboratories for bioassay for antibacterial, antiviral,
cytotoxic, anti-hyperglycemic, antiparasitic activities. Some extracts
showed activities in preliminary tests, but in subsequent tests they Agar-graft-PVP

were inactive. Work is going on to collect algae from deeper waters and those seaweeds which have not
beencollected andextractedsofar.

Marine Microbiology:

Emulsifying activity of EPS from Enterobacter cloaceae: Exopolysaccharide produced by Enterobacter
cloaceae exhibited high heavy metal chelating property and emulsifying activity with hexane, benzene,
xylene and different oils (Mar Poll. Bull. 49:974-977,2004; Mar Poll. Bull. 50: 340-343, 2005). Emulsions
with ground nut oil and hexane were stable for 10 days in a wide range of pH (2-10)inthe presence of 0.5-
5.0% NaCl (Enzyme andMicrobial Technology, 38:220-222,2006).

Carrageenase and agarase: Marine bacteria producing carrageenase and agarase were isolated from
west coast of India and identified using 16S rRNA gene sequence homology. The most promising
carrageenase and agarase producing isolates were Psuedomonas elongata and Bacillus megaterium,
respectively. Using statistical Plackett-Burmanmodeland Central Composite Design, the culture medium
composition was optimized for maximum production of carrageenase and agarase (Filed US, PCT and
Indian patent No. 0858/DEL/2005 dated 28 Mar 2006; Enzyme and Microbial Technology, doi:10.1016).
Carrageenase producing Pseudomonas elongata | Microbulbifer elongatus has been deposited with
MTCC, Chandigarh (No.MTCC5161).

CSMCRI BIENNIAL REPORT 04-06 107




Marine Fungi:

Six marine fungi were isolated from seawater and sediment samples collected from west coast of India.
Theseisolatesarebeingevaluatedforbioremediation of heavy metals and poly aromatic hydrocarbons.

Marine Aspergillus niger Microscopic view of A. niger

Microbial synthesis of polyhydroxy alkanoate (PHA) from crude glycerine

Promising strains of microbes like Azotobacter, Pseudomonas, Ralstonia, Spirulinaandtheirconsortium
were used for the conversion of crude glycerine into biopolymers after screening their capacity to grow

andutilize glycerolasasource ofcarbon.

Bacteria PHA fibre
Standard PHA PHA
jnfg,,,,g,l'i N 0 = JKJJA*M ARt R ] 1 \7;41;:%74’7_ M___ﬂ__LﬂK‘M-'L‘%«W«A———(»—A»—»— ——— e
GC recorded after derivatisation to methyl ester

PHA fiber formation through electrospinning (Courtesy Prof. T.S. Natarajan, IIT Chennai)
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Marine Environment:

Bioremediation of heavy metals usingmarine fungiand seaweeds

Bioremediation of heavy metals from aqueous solution was studied using dead biomass of different
marine fungi.Ofthe fungiscreened, Aspergillus niger was foundto be the mostpromisingone.Thisculture
couldremoveasmuchas117.33mgCr(VIl)and40.53mgHg(ll) pergramofdeadbiomass underoptimal
conditions.

The sorption of Cr (VI) by chemically-modified marine brown algae Cystoseira indica, was studied with
variation in the parameters like contact time, pH, initial metal ion concentration and solid /liquid ratio. It
was observed that the Cr (VI) adsorption was strictly pH dependent. Biosorption performances are
studied in terms of kinetic and sorption isotherms. The kinetic data were well-described by pseudo-
second-order, Elovich and power function models for the sorption of Cr (VI). The intra-particle diffusion
study revealed that film diffusion might be involved in Cr (VI) sorption. Among the two-parameter models,
the Langmuir model produced the best fit, while, among the three-parameter models, the best fit is
producedbythe Khan model.

Heavy metal content of suspended particulate matter (SPM) of Alang-Sosiya Ship breaking
yard

Accumulation of trace metals in suspended particulate matter of air is of serious concern. The average
concentration of SPM within the ship-breaking yard during the investigation period was 287.5+20.4gm"*
and at reference station (Gopnath) was 111.13+5.81 gm™ The levels of heavy metals at Alang Sosiya are
high as compared to US EPA and WHO guidelines. The results on enrichment factors (EF) suggest that
most of the metals in the ship-breaking yard exhibit EF values of higher than 100 which is presumably due
toship-breakingactivities (Water, airand soil pollution, doi:10.1007)

Consultancy projects

Twenty sixenvironmentrelated consultancy projects, including environmentaudit, EIA, baseline studies,
marine monitoring and selection of marine outfalls, for various well known industries of Gujarat were
successfullycompleted.
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DISCIPLINE OF WASTELAND RESEARCH

[) Collectionand multiplication of quality plant material of Jatropha

Additional germplasm from Rajasthan, Gujarat, Chhattisgarh, Andhra Pradesh, Tamil Nadu, Madhya
Pradesh, Uttar Pradesh, Kerala, Maharashtra, Karnataka and Orissa were collected as cuttings and
plantedbothinsub-humid (Orissa) and semi-arid (Gujarat) conditions toassessthe performance.
Fromthe selected plants, approx. 50,000 cuttings and 35,000 seedlings were raised and established in 50
hectares each in Gujarat and Orissa with different agronomical experiments to develop suitable agro-
technology forcultivation on wasteland.

Jatropha nursery raised from selected plants a) Seedlings b) Cuttings.

To know the suitable time of
cuttingsandthe effectof storage on
rooting efficiency, cuttings were
collected round the year and

Monthwise % of rooting in cuttings of Jatropha

planted after storage from 1-5 120 -

days. It was observed that the best 100 -

time of cutting was from October to

February. The rooting was E 80 1 —o—2004
observed even up to 5 days of | S 40 - _m 2005
storage; however the rooting ;: 40 - —a 2006
percent decreased with increasing

storagetime. 20 -

0 — T T T T T T T T T

Q N S O X L

Month
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Month wise % success in rooting of Jatropha curcas with
time delay

E1 day 100-
delay
90+
[]12 days 804
delay
701 f7
13 days |
delay 8’60
'§50-
E14 days 540_
delay °
30+
[E5 days i
delay 20
10+
0

Oct,05 Nov,05 Dec,05 Jan,06 Feb,06 Mar, 06

Month

Apr, 06 May, 06

I1) Agronomictrials

Physico-chemical properties of the soil in both Gujarat and Orissa were determined before planting and it

was observedthatthe soilcontains 26-55% of stonesandislowinNandP.

f Characteristics Chorvadla, Gujarat | Berhampur, Orissa
pH 7.1-75 4.7-5.4
EC (dS m-1) 0.1-0.3 0.1-0.2
0.C. (%) 0.41-0.68 0.99-1.43
CaCO3 <2mm (%) 3.0-11.0 -
Concretion >2mm (%) 26-55 9.8-40.8
CEC [cmol (p+) kg-1] 25.91-31.65 9.25-224.87
Textural class Sandy loam Clay loam
Available N (kg ha-1) 165-192 206.97-275.9
Available P (kg ha-1) 2.0-4.11 1.5-4.13
Available K (kg ha-1) 261-334 209.5-272.8
Available Cu (mg kg-1) 2.24-3.48 0.41-3.06
Available Fe (mg kg-1) 7.04-8.94 19.05-35.76
Available Mn (mg kg-1) 13.85-27.13 33.4-59.9
Available Zn (mg kg-1) 0.12-0.18 0.21-1.04 J
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- -

Degraded land at Chorvadla, Bhavnagar
(Gujarat) prior to Jatropha cultivation

)

vnagar

R v ST £

Jatropha plantation at Chorvadla, Bha

Under agro-technology development, experiments regarding fertilizer requirement, spacing, irrigation,
mulching, biofertilizers and intercropping were undertaken. In fertilizer trial, during 2005-06, combined
application of 60 kg N and 30 kg P,O, per ha.recorded the highest seed yield of 518.5 kg per ha which was

163.5% higheroverabsolute control (N,P,).

Spacing experiments revealed that seed yield per plant increased significantly with increasing spacing.
The highestseedyield perplant (94.23g) was obtained underthe widest spacing (3m x2m), followed by 2m
x2m spacing (82.269). It was observed that spacing of 1m x 1m becomes too crowded during second year
itselfhence this spacingisrecommendedonlyasalive hedge.

Experiments conducted to study the effect of irrigation during non-rainy days revealed that application of
irrigation increased the seed yield over control (rain fed). The highest seed yield per plant (107.58g) was
obtained withirrigationapplied at0.75 IW/CPE ratio (irrigation water/cumulative pan evaporation), closely
followed by (101.44 g plant™) under 0.5 IW/CPE.The use of mulch also increased the seed yield over non-
mulchedtreatmentsby 11.2%.

Bio-fertilizers like rhizobacteria (Azotobacter sp. and Azospirillum sp.) and vesicular arbuscular
mycorrhiza (VAM) were applied to Jatrophato evaluate the role of bio fertilizers. It was observed that N, P,
Zn and Cu contents in leaves were significantly increased due to soil inoculation of above bio-fertilizers.
The Azotobacter and Azospirillum inoculation alone increased N content by 20.47 and 8.39 per cent,
respectively over control; co-inoculation of both Azotobacter and Azospirillum increased N content by
19.13percentovercontrol.

To assess the possibility of intercropping during the initial years of Jatropha cultivation various pulses as
intercrop were cultivated at Humma, Orissa. The seed yield obtained was significantly higher with black
gram (789kgha™), followed by greengram (729 kgha™), bengalgram (726 kgha')andpeas (645kgha™) as
intercrops.

In jatropha plantation, diseases like leaf curl virus, root rot and pest like leaf miner were observed.
Appropriate controlmeasures weretakento protectthe plantation.
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Leaf miner

[1l) Farmerstraining

On site training was organized during March 2006 at Gujarat to provide information on cultivation of J.
curcas on marginal lands. Farmers were demonstrated the method of raising nursery, transplantation in
the field and maintenance of plantation. Farmers were also provided the pamphlet in Gujarati containing
the preliminary detail of package of practice for Jatrophacultivation.

IV) Geneticimprovementin Jatropha

a) Provenancetrialforyieldimprovement

A provenance trial with 23 genotypes was initiated at village Chorvadla, Gujarat(semi arid conditions) to
select the best genotypes during August 2004 taking the advantage of rains. Data for male and female
flowers ratio were recorded during 2004-05 and 2005-06. During first year, it ranged from 18.2:1 t0 30.8:1
with mean value of 24.65:1 while it decreased to almost half 9.77:1to 16.23:1 with a mean value of
13.0:1in the second year. Various yield parameters were also studied during different years and it was
observed that fruiting occurred in plants after about 6 months of transplantation. However, the yield per
plantwasverylow.During secondyearhighestseedyield (223.56 g/plant) wasrecordedinthe provenance
CSMCRI-2 while, itwaslowest(49.21 g/plant)in GujF-5.
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The oil content in above provenances ranged from 26.73 % to
34.90%.Correlation coefficients were determined to
understand the association between morphological as well as
yield contributing characters and it was observed that
maximum correlation value was observed between no. of
capsule per plant and no. of seeds per plant (0.997**) followed
by number of seeds per plant and seed yield (0.992**) and no.
oftertiary branchesandseedyieldperplant(0.869**).

Provenance trial conducted under sub-humid conditions at
Berhampur, Orissarevealed thatamongthe genotypestested,
VP-2plantedin August 2000 gave seedyield of 1.95,1.08 and
1.45 kg per plant during 2003-04, 2004-05 and 2005-06
respectively. Similarly CP-9 and CP-13 planted duringJanuary
2003 yielded 0.26 and 0.28 kg/ plant respectively during 2005-
06 ascomparedtootherselections.

Fruiting in 3 years old Jafropha raised
through cutting- (selection CP-9)

b) Breedingforhigh productivity

Selected provenances of Jatropha were assessed for robustness,
number of primary/ secondary branches, and number of female ...
flowers perinflorescence, M/F ratio, higher 100 seed weightand oil

content in order to identify the desirable characters for intra
specific hybridization. -

Eight single crosses were made using 7 parents from selected
provenances.The F1seedlings wereraisedandtransplantedinthe
field. Seed oil contentin all the F1 seeds was more as comparedto
their parents except in one combination. Cross CP17 X Zan was
proved to the best for all the desirable traits. F1 plants are growing
inthe fieldandfurtherstudiesareinprogress.

F1 ybrid plant growing at Chorvadla
experimental site, Gujarat.
Performance of various crosses for yield characters and oil content

/ Seed |Seed weight Oil- IS
0,
Sr. No. WL DETD pLR LI (./") weight | per capsule | content of eed t‘.’ =i}
cross flowers operated| Fruits set ratio
(gm) (gm) seed
1 Ranx PCM 64 47 (73) 48.18 1.03 31.39 58:42
2 PCMx Ran 63 47 (75) 87.28 1.36 27.50 56:44
3 Shamx Kang 55 33 (60) 47.71 1.45 31.32 59:41
4 Kang xSham 57 36 (63) 43.48 1.21 32.06 57:43
5 CP9 x CP13 68 59 (87) 72.09 1.22 34.90 62:38
6 CP13 x CP9 57 41 (71) 56.98 1.39 34.09 60:40
7 CP17 x Zan 38 33 (87) 58.39 1.77 34.73 65:35
8. Zan xCP17 52 46 (88) 46.36 1.01 34.34 58:42
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V) Geneticvariability studies

DNA was isolated from J. curcas for genetic variability studies. Using AFLP and RAPD techniques genetic
diversity studies were initiated in 28 representative accessions collected from different geographical
regions of Indiaincluding a nontoxic Mexican cultivar. The overall percentage of diversityamongthe Indian
germplasm was found to be 50.70% with RAPD and 45.50% with AFLP analysis. In total 66 RAPD, 238
AFLP polymorphic markers were identified which may have applications in generation of specific DNA

markersforbreeding.

M 1 2 3 45 6 7 8 9 1011 12131415 M 161718 1920 2122 23 24 25 26 27 28

h---h- H—-. b—l

- it Bed Bl s JH“‘# *l.
- . 1% u b
bl 1 ¢

e L
=1 it S8l B
— - -

vl [y —

- .
1 2 3 4 5 6 7 8 9 10 11 12 13 14

nusuuuucst:ﬁﬁ- l

e b b s e e e e B

M 15 16

AFLP profile of jatropha
| accessions (1-28) collected
| from different geographical
regions of India; M-1kb+100 bp
standard markers mix (Biogene,
USA).
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RAPD profile of jatropha accessions (1-28) collected from different geographical regions of India;
M- 1 kb standard marker (Biogene, USA).

Markers specific to toxic and non-toxic cultivars of J. curcas were sorted out from the identified

polymorphic markers.
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M
—
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RAPD profile by primer A : RAPD profile by primer B;
1-6: Toxic, 7-Non-toxic cultivar of jatropha; M: 1kb marker (Biogene, USA).

The extent of the genetic diversity in the genus Jatropha was also studied with the help of RAPD to identify
specific markers for the genus which intern can be used for the improvement of the species. Totally 7
species of Jatropha namely J. tanjorensis, J. curcas, J. glandulifera, J. gossypifolia, J. multifeda, J.
podagrica, J.integerrimawere undertaken for the analysis.Collectively 91.5% genetic polymorphismwas
observed in the genus and the mean percentage of the polymorphism was found to be 67.7 %. Minimum
percentage of polymorphism (53%) was observed between J. curcas and J. integerrima. The highest
genetic similarity of 0.64 was observed between J. integerrima and J. curcas and the lowest (0.38)
between J. multifida and J. tanjorensis. Phylogenetic analysis shows maximum similarity between J.

curcasand J.integerrimafollowed by J. multifidaand J. podagrica.

a b c d
2 34 5 6 7 M 1 2 3 4 5 6 7 2

1- J. tanjorensis, 2- J. curcas, 3- J. glandulifera, 4- J. gossypifolia, 5- J. multifeda, 6- J. podagrica, 7- J. integerrima,
M-1 kb DNA Ladder;a, b, ¢, d - RAPD profiles of different primers.
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Diversity study through the variable region of the genome like ITS (Internal Transcribed Spacer) was also
undertaken and the ITS regions were amplified for all the 7 species of Jatropha and sequenced. The ITS
sequence of J. multifeda was submitted to NCBI (accession No. EF599630) and the others are in the
processofanalysis.

Amplified products of ITS region(650 bp).1- J. tanjorensis, 2- J.
curcas, 3- J. glandulifera, 4- J. gossypifolia, 5- J. multifeda, 6- J.

CRIGIN

1
61
121
181
241
301
361
421
481
541
601

cgegegetac
atctgctaga
ttgtgtectaa
aaccaaccct
ggccccgaaa
tcggcaacag
tgtgaattat
ttggatgagg
agattttgge
gaatggcacg
aacctacgtt

actgatgrat
gggctagagce
tggtactggg
agttcaagac
atgggcgact
atatctcagc
agactctege
aagcgtttga
cttccatacg
acaatccgtg
ggtcggotaa

[J1: EF599630 Reports

Jatropha multifida internal transcribed spacer 1, 5.8S nibosomal RNA gene, and internal
transcribed spacer 2, complete sequence
gi|147744700|gb|EF599630.1|[147744700]

VI) Micropropagation of Jatropha

podagrica, 7- J. integerrima, M-100 bp marker.

tcaacgtgac
tcaagggtct
attcgectca
gcaccaagga
gcgaggatge
tctcgeatcg
gaaccatcga
tcgggtgtea
ttggtcacct
gtcaagacce
gtcattaacc

tgcacagcag
ttcggcccce
gcecctteoccg
aacacgaaac
atcgtcctce
atgaagaacg
gtcttocaat
cgcaatgtca
gcagtcggce
tggagacaca
ggcacgctca

atgactcgeg
tcgcocgacaga
cacgctcgac
gagaaaagcg
gtctattgec
caatgaaata
gcatgttgeg
ctcccaccte
caaaagcaaa
gtcggcgega
catcgcgacce

acaactatac
gcccaaaggg
ccaatcctee
cactcccgtce
aaaatgactc
cgatacttgg
tccaaagcct
attaggggge
ctatcggttg
tccgeoccaac
ccagg

Links

Micropropagation of Jatropha was standardized using shoot tips, auxiliary buds and nodal segments
using MS medium supplemented with different combinations of hormones and nutrients. Using the
protocol developed in the laboratory approximately 500 plantlets from selected high yielding plants were
generated. The first lot of hardened plants was successfully transplanted on wasteland in 2006 and is
doing well. Methodology is being perfected to achieve high multiplication rate. Tissue culture is vital for
large scale multiplication of elite plants retaining the traits ofthe motherplant.
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VIl) Effectof Jatrophacake ondifferentcrops

Inthe biodiesel preparation after expellingthe seeds foroil more than 70 % deoiled cake is produced. Since
Jatropha deoiled cake is rich in nutrients, efforts were made to use Jatropha cake as an organic manure.
From the experiments it has been observed that the yield of pearl millet, cotton seed and sesame seeds
increasedto 11.3%, 15.20%, and 14.30% respectively overcontrols.

Effect of Jatropha cake on yield of pearl millet, sesame and cotton

1 Pearl millet 1.5 1.90 2.15 11.30
2 Cotton 2.0 1.65 1.90 15.20
3 Sesame 1.0 0.56 0.64 14.30 )

a) Interactionofinorganic Nand Jatropha cake onseedyield of sesame

In sesame, combined application of lower dose of inorganic nitrogen (25 kg ha™) along with Jatropha cake
@ 1.5t ha" gave better seed yield (813.9 kg ha ha™ ) than application of higher dose (50 kg N ha™) of
inorganic nitrogen which yielded 766.7 kg ha™'. Jatropha cake @ 1.5t ha” was at par with castor cake
appliedat1tha’andFYM @ 5tha™.




Wasteland Research

Effect of Jatropha cake in combination with inorganic N on seed yield of sesame

f Inorganic N fertilizer | OkgN/ha | 25kgNha | 50kgN/ha
Organic source

Control (No organic manure) 475.1 578.9 766.7
Jatropha cake @ 1t/ha 660.8 694.0 754.5
Jatropha cake @ 1.5t/ha 748.6 813.9 829.0
Castor cake @ 1t/ha 697.4 799.1 826.3
FYM @ 5 tha 681.1 803.8 810.0

Standard Error of mean (+) 17.4 Y,

b) Studies on nematicidal activities of Jatropha cake

Atrial was undertaken at Anand Agriculture University, Anand, Gujarat to study the effect of deoiled cake
on root-knot disease in tomato. It was observed that Jatropha cake applied @ 3t ha™ to the tomato crop
could successfully control root knot nematode and was comparable to the chemical method of control
(Carbofuran)andalso at parwith neem cake (2tha™). Tomato yield significantly increased over control with
theincreaseindose of cake.

~

Tomato
Treat t RKI (0-5)*
reatmen (0-5) Yield (kg ha")
Jatropha cake @ 1.0tha’ 3.54 27006
@ 2.0tha’ 3.11 29815
2.84 32716
@ 3.0tha’
Neem Cake @ 2.0t ha 2.94 39568
Carbofuran @ 2.0 kg ha 2.31 37037
Control 5.00 18271
S.Em. + 0.24 1729 J
* Root Knot Index
VIII) Bio-diesel

An important component of Jafropha cultivation on wasteland is to integrate the project with bio-diesel
preparation and to attain bio-diesel quality that would allow its neat application in unmodified engines so
that rural communities can directly utilize the local produce, besides the use of the fuel in advanced
automobiles. In the process the seeds are expelled, the raw oil is then refined and a bio-diesel yield of 95-
96 % (w/w) with respecttorefined Jatrophaoilhasbeenrealized withEN14214 and ASTM specifications.

DaimlerChrysler undertook vehicle tests using two Mercedes Benz C 220 CDI cars (without engine
modification) with CSMCRI's neat biodiesel during April-May, 2004. Over 6000 km was covered, the
mileage was comparable to that found with diesel (liter for liter Jatropha bio-diesel has ca.91.8% of the
calorificvalue of fossil diesel),and no problem of any kind was encountered during the trip.
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Emissiontestresults (conductedjointly with ARAI, Pune) were also encouraging, particularly the dramatic
reductionin hydrocarbon and particulate emissions. Following successful lowering of the pour pointofthe
biodiesel, incollaboration with Lubrizol India, testruns of the above C class Mercedes carsandaVianovan
were initiated by DaimlerChrysler Indiain Leh in August 2005 to ascertain performance at high altitude in
rarefied atmosphere.The high point of the trials was the successful testdrive by renowned auto journalists
toKhardunglapass, the highest (18,380 ft.) motorable roadinthe world.The autojournalists have narrated
their experience in leading auto magazines and national daily newspapers. Each of the vehicles has
completed over 40,000 km road trials till today using the neat biodiesel. On the request of the Austrian
Biofuels Institute, 800 liters of Jatropha methyl ester was sentto Austriain 2005 for evaluationunderan EU
project. The CSMCRI biodiesel outperformed other EN14216 grade biodiesel from rape seed oil, animal
fat, coconut oil and soya bean oil in terms of engine power output, efficiency and 16-days continuous
running tests (tests conducted in all cases with neat biodiesel on HATZ 1D41Z 4 stroke engine; data
courtesy Austrian Biofuel Institute). CSMCRI too has been plying its Toyota Qualis on neat biodiesel since
August 2006 and over 30,000 km run has been completed with mileage comparable to that with fossil
diesel. Nomodification ofany kind was made onthe vehicle.

---------------

test days

Figure 10 Trand of angmne powar of i long e £ with el Rl

R T
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Conquering Khardungla Pass with neat biodiesel

Jatrophabio-diesel has been compared against all other bio-dieselsinan EU projectand has come
outwithflyingcolours. PCT/IN2004/000329 dated 20th October2004 (CSIR)

IX) Salicorniacultivation

During cultivation of Salicorniain saline soils using seawater irrigation, it was observed that input cost for
cultivation was more than the produce. In natural habitat the distribution of the species is very thin and
scattered. Densification of the species can minimize the irrigation coast. Taking advantage of monsoon,
seeds were broadcasted in approx.100ha area along the sea coast at various locations in Gujarat to
increase the availability of biomass for vegetable salt preparation and seeds for oil extraction. Using the
densificationtechnique the biomass perunitareacould substantiallyincreased.
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Before densification After densification

Avania 3.56 3.78 10.42 10.57
Methala 3.05 5.11 13.42 14.59
Victor 1.96 6.50 9.38 10.16
Ningala 3.48 4.21 12.80 14.35
Diu 3.72 4.23 12.40 13.42
Zafrabad 3.45 3.79 11.52 15.20

X) Bioactive plantextracts

As a participating laboratory under the CSIR network programme on “Phytochemical Studies and
diversified application of nontraditional plant species” 182 crude extracts were prepared from different
plant parts of total 16 plant species. 59 extracts have shown bioactivity in preliminary testing. Six extracts
have beenlabeledasLEAD againstthe diseasesliketuberculosis, malaria, filariaandulcer.

The Lead extract active against tuberculosis was processed for isolation of purified molecule and it is
under evaluation for identification. A Patent titled “Enhancement of anti-tubercular activity of extract of
Salicornia brachiata” has been filed (US 11/138,674 dated 27.5.2005 & PCT/IN 05/00168 dated
27.5.2005).

The Lead extract active against malaria was processed for isolation of pure molecule, which was
characterized and identified as glaucarubinone. The sub-fraction of lead extract active against
filaria is under evaluation. In addition to above, four extracts have been found active against
neurological disorders like anti anxiety and antidepressant and is under revalidation. Further five
extracts were found to have promising pesticidal activity.
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Afewar ferafafer # wftaferd € @t quf oaTs &1 SgHHvT 5 Sk 3 RACE T {51 ST g © | 39 Sl T SUINT 31ferd
AT AeW[AT U9 R &Y & §p Ae@yel ey eyl 3 saiRkie Al § fHar & <81 & 9 Jwelt
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SRS SAETOT fahaT ST XET © | 571 SHaTvg3il BT AIN0T ST eI SSIaTe! & SiavfadR & forg faam S |

TEIfd, SIRIA & Ao &g aRRfT # |ai Sieli1 RS © IR 311 & aRRfEl § Selid<or 3 &7 T o |t
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AR & S9S 9@ AId BT SR BRAT © | PIATSISATTASS B RGN BT fAferam, A Sharvpeil §RT IR+ &1
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3T VT ¥ [afera 20 faf= welt Sarer &1 AT 711 37 20 TArel H A It 5 AMfOIT SN ATSIBRRA HA A A
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17.8% Sffa ¥R (P < 0.03) IMHHIRTAT §RT AR AT | HS FATAR ARAIH R 5 TTH BT ARTARIAT ST A 57.4 + 28% (P <
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39 PUTHIEHT W BT UTd gRT faf= wal o uraifiie odieror foear /@) 39 wheror @ SR ura uRomd
FUTHTSHY I BT HRIGETAT I TN 8 | W I S YA | ST gfeg F=ras fdt oiiv g 7 10% iR aif¥raas 1= &
40% UTg I | (fehy STHa & forg g & 103 3R 1)

HIVTHT — B DT D (oY JURTHT AT : HUTHISHY Aeaxsll HIOTHT BT qrol W Sarel W wred fba sk
ref—aReHd DI BT T 7T | I8 [YOT 1S A I T & A B o1 | 59 ISR 31 {9 |, 999, &5, ard 9
gRaEd # HH 1T | THB! WS A T 7 9 F b1 ST aHan g |
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T T oA e S

S AITSTH ad, TEUIId aav] — Tal1 @ : dikes, Bd QIRTH Jar a7 (Al ) B T B Uihar & dew
PRIAT T (J T U< YRADIA + 2005/0220975 f&ATH S1@TaR 6, 2005; WO2005097681) I8 HUTHISHH Icavsil G
AFADIAT BT IUTE B | ST TAHATDT Bl Y SN, TITATH BT, HITTR DI SRR (AT TATE |

9 TS & &I A9 © — (P) IISuicad (@) <91 91e Jqoiig 87 9 9d IR S & () ST daeid (9) 9 31 gfspar
IRATID © (3) G&H UIND| BT YT 79 H STIURART | et gRT ST UReror fFam 7 & & | -1 qari—a gad
3L @ e B ST TS AT | FeAl— 7 ARIROT 79 IR d8a) Jeei foar |

IRI : ieRard 1 fFarie RuE 2002-04 & % § o) 9od Y &t W I8 i1 aifdrenavas & fb qeaaei= s &
3T B9 ofTed 3harel (IATeiRI 1) | Scar YU TaTe] PRI SR & |

39 YaTe $T G SWred Hl YR & IREHIRT Td 6% 3G AR § W9 © | 599 a1 BT W1 SRIS ITE BT 891
Yee fl HRAT AT R | ( TH ST 2005/0267296A1; famrwaR 1, 2005; dRAETWO 2005/118830 f&wR 15, 2005)

FM B9 | 9T Aarer |l T [OrEIETar SFRIS SAT & | HTHTHUISREITE SRS SAag BRI Ah-1a! 4 SUANT 8
AHAT & | Fict 978 DNA &1 &1 1ICB (Ao @R WRIATSSIYY faqTT) Sieraar # faam T o |

SlaTel T8I BT TRac : Iarel TSR O SR 3R BRA BT TRaci BT 717 | 78 B 37 Tgeraxiei &l 14
T[0T 9T R B forg fam 7 2 | Aecayot o Sk S9! Siesiedl $1 TeHl, §B YIfde Taq Iara+ Tored &7 aRkadT
BT 51 TGRS BT SUIRT T &5 § TSI 8 | STB! U7l & A1 3T BT Jegaei I 8171 & | ]I THR B URac food
T € — 4ifa® vE e |

Hifos aRed=

(@) R GXBhdce $eUaYl  $9 SEgU H I8 U T fF MHemafe dxwaee (Sarevvr: fiv 35 3R gEe x -
100) 3R & TATAT T4 AAYIT BH HRA & | S9fb 3Mg-Id AXBICAC Q41 BT IS8T 7, <fdh SLS I Tar Bt 9871 &
IR SIEA=T ATIHT BT HH HIAT & | 4 ATTIS ARB DT B SURTT H TIFAT TSI BT BT SR 3R T4 B1 fIfey
# 9ga START g g Fifes 39 URad & HIROT Ul &Y ATTeIHAT H 50 HfRTd & Herkil §9a 8 | g15e x-100 3R
#or 35 Ot 39@ ford SUANT fFd A SAdT SRIaTelt ufshan # fMrarar far mar | (3 vd oHa &% rardieiiad

AHATATRI (2005), 35, 135-144)

(W) R BT 3 HIFTeiad : §HD I 3R & T IR HGRTS (C 12:0- C 18:0) 3R o SRR S Bl 31Fd (C 18:1)
P BT TR T | SHS SEATT A T AT & BET 37 3R Sied B et 1T T BT IeTd & 31R 59 JH1T (Siet ofi=i)
A ¥ W BT ¥ {5 gRafda o &) 89 T3 &3 § START HR AFd & O Srefed iR wWRey et ST | (Wi R
STHet (2005) 37, 826- 832)
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T v SORYfA faera s

Q) IR YHI DI : TRART STeArera, THARAT T STl SR @ U 3FR & AT # THT Alhadr &1
eI T T B | 39S o ISt TIH TIBIST BT HT SUANT FHIT TRT | 39 13 | I8 vl el & 9t IRefig
IR I BB B AT AHIAT U © | T MEAT § Aecqqul a2 g A 1T F O oFR &1 Sie wifea <1
DRI S AT T &, R I8 goa 20-45 T T Bich! & | 57 aRomar 4 Rig 8iar & & wRd siRY &1 @ren= &5 §
JUART IR G ¢ | (G BTESIpargss, 2006, 20:1206-1215)

(€) BSOSO TR BT : T SR, T BIY B I&AT BT AT & SADT AeaRT IRISHT §, HOR BIYD Bl
TR HUT—HRTST A TR T | (e S & oy g 9 106 2Ry )

Irafe gRkad=

(@)  HUAEI-TTe—HITHATHY | 39D F=id DRI B RAUTgaHiuhsae (TH 9 T) B A1) ATghIad Na- H ATTe
o T iR 59 ol AR wRaehe (HUITN) BT JIRYHAT ® U § SYANRT f5aT 7 | 39 T § 1w T gwRia=d
(E%) 99 Tfrera UTs 718 | SN U< UTHee SoTg & et 9l @ @ araa ReRar gedl & | (I 3% yuarse
TrefHR |TI=d 2006, 101, 161-166)

(@)  eFR-UTe—UdIdt vaq HfiFa—arde idd) Siell e : 39 St dleifarsd ursRiened (fidd) s
IR TG DA IR AISHIAT Ma ¥ 91 T, e ford uieRis wRaehe ($91d) B TRYSAT & $9 A SUINT
5T | TTICS SR Y HRINHA ST ST 81 Ul & |1 il ofd 991 & | $91 SedTal & U+l [UsvT &var W qa
TFEIDHSAT (SR TFH HIINA) W SITGT Bl & | 3R YaH DRI TThCS STRT BT For WfoT, TIAMRST U+ Taq
ARG H TR BIAT ® | (Sel 3% TUATSS Tei R 1A= 2006, 102, 3654-3663)

THETRIATET 3 SISl : ToRm, T, FERTS o dfiery, @ aEr &l W, W darell B geida fbar war | gy
TEA™ @ T T $90 3P DI TA—HIAAI 3 [BHTSAT 7T | 37 DI HTSIARSATS T T TARRITATSA H Sifdap Afshaar o st
@ For ST T | TR ST W ATl BT YHAHIT T SN 7S BTl S BT SR WIRT R |

AT Geaifaat

Tgdes FalH] @ @ (A= BTSSIaTa @ AT 80 : graiaaex aellQ™il §RT SeuTfed STl =T § Wi €1 &1
TUfd A & 0T B 3R 98 FF=, o1, STafer Ua fafi= UaR & Oat &1 8701 e A +ff 7qg &ar @ | Jobell 9t 7
TR B AT BT 5107 <7 A 9, pH 2 | 10 T TG 0.5 -5.0 Hfrerd NaCl &Y Aispaeit # ReRr &1 8 | (T=IgH ¢aq
ATSHIfATe SHATarl, 38: 220-222, 2006)

DRI TG RIG : BRI SR SRS Seq= ATl YA GEASaT9] Y Ul YRa & YL 7 | Sueie] B
IAD! T8I 16S rRNA S Hiwa=1 SR §RT $I T3 | T4 | RSMIMN ST iR If9d ARy qad 9
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T T oA e S

BT Td RIS S~ HIAATA W2 | DHE—IA IR Ao HHIIC fEATSH BT START A Y HodR AISIIHT BT
HAHHIBROT fo5aT T | (F T, RIS Uewe 9 MR e + 0858/DEL/2005 f&ie 28 Ard 2006 TwiTg# TaH ATgehIfaact

THATATSH, doi:10.1016) BRI BT IATAT HRAAT RSN SAHICT / AGHITAAIHR FANTCH BT TSI,
TSI H STHT B fEAT T 7 | (F MTCC5161)

TSI HAD : B: HIB! B URTH R & WL S LT Tel UG T § Suerees o 741 | §9 Fad! &7 Jouid=
€T U9 BTSSIBTa & G H fhar ST e 2 |

TS W GeTeial §1RT UleieTs SIadi] Uadi-c & Oldd TYelvTT : B STeTsi—e Jeasia ok — Jsleiddes,
AT S 7ol BT B GId S U H STAN B 9AT SAD! i &THAT BT GRIETT B S SURIA 37 QEASHaAl BT
SUANT ARG TR BT FRTGIIR § gRafea o= # foar mam |

G CIRERICEG)
S| Ud IdTel BT BFIGRS GGl & oid (RT3 START : = yeR & 9a Tq1a Bas! B Sua graor 3

A EHIPRS GTgall B fFeTem # forar a7 | 378 @ AR A15TR W99 9909 6T | §9 $a@ 1 117.33 mg HIHIH ik
40.53 mg FRAGRY HT A gRRfT # famor fean |

fafer arare S WU |9, pH, ST BT JH107, 3R 319 5 FH197 31 SulRerfr # wuiafka fear gon weers dare Rieeaifar
ISP BT SUART HIHEH €1 BT fdTer # fomar a1 g uram 7 f& SR &7 i pH & JT07 U= SR o |

39 91 s &7 e i Aaet 3R 2T0T THH ISWIT §RT fHA1 7 | 6 AT s TS| Ad+s ISy, 3R
TAIfa® gRT SFad U | 671 747 | 39 99 9 d=THuIC Aled Aad Sford FTford gaim |

IR STeTsrarsT # 9 urw fhar gan Wil & &iay & e1f-eRe ¢1d - gar § SuRkerd wfi wfégee
geTef BT SRS TGSl BT TUE DI & | I§ TS THR THQT © | ehIT B SR 59 STrordrs ¥ 287.5 + 20.4 g m* ¥
ufégeie uarel uTg Y 3R 30 Jarael GaH (7aamer) # 111.13 +5.81 g m* AR uiféaeie uarel g 1Y | ergail STy
JTAT—AIRTAT H US EPA 3R WHO & ARTGRI®T @ o # s Sa1aT © | Faws o & aReror 9 ur< fay gv Afos &
TR SATETCR ST BT SATT I ¥ SATET AT | §HST HIRVT S8 Are Bl AfHaT © | (S, a1g T T IgHT doi:10.1007)

qRE RIS - v ser @ gRT Y g 26 gafaxor amenRa wret oS wre fhe g € R wataRer
FR1eToT, TafaRoT 9T STH e, SATER—IT eI, Tal HaeH Ud Ggard (e g1 afie ¢ |
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T T FoRfA e srgseTe
SORYA e
(I)  SIGIHT HXGT & Seawd Ulel THid & 9 SHHT TaE @ ToReIH, ORI, BHRTe, Sigwas,

ARIATS, AEAURT, STRUQY, DA, AERTE, FACH qAT ST A AARTT STHATSH IT T HARA & ©U A Tl
o T e wierer & ford ORI qAT SSNAT H TR TRT ST WK UgAT §N Ut | R 50, 000 HENT qAT 35,000

ey FAR B T | R 50-50 R FIRaR A 21 orTa qerr ST # AT we s @ et o | g+ s
A Tl G T SR o SR |

F&Il A BT o BT Fo! T TAT WIE B THI BT BRI D JATHROT IR FIT Y9G TSdT &, $AD ford T AT S =7 |
R Siaia gl @ &% A1 HENT ol T8 qAT D1 1-5 A T FIE B S q18 ATHRYT B Fordl TR TR | 99 T30 |
I8 U T b &l W ST o BT Wel T fFeak A BRaW & a7 96! Uid &1 9@ Gs fhar o wadi © | gTeiifd s
S WU BT I T&T & JATHRCT BT T&TAT B Bl wirdhl & | (219 Siar) & forg g 9 110 2fRag 1)

(1) = fa= ST T : SgieT o 3 ugel ToRTd 9 ST &1 4fY o7 Hifis 7 rarafie werr fbar mar
3R T foh SAH 26-55% TR & qAT ATSS I d BB BT HHI © |

SISIHT BT Wil BT dPp-Td [THRIg R B o fAf=1 7T S o It @rel &1 Y91g SiavTe, Riwms, ToaR, Sfds
QIE TAT 19 B B IUTeT IR J91E 371fx o A T | Imafvie @rearel 39T § 9 & 2005-06 9% 60 & a7
ATSEI TT 30 .91, 9f 8 | FABRY 31 | 999 AfeH U (518-5 Kg Lha.) IT<d 8 Wi I &3 NP, USmaR 9 163
T ot | (Y SR & forg geo < 11228 1)

JfARTAT WA ¥ ST 1T o SfeRTel ge @ il 31 9 (If 87) 91 | 9a9 31 ufirger fiar Y Iemar (94.23g)
| 3D RIS (3m x 2m) A el TAT SHS 918 2m x 2m RIS H fyeft | 1m x 1m =Tt TR I8 § ST 547 81 140
S daa s s o R A A TTIFd 2 |

JAEIHT TR JuiRg 3 AR @ o1 RiaE &1 99d t@q @ o 79T | uaT 9o © & RiaE 9em 9 i o IR
IR &5 & gdTaet Tedl & | IfageT T STl 15l 3T USTaR (107.589) T el S19 9T+ &1 /7137 0.75 IW/CPE € 7% |
T 918 USTAR (101.44 g plant™) T9 fireft 519 910t @61 91311 0.5 IW/CPE €1 778 |

Sifd® @TE SN TSSNNTEIRAT TAT VSIRATSRISTH TAT a9 B UHTG B <@q & ford Sigier # faar @ | g8 <@ T &
SfId @Te 3 W AgIHT & gl ¥ A sraaa I AR gIo, PRI, 36 9UT $TR @ 9 g8 2 | YeNae’ a9
YoiRaTEIem @ fder e did & gorael Aggio § HAn: 20.47 Hfera dem 8.39 uferd 3 gy g8 | 99 3Nl wfde
@ral B e f&ar mar Arsgie 9 19.13 uferera o 3fg g2 |
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T T oA e S

IS B GAT AP IATH TR SIEIHT B Kl B Fo @ &1 3§ A1zl @ 919 § T Gl B Wl PR QG B DI I
T | 519 faf=1 ITll BT T T O 9 £ i 29} A TSI S€1 BT SedTed (789 kg) T | SH@ 91] {7 (729 ko),
T (726 kg) T AER (645 kg) BT ST e | AEIHT ) Wl & SRM B 91 S U=l $7 91579, Tl HT G qAn
Tl BT BIeT BreT NS 3@ M e =T & ford aqfaa sur fed |

(1) fm=ar=it T Tf21e707 : wref 2006 & A= Y u=elt 4 TR ST B G & TR & SIBRY 7 Hferor far @ s
T TR $3A o fafdy, @ § o o) fafdy Jonr woREE & IR 4§ 99 & 90 § AEerl < 8 | fearEt B JeRmd
3T Hff <Y 7 R Wl & aND1 BT IR 9 goie far way o |

(IV) SIETHT ST ATFa R Jigd=or

(@)  Su9 gfE@ver & forg SEW werel udieor - g9 2004 SRR AIE & TR 981 BT AW o gy 23 = semifea
AT UHel BT ORI B NG YD JTLATATAT TIRTSHT ATHS T1d § ISR T ST A TR1eTo7 fopam ram o
Hald Sead GeaaTel Wel BT =99 fHar S e | a9 2004-05 T 2005-06 & SR AR TAT AT&T gsf & U
[HIER JMER ARl &1 sififerRad fosam am | uset avf & I orgura 18.2:1 9 30.8:1 T T Jiiad Iuiiasd o
24.65:1 78T S1afd TR T4 & TIRT I8 TTHR I AT 1 77 | SR T4 & I8 SUTd 13.0:1 B S Jod & 61 9.77:1
¥ 16.23:1 % 3BT | HI 981 & SR SUS & A= AFEST &1 W e far mar sk a8y % die & @a 3
TR B B 6 Afe~T 918 81 Uil H Her TR 81 T IR Uil UTe SUS 95 ol & off | TR 99 & SR 9aifes U9
CSMCRI-2 T IS A1 Uiel # (223,56 g/plant) T =AqH SUS Guj F-5 7 (49.21 g/plant) sf¥farlead @t 18 | Sudad
aTel # el WIR 26.73 T A 34.90 Hfrerd O @1 S1oft ¥ Ut g7 | el & S a1 S § INTeH aarel faeiedre &
a1 Fehse GHsH B {7 TedE® SRS B T0FT S T3 | 59 I H I U1 747 s waifere dedge gf arem weft
PY AT qAr ufe Nem Sl & G119 (0.997+*) TAT 3/ gATd drot ufer Nerm ve 19 Su9 (0.992**) 3R Ira vd
5T SUY (0.869**) & g o1 | (faeiy SiFa Tl & forg s & 114 2REw )

I U CP-9 & Herd ¥ fIsRia gu 3 Iuia Uie # Bore JTE—3MiIY JfaRqTaiaTel Sl & Fex YR S IUTF W
IS TerelTa UieroT faam TR | 98 2000 TR ATE H VP- 2 S SHfad WRa-marel Wer o 99 2003-04, 2004-05, 2005-06 %
A 1.95, 1.08 TIT 1.45 farairam ufer diem um<t a1 | S FHR a8 2005-06 & IRTH §UR T UHell BF JoAT A ST1ast
2003 # CP-9 T CP-13 0.26 TIT 0.28 fhatium ufer tierm a1 3t Suw It g3 |

@  ef¥e suwar & oy ureu 5= - gafa SqrRerea tiel &1 Sl Aorg, wmefie / fydas aranet 35 e,
T Jash¥ A1RT g1 &1 6T, 7R/ ATGT I8 3T, Mferes 100-FST MR T Aeiid AR & AR IR Jedid foar 141 s
sfead TuiaTel te § Wi Gavor fear o 9 |

AT ISR Uil § | 7 AU BT STANT A Y 8 Thdl WHIT T4 T | 49 ol Bl IR I 37 0™
Icafar il (F,) & Wd 3 g faar 131 | 59 94 0er Sfd (F,) @ SISl # U Galod 3l Blea} delld 9k 9 A1)
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T T FoRfA e srgseTe

FoTl @t T H S1ferd 9T T | CP17 X ZAN RS HahveT O+ 36 0T & SR UR W4t Ui -7 | 9T waresiarel
YR SRT WY (F,) ©a # faaad 81 38 € 97§ UR 31 ST Seqd—d W iR B |

(V) arrgafre! [afy=ar daei seaae : ered uradmarel DNA & SeIeT dad 31 fafeiar & sreaaw @ fog
e fovar T | S=fs =TT & AFLP e RAPD faftral g 28 afafaifer diel &1 wRa & fafy=1 «irnfas &= 4
THIIT FRD ST B B 77 TaRT 1R f5d T | 597 wfaif=ifey oienf & wep a7 fadeft Afda= faresy oy oft | el Sfraien
# RAPD §RT 50.70% TeIT AFLP fa¥eisor §IRT 45.50% 37 f¥=7aT UTg 715 | g7 RAPD @ 66 T AFLP & 238 Sg®II®
e gga M 5 aTey S 4 STl faRie DNA et 81 9ad © | fatel Tor fam fater arey wwel &1 o/ a3 &
forg sga1iie feel & ygar &1 715 |

RAPD &1 | §8 faxiv sl @ ueam &x@ SIgIeT St 3 Uil Siearelt sisifsd [ e=iar 31 i &1 feikor s
1 g+ foar T R f 52 Suonfa @ faer & w1 foar S 9o | 59 fagavor @ forg Sigher &) 7 Syt 99 9.
TIRART, O &9, I, Tfrshy, o, MRIAGIferar, . geiwrer, . NS ger 9. sriiEr & wfde fear @ | s
SIf ¥ T ¥ | 91.5 URIR SHifad IgoudT UTs 715 ! Siiaa Sfereraar 67.7 gfar off | -gaaw sgouar (53%)
SICIBT FHA TAT ALIBT AT & 19 UTg T | T 1ferds ST ArgaT (0.64) SISTHT ST TT SIghT $Hhd &
a1 T TIW A (0.38) STEIHT ACSIBIST TAT SIEIHT AR~ H UTS T3 | SATfT g fIeeisor & SIgihT & qei SIgihT
AT § 999 S AT SIgBT HHW AT SISTBT ST A 9T SUD YT SII%T Ao PrsT a2l S IhT TeiiaT
#HUrg % | (Y S & forg g8 & 1153Rag )

ST AT O ITS (§7exAd Sashises WR) @ URad! &= # faf¥=~rar &1 s farar /ar qorm TS 831 &1 faarer
FR® SIIBT BT qHT 7 SUSTIRRT BT SIIhid fHaT T | AEIHBT AcEIwrST B TS TIHHABT B NCBI (accession No.
EF599630) T 14T |

(V1)  SIgIHT 6 ST Yer Taei : SgieT bod o Jeq Yaei o1 IRIE s, e Siorer qo T @ 1
IYANT S §Y MS ATedd 1 810 & AR WIS T U9 Iedl & 12T STYRVT HRB AFIh (T 12T | FIRTRITT 3§
BRI MeTaTd & SUIRT B §Y T S SUS Iarel el | T 500 ISt Sea &I 8 |

T4 fIaTaa el & T W E $ $ORIGd HRa ok Y IR 99 2006 S SR AHAATgdd FeaRIgoT {5 727 | 3 uien |
31 IR R 9T B @ forg oY afehan R @ o <81 2 | ST Haes da-ie SeeuiaTe UiEl & g8 tM )
IO HA B forg Aecayul & Fife 5 fafdy gy ARg diell & or R wa 81 (faey s=erd & forg s @ 118 <Rag )

(V1) SIEIHT @il & gadl Badl U= TH14 : qrEiee 99 @ fafdy & SR it § ot frrem & a1 e
70% TeAl YT BIAT | STEIT Well UIyd dedl | WRQR BT & Ya9d SHST SUINT 9ifds W1k & U H g™l Bal 9 JanT
B BT I 5T | AT @ O Tl & qroT, Hurd a1 fad & i1l 31 Sus F HA: 11.3%, 15.20% TAT 14.30% Y gfg

|
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T T oA e S

19 forel # SIEIHT &Y Well &) ™IS ATSeo (25 kg ha™) & SaTer TaT faam am @Y uran a7 f& @eft (1.5tha’) 7 50 kg ha™
ATSSINN & AT T4 A YSTAR (766.7 kg ha) < | SETHT BT @efl (1.5 tha') & TR 3RS 3T el (1tha') T <=4
T (5tha’) @ R I T |

SIGIHT & @il &1 AR U THTT : o B JFaRie, aris o Tedivn § ve wai g0 fear mm R Sigier @
Gl BT THTER ¥ YAGMH B TP TR UHTT BT e 53T 77 T4 91T fo6 SISt @t @elt (3tha’) W STl § avarel 43
R BT A D [FTIF0T fHIT ST FHT TAT I8 FHTT TEIFYRIA AT 7 TAT 419 BT @l (2tha’) B RER &
2 1 S BRI Tl BT TN ST | THIER &1 IR # 1 g urs 13 |

(VIII) SraTSIoTer : o) 4f R SIEI6T B Al BT Y g oadd I8 W € b s arEoTe 9 & er e
SR T S FelT & JraTSIoTel BT SYANT ATHoT & & 397 fosdf e @ 391 so9 o 9Rad= frd Su=T & @ s
TP U9 S+Id fbes B Taarferd are @ JifRed =g 9 3 Y 72T 81 99 | 59 ufhar A o0 § | dd Srarer simar 8
Rrad Jg wX IAEIoTa I9dT & RTasT IfRrerd 95-96 % (w/w) 81T 8 | ST I[uraar EN14214 9T ASTM UTE ¥ |

TS 2004 H SHTR—BIEAR 7 &1 AAIEST 9v1 € 220 CDI BRI & (37171 # {371 uRaci f5d) g9R WM gRT 9
IS BT ¢ fahar 1 6000 .. Tem & 91 <@ & uficiier TRSod 9 ¥ SR H9 B9 AT ol Tl & forar
SoTer | Terd! B | 15 TSI B DARIBIS AT ST B DANIBIS AT AT 91.8% Bt 8 THY B <RT foredt
THR BT IR AT T 918 718 | ARAI, TAT & T 9 {53 T g & w_ieqor & qRomd +ff S1o! Scarse s el | gu &
BTSSP T HUN DI ATAT A ATCHI TU | HHI TS g | IIRIGlId S~edT & TSI A 9819 {45 7 F191 HH e wRiffes
(C FaTH) qAT FITT FRI B JARS HaATS W (8), HH ATIHATATS ATATIRIT ¥ TLET0T 2g SHAR HISHR §iedT 7 TR
2005 ¥ Tam | fIeg @7 9e S A& (18,380 ft.) RIAHT M WRETAT U & R U WRIET 9 A6 TeToT A
IMe—u=aRI 7 i fowar foran Ter wremR o=l g srel—uf3@ral § aae srgval &t favar & foram | i 18+ sadsd B9
40,000 foHT fireTae 2T SoTd W T FHT © | AREIT TR WA B IR W TP Hloide B =i 2005 7 800
e STATSIoTe URIEToT B WST 14T | §HIR WA & §IRT I141 T FRTSIoe SO dal ol || &7 o, U] a1, RIS
BT I TAT AN A A TR T TSI § Pl 3Te0T ATed gol | 16 &A1 & TmamR wdieror # uran f6 HATZ 1D41Z 4
TEIHATel 39T BT &THAT T BIIGIAT TR FRATH §RT TR T FATSIOIe BT DIs GUIHTT ol T | T BT 37U+ SIATeT
FATCir T 3TRAT 2006 9 B9 30,000 &Y. =ret gabt © | I ofrex frariier ff Aol Sioie & B9 81 9T 927 9184 &
99 # W I gRacd= &1 fovar | (faeiy S=a & forg gts < 120 <feg )

(IX)  ASTHI=aT BT Tl - G ol W FgE ot Y Riwng & gRT Aeha ifrar ) Sl o33 1R I8 7 141 S 99
R G I FAAaTel YSER  SATET 37T © | Aol a1 ST fIaR0T $He ATafTd I IR BIH] &H 9 bl go slaT & |
ST SUP! O B A Al S T § BIB! BAT DI ST AHAT © | AL BT 14 SSK g8 oivra 1od & =1 i
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PATENTS,
CONTRACT RESEARCH
& DEPUTATION




PATENTS FILED ABROAD
2004-2005

Patents: Filed / Granted

(No

Title of the Patent

Patent No

Inventors

1.

Low sodium salt of
botanic origin

US Patent Application No.: 10/819,001 filed

on 06.04.2004; PCT Patent Application No.
PCT/IB 04/03678 filed on 08/11/2004; Indian
Patent Application No.: 2933/DEL/2005 filed

on 30.6.2005.

P.K. Ghosh, K.H. Mody, M.P.
Reddy, J.S. Patolia, K. Eswaran,
Ms.R.A.Shah, B.K. Barot, M.R.
Gandhi, A.S. Mehta, A.M. Bhatt
and A.V.R. Reddy.

recovery of low
sodium salt from
bittern

2712238 filed on 28/07/2004; Israel Patent
Application No. 163292 filed on 29/07/2004;
Canadian Patent Application No.
2002/232,114 filed on 30/07/2004; Australian
Patent Application No. 2E+09 filed on
30/07/2004; Korean Patent Application
No.10/2004/ 7011909 filed on 31/07/2004;
Mexican Patent Application No. PA/A/2004/
007509 filed on 02/08/2004.

2. | Animproved US Patent Application No.:10/823,318 filed | N.H. Khan, S.H.R. Abdi, R.I.
catalytic process for | on 13.04.2004; PCT Patent Application No. | Kureshy, S. Singh, I. Ahmed,
the preparation of PCT/IB 04/03512 filed on 27/10/2004; Indian | R.V. Jasraand P.K. Ghosh .
epoxides from Patent Application No.: 2932/DEL/2005.
alkenes

3. | A process for Israel Patent Application No. 161524 filed | R.N.Vohra, PK. Ghosh, V.P.
recovery of common | on 13/04/2004; Jordan Patent Application | Mohandas, H.L. Joshi, H.H.
salt and marine filed on 21/04/2004; Canad an Patent Deraiya, R.H. Dave, K. Halder,
chemicals from brine | Application No. 2464642 filed on 20/04/2004; | R.B.Yadav, S.L. Daga, K.M.
in integrated manner | Japanese Patent Application No .2003 - Majeethia and U.P. Saraiya.

538072 filed on 22/04/2004; Australian
Patent Application No. 2002- 212675 filed on
18/05/2004.

4. | A cost effective PCT Patent  Application No. : PCT /IB A.K. Siddhanta, R. Meena, K.
process for 04/01792 filed on 31/05/2004; US Patent Prasad, B.K. Ramavat, PK.
preparing of agarose | Application No. : 10/858,599 filed on Ghosh, K. Eswaran, S.
from Gracilaria 01/06/2004; Indian Patent Application No: Thiruppathi and V.A. Mantri.
species 1189/DEL/2004 filed on 25/6/2004.

5. | Preparation of a US Patent Application No. 10/879,510 filed | PK. Ghosh, S.H. Mehta, J.R.
novel iodizing agent | on 30/06/2004; PCT Patent Application No. | Chunawala, M.V. Sheth, and

PCT /IN 04/ 00190 filed on 30/06/2004; Indian | M.R. Gandhi.
Patent Application No.: 1219/DEL/2004
dated 30/6/2004.

6. | Preparation of non Australian Patent Application filed on G. Ramachandraiah, P.K. Ghosh,
hazardous 23/07/2004; lsrael Patent Application No. A.S. Mehta, S. Adimurthy,
brominating 163196 filed on 25/07/2004; Japanese Patent | A.D.Jethva and S.S. Vaghela .
reagents Application filed on 26/07/2004; Chinese

Patent Application No . 2828066 filed on
12/08/2004; Soviet Union Patent
Application No.: 2005 -141490 filed on
29/12/2005.
7. | Process for the European countries Patent Application No. | R.N. Vohra, P.K. Ghosh, M.R.

Gandhi, H.L. Joshi, H.H. Deraiya,

R.H. Dave, K. Halder, K.M.
Majeethia, S.L. Daga, V.P.
Mohandas and R.J. Sanghavi.

J
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/8. | Animproved PCT Patent Application No . PCT/IB 04/ R.V. Jasra, S. Muthusamy and
zeolite based 02443 filed on 02/08/2004; US Patent Y.M. Badheka .
catalytic process Application No. 11/523,455 filed on
for the preparation | 02/02/2006. Ind Patent Application No
of acylated 0777/DEL/2005.
aromatic ethers
9. | Process for the PCT Patent Application No . PCT/IB 04/ R.V. Jasra and
preparation of 00280 filed on 08/9/2004; US Patent C.D. Chudasama.
molecular sieve Application No:  10/693,643 filed on
adsorbent for 27/10/2003; Ind Patent  Application No:
selective adsorption | 1558/DEL/2003 filed on 30/5/2003.
of oxygen from air
10. | Process for the Singapore Patent Application No .2004/ | S.Jince and R.V. Jasra .
preparation of a 05370-8 filed on 24/08/2004; Chinese Patent
molecular sieve Application filed on 09/11/2004; US Patent
adsorbent for Application No.10/105,876 filed on
selectively 25/3/2002; Ind Patent Application No:
adsorbing nitrogen | 0101/DEL/2003 filed on 10/2/2003.
and argon from a
gaseous mixture
with oxygen
11.| An improved PCT Patent Application No . PCT/IN 04/ P.K. Ghosh, S. Adimurthy, M.R.
process for the 00329 filed on 20/10/2004; US Patent Gandhi, N.K. Vaghela, M.R.
preparation of fatty | Application No. 11/022,397 filed on Rathod, B.D. Shethia, J.B.
acid methyl ester 23/12/2004; Ind. Patent Application No. : | Pandya, R.A. Parmar, P.J. Dodia,
(bio-diesel) from 2056/DEL/2004 filed on 20/10/2004 ; Togo M.G. Patel, D.R. Parmar and
jatropha curcas oil | patent Application No.: filed on 20/10/2005; | S-N. Patel.
Egyptian Patent Application No.: filed on
20/10/2005; Jordan Patent Application filed
on 20/10/2005;
12.| Biodegradable films | US Patent Application No.: 11/003,250 filed | A.K. Siddhanta, P.K. Ghosh,
based on semi on 03/12/2004; PCT Patent Application No.: | K. Prasad,R. Meena and A.
refined kappa PCT/IB 04/ 03977 filed on 03/12/2004. Ind Bhattacharya.
carrageenan Patent Application No.: 1280/DEL/2005
13. | A process for the PCT Patent Application No .: PCT/IN 04/ | R.V.Jasra, H.M.Mody, H.C.
preparation of 00437 filed on 29/12/2004; US Patent Bajaj, R.S.Somani, J.S.
amorphous silica Application No.: 11/024,005 filed on Chunawala, H.N. Ranpara, D.J.
from kimberlite 24/12/2004; Ind. Patent Application No.: Barochiya, D.L. Ghelani, S.
tailings 05376/DEL/2005 filed on 18/11/2005. Chandra, M.K. Dhar, K. Rao and
K. Kumar.
14.| A process for the US Patent Application No.: 11/024,369 filed | R.V. Jasra, R.S. Somani, H.M.
preparation of on 27/12/2004; PCT Patent Application No.: | Mody, H.C. Bajaj, J.S.
zeolite-A from PCT/IN 04/00436 filed on 29/12/2004. Ind Chunawala, H.N. Ranpara, D.J.
kimberlite tailings Patent Application No.: 1290/DEL/2005 Barochiya, D.L. Ghelani, S.
Chandra, M.K. Dhar, K. Rao and
K. Kumar
15. | Process for the US Patent Application No.: 11/027,488 filed | R.V. Jasra, V.K. Srivastava, R.S.

preparation of aldol
derivatives from
alkenes using
catalyst

on 30/12/2004; PCT Patent Application No.:
PCT/IN 04/ 00443 filed on 31/12/2004;
Ind Patent Application No.: 1279/DEL/2005

Shukla, H.C. Bajaj and S.D. Bhatt

J
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16. | Photocatalytic auto
cleaning process of
chilly and turmeric
stains under
fluorescent light

US Patent Application No.: 11/025,676 filed
on 28/12/2004; Ind Patent Application No:
1189/DEL/2006

P.K. Ghosh, R.V. Jasra, D.B.
Shukla, A.K. Bhatt and R.J.
Tayade .

PATENTS FILED IN INDIA
2004-05

(No Title of the Patent

Patent No

Inventors

1. | Polyamide composite
membrane for reverse
osmosis and method of
producing the same

Indian Patent Application No.:
1216/DEL/2004 filed on 30/6/2004.

V.J. Shah, PK. Ghosh, K.S.
Balaraman, M.S. Swami, S.V.
Joshi, J.J. Trivedi, C.V.
Devmurari, N.K. Vaghela and
T.B. Gohil .

2. | Process for preparing
2,4,4,6 tetrabromo 2,5
cyclohexadienenone

Indian Patent Application No.:

02130/DEL/2004 filed on 22/07/2004.

A.V. Bedekar, G.
Ramachandraiah and P.K.
Ghosh.

3. | A novel device for
estimation of brine density
in solar salt works from
afar

Indian Patent Application No.:

02184/DEL/2004 filed on 27/07/2004.

P.K. Ghosh, K.M. Majeethia,
M.R. Gandhi, J.N. Parmar, A.M.
Bhatt, S.A. Chauhan, V.P.
Mohandas and A.U. Hamidani.

4. | Process for the recovery
of metals from spent
catalysts or adsorbent or
inorganic waste

Indian Patent Application No.:

02304/DEL/2004 filed on 09/08/2004.

A.B. Boricha, H.C. Bajaj, R.V.
Jasra, P. Ghosh and P.K. Ghosh .

5. | Preparation of nutrient rich
salt of plant origin

Indian Patent Application No.:

02370/DEL/2004 filed on 13/08/2004.

P.K. Ghosh, M .P. Reddy, J.B.
Pandya, J.S. Patolia, S.M.
Vaghela, M.R. Gandhi, R.J.
Sanghavi, V.G.S. Kumar and
M.T. Shah .

6. | A process for the
preparation of sulphated
zirconia catalyst.

Indian Patent Application No.:

01530/DEL/2004 filed on 17/08/2004.

R.V. Jasra, B. T yagi and M.K.
Mishra.

7. | An eco-freiendly process fo
catalysed acylation of
alkylated benzene
derivatives

Indian Patent Application No.:
02923/DEL/2004/ filed on
29/09/2004.

R.V. Jasra, B. Tyagi and Y.M.
Badheka.

8. | Animal powered
mechanical device for
water desalination

Indian Patent Application No.:
1273/DEL/2005 filed on 28/03/2005.

N. Pathak, PK. Ghosh, S.L.
Daga, V.J. Shah and S.N. Patel .

9. | A process for
electrochemical oxidation
of bromide to bromine

Indian Patent Application No.:
1275/DEL/2005 filed on 31/03/2005.

G. Ramachandraiah, PK. Ghosh,
V.R.K.S. Susarla and S.S.
Vaghela.

10.| A process for the
preparation of
zeolite -A from
kimberlite tailings

Indian Patent Application No.:

01290/DEL/2005 filed on 28/03/2005.

R.V. Jasra, R.S. Somani, H.M.
Mody, H.C. Bajaj, J.R.
Chunawala, H.N. Ranpara, D.J.
Barochiya, D.L. Ghelani (ALL
FROM CSMCRI) and S.

Chandra, M.K. Dhar, K. Rao, K.
Kumar (ALL FROM NMDC,
Hyderabad). J
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A membrane-based
device for the
concentration of aqueous
herbal extracts solution

Indian Patent Application No.:

1062/DEL/2003 filed on 28/03/2005.

P.K. Ghosh, V.J. Shah and J.B.
Pandya.

12.

Process for preparing
aldol derivatives from
alkenes using catalyst

Indian Patent Application No.:

1279/DEL/2005 filed on 31/03/2005.

R.V. Jasra, V.K. Srivastava, R.S.
Shukla, H.C. Bajaj and S.D.
Bhatt.

13.

An improved zeolite based
catalytic process for the
preparation of acylated
aromatic ethers

Indian Patent Application No.
777/DEL/2005 filed on 31/03/2005.

R.V. Jasra, S. Muthusamy and
Y.M. Badheka .

14.

Improved process for
simultaneous recovery of
industrial grade potassium
chloride and edible salt
enriched with KCI (low
sodium salt) from bittern

Indian Patent Application No.:

1283/DEL/2005 filed on 31/03/2005.

R.N. Vohra, PK. Ghosh, A.B.
Kasundra, H.L. Joshi, R.H. Dave,
M.R. Gandhi, K.J. Langalia, K.
Halder, S.L. Daga, R.D. Rathod,
H.H. Deraiya, P.R. Jadav, V.P.
Mohandas and A.U. Hamidani.

15.

Biodegradable films based
on semi refined kappa
carrageenan

Indian Patent Application No.:

1280/DEL/2005 filed on 31/03/2005.

P.K. Ghosh, A.K. Siddhanta, K.
Prasad, R. Meena and A.
Bhattacharya.

)

PATENTS FILED ABROAD
2005-2006

No

Title of the Patent

Patent No

Inventors

1.

Enhancement of
antitubercular
activity of extract of
Salicornia brachiata

US Patent Application No.: 11/138674 filed on
27/5/2005; PCT Patent Application No.:
PCT/IN05/00168 filed on 27/5/2005; Ind. Patent
Application No.: 0969/DEL/2004 filed on
27/05/2005.

M.R. Rathod, B.D. Shethia,
J.B. Pandya, PK. Ghosh and
PJ. Dodia, B.S. Srivastava,
R.Srivastava, Anil Srivastava,
V.Chaturvedi and M.Viramani

A process for the
recovery of
palladium from spent
silica

Korean Patent Application No.: 2005-7010029
filed on 2/6/2005; Canadian Patent Application
No.: filed on 1/6/2005.

A.B. Boricha, H.C. Bajaj, R.V.
Jasra, P. Ghosh and P.K.
Ghosh.

A novel device for
estimation of brine
density in solar salt
works from afar

Israel Patent Application No.: 169252 filed on
16/6/2005; Australian Patent Application No.:
2002348764 filed on 21/6/2005; German Patent
Application No.: 10297838.7 filed on 21/6/2005;
Brazil Patent Application No.: P10215981 -3
filed on 22/6/2005; Japanese Patent Application
No.: 2004 -561720 filed on 22/6/2005; Canadian
Patent Application No.: 2511473 filed on
22/6/2005; Chinese Patent Application No.:
02830095.5 filed on 23/6/2005; Mexican Patent
Application No.: PA/A/2005/006981 filed on
23/6/2005; United Kingdom Patent Application
No.: 0513292.3 filed on 29/6/2005.

P.K. Ghosh, K.M. Majeethia,
M.R. Gandhi, J.N. Parmar,
A.M. Bhatt, S.A. Chauhan,
V.P. Mohandas and A.U.
Hamidani.

An improved
process for the
preparation of
hydrotalcite

Chinese Patent Application No.: 02830085.8
filed on21/6/2005;Japanese Patent Application
No.:filed on 23/6/2005; Israel Patent Application
No.: 169375 filed on 23/6/2005; European Patent
Application No.: 02790655.1 filed on 28/6/2005.

P.M. Oza, S.H. Mehta, M.V.
Sheth, PK. Ghosh, M.R.
Gandhi and J.R. Chunawala.

2]
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/5. | Animal powered Sri Lankan Patent Application No.: 13743 N. Pathak, P K Ghosh, S L
mechanical device filed on 22/6/2005; Philippines Patent Daga, V J Shah and S N Patel.
for water Application No.: 1-2005-501203 filed on
desalination 22/6/2005; Chinese Patent Application No.:

02830094.7 filed on 23/6/2005; US Patent
Application No.: 11/169566 filed on 28/6/2005.

6. | An improved Japanese Patent Application No.: filed on A.V.Bedekar,
process for the 22/6/2005; Soviet Union Patent Application | G. Ramachandraiah
single pot synthesis | No.:filed on 22/6/2005; Australian Patent and PK. Ghosh.
of 2,4,4,6 - Application No.: 2002348765 filed on 22/6/2005;
tetrabromo-2,5- Israel Patent Application No.: 169376 filed on
cyclohexadienenone | 23/6/2005; Chinese Patent Application No.:

02830096.3 filed on 23/6/2005; European Patent
Application No.: 02781712.1 filed on 29/6/2005.

7. | A cost-effective PCT Patent Application No.: PCT/IN05/00404 | |. Mukhopadhyay, P.K. Ghosh,
process for filed on 12/9/2005;Ind. Patent Application No.: | V.P. Mohandas, A.U.
preparation of solar | 2630/DEL/2005 filed on 30/9/2005. Hamidani, V.R.K.S. Susarla
salt having high and R.J. Sanghavi.
purity and whiteness

8. | An improved Israel Patent Application No.: 171208 filed on | G. Ramachandraiah, P.K.
electrochemical 29/9/2005; Japanese Patent Application No.: | Ghosh, V.R.K.S. Susarla and
method for oxidation | filed on 30/9/2005;Australian Patent Application | S.S. Vaghela .
of bromide to No.: filed on 30/9/2005;Soviet Union Patent
bromine Application No.: filed on 28/10/2005; Chinese

Patent Application No.: 03826379.3 filed on
28/10/2005.

9. | A catalytic process Japanese Patent Application No.: 2005-50179 | R.V. Jasra, B. Tyagi and M.K.
for the preparation of | filed on 30/11/2005;Korean Patent Application | Mishra.
isolongifolene; No.: filed on 30/11/2005; Chinese Patent

Application No.: 03826805.1 filed on 17/1/2006.

10.| An improved Australian Patent Application No.:filed on G. Ramachandraiah, P.K.
process for the 30/11/2005; Israel Patent Application No.: Ghosh, S. Adimurthy, A.V.
preparation of non - | filed on 30/11/2005;ChinesePatent Application | Bedekar and D.B. Shukla.
hazardous No.: filed on30/11/2005; Japanese Patent
brominating reagent | Application No.: 2005 -500180 filed on

30/11/2005; Soviet Union Application No:
2005141490 filed on 29/12/2005.

11.| An improved Japanese Patent Application No.: 2005- R.V. Jasra, PK. Ghosh, H.C.
process for the 500181 filed on 30/11/2005; Korean Patent Bajaj and A.B. Boricha.
recovery of Application No.: filed on 30/11/2005; European
palladium from spent | Patent Application No.: 03817072.6 filed on
catalyst 23/12/2005; Chinese Patent Application No.:

03826804.3 filed on 17/1/2006.

12.| A process for the PCT Patent Application No.: R.V. Jasra, H.C. Bajaj, R.S.
preparation of PCT/IN2005/000443 filed on 27/12/2005;US Somani, H.M. Mody, J.R.
sodium silicate from Patent Application No: 11/375687 filed on Chunawala, D.L. Ghelani, H.N.
kimberlite tailings 14/3/2006 Ind. Patent Application No.: Ranpara, D.J. Barochiya,

3012/DEL/2005 filed on 10/11/2005. Suresh Chandra, M.K. Dhar,
C. Kesava Rao and Kamlesh
Kumar
13.| Improved process PCT Patent Application No.: P. Paul, PK. Ghosh, K.J.

for the recovery of
sulphate of potash
(SOP) from Sulphate
rich bittern

PCT/IN2005/000441 filed on 27/12/2005.Ind.
Patent Application No.: 3014/DEL/2005 filed on
10/11/2005.

Langalia, P.S. Subramanian,
S. Eringathodi, S. Patra and P.
Agnihotri.

J
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PATENTS FILED IN INDIA
2005-06

(No Title of the Patent

Patent No

Inventors

1. | An improved iodised salt
and a process for its
preparation

Indian Patent Application No.

2845/DEL/2005 filed on 27/6/2005.

PK. Ghosh, S.H. Mehta, J.R.
Chunawala, M.V. Sheth and M.R.
Gandhi.

2. | A process for eco -friendly
synthesis of bromobenzene

Indian Patent Application No.
3823/DEL/2005.

A.V. Bedekar, PK. Ghosh, S.
Adimurthy and
G. Ramachandraiah.

3. | Catalytic epoxidation of
styrene with molecular
oxygen us ing metal ion
exchanged zeolites

Indian Patent Application No.
3486/DEL/2005.

R.V. Jasra and J. Sebastian .

4. | Animproved process for the
preparation of magnesia
(MgO)

Indian Patent Application No.
258/DEL/2006.

P.K. Ghosh, H.L.Joshi, H.H.
Deraiya, M.R. Gandhi and R.H.
Dave.

5. | An improved process for
preparation of magnesia
(MgQO) from crude Mg (OH),

Indian Patent Application No.
258/DEL/2006.

P.K. Ghosh, H.L. Joshi, H.H.
Deraiya, M.R. Gandhi and R.H.
Dave.

6. | Catalytic process for the
preparation of trans-
anethole from methyl
chavicol

Indian Patent Application No.
386/DEL/2006 filed on 13/2/2006.

R.V. Jasra, S.K. Sharma and
V.K. Srivastava .

7. | Improved k-carrageenase
and methods of preparation

Indian Patent Application No.
0858/DEL/2006 filed on 28/3/2006

Y.N. Khambhaty, K.H. Mody and
B. Jha.

thereof. )
PATENTS GRANTED ABROAD
2004 2005
(No Title of the Patent Patent No Inventors

1. | Clay based catalytic process | US Patent No.: 6,730,814 R.V. Jasra, S. Muthusamy and Y.M.
for the preparation of dated 04/5/2004. Badheka.
acylated aromatic ethers

2. | Preparation of non- US Patent No.: 6,740,253 R.N. Vohra, PK. Ghosh, M.R. Gandhi,
hazardous brominating dated 25/5/2004 H.L. Joshi, H.H. Deraiya, R.H. Dave, K.
reagents Halder, K.M. Majeethia, S.L. Daga, V.P.

Mohandas and R.J. Sanghavi.

3. | Process for generation of US Patent No.: 6,761,864 R.V. Jasra, PM. Oza, R.S. Somani, J.R.
finely divided calcium dated 13/7/2004. Chunawala, M.V. Sheth, V.V. Thakkar,
carbonate from calcium Y.M. Badheka, J. Ayyer and V.B. Patel .
carbonate rich industrial by-
product

4. | Recovery of common salt US Patent No.: 6,776,972 R.N. Vohra, PK. Ghosh, V.P. Mohandas,
and marine chemicals from | dated 17/8/2004. H.L. Joshi, H.S. Deraiya, R.H. Dave, K.
brine in integrated manner. Halder, R.B. Yadav, S.L. Daga, K.M.

Majeethia and U.P. Saraiya

5. | Process for generation of European Patent No.: R.V. Jasra, PM. Oza, R.S. Somani, J.R.
precipitated calcium EP1440037 dated 16/2/2005; | Chunawala, M.V. Sheth, V.V. Thakkar,
carbonate from calcium US Patent No.: 6,790,424 | Y.M. Badheka, J. Ayyer and V.B. Patel .
carbonate rich industrial by- | dated 14/9/2004.
product Y,
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/6. | Process for electrochemical | US Patent No.: 6,811,679 G. Ramachandraiah, P.K. Ghosh,
oxidation of bromide to dated 2/11/2004. V.R.K.S. Susarla and S.S. Vaghela .
bromine

7. | Animproved process for the | US Patent No.: 6,812,011 P.K. Ghosh, M.R. Gandhi, A.M. Bhatt,
removal of calcium ions dated 2/11/2004. S.A. Chauhan and S. Mishra.
from the brine by marine
cyano-bacteria

8. | Process for preparing US Patent No.: 6,838,582 A.V. Bedekar, G. Ramachandraiah and
2,4,4,6-tetrabromo-2,5- dated 4/1/2005. PK. Ghosh.
cycloyhexadienone

9. | A process for the Singapore Patent No.: J.Sebastian and R.V.Jasra
preparation of molecular 106851 dated 31/1/2005
sieve adsorbent for selective
adsorbing nitrogen and
argon from a gaseous
mixture with oxygen

10.| An improved process for US Patent No. 6,858,430 C.R.K. Reddy, O.P. Mairh Prakash, Kumar
cultivation of algae dated 22/2/2005 Guru Rajakrishna, K. Eswaran, P.V.

Subba Rao, K.H. Mody and P.K. Ghosh

11.| Process for generation of European Patent No: EP R.V. Jasra, PM. Oza, R.S. Somani, J.R.
precipitated calcium 1440037B1 dated 16/2/2005 Chunawala, M.V. Sheth, V.V. Thakkar,
carbonate from calcium Y.M. Badheka, J. Ayyer and V.B. Patel .
carbonate rich industrial by-
product

12.| Eco-friendly method of Russian Patent No.: G. Ramachandriah, P.K. Ghosh, A.S.
preparation of high purity 2247105 dated 27/2/2005. Mehta, R.P. Pandya, A.D. Jethva, S.S.
tetrabromobisphenol-A Vaghela and S. Mishra.

13.| A novel device for US Patent No.: 6,865,942 P.K. Ghosh, K.M. Majeethia, M.R.
estimation of brine density in | dated 15/3/2005. Gandhi, J.N. Parmar, A.M. Bhatt, S.A.
solar works from afar Chauhan, V.P. Mohandas and A.U.

Hamidani.

PATENTS GRANTED IN INDIA
2004-05

(No

Title of the Patent

Patent No

Inventors

1.

An improved process
for the preparation of
chirally enriched
epoxide, an
intermediate in the
synthesis of optically
active drug

Indian Patent No.: 191242
dated 26/4/2004.

R.1. Kureshy, N.H. Khan, S.H.R. Abdi, PK. lyer,
S.T. Patel, S.D. Gomkale and A.K . Bhatt.

A process for the
preparation of sodium
chloride containing
low Ca™ impurity from
sea brine in solar salt
works

Indian Patent No.: 191912
dated 11/10/2004.

J.R. Sanghavi, M.H. Vyas, H.N. Shah, R.S.
Vaidya, M.R. Gandhi, R.J. Sanghavi and J.M.
Parekh.

CSMCRI BIENNIAL REPORT 04-06

141




Patents: Filed / Granted

/3. | Animproved process | Indian Patent No.: 192168 P.M. Oza, S.H. Mehta, M.V. Sheth, M.R.
for the preparation of | dated 13/12/2004. Gandhi, J.R. Chunawala and S.D. Gomkale;
synthetic hydrotalcite
antacid properties
4. | A process for the Indian Patent No.: 192294 R.1. Kureshy, N.H. Khan, S.H.R. Abdi, PK. lyer,

preparation of novel
chiral catalyst useful in
the preparation of
chirally enriched
epoxides

dated 11/1/2005.

S.T. Patel, S.D. Gomkale and A.K. Bhatt .

PATENTS GRANTED ABROAD

2005-06
(No | Title of the Patent Patent No Inventors

1. | Process for the US Patent No. 6,878,657, R.V. Jasra, C.D. Chudasama and J. Sebastian .
preparation of a dated 12/04/2005.
molecular sieve
absorbent for the
size/shape selective
separation of air

2. | Process for the US Patent No. 6,890,509, R.N. Vohra, PK. Ghosh, M.R. Gandhi, H.L.
recovery of low dated 10/05/2005. Joshi, H.H. Deraiya, R.H. Dave, K. Halder, K.M.
sodium salt from Majeethia, S.L. Daga, V.P. Mohandas and R.J.
bittern Sanghavi.

3. | Integrated method for | U.S. Patent No. 6,893,479, K. Eswaran, P.K. Ghosh, A.K. Siddhanta, J.S.
production of dated 17/05/2005. Patolia, C. Periyasamy, A.S. Mehta, K.H. Mody,
carrageenan and B.K. Ramavat, K. Prasad,M.R. Rajyaguru,
liquid fertilizer from S.Kulandaivel, C.R.K.Reddy, J.B. Pandya
fresh seaweeds and A. Tiwari .

4. | Preparation of nutrient | U.S. Patent No. 6,929,809, P.K. Ghosh, M.P. Reddy, J.B. Pandya, S.M.
salt of plant origin dated 17/08/2005. Vaghela, M.R. Gandhi, R.J.Sanghavi, V.G.S.

Kumar and M.T. S hah.

5. | An eco -friendly Australian Patent No: G. Ramachandraiah, PK. Ghosh, A.S. Mehta,
method of preparation | 781,351 dated 22/1/2006 R.P. Pandya, A.D. Jethva, S.S. Vaghela and S.
of high purity tetra Mishra.
bromo Bisphenol A

6. | Preparation of nutrient | Australian Patent No: P.K. Ghosh, M.P. Reddy, J.B. Pandya, S.M.
rich salt of plant origin | 244,907 dated 06/10/2005 Vaghela, M.R. Gandhi, R.J. Sanghavi,V.G.S.

Kumar and M.T. Shah.

7. | A process for the eco - | U.S. Patent No. 6,956,142, A.V. Bedekar, PK. Ghosh, S. Adimurthy and G.
friendly synthesis of dated 18/12/2005. Ramachandraiah.
bromobenzene

8. | Process for the Great Britain Patent No: J. Sebastian and R.V. Jasra
preparation of a 2,386,889 dated 11/01/2006.
molecular sieve
adsorbent for selective
adsorption of nitrogen
and argon /
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Preparation of nutrient
rich salt of plant origin

Israel Patent No: 154,973
dated 21/2/2006

Kumar and M.T. Shah.

P.K. Ghosh, M.P. Reddy, J.B. Pandya, S.M.
Vaghela, M.R. Gandhi, R.J. Sanghvi, V.G.S.

10. | Improved process for
simultaneous recovery
of industrial grade
potassium chloride
and edible salt
enriched with KCI (low
sodium salt) from
bittern

U.S. Patent No. 7,014,832,
dated 21/03/2006

Hamidani

R.N. Vohra, PK. Ghosh, A.B. Kasundra, H.L.
Joshi, R.H. Dave, M.R. Gandhi, K.J.Langalia,
K. Halder, S.L. Daga, R.D. Rathod, H.H.

Deraiya, P.R. Jadav, V.P. Mohandas and A.U.

PATENTS GRANTED IN INDIA

2005-06

(No | Tital of the Patent

Patent No

Inventors

1. | Animproved process
for the preparation of
chiral epoxides useful
as intermediates in the
synthesis of chiral
drugs

Indian Patent No. 193314,
dated 16/12/2005.

R.l. Kureshy, N.H. Khan, S.H.R. Abdi, S.T. Patel,

PK. lyer and R.V. Jasra .

2. | Animproved process
for the preparation of
non-hazardous
brominating reagent

Indian Patent No. 194811,
dated 17/02/2006.

G. Ramachandraiah, PK. Ghosh, S. Adimurthy,

A.V. Bedekar and D.B. Shukla .

3. | A process for
desalting of amino
acids solutions by
means of electro
dialysis with
conducting spacers.

Indian Patent No. 194,985
dated 17/03/2006.

V.K.Shahi, B.S.Makwana, D.K.Gohil, S.K.Thampy,
C.R.K.Reddy, R.Rangarajan and P.K.Ghosh.

Il. EXTERNAL CASH FLOW

2004-2005
A. GRANT-IN-AID PROJECTS Rupees in lakhs
No Title of the Project Funding Agency Amount
Received
e National Marine Data Centre on marine chemicals and algal | Indian National Center for 20
resources parameters Ocean Information Services
e Development of solid polymers electrotype reaction using Dept. of Science & o=
indigenous ion -exchange membranes applications of solid | Technology, Govt. of India,
polymer electrotype electrolyzer for the direct conversion of | New Delhi
alcohol and acids to aldehytes
B} Side chain alkylation of toluene with methanol using solid Indian National Science 0.16
base catalysis. Academy, New Delhi
4. Integrated scale up Cultivation & Processing of Phyco - Department of Biotechnology, 3.98
colloids Seaweeds New Technology New Delhi )
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/5. Designing ligands for selective extraction of potassium ion | Dept. of Science & 1.00
from bittern. Technology, Govt. of India,
New Delhi
6. Studies of Changes in Sulphated Polysaccharides contents | Dept. of Biotechnology, New 0.62
of Seaweeds. Delhi
7. Studies on the role of bridging agent and non -bonding Dept. of Science & 2.50
interactions in tuning metal-metal interface in bi and poly Technology, Govt. of India,
nuclear metal complexes. New Delhi
8 Development of enantio -selective catalysis for syn thesis of | Dept. of Science & 200
’ drug intermediates based on chiral BINOL and BINOP Technology, Govt. of India, ’
metal complexes supported in inorganic porous solids. New Delhi
9. Developing ultra pure chalk, compatible chalk board and Ministry of Human Resource 1.43
high performance chalk board duster. Development, Govt. of India,
New Delhi
10. Supra-molecular synthesis of novel inclusion materials Dept. of Science & 3.00
based on coordination complexes as building blocks. Technology, Govt. of India,
New Delhi
11. Studies on carbonyl yield towards the synthesis of Dept. of Science & 3.00
terpenoid and alkaloid system. Technology, Govt. of India,
New Delhi
12. Synthesis and characterization of chiral metal complexes Dept. of Science & 2.00
covalently bounded to organic and inorganic support ; a Technology, Govt. of India,
strategy to develop practical heterogeneous chiral New Delhi
epoxidation catalysis.
13. Project development of agronomic practices and Dept. of Biotechnology , 3.21
improvement of Jatropha seeds New Delhi
14. Treatment of effluent containing valuable/ toxic metal ions Ministry of Environment & 1.70
and their recovery by Electro-dialysis. Forest, Govt. of India,
New Delhi
IS s otovas s o pe e | My of Envrorment &
ysisp Forest, Govt. of India,
effluent treatment "
New Delhi
16 Development of a point of use (POU) clean technology in Ministry of Environment & 3.58
’ the form of a domestic unit employing a complexing resin Forest ,Govt. of India,
for removing As(V) from water . New Delhi
17 Development of village level (1000 LPH) seawater reverse | Dept. of Science & 60.00
’ osmosis plant based on 2-stage desalination Technology, Govt. of India,
New Delhi
18 Development of durable membrane for the efficient C.S.I.R., New Delhi 5.30
) separation of hexane from oil miscella programme
Development of organic/inorganic composites proton Dept. of Science & 8.39
19. L .
exchange membrane for fuel cell applications. Technology, Govt. of India,
New Delhi J
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f20 Fluorescent molecular sensors: Design, synthesis and Dept. of Science & 9.00
' cation recognition study. Technology, Govt. of India,
New Delhi
o1 Studies on Electron/Energy transfer in multi-component Department of Atomic Energy, 4.41
’ donor acceptor systems derived from photoactive Ru(ll)- Board of Research in Nuclear
Trisbipyridyl or porphyrin derivatives Science (BRNS), Mumbai
2 One step hydroxylation of benzene to phenol over transition | Dept. of Science & 9.00
' metal containing hydrotalcites and their modified forms. Technology, Govt. of India,
New Delhi
23 Synthesis of chiral hydrocyanins as intermediates for Dept. of Science & 10.00
’ industrially important bio - active compounds through chiral | Technology, Govt. of India,
catalytic route New Delhi
24. Development of Bio-diesel/Biomass Industrial Extension Bureau 7.50
(INDEXTb), Gandhinagar
25. Pesticides removal from water using nano -filteration/ International Foundation for 5.55
Reverse Osmosis membranes: Preparation Science, Stockholm, Sweden
characterization and performances
Total 151.46/
B. COLLABORATIVE PROJECTS Rupees in lakhs
(o . . . Amount
S.No Title of the Project Funding Agency Received
1. | Preparation and dissemination of Indian National Physical Laboratory, New Delhi 2.00
reference material
2. | Collaborative project for production of National Mineral Development Corporation, 4.00
Silica based value added products from Hyderabad
Kimberlite waste
3. | Establishing new salt farm in Rajasthan. 1.Salt Commissioner, Jaipur 5.11
2.Commissioner of Industries Jaipur
3. M/s.Sambhar Salts Ltd, Jaipur
4. | Biofuel from eroded soil in India. Daimler Chrysler, Germany 58.06
5. | Development of seaweed polysaccharide Strides Arcolab Ltd. Bangalore 34.07
based on soft gelatin capsule material.
6. | Setting up new commercial pilot plant for Ardeshir B Curstejee, Mumbai 11.02
the production of potash (SOP) from bittern.
Total 114.26 /
('\‘?;' Title of the Project Funding Agency R‘:;?::;
1. | Polyolefin Nano-composites Reliance & NCL, Pune 7.50
2. | To prepare membrane separation module complete Regional Research Laboratory, 1.5
system for herbal concentrator with reverse osmosis Jorhat and Central Institute of
components Medicinal Plants & Aromatic
Plants CIMAP), Lucknow
3. | Development of viable technology for Hypnea M/s. Pepsico India Holdings Ltd.,
cultivation, harvesting & manufacturing Gurgaon. 0.33/
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/~ 4. | Comparative testing of polyaluminium chloride Kanoria Chemicals & Industries 2.15
(KANPAC-10) and commercial alum in water on the ion- | Limited, New Delhi
exchange properties of strong acid (SAR) and strong
resins (SBR)
5. | Exploratory study on the recovery of manganese from | Atul Ltd. Atul 2.20
the acid waste in reusable manganese form by
physicochemical methods
6. | Exploratory study on the recovery of chromium from Atul Ltd. Atul 2.20
the acid waste in reusable chromium form by
physicochemical methods
7. | Feasibility report for exploiting the possibility of recovering Rajasthan State Mines and 3.50
common salt from the saline water available at Kasnau- | Minerals, Jaipur
Matasukh project of RSMML
Total 19.38 /
D. CONSULTANCY
Rupees in lakhs
[ Sr. Title of the Project Funding Agency Amount
No Received
1. | Environmental Audit Chief Engineer (G) 0.80
Wanakbori Thermal Power Station, Dt: Kheda
M/s R L Kalathia Ship Braking Pvt. Ltd. Bhavnagar 0.45
Indian Rayon & Inds. Ltd., Veraval-Junagadh 1.69
Road, Veraval
Gujarat Ambuja Cement Ltd, PO:Ambujanagar, 1.40
Kodinar.
Hindalco Industries Ltd.P. O.Dahej, Dist Bharuch 3.16
Gujarat Electricity Board, SKV Nagar 0.49
Kankai Chemicals Pvt. Ltd. Vapi 0.55
Atul Ltd. Atul 1.93
Tata Chemicals Ltd., Mithapur, Okhamandal 1.48
The Veravel Industries Association Ltd., Veraval. 0.79
Perfect Environment Control Systems Ltd., 0.41
Sarigam Tal., Umargam,
2. | Studies on Environmental impact Pepsico India Holding Pvt, Ltd. Gurgaon 1.30
assessment of Eucheuma cultivation at
Gulf of Mannar, Tamilnadu.
3. | Brain storming session on chemistry of | Atul Ltd. Atul. 3.00
reactive dyes
4. | Manufacturing and export for industrial | M/s Adani Exports Ltd., Ahmedabad 3.24
grade salt. 2.16
5. | Marine environmental monitoring work | Hindalco Industries Ltd., Dahej, Dist Bharuch 1.62
Indian Rayon Industries Ltd. Veraval 0.90
Gujarat Maritime Board, Gandhinagar 3.30
6. | Environmental Impact Assessment Bharuch Eco-aqua Infrastructure Ltd. 3.86
Ankleshwar
7. |Preparation of the report for setting up National Research Development Corporation, 0.25
free flowing iodized salt plant in Jordan New Delhi
Total 32.78
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ECF realized during the year 2004-2005

Rupees in lakhs

( Type of Project Amount
Grant-in-aid 151.46
Collaborative 114.26
Sponsored 19.38
Consultancy 32.78
Technical assistance(TAP) 4.21
Premium and Royalty 14.25
Analytical Charges 5.21
Others ( SLP) 1.38
Total 342.93 Y,
External Cash Flow
2005-06
A.GRANT-IN-AID PROJECTS Rupees in lakhs
a Received
No Title of the Project Funding Agency during 05 -
06
1 For 2000 Ltrs Water Per Day in Gujarat Dept. of Science & Technology, Govt. +--
) /Rajasthan Brackish/Hard Groundwater of India, New Delhi
2. Designing ligands for selective extraction of | Dept. of Science & Technology, Govt. | 0.03
potassium ion from bittern. of India, New Delhi
3. Nano Materials Catalysis & Associated CSIR, New Delhi 8.96
Process Technology For Alkylation Reaction
4 Fundamental Studies on Nucleation & Dept. of Science & Technology, Govt. | 2.37
) Crystal Growth Of Zeolites & Hydrotalcite. of India, New Delhi
5 Conservation & Propagation of agar yielding | Ministry of Environment and Forests, | 1.68
) seaweeds at Gulf of manner Govt. of India, New Delhi
6. Studies on carbonyl yields towards the Dept. of Science & Technology, Govt. | 0.63
synthesis of terpenoid and alkaloid system. of India, New Delhi
7. Synthesis and characterization of chiral Dept. of Science & Technology, Govt. | 0.50
metal complexes covalently bounded to of India, New Delhi
organic and inorganic support; a strategy to
develop practical heterogeneous chiral
epoxidation catalysis.
8. Development of Agronomic practices and Ministry of Science & Technology, | 3.21
improvement of Jatropha curcas Gouvt. of India, New Delhi
9. Tre atment of effluent containing valuable/ Ministry of Environment & Forest, 1.70
toxic metal ions and their recovery by Electro | Govt. of India, New Delhi
dialysis.
10. Studies on Field Cultivation and Harvesting Department of Biotechnology, Govt,of | 7.46

of Seaweeds. Prophyra (Nori) Entero morpha
(Ao-Nori) Eucheuma (Tosaja Nori) and their
use in processed foods

India, New Delhi

/
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the recovery of acid and organic compounds

from reaction mixture

of India, New Delhi

[ 11 Development of improved electro -dialysis Dept. of Science & Technology, Govt. 1.87
’ system for obtaining potable water from of India, New Delhi ’
seawater.
12 Studies on impact of over exploitation of Ministry of Environment & Forest,
’ commercial seaweeds on and reefs of Gulf of | Govt. of India, New Delhi
Mannar
13 Development of village on 2 stage Dept. of Science & Technology, Govt. 10.00
) desalination of India, New Delhi )
14. Collection, identification and chemical Dept. of Ocean Development, Govt. 22.09
investigation of marine flora of India, New Delhi
15. Development of Heterogeneous ion - Ministry of Environment & Forest, 1.00
exchange membranes to be used In Govt. of India, New Delhi
electrodialysis process for the industrial
effluent treatment
16. Oxidative destruction of organic species in Dept. of Science & Technology, Govt. | 2.00
effluent waters: Volta metric investigation of | of India, New Delhi
phenols, amines and their derivatives at
various catalytic anode materials.
17. Development of novel sensing molecules Dept. of Science & Technology, Govt. | 5.00
and immobilization of the chemo sensors on | of India, New Delhi
to the surface comparative studies in solution
state and bound state
18. Studies on differential expression of salt - Dept. of Biotechnology Govt. of India, | 4.73
induced gene(s) in salicornia Brachiata New Delhi
19. Development of a point of use (POU) clean Ministry of Environment & Forest 2.63
technology in the form of a domestic unit Govt. of India, New Delhi
employing a complexing resin for removing
Arsenic (v) from water.
20. Development of organic/inorganic composite | Dept. of Science & Technology, Govt. | 2.50
proton exchange membrane for fuel cell of India, New Delhi
applications
21. Fluorescent molecular sensors Design, Dept. of Science & Technology, Govt. | 3.00
Synthesis and Characterization recognition | of India, New Delhi
study
22. Studies on Electro/Energy transfer in multi Dept. of Atomic Energy Govt. of India, | 9.06
component donor acceptor systems derived Mumbai
from photoactive Ru(ll)-Trisbipyridly or
porphyrin derivatives
23. Gelling out oil from a complex mixture using | Ministry of Environment & Forest, 0.84
low molecular mass organic gelator. Towards | Govt of India, New Delhi
the containing oil spill, an environmental
hazard
24. Genetic improvement of Jatropha curcas for | Technology Networking and Business | 30.80
adaptability and oil yield Development Division, CSIR,
New Delhi
25. Study on energy/electron transfer process in | Dept. of Science & Technology, Govt. | 3.86
donor-acceptor assembly, held by non- of India, New Delhi
covalent interactions
26. Improved process based on membrane for Dept. of Science & Technology , Govt. | 12.00
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f27. Installation of community managed reverse Dept. of Science & Technology, Govt. | 16.00

osmosis pilot plant for treatment of of India, New Delhi
brackish/saline/hard water to provide safe
drinking water

28. | Photo-Regulation of Permeability Across the | Dept of Atomic Energy (DAE), Board | 8.28
Membrane: Preparation,Characterization and | of Research in Nuclear Sciences
Separation Study (BRNS), Mumbai

29. | Hydrophilic modified membranes for charge | Dept. of Bio-technology, Govt. of India, | 5.33
and size based peptides/proteins separation | New Delhi
under coupled driving forces

30. | Installation of desalination plant for Abad Office of The Executive Engineer, 19.50
Kuliadanga in the District of North 24 Barasat Division, P.H. Engineering
Parganas. Dte., Barasat, North 24

Parganas.W.B.

31. | Installation of desalination unit mounted on Office of The Executive Engineer, 3.16
launch supplying of drinking water in the P.H. Engineering District of North 24
Island of Sundarban Parganas.

32. Improving quality of salt produced by Industries Commissionerate, 85.00
marginal agarias at Maliya and improving Gandhinagar
their income through bittern value addition

33. Sensors for fluoride, Calcium and Dept. of Science & Technology, Govt. | 09.00
Magnesium ions of India, New Delhi

34. | Development of Technology System for Dept. of Science & Technology, Govt. | 40.00
River Water Purification Using MF/RO of India, New Delhi
Membrane for Drinking Water Supply to
Ghuni and Chakpatli, Hasnadad Block, West
Bengal"

35. | Molecular polymorphism among different Dept. of Science & Technology, Govt. | 4.25
strains of Dunaliella (Chlorophyceae; of India, New Delhi
Chlamydomonadales)

36. | Design, synthesis, characterization of single | Dept. of Science & Technology, Govt. | 7.00
and double stranded metallohelicates and of India, New Delhi
molecular thread: A Chiro-optical device for
chiral recognition

37. | Supra-molecular synthesis and Dept. of Science & Technology, Govt. | 4.00
characterization of coordination polymers: of India, New Delhi
From structural frame work to functional
framework

TOTAL 339.44
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COLLABORATIVE PROJECTS

Rupees in lakhs

g Received
No Title of the Project Funding Agency during
05-06
1 Establishing new salt farm in Rajasthan. 1) Salt Commissioner, Jaipur 5.67
2) Commissioner of Industries, Jaipur
3) M/s.Sambhar Salts Ltd, Jaipur
2 Production of high quality salt in the inland | 1) Salt Commissioner, Jaipur
belts of Gujarat. 2) Hindustan Salts Ltd, Jaipur
3 Development of a pilot scale Salt Department of Rajasthan, Jaipur
electrochemical cell for the preparation of
potassium iodate solution for direct salt
iodisation
5 Biofuel from eroded soil in India. Daimler Chrysler, Germany 44.18
6 Development of seaweed polysaccharide M/s Strides Arcolab Ltd. Bangalore 4.95
based soft gelatin capsule material
7 Development of solvent resistant IOC Faridabad & CPCL, Chennai 9.85
membrane for separation of solvent from
de -waxed oil, IOC & CPCL
8 Preparation and dissemination of Indian National Physical Laboratory, New 3.25
reference material Delhi.
TOTAL 67.90
A.SPONSORED RESEARCH PROJECTS Rupees in lakhs
g Received
No Title of the Project Funding Agency during
05-06
1. To prepare membrane separation module North-East Institute of Science & 3.00
complete system for herbal concentrator Technology, Jorhat and Central
with reverse osmosis components Institute of Medicinal Plants & Aromatic
Plants(CIMAP), Lucknow
2. Development of ultra pure water from tape Infusil India Pvt. Ltd., Bangalore 5.00
water
3. | Comparative testing of polyaluminium M/s Kanoria Chemicals & Industries 0.15
(KANPAC-10) and commercial alum in Ltd., New Delhi
water on the ion -exchange properties of
strong acid (SAR) and strong base resins
(SBR)
4. Exploratory studies on the recovery of Atul Ltd., Atul 3.0
chromium from the acid waste in reusable
chromium from by physicochemical
methods
5 Exploratory studies on the recovery of Atul Ltd., Atul 3.0
manganese from the acid waste in reusable
manganese from by physicochemical
methods
6. Preparation of chemical hydrid based Korea Institute of Energy Research, 16.32
hydrogen storage sorbets Teajon, Korea /
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(" 7. | Separation of sodium formate from the M/s Kanoria Chemicals & Industries 0.25
mixture Pentaerythritol and sodium formate | Ltd., New Delhi
by electrodialysis — using interpolymer ion-
exchange membrane
8. | To provide method for removal of moisture | Tata Chemicals Ltd. Mithapur 1.00
from bromine and design of unit for the
same
9. Development of macroporous ion Institute of Himalayan Bioresource 3.25
exchanges for improved stevioside Technology, Palampur (H.P)
recovery from stevia plant extract.
10. | Development of suitable design for 90% Guijarat State Fertilizers & Chemicals 5.51
product water recovery and 10% seawater- | Ltd., Vadodara
like reject water based on reverse osmosis
technology
11. | Supply of RO plants of different capacities | 1.Rajasthan State Mines & Minerals 10.31
to various parties Ltd, Jaipur
2. Social work & Research Centre,
Ajmer.
Total 50.79 J
CONSULTANCY
Rupees in lakhs
/~ No. : . . Received
Title of the Project Funding Agency during 05-06
1. Environmental Audit for the year Gujarat Ambuja Ltd, Junagadh 2.20
2004 Hindalco Industries Ltd., Bharuch 2.20
Tata chemicals Ltd., Mithapur 3.82
Kankai Chemicals, Valsad 0.09
Veraval Industries Ltd., Veraval 6.05
M/s Indian Rayon, Veraval 1.80
Atul Ltd, Atul 0.40
2. Marine environmental monitoring M/s Cargil India Pvt. Ltd. Kutch 6.24
B ER Manoj Kaushik, IDSE, 5.99
Porbandar.
Ultratech Cement Ltd, Amreli 0.52
Indian Rayon , Veraval 0.75
Chambay Chem Ltd. Ahmedabad 9.10
Environment Ecell, Gujarat Maritime 0.50
Board, Gandhinagar
3. Improving the yield and quality of M/s. Gujarat Heavy Chemicals Limited 2.72
salt. Sutrapada
4. Consultancy project on “Brain Atul Ltd. Atul 2.50
storming session on chemistry of
reactive dyes”
5. Manufacturing and export of M/s Adani Exports Ltd., Ahmedabad 5.40
industrial grade salt.
Total 50.28 J
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ECF realized during the years 05-06

Rupees in lakhs

( Type of Project Amount
Grant-in-aid 339.44
Collaborative 67.90
Sponsored 50.79
Consultancy 50.28
Technical assistance (TAP) 08.69
Premium and Royalty 05.85
Analytical Charges 03.42
Others ( LPS; Network; NIMTLI) 33.36
Total 559.73 Y,

Library & Information System

The CSMCRI Library is considered to be a premier one in this region having a rich collection of books,
periodicals, reference materials etcinthe areas of R & D being carried outin the Institute. Besides catering
to the information needs of R & D staff of the institute, the Library also extends facilities to the Visiting
Research Scholars, University Staff, R&D Staff of the Industries, Government Officials and others. A brief
accountofLibrary collection, facilities, servicesare asunder:-

COLLECTION OF LIBRARY: 2004-05 and 2005-06

Available as | Addition | Collection as | Addition during | Collection as
Sr.No. | Particulars | on 1-4-2003 | during on 31-03-2004 2004-05 on 31-3-2005
2003-04
1. Books 11671 27 11698 31+48(H)=79 11777
2. Back Vols. 25780 161 25941 360 26301
& Translation 429 0 429 0 429
4. Photocopy 2123 26 2149 0 2149
5. Patents 339 1 340 0 340
6. Standards 761 0 761 0 761
7. Micro-cards 67 0 67 0 67
8. Microfilms 1326 0 1326 0 1326
9. Maps/Charts 265 0 265 0 265
10. Reprints 2695 2 2697 0 2697
Total 45456 217 45673 439 46112/
JOURNALS/DATABASES/E-JOURNALS SUBSCRIBED 2004-05 2005-06
1. Foreign Journals 71 69
2. Indian Journals 84 80
3. Bibliographic Databases on CD
(CA,BA,CC-A,CC-P) 04 04
4. Access Rights to CD Databases
(CSDS, Indian Standards-CHEM, ULLMANN) 03 02
5. Online E-Journals Databases Elsevier, Springer, ACS,
RSC, Blackwell, OUP, Cambridge, John Wiley 01 08

CSMCRI BIENNIAL REPORT 04-06

152




Library & Information System

INFORMATION SERVICES

For easy and quick access to current and latest information by the R & D staff, library renders various
information services to its readers. Through these services, scientific and technical staff is kept well
informedaboutthe currenttrendsinthefield oftheirinterest.The servicesrendered are asfollows:

Inter-Library Loan Services.

Readers' Queries.

Document Delivery Service.

Bibliographies Using Current Contents and Chemical Abstracts.
Reference Service.

Literature Search Facility to Outsider.

L

Thelibraryishaving specialized up-to-date collection of:

1. International Abstracting & Indexing Services viz., Chemical Abstracts/CD/2001, Biological

Abstracts/DVD/2003, Current Contents/FTP/2005.
2.Back Volumes of Journals in Chemistry, Chemical Technology, Biological Sciences and General

Sciences.
3. CD-ROM Databases like Ullmann's Encyclopedia of Industrial Chemistry, Chemistry Comes

Alive, Young Scientists Encyclopedia, World Book Encyclopedia, Cambridge Structural

Database System, Indian Standards-Chemical And
4. E-journal online Databases of the following publishers: Elsevier, Springer, ACS, RSC, Blackwell,

OUP, Cambridge, and JohnWiley.

The outsiders are also granted permission to consult the documents in the library. This fulfills the aim of
maximum utilization of library documents.

During the period under report, library has granted permission to outsiders as follows:

EXTERNAL MEMBERSHIP

( External Membership 2003-04 2004-05
Long term permission 09 07
Short term permission 30 20
Corporate members 07 01
Outsiders who consulted the library. 375 300 )
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Dateline

DATELINE
( Date Salient details
April 10, 2004 51t CSMCRI Foundation day. Dr V.S.Chauhan, Director, International

Centre for Genetic Engineering and Biotechnology, New Delhi. He gave
Foundation Day lecture on“ Research In Infectious Diseases:
New Challenges”.

September 26, 2004

Prof. J. Gopalakrishan,Professor, Solid State& Structural Chemistry
Unit, I1ISc, Bangalore delivered a lecture on “Quest for new materials:
Chemistry play key role.”

November 24-25,
2004

CSIR Programme on Youth for Leadership in Science (CPYLS) was
organized at the Institute. 95 students along with their parents/teachers
participated in the programme.

November 28, 2004

Dr. Joachin Vonalt, Project Manager, Energy Sector and Policy Division,
Asia Department, Frankfurt, Germany visited the Institute. Interest:
Jatropha Cultivation.

December 29, 2004

Mrs. Meenakshi Hooja, Chair Person , Rajasthan State Mines & Minerals
Ltd., Jaipur and Mr. PK. Gautam, Dy. General Manager (Mining),

Naguar, Rajasthan came for discussion. Their interest : RO

technology; Jatropha/Salicornia Cultivation; Biodiesel —esterification
process.

January 1, 2005

Mr. A.B. Panchal District Magistrate, Bhavnagar waved a green flag to
the Institute’s bus carrying RO and ED plants to tsunami affected
people in Tamil Nadu. Safe and pure drinking water was provided to the
affected people. Team consisting of scientists and other staff worked
there for 20 days.

January 18-20, 2005

17" National Symposium on Catalysis. “Sustainable Development
through Catalysis ”. 17 Foreign delegates and 250 Indian scientists
presented their R & D work.

April 6, 2005

Half day seminar on Salt in the commemoration of Platinum Jubilee of
Dandi March (75 years). Mr. Dwarkesh Shukal, Sambhar Salt Ltd.,
Sambhar and Dr. H.G. Sadhu, National Institute of Occupational Health,
Ahmedabad gave invited lecture.

April 10, 2005

52" CSMCRI Foundation Day Celebrated.Prof. V. Krishnan, Chief

Guest gave scientific lecture on “Non-covalently linked molecular
assemblies”.

April 30, 2005

Honorable Minister Mr. Anilbhai Patel, Minister of Industries & Mines,
Govt. of Gujarat. Inaugurated the industrial exhibition arranged on the
eve of Gujarat Foundation Day celebration on May 1, 2005.

August 7, 2005

Daimler Chrysler, India conducted a test drive using CSMCRI's Jatropha
bio-diesel in Leh (Khardungla pass) which is 18360 feet, the highest
motor able pass in the world.

September 26, 2005

64" CSIR Foundation Day Celebrated. Dr. A.K. Luke was the chief
guest of the function and gave address on“Research and Corporate
Development”.

November, 10-11,
2005

CSIR Programme on Youth for Leadership in Science (CPYLS) was
organized at the Institute. 102 students participated in the programme
along with their parents/teachers. J

CSMCRI BIENNIAL REPORT 04-06 154




Deputation / Visit

DEPUTION/VISIT OF FOREIGN SCIENTISTS TO CSMCRI
2004-2005

Dr. George Francis Germany, Hohenheim University of Stuttgart, Germany visited the Institute
under DaimlerChrysler Collaborative Project from 11-15 August, 2004 to discuss the progress
made onthe Jatropha Project 'Biofuelsfrom Eroded Soilsin India'

Koch Bettina, Michael Schwarz, Dagmar Deckstein, Michael Schwlien, Brigitte Haschek,
Stephan Schon, Ranty Islam, Sebastian Mnauer, Rudolf Schulze, Klaus Becker, Rudolf Maly,
Ruof Gerber, Anita Duscha, Karin Thiemana, Gerd-Udo Hauser, Dr. Michael Inacker, Prof.
Herbert Kohler, German Delegation visited the Institute under the Collaborative Project on Bio
diesel from Jatropha oil. They were in the institute for 5 days ( 27" September, 2004 to 1* October,
2004)tolearnmore aboutJatrophacultivation and see the plantations.

Prof. Kae Sugiwara, Osaka University, Osaka , Japan visited the Institute from 24 -26 November,
2004 and haddiscussionwith Dr.Parthasarathi Dastidar, Scientist.

Dr. Joachim Wilhelm Vonalt, Germany visited the Institute on 28th November, 2004 for discussion
withthe scientists of Photo salinity discipline on Jatropha Plantations.

Dr. Peter Davidson, Consultant D1 Oils Limited, Coimbatore, India, visited the Institute on 18th
January, 2005 for discussion on the Biodiesel production programme on Jatropha curcas developed
by CSMCRI, Bhavnagar.

Mr. Ir. R.M. Werner, NMCP Senior Business Adviser, Netherland visited the Institute on 25th
January, 2005 withaninterestinIndian SaltIndustry.

Prof.YoshikaruTsujita, Nagoya, Japan.visited CSMCRI, Bhavnagar on 1st February, 2005 with
anintereston membranescience..

Mr. Mohammed Kallemuddin, UNETIX, Unetix International San Mateo, CA.94402 USA. visited
the Institute on 3“March, 2005 fordiscussionson licensing of desalinationtechnologies.

Dr. Stefan Keppeler and Dr. Geroge Francis, DaimlerChrysler AG and Hohenheim University,
Germany visited the Institute under collaborative project with DC and University of Hohenheim,
Germany from 31* March, 2005 to 1% April, 2005 to finalize the second phase of the Indo-German
Projecton “BiofuelsfromerodedsoilsinIndiausing Jatrophaplants”.

2005-2006

1.

Dr. Elder Muteia, Ex-Agricultural Minister of Mozambique, Sumaria Group of Tanzania visited
CSMCRIon 18 August2006 tounderstandIndian bio-dieselmodel and for possible co-operation.
Prof. Dr. Klaus Becker and Dr. George Francis, University of Hohenheim, Germany visited
CSMCRIfrom 24 -27 August 2005 to discuss the second Phase of Project on “Biofuel from eroded
soilsinIndiausingJatrophaPlants”.
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11.

12.
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Deputation / Visit

Ms. Christna Engels, Student of University of Hohenheim, Stuttgart, Germany, visited CSMCRI/
from 19 Septemberto 23 December2005 tocarry out some practical experiments and estimation of
phorbolestercontentin Jatropha seed samples fromdifferent provencances

Mr.Nattapong Seetavoraat, Mr. Pronchai Rajiprapa, Dr. Pornchai Lueanga-papong, Ms.
Ratanavalee Inochanon, Mr. Praphon Wongtharua, Miss.Nantika Thangsuphanich, Mr.
Prasopsiri Laowanich, Mr. Joompon Sajja-Areevath, Mr.PramoteVantaksa, DaimlerChrysler,
Thailand visited CSMCRI from 28-29 September2005todiscusstheresearch project.

Mr. Mohammed Kaleemuddin and Mr. Daniyal Mohammed Kaleem, Unetix International, USA
visited CSMCRI from 27-30 September 2005 to discuss the technical aspects of membrane
technologiesfordesalinationandtofinalize licensing know how agreementwith CSMCRI.

Dr. Peter Davidson, Consultant D 1 Oils PLC, UK visited CSMCRI from 27-30 September 2005 to
explore ways in which D-1 and CSMCRI could work together particularly in Agronomy and Biodiesel
Productiontechnology.

Dr. Ing.Tae-Hwan KIM, Korea Institute of Energy Research, Korea visited CSMCRI from 8-9
December2005 fordiscussionandreview of the collaborative project.

Mr. Mao Qingguo, Mr. Chen Cunfa,Mr.Chen Cihua, Mr. Lu Shunyi, Mr. Huang Chunjia, Mr.Wang
Zeming, Mr.ZhengYuanji, Mr.YaugTinghja, Mr.Zhao Jianguo, Mrs. Liang Peilin, Dr. FritzWilke,
Mr. Ashek Mahfuz,Mr. E.Kondorosy,Mr. Vladimir M Sedivv, Mr. Andreas Reitze, Mr. Kentaro
Nagao,Mr.ArneVanVliet,Mr.M.S. Patel Of Kenya, Mr.P.M.Kansagra of Kenya, Mr. Kengo Shiba,
Mr. Joseph Steven Davis, Ms. Sandara Davis, Mr. Isabella Sdivy, Mr. Lorenzo Petro, Mr. P
Mahaseth, of Nepal, Mr. K. Rajbhandari, Nepal, Mr. Wang Jiacheng, Mr. Roy Mottershead of
Australia, Mr.S.Schneider of Switzerland visited CSMCRIBhavnagaron 21 January 2006 tolearn
about the front line R&D activities in the area of salt and marine chemicals, and the vital
achievements. They had come to Indiato participate in International Conference on SALT 2006 held
atNIRMA University, organized by ConfederationoflIndianIndustry (Cll)

Dr.VictoriaClaire Allenand Dr.Harpal Minhas, Royal Society of Chemistry, UK visited CSMCRIon
23 February 2006 to build business relationship in publishing and highlighting the structure and
activities of the RSC in the global scenario, opportunities for membership and publication of
researchwork.

Mr.Tim Strebe, DaimlerChrysler AG, Germany visited CSMCRI from 19 February to 01 May 2006 to
understand the collaboration between CSMCRI and DaimlerChrysler Germany to act as interface
between CSMCRI, DC-India and DC-Stuttgart, Germany to support continuous reporting and
regularcommunicationforthe collaborative projectand management studies.

Mr. Christian Walter, Mettler Toledo, Switzerland visited CSMCRI on 22 February 2006 to make
presentation onequipmentslike titrators, density meters, refractometeretc.

Mr.Jorg Boethling and Mr. Klaus Sieg, DaimlerChrysler AG, Germany visited CSMCRI on 23
February 2006 to have interaction with CSMCRI scientists under the Indo-German Project on
“Biofuelfrom Jatropha” andtoundertakefield visit.




13.

14.

15.

16.

17.

Deputation

Mr. William Kaipa and Mr. Emmanuel IFTO Lubisi, Researchers Jatropha Biodiesel, Africa (Pvt)
Ltd.South Africavisited CSMCRIon 28 February 2006 fordiscussion on Jatropha Biodiesel.

Prof. Dr. Anton Hartmann, Institute of Soil Ecology, GSF-National Research Centre for
Environment and Health, Germany visited CSMCRI on 5-15 March 2006 to jointly work on the
research project on “Characterization of N-acyle homoserine Lactone mimic substancesinaWide
Diversity of Marine Algae”

Mr. Jun Jae Wook, University of Hanbat Korea visited CSMCRI from 12 April to 29 June 2006 to
work on the preparation of the most promising Hydrogen storage material and to check reversible
materialunderthe collaborative project with CSMCRI.

Dr. M.C. Ruben Lazos Valencia and Dr. Biol Mario Manuel Romero, Coordinator Relationships
Interinstitutional Governors Office, State of Michoacan, Mexico visited CSMCRI on 17 April 2006 to
know the conditions of Jatropha cultivation, aspects of the harvest and industrialization, technology
of CSMCRI production, perspective ofthe productionand commercialization.

Mr. Dane Mulddon and his wife Mrs. Erin Alyse Muldoon, Research and Development Biodiesel
Fuels, Australia visited CSMCRI on 25-26 April, 2006 to explore collaboration opportunities in the
developmentofBiodieselinIndiaand Australia

DEPUTATION ABROAD OF CSMCRISCIENTISTS
2004-2005

1.

Dr. Arvind Kumar, Scientist-C visited Germany underthe DAAD Scholarship for 40th International
Seminar for Research and Teaching in Chemical Engg. and Physical Chemistry from 3rd May, 2004
to 31st July, 2005 to carry out research work in the area of “Solution Chemistry” at the University of
Karlsruhe, Germany.

Dr.Suresh E., T.O.'A' visited Germany under Equipment training program from 13 June to 18 June,
2004.The Principals M/s. BRUKER-AXS GMBH, Germany provided training for one person for five
days atBURKER, Germany.

Dr. B. Ganguly, Scientist-C visited Germany under INSA-Germany Bilateral Exchange program
from 16 August to 15 November, 2004 'To understand the influence of gauche effect towards the
coordination of 1,4-dioxa, 1,4-diaza and 1,4-oxaaza systems with different alkali and alkaline earth
metal ions (present in salt bittern) and to develop new parameters for molecular mechanics
calculationsforsuchsystems.'

Dr.S.Muthusamy, Scientist-E-l visited Germany underthe Follow-up programme of Alexander von
Humboldt Fellowship from 1st August to 31st October 2004 to carry out scientific research work on
'Synthesis of stable dioxiranes as powerful Oxidizing agents' at Organic Chemistry Il, Ruhr
University, Bochum, Germany.
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Deputation

Dr. S. Kannan, Scientist E-I visited France to participate in the 13th International Congress on
Catalysis from 11-162004 heldin Paris

Dr.P.K.Ghosh, Director visited Italy to participate in the International Workshop on “ Safe Drinking
Water Innovative Experience” from24-26 August, 2004 heldin Trieste, Italy.

Mr. M.R.Gandhi, Scientist -F visited Ireland & Germany to participate in the International
conference. From 1-4 November, 2004. He participated inthe 6" International Conference on “The
Scale Up of Chemical Process™ at Dublin, Ireland, and from 5-10" November, 2004 for discussion on
the progress ofthe collaborative projecton Bio-diesel, Germany.

Dr.G.S.Trivedi, Scientist-C visited Germany under the CSIR-DAAD Exchange of Scientist
Programme-2004-2005 from 15 April to 11 July 2005 to carry out research work on “ Increasing
separation performance by applying thin-layer coating on conventional synthetic membranes ” at
Dusburg University, Essen, Germany.

Dr.P.K.Ghosh, Director visited Germany to participate inthe GRA workshop from 30 May, 2005 to 4
June, 2005 as a member of the Global Research Alliance Water Action Council. He also visited M/s
DaimlerChrysler, Stuttgart, Germanyto discussthe ongoing Jatrophacurcas collaborative project.

2005-2006

1.
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Dr.R.V.Jasra, Scientist-G, visited S.Korea to participate in the International Conference and gave
an invited lecture in the symposium on "Clean Chemical Technology" of the 11th Asian Chemical
Congress (11th ACC) organized by Federation ofthe Asian Chemical Societies (FACS) during24 -26
August, 2005 at Korea University, Seoulandvisited KIER, Koreato coordinate the ongoing projecton
“Developmentofadsorbentsforhydrogen storage” from27th Augustto 3rd September2005

Dr. S.H.R. Abdi, Scientist E-Il, visited Korea Research Institute of Chemical Technology (KRICT),
KoreaunderBrain Pool Programme of KOFTS, Koreafrom 03 October 2005 to 02 October 2006.

Dr. D. Jagan Mohan, visited Japan under the Study Leave Grant from 01 October 2005 to 30
September 2006 at the Research Institute of Materials and Resources, Faculty of Engineering and
Resource Science, Akita University, 1-1Tegata Gauken-machi, Akita-010-8502, Japan.

Dr.C.R.K. Reddy Scientist E-ll visited Thailandto presentapaper inthe Symposium “Progressin
Tissue Culture of Economically Important Seaweeds” from 30 October 2005 to 04 November
2005inthe Asia Pacificregion APPF-2005 held at Bangkok, Thailand.

Mr. M.R. Gandhi, Scientist-F visited Germany to participate in Daimler Chrysler Environmental
Leadership Award Ceremony on 15th November 2005 in Magdeburg, Germany and received the
award.

Fi




Facilities

Dr. J.S. Patolia, Scientist-F visited Germany under the collaborative project on “Biofuel from
Eroded Soils in India” between CSMCRI and DaimlerChrysler AG, Germany on 22-27 November
2005. He also attended the Phase-Il review meeting of a collaborative project on “Biofuel from
Eroded SoilsinIndia” with DaimlerChrysler AG, Stuttgart, Germany.

Dr.P.K.Ghosh,Directorvisited Malaysiaand made apresentationon “Biofuelsinthe Transportand
Auto Industry- a case study on the DaimlerChrysler Bio-diesel project in India ” at an International
Conference on “Alternative Fuels & Energy Choice -2005” (AFEC-2005) between 7-8 December
2005.

Dr. G. Ramachandraiah Scientist-F visited California USA to participate in the symposium
"Plastics in the Marine Environment: Impacts, Analysis, and Fates" and gave a presentation on
“ShipsforScrap at Alang Sosiya:Looming of Small PlasticsinMarine Sediments”.

FACILITIES CREATED DURING 2005

A specially designed mixer cum grinder has been procured for large scale extraction of liquid
seaweedfertilizerfrom Kappaphycus.

Bandwidth of leased line connection from BSNL has been upgraded from existing 256kbps to
512kbpsforfaster connectivity (forbothinternetand mail applications).
Anequipment“Kelplus”wasinstalledfor Nitrogen estimationinplants & soil samples.
Aweathermonitoring station has beeninstalled which would be useful for EIA studies.

Facilities are being created atthe experimental salt farm for the intake of sea brine for R&D activities

at ESF during the next salt season.Itistargeted to produce about 3000-4000 tons of the best quality
saltatESF duringthe currentsaltseason.

Facilities were created at Matasukh mines at Nagaur for the demonstration of the recovery of salt
fromthe saline wateremerging out of the Kasnau and Matasukh mines of RSMML, Nagaur.

Thenew Plate & Frame Reverse Osmosistestingunithasbeeninstalled.Trialsweretakenonthe new
testing unit. The membranes were tested on this unit continuously. Other properties of the
membranes were tested as usual every month and membranes have been found stable in oil and
hexane sofar.

Modification in TFC coating machine (vertical as well as horizontal) to implement new changes of
coating conditionsforTFC membrane hasbeencreated.

A High Pressure 100ml stirred static reactor from M/s Reaction Engineers, Korea has been
successfullyinstalled by M/s Chemito, India.
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Annexure

PAPERPUBLISHED
2004-2005

Analytical Chemistry

1.

10.

11.

12.

Covalent assembly of stilbene-based monolayers: Factors controlling molecular interactions;
A.D.Shukla, D.Strawser, A.Lucassen, D.Freeman, H.Cohen, A.Das, G.Evmenenko, P.Dutta and
Milko.E.vanderBoom;J.Phys.Chem.B.,2004,108,17505.

Structure-property correlation of A new family of organogelators based on organic salts and their
selective gelation of oil from oil/water mixtures; D.R.Trivedi, A.Ballabh, P.Dastidar and B.Ganguly;
Chem.Eur.J.,2004,10,5311.

Mass spectrometric evidence for catenanes and rotaxanes from negative ESI FT-ICR Tandem-MS-
experiments;C.A.Schalley, P.Ghoshand M.Engeser;Int.J.Mass Spectrometry.,2004,232,249.

Nonpolymeric hydrogelators derived from trimesic amides; D.K.Kumar, D.A.Jose, P.Dastidar and
A.Das;Chem.Mater.,2004,16,2332.

Efficient and simple colorimetric fluoride ion sensor based on receptors having urea and thiourea
bindingsites;D.A.Jose, D.K.Kumar, B.Ganguly and A.Das;Org. Letter.,2004, 6, 3445.

Model fortype 2 Cu(ll) oxidase: structure reactivity correlation studies on some mononuclear Cu(X-
Salmeen)Im complexes, where X =H, Cl & Im =Imidazole molecular association, electronic spectra
andascorbic oxidation;P.S.Subramanian, E.Sureshand P.Dastidar; Polyhedron.,2004,23,2515.

Synthesis and structural characterization of some schiff bases derived from 4-[{(aryl)-imino}ethyl]-
3-methyl-1-(4'-methylphenyl)-2-pyrazolin-5-one and spectroscopic studies of their Cu(ll)
complexes;R.N.Jadeja, J.R.Shah, E.Sureshand P.Paul;Polyhedron.,2004,23,2465.
Nonpolymeric hydrogelator derived from N-(4-Pyridyl) isonicotinamide; D.K.Kumar, D.A.Jose,
P.Dastidarand A.Das;Langmuir.,2004,20,413.

Computational study on hydroxybenzotriazoles as reagents for ester hydrolysis; V.Praveen Kumar,
B.Gangulyand S.Bhattacharya;J.Org.Chem., 2004, 69, 8634.

Facile synthesis ofanew class of supramoleculargelatorfollowing Acombinatorial library approach:
Dynamic light scattering (DLS) and small angle neutron scattering (SANS) Studies”; P.Dastidar,
S.Okabe, K.Nakano, K.lida, M.Miyata, N.Tohnaiand M.Shibayama; Chemistry of Materials., 2005,
17,741.

Pyridine-catalyzed addition of diaryl-1,2-diones to dimethyl butynedioate leading to the formation of
1,2-Diaroyl dimethyl maleates via an unprecedented rearrangement; V.Nair, A.N.Pillai, R.S.Menon
and E.Suresh; Organic Letters.,2005,7,1189.

Stereo selective epoxides generation with cyclic rhodium carbenoids: A new access to spiro-
indolooxiranes; S.Muthusamy, C.Gunanathanand M.Nethaji; Synlett.,2004,639.
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13.

14.

15.

16.

17.

18.

Annexure

Regioselective synthesis of mono- and bis-decahydrobenzocarbazoles via tandem reactions of
diazoketones;S.Muthuswamy, C.Gunanathanand E.Suresh; Tetrahedron.,2004, 60, 7885.
Multicomponent reactions of diazoamides: Diastereoselective synthesis of mono- and bis-
spirofurooxindoles; S.Muthusamy, C.Gunanathanand M.Nethaji;J.Org.Chem., 2004, 69, 5631.
Imidazolium salts as phase transfer catalysts for the dialkylation and cycloalkylation of active
methylene compounds;S.Muthusamyand B.Gnanaprakasam;Tetrahedron Lett.,2005, 46, 635.
Facile Chemoselective Rhodium Carbenoid N-H Insertion Reactions: Synthesis of 3-Arylamino-or 3
Heteroarylpiperidin-2-ones;S.Muthusamy and P.Srinivasan; Tetrahedron Lett., 2005, 46, 1063.
lonic liquids as a convenient recyclable medium for the generation of transient carbonyl ylides:
Syntheses of oxa and dioxa-bridged polycyclic systems; S.Muthusamy and B.Gnanaprakasam;
Tetrahedron.,2005,61, 1309.

Chemoselective synthesis of multiple epoxy-bridged tetrahydropyranone ring systems;
S.Muthusamy, J.Krishnamurthiand M.Nethaji; Tetrahedron Letters.,2004, 45, 6485.

Salt & Marine Chemicals

1.

lonic interactions of calcium sulfate dihydrate in aqueous calcium chloride solutions: solubilities,
densities, viscosities, and electrical conductivities at 30°C; A.Kumar, V.P.Mohandas,
V.R.K.S.Susarlaand P.K.Ghosh;J.of Solution Chemistry.,2004,33,991.

lonic interactions of calcium sulfate dihydrate in aqueous sodium chloride solutions: solubilities,
densities, viscosities, electrical conductivities and surface tensions at 350°C; A.Kumar,
V.P.Mohandas, R.Sanghaviand P.K.Ghosh;J.of Solution Chemistry.,2005, 34, 301.

Salt effects on volumetric properties of some n-alkoxyethanols (C1Em, m=1, 2, and 3) in aqueous
solutionsat298.15K;A.Kumar;J.of Solution Chemistry., 2004, 33,1585-1599.

Inorganic Materials & Catalysis

1.
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Acylation of toluene using rare earth cation exchanged zeolite-B as solid acid catalysts;
V.N.Sheemol, B.TyagiandR.V.Jasra;J.Mol.Catal. A:Chemical.,2004,215,201.

Environmentally benign route for isomerization of safrole - Hydrotalcite as solid base catalyst;
D.Kishoreand S.Kannan;J.Mol.Catal. A:Chemical,2004,223,225.

Isomerization of a-Pinene using modified montmorillonite clays; M.K.Yadav, C.D.Chudasama,
R.V.Jasra;J.Mol.Catal.A:Chemical.,2004,261,51.

Biological and clinical aspects of lanthanide coordination compounds; S.N.Mishra, R.S.Shukla,
M.A.Gagnaniand|.Devi;Bio-Inorg.Chem.and Applications.,2004,2, 1.

Hydroformylation of 1-hexene catalyzed by water soluble CoCI,(TPPTS), in biphasic medium;

D.U.Parmar, H.C.Bajaj, R.V.Jasra, B.M.Morosb and V.A.Likholobov; J. Mol. Catal. A: Chemical.,
2004,211,83.




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Annexure

Catalytic asymmetric epoxidation of non-functionalised alkenes using polymeric Mn(lll) Salen as
catalysts and NaOCI as oxidant; R.l.Kureshy, N.H.Khan, S.H.R.Abdi, S.Singh, I.Ahmad and
R.V.Jasra;J.Mol.Catal.A:Chemical.,2004,218,141.

Enantioselective epoxidation of non-functionalized alkenes catalyzed by recyclable new homo-
chiral dimeric Mn(lll) salen complexes; R.l.Kureshy, N.H.Khan, S.H.R.Abdi, S. Singh, I.Ahmad,
R.V.Jasraand A.P.Vyas;J.Catal.,2004,224,229.

Absorption spectroscopic investigations on M [Al(-OC,H,),], (M= Pr,Nd)- catalysed reduction of

ketones; M.A.Gagnani, R.S.Shukla, G.Ramchandriah and S.N.Misra; React. Kinet. Catal. Lett.,
2004,82,57.

Double bond migration of eugenol to isoeugenol over as-synthesized hydrotalcites and their
modifiedforms;D.Kishore and S.Kannan; Applied Catal. A General.,2004,270,227.

Influence of synthesis methodology and post treatments on structural and textural variations in
MgAICQO, hydrotalcite; S.Kannan;J.Material Science.,2004,39,6591.

A review on asymmetric epoxidation of non-functionalised alkenes using transition metal
complexes;S.H.R.Abdi, R.I.Kureshy, N.H.Khan and R.V.Jasra; Survey of Catalysis., Asia.2004, 8,
187.

Chiral molecules: Commercial significance and synthetic strategies I; S.H.R.Abdi, R.l.Kureshy,
N.H.KhanandR.V.Jasra;ChemicalWeekly.,December2004, 191.

Chiral molecules: commercial significance and synthetic strategies Il; S.H.R.Abdi, R.l.Kureshy,
N.H.KhanandR.V.Jasra;ChemicalWeekly.,December2004,197.

Studies on the activity and stability of immobilized a-amylase in ordered mesoporous silicas;
P.H.Pandya, R.V.Jasra, B.L.Newalkara and P.N.Bhatt; Microporous Mesoporous Materials.,
2005,77,67.

Pore-Size engineering of zeolite-A for the size/shape selective molecular separation;
C.D.Chudasama, J.SebastianandR.V.Jasra;Ind.Engg.Chem.Res., 2005, 44,1780.
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bridged diiron(lll) complex; J.P.Lpez, FW.Heinemann, A.Grohamann, O.Horner, J.M.Latour and
G.Ramachandraiah;Inorg.Chem.Communs.,2004,7,773.

Organic-Inorganic hybrid membrane: Thermally stable cation exchange membrane by Sol-Gel
method; R.K.Nagarale, G.S.Gohil, V.K.Shahi and R.Rangarajan; Macromolecules., 2004, 37,
10023.

Seasonal distribution and contamination levels of total PHCs, PAHs and heavy metals in coastal
waters of the Alang Sosiya ship scrapping yard, Gulf of Cambay, India; M.Srinivasa Reddy, S.Basha,
H.V.Joshiand G.Ramachandraiah;Chemosphere.,2005,61,1587.

Laboratory studies of electrochemical treatment of industrial azo dye effluent; G.Ramachandraiah,
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B.GangulyandA.Das;Tetrahedron Letters.,2005, 46,5343.

Facile chemoselective rhodium carbenoid n-h insertion reactions - synthesis of 3-
arylaminopiperidin-2-ones or 3-heteroarylpiperidin-2-ones; S.Muthusamy and P.Srinivasan;
Tetrahedron Letters.,2005,46,1063.

Imidazolium salts as phase dialkylation and cycloalkylation transfer catalysts for the of active
methylene-compounds; S.Muthusamy and B.Gnanaprakasam; Tetrahedron Letters., 2005, 46,
635.

Zeolite membrane-based artificial photosyntheticassembly forlong-lived charge separation;Y.Kim,
A.Das,H.Y.Zhangand P.K.Dutta;J.Phy.Chem.B.,2005,109,6929.
Highly regiostereoselective, chemostereoselective and diastereoselective synthesis of oxa-

bridged spirocycles - a novel observation of reverse selectivity; S.Muthusamy, J.Krishnamurthi and
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R.L.Varma,V.B.Gangaand E.Suresh; Tetrahedron Letters.,2005, 46,3061.
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Dynamics of charge transfer in strongly coupled porphyrin dye sensitized wide bandgap
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Lett.,2006,8,1271.

Exploring hydrogen-bond capable backbone and ligating topologies: Co(ll) coordination polymers
derived from mixed ligand systems; D.Krishna Kumar, A.Das and P.Dastidar; J. Mol. Structure.,
2006, 796, 139.

Reductive dehalogenation of halophenols in sulfite-bisulfate medium; S.Adimurthy and
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I.Ahmad, N.H.Khan, S.H.R.Abdi, K.Pathak and R.V.Jasra; Tetrahedron Asymmetry., 2005, 16,
3562.

Synthesis and characterization of CuMgAlternary hydrotalcites as catalysts for the hydroxylation of
phenol;S.Kannan, A.Dubeyand H.Knozinger; J. Catal.,2005,231-381.

Textural and structural properties of mesoporous silica synthesized under refluxing conditions;
R.S.Somani, C.H.Ko,S.S.Hanand S.H.Cho;J.Porous Materials.,2005,12, 87.

Liquid phase hydroxylation of benzene over Cu-containing ternary hydrotalcites; A.Dubey and
S.Kannan;Catal.Commun., 2005, 6, 394.
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Sorption of nitrogen, oxygen and argon in silver exchanged zeolites; J.Sebastian and R.V.Jasra;
Ind.Eng.Chem.Res.,2005,44,8014.

Solid acid catalysts for cleaner industries alkylation processes; B.Tyagi, R.V.Jasra, N.V.Choudary
and M.Siddiqui, publishedin Compediumbroughtinthe memory of LovrajKumar, November, 2005.
Catalytic processes for hydroformylationn of alkenes for producing oxo-products; S.Sharma,
V.Srivastava and R.V.Jasra published in Compedium brought in the memory of Lovraj Kumar,
November, 2005.

Cu(ll) complexes withlabile apical coordination: Synthesis, crystal structure, 1HNMR investigation,
and oxidation properties of mononuclear [Cull(dien)(2-Phim)(CIO4)]+ (1) ,[Cull(dien)(2-
MeBzIm)]2+(2), complexes; P.S.Subramanian, E.Suresh and R.S.Shukla; Inorg. Chim. Acta.,
2005, 358,2651.

Improved catalytic activity of homochiral dimeric cobalt salen complexin hydrolytic kineticresolution
of terminal racemic epoxides; R.l.Kureshy, S.Singh, N.H.Khan, S.H.R.Abdi, . Ahmad, A.Bhatt and
R.V.Jasra;Chirality.,2005,17,1.

Rh, Co, Ru and Pd metal complexes catalyzed hydroformylation of ethylene using
triphenylphosphine, triphenylarsine and triphenylantimony as ligands; V.K.Srivastava, S.D.Bhatt,
R.S.Shukla, H.C.Bajajand R.V.Jasra;React. Kinet. Catal. Lett.., 2005, 85, 3.

Adsorption of nitrogen, oxygen, and argon in mono, di, and trivalent cation exchanged zeolite
mordenite;A.P.Sunil, J.SebastianandR.V.Jasra;Ind.Engg.Chem.Res., 2005, 44,6856.

Anovel effective hydration of carbon monoxideinliquid phase by a water- soluble ruthenium complex
catalyst at moderate pressures in aqueous medium; R.S.Shukla, S.D.Bhatt, R.B.Thorat and
R.V.Jasra; Applied Catal. A General.,2005,294,111.

Adsorption of nitrogen, oxygen and argonin cobalt(ll) exchanged zeolite X;J.Sebastian, S.A.Peter,
R.V.Jasra;Langmuir.,2005,21,11220.

A monograph entitled, “New approaches to develop recyclable catalyst for the synthesis of chiral
epoxides” R.l.Kureshy, N.H.Khan, S.H.R.Abdi and R.V.Jasra. is going to be published in Catalytic
Researchon Cutting Edge., by Nova Science PublisherInc.NewYork (2005).

Hydrogenation of benzene over ruthenium exchanged montmorillonite clay in the presence of
thiophene; A.B.Boricha, H.M.Mody, H.C.Bajaj and R.V.Jasra; Applied Clay Science., 2006, 31,
120.

Characterization of surface acidity of an acid-treated montmorillonite clay activated with
hydrothermal, ultrasonic and microwave techniques; B.Tyagi, C.D.Chudasama and R.V.Jasra;
Applied Clay Science.,2006,31,16.

Solvent free isomerisation of longifolene with nano-crystalline sulphated zirconia; B.Tyagi,
M.K.MishraandR.V.Jasra;Catalysis Commun.,2006,7,52.

Catalytic isomerization of estragole to anethole over hydrotalcites and HT-like compounds;
D.Kishoreand S.Kannan;J.Mol.Catal., 2006, 244, 83.




20.

Annexure

Photo-catalytic degradation of aqueous nitrobenzene by nano-crystalline TiO,; R.J.Tayade,
R.G.KulkarniandR.V.Jasra;Ind.Engg.Chem.Res.,2006,45,922.

Reverse Osmosis

1.

Fouling resistant membranes in desalination and water recovery; A.V.R.Reddy, J.J.Trivedi,
C.V.Devmurari, D.J.Mohan, P.Singh, A.P.Rao, S.V.Joshi and P.K.Ghosh; Desalination., 2005, 1,
301.

Synthesis, characterization and thermal-properties of soluble aromatic poly(amide imide)s;
P.R.BuchandA.V.R.Reddy;Polymer.,2005,15,5524.

Pesticides in water alarm and encountering; J.M.Gohil, P.Ray and A.Bhattacharya; Science and
Culture.,2005,71,348.

Surface tension and fluorescence studies of polymer-surfactant solutions; | Agarose CTAB; K.
Prasad, K.Trivedi, A.K.Siddhanta, A.Bhattacharyalnd J.Chem.Sec A.,2005,44A,2445.

Electro Membrane Processes

1.

Studies on cellulose acetate-polysulfone ultrafiltration membranes. 1. Effect of polymer
composition; M.Sivakumar, D.R.Mohan, R.Rangarajan and Y.Tsujita; Polymer International.,
2005,54,956.

Phosphonic acid functionalized aminopropyl triethoxysilane-pva composite-material - organic-
inorganic hybrid proton-exchange membranes in aqueous-media; V.V.Binsu, R.K.Nagarale and
V.K.Shahi;J.Mater.Chem., 2005, 15,4823.

Comparative-studies on performance of interpolymer and heterogeneous ion-exchange
membranes for water desalination by electro-dialysis; B.G.Shah, V.K.Shahi, S.K.Thampy,
R.Rangarajanand P.K.Ghosh;Desalination.,2005, 172,257.

Studies on transport-properties of short-chain aliphatic carboxylic-acids in electrodialytic
separation; R.K.Nagarale, G.S.Gohil, V.K.Shahi, G.S.Trivedi, S.K.Thampy and R.Rangarajan;
Desalination.,2005,171,195.

Preparation and electrochemical characterization of sulfonated polysulfone cation-exchange
membranes-effects of the solvents on the degree of sulfonation; R.K.Nagarale, G.S.Gohil,
V.K.Shahiand R.Rangarajan; J. Appl.Poly.Science.,2005,96,2344.

Preparation of organic-inorganic composite anion-exchange membranes via aqueous dispersion
polymerization and their characterization; R.K.Nagarale, G.S.Gohil, V.K.Shahi, R.Rangarajan; J.
Coll.Inter.Sci.,2005,287, 198.

Spectrophotometric estimation of bromide ion in excess chloride media; S.Adimurthy,
V.R.K.S.Susarla, M.P.Reddy and G.Ramachandraiah; Talanta.,2005,67,891.
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Micellar-enhanced electrodialysis: influence of surfactants on the transport properties of ion-
exchange membranes; G.S.Gohil, R.K.Nagarale, V.K.Shahi and R.Rangarajan; Separation &
PurificationTech.,2005,47,1.

Marine Biotechnology & Ecology

1.

10.

11.

12.

CSMCRI BIENNIAL REPORT 04-06

On the properties of agar-gel containing ionic and nonionic surfactants; K.Prasad, A.K.Siddhanta,
A.K.Rakshit, A.Bhattacharyaand P.K.Ghosh;Inter.J.Biological Macromolecules, 2005, 35, 135.

Production and seeding of protoplasts of porphyra-okhaensis (bangiales, rhodophyta) in laboratory
culture; S.Dipakkore, C.R.K.ReddyandB.Jha;dJ. Appl.Phycology.,2005,17,331.

Purification and characterization of c-phycocyanin from cyanobacterial species of marine and fresh-
water habitat; A.Patel, S.Mishra, R.Pawar and P.K.Ghosh; Protein Expression and Purification.,
2005,40,248.

Chemical-composition, iron bioavailability, and antioxidant activity of kappaphycus-alvarezzi
(doty); M.Fayaz, K.K.Namitha, K.N.C.Murthy, M.M.Swamy, R.Sarada, S.Khanam, P.V.Subbarao
and G.A.Ravishankar;J.Agri.& Food Chemistry.,2005,53,792.

Evaluation of the emission characteristics of trace-metals from coal and fuel-oil fired power-plants
and their fate during combustion; M.S.Reddy, S.B.Basha, H.V.Joshi and B.Jha; J. Hazardous
Mater.,2005, 123,242.

Physical modification of agar-formation of agar-fatty acid complexes; K.Prasad, K. Trivedi, R.Meena
and A.K.Siddhanta;PolymerdJournal.,2005, 37, 826.

Changes in local intertidal seaweed habitats in the Andaman-and-Nicobar islands after 26
December2004 tsunami;V.A.Mantri;Current Science.,2005,89,1071.

Rheological properties of an exopolysaccharide produced by a marine enterobacter cloaceae;
A.lyer,K.H.ModyandB.Jha; National Academy Science Letters.,2005,2,8119.

Surface tension studies of polymer-surfactant solutions: 1. Agar-ctab; K.Prasad, K.Trivedi,
A.K.Siddhantaand A.Bhattacharya;Ind.J.Chem.A.,2005,44A, 2445,

Some observations on trichosolen mucronatus (borgesen) taylor [bryopsidaceae], from gujarat: a
species of rare occurrence; V.A.Mantri, P.V.Subba Rao, M.C.Thakur, K.Ganeshan & K. Suresh
Kumar; Nat. Acad. Sci.Letters.,2005,28,341.

Diu island: a paradise for tourists and seaweed biologists; V.A.Mantri and P.V.Subba Rao; Current
Science.,2005,89,1795.

Modeling the energy content of combustible ship-scraping waste at Alang Sosiya, India, using
multiple regression analysis; M.S.Reddy, S.Basha, H.V.Joshi, V.G.Sravan Kumar, B.Jha and
P.K.Ghosh;Waste Management., 2005, 25,747.

3




13.

Annexure

X-crystallographic studies on c-phycocyanin from cyanobacteria from different habitats: marine &
freshwater; Satyanarayana, C.G.Suresh, A.Patel, S.Mishra and P.K.Ghosh. Acta Crystallo.
SectionF.,2005,61,844.

Business Development & Information Management

1.

World wide idea registration in a global idea bank is a sine qua non to protect present intellectual
propertyideasforposterity.J.David Livingston, J.World.Intellectual Property., 8(4) July 2005.

Need to inculcate the culture of intellectual property protection in research and development., D. B.
Shukla, CurrentSci.88(10) May 2005

Papers/Lectures presentedinseminars/symposia

(Sr Topic Event / Venue Date Presenter/s
No
1 Narration of current research Sangosthi on Hindi Mein June 24, 2004 Dr.B. Tyagi
activity of Inorganic materials & | Vigyan Lekhan / CSMCRI
Catalysis discipline Bhavnagar
2 Clay beneficiation and Workshop on Clay-Polymer May 15, 2004
modification Nano-particles / NCL, Pune Dr.R.V.Jasra
3 Catalytic hydroxylation of phenol | 13" International Congress on | July 11-16 2006
over Cu Mg Al ternary Catalysis/ Paris, France Dr.S.Kannan
hydrotalcite.
4 CSMCRI’s thin film composite Invited lecture July 15, 2004 Dr.P.K.Ghosh
reverse osmosis membrane and | DST - TSG Workshop, IIT
its application in novel device for | Kanpur
desalination.
5 Solid acid catalysts for acylation | Catalysis in Organic August 3, 2004 | Dr. R.V. Jasra
of aromatics Synthesis: New Horizons
International Conference, IICT,
Hyderabad
6 Appropriate desalination TWNSO Workshop on Water, | August 24-26, Dr.P.K.Ghosh
technologies for different Trieste, Italy, 2004
situations in Indian villages.
7 Development of Bio-diesel from | International Conference on September Dr.A.S.Mehta
the oil of the Jatropha curcas ‘Biofuel perspective and 16,2004
plant prospects', Winrock
International India, New Delhi
8 Membranes and green Invited lecture,Workshop on Green | September 24- Dr.PK. Ghosh
chemistry. Invited Lecture. chemistry, IICT, Hyderabad, 25, 2004.
9 Chemical investigation and National Symposium on Algal | September 25- Dr.A.K.
value addition of seaweeds Biology and Industrial 26, 2004. Siddhanta
Applications RKM
Vivekananda College,
Chennai
10 Impact of chemistry on life and |Invited lecture October 1-3, Dr.P.K.Ghosh
society: The CSMCRI National symposium on impact 2004
experience. of chemistry on life and
society. Tripura University, Tripura, /
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/A1 Development of Biodiesel from One Day Conference on 'Bio- | October 28, Dr.P.K. Ghosh
Jatropha curcas oil., Diesel Fuel' Centre for 2004.
Bharatiya Marketing
Development (CBMD) and
The Institution of Engineers (1)
(IEl), Ahmedabad,

12 Development of bio-diesel Power India/ Mumbai October 27, Dr.A S. Mehta
based on oil of Jatropha Curcas 2004
seeds.

13 Performance and prospects of One day workshop organized Dr.J.B.
crop cultivation activity in saline | with the state Govt. at Pandya
affected Villages of Bhavnagar UTTHAN, Ahmedabad
District.

14 Technical presentations on The delegation visited September 29- Dr.J.B.
Jatropha Biofuel project; CSMCRI under Daimler 30, 2004 Pandya,
Jatropha/wasteland plantation Chrysler project. Dr.S.N.Rao
issues; On Biodiesel making and Mr.M.R.
using expelled Jatropha seed Gandhi.
oil.

15 Heterogeneous chiral catalysis Lecture organized in the October 28, Dr.R.V. Jasra
for epoxidation of alkenes.. honour of Dr.S.Shivsankar at 2004.

NCL, Pune

16 Agrobacterium mediated gene BioTech 2004 Conference/ October 13-15, Dr.C.R.K.
transfer in Porphyra yezoensis, New Delhi 2004 Reddy
an edible seaweed.

17 An Improved method for rapid BioTech 2004 Conference October 13-15, Dr.C. R.K.
mass isolation of protoplasts New Delhi. 2004 Reddy
from multicellular macrophytic
marine green algae.

18 X-ray diffraction - Basics, Refresher Course in October 31, Dr.S. Kannan
Techniques and Applications Experimental Physics, Indian | 2004

Academy of Sciences,
Bhavnagar

19 Catalysis for sustainable Nirma Institute of Technology, | November 26, Dr.R.V. Jasra
development. Ahmedabad, 2004.

20 Chirality in chemical industries Nirma Institute of Technology, | November 26, Dr.S.H.R. Abdi
with special reference to Ahmedabad 2004
pharmaceuticals.

21 CSMCRI's involvement in Invited Lecture Symposium on | December 2, Dr.P.K.Ghosh
mitigating the problem of water | science and technology for 2004.
in Rajasthan. desert development (National

Academy of Science, Jaipur,

22 CSMCRI's thin film composite Invited lecture December 28, Dr.P. K.Ghosh
reverse osmosis membrane and | |IChE-AIChE conference, 2004
its application in novel devices Chemcon, Mumbai
for desalination. Invited Lecture

23 Value addition of seaweeds One day seminar Investment December 29, Dr.A.K.

opportunities in Biotechnology, | 2004 Siddhanta
B V Patel PERD Centre,
Ahmedabad. J
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/24 Catalytic scenario for the Seminar on Emerging December 10- Dr.R.V. Jasra
production of oxo-products Catalytic Technologies, 11, 2004
using syn-gas. IICh.E, Baroda

25 (i) Introduction to Catalysis and | Department of Material December 18, Dr.R.V.Jasra
(i) Catalysis for Sustainable Science, Sardar Patel 2004
Development. University, Vallabh Vidya

Nagar,

26 Development of lon-exchange AIChE-IIChE-Indo-US Joint December 21, Dr.V.K.Shahi,
membranes at CSMCRI for Conference/ Mumbai 2004
Electrodialysis and related
processes.

27 Simple ideas and the joy of Invited Lecture, 22" Indian January 16, Dr.P.K Ghosh
inventing. Paint Conference/ Mumbai 2005

28 Radiation and Photochemistry National Symposium, January 17-19, Dr. A. Das
(NSRP) Karnataka University, 2005.

Dharwad,

29 Value addition of seaweeds. One-day seminar on December 29, Dr.AK.
Investment opportunities in 2004. Siddhanta
Biotechnology, B.V. Patel
PERD Centre, Ahmedabad

30 Chemoselective synthesis of Poster presentation in February 4-6, Dr. S.
multiple epoxy-bridged Seventh National Symposium | 2005 Muthusamy
tetrahydropyranone ring in Chemistry, 1ACS, Kolkata
systems.

31 Chemoselective synthesis of 3- | Poster presentation in February 4-6, Dr. S.
arylamino- or 3- Seventh National Symposium | 2005. Muthusamy
heteroarylpiperidin-2-ones. in Chemistry IACS, Kolkata,

32 Water purification technologies. | National Habitat Centre, New | January 31, Dr.P.S. Anand

Delhi and Premises of Kanoria | 2005 and
Chemical Ind Pvt. Ltd. Kolkata | February 2,
2005

33 Integrated salt production with Invited Lecture, National January 28-29, Dr.P.K.Ghosh

by product recovery. Conference on Salt at Nirma 2005
University, Ahmedabad.

34 Simple and cost Effective RO Invited Lecture at XIl General | February 9, Dr.P.K.Ghosh
desalination technology based Assembly Scientific 2005
on CSMCRI's Indigenous thin Committee on the problems of
film composite membrane. the environment ( SCOPE)

INSA New Delhi

35 Translating simple ideas in to Invited Lecture, at XIX Gujarat | February 19, Dr.P.K.Ghosh
inventions in emerging area of Science Congress, Vallabh 2005.
technology. Vidhyanagar

36 Reference materials of mono 5th International Conference February 23-25, | Dr. R.S.
elemental dilute solutions in on 'Advances in Metrology, 2005. Shukla
water analyzed by Atomic National Physical Laboratory,

Absorption Spectrometric New Delhi
methods. J
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- (i) Introduction to catalysis (ii) Department of Chemistry, February 3-4, Dr.R.V.Jasra

=7 Catalysis for sustainable (iii) College of Science, 2005
Proactive Nature- an ability to M.L.Sukhadia University,
elevate our life. Udaipur,

38 (i) Oxidation catalysts for Refresher Course for college February 3, Dr.R.S.Shukla
functionalization of teachers, Chemistry 2005
hydrocarbons by molecular Department, Gujarat and
oxygen., (ii) Metal complexes University, Ahmedabad
catalysed activation of gaseous Dr R.V.Jasra
molecules for their value
addition: a C1 chemistry
approach. (iii) Introduction to
catalysis. (iv) Applications of
catalysis for chemical,
environmental and energy
sectors.

39 (i) 'Chirality in chemical Refreshers course, February 16-17, | Dr.N.H.Khan
industries with special reference | Department of Chemistry, 2005
to pharmaceuticals'. (ii) Chiral Aligarh Muslim University,
metal complex catalyzed Aligarh
enantio-selective epoxidation of
non-functionalized alkenes.

40 Low Molecular Mass Organic National Seminar on Polymer, | March 11-13, Dr.P. Dastidar
Gelators (LMOGs): From Surfactants & Gels. M.S. 2005
Serendipity to Design. University, Baroda.

41 Microwave induced one pot National Seminar on polymer, | March 11-13, Dr.K.Prasad
synthesis of carrageenna-g- surfactants and gels. M.S 2005
MMA in presence of potassium University, Baroda
persulphate initiating system.

42 | Studies on sugar reactivity of National Seminar on polymer, | March 11-13, Mr. R.Meena
agars extracted from some surfactants and gels at M.S 2005
Indian agarophytes. University, Baroda

43 | (i) Recovery of bromine from Chemical engineering, March 4, 2005 Dr.A.S.Mehta
bittern and effluent of industries. | Department of GCET, Vallabh
(ii) Production of biodiesel from VidyaNagar
Jatropha curcus seed oil

44 | Cultivation technology developed | National workshop held at February 17, Dr.K. Eswaran
by CSMCRI for Kappaphycus CMFRI, Mandapam. 2005
alvarezii.

45 | A rapid method of modification of | National Seminar on Recent May 13-14, Dr. K.Prasad
agar by grafting with polyvinyl developments in biomedical 2005
pyrrolidone. polymer and its application.

Bangalore

46 | Update of progress on cultivation | Invited lecture, DST Green July 15, 2005. Dr.P.K.Ghosh
of Jatropha curcas and Biodiesel | chemistry workshop, Madurai
preparation. Kamraj University, Madurai,

47 | Progress in genetic engineering | National symposium on June 23-25, Dr.
of seaweeds in, their Chemistry Marine Plants, Tuticorin, 2005 C.R.K.Reddy
and Utilization. Tamilnadu J
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/48 | Selective oxidation of n-butane 5th World Congress in September 25- Dr. K.
over Fe-doped vanadium Oxidation Catalysis Sapparo, | 30, 2005 Srinivasan
pyrophosphate prepared from Japan
lamellar vanadyl
benzylphosphate.

49 | Talk to the Agarias and small Invited talk, Maliya March 6, 2005 Dr.A.M.Bhatt
scale salt manufacturers
regarding the importance of
quality and yield of salt.

50 | Talks on the Chemistry of salt Get-together of medium and March 20, 2005 | Dr.V.P.
manufacture and different critical | large scale salt producers of Mohandas
field parameters to be followed South Gujarat.
for good quality salt production.

51 Nano-clays as adsorbents and ‘Seminar on Nanomaterials March 11-12, Dr.R.S.Somai
reinforcement for polymer and Nanotechnology, The 2005
composites. Current Scenario (SNNO05) S.

P. University, Vallabh
Vidhyanagar

52 | Synthesis and characterization Seminar on Nanomaterials March 11-12, Mr. Hashmukh
of nano-clays from smectite and Nanotechnology - The 2005. Patel
family. Current Scenario (SNNO05),

S..P.University,
VallabhVidhyanagar

53 | Surfactant assisted synthesis of | National Seminar on March 11-13, Dr. Beena Tyagi
nanoporous, nano-crystaline Polymers, Surfactants and 2005.
inorganic solids. Gels, held at Department of

Chemistry, M.S. University,
Baroda

54 | Sol-Gel: A Novel Method for the International conference on March 5, 2005 |Dr. R. K. Nagarale
preparation of Organic-Inorganic | advances in polymer blends,
Hybrid Cation- Exchange composites, ions and gels.
Membrane in Aqueous Medium. | School of Chemical Sciences,

Kerala,

55 | Seasonal Distributions and International Oil Spill May15-19, Dr.G.
Infectivity Levels of Petroleum Conference Miami Beach 2005. Ramachandrai
Hydrocarbons in Marine Florida, USA, ah
Environment at Alang-Sosiya
Ship Scraping Yard, Gulf of
Cambay, India.

56 | Value addition of seaweeds and | IICB, Kolkata July 18, 2005. Dr.A.K.Siddha
commercial opportunities. nta

57 | Water availability and quality: International training August 22, 2005 | Dr. G.
Desalination membranes at the workshop, TERI, New Delhi Ramachandrai
on Key vulnerabilities in small ah
island developing states.

58 | Electro dialysis Plant Design, Mini-symposium on September 19, Dr.

Operation & Economics. Electrochemistry and 2005. S.K.Thampy
membrane applications,
CSMCRI Bhavnagar

59 | Progress in tissue culture of Mini-symposia, Seaweed October 30, to Dr. C.R.K.
economically important cultivation and utilization, November 4, Reddy
seaweeds. Asian Pacific Phycological 2005 J
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/ Science behind desalination and | Invited lecture, Symposium on | November 15- Dr.P.K.Ghosh
60 | isotope hydrology. science behind nuclear 18, 2005
technology, 16" Annual
conference of INS, BARC,
Mumbai
61 | Preparation of copolymer Carbo XX Carbohydrate November 24- Mr.R.Meena
hydrogel of agar and sodium Conference, Lucknow 26, 2005
alginate blend.
62 | Inventing in seemingly mature Invited lecture, Seminar on November 25, Dr.P.K .Ghosh
areas: Recent examples form innovations; Life-Line of 2005.
CSMCRI. chemical industry organized
by IIChE, Ahmedabad
63 | Biofuels in the transport and auto | Invited lecture, December 7-8, Dr.PK.Ghosh
industry: Case study of Jatropha | International conference on 2005
biodiesel from wasteland in alternative fuels and energy
India. choice 2005, (AFEC-2005) at
KL Malaysia, Malaysia,
64 | Monovalent ion selective National Conference on December 28-30 | Dr. V.K.Shahi
polypyrrole composite ion- Thermodynamic of Chemical , 2005
exchange membranes: & Biological Systems, Guru
characterization by non- Nanak Dev University,
equilibrium thermodynamic Amritsar, Punjab
approach.
65 | Status and problem areas of Summit for Strategic January 6, 2006. | Dr.C.R.K.
marine biotechnology in Gujarat | Development of Marine Reddy
and potent areas for R&D. Biotechnology in
Gujarat.(GSBTM)
Gandhinagar
66 | Value added seaweeds and their | National seminar Biology, January 17, Dr.A.K.Siddha
industrial applications Biochemistry and Industrial 2006 nta
Applications, Bhavnagar
University, Bhavnagar
67 | Tissue culture and value addition | National Seminar on Seaweed | February 2005 Dr.C.R.K.
aspects of Marine macrophytic Cultivation in the Gulf of Reddy
algae. Mannar and Palk Bay,
Mandapam
68 Recent advances and concepts Invited lecture,International January 20, Dr.PK.Ghosh
in industrial and edible salts. conference on salt, Nirma 2006.
University, Ahmedabad
69 Innovations in Marketing: The Invited Lecture, CSIRR & D March 3-4, Dr.P. K.Ghosh
CSMCRI approach. Management conference, 2006.

New Delhi,

J
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Seminars at CSMCRI

Annexure

(ﬁ:) Topic Place of work Date Presenter

1 Studies on the Effect of Ship | CSMCRI, Bhavnagar May 17, 2004. Mr. S.K. Mandal
Scrapping Industry Wastes
on Marine Phytoplankton at
Alang, Gujarat.

2 New Frontiers in School of Chemistry, June 1, 2004 Prof Nittala S.
Oceanography — The Algal Andhra University, Sharma.
Biomarkers Visakhapatnam

3 Tissue Culture Aspects of Ph.D seminar, Wasteland August 16, 2004 | Dr. Ravi Prakash
Some Desert Economic research discipline,

Plants CSMCRI, Bhavnagar

4 Strategic R&D planning CEO, INKROMA e- August 31, 2004 | Dr. Shankar Prasad
through process centric business Solutions Pvt. Ltd,
knowledge management. Bangalore

5 Use of patent information for | Head, URDIP, Pune August 31, 2004 | Dr.R.R Hirwani
research and business
planning.

6 Recent IT services at Head, IR Cell CSMCRI September 22, Dr. S.Kannan
CSMCRI. Bhavnagar 2004.

7 Bioleaching of metals. Head, Department of December 28, Prof. S.R.Dave

Microbiology, Gujarat 2004
University.

8 Quest for New Materials: 11ISc, Bangalore September 26, Professor J
Chemistry Plays Key Role 2004. Gopalakrishnan

9 Hindi Saptaha celebration DDIT, Nadiad September 17, Prof.
lecture on Goal setting. 2004 Prafulbchandra

Shah.

10 | Radiation Chemistry Associate Director, October 11, Dr. Tulsi Mukherjee
Research in BARC: Drugs, Chemistry Group 2004.
antioxidants and metal nano- | BARC, Mumbai
particles.

11 Investigation on Physico- Ph.D seminar, CSMCRI November 19, Ms. Anamika Patel
chemical Properties of Bhavnagar 2004.

Phycobiliproteins(PB) from
Cyanobacterial species of
Indian Coast

12 | Development of Fluorescent CSIR Young Scientist November 1, Dr. Pradyut Ghosh
Signaling Systems and Award in Chemical 2004
Molecular Devices Sciences for the year 2004,

CSMCRI Bhavnagar

13 | Synthetic self assembling Department of Biological January 6, 2005. | Dr. Arindam
peptides in biology and Chemistry, Indian Banerjee
material sciences. Association for the

Cultivation of Science,
Jadavpur, Kolkata
14 | Studies on Tandem Ph.D seminar, CSMCRI January 6, 2005 Dr. C. Gunanathan

Reactions of -Diazo Ketones
Using Transition Metal
catalysts Towards the

Bhavnagar

)
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/15 Synthesis, Characterization Ph.D seminar, CSMCRI February 16, Dr. Kishore Dasari
and Industrially Relevant Bhavnagar 2005
Organic Transformations
Over Solid Base Catalysts

16 Protection From Toxic Emeritus Medical Scientist February 8, Prof. P.P. Sood
Chromium (ICMR), Department of 2005.

Biosciences, Saurashtra
University, Rajkot

17 | Selection and Classification Reader in Chemical March 10, 2005 Dr. B. N. Thorat
of Industrial Drying Systems Engineering, Institute of
(Case studies of Drying of Chemical Technology
Inorganic Salts) Mumbai,

18 Order, disorder and Department of Chemistry, March 16, 2005. Prof. P. V ishnu
crystallinity in layered Central College, Bangalore Kamath
hydroxides University, Bangalore

Staff News
Awards and Recognition 2004-05
(Sr. | Awards and Recognition Awardee(s)
No.
1 Technology Price 2004 in “Chemical S/Sri V.J. Shah, Ms. S.V. Hoshi,
Technology” for Development of high flux thin 1. Thfvesh. @V, BavimuEit
film composite reverse osmosis membrane A Prakasr; Rao. N. Pathak,
technology and its applications for water PA. Patel, A.A. I5atel, NK. Waghani,
desalination and purification. T.B. Gohil, K.J. Anjara, K. Eswaran and
P.K. Gh osh
2 CSIR Young scientist award 2004 in Pradyut Ghosh
Chemical Sciences awarded to scientist of
CSMCRI, Bhavnagar. J
Awards and Recognition 2005-06
(Sr. | Awards and Recognition Awardees
No.
1 Technology Price 2004 in “Chemical S/Sri V.J. Shah, Ms. S.V. Hoshi,
Technology” for Development of high flux thin | J.J. Trivedi, C.V. Devmurari,
film composite reverse osmosis membrane A. Prakash Rao, N. Pathak,
technology and its applications for water PA. Patel, A.A. Patel, N.K. Waghani,
desalination and purification. T.B. Gohil, K.J. Anjara, K. Eswaran and
P.K. Ghosh
2 Poster award in 9™ National Conference on R.I.Kureshy, |. Ahmed, N.H.Khan,
Bioactive Heterocycles and Drug Discovery S.H.R.Abdi, S.Singh and R.V.Jasra.
Paradigm at Saurashtra University, Rajkot
Gujarat during 8-10 January 2005.
3 Hindustan Platinum award fir the Best Poster | R.l.Kureshy, . Ahmed, N.H.Khan,
in 17" National Symposium on Catalysis held | S.H.R.Abdi, J.Mayani and R.V.Jasra
at CSMCRI Bhavnagar during 18-20 January
2005.
4 Vikram Sarabhai Award for the year 2003-04 | S/Sri V.J. Shah, P .K. Ghosh,
on “Membrane Technology in solving the Ms. S.V. Hoshi, J.J. Trivedi,
environment problem associated with water C.V. Devmurari, A. Prakash Rao
pollution” and R.M. Kawa
5 Daimler Chrysler Environment award 2005 on | P.K. Ghosh and the team
“Bio-diesel from eroded soils of India”
6 CRSI Bronze Medal for the year 2006 by the | S,Muthusamy
Chemical Research Society of India in
recognition to the contribution in the synthesis
of new molecules. |
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Appointment, Promotion, Retirement, Transfer, Resignation
Appointment

/Sr. Name Designation Date of
No. Appointment
1 Mr. Indrajit Mukhopadhyay Scientist-C Group-1V(2) 02.07.2004
2 Dr. Puyam Sing Scientist-C Group-1V(2) 02.07.2004
3 Mr. Nilesh K. Vaghela Scientist-B Group-1V(1) 17.08.2004
4 Mrs. Hansaben D. Rathod Wash Person 22.06.2004
5 Dr. Doongar Ram Chaudhary Scientist-B Group-1V(1) 04.10.2004
6 Ms. Nivedita Sahu Scientist-B Group-1V(1) 13.10.2004
7 Dr. Pradeep K. Agraval Scientist-C Group-1V(2) 29.11.2004
8 Mr. Vinod kumar Agrawal JTA Group-Ili(1) 24.11.2004
9 Mr. Jignesh J. Shukla JTA Group-llI(1) 01.12.2004
10 | Mr. Jayeshkumar K.Mokani Jr. Engg. (Civil) Group-IlI(1) 06.12.2004
11 Mr. Sumesh C. Upadhyay Scientist-B Group-1V(1) 02.12.2004
12 | Mr. Arup Ghosh Scientist-B Group-I1V(1) 09.12.2004
13 | Mr. Sandip K. Mukhopadhyay Scientist-B Group-1V(1) 09.12.2004
14 | Dr. Avinash Mishra Scientist-B Group-1V(1) 15.12.2004
15 | Mr. Harshad R. Brahmabhatt JTA Group-llI(1) 21.12.2004
16 | Mr. K. G. Vijayanand JTA Group-IlI(1) 23.12.2004
17 | Mr. Jaiswar Santlal JTA Group-IlI(1) 12.01.2005
18 | Ms. Alpa L. Pathak Assistant Gr-111(G) 19.01.2005
19 | Mr. Ravi H. Patel Assistant Gr-llI(F&A) 20.01.2005
20 | Mr. Avinash Kumar S.0. (F&A) 08.02.2005
21 Mr. Arun Kumar Das Scientist-B Group-1V(1) 15.02.2005
22 | Mr. Dayakant Kumar S.0. (F&A) 14.02.2005
23 | Mr. Dhananjay Kumar Assistant Gr.l (F&A) 23.03.2005
24 | Mr. Devendra Pincha Assistant Gr.l (S&P) 21.03.2005
25 | Mr. Gopalsamy Gnansekaran JTA Group-IlI(1) 18.05.2005
26 | Mr. Shrikant Sharma Assistant (G) Gr.l 16.06.2005
27 | Mr. Raval Hiren D. Scientist —B Group-1V(1) 16.06.2005
28 | Mr. Kumar Rahul Section Officer (Gen) 27.10.2005
29 | Mr. Vaghela Piyush B. Group-lI(1) Electrician 12.01.2006
30 | Mr. Modi Brindesh B. Group-lI(1) Ref & A/C. Mech 16.01.2006
31 | Mr. Zala Krushnadevsinh S. Group-li(1) Boiler Operator-cum- 16.01.2006

Machinist
32 | Mr. Dhiren J. Patel Group-lI(1) Draughtsman Mechanic 31.01.2006
33 | Mr. Sanghani Mahesh L. Group-lI(1) Instrumentation Mechanic 31.01.2006
34 | Mr. Pramod N. Makwana Group-lI(1) IT Assistant 02.02.2006
35 | Mr. Chauhan Ketan A. Group-lI(1) IT Assistant 07.02.2006
36 | Mr. Vakani Viral L. Group-lI(1) Lab Technician 03.02.2006
37 | Ms. Makwa Afsanabanu Group-lI(1) Field Assistant 06.02.2006
38 | Mr. Patil Rahul S. Group-lI(1) Machinist 13.02.2006
39 | Mr. Satyaveer Gothval Group-lI(1) Lab Technician 01.03.2006
40 | Mr. Nitin Ganesh Borle Group-lI(1) Machinist 02.03.2006
41 Mr. Brahma Prasad Meena Group-ll(1) Field Assistant 03.03.2006
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Promotions (Assessment / DPC etc.)

(Sr. No. Name Promoted to With effect from
1 Dr. G. Ramachandriah | Scientist F Group IV(5) 23.12.2003
2 Dr.(Mrs) K. H. Mody Scientist F Group 1V(5) 01.02.2004
3 Dr. S. T. Rajan Scientist F Group IV(5) 06.06.2002
4 Dr. H. C. Bajaj Scientist F Group-1V(5) 09.12.2002
5 Dr. J. J. Trivedi Scientist E.ll Group-1V(4) 01.02.2003
6 Dr. A. K. Siddhanta Scientist E.Il Group-1V(4) 14.07.2002
7 Dr. S. N. Rao Scientist E.ll Group-1V(4) 01.02.2003
8 Dr. Amitava Das Scientist E.ll Group-1V(4) 01.09.2002
9 Dr. N. H. Khan Scientist E.I Group-1V(3) 16.09.2002
10 Shri P.M. Solanki Scientist E.l Group 1V(3) 18.06.2003
11 Dr.P.Dastidar Scientist E.l Group IV(3) 11.08.2002
12 Dr.V. K. Shahi Scientist E.l Group IV(3) 07.01.2004
13 Shri J. R. Chunawala Scientist E.l Group 1V(3) 27.12.2003
14 Dr. A.U. Hamidani Scientist E.l Group IV(3) 03.02.2004
15 Dr. K. Eswaran Scientist E.l Group IV(3) 16.02.2004
16 Dr. Amit Bhattacharya | Scientist C Group IV(2) 30.11.2003
17 Shri Pardeep Kumar Scientist C Group 1V(2) 04.10.2003
18 Shri Chandrakanth C.K.| Scientist C Group IV(2) 01.10.2003
19 Shri Kamlesh Prasad Scientist C Group 1V(2) 30.10.2003
20 Shri S. Adimurthy Scientist C Group 1V(2) 03.10.2003
21 Dr.J.G. Bhatt Scientist C Group 1V(2) 29.10.2003
22 Dr. M. Ganesan Scientist C Group 1V(2) 11.08.2003
23 Dr. B. D. Shethia T.0. E.I Group 1lI(6) 01.02.2003
24 Shri S. A. Chauhan T.0. C Group llI(5) 25.10.2003
25 Mrs. B. G. Shah T.0.C Group llI(5) 01.02.2003
26 Shri A. A. Patel T.0.C Group llI(5) 01.02.2003
27 Shri M. L. Bhatt T.0.B Group I11(4) 17.06.2003
28 Dr.(Mrs.) A. K. Bhatt T.0.B Group 11(4) 26.03.2003
29 Dr.(Mrs) P. A. Bhatt T.0.B Group 111(4) 21.04.2002
30 Dr.(Mrs) M. R. Rathod | T.O.B Group Il1(4) 16.02.2003
31 Shri B. S. Makwana T.0.B Group Il1(4) 12.08.2002
32 Dr. Suresh E. T.0.B Group l11(4) 26.05.2002
33 Shri S. N. Patel T.0. A Group 111(3) 16.01.2003
34 Shri L. M. Kachadia T.0. A Group IlI(3) 21.01.2003
35 Shri R. J. Sanghavi T.0. A Group 111(3) 19.06.2002
36 Shri M. V. Gopal Engineer (Civil) Group VA(4) 30.04.2001
37 Shri V. K. Bhatt Technician Group 11(4) 01.01.2003
38 Shri K. R. Patel Technician Group 11(4) 01.01.2003
39 Shri S. M. N. Jainulabdegetechnician Group 11(4) 01.01.2003
40 Shri J. N. Parmar Technician Group 11(4) 26.08.2002
41 Shri A. S. S. Ahmed Technician Group 11(4) 07.11.2003
42 Shri S. H. Kalsariya Technician Group 11(4) 27.02.2004
43 Shri V. C. Zala Technician Group 11(4) 01.06.2003
44 Shri M. D. Vala Technician Group 11(4) 29.09.2003
45 Shri M. J. Baraiya Technician Group 11(4) 01.06.2004
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46 Shri B. R. Mehta Technician Group 11(4) 22.09.2004
47 Shri B. P. Rathod Technician Group 11(4) 01.10.2004
48 Shri D. R. Parmar Technician Group 11(4) 20.11.2004
49 Shri G. G. Kalena Technician Group 11(4) 04.10.2004
50 Shri P. M. Parekh Technician Group [I(3) 01.01.2003
51 Shri B. A. Sharma Technician Group 11(3) 01.01.2003
52 Shri S. D. Gohil Tec hnician Group 11(3) 01.01.2003
53 Shri A. H. Lakhani Technician Group 11(3) 01.01.2003
54 Shri B. A. Bhatti Technician Group 11(3) 01.01.2003
55 Shri P. Adhikari Technician Group 11(3) 01.01.2003
56 Shri N. J. Jani Technician Group [I(3) 01.01.2003
57 Shri S. Digal Technician Group [I(3) 01.01.2003
58 Shri B. M. Parmar Technician Group 11(3) 17.08.2003
59 Shri M. M. Kapure Technician Group 11(3) 21.08.2003
60 Shri H. B. Nathani Technician Group 11(3) 04.10.2003
61 Shri N.G. Bhambhi Technician Group 11(3) 21.08.2004
62 Shri M. R. Gajjar Technician Group [I(3) 01.02.2005
63 Shri A. A. Pattani Technician Group 11(3) 08.11.2004
64 Shri R. J. Jani Technician Group 11(3) 31.07.2004
65 Shri R. G. Khetsi Technician Group 1(4) 01.05.2002
66 Shri J.L. Chuahan Technician Group [(3) 19.07.2002
67 Mrs. A. A. Habibani Technician Group I(3) 05.10.2002
68 Shri J. B. Kanada Technician Group I(3) 05.10.2002
69 Shri G. M. Thakkar Technician Group I(3) 24.01.2003
70 Shri A. J. Vaghela Technician Group [(3) 17.08.2003
71 Mrs. S. Malika Technician Group [(2) 26.10.2002
Transfer to CSMCRI
[ Sr. No. Name Designation Transferred to Date
1 Shri Baljeet Singh F & A.O. CSIR, New Delhi 19.04.2004
2 Shri L. S. Waghela Group I(3) NML, Jamshedpur 12.09.2005
3 Shri V. Harikrishnan S.O0.(F &A) CGCRI, Naroda Centre | 05.12.2005 )
Transfer from CSMCRI
(" Sr. Name Designation Transferred From Date
No.
1 Shri Ram Swaroop F & A.O. CSIO, Chandigadh 23.04.2004
2 Shri Alok Sharma S.0. CBRI, Roorkee 11.06.2004
3 | Shri A. K. Pandey Asstt.(G) Gr.l NML, Jamshedpur 08.04.2005
4 Shri Rajkumar S.0.(F&A) CDRI, Lucknow 10.04.2005
5 | Shri Sanjeev Sadanandan | Asstt.(G) Gr.lll NAL, Bangalore 30.06.2005
6 | Shri Krishan Singh Security Officer IGIB, Delhi 17.11.2005
7 Shri Dayakant Kumar S.0.(F&A) CMERI, Durgapur 23.11.2005/
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Retirement
/ Sr. Name Designation Date of retirement
No.

1 Shri B. M. Boricha Assistant (G) 30.04.2004
2 Shri C. C. Maniyar** Tech. Gr.ll 01.06.2004
3 Shri M. Nandagopal Tech Gr. Il 31.07.2004
4 Dr H. V. Joshi Scientist Gr.IV (5) 31.07.2004
5 Shri S. N. Ghosh Scientist Gr. IV (5) 31.08.2004
6 Shri V. K. Bhatt Tech Gr. |l 31.08.2004
7 Shri H. M. Dhamal* Tech. Gr.ll 30.07.2004
8 Shri B. D. Bhatt* Scientist Gr.IV(5) 10.08.2004
9 Shri N. J. Dave T.O.Gr. Il (4) 30.09.2004
10 Shri ( Miss) C. R. Pandya Tech Gr. |l 30.09.2004
11 Shri L. J. Sharma** Tech. Officer Gr.111(3) 17.11.2004
12 Shri R. R. Naiya Assistant (G) 31.10.2004
13 Shri K. J. Rawal Jr. Security Guard 31.10.2004
14 Shri R. D. Rathod T.0.Gr. Il (3) 31.10.2004
15 Shri S. M. N. Jainulabdeen Tech Gr. |l 31.12.2004
16 Shri T. N. Gupta T.O.Gr. 11l (6) 31.01.2005
17 Shri B. B. Gohil Head, Armed Guard 31.01.2005
18 Shri K. Vijayraghavan Sr. Stenographer 06.05.2005
19 Shri S. B. Parmar Safaiwala 31.01.2005
20 Shri K. C. George Tech. Gr. Il 30.06.2005
21 Shri A. H. Boricha Assistant (G) 30.06.2005
22 Shri D. L. Trivedi Tech. Officer Gr.1(4) 31.07.2005
23 Shri K. J. Anjara Tech Gr. Il 30.09.2005
24 Dr J. B. Pandya Scientist Gr.1V (5) 30.11.2005
25 Shri K. B. Parmar Tech Gr. | 31.12.2005
26 Shri Dhiraj Chhagan Safaiwala 31.12.2005
27 Shri V. B. Boricha * Tech. Officer Gr.1(4) 31.12.2005
28 Shri M. G. Parmar Jr. Security Guard 31.01.2006
29 Shri S. L. Purohit* Tech. Officer Gr. l1(3) 01.03.2006
30 Shri U. R. Patel* Tech. Officer Gr.11(3) 23.03.2006 -/

Obituary

The Director and staff of CSMCRI deeply mourn the sudden and sad demise
of their colleagues.

Mrs C.L.Pathak, (7" April, 2004), Shri B.C.Chauhan (16" November 2004),
Dr.R.Rangarajan (13" April 2005) and Shri P.N.Gohil (20" October 2005)
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Research Council

Prof. V. Krishnan,

Hindustan Lever Research Professor & Head,
Chemical Biology Unit,

Jawaharlal Nehru Centre for Advance Scientific Research,
Jakur Campus P O, Bangalore 560 064

Prof. G. Subramanian,

Ex-Director,

National Facility for Marine Cyanobacteria,
Bharatidasan University,

E-204, Vasanth Vihar Apartments,

Cross West Extension, Thillai Nagar,
Tiruchirapalli 620 018

Dr. Devang Vipin Khakhar,

Professor & Head,

Department of Chemical Engineering,

Indian Institute of Technology,

Mumbai, Powai, Mumbai 400 076

Prof. K.C. Upadhyay

School of Life Scinces,

Jawaharlal Nehru University,

New Delhi 110 067

Dr. Sumit Bhaduri,

Head,

Research & Development,

Reliance Industries Ltd.,

Swastik Mill Compound,

Corporate Park,

V.N. Purav Marg,

Chembur, Mumbai — 400 071

Shri V.M. Naik,

Deputy Head of Laboratory,

Unilever Research India,

Hindustan Lever Research Centre,

No. 64, Main Road,

Whitefield,

Bangalore 560 066

Prof. M Ravindran,

“Vigna Raja’,

17C Pondicherry Road, Kottur, Chennai 600 0085
Dr. S Sivaram,

Director,

National Chemical Laboraory,

Pune 411 008

Dr. Pushpito K Ghosh,

Director,

Central Salt & Marine Chemicals,

Research Institute, G. B. Marg, Bhavnagar 364 002
Dr. P S Ahuja,

Director,

Institute of Himalayan Bioresource Technology,
Post Box No. 6, Palampur 176 001

Dr. A S Mehta Secretary,

Scientist,

Central Salt & Marine Chemicals,

Research Institute, G. B. Marg, Bhavnagar 364 002
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Member

DG’s nominee
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Management Council

Dr. P.K. Ghosh,
Director,

CSMCRI, Bhavnagar
Dr. M.D. Zingde,
Scientist G,

NIO Regional Centre, Mumbai
Mr. M.R. Gandhi,
Scientist-F,

CSMCRI, Bhavnagar
Dr. D.B. Shukla,
Scientist-E.II,
CSMCRI, Bhavnagar
Dr. Parimal Paul,
Scientist-E.II,
CSMCRI, Bhavnagar
Dr. (Mrs.) R.l. Kureshy
Scientist-E.I,

CSMCRI, Bhavnagar
Dr. Puyam Singh
Scientist-C,

CSMCRI, Bhavnagar
Mr. B.L. Raval
Asstt.Exec. Engineer.,
CSMCRI, Bhavnagar
Mr. Baljeet Singh
F&A.O,

CSMCRI, Bhavnagar
Mr.Y. Ramakrishna
Controller of Administration,
CSMCRI, Bhavnagar
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Resources
i Category Persons on roll as on
31.3.2005 31.3.2006

Scientific Group IV 93 91

Technical Group Il 41 41
Group I 64 72
Group | 22 20
Group V 03 03
Total (Technical) 223 227

Non-technical Group A 03 03
Group B 36 33
Group C 17 19
Group D 17 11
Total (Non-technical) 73 66
Total 296 293

EMR and Project related temporary personnel

Scientist Fellow (Quick hire) 00 00
Research Associate 00 03
(RA)/Sr. RA
Senior Research Fellows 19 13
(SRF)
Junior Research Fellow 09 26
(JRF)
Project Assistants 67 57
Others (project related) 38 43
Total 133 142 /

Budget (from CSIR)

f Budget Heats 2004-05 2005-06
Equipment — P15, P5 (3) etc. 106.000 400.865
Infrastructure/facilities — P5(1) & P5(2) 58.000 16.801
Library books — P5(4) 81.139 95.032
Chemicals & Consumables — (P7) 188.307 146.375
Manpower related expenditure — (P1, P2 & P3) 608.103 640.718
Residual — (P4, P6 etc.) 215.864 239.300
Network Project 305.027 158.710
Total 1562.440 1697.801
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First solar power operated community scale reverse
osmosis desalination plant installed in the country
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