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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 the these Institutes. They should realize
that service to India - no, even to the whole world; science has no frontiers”.

Pandit Jawaharlal Nehru
Extract from the inaugural address on 10" April 1954
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FOREWORD

| have great pleasure in presenting the Report for the period 2000-2002. We
have continued to pursue the goal of integrating all of the Institute's
activities under the common theme of seawater research. This has helped
identify some big goals and promote synergy among the disciplines. Our
second area of focus has been on innovation and excellence. Our third area
of focus has been on quick translation of concepts into practice. Our fourth
area of focus has been on relevance, and we have enlisted the participation
of industrial clients, even while undertaking projects supported by Grant-in-
aid agencies. Our fifth area of focus has been societal responsibility and it
has been gratifying to work closely with marginal producers of salt and see
their income level rise. Our sixth area of focus has been on competency
building and infrastructure development.

Scientists of the Institute won the CSIR Technology award in 2001 and 2002. Itis
gratifying that Pepsico India Holdings Ltd. has embarked on commercial
cultivation of Eucheuma utilizing the Institute know how. It is also gratifying that
NALCOQO's Zeolite A plant based on CSMCRI know how was commissioned
successfully this year. Two of our scientists were awarded the prestigious Raman
Fellowship,onein 2001 and one in 2002. The Institute maintained a healthy track
record of publications, which, in 2001-2002, had the fourth highest 'average
impact factor' within the CSIR group of laboratories. The Institute also filed a
number of international patents in areas of direct relevance to the Institute's
mandate. This is especially satisfying since we have been able to innovate in
seemingly maturetechnologies.

The Institute is centralizing its analytical facilities, which will be housed in the new
laboratory building whose construction has been completed. Several new
instruments such as XRF, ICP-OES, Environmental SEM (with EDAX) and DSC-
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TGA-DMA, have also been procured. Two new pilot plants are coming up in
Mandapam field station (for production of bacteriological agar and carrageenan)
and Experimental Salt Farm (for integrated recovery of marine chemicals). Anew
hostel has also been sanctioned to accommodate the growing number of project

assistants.

lamgratefultoallthose who havelenttheirsupporttothe Institute.
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AR I A YIETY &1 YT eraegswar &1 gfcf (3 fielia e7) amard g1 &1 ATy 2,
sAfad EAR AU H WEWIAT A T G | qA ATa T d glerer g yiRa &
fad =geTR® ufpar Asfad $371 a9y ® 81 TAT 2 | TQURTT 89 A Alee
g9 14 el 57 99% 1 STUTRT &7d © a1 agscurd fyed &t arerer g1+ qen
AANRATHT T L — 4 GYS 9 JAIfeq HR I &, SAFAY SADT ST HRAT §TB11Y
2 | T[ORTd & Ho6 BT I$T—IF Haxd] fyed ST Agifaa e d & i 7ierer ST &
fad U fHar 1 GHFAT 2 | 9139 9T 4/ g 4T |Qifeaq sRAATST | Arfifw
gfte @ fraeadY gierer &1 Scute fearsrasars | e +ff sfrea ygamra wiewr s
fad el s9a Aree @ faarsrs aramef freaaw Fifeaq arad FRAATE T T IUTIT |
U AP HTE 2 | IR U AT 9 Ut fye qor yfHra 919 9 S=a deh e gaa
AT ATEATATA FTSH D HRUT BISATSC TIFY D ST ATeC B YR 19 U sieht
2, IR 59 FTISATS € &1 ITART H¥d Fawdigmd grerer KCl (MOP) qerr uifiaq
aewe K, SO, (SOP) &Y g:91fta 31 Sifed &1 @ iR ¥vad: 39 RN & &4
IIRA A TS TSI ST 1911 & fad fo<dft gien et &1 sarariresor S rfaa 7Y
B IPT | 39 FATH 7 fUsd 1 91a @ I R uReeg 7 KCl gen K,SO, &t
g+: 91Ra @ fad qera wie e fafid #39 @ foad ascaqefgafa e |

ggdr af fyed &1 v e fafeT o374 31 wggRe ugfa feiRa #:3 #1371 159
&4 & fod g 9189 9 gt faed &1 g9 fear 1ar 791 s 9q9E 9139 /@ g1

fyed @ A $AH Wew< I araT et vl © 1 s9e wier  CaCl, &1 fpar 4
Ao AT NAVT FT ST STATU A MY FATIA AWA T | 3AFAY TP IUTEA W
faety egra fegr a7 | wdg e &1 o garaem HCIH @ CaCl, &1 3wured %7, 31
g9% fagd CaSo, s1darge a2m MgCl, #73¥3w gaiviss @ Scured &1 9fspar
fawfaa @1 718 1 MgCl, 6H,0 4 a1figrgMgO @ STUTRT & JIRTH WESTUTH B 3IH
HCI fiaar € safad 2 f%.31. / eveT #1 e19ar uR Ot S yfswsar gt MgO
IeuTed &1 BT 12 24 a1 a7 A HCl 397 g7 g1fiid & fad gaca a2 (Uese
geeli® e No.PCT/IN01/00185 f&=iT® 22 saqax 2001).

W3 7 9 @9 uR CaCl, 9T H34 & 1 d @S & fad Jqaemd 1d J-y @
3R U1 f6 ISR & STUTET @ SIRTH fIat a9 gfepar @ Seu= favea yarel s9 &
P fod fazgaia 2 | 799 AT ST FT SUTEH HRA aTd FRAT D fpew, Fivrsg
S HH, ORI 2d] DHIH fAfICS M T HH i Jyvfl e, AT o7+
Iftete deor fyed ¥qs # garfed &3d &, S faed @ @17 e sfrowx &
o fafefrexor gRT wierer a7 o=y 9 WA ®1 g yTRa # oA 2 | YIRA
WRPR B FeTATR fIHTH 9T & FeATT 4, FATH 594 A {B I & AT 59
fava ? HradTas |

FXATT 7, Gob fIfETHUT gRT FTHATS S ® IUTSH P U I BT SUAT H¥p 100
f%.a1. oY emwar ux e |ifsaw diee (NaCl g KCl &1 fasior) & fad gfwar
fapfad &) 2 9T 39 @ ATUNIHROT @ AU TS ST & 911 Afhd Ud H1ART 2



(de+e gt e No. PCT/IN02/00018 fgar® : 31-03-2002) €ATH 7 48T IR
38 499 W= <1% NaCl Jegarard ST dATse & SUTad &1 Yfhar Ieadrd s
fapfaa #12 | IRTTAETY Fies g19T §RT >98% yrgarara KCl &1 3cured 9+a
gAT 2 (U BT B B 9fpar 9 ?) | g@vT s 32° wR fyed &t syaRa
HP Aot cfafe s 31 ufpar ux amenfRa @ 71 39 ufhar gRT gATITAT WR W

KClstarsa & fad fre wifegw dree, MgCl, =nia aom yrguars) ux +ff gdieror food
T |

I aRsqHa, e e WR & 799 $ SIS $ a3 9189 D b fISHHIT &
9 Agcaq el T 9 7 ey SEi M BT &A1 ArH i fears | (Ve vlie e
No. PCT/INO1/00185 f&a1® 22 siaqax 2002). 9137 o frerd Gewe 31 ylgar @
H7ARIA AT ST (Weh T ATee & TUA) BT A1 # Ifg g1 2 v g 9159 4@
ATEMROT 9% AIR fHAT JATAT & | AISTRIT TAT BTRTH AIST BT SUTET B a1
IHATT9F DT YFATITH & ford gacTefid @ s sasdrd A 78 faa+ axaarsidi
98 7% fad ATIRTAI 8 | STATTH I[OTa<T a1l e e 9% @ rfarett o1 oma o
Hgfg st |

|eH cfIEINHROT Ugfa §RT T9% ST [UTE< A GER 7 G QAT BT GATH AT
(E"ITE) gA-9IRA & ST I8 Wi T Ty § 7gcaqvl U9 THY® & a0 $3
FHufral 3 39 9fpar / e v gerfar @ | yTa e dree w1 A d 99 THS SUTEH
P 119 100 9 ¥B o UR THS SUTET BT I&T §ipar arg=rs g off |

Jafy Usd HTHATS T §IRT UIST &) G911 31 ufpar &7 fawiy v 4 S fHar
TAT &, IR THS BT [OTA B JER B A9 I Q1A BT quTHTad g1:.917 &

AT ST &THAT AT T8 © o fp 59 AFHITH RTINS HTSTUTRA 2-3ATE ST |
SYTRT WA 8] © | (TP AT S 995 SUTRA S GIXTH We—9<uTe & ¥9 4 g fye
¥ 1200 7 91Tl &7 IUTE fHAT AT AHAT ) | BTATTS $ADT ATITIHAT Igd SATT
2 13U MY B & §$T-I9 7 Favd faed faga ar=r # gy 2, afe+ faw KCla
ITUTEA & A sAHT Aob TSNS H3A1 FaeTRe 981 2 | {5z +ft 319 Seure
D AT AHfad U A AHT STUTEH B 58 @ 9¥d & | fgova: fy fagdvat @
IR fyed ¥ Rera Gewe &1 Sfaa suat  SOP & scure+ # fHar = arfey o
MOP 3 43 9191 \ITAT © & {6 3HDT ST HH 517 BT HIROT §AB] SILA HIAT© |
T g7 H XVA Y, HRATS € Faf¥a 79 & MOP faarasx 94% 1gK,SO, & Itured
3 fod 99faa gara fea 13 | 39 gienfrer o1 fagyare € : (i) dies 999 gr™T
K,SO, &1 3wred (ii) ®rATs T fAf¥a 99% &1 suafRkd #373 @ fad MOP & srarar
=g T 3|19 @1 araeawar 981 (iii) 1Kg MOP fiam= | 1.5 Kg K,SO, @1
STEH fRarATaHAT e | @ aIner @ MOP &Y 3mard 35% & &) 91 G Y, a1eT

21 |1 IIRATT ST B SOP &Y ARSI ST § S HIFT IR S<IH ISP SUAET
PRIATSATAD T |




T AT BT gAY & a3 gHTsl (B HU9d) TSRO S IR AFHITH &

ISWRIT, G 3 3139 /fyed @ gafqa <o grerwr (K') &) gaufia & fa3
Sfaa frspds +f fosfia fed & 1 597 fied @ % e @ frsevo & fad Fivfs
TS ST @ YT ATAR GHITIAS | STSAHIAATST B ATT UIeTe &1 g1:9TRa & foad
qd Afa quaTar, SIEfiSdAEd &1 usd gd & Wi suafa  fEar
a7 iR I equTa (ReIsHAFEH) A faed 7 faarar w31, wd awTa ara
e gTw gaT | el fia &1 Arsfo s gifis @ wrer suafRa 37 4 g ufan
ATSETS € YT FIIT MR STSNHIAATS A T Y: SUIIT fHATATHST |

ST f SUR geriar 7971 @ 5 99« &1 st fire Suai faviva: s9d gt dfewraH
IeIfgal ST AT R AR Hrare 1 9157 9 ferran o1 arggfeai R a<A @ fod 9qd
AN e RAT $T YA HIF B ¢F FdTa9 Frenfis! fasfad #1718 2 | 59 dqef
(®ea) 7 9 Be” & 29 Be’ fafy=srararat Iqsiae fHa 19 Iarwrt & fod aresh
IHALTIAT IA & 142 ©vC & qraAid e RAT Feax 7 9137 ¥ o fozram gai¥a
HIA A ST &79dT ST 3T 39R 48 ¥ve 7 JT349 | Ag<wrq 80% & feeran AT o1 g
fear Tar | 9% 9fpar wies R (100 A ITID ) HTIART 2 AR fH7a 91$9 @ Seu==
TS W AT U & wrer 24> Be wR SUART B37 1x 50% o feeraw o fpar
AT (J.9. Ue=T YuAId A No.09/777664 fe=iaw 2 qars 2001) | a5 9fwar va
ygtaRer Al A Sgd artie ufwar e fawe aReras # sfafRed @+ ik ot a1
ATITIHAT T8 &A1 | ST TAcT a7 159 A TAdT TITAT (AT B8R ITDT ATATIR
RFAT S HIROT FTST @ T & ITfIHRo1 S A g 31 1 Gt oA o a1+l saat udteror
JIHIT |

|Tee 949 A §T89 $T ©9d g @ & 4194 & fad e anfasqa a5 feqrsa aix
famfaa fear 1ar, s UIe fage @ s 98 ATee BTH § §USBT UIETOT foar 13T |

39 I+7 &1 $9 ARE @ IATAT AT R 6 &9 €cq U= 98 § wrar 2 qorm 25.5°Be wravar
2, foad 99s fafvafar g 9@ €1 91379 &1 arafa® oeca 93 9@ar &, fow waufea
IS Bl 995 THICHIHIOT & fad THEHIHIOT & 919 § STAT A1A1 & | I8 I
ATARTA T &1 &1 AT A AT TS BT TG EMRA § AT HIAT S |

AR W YT A T9F & S99 & a3, 5 7 gferver o1 a1ty 999 gars o
STATTATA IF BT AHKE ATAHTE A9 g7 g=oAIf19d yrgde fafics, Aigsr ot
T 183-84 % WISIIATAINTS S I HodT 7% 98.5% AISIIATAIRNS € JId TP
Y€ fearTar |

fawfaa ggars uferar g1 80 uftrera @ +ff sarer & feergw qeom A7+ a7 arerfgat va
srepaefier usTerf ®1 §R BT 1 AST | I8 =799 Ufehar Iare e § F1RRTH AT
AIF AT A AETAS BT |



.09 7H. ). STR.IITE TAT AT (AP THIATIAE fga+ vaIHfigsr—) Ig9e1ars 7, 50
P BIC T A BIT AR TS ATec I 4 (JITTRAT) §RT STUTFET T9S S I[0TG<IT T AT &TAAT
A GER AT & S8 A GFad HTAHH Y HATT | G IR0 H AGT qI7 H1.7H.T4.
H.amR.e1s. 7 35 g€ dlee B9 gRT fHd FAarad TS STUTIA BT LOTIT H FEMR
B BT HTI fHAT | THS STUTIT AT [T H R AT BI STaaR gfhaT d IR A
fRITen Bt giRTeTor fEar 7T | IMH §RT 39 YHR BT TSB! FETIAT D HTRIT
T AR IJTRAT AT AT NF TR S T9F BT STUTIA S A &1 gU 1Y SEWA
ERT SADT SYTIT HRATTA ST $1 9T AeT Hovex IS AT & Aqifa
SEWA T 1. 79,7 H1.R.3M1E. 7 $T8 & BIT—A D GAN ATeC Ih A Bl AATH oA
I I7g qod gfgaral 9T @Il B g9 @ a1t e e 796 & STuTsd @
ford AETIATHRA FTYTATIIETE |

IaaTs fd @ eRTHAT T § 9T 9159 4 et fire wWR @ 996 It & fad 10
THS © WTec IH | B SURET I BT ARIAT AR BT TS | TE TTSHT BRA SHAT AT
SREITYT ATH [ORTA (ATHIOT YTEfreT Feermd, [ovrd) §RT 9T fiora &1 1% | 59
dreegasad <0.1 B feesraaarar snefire waR o196 Scurfed fearar |

WTeT T 1 A THS STUTIA 7Y 1A [ATS gRT Hed fwad whfewsl @ dia<Tis
®T fawrd 913 37 gfpar fasfaa a1 18 | gfaa s fazadwor $37 1® <0.5%
FAIRTSS B A~ 4 @1 fagivamErar arar 197 | 9iec god §IRT Juardl T8
o fagINaxor ugfa @ taaR €1 ° faga 9131 7 99T fwa &1 91iid & srRer 39
FTAEE faeive |

A9d fergwar diax fafics, g98 g1 Scurfad e 99« ¥ smatse &1 Rerar &1
@fRd ga wargs aRFRfRET 9 e fear 131 1 397 weTvT & Bavaey 91 garT fs
9% § ATATST RRATH ST WHII LR GATT |

BIes A ATATSIHT THS | ATITSIF T U SR & fad b yfpar fasfaa s |
I8 AT ugfd A I d T9F A A9fad fHarae &1 udeTo1 $IA § WeTH © WA §IRT

A% 3 ford ¢ 200 fre daR BT S |

ATee TH I A B T96 &1 ATANEIgHT B34 3 fad Sfaa arearadr am =4 yLgararar
TIEfREw ATAiST §T Wad IR FIA vg AT AF9a freet w= anenlRa e wxa
fagra warafys gfwar fawsfaa o1 15 | aRvmaEsy iefRgw smaise faafor a1
gfrar fasfaa &1 ST fad 796 @ ATASIHI0T BT Erd Hl B9 gaT |



s g1 Naaaewifaarcrss @, fafyr= awrsar ara fawenfug
ATSFATUSTAIT TAT ATSFATBIATAIT D AT UTE) GHTA §f2d, B STISH BT fad
IS sTETAT fRarar gfeaq | fgdhia & arer g9 aifis! 3 s1aifaa garss
fgga @ urg a1 8 IAA TH &I | 39 oReTA &fdred  wreafhamt @1
fazerfud / sifawenfya gasi4, p - fagi= qom @afiad / saafya dergadia & arer
g 1,3 - fggda awa g9 §¢ 99 o1 @ 99 sWafl—dg Igawnig x|
SFHTRTSgIT~N [c] dTafetew 1, SeTersgia~l [a] s1afwied 2, Argaie grarsdan
[6.5.1"°.0°"] 2gre®9 37T &% sWFA—AY IEIBIT SABR AIFAT 1A AL (F
4,5) A3 fya fpd 13 | STHATT TAHIT STUTET TS —ITFATASTATE fFaa®d 6 &7 +f
FIATT gT ARFA0T fHar AT | ey uTH qouT B Aew g gAf) w19l e gATSS
AT BT YA I fHIT 14T | F3 7 TS AT B AYTATOT28Y SS9 TH T — AH

s faftr &1 faeta fHar a1 | IR FTSIA &1 AT I FTIA-HTEA €1 T (H
AT a1 9911 & fa3d g8 gfpar fagivedvamavs @ |

wpfes Afrarfraa) &1 ed T, y—der F=a1+g fparet I sTSgITa—a¢H, | 1— | 1G9+
TAT el TA—B Al oA A=A B AHHR, AfT—3opfas ugrerd & yfeaaTa 797
FATATR | BTA & T H I8 AT (61 77 o6 errq—favi=s @ er=a1+7 fipar @ Sy 9
AT g7t BT 99971 1 AfT—ofas gzaai Sl 9919 & ford @ F19e SUTAT B |

DT ILIIRA STTAT @ SHTIT BT TS JAATAT B TR YR FATH qTA SATHT B
fagsT aret AIfeTdl &1 UsarT @1 78 | G D &1 A, 4,4 IS §i9 g9
1% 3 911 o Co(ll) STASHAINITT IgaP IATHR SAPBT WXAATHS afRAT far

a7 | 98 | 2-D 39 fys @xaar e, foad Sy gswaias e aem N-H . . .OH 51
I B A=Y fpa1 & | Brdfe 997 ux aenRd, va fgfadia sggiwa—afera

g HTARFT N vea X feror faadaaee grifearTar |

o g ®TT Ty AqHd, &g — &g Aqd fd: f3par R /g ger7 favi~s afmas
(3T99qT) @ YHTd & IR H QY] HI1 & Se¥T @ 4 fai=s — 4 (3-4-
SIEETS IR F+59) &1 Ay wer fear war | srsfparga nivwsRa @ 73
wafaca $ud geenfuqd, (g179) faw acatde ou= &1 fFAEAuRGIEaT &
THA GLATIT DTSHIAT FUT B AT YA §OT FHAT 7T TAT I[vTETAT BT gLTeTo7
f&ar a1 | ARgER vAfEH (2-2 bipy), (Sq)” (Sq = 9HfFET1T) & vF qon
fg—1frs Tt &1+ T voT fo5ar 731 v Toterat &1 uieror fear war | afafy

D TUH ATSEIASNT & A1 ZnTPP &7 wftvas g a i Geafya fooar war qen
UHd fpeed Taa— AXIAATEA BT TS |



® 2-4-6-fgw (2-fafRfe=) 1-3-5grarch= favt=s &1 sudia &va v fras (11) g
egd (1) @ eEISTEYaAaR IHd AR f5d 13 | f$F1E7 5 13 sivfiag
gifafafRkfsa emenfRa A7 Fer7 fasi=s @ arer veafraw (1) qom anwfaq || @
vod, fg, dem agefl arfhe, a9 / favw arg et @ sradifa gaTefia qorerd &1
faf¥r=1 gratfire sraerent # sreaad fear a1 | 39 A AHal @ Fared yiita &)
TOAT BT T | IFA qGeIw faavent | AT gIT fF AgIES fAviTs gRT
eeigfeaar ol A4 vedfyan (1) @ siefiga || o= 9 arqsrifPas st
FUTARCTEIATR |

® ITYRVT & FoTd AHAT €T JMETRT TR Al BT A YA T, YeATH T AT STD LITErAT
&1 qYeToT fpar 1y | Co™ qem Cd* & wrer AiN=gfeaar dqa 4R fed 13
AT S9T% LUTErA! $T UeT0T T4 gafT 7 2 | ST AAP ZnTPP arenfRa faedi
TH © AfAfaa Aqgd Ars gra=oiia o¥ faf g o & |rer dar fear 7ar gon
"H NMR qer it fived gaa— g1, Toreral &1 aeror faarar |

0-4°%. aryard oxTa A, R+ antaarss (2-10 9id %) &1 1eflg eTR® vud qe
BTZUITAIRTSC Bl ATFN RS B $UH AR, 1 34IF (0.5-2 71d %) HT SUIATT HID

Z+SIF BT 10 TTH B WX R 9T 6- ATSAIHI T BT 5 UTH B TR IR B3 8 UTFHIHROT
feearar |

9 UfRAT ¥ yYad STUIE, AU BT N FHIHIOT 3¢4IH Mn (I11) a9 o
WIMET HID AT TAT T 59 AT IUS @1 gegard © — (1) 39 wenfea
S A fifed o1 uRad T (B ST-UBR) &T9dT & HRVT, 39 31 gfafpar #1359
10qaT a9 2, (1) 9, s1efia & oud ygad fod arara QST N sigargs qe
1-4 ST T, SIW U8 SBT3 TR # IR ITUIF 91y U« srderd urd
A, J9fF 9 AHTTAT YIS 4, 759 4 fpArga AT N sniawrgs arerar 4 (4-
fparse wiursd) A< N aTs s B1 SUAT HIAT ysar o7 iR (111) 37 SUHT
F1 5 IR GA:9TIIT # faar 731, = +ff 377 91 FTdemmar # 957 &1 70 HH 4TS T,
AR (1V) s=a uRadasfiaar & aETHiHa o1 gHefia ggar 97% @+
SITRT TS 718 |

(1R, 2R) wTsaie s« STATHIA & AI] TREIT W YU+ STIARS siAi&1svd Mn
(1) gerr Ni (1) o1 &R St & arer 3-5 v18 — R gerga dfaaafssss
AR 3- =T Fersa, 5-5 Meficdhiv-—faw— dAfauafessrss &1 Fyafya fear a7
IR I ATATIS AT — FTTS AfS8IgS Bl SURLIfT 4, sriaen= a7iv arfoas
A FHTT B ATFABRS B U A SUANT HID HIAIT, w19, €rshd, t- 3 4

ARt — 4 7 @ gfagaTfia snafiao @ fad Saa AHAT HTSTUIF S U F
ST fHar a1 | | el A A& ArHrw ufRkad s urd T qeuT ATS el iR
AT B AT A Svd BT S H I YT fHar 14T |




FAFAIRIBTS EIH, TSI ATFATS S AT TN ATFATS S P TS §1 drsfes faars=
o fad sEad® Co (1) Igd &1 SuAT fHar 137 | SUAS 1 g sfaagaefia
TN ATE $9 P =) yRad Fefiaar <t |

(a1) FATIIHROT AFHFHATY

AT NG BT ATIRE TR R AT AT NEBIAT A FATGIN BT AehIRB
TfAS gRIfHAT ATAT 2 | WRATH 1, AR.AR.TA. TH B W17 §IRT 319 ¢S
ATeTRa <Y fyawfaa fear s, fras faaras fea srazen # araraRer @ 919
R gerr 150° A fred s araar wR 96% uRad Tefiarar fawns @ 1 g9 73 gfafer
BT A Affrar—fafea &1 ot AT HRATR |

@) TarseBRoT ATy :

JAATT ATS AT TS 5519 B TATSATHROT & faad HF srerar AICH, &1 39317
FD, gITIR0T i3 7Y fAafia 31 & 953 @ Aened fear JTveT 8 |

4 rsEisgeTsd YA BIAIA & |1er 32% ufkada aem 92% ag=efierar arar,
fSratarse smenfa SU¥d ATUTRS, Sudeel fIIATse &1 |AINferd o3s,
faefad fearar 1 9T SUTTHAT Usd &) Rutel J SATSTuTE 78 |

IR B a2 90% | sarer yRad T gr vhata & fad 65% @ sarer uRad s <4
arat fraterge qem sralfaa faed snenfRa swivs fyafaa fed 1@ | g7 gyfwar
fyara® fadi9 &, o 599 9% 9ifRgaara vfia fEwT voree 1 5uat fear Tar forad
= grATY] faeafiane |

SH1 AT qerr feua e smermRa A1 Twiesd 319 GuR avdl & ATATIT & §I fod
SR & |1 8nm T, e T®fe® a17 9% Aev ) §a 9! (a1, aida—ud fafer g
FATHR TATSATHROT A §ADT ATHIHATATA AR |

gigtsela e 1 a9 @ grsginTdiaey @ fad 9913 13 sdfraq gen defegq
T, ATEMRT FHA B ASATHT B & ford IRAS g1 fed 13, fgad s agal

3 gafya N-vafeerss 9919 @ Scargasi s uRomg fewmd |

IS B BT RIANIBROT B fad emg—A e faedl &1 AT vor fovar 1am 1393 4
ST 919 97 719 9% 100 gfgera afRad = fawmar «fes a8 Suve oo aifiel @

wrer 7fa GuTE urar AT @A 10-100 ppm arat i wia &1 sufverfa # ff¥wa gt
YT | STRATH AN B AR AP AT BT A& SY YD 99T 1A TIT STAAR B
JAUAT D PRI PIATTATIE |

ARSI gRT fAAiarse — ¢ @7 49d ATed! Maiear &1 &1 18 SHATdAlS &
I A, AfTd B A FT AT D AHAAYA D IIT fHAT TAT |



ITFaTs e—faae amenfka 10,000 e gfoqad &1 W= AMAT AT TAT A=A ST
IJIARI & ST B fIRTeTTT | $H w@T7e | YT STUTE BT AT D113 |

BATH | TFATSH, ATE SIS TAT R AT B & o1 Faa fyararse amemfka
Fftren s faafaa fear1ar | fas aefe! fagvarg =2 |

o N, & fad I=a AfRrEN v &THAT — &9 aF RUIE fFA 1A ITAH erAATATA FATA
fararse 1 gaam™ 1.5 a1 saraT |

® ATS IS & fad AT 3 AT SATT AJTAT |

eyorg fPIaTE e amemfa ferenvs g smefied @ e R @ fad
gIafear feens |

39 ARINTS B 9717 B 4fpIT® fad v — PTC OB~ BIS o fHaT 7T |

IuI% Hrarasd NifasT, Ryatarse e gean ficd g~ R fis ergew ww TiO, &1
JATIROT BTHTT B 1D §IRT FHAT TAT | FAUD TY I BT ULNLT0T §AD STEITT §IRT AT
g1+ | ent@R fearmar iz w191 % (1) faw TiO, (2) ffawt + TiO, smafka was
T A ReR 8T | AmaRRa erged R 37, i, gt donm a9 &t fafyr= ergurat #
AATHY TN IR GAITAT YHTI A (AT FII7 f5d 72, uderor 4 gar ga71 feIn o
ITT4Eroet § g EY | 9% 9arad & g1 10-12€vet 4 gR g |

IySeuTs gAT (10 5. 97/ ©rveT) 31 ufpar @ 7ax ¥'s g Al d9d s=gAua Is
BT HfeIIT BTIFAT 917 B f2 99 WR BT TP THH FIR HIP AT 7 wI1fid
feare |

FHTEI-ga wefRe 7@ Rygex (CSTR) 7T 9d wiad Ryaex (BCR) &Y fsq137
IR &@, fafger yraa A998 @ fad gz o1 7 | 9ad) 39 o137 (¥ver / f59)
TAT BT AT — A BT ATHTH A1 & D 997 Fiad Avae ¥ {8 yiq 5
¥ | Fas 19 B AfT g7 ufafmar g7y / gver /9 /e & Syt @ fi7
Wy wenfua fed 13 | sfeed Fv-w7 AT qAT WA IIAT ITAT STaetfua
o forraa w1afAe 9911 & fad 9fpar &1 S=adw fHar 7371 | SEATHI0T T HI7T —F7
e =R wasR, IRAT IQ fHaraet, g aReHeT ST a9 8T AT | fgad
FHTI AL D I & D AATE € 9 TIT MR FHATICT W ST HTHT 9 74T |

A=A ScuTs BT SUT HXD ATIIIF faRivarent arad DA gy 9913 T |
A=A A/ STaTT aUTIT B I3 gy s faawary +ff faefi 2 |
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fafasT g dafean AT aqal o1 g 39 9 ggad sidl & | AT FHa
safad g §ftra gtar @ faw g=: gt giYea aidh 2 | Sfrew fufas Ia @
ddfean &) g: y1fd 1 979 $7A 2, W13 'S Ul g fafics Sk & fad ufpar
fapfaa s s |

fawqa garat 9 Pd (PAClL & 9 ) o9 =a=on @1 gfsar a4 95% 9 &1frs, 99% 31

o Sfrese Xfea urar 13T | 39 9fpar o1 10 5. 91, 3 e79dT 9% fasfg s ..
TS 9IF, Ut B Anaarqd s yfRia fearar |

TDI St #31 & fard sTEa13gIerqsd (DNT) T aererqgsy srser#i= (MTD)
Areafi®dl HT ST fHar orar & | sfaw Sfeew, faad yyaq wfie sa qen
&1 s S 81d & S9H 1100°C qraar ux ar+fy «refisa fparsirarg, 1 COD &t
™ WR s a1 @ fad, fafv= sre1d e sraenvsl @ a1 sfeesel &1 syamia
HIA BT QIEFAT W fHar 111 T SUAR 91eg gt 197 | 359 Sfewwet wt
SUATRA B A YHT AT Uf3par &1+ sreggs fearar |

1"
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fIga TUTes ¥ ISR HeT B AIfea1 9817 & fad Farel sT=axd1 &1 SYAIT fHar
STATE | YD H&T A TP KT, TP e119+ fafafaa fireeh o 59« g ve dardh
AARE BIAT & | AATET =P BT SUANT ol e HH HYar =& a1 pH # gRad=
JAFATE | AT T-aRP © AT q2m Arer 7, 52 13 3o yars—319 9% & gafvera
ALY I, UFH & g3l &1 AATET =ARBI D ST BT ATIIIHAT A, IR erama+
wofl eraTgq fafrag 9wt @ a1t ovaxa ofiv 49 € F&omgd et womaT
fafsraa A @ FaTE) IvaRD, BT AT HIAT = | Ffg 3 A1 fq:ufRkad T s & @
U®H & EIRT S&TAT HH Biehl € % pH & ufRkad= amar € | Fare) I=av&! &1 SUFI
wdfafed 2, AfFT 39 A 999 o AT fIR v T @ P ad B3 R &1 fHarar 2 |

HITEI AR S| B ITA T g Auisa s1a1AIgTaTe | g s & Sugiad e
500 ppm d& & 9T &T faaraera fHar SITar o1 3R afy s919 SATIT ppm arat gradT
fIeaora AT ST, A 9aTE $1 &TAAT B 81 ATt a2 pH A ufkad = 81 91T o7 1319
39 ATl fav®t @ Sy | 500 ppm &/ i sarer ppm ara (50-100 ppm T ) wr+ft
FT fIdqorT W4T 31T © AT B9 FHHITAT STUTEH YT fHIaT JAra1 & | 9471 fv g9
FTA | A1 1A &, FHAfeda & IHR 3 TeMR U= FaTe) <R D!1 &1 Ifaa fRerfa d

T 4 fagaamisa @ a7 gfg g8 9o pH aRad 9819 ST 8T |1 SIIERT S AR
AT TS &1 faaaer #3@ faw 50 ppm Faswarar gh=t g gt fearar |

39 @ 3favid, gfpar, Swured A1fe fasfia #373 @) feem & waq fed 9138 ya @
HAWTY UTH B faqqora & fad, ere fagasaisd e dem 15 ofiex ufiever &
eTHATATA FAIRTS © XfEd TIHT BT AT BT T3 dAT §+8 94971 7T, foraswT uderor
FTd A BT R | 39 SUBT BT YT F4BIT A B AT g1+ 7 gRkafda w37
TATITH A TAIRTE S X PYA @ ford fpATATadHare | FaasT A1 & warees o= Hien
FHTT IS T |

gftradf TarEyor aee R amenRa a9y ;R weF @ sfaflRad @muiRs aiv w
YTW ERT, U1 YFEHROT AL, TP IR 781 S | I fIgd uisd 937, q&Ia:
AT AT, IReed & fad axa faga akuer, e Herror Ifed 49 19 arad
|TEMROT U+ | 97497 7AT 8, AR $99 1 afera e 9 819 4 937 aRara+ gead
WA T | TR fIga ruted faaaers ugfa 1 w91 &1 Sfad a1 o3e, Aravas
TRIATfFA AR |

JAATd gAIIgS fagifiaeor gienfie! A, gwad: sraetyer qom Aftrenyor ugfa &
IYIIT T YA, AT BT S A1 FHATATIETR |

15



LTV TH 1D §IRT SUANT oA § 8T &TRIAAT SATRT 811 a1 AR w01 T+ 7
T HIfIH 9IRS BT I as Sga AT | 991 ad & JARIUTET § FAIRISS
fagTs<oT eTvaT 957 A 1 | raT g TG T 3 SuAv g1 fawfia # 8
JE AP B STAI HISATIAT A qad & |

A BUIT FAIRI—3MTed ol ST A, freel o grT, FTRTH AT 791 & ford 917
3 Arafie, gfgaver @ fad fasfaa fead 1@ g7 o1, 98 aafaRsa suaiw
T fafaa T & oud vaivrss fagiiever @ fad fHar a7 | aguRid 98 59 deF
TR YPIISTAAT b YA IRT T GAIRTES B, T D AT AHA IATHR, RPITIA B |

3134 YfEHIoT & fad adg e IR &1 A—Fe3R e T Fyof veliw fes qorerdara
T fFalra fHd T | 39 @ $TH IWURT ¥ WA 3Ud ggad fd Araara
FeIRIfHemseli®Ro—uer, f99d S=a dd e I99 I[TITT P JTIITHAT Y& &, — BT
ST ATIITS 8] 8 | TeNBfe®d 817 & $ROT I8 Ta9 HI 2 safad S Aregar 8
TeTeUT YYFT B A AP BB IJgAx = | i SEiWM ¥ uyygad
rfiTtsrsarel feafas s yaR @ IR @ 95 vAAIfHenga wiwwifae s
IHR B T remarg T aref @ foard sarer fafdrse ® | sredpe) Seures @ a2, firee

FHETH TS ¥RA | U, ATedbTg ref Aea amg=w (Ca™") #1 <20 ppb TF X HA B
fad AT T TSI @ Af Plgdor s fad fearamars |

"'g ORI Ae@wd] §Fs dHIHed fafies’” sxisr 39T+ ot fyafia, aiftreaw
I919 T AU gNervr |IF IAIA — FYUeT #F O uRwd o fad
AT ABTIAT IR |

[T, wrersd, o wefiy S # fafger faawa/argor gfparen & fad
TATeHIT F IR BT T8 U894 fHfeaal &1 arasw SyAIT FHAT 8 | ATET
IATARYT, WA A fea favaay o7 391 @y gAqT vyataRor 47 9963 14 HI3 &
gfpaT @ AT o & HTROT S ffeaal R anemRaSyatTasi | a8 |

QT GEfed fieell @ fasra e ygad si7 arell aiefiae®i = anenfa fyedl, 9o
fa=TefY 219 / AN -9 A HH 19 TAT HF Y78 B FAGT AT HIAT® | 39D fadwey
D TUH, BT 4917 R ulfseR 919 (PES) @ a¥y fofeaal AR &A1 9 va gatT |
TIeIgeR BT TR, AT, LITS U GYAIT A YT & AT SHR WA aehId B
qoreraf @& wATe €1 STa swT Rerar (T, = 225° C) 7ot S=a warafis Rerar & o1
T3 9TA 8 | EF AT §RT I eI e® 9 TT N eflSeR Aehi = &) 938l o5 / axef faaror
R A AT FHAT AT | S AT IT BT gRINY D HG, ¥ D HQ A (a1 q=ATIY
@ g (fafir= fafaa aRRerfaat 9 daR 819 ) snfe R aEaR g g3 19
X7 § B1d) e ffeqat 991 @ fa2 o o Wi R gdrs o1 93 foar 137 |
g1ed 37 fafeaal @ urw ypg urh #1 gasfiaar Reris (PWP) &1 4eai®T qe
IYHT fAavor @ AFTATTH F71 31eqaw fHa1 741 | YRS ured ufRome @ uar a1 fo
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YT ILE T T GATE FA LA S 8T 1R 9127 81 werfed fyee) faawa & fad axy
arg +ft 3faa o | gl weafeq (TEC) fares fasfia 37 & fad wiigeR Gewmia 31
FHTIIETAT TAT BTIQ WATUT B F U TATS DI IAT D SMEMR IR I8 FATA TR
TeAIgeR Aewi A freell faa g 37 @ g I & |

ST gfeal qATUlEN & AP B ATTE I BT I AT9 a0 e[0i s Irou fafere 1 s fafer s
IET AU AT & T YFHAT S I=d ATIATT S HRUTSHA B3 TR S 10TH JAXIT
BId 2 | faad ulen @ o7 & q179 WIS A qIET STU sidl & | feelt uv smenka
[TEH 571 9 IIEMTAT H1 X HIAT & a1 {6 BT IRATAT ATAT ATIATT TR §1aAT &
TAT I GRS 9Fe5a1 95 &1 2l FRATe | $ X8 T e A S 19 uient &
P B ALYIT D fad Iga T YRI5 2 |

Ig ATed Nefiaenid —neAarss (PS-PA) uaefl wefed fisew (TFC) f3ree R
AEMRATTAT 1P A G % arf B gx &A1 21 394 2" x 12”7 (59.#1 x 30
A1) @ FRICT &1 U fHITATAT 8 | A AL gRT - 3 ofiex Sy 3@ &1

Toe @ fl 7 999 7 75% W1 foar ST aFar 2 | sTA{P G BT I HRAT A
gien / IT-gE D AP BT WIS AT AT TITTAT R ATENMRA B | $THT AfTRET A1 I8
2 P ATSAWR P RE 3TH AT @ ¥HAT o, AT ATT X HIA BT G9KIT BT
fARTHROT 9EY HIAT TS AT AR IRVITATGTY FTHerAAT I © |

IE AT P A1 qoI ATen e srgaens sk ST AR gATTITAT §IRT "SI’ IR
[ HTAHH d fad fauiy vud fasfaa fear war | gfavrh gaiemaet «
AFfaT &1 39 ATed BT U< f5ar 7471 v 99+ 39« Sygfiar &1 T aer
fear | aRYg BT sTaR gFITITATS §IRT “IR A IAFHIABT TAT URURTTT FIATOT BY
TN, fAeT a7 ATISRT” UR G+ G d1dwd 7 gfaourh yatwemarsn &1
JIAPsAARE D ANE AT AT |

i faead gfiradt saredor Gz A 20 9. M. saraarar aftfa T9A1 9196 ATA1T ST
2 139 faapTd @ 98 9919 9T HH I UR YTV WAT=C §4797 ST T fasd
g1l B P1Hd I S wNT TUR F9 M | I IUSBROT A7 JY 9T D SURTA
ReT3, SdR®, UTaR wWiTve & Sfow 9d &1 SuafRd &7 A +ff syai«f gt | 591
uT BT QA ST GiHAEa giar € i IfE:ral s 991 o1 9gd 98 A W
AATEMT EIATE |

gaelt Fefed few (TFC) wiefimewia — urelwrg s fafeaal ux amerfRa, 20 4.4
T qT 191ex Fqrgarar 9ftfa |er fasfaa fear a1 2 | yaa s aftfa aeq #
39 g7f Hfiex &7 fYreet a7 giar 2 | 39PT eTHaT qaT faentfRa uderor uRfkerfaay 7
sO! erar gfafeT 20,000 eI 12 AT 95% BTLTR I FHIATS |
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39 @ fafor & A+93 ugifaad siafRerE fafics grRT a3l uTw g7 @ T1 898
IR A 98 4919 R ueToT far FET e | 97| wiwfirel ovs (CHT) 3 +f 1-uw.
TH. Sl eTHaTaTd 9IF 3 fad s fima aie |

BAR QS I8 F9YE &1 9g9d ® fad «[fima art ix A4 I8=1 usdre 158 IR
T ST FHBIT / &R FT 519 4§ el N q17g 98 319 19/ vt / fi 7 Fpvy grey

g1 YA @ ford 100 efiex / Erver &) etaarara gfiadf saredor vgfy ux smemfRa
YT HRUT WATC AT [T9g TUATAIR ISP, [ORTA D oo fad d AMATA© |

g fawfwa vasa #swg 5,000 fHyr/dfier A Hww. ard oa @i
500 .41, / frex A.E1.g9. arat I=a eran gaa At g urh 7 gfRkafida #33 F
FrdeT e 159 9T gRTAYRT 5a & 9 Sfrarey i gof 9« g8 9 & 1 I8 THA
TH T I B grex AYfd, I oud AR fear mar @ 1 59 @ gRAtaq o
1.2 f®.are / Trvel fagd @ g1a1 @ o1l 9% fyerayy, s1atadl, §&, sic deI qea4
I, BI Mg arfa @ fad scgagfaemes e |

IE UHH UF g3 U+, S=d 19 911 u+d, 10 feeex, 5 freer, 3 fheey, fires
Arsgd, frafya aaa, dem grenm affse @ 9912 | 39 9 # CSMCRI & 3+
wefed uae fhed foreaat @ g1 gfasuor (Aieged — (30,1, «ard x 1#iex) awmd

T3, W 10fp.ar. /R #2156 1. /4.9 <19 D R A FqRT T B amerR wR
gRarfaasiars |

TERTT D $o8 o d § VA A THA A 4, 71 fIASTHE AT FATT § AT TH G
(Fifvos 93T § AT T | 91 THA AAIT9T HTF FIE © | AT sraenT
WA TAT FIRTLTVT AT & A3 TF IR YHH AT ATIETR | $9 UHH BT & 39
[RAT §RTTEA fHIATIAT |

Jafy a7 A AR U | FAIRTSS X B @ A el TR JFd gael]
wefed fren afuges s (NF) freeht &1 Suate &va arega fooar a1 | gdieror

foe A, g uTl, 7 &1 9T, AT EIIH FAirgs Id (NaF) ar & arer vAiTss
frgrN®=or gl f5d 13 | 9heTon @ 919 g {6 wieA RIS Ia garss smenika
Jfagen frreae fafeaal ralss R aRA @ fad ygFa BT AT ASAT 2 | qRaa A 3

fafearat SgfiRa oo Tom uR=ras uRfrerfaal @ smermm 9= 50 9@ 85 yfuera waivrss
IR HIA A WA T | AT EY W1 F et THa o (0.1 0.2%) | 309 35 yfirera

wiEad gaivrss (NaCL) i gx s 9ot 2 | 34 fofeaat 4 70 | 75 gfaed &R
(BTS9) TR B oI &1 W1 U1 718 |
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JHIAT: faeg & K sfda9 @ «@araiRs Scared @ 3 g&iar ve 414 79 aa9
BT AEaqrf Eia e | fefadi=w, s=eiafRmar qerm a9 ararfar 4 s dard @1 @l
38 9911 R (T TR W) ST AT & | ST TS T ST IATIT JTAEMMT [ AT,
TR 9 39 W7 S AR $I TTST A IMMH ST STH AhAdTqd® foar qem
qichefia &Y 37 iR Tga 9 ¥ 59 @ 31 fafr=1 yfpar fasfaa s 1 aiehefi=
3, fIT @ TU A aTd B FAAaA! B G @+ A, A argm urg 18 J9fh
|YE 4 IR R BT I8 Wl 9 979 SUS § FIATATH S=add UTd1 747 | 9qE A & D
|HY  ABHAI—ATell |4 I T IEA &1 STATM AIAAES 13T & ST a1 H7
I TAT UTHI S AT T8 ATH B BRI AT BT HHI D G BT FARTHIOT HIA & AT,
A 37, g3fg H FHUE fHA R, = w37 &) yfpar A Awd 2 | o=TRIS A
7 B AEIT ISTHR qAT H9dd &1 999 90 f&7 & 37« 45 fe7s1 3@, 9-12
TI/HAA /I8 IUS Al ST @B | FASTS 1T H 399 1 Iz SuA el wafe
ITeH TS ITF gfg @ fad &9 981a® o1 | 39 IR 3 avisga fagiv=t gy
TR, 379 Tl & faarer & 911 g1 Salveqs urs 1% | fazgaa aRomat @
PROTATT "IRfIS! gles! 14 sfrear fafics” &1 yteaifie) swravor o33 9 aaef
AT | I8 HIAT YIRA ¥ A FUAH IR GRS TR = G A a1ell 37 R ana g a=
B 2 | By ugfy @ e/ SwiT urgu o1 safy fagm afafad s waef=
(g Feax) gRT ATl A ff Qe foar a1 | STF FaE grRI ST TS AHA
HaTd BT IUS TAT Y [OTAN JFT ST $T IUS AAIIYF Y& | ST Waef =
THNE FT, AT a1 q AT G985 A @ fad N Sy fear a1 gFwars 1 gHian
d aef aRsmd K - 099 91 373 91 9631 @ fad urs i e wree 49 foar Tar
2 | 9% T T ST $H HIS YHIT A ATI3IF ATl ST Y: ST HIA B
¥ yfparfasfaa e w3 2 1aRsga K-sfaas @1 gfear a4 «ff gemr fear aar
2 | 9 AeHITA BT ST HIA B AT ATHTH U= AENeF 81 8T8 | JHIAT BT
WRUITT ST — K S99 @ ¥91d @ SURId, $9 ard &1 9931 od 9 gy
ATATA GITRYA AT FUT B B &197a1 &1 1 ol 189 H3a Iraraiernr fasfaa
fearar |

S AV AT TH T : Gafemse gfy, FTR B SUS T S ALTHAT BT FeRT B
3 fd I Wi R AANSAAT TH AT & ¥ 9%t ) @l $1 78 | 1399

IUA B 3THS A & f6 CSMCRIGTH, FIATIHRIE, AT NEHIE A THIIT BT TS
aTa A, R T A TSI BT 18 AT T GATH ITATH ITITATH SIS YT §3 |

CSMCRI &1H & tafyd &) 78 9a1d § TR &) SUS TAT STIH Aol &THdT SHPT
Aot gsaar &1 Ific el & | sUfay 39 I79a 31 SfSaar &1 @l & fad fiw
P U R AUfed fear1are | Ira9Td ) 7989 SuS @ fad fafir=s fiaigor e

(200,300, 400, 500 211 600 9T / #Y °) &7 sregg foar 14T | ISIRIYOT ET7eq qI&ToT
P I 2@ 7T 6 g vad ¥ 40097 /A ° @ aitwa 2.31 fp.ur /1 ° Suwt gen
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AR wAa A 1.15 a1/ ° Sus el | fafirea o3 amerRY uR +ff stega+ fepar
AT | IUG T ALFIAT B AR TR W@ (Fial) Rifasvrer e sals dar fod
T4 3% ¢H 6000 saAlsdl &1 9% § IqHad d34 & 91 faf¥rse o997 s&at &1
fARITT FHAT TAT | 7T AT & GTH A ST T4 AASAAT THAAT 4 7
ToTerH AT, A AT fa® o TR w3 ¥l U ITUTFRd SRATAVI g3 © | ATy fas scure
IR F1 fafewarad 9, snaaigifus seggat, sfrare] den @ik 9914 @ orega,
SAoIfae  Tga e SUFT AT WA AR UTeY S Aagq q Sy« fear srar
2 | YRA | SAT9fas WR & AR BT ATaIADAT 1 Y SATITAR 98T 78N 19 R
JAEHT @ Suet—dget AR AW ITUTIAT FT ATATT RT BT AT & | 39 gfpar &
QYT AT ® SFad 4l vaR & 91 19 §RTIIR BT A ABTATATATS | ITT GaATET
IR H FFAIET §RT YLE HYA B UTAT STUTH B feAT I UG I §IRT usgqa fowar
FTATE | AAULAT IR D THS I YIAB UTaS & BUH, ARSI TR B AR B
OTIAT S FATT LUTATTATS, S ATOLIF TR BT TS YT ST A1 8 1 98 gfspar 1.5
fepar/qeEfidiad /da s TR R AT 152 1ITTATRBIITAH 25%gfg e |
(R FTR UR 3ArenRa) A19S TRATON @ FTAR 39 SeUTe B A ererHar 600971 / 4’

de urs 8 € | (1.5 gfeera et ; 20°C) 39 wenerd &4 & 73 qratesarash o
e v 7 31w Uk fachg Agraarusa a2 |

B A FHT UIAA DTS $1 U701 UG fawfag &1 18 1319 &1 o+ fafs g qe
A BIAABIACTITH §RT Y E FHITTAT | YF TehSTHA UAADIZ S S ATesIeid
THIeT dIR f5d T2 iR 913 # A9 HTATEISR T UHAD (ATAIAIN) BT SHA—gAgH
faedvor gRT ygaTd B afRATor ferfRa fear mar | afsaa gre«w wrfa 31 sRa
aTd, fad geToN §RT IS AgTd < YNErd &T9dT U1 T3 off — 39 ux o wenerd
| I gAT R P AH{ITHAT B IR UTIY BT T 19 3P &TAAT A8 sl & |

CSMCRI gr1 faf¥fa aqd sharad 59 99%® @1 o773 faf== a1s @ <wrafys |fisor
P 9 34%H! (NPK TAUT §B 9 UeliA+cd) & Q1 gaar #1 18 | fyawon’ @ sra gem
f& CSMCRI gr1 f51fHd 7 S9%a®, 37=a IdXFHT & A1 ga1a & | 75aq TDS &
UL ATA STA & T SAXP &THAT 999 HRA ® I3 4 faf¥= {=ma ghare &1 gars!
SdRP 19T BT faTa voT fHar 797 | W Tard o1 A STaaw TDS(12.9) urar 3 |
WRATAA HT efedal & A1 75:25 & Agura ¥ fyarar a1 | vaa: N:P:K &1 yRfH®
Ut 2.5:2.5: 0.085 ¥ 9% 3.75:3.10:0.1281 747 |

IIfIAS, AT & WIS iR s9D & F—9e1v7 fhd 13 9w g9 Sara sdve 3 10
gfreraargvrgrR, wre A 16 gfera 1 gfg arg g |

TR & ATEVTHT 7T § WIS B A U IR Irgarars €9 Adard Sdva @

o HTa HTITA T fHd T4 w=, W1 7 179 29 yferera &1 gfg urg 18 | sHiwtarigor
s, THIF R g9 a7 SID B SUIIT HRA UR, SIS ST BT AT A TAT I3t 4

F1vT 50 gfaera @1 gfg os w8 | A q7 uwe! wR f gAiw f5d
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JHIAT P | IuART glel |/ a7+ 50 gferera ey SuS g1 g3 | S B9 S7qdT
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e ITUIRT FRATTA I Aol 1 T fear a1 | s@etfaa gaifyan
BT, HIa¥ HIACIITH] AT A FATT §RT ITA—H11HT GIfETH &1 e T Y|
TYH YT f5ar a7 | o7 fHy 1 gifers 4 K-aafiaas o Rediaor gRT e
foar oIt w1 | ReR g=a1gH (Ffpva) &t 20 39 9@ < 15°W=Ads & v 91 o) +ff
ITHT Fad fFATHBAT I 72T 71 I8 i T 737 6 ReR ¢=A18 9 F1 S AT JIIHAT
@a3wA) @ gf fparefiaar® fyarfaRivef 6 @ SR SUAITHA faaTATHS7 |

UM A3 @ Sfraro] e v wg waeial &t oraw foar 137 ik g &1 syafka
F3H @ fad 1 ST @A TTT | ST fHar 737 | Sfraro] Aaefq & A197a & 1549 16

fe o COD # 90 yfirera wei urs 8 wiafd vHg waef=t 4 COD 3 fyziy o+ 7}
T | SATo] Waefd T B 6 AT ST AT @ 1979 3 I fg@frao w

e fear war | Fad 919 g3 f6 v wg waefq 7 fiia & I 31 y9raar vud 94
gfera g fear |

% garefl fatar Senm & ffa /@ i fafi=a Sfrarog] daefs sraw fea 13 e
JAFT AT TUA UF 79 a1 AeSAIfadT & $U A SYIAIT fHIAT TAT | 99 H7T Lhard
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TS I I D 14 S qoiqas (1A ®1SIP) LU ST T B TIT 978 A X7 X HRA
o fa3 9 faga warafre sud syafka fear 131 | aquearna 79 9 Sfraroy daefq
B IURART A Aoy e COD A 16 X7 & srar I u1s % |
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Tl B AT FITE @ U A U fear Ay | A 60-80 gfera  Iufadaar
q78 73 |

AT FYFT I @ -G BRI 9% I=a I I9d & U B
fad v ufpar fasfaa o1 715 | ST Y, Hers, frsedor qeon gfgso & fad
frerffRa @1 18 Agcayef, 9w, gfparen gRI G 399 & 1R iR 10 gfazra sz
C-PCHISUT YT®I g3 |
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NaBr, @ 9dT9]® (SFANATAR) AT VT IR FTATS € AT FAIRTS S T 9T HAL: 60 3%
63 gfera e |

afg 3 aiel fad e g SuTrsT | s ard! 811 B A FHR SUD | AXAAT fg B & Al
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AR 919 A gfg g1 f5 9 3 uied 91da T84 f5ar &1 STfHd &= © o 798
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F1 Agerar yfafear d geR fear I |
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Y fAedl R, gorad uRRkeIfT d F7aa Ia @1 fAa13 g1RT, WIRISE & ©TET a7
TS A IR W YR fpd T I8 BT IUITT D Afasifiar g fager o1 @d
DIAS I ST A | §B I IUS &Tararat uiel 99+ fHd 73 | 39T IUSETHAT qI
FIATATH STUTIA BT ASATHT B D fAd I8 I & F 1 § SATIT AT | gTHRfas vu |
I glien B AT H ST UlEn I SUS (YIH Uler, &1 3) SATIT U1 7% | IROTH w@oy
gfaaten T ScuTed ¥ SeawHra gfg g5 | wheront gRT rHTRST faf¥r==rar srerfa,
371, gfqatern, qrelt qom wie (FNEHT AT AMHTH) FT &7 AT fawawer yfa o
YEATAT TAT | AT SR THIF 1 FEMRA B fI2Y &797d7 BT €919 7 @A gY [T
e BfEargay #ut (GSFC) A1a+1 BIS8 Y — ST A 59 AT &1 gratfora
fears |

IURIFd JER Afasif+ar 3 fager wreadd &1 3ugih w&id & ot faqi fas gds |
wqg ? | Afasifar dfager @ 9 o3 7 Bl 2 AR yRuIR® ey ygfa sga
e 2 | dd BT faarg® freareT ([ieawe — yaae 349) A4fad @ dfed v 7 ad &1

faaras R v 1 afumifae ara fssras gienfisr (SFE)
(AT — oTE .., UaE) FTSUAM T B 1.125 fp a1 dfasiffar fiw wr 300 =

TTY YR 2 ¢19C T% YfhIAT o) 78 MR >85 yfaera @ +ff sarer ureei® oo g foar 1ar
| 3S9D FYTSH IR fI9iy H1d fRITATETR |
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ST THS g GHET IATIT ATHETT AT, AR & Y1 e ¥ ez Jroa 9
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JTITID AT | IAHT TP AfARad 19 98 & o ASTHR, 91a foa 71 ik 54 o) srarfoa
JPIRET FTAR BT | FOFT IR IGTH & S8 W, &4 goioid & fard usdl ggad o
T RE TR 719 7, 379 yRad 4 fparmare | os 3R affeas fsor o) G o
ot aRRad = fHaT 7aT1 | 39 ATATAF 9§ Wl B THATH §RT AN AT & I A D
A1 fAT arad qem IT@ Yo ard fiTHR WY IR U= g &9 A qm gfea
TR—HATRT ATUTA T4 XA A ATIAT el | G 3 AISa1 & 91 faT—arat gz
giert & g, gIIMEmAr § AT araraRer 1 gwaT ugfa gRT AR fHA g
AJORP®TH (81T — FTIYR) ¥ ST, Tl §ORTAT & Il & THABET &1 U1 T qAT 549
giel # IR AT S IR FA N AT A7 & 1 39A AT S1AT 8 [ WEITH §IRT[EUT AT,
AT TSI S vl F1 IRATT IraraReT IRy agHa e |

.0 AT SR JTAR YIIMIMTAT / AT §IRT UTGY TAIT | oig AfhI®d v 9=
FTAHA JTMT F3 FURIRT wlert &1 ATferat It srgas rguatfi & d e fear a1
TR 99 & fad acda@ A1 &, S99 N wefia SuAt« o1 Fwfaaar ux sgwens fear
S1¥eTe | CSMCRI gRTATR fHd 73 i< uten &1 yatema™ 3 f3a araraver
# (37 fag) am 9189 &9 @ TR AF araraxer (379 d1at) ¥ @A fAuiRka o @1
IR TS | 37 JATAELTAT BT FTAT S IMTEMR TR HTs ol AT A4 &S o wat R & foad
LT 7 §9713 T |
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fad oS 37 A THTaC, AYTATAT TAT F=Ad: G B AT 2 | IS P YT d€ IR
IUAE ATAW KHT AT NATFT AFI1IAT Sl Frarazgivrs a1 fafaer gorfaat w
T §IRT f5d AT ¥8 WeNes & TIXT9 Wd 9 IR 81 9% ucl &l 18 | y8S
gATRT @1 FA ATITET A @ ATAW GBI qT MAAT qiFgrIar ¥ 9-10 yfera
fa T afRkad s arar 791 | TS Yersd & fA T aRad T &1 &7 FROT 2 I§ uRE a0
ITfUd &3 & fad o AIqAETTA AN T |

v frar 76091 @ B2 alent x 28.5° Be fyed & g4Ta &1 ega fHar 1ar | wg
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Indiaimports her entire requirement (ca. 3 million tons) of potash
and there is a necessity to develop a practical process for recovery of potash
fromseaand sub-soil brine availablein ourcountry. Thisisallthe more desirable
since salt works in India produce 14 million tons of salt and discharge the by-
product bittern into the sea, which is a source of potash, bromine and magnesia
chemicals. There is also an unlimited source of natural bittern in the Greater
Rann of Kutch that can be exploited for potash independent of salt production.
KCl can be produced economically from carnallite double salt (KCI.MgCl,.6H,0)
thatis obtained from evaporation of brinesthatare lowin sulphate (see the phase
diagram below), e.g., Dead Sea brine. However, to produce carnallite with
minimum NaCl contamination such that KCI of desired purity can be obtained
directly upon decomposition of the double salt is a formidable challenge.
Bitterns obtained from indigenous sea and sub-soil brines invariably yield the
kainite-type double salt (KCI.MgSO,.3H,0) because of higher sulphate ion
concentration of the brine. Processing of kainite to recover the commonly
accepted forms of potash, namely KCI (MOP) and K,SO,(SOP), is more complex
and presumably the reason why no technology for potash recovery in India has
been commercialized till date. The Institute has made important strides during
the lasttwo years towards development of viable technologies for KCland K,SO,
recoveryinthelndian context.

Thefirstapproachrelied onidentification of a practical method of desulphatation
of bittern. Bittern from sub-soil brine is preferred for this purpose since its
sulphate content is roughly half that of bittern obtained from sea brine. Since
removal of sulphate is best accomplished with
CaCl,, emphasis was placed on its production
through an inexpensive route. The first
approach conceived was production of CaCl,
from limestone and HCI, and a process has
been developed to produce CaSO,, carnallite
and MgCI, (as end liquor containing 440 g/L
MgCl,). Since HCI can be obtained as by-
product of refractory grade MgO manufacture
from MgCl,.6H,0, production of MgO by such a
calcination process has been demonstrated on
2 kg/h scale and efforts are currently underway
totrapandrecover HCI (PCT patentApplication

No.PCT/IN0O1/00185dated 22 October,2001).
The Institute continued its search for

. |
inexpensive sources of CaCl, and recognized "™ [ Me r AT B s "os
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that Distillerwaste, whichis the liquid effluentgenerated in the Solvay process of
soda ash manufacture, holds promise. Recovery of potash and other marine
chemicals through desulphatation of bittern with Distiller waste would be of
interest to leading producers of salt and soda ash such as Nirma, Saurashtra
Chemicals, Gujarat Heavy Chemicals Limited and Tata Chemicals who are

presently discharging this waste as well as the bitterninto the sea. The Institute
is working closely with several of these industries towards this objective, with

supportfromDepartmentof Ocean Development, GOI.

The Institute has utilized the concept of carnallite production through
desulphatation to develop a process for low sodium salt (a mixture of NaCl and
KCl)on 100 kg scale andis working actively with anindustry tocommercialise the
process (Patent Application No. PCT/INO2/ 00018 dated 31-1-2002). The
Institute has also successfully developed for the first time a process for
producing carnallite in the field with <1% NaCl impurity. As a result, it is now
possible to produce KCI with > 98% purity through a cold process (patent
application in preparation). Asecond approach based on processing of 32° Be'
desulphated bittern in a plant to produce KCI, low sodium salt, MgCl, liquor and

pure waterhasalsobeenexperimented withatthe laboratory scale.

A key innovation that has attracted the attention of numerous industries is
the concept of desulphatation of brine for production of high purity
industrial grade common salt (PCT patent Application No. PCT/IN01/00185
dated 22 October, 2001). Sulphate impurity in brine leads to build up of
magnesium and calcium impurity (in the form of sulphate salt) in the

32



common salt and is, in that sense, the prime culprit. Soda ash and caustic
soda industries devote much effort to clean up salt and any savings on this
count would be to their advantage. Industrial salt of higher quality would
also raise the income level of agarias since such salt would be more
sought after. As can be seen from Table 1, heap washed salt produced
from desulphatated sub-soil brine (column C) is superior to those obtained
from sea and sub-soil brines through the conventional process (columns A,
B respectively) of solar salt production being followed presently.
Mechanical washing of the salt can further improve its quality and it is
possible to reach specifications matching those in column D, which would
be attractive even for export. The most interesting aspects of this
innovation are that: (i) adoption of desulphatation methodology makes
variations in the initial composition of brine irrelevant and high quality salt
as indicated in Table 1 can be produced even from sub-soil brine, (ii) the
yield of salt increases by ca. 15% when desulphatation is carried out with
Distiller waste (the NaCl present along with CaCl, in Distiller waste
contributes to salt yield while the overall increase in chloride concentration
of brine throws out more NaCl due to the common ion effect), and (iii)
heavy metal impurities in salt are also observed to be noticeably less as
evident from ICP measurements. Although salt quality upgradation through
desulphatation was conceived to make integrated marine chemicals
recovery more attractive, the technology has become important in its own
right and numerous companies have expressed interest in the process.
This method of salt production was adopted on 100 ton scale in the
Experimental Salt Farm during the last salt season.

‘Heap washed sea salt through traditional process; * Heap washed salt from sub-soil
brine through traditional process; “Heap washed salt from sub-soil brine after

desulphatation; © Target specification of salt to be produced after mechanical washing.

Table 1
Constituents A B C D
(% whv)
Ca 0.20-0.25 0.30-0.40 0.10% 0.04%
Mg 0.04-0.07 0.10-0.12 0.05% 0.02%
SOy 0.50-0.60 0.80-1.00 0.15% 0.11%

The Institute is exploring methods of eliminating impurities from seawater

with a view to producing brine that may be fit for use directly by industries.
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Such an approach, if successful, would eliminate the need for
crystallization of salt and its redissolution to produce brine. This approach
would also be useful in promoting the use of seawater for washing of salt
heaps and for dissolution of salt for preparation of concentrated brine.
One approach of particular interest is the use of suitable membranes that
can reject divalent ions from seawater. It can be seen from Table 2 that
the concentrations of Mg* and Ca”* in seawater can be reduced by ca.

90% and 79%, respectively, through membrane processing.

Although
ease of recovery of KCI via carnallite has been emphasized above, and its
viability demonstrated in the context of integrated marine chemicals
recovery including salt quality upgradation, no more than 2-3 lakh tons of
KCl can be produced through this approach (~1200 tons of KCI can be

Table 2 Membrane-based Seawater purification

Ca” 0.044% 0.009% 79.04%
Mg** 0.120% 0.011% 90.53%

produced from the bittern obtained as by-product from 1 lakh tons of salt)
whereas the requirement is much larger. On the other hand, even though
vast quantities of natural bittern are available in the Greater Rann of
Kutch, its desulphatation on standalone basis would not be a practical
proposition, although there may be some gains through integration with
bromine production. More importantly, as per the opinion of agricultural
experts, the sulphate in the bittern should ideally be utilized to produce
SOP which is recognized as a superior fertilizer to MOP but whose
consumption is limited because of its ca. twofold higher cost. With this
reasoning in mind, it has been possible to produce K,SO, of ca. 94% purity
from kainite-containing mixed salt and externally added MOP. The salient
features of the technology are that: (i) K,SO, is produced through a simple
cold process, (ii) apart from MOP, no other chemicals are required for
treating the kainite-containing mixed salt, and (iii) ~1.5 kg of K,SO, can be
produced per kg of externally added MOP. This approach has the potential
to reduce import of MOP by 35% while simultaneously offering the Indian
farmer a superior fertilizer at a lower cost than the international price of

SOP.
In addition to

the conventional approach of marine chemicals recovery through fractional
crystallization, the Institute has been exploring the possibility of developing
suitable extractants for selective recovery of K* from brine/bittern. We

have utilized the original concept of potash recovery from seawater with
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dipicrylamine proposed by Norsk Hydro to extract K' selectively from
bittern. Dipicrylamine was first treated with lime and added in
stoichiometric quantity into bittern
whereupon a red precipitate was obtained
instantaneously. This precipitate was
treated with nitric acid whereupon pure
potassium nitrate was recovered and the
dipicrylamine could be recycled.

As indicated above, the value of salt

forindustrialapplicationis stronglyrelatedto

the level of calcium impurity. An innovative

technology for the removal of Ca* impurity

from brine employing marine cyanobacteria

was developed. The cultures showed good adaptability to brine compositions
varying from 9°Be'to 29°Be' sea/ sub soil brine. The 42 hours old cyanobacterial
cultures showed excellent ability to accumulate Ca* from brine and a maximum
of 80 % reduction of Ca®" concentration in brine was observed within 48 hrs of
contacttime. All the tested strains of cyanobacteria showed a cyclictrend in their
Ca” uptake and release behaviour (see figure below). This process under the
field condition (100 kg scale) resultedin 50 % less Ca* in salt produced from sub-
soil brine treated with Lyngbya aestuariiat24.7 °Be' (U. S. PatentApplication No.
09/777664 dated 2 July, 2001). The process invented is an eco-friendly

biological processrequiring no additional chemical orenergy inputforoperation.
Table 3. Reduction of calcium in subsoil brine using Lyngbya aestuarii

Brine Density Ca”* concentration (w/v) Ca”* concentration (wW/v)
Untreated Brine | Brine treated Salt from | Salt from
for 6 h with untreated brine | untreated brine
MMGC
24.7°Be’ 0.12 0.05 0.31 0.14

The dark green mat-forming nature of the floating biomass in high-density brine
could also enhance the rate of water evaporation from brine although this
remains to be tested. The biomass could also be of value forrecovery of certain
pigments orapplicationas aquafeed.
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Aninnovative device forthe
measurement of density of brines in salt works from afar was designed,
developed and tested in one of the major salt works at Port Victor. The deviceis
designed to pop up from the brine once its density reaches 25.6°Be' so that the
salt manufacturers have better control of brine charging into crystallizer to
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minimize calcium impurity in industrial grade salt. Percentage of “off-spec”
producthasreducedconsiderably asaresult.

Package information on
5 tph capacity mechanical salt washery
for upgradation of solar salt from
Bangladesh was supplied to M/s.
Nuberg Engg. Pvt. Ltd., Noida. Theraw
salt analyzing 83-84 percent NaCl was
upgraded to 98-98.5 percent NaCl. More than 80 per cent of calcium and
magnesium impurities and insolubles were removed, in addition to colour,
through the washing process developed. This upgradation of salt will make it

possibletosetupacausticsodaplantinBangladesh.

CSMCRI and
SEWA (Self Employed Women's Association), Ahmedabad, have taken up ajoint
programme on improving the quality and yield of salt produced by the small and
marginal salt workers (agarias) at Little Rann of Kutch (LRK) region. Inthe first
phase, SEWA-CSMCRI combine has taken up 35 marginal salt works for quality
upgradation. The agarias were trained on better methods of salt production and
quality control. With this technical backing from CSMCRI, most of the agarias
could produceindustrialgrade saltand SEWAcould marketthe entire salttouser
industries. SEWA-CSMCRI proposes to take up more salt works at LRK and
integrating industrial grade salt production with the recovery of value added

marine chemicals underaclusterdevelopmentprogram.

A 10-acre solar salt works for the production of industrial
grade salt from sea brine was designed and developed at Dharasana (Valsad
District). The programme was sponsored by Rural Technology Institute of
Gujarat, Gandhinagar. Industrial grade saltwith <0.1 percent Cawas produced
inthe saltworks.

A process for the production of cement grade
gypsum from the raw gypsum crystallized at salt works during salt production
was developed through mechanical washing. The washed gypsum analysed
0.5% chloride easily complying with the specifications for cement grade. The
method gains further importance in view of the higher quantities of marine

gypsum that will become available once the methodology of desulphatation of
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brineisadopted by saltworks.

lodate stability iniodised salt: lodate stability of animproved
salt manufactured by M/s. Hindustan Lever Ltd., Mumbai was studied under
accelerated conditions and also under storage. These tests indicated

significantimprovementin stability ofiodate in the salt.

Kitfortestingiodineiniodized saltin the field throughimproved
methodology was developed. The improved method of testing can identify the
possible adulterants in iodized salt. 200 such kits were specially made for
UNICEF.

A
simple electrochemical process based on ion exchange membrane was
developed for continuous preparation of high purity potassium iodate solution of
appropriate concentration for directiodisation in salt works. The outcome could
lead to development of a process for
manufacture of potassium iodate that would
substantially reduce the cost of iodisation of
salt.

A series of

diazo carbonyl compounds tethered to substituted cyclopentanone and
cyclohexanone units with different tether lengths have been synthesized using
diazomethane or methanesulphonylazide. The above synthesized diazo
carbonyl compounds with rhodium(ll) acetate dimer furnish cyclic five- or six-
membered-ring carbonyl ylide dipoles. These unstable transient species
underwent facile 1,3-dipolar cycloaddition reactions with
substituted/unsubstitutedindoles, p-quinones, and symmetrical/unsymmetrical
pentafulvenes to furnish various novel epoxy-bridged polycyclic systems. Very
interesting structures such as decahydrobenzo[c]carbazoles 1,
decahydrobenzo[a] carbazoles 2, oxatetracyclo[6.5.1.0"°.0°""]tetradecene 3
and several epoxy-bridged polycyclic molecules (e.g. 4, 5) have been
synthesized. The unusual cyclization product, tri-oxapentacyclic compound 6

hasalsobeensynthesized and characterized.

38



The formation of unstable five- and six-membered ring carbonyl ylides has been
demonstrated. The tandem cyclization-cycloaddition methodology has been
developed to synthesize several new organic molecules. This methodology is
particularly attractive as four chiral centers and two carbon-carbon bonds are

formedinasingle syntheticstep.

The goalof crystalengineeringis to

rationally design supramolecular materials through understanding of non-

bonding interactions such as hydrogen bonding, m-stacking, and halogen-
halogen interactions. It has been realized in recent years that coordinate

covalent bond formation through metal-ligand interaction is also a versatile
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approach for forming supramolecular assemblies. Based on the information
gathered from Cambridge structural database, motifs that can be used to glue
the building blocks have been identified. In work carried out in the Institute, a
Co(ll) coordination polymer with 4,4'-bipyridine as rigid linker has been
synthesized and structurally characterized (Fig.1). The polymer has a 2-D
square grid architecture involving both coordinate covalentbond and N-H...O H-
bonding interaction. Atwo dimensional H-bonded network based on an organic
salt has also been characterized by single crystal X-ray diffraction technique
(Fig2).

New ligand-4 (3,4-dihydroxy benzene) was
synthesized, to investigate the effect of inclusion of bridging ligand on metal-
metal interaction. New symmetrically substituted (trans) bis catecholate
derivative of diphenyl porphyrin along with the monosubstituted catecholate
derivative of tris phenylporphyrin have been synthesized. Corresponding mono
and binuclear complexes of Ru(2,2’-bipy),(sq)" (sq is semiquinone) has also
been synthesized and found to function as a redox switch. Also inclusion
complex of ZnTPP with nitrobenzene as guest has been synthesized and single

crystal X-ray structure hasbeensolved.

Heterodinuclear complexes of Ru(ll) and Os(Il) were prepared using 2,4,6-

tris(2-pyridyl)-1,3,5-triazine ligand. Luminescence property of a series of mono-
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, di-, and tetranuclear homo-/heterometallic complexes of Ru (II) and Os (II) with
a designed polypyridyl based bridging ligand have been studied in various
experimental conditions. Quantum yields of all these complexes have been
calculated. The luminescence data suggest that in the heteronuclear
complexes intramolecular energy transfer occurs from Ru (Il) to Os (Il) center
throughthe bridgingligand.

Chiral epoxidations of indene (at 10 grams level) and 6-
cyanochromene (at 5 grams level) were carried out using catalyst 1 (0.5-2
mol%), sodium hypochlorite as an oxidant and pyridine N-oxide (2-10 mol%) as
anaxialbaseinthetemperaturerange of 0-4°C.

The catalysts used were modified versions of Jacobsen's chiral epoxidation
catalyst, Mn(IlI)SALEN. Noteworthy features of the modified catalysts are: (i)
The rate of reaction is 5-10 fold faster, largely due to the in-built phase transfer
capability of the catalyst, (ii) the catalysts are effective in presence of cheaper
axial base co-catalysts like pyridine N-oxide and 1,4-dioxane, while the original
Jacobsen catalystrequires severalfolds of expensive 4-phenyl pyridine N-oxide
or4-(4-phenyl propyl) pyridine N-oxide, (iii) the catalysts could be recycled up to
5 times, with only minor loss in activity, and (iv) high conversion efficiencies.
Optical purity ofthe cyanochromene oxide was >97%.

The dimeric homochiral Mn(lll) and Ni(ll) Schiff base complexes derived from
Mono tartarate salt of (1R, 2R)-(-)-cyclohexane diamine with 3,5-di-tert-butyl
salicylaldehyde and 3-tert-butyl 5,5-methylene-bis-salicylaldehyde were
synthesized and used as catalysts for enantioselective epoxidation of
chromenes, indene, styrene, t-3-nonene and t-4-octene, using, oxone and
molecular oxygens as oxidant in presence of iso-butyraldehyde as sacrificial
reductant. Near-quantitative conversions were obtained with all alkenes, and

with high chiralinductionin case of nitro-and cyano chromenes.

Dimeric Co(ll) complex was used for hydro-kinetic optical resolution of
epichlorohydrin, styrene oxide and propene oxide. The catalyst gave good
yields of enantiomerically pure epoxides.
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a) Isomerization Reactions: Longifolene isomerization to isolongifolene is
carried out commercially with sulphuric acid. Solid acid based catalysts have
been developed in collaboration with RRL, Jammu showing 96% conversion at
150°C and atmospheric pressure under solvent-free conditions. The advantage

ofthenew processisthe ease ofworkup ereaction.

H=———+¢"H
N\M<N_
n
RRNCH, O/c|:| o) CHNRR
b) Acylation Reactions: Acylation ofisobutytbgnzene presently done using HF

or AICI, catalysts is being studied with an objective to develop eco-friendly
(R,R )1 Mn(Ill)SALEN, Catalyst1

Catalystl ©§,O
NaOCl, 0-4°C

catalysts. Commercially available zeolites have been modified to function as

O
NC N Catalyst1 ‘NC
o} NaOCl, 0-4°C o}

catalysts in the reaction and up to 32% conversion, with 92% selectivity for 4-

Isobutyl acetophenone, has been achieved in laboratory experiments. The
observedyieldis substantially higherthanthatreported previously.

Zeolite and clay based catalysts have been developed giving more than 90%
conversion for veratrole and 65% conversion for anisole. The process is solvent

freeusingnon-hazardous acylatingagentand has highatomeconomy.

Acid Catalyst

—_—————
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Acylatlon JV©A
Solld Acid

Synthesis of nanocrystalline solid super acids based on zirconia and triflates is
being attempted. Sulfated zirconia having crystallite size as low as 8 nm has

been obtained using the sol-gel technique and is being evaluated in acylation

reactions.
OCH,
OCH;
. Cat. .
Preliminary  » experiments
0

conducted for 100°C evaluation of
m e t a | o complexes
based on ruthenium and
rhodium for hydroformylatio

Metal-modified clays have been prepar%o e hydrogenation of benzene. The
catalyst gave 100% conversion at high temperature and nressure but was very
sensitive to sulfur compounds, as evident from rapid deactivation in the
presence of 10-100 ppm of thiophene. Subsequent modifications have yielded
catalysts with greater tolerance to thiophene and reasons for the higher sulfur
tolerance are beingascertained.
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Zeolite-A technology released to M/S NALCO, Bhubaneswar
through NRDC was successfully upgraded by improving the whiteness of the
product. The 10,000 TPY plant based on bauxite leachate has been
commissioned and the table below compares the properties of the plant product
vis-a-vis specifications ofinternationally marketed products.

Anovel zeolite-Abased adsorbent for separation of oxygen, nitrogen and argon
from air has been developed. Significant technical features of the adsorbent

include:

>» Almost1.5times higheradsorption capacity forN,comparedtothe bestvalues
reported previously for similar zeolites.
> Nearly threefold higherselectivity fornitrogen.

» Firstzeolite-A based adsorbentshowingselectivity forAroverO,

A PCT patent application has been filed on the process of preparation of this

adsorbent.
1. Ca binding capacity mg 320 308 300+10 280 317
CaCOs/ gm of absolute
sample
2. Loss on ignition % at 215 215 20+1 20 215
800°C, 1hr
3. pH 5% aqueous slurry 11.0 10.7 115 11.1-11.3 11.1
4. Bulk density gm / cc 0.56 0.62 0.50-0.55 0.30-0.40 0.51
5. Average particle size ds 6.75 3.31 4.2 3-5 <4
in um
6. XRD crystallinity 96 91 9545 Cryst. 98-100
(compared to BDH 4A Structure
powder) cubic
7. Chemical composition
SiO, %
Al,03% 31.7 32.2 42 - 33.3
Na,O % 29.7 29.7 35 - 28.85
16.2 15.9 23 - 16.31
on dry basis
8. Whiteness index 98.5 98.9 96+2 White >97
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Using binders like colloidal silica, zeolite-X and clay, ceramic tiles were
coated with TiO, by a spraying technique. Strongly adhering coatings, tested by
tip test and by washing with tap water, were obtained with (i) TiO, alone and (ii)
with silica/TiO,. In a series of experiments, spot tests were conducted on the

coatedtiles, using dye, chilly, turmeric and oil in various combinations. The tests
showed that, under the influence of fluorescent light, dye spots were bleached
within4 hours, while spots due to spices werebleachedin10-12hours.

A bench scale (10 kg/hr)

N
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unitforprocessing by-product calcium carbonate has beeninstalled at CSMCRI
forpreparingrubbergrade and PVC cableinsulation grade calcium carbonate.

Continuous Stirred Tank Reactor (CSTR) and Bubble Column Reactor (BCR)
were designed and arrangements were made to measure various parameters.
Experiments were conducted in BCR to
optimize h/d ratio, superficial gas velocity
and carbonationtime. Relationship between
superficial gas velocity and parameters
such as reaction time, % CO, consumption
and h/d ratio were established. The
process was optimized to produce

precipitated calcium carbonate with desired
particle size distribution and crystallinity.
Effect of additives like sugar, urea and
surfactants on polymorphism and particle
size distribution was also studied. Calcite was invariably formed during
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carbonation and particle size distribution
shifted towards higher size with addition =17 = =
of additives. A process flow sheet has i LT
been prepared for 100 tpd PCC
production.

requisite specification were obtained.
The PCC also meets the specifications for
toothpaste and paintapplications.

Silicais used to purify a certain Pd-
phthalocyanincomplex. Apartofthe complexisirreversibly bound andtherefore
difficulttoretrieve. Attherequestofaclient, a
process hasbeendevelopedtoeffectrecovery
of Pd fromthe silicagel waste.

Extensive effortsledtoathree step processfor
recovering Pd (as PdCl,) in >95% yield and

99% purity without generating any waste. The

process was scaled up to 10 kg scale of waste

silicagelandsuccessfullydemonstrated.

The
intermediates used to produce toluene di-Isocyanate (TDI) are dinitrotoluene
(DNT) and meta toluene Diamines (MTD). The liquid effluent, which contains
spent mineral acid and organic compounds is presently being incinerated at
1100°C. The feasibility of treating the effluents with different inorganic
adsorbents was investigated to bring down the COD to acceptable levels. The
approach is feasible, in principle. A photochemical method of treating the
effluentswas also studied.
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Conducting spacers are used to enhance the conductivity of diluate chamber in
electrodialysis (ED). Each chamber carries an anion and a cation exchange
membrane and a conducting spaceris interposed between the membranes. The
use of conducting spacer reduces energy consumption and prevents change of
pH. A systematic study of current-voltage curves of membrane, with or without
conducting spacers, indicated the need to make use of two spacers instead of
one in such a way that cationic membrane faces a conducting spacer of cation
exchange material and anionic membrane that of anionic material. If they are
interchanged one would end up with lower current efficiency and changes in pH.
Though the use of conducting spacers is known, the way they should be
combinedwas broughtoutinthis work.

The use of conducting spacers extends the range of operation of ED. ED was
used to desalt only up to 500 ppm and if one has to desalt beyond this, lower
current efficiency is encountered and pH changes. With the use of conducting
spacers itis possible to go far beyond 500 ppm (say 50-100 ppm), which means
that products with much lower salt impurity can be obtained. The positioning of
conducting spacersinrelation to the type of membranes as indicated in the work
extends the range of application of ED without any attendant pH changes. An
exampleisdesaltingofaminoacidstoobtainaminoacids withonly 50 ppm salt.

In
continuation of on-going efforts towards development of new products for water
treatment,a domestic electrodialytic water desalting unit and a 15 lit/hr
defluoridation column were designed and fabricated. These are undergoing
trials. These units can be used to convert brackish water to potable water and
remove fluorides from drinking water. These
units should have a direct bearing on the
health of people.

Except domestic units that are based on the
principle of reverse osmosis (RO),
commercial domestic water purifiers do not
remove salt. ED systems are mainly
composed of plastic material, simple

electronic circuit for rectifier and inexpensive

(non-high pressure) pumps. The units are
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comparatively free from corrosion and easy to operate, with no moving parts.
The suitability of the design for domestic ED desalting system is being tested to
incorporate necessary changes.

Presently techniques involving precipitation and adsorption are mainly
being tried for defluoridisation with limited success. While in precipitation
technique the treated water might have higher alkalinity, a soluble complex of
aluminium fluoride might get formed in adsorption technique. The regeneration
of exhausted bed would have lower treatment (defluoridation) efficiency. The
technique usingion-selectiveresinsisfreefromsuch problems.

The resin originally developed for secondary purification of brine in chlor-alkali
industry -- for making caustic soda and chlorine by membrane technology --
has been used for this additional application through suitable chemical

modification.

For the first time, a brine
purification resin that is non-styrenic and totally aliphatic in nature has been
developed. It does not involve the conventional chloromethylation route for
functionalisation, which requires highly carcinogenic chemicals. Aminomethyl
phosphonic acid type resins are more specific for alkaline earths than
iminodicarboxylic acid type resin currently being used in the industry. Such
resins are useful for final polishing of brine to remove last traces of alkaline earth
metal ions (Ca"™), i.e., to <20 ppb, before charging it to the membrane cell for

alkali production.

Gujarat Alkali & Chemicals Ltd., (GACL), Baroda is assisting in the scale up of
resin synthesis and point of use testing of the resin at their plant at Ranoli,
Vadodara.

Ultrafiltration membrane
prepared from polysulfone and other membranes are widely used for different
separation/concentration processes in chemical, food processing and
pharmaceutical industries. These membrane based applications would
increase sharply due to the inherent process advantages like operation at
ambient temperature, easy but reliable operation, low energy requirement and
environmentfriendly nature..

Polysulfone (PS) support membrane commonly used for composite membrane

development is hydrophobic in nature, and poses certain difficulties such as
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greatly reduced flux when the pore size is reduced beyond a point. As an
alternative, it has been possible to make porous membranes from polyether
sulfone (PES) on a small scale. PES is hydrophilic, cheaper, indigenous and
easily available while possessing all other propreties of PS such as high thermal
stability (T,=225C) and high chemical stability. Basic studies on pore size/ pore
distribution for polysulfone (PS) and polyether sulfone (PES) using porometer
have been carried out. The studies provided information on size of pores,
variation in pore size, density of pores (when prepared under different control
condition), etc. As a first step, casting experiments were carried out on a glass
plate for developing small support membranes. These menbrane coupons were
then evaluated for determining pure water permeability (PWP) constants and
characterized for pore size distribution studies. The initial results indicate that
pure water flux is appreciably higher than for PS while the pore measurements
are appropriate forcomposite membrane development. Efforts are ontodevelop
PES membranes on alarge scale while optimizing the casting conditions before
establishing the efficacy and advantage of PES for TFC membrane
development.

Polyethersulfone ultrafiltration membranes were surface modified by
preadsorption of polymers containing hydrophilic functional group. The surface
chemistry of the modified membranes was identified by FT-IR spectra. The pore
sizes of the membranes were determined by bubble pressure porosimeter and
gel permeation chromatography. MWCO values and fouling resistance nature of
the membranes were measured by permeating 500-2000 ppm aqueous feed
solutions of different molecular weight PEGs, dextrans and bovine serum
albumin.

Several surface modified polyamide composite membraneswere prepared byin
situ formation of polymers containing hydrophilic functional group like sulphonic
acid and carboxylic acid under different conditions. The performances of the
modified and unmodified membranes were measured using aqueous feed
solutions of 30000 ppm NaCl at 900 psiand 2500 ppm NaCl at 250 psi for longer
duration of time to obtain information about fouling resistant nature of the
surface modified membranes.

The surface modified membranes have shown good resistance to fouling by
organic solutes as indicated by their water flux recovery ratio values (Figure 1)
afterthe permeation of differentsolutes.
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Current practice of concentrating herbal or plant extracts is through rota-

evaporation. It is very time consuming and often affects biomolecules due to
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higher temperature of operation thus inhibiting proper concentration of plant
extracts. The membrane based plant extract concentrator, on the other hand,
overcomes this limitation as it operates at ambient temperature and the process
ofdewateringis muchfaster. The equipmentwouldthus be very handyforstudies

involvinglarge numberofaqueous plantextracts.

The concentrator is based on Polysulfone-Polyamide (PS-PA) thin film
composite membrane and removes only water from the extracts. The
dimensions of the cartridge used are 5 cm x 30 cm. Up to 3 litres of aqueous
extractcanbe concentrated byas muchas75percentinlessthantwohours. The
removal of water, however, is partly dependent on the
concentration and the viscosity of the herbal/plant
extract. Anadded advantage is thatunlike arotavapor
this equipment avoids formation of froth thereby
eliminating the need to remove the same and

enhancing efficiency.
The concentrator has been specially developed for

the CSIR inter-laboratory programme on drugs. The

concentrator was demonstrated to the participating

laboratories and has been very well accepted.
Thirteen units have so far been supplied to the

laboratories participating in the Inter Laboratory Coordinated CSIR programme
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on “Discovery, Development and Commercialisation of New Bioactive and
Traditional Preparations”.

The 20 cm diameter spiral module is currently the world
standard in RO plants. This development would enable us to manufacture large
scale desalination plants at alower capital costand as aresultthe product water
costwill also be significantly reduced. Besides being useful in providing potable
water this achievementwould also be useful in treating waste waterinrefineries,
fertiliser and power plants ensuring water reuse concurrently reducing toalarge
extentthe effluentproblem.

Spiral element of 20 cm diameter and 1meter length, based on Thin Film
Composite (TFC) polysulfone-polyamide (PS-PA) membrane, has been
developed. Each spiral element would accommodate 39 sq. meter membrane
area and produce about 20,000 liters/day output under standard test condition
andremove 95 percentofsalt.

Financial support has been received from Chennai Petroleum Corporation Ltd.
(CPCL). Large scale trial is being conducted at their premises. The Centre for
HighTechnology (CHT) hasalsoapproved fundingfora 1MLD capacity plant.

A large part of our country's
population has to depend on underground water for drinking. Often such water
sources are brackish and could not be used for drinking directly. To render such
water suitable for drinking, especially in small communities a 100 litre/hr
desalination system based on RO has been designed and a few units have been
fabricated andinstalled in Kutch district of Gujarat.

The unit developed is suitable for converting saline (brackish) water having a
maximum of 5,000 mg/liter of total dissolved solid (TDS) to high quality product
water with 500 mg/liter TDS. The process also eliminates bacteria presentin the
feed water. The unit has been designed for both single-phase and three-phase
power supply. It consumes 1.2 KWH power and is ideally suited for use in

schools, offices, banks, hospitals, smallindustries, and small hamlets.

The unitemploys two modules (30cmdiameter x 1 meter) made of CSMCRI's thin
film composite (TFC) membranes and operates in the range of 10 Kg/cm®to 15
Kg/cm? pressure depending on the feed water quality. Three such units are
operating, two with the Vivekananda Research & Training Institute, and one with
SRUJAN (a voluntary organization), all in Kutch district of Gujarat, and are
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funded by these organizations.

In yet another
approach, application of membranes for removal of
fluoride from water was studied with a loose
negatively charged TFC nano-filtration (NF)
membrane. Defluoridisation experiments were
conducted on atestkitwith pure water, tap water and
hard water into which sodium fluoride (NaF) was
added. The studies indicated that poly-piperazine
amide based NF membranes could be used to

reduce fluoride content. In fact these membranes
are capable of achieving 50 to 85 percentremoval of
fluoride depending on the feed water type and
operating conditions. Incidentally, these membranes could also remove NaCl to
the extent of 30 to 35 percent from saline feed water (0.1-0.2%). Hardness

removal bythese membraneswasabout70to 75 percent.
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Eucheuma is the single most important source of k-carrageenan.
This alga has been extensively farmed in the Philippines, Indonesia and
Tanzania. CSMCRIhas successfully introduced this seaweed in Gulf of Mannar
and developed different methods of cultivation in bags and in the open sea.
Polythene bags were found to be the bestfor maintaining germplasm for seeding
purpose, whereas open cultivation on rope was found to yield the highest
biomass, in absence of grazing. Bags made from fishing net were useful when
the sea is rough. Besides eliminating the problem of seaweed loss due to
detachmentanddrifting, italso reduces grazing without excessive hampering of
growth. Byincreasing the number of bags and reducing the harvest period from
90 days to 45 days, it has been possible to obtain yields as high as 9-12
tonnes/ha/year based on field data in Thonithurai. The yield was even higherin
Krusadai island whereas the Palk Bay side was generally less conducive for
growth. These results compare favorably with cultivation data elsewhere, as
indicated by international experts. The promising findings have enabled the
Institute to transfer know how to Pepsico Holdings India Ltd. who are initiating

commercial scale cultivation of seaweed forthefirsttime inIndia.
Besides developing improved farming methods, the germplasm has also been

improved through tissue culture
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from the tissue cultured seaweed were found to be satisfactory. The tissue
culture method canalsobe usedtomassproduce seed stock.

The process for manufacture of semi-refined k-carrageenan from Eucheuma




has been minimized and a simple method has been developed to recycle the
alkalirequired in the process. The process for refined k-carrageenan has also
been improved. A new approach is also being experimented with to dispense

withthe use ofalcohol.
Besides the conventional use of Eucheuma as a source of kappa-carrageenan,

the remarkable ability of the seaweed to accumulate large amounts of potassium
ionfromseawaterhasbeenexploitedindevelopmentof “bio-potash”.

& o

o

Cultivation of different strains of Gelidiella acerosa on

coral stone was continued to identify Gelidiella acerosa having superior growth,
agaryield and gel strength. The data on biomass yields indicated that the plants
collected from CSMCRI farm, Kilakkarai and Sethukarai exhibit higher yields
than those collected from other places. Yield of agar and gel strength were the
best for CSMCRI farm material, confirming its overall superiority. This
germplasm has, therefore, been selected as seed stock for scale up of Gelidiella
cultivation. For maximizing the biomass yield, studies were also conducted at
different seeding densities (200, 300, 400, 500 and 600 g/m?). Seeding density
of 400 g/m*yielded an optimum average biomass of 2.31 kg/m” for first harvest
and 1.15 kg/m’for the second harvest. Studies were also carried out on different
types of artificial substrata. Based on the above studies, hollow cylindrical
cementblocks were fabricated and 6000 such blocks were seeded with CSMCRI

elite germplasm afterconditioninginthe sea.
It has now been possible to produce superior quality bacteriological agar

indigenously from the Gelidiella acerosa cultivated in the CSMCRI farm.
Bacteriological agar is used in clinical applications, auxotrophic studies,
bacterial and yeast formation studies, bacterial molecular genetics applications
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as well as in mammalian and plant tissue culture. In India, the requirement of

bacteriological agaris metlargely through imported products ata very high cost.

The method of production involves: pressure extraction of agar from the
seaweed after suitable pre-treatment. The resulting liquid agar extractis filtered
and clarified, and then subjected to freeze-thawing to further refine the product.
The agarflakes obtained afterdrying are powderedtoyield bacteriological grade
agarconformingtointernational specifications. The process has been scaled up
to 1.5 kg of dry seaweed/batch. The yield of agar is in excess of 25% (based on
bone dry seaweed). The product has been found to have gel strength in excess
of 600 g/cm’ under standard conditions of measurement (1.5% gel; 20°C). This
development is partially funded by the Department of Biotechnology and

industries.
A method of assaying sulphated

polysaccharides (SPS) was developed. The extract was purified by ion-
exchange and gel column chromatography. Alditol acetates of purified
sulphated polysaccharides were prepared and the carbohydrate monomers
present in the latter were identified and quantified by GC-MS analysis.
|

o — = (=
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Continuing studies on Codium dwarkense, agreen algal species thatwas earlier
shown to have blood anticoagulant activity, indicate that the activity of the

aqueous extract peaks duringthe sporulating period.

Chemical compostion (N P K and trace
elements) of different brands of LSF was compared with that of CSMCRI LSF.
The data indicates that the latter is comparable to other brands. Different
Sargassum sp. were analyzed for their LSF value in order to select the best one
characterized by maximum total dissolved solids (TDS). Sargassam swartzii
was found to contain highest TDS (12.9 percent). Different methods were
adopted to prepare the best quality LSF with maximum manural elements.
Sargassum mixed with Ulva in the ratio of 75:25 resulted in an increase of
N:P:K content to 3.75 %, 3.10 %, and 0.12 %, respectively, from the previous
concentrations of 2.5 %, 2.5 %, and 0.085 % when Sargassum alone was used.
Field trials were conducted at Biovillage, Mocha on onion. Anincrease of 16 % in
production of bulbs at 10 percent concentration of LSF against control was
observed. Application of L.S.F. on onion crop at Lakhanka village, Bhavnagar
showed an increase of 17-29 % in the yield of onion bulbs, when sprayed with
different concentration of LSF. The effect of soil application of LSF on Jojoba
seedling showed increase in height and number of branches by about 50
percent. Field experiments were also conducted on wheat and groundnut and

positive effects observed.

Use of Eucheuma as a source of potash was studied in detail. Both

Euchema and Euchema ash when

ONION

applied to brinjal and wheat recorded
33 and 42 percent higher yield,
respectively. Effect of foliar
application of Eucheuma sap on
growth and seed yield of 75 days old

Vignaradiata(greengram)plants was

also studied. Treatmentwith 10 percent (v/v) sap concentration produced about
50 percent higher seed yield. Use of lower or higher percentages of sap had
lessereffect.

A protease-producing marine bacterial culture was
isolated. Eighty fold purification of extracellular protease was achieved by
ammonium sulphate precipitation, column chromatography and gel filtration.
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Operational stability of the isolated protease could be improved by its
immobilization on k-carrageenan. The immobilized enzyme retains almost
constant activity when the samples were stored at <15 °C for 20 days. (Free
enzyme loses its activity within 2-3 days under similar conditions of storage.) It
was also observed that immobilized enzyme could be used six to eight times

withoutappreciable loss ofactivity towards casein degradation.

Bacterial and fungal cultures were isolated
from a dye industry effluent and both were used independently for effluent
treatment. Reductionin COD up to 90 % was observed within 15-16 days with the

bacterial culture, whereas the fungal culture showed no significant reduction in
COD. Decolorization studies carried outusing both the culturesrevealed thatthe
fungal culture was effectiveinreducing the colorofthe effluentby 60-65 %.

Three different bacterial cultures were isolated from an industrial effluent
released by manufacturer of a fungicide. Reduction in COD up to 88 % was

observedwhenthe cultureswere appliedinthe formofaconsortium.
Liquid effluentfrom a dye industry was subjected to electrochemical oxidation to

destroy the chromophoric group and thereby reduce colour. The effluent was
thensubjected to microbial degradationin presence of abacterial culture and the

CODreductionwas nearly quantitative within 16 days.

A cyanobacterial consortium employed in the form of a mat was utilized as a
biofilter to treat a variety of highly saline effluents. 60-80 % removal of color was
observed.

Amethod has been developed for the production of the high value
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fluorescent pigment, C-Phycocyanin (C-PC), from a strain of Spirulina platensis.
Important innovations in the protocol for cultivation, harvesting, extraction and
purification have yielded high purity C-PC with 10% yield on dry weight basis. As
can be seen from the absorption spectral data below, the CSMCRI product has
similar absorbance at 620 nm as the product from Sigma, when both spectra are
recorded with similar concentrations of C-PC (0.14 mg/mL). The ratio of
absorbances at 620nm & 280nm, which indicates the extent to which protein

impurities are present, isalso comparable forthe two products.
Akey factor behind the high purity of product obtained is membrane processing

of crude extract. The membrane of appropriate M.W. cut off developed for this
purpose in the Institute enabled the undesirable low M.W. proteins and other
impurities to be eliminated. The process also led to dewatering of the extract by
up to 80% thereby reducing the load on the lyophiliser considerably. Atechnique
was developed for preparation of monoclinic single crystals of C-PC and the

crystal structure has been obtained through X-ray diffraction with 3 Aresolution.
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Salt tolerance mechanism in
Salicornia brachiata was studied. Tissue specific compartmentalization of ions,
alteration in enzymatic activities and increased succulence were proven to be
importantfactorsinsalttolerance ofhalophytes. Comparison ofsalttolerance of
cell cultures with that of whole plant revealed that anatomical complexity and
physiological integrity play critical roles in salt tolerance. Remarkably, S.

brachiata does not distinguish between NaCl and NaBr and both these salts are
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PES-16 85,000 68 4.5% 0.13

PES-18 9,000 22 1.7% 0.05
PES-26 35,000 55 32% 0.91
PES-29 40,000 130 25% 0.72
PS-A/° Surface 170 34% 1.05
modified
membrane

accu mBF&G@WW@W%‘HPO”FOPéarﬁ’@é’?mm%d BRstH LR WRRESRH QY B8 salts

binding microfiltration membrane

were studied using SEM and EDAX. At equimolar concentrations of NaCl and
NaBr, the accumulation of the bromide salt was 60 percent and chloride was 63

percent,ondryweightbasis.

If plants avoid injury by compartmentalization of toxic ions and increase in
succulence, an understanding of the mechanism by which this is accomplished
would be of immense practical importance. The results from the research will
increase our understanding of how such plants use Na" as a signalling molecule
to stimulate the activity of transport protein. This protein sequesters Na“ from
salt sensitive metabolic machinery and increases succulence, preventing
dehydration oftissue fromincreased solute accumulation. The results will permit
novel molecular biological approaches towards improvement of responses to

salinityincrop species.

Compartmentalization of Na” and K" ions in different tissue layers of

Salicornia brachiata ( mg/g ash wt.)
Salicornia

brachiata isasource ofedible oil rich (>75%) inlinoleicacid. Its cultivation on

highly saline soils using saline water as an irrigant was undertaken in ex situ
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conditions, using wild germplasm from Gogha and other coastal locations of
Saurashtra. Afew high-yielding plants were selected from the trials conducted.
These plantswere grown in separate plotsto assess the biomass productionand
yield. The seed yield per plant as well as the unit area yield were found to be
higherthan in the naturally growing population and the results were confirmed to
be statistically significant. Morphological variations, e.g., color, number of

1 Palisade 2 Mesophyll 3 Vascular; Magnification 100 X

spikes & segments per plant, and spreading nature, were alsoidentified in the ex

situtrials. GSFC Science Foundation, Vadodarais supporting the programme, in

Tissue layer Na"* K* Na'/K*
Palasade 263.39 68.40 3.85
Mesophyl 365.09 58.63 6.22
Vascular 149.53 76.61 1.93

view ofthe considerable potential for coastal saline wasteland development.
As mentioned above, Salicorniais a useful source

of edible oil rich in linoleic acid. Salicornia plant seeds are small in size and
recovery of the oil by conventional expelling is difficult. Solvent extraction of oil
is possible but it inevitably leaves traces of solvent in the oil. Using the CO,
supercritical fluid extraction (SFE) technique (courtesy |IT Bombay), 1.125 kg of
Salicorniaseedwas processedfor2hoursat300bars pressureand >85percent
of the oil in the seed could be recovered. Further work on fractionation is being

carried out.
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A new concept of vegetable salt was conceived and a proprietary
process has been developed forthe preparation of nutrient-rich salt from certain
halophytic oil-bearing plants that have a propensity to accumulate salt within
theirtissues. Salicorniais one such plant. Fine white crystalline and free flowing

edible saltcanbe obtained, which contains, inaddition, 5-15%
potassium chloride and several important micronutrients,
e.g., Fe.

Jatropha curcas is a non-browsable
perennial shrub wildly growing all throughout India, but
especially prevalent in arid and semi-arid regions of the
country such as Gujarat, Rajasthan and Andhra Pradesh. Its

seed is a source of non-edible oil rich in oleic acid (60-70%).
Currently there is intense interest in this plant as a potential
source of biofuel from eroded land. Data obtained from
CSMCRI's germplasm pool of Jatropha curcas raised in the
Berhampur Field Station indicate that there is one plant, in
particular, that gives consistently high yields of seeds.
Attempts are being made to propagate this plant both
vegetatively and through micropropagation.  Although
multiple shootingis obtained inin vitro conditions, the further

organogenesis ofthe shootshasnotbeenachievedsofar.
Seeds of

Jatropha obtained fromindigenous plantsis toxic because of

the presence of phorbol esters. Studies were carried out with a non-toxic strain
raised from seeds containing very low amounts of phorbol esters. The table
below shows the phorbol ester contents of various seeds. Seeds from
indigenous plants have phorbol ester content of ca. 3.7 mg/g which is
considerably higher than the values (2.87 3.07 mg/g) previously reported
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anywhere (information courtesy Professor K. Becker, University of Hohenheim,
Germany). In contrast, the seeds harvested from the plants raised in the
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CSMCRI experimental site from toxic seeds had phorbol ester contents ranging
from 0.06 0.11 mg/g. Thus these plants have retained their non-toxic nature
even under the prevailing conditions at Bhavnagar. This may lead eventually to
production ofedible oilfromthe oiland utilization of oil cake as feed.

A study has been conducted to ascertain the consistency of performance of
progeny plants of Jojoba raised at CSMCRI's experimental cultivation site at
Zanjmer. Ascanbeseenfromthetable below, dataon 14 elite female genotypes
indicate an average yield of 1.5 kg seed/plant inthe years 2000 and 2002. This
compares favorably with the corresponding yields extrapolated frominformation
obtained from the International Jojoba Export Council (IJEC). The pooryieldin

2001 would make itevidentthatenvironmental factors are equally important.

To popularize the elite germplasm, itis necessary to mass propagate the plants,
e.g., through stem cuttings and tissue culture. An added advantage would be
thatthe seedlings would be of known sex that would facilitate a planned design of
thefarm. Inthe presentwork basal mediareported earlierfor micro-propagation
has been modified to improve the multiplication rate. The composition of root
inducing auxin mixture has also been modified. The technology will provide
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Ambaji, Gujarat 3.71
Mahuva, Gujarat 3.70
Raised from non-toxic seeds:
Plant 1 0.067
Plant 2 0.081
Plant 3 0.111
Plant 4 0.088

1Analysed at University of Hohenheim, Germany
high quality known sex seedling of Jojoba at faster rate and help optimize the
male- female ratio in planned cultivation. Known sex CSMCRI elite Jojoba
clonesraisedthroughinvitro propagation methods,and plantedatAJORPfarm
(Dhand, Jaipur), has been found to be performing at par with the best of Israel
clones, and has begun to bear fruits from 3™ year onward. This indicates that the
domesticated CSMCRIselectionof JojobawilladaptbetterinIndian conditions.

Data on Worldwide Jojoba Cultivation and Seed Production along with data

on relative productivity of CSMCRI elite plants during 2000-2002
Many

nontraditional plantspecies, hitherto unexploited but highly suitable formarginal
wasteland, are being explored for their medicinal potential under the CSIR inter-
laboratory programme on Bio-actives from plant sources. Positive assays are
confirmed both in vitro and in vivo for several plant extracts provided by the
laboratory. Based ontheseleads, discovery groups have been formed for filaria,

tuberculosisand malaria.

A revised checklist of seaweeds occurring in the
Indian coasthas been compiled. Ofthe total 844 speciesrecorded, 434 belongto
Rhodophyta, 216 to Chlorophyta, 191 to Phaeophyta and the remaining 3 to
Xanthophyta. The checklist provides detailed information on each species,
forma and varieties, their occurrence at different localities on Indian coast,

details regarding type specimens of each species and updated references of
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papers published on varied aspects, including: biology, culture, cultivation,
chemistry and utilization.

1 | lIsrael 600 1000 1666.66 1.67
2 | USA 2240 1455 649.55 0.72
3 | Mexico | 310 90 290.32 0.32
4 | Argentina | 3400 950 279.41 0.31
5 | Peru 300 75 250.00 0.28
6 | Egypt 140 15 107.14 0.12
7 | Australia | 400 8 20.00 0.022
8 | CSMCRF 0.02153* | 1195.58 1.54¢
0.00276° | 153.38 0.20°
0.02152° | 1195.00 1.54¢

The
Institute continued to monitor the coastal waters of Gujarat under the COMAPS
project. The dissolved oxygen, BOD and pH varied in a normal range at most of
the transects and stations although localised stress conditions were apparent at
some transects. Kandla exhibited highest values of salinity while dissolved
oxygen was highest at Okha. Poshitra exhibited highest value of chlorophyll-a
and leastconcentration ofammonia. Dwarkarecorded highestvalue of BOD and
highest phytoplankton generic diversity. Porbandar exhibited highest values of
NO, NO,, NH,, Total Nitrogen and Total Phosphorous, possibly due to effluent
discharge. This transect also exhibited the highest count of phytoplankton. A
disturbing trend was the high stress conditions observed for most of the

parametersatAlang.

Anti-fouling marine paints
consistofbiocides such as tributyltinthatare knownto causeimposex. Imposex
is the development of penis in females which prevents release of eggs, leading
initially to infertility and subsequently to death. This phenomenon has been
observed for the first time in Indian waters through studies conducted by the
Institute on different species of neogastropods such as Thais bufo (fig.1) and
Ocenebra bombayana occurring in Saurashtra coast. The percentage of total
population within each species that had developed imposex was found to be in
the range of 9-10 % for Thais bufo and Ocenebra bombayana. Studies are
continuing to establish conclusively that the observed imposex is indeed due to

tributyltin.
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The effectof 28.5° Be'bittern was studied on
the juvenile plants of Avicennia marina. The elongation growth, percentage
increase in number of leaves, and dry weight of the plant were the highest when
bittern was added to seawater upto a 5% concentration. This is ascribed to the
high concentration of potash in the bittern. However, at 50% concentration of
bittern, the growth was inhibitory while 100% concentration was lethal when
subjected to continuous exposure for 10 days (see figure below). These results
indicate that bittern discharged
into the sea can be put to good
use to raise mangrove
seedlings if the right level of
dilution of bittern with seawater

canbeensured.

The
Institute continued to
undertake environment audits
of a number of well known companies in Gujaratincluding: Tata Chemicals Ltd.;
Mithapur, Indian Rayon & Industries Ltd.; Veraval, National Thermal Power
Station; Jhanor, Indo-Gulf CorporationLtd., Dahej, GujaratAmbujaCementLtd.,
Kodinar; Narmada Cement Company; Jafarabad, and GEB Thermal Power
Station, Ukai Dam. The main aim of the audit is to provide suitable
recommendations to the industry for waste minimization, betterraw materialand

energy utilization, and prevention of pollution.

72



73



TECHNOLOGY
TRANSFER &
INFRASTRUCTURE
SERVICES

o\
=
=
A
[
=
=
=
AN
3
fa
-
=
.
-~
—
®
omm
=
=
.
omm
=




1. A method for the manufacture of alkali iodates from iodides using an
ion-exchange membrane flow reactor. P.K. Ghosh, G. Ramachandraiah,
V.R.K.S.Susarala, S.S. Vaghela and A.D. Jethava. Indian Patent Filed:
1057/DEL/2000

2. Aprocess for the preparation of improved organophilic clay useful as gallants for
making viscous organic systems. S.D. Gomkale, R.V. Jasra, A.S. Mehta, B.J.
Bhalala, D.B. Shukla and R.S. Somani. Indian Patent Filed: 572/DEL/2000

3. Animproved process for the preparation of ammonia. R. Prakash, V.K. Shahi, P.
Ray, G. Ramachandraiah and R. Rangarajan. Indian Patent Filed: 042/DEL/2001

4. An improved process for cultivation of algae. C.R.K. Reddy, O.P. Mairh, P.V.
Subba Rao, G.R. Krishna Kumar, E.Eshwaran, K.H. Mody, and P.K.Ghosh. Patent
Filed : US Patent Application No. 09/656,561 and PCT Patent Application No.
PCT/IN/00/00084

5. Animproved process for the preparation of hydrotalcite having antacid properties.
P.M. Oza, S.H. Mehta, M.R. Gandhi, M.V. Sheth, J.R. Chunawala, and S.D.
Gomkale. Indian Patent Field : 1053/DEL/2000

6. Aprocess forthe preparation of novel chiral SALEN transition metal catalyst useful
in enantioselective epoxidation of pro-chiral olefin. R.l. Kureshy, N.H. Khan,
S.H.R. Abdi, S.T. Patel, PK. lyer, and R.V. Jasra. Indian Patent Filed:
1160/DEL/2000

7. An improved process for the preparation of chiral epoxides useful as
intermediates in the synthesis of chiral drugs. R.l. Kureshy, N.H. Khan, S.H.R.
Abdi, S.T. Patel, PK. lyer,and R.V. Jasra. Indian PatentFiled: 1161/DEL/2000

8. An eco-friendly method of preparation of high purity Tetrabromo bisphenol-A. G.
Ramachandraiah, P.K. Ghosh, A.S. Mehta, R.P. Pandya, A.D. Jethava, S.S.
Vaghela, and S.N. Mishra. US patent granted 6, 365, 786 and PCT Patent
Application No. PCT/IN01/00009

9. An improved process for the removal of calcium ions from the brine by marine
Cyanobacteria. S. Mishra, P.K. Ghosh, M.R. Gandhi, A.M. Bhatt, and S.A.
Chauhan. Patent Filed : US PatentApplication. No. 09/777,664

10. An improved process for the preparation of phosphonomethyl glysine. R.
Rangarajan, S.K. Thampy, B.S.Makwana and D.K.Gohil (with IICT scientists).
Indian Patent Filed: 565/DEL/2000.

1. Aprocess for preparation of bromine. A.Hussain, S.D.Gomkale, R.S. Shukla,
H.J. Padhiyar, R.B.Thorat, and A.S. Mehta. Indian Patent Filed :
1201/DEL/2001.

2. A process for the preparation of formic acid by catalysed hydration of carbon
monoxide. R.S. Shukla, A. Hussain, R.V. Thorat, S.D. Bhatt, R.V. Jasra, and H.J.
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10.

1.

Padhiyar. Indian Patent Filed :1205/DEL/2001 .

A process for desalting of amino acids solutions by means of electrodialysis with
conducting spacers. V.K. Shahi, S.K. Thampy, B.S. Makwana, D.K. Gohil, C.R.K.
Reddy, R.Rangarajan and P.K. Ghosh. Indian Patent Filed: 0385/DEL/2002.

A process for recovery of common salt and marine chemicals from brine in
integrated manner. R.N. Vohra, P.K. Ghosh, V.P. Mohandas, H.L. Joshi, H.H.
Deraiya, R.H. Dave, K. Halder, R.B. Yadav, S.L. Daga, K.M. Majeethia, and U.P.
Saraiya. Patent Filed: US Patent Application No. 10/003,213 and PCT Patent
Application No. PCT/IN 01/00185.

A process for the generation of finely divided CaCO, from CaCO, rich industrial
byproduct. R.V. Jasra, P.M. Oza, R.S. Somani, J.R. Chunawala, M.V. Sheth, V.V.
Thakkar, and Y.M. Badheka. Patent Filed : US Patent Application No. 09/999,480
and PCT PatentApplication No. PCT/INO1/00197

Preparation of non-hazardous brominating reagent. S. Adimurthy, A.D. Jethava,
S.S. Vaghela, G. Ramachandraiah, A.S. Mehta, and P.K. Ghosh. Patent Filed :
PCT Patent Application No. PCT/INO2/00386.

A process for recovery of Low Sodium Salt from bittern. R.N. Vohra, P.K. Ghosh,
M.R. Gandhi, H.L. Joshi, H.H. Deraiya, R.H. Dave, K.M. Majeethia, S.L. Daga, V.P.
Mohandas, and R.J. Sanghavi. Patent Filed : US Patent Application No.
10/062,583 ; PCT Patent Application No. PCT/INO2/00018 and Indian Patent
Application No. 0067/DEL/2002

A process for the preparation of a molecular sieve adsorbent for selectively
adsorbing nitrogen and argon from a gaseous mixture with oxygen. J. Sebastian,
and R.V. Jasra. Patent Filed: US Patent Application No. 10/105,876

Preparation of nutrient rich salt of plant origin. P.K.Ghosh, M.P.Reddy, J.B.
Pandya, J.S.Patolia, S.M.Vaghela, M.R.Gandhi, R.J.Sanghavi, V.G.Shravan
Kumar, and M.T. Shah. Patent Filed : US Patent Application No.10/106,334 .

Electrodialysis Ultrafiltration hybrid process for desalting and dewatering of iron
dextran solution. V.K. Shahi, G.S. Trivedi, S.K. Thampy, R. Rangarajan, and P.K.
Ghosh. Patent Filed : US and PCT PatentApplication.

A process for the generation of precipitated calcium carbonate from CaCQO, rich
industrial by-product; R.V. Jasra, P.M. Oza, R.S. Somani, J.R. Chunawala, M.V.
Sheth, V.V. Thakkar, and Y.M. Badheka. Patent Filed : US Patent Application No.
09/998,968 and PCT Patent Application No. PCT/INO1/00196
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A.

GRANT-IN-AID PROJECTS

1 Studies on halophytes and their improvement. GSFC Science 22,80,450
Foundation, Vadodara.
2 Olefin hydroformylation (Integrated Long Term Dept. of Science & 13,20,000
Programme — ILTP). Technology, N. Delhi.
3 Integrated programme for scaled -up cultivation of a) Dept of Biotechno- 14,60,000
and processing of phycocolloid seaweeds | logy, New Delhi
(Eucheuma). b)Pepsico India
Holdings Ltd, Gurgaon 5,00,000
4 Synthesis, characterization and utilisation of chiral Dept. of Science & 2,50,000
metal complexes as active catalyst for | Technology, N Delhi.
enantioselective epoxidation of prochiral alkenes.
5 Model Bio-village project at Mocha Gorser Dept of Biotechnology, 6,89,000
New Delhi
6 Synthesis, characterization and physico -chemical | Dept. of Science & 1,00,000
studies of new redox active mono and binuclear Technology, New Delhi.
complexes with donor acceptor properties.
7 Pilot R.O. plant of 2000 lits. per hour capacity for Dept. of Science & 30,00,000
treatment of brackish/ hard ground water at Technology, New Delhi.
Rajasthan & Gujarat.
8 Development of solid polymer electrodes reactors Dept. of Science & 2,00,000
using indigenous ion-exchange membranes. Technology, New Delhi.
9 De-arsenification of drinking water from traces of Dept. of Science & 2,00,000
arsenic left over from ion-exchange resins. Technology, New Delhi.
10 | Development of durable membranes for the Technology Mission on 5,34,000
efficient separation of hexane from oil. Oils & Pulses (TMOP),
New Delhi
11 | Monitoring marine pollution under COMAPS | Dept. of Ocean 20,32,000
programme. Development, New
Delhi
1 Designing ligands fo  r selective extraction of Dept. of Science & 3,00,000
potassium ion from bittern. Technology, N. Delhi.
2 Studies on transition metal catalyzed reactions of Dept. of Science & 99,314
diazoketones. Technology, N. Delhi.
3 N&no-material catalysts and asso ciated process | CSIR, New Delhi 13,75,000
technology for alkylation/ acylation reactions, pre -
reforming of hydrocarbons and sulphur removal
from petroleum fuels.
Total |1,43,39,764
B. COLLABORATIVE PROJECTS
1 Feasibility studies on Palladium recovery fro m | Strides Arcolab Ltd., 70,000
Silica Gel waste. Bangalore
2 Extraction of phycocyanin from spirulina. Strides Arcolab Ltd., 500,000
Bangalore
3 Salt crystallisation and habit modification. Hindustan Lever Ltd., 520,000
Mumbai
4 Commercialization of indigenous R.O. technology. | Centre for High 600,000
Technology, New Delhi
5 Indigenisation of R.O. Membrane Technology. Chennai Petroleum 750,000
Corporation Ltd., Chennai
6 Up-gradation of Calcium carbonate Gujarat Narmada Valley 700,000
Fertilizers Co. Ltd.,
Narmadanagar.
Total 31,40,000
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C. SPONSORED RESEARCH PROEJCTS

1. | Development of viable technology for Hypnea | M/s. Pepsico India 7,16,000
cultivation, harvesting and manufacture of semi - | Holdings Ltd., Gurgaon.
refined Kappa Carrageenan (SRC) there from.
2. | Preliminary work related with Glass Epoxy GNFCL, Narmadanagar. 35,000
laminate.
Total 7,51,000
D. CONSULTANCY PROJECTS
1 Environmental audit Tata Chemicals Ltd., 2,20,000
Mithapur.
2 Process know -how and technical support for Promantac Consultants 75,000
setting up a salt washery at Sambhar Salts Ltd. Pvt. Ltd., Vadodara.
3 Environmental audit of a unit of M/s. Indian Indian Rayon and 2,75,000
Rayon Ind. Ltd., Veraval. Industries Ltd., Veraval.
4 Development of a salt work Gram Technology Sans- 47,000
tha Gujarat, Gandhinagar
5 Evaluate the quality of effluent from existing BILT Chemicals Ltd., Bhuj 25,000
bromine plant and to suggest plan for disposal of
solid waste and liquid effluent.
1 Environmental audit. M/s. Indo Gulf Corporation 2,90,000
Ltd., Dahej.
2 Environmental Audit. National Thermal Power 3,60,000
Corpn. Ltd., Jhanor,
3 Environmental Impact Studies on the effect of Saurashtra Chemicals 4,12,500
soda ash industry effluent. Ltd., Birlasagar
Total | 17,04,500
E. TECHNICAL ASSISTANCE
E.1: Exploratory Works/ Technical Assistance
1 Supply of solar still design Dhammijyoti Kamble, 150
Washim (M.S.).
2 To explore possibility of developing a process to Ashapura Volclay Ltd., 50,000
treat the effluent from clay activation. Bhuj
3 To test sam ples received from party on Bench Indo Salt Company, Delhi. 25,000
Scale Washery.
4 Specific analytical job- Structural elucidation. Biddle Interme4diates Pvt. 3,780
Ltd., Ahmedabad.
5 Visit of a scientist- find out possibilities of growing | Ashapura Volclay Ltd., 9,000
grasses in saline soil. Bhuj
6 Exploratory work - To explore possibility to Marine Mineral & Herbal 75,000
prepare Free Flow Salt from Rock Salt. Remedies P Ltd., Jaipur.
Total 5A 1,62,930
E.2: Training Programmes
Training programme fo r Agarias arranged by Gram Technology 40,000
Govt. of Gujarat. Institute, Gandhinagar.
E.3: Sale of Lab. Products 1,07,075
| Total of Technical Assistance E[1+2+3] 3,10,005
F. TECHNOLOGY TRANSFER: ROYALTY/PREMIA
1 Liquid Seaweed Fertilizer. A.F.E. Industries, Nasik. 2,75,000
Eucheuma Cultivation Pepsico India Holdings 7,50,000
Ltd., Gurgaon
Total 10,25,000
G. ANALYTICAL/ TESTING CHARGES:
| Total 134 assignments | 4,26,966 |
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ECF 2000-01: AT AGLANCE

A. Grantin-aid projects 1,43,39,764
B. Collaborative projects 31,40,000
C. Sponsored Research projects 7,51,000
D. Consultancy assignments 17,04,500
E. Technical Assistance 3,10,005
F. Technology Transfer (Royalty/Premium) 10,25,000
G. Analytical/Testing Charges 4,26,966

Grand Total 2,17,22,235

A. GRANT-IN-AID PROJECTS

1. | NMDC on marine chemicals and algal INCOIS (DOD), Hyderabad 500,000
resources

2. | Study of the changes in sulphated Dept. of Biotechnology, New 591,000
polysaccharide contents of seaweeds as a Delhi
function of life stages and season

3. | Collection, identification and chemical Dept. of Ocean Development, 1,699,000
investigation of marine flora New Delhi

4. | Adsorbents for separation of oxygen/ Dept. of Science & 250,000
nitrogen/ argon Technology, New Delhi

5. | Defluoridation of the ground water in Gujarat | Ministry of Rural Develop- 410,400
and Saurashtra region by ion-selective resins | ment, RGWDWM, New Delhi

5. | Fundamental studies on nucleation and Dept. of Science & 268,800
crystal growth of zeolites and hydrotalcite Technology, New Delhi

6. | Studies on Halophytes and their GSFC Science Foundation, 699,204
improvements Vadodara

7. | Synthesis, characterization and utilisation of Dept. of Science & 175,000
chiral metal complexes as active catalysts for | Technology, New Delhi
ananioselective epoxidation as prochiral
alkenes

8. | Conservation & propagation of Agar yielding Ministry of Environment & 120,000
sea weeds (Gelidiella, Gelidium and Forests, GOI, New Delhi
Gracilaria) of Gulf of Mannar marine bio-
reserve

9. | Synthesis, Characterization and physico- Dept. of Science & 85,384
chemical studies of new redox active mono & | Technology, New Delhi
binuclear complexes with donor acceptor
properties.

10. | Digitised Inventory of Marine Bio-resources Cochin Univ. of Sci. & Tech., 95,500
Seaweeds Kochi (Dept. of Bio-technology

through DOD)

11. | Integrated programme for scaled up Dept. of Biotechnology, New 1,891,000
cultivation & processing Delhi

12. | Side chain alkylation of toluene with methanol | INSA, New Delhi 99,024
over novel solid base catalysts

13. | Biodegradable functional polyesters & their Dept. of Science & 240,000
membranes for bio-medical applications Technology, New Delhi

14. | Studies on the role of bridging and non Dept. of Science & 600,000
bonding interactions in tuning metal-metal Technology, New Delhi
interaction in bi and poly-nuclear metal
complexes

15. | Development of enantioselective catalysts for | Dept. of Science & 380,000
synthesis of drug intermediate based on Technology, New Delhi
chiral binol and binapmetal complexes
supported on inorganic porous solids

8,104,312
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B. COLLABORATIVE PROJECTS

1 Indian Reference Material NPL, New Delhi 80,000
2 Feasibility studies on Palladium recovery from | Strides Arcolab Ltd., 664,500
silica gel waste Bangalore
3 Extraction of phycocyanin from Spirulina Strides Arcolab Ltd., 250,000
Bangalore
4 Commercialisation of Indigenous RO Centre for High Technology 3,009,857
technology (CHT), New Delhi
5 Feasibility studies on the conversion of strides | Strides Arco Lab, Bangalore 50,000
effluents to Zeolite A
4,054,357
C. SPONSORED RESEARCH PROEJCTS
1 Development of viable technology for Hypnea | Pepsico India Holdings Pvt. 1,050,000
cultivation, harvesting and manufacture of Ltd., Gurgaon
semi-refined Kappa carrageenan (SRC) there
from
2 Pilot plant studies for treatment of brackish Shrujan Hasta-Shilp, Bhuj- 80,000
water by Reverse Osmosis technique Kutch
3 Pilot plant studies for treatment of brackish Shree Vivekanand Research 255,000
water by RO technique & Training Institute, Kutch,
Gujarat
1,385,000
D. CONSULTANCY PROJECTS
1 Environmental audit Tata Chemicals Ltd., Mithapur 305,000
2 Evaluation of quality effluent BILT Chemicals Ltd., Bhuj 25,000
3 Environmental audit Gujarat Ambuja Cements Ltd., 251,098
Ambujanagar
4 Technical feasibility and economic viability Hindustan Salts Ltd., Jaipur 100,000
report for salt refinery
5. Environmental Audit GEB, Thermal Power Station, 130,000
Ukaidam-394680
6. Environmental audit Indo Gulf Corpn., Bharuch 290,000
7. Environmental audit NTPC, Bharuch, (Jhanor) 200,000
8. | Environmental audit Saurashtra Chemicals Ltd, 412,500
Porbander
2,523,598
TOTAL (A-D): 17,417,267
E. TECHNICAL ASSISTANCE
E1. Exploratory work
Exploratory work on waste water treatment Narmada Chemature 10,000
PetroChemicals Limited,
Narmada Nagar
E.2 Sale of Lab. Products
1 50L of customer prepared co-polymeric CFTRI, Mysore 50,000
adsorbent
2 Sale of dried Eucheuma Cottonii material Pepsico India Holdings Pvt. Ltd., 30,000
received from Mandapam camp Gurguon
3 Supply of Cyanobacteria cultures Nu Tech Farm, Innovative 500
organic Farming, Mumbai
4 Supply of lodine Estimation Kit for lodised UNICEF, New Delhi 700,000
salt
5 Herbal Extractor (Membrane based) RRL, Bhopal 75,000
TOTAL 855,500
F. ROYALTY/PREMIA 1,610,000
G. TESTING AND ANALYSIS 855,500
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ECF 2001-02 - AT A GLANCE

Rupees

A. Grant-in-Aid projects 8,104,312
B. Collaborative projects 4,054,357
C. | Sponsored Resear ch projects 1,385,000
D. | Consultancy projects 2,523,598
E. Technical Assistance 865,500
F. Royalty/ Premia 1,610,000
G. | Testing & Analysis 286,265

Total 18,829,032

The CSMCRIlibraryis considered to be apremieroneinthisregion havingarich
collection of books, periodicals, reference materials, etc in the areas of R&D
beingcarried outinthe Institute. Besides catering to the information need of R&D
staff of the institute, the Library also extends facilities to the visiting research
scholars, university staff, and representatives of the industries, government

officials and others. Abriefaccount of library collection, facilities, services are as

under.

Journals subscribed: 2000-01 2001-02
1 Books 11290 243 11533 104 11637
2 Back volumes 23800 752 24552 26 24578
3 Translation 426 1 427 2 429
4 Photocopy 1964 5 1969 115 2084
5 Patent 323 6 329 4 333
6 Standards 750 2 752 9 761
7 Microcards 67 0 67 0 67
8 Microfilm 1326 0 1326 0 1326
9 Maps/charts 265 0 265 0 265
10 | Reprints 2692 0 2692 0 2692
11 | Annual reports 8172 67 8239 99 8338
12 | CD-Rom 4 6 10 4 14

Total 51079 1015 52094 262 53019

Foreign Journals 80 84

Indian journals 119 119

Journals received in gratis/ exchange 50 60

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 informed about the current
trendsinthefieldoftheirinterest. The servicesrenderedare asfollows:

e |Inter-library loan service
e Reader queries
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e Reprint and photocopy mailing

e Bibliographies on selected areas using current content and chemical
abstracts

e Reference services.

e Literature search facility to outsider.

The library is having specialized up-to-date collection of international
abstracting services viz. Chemical Abstracts, Biological Abstracts, Current
Content; back volumes of journals in chemistry, chemical technology, biological
sciences; CD's of Ulaamann's Encyclopedia, Chemistry Comes Alive, Young
Scientist, World Book Encyclopedia etc. The outsiders are also granted
permission to consult the documents in the library. This fulfills the aim of
maximum utilization oflibrary documents.

During the period under report library has granted permission to outsiders as

follows:

2000-01 2001-02
Long term permission 10 20
Short term permission 20 22
Corporate members 6 8
Outsiders who consulted the library 381 468
April 10,2000

CSMCRI Foundation Day celebrated. Dr. R.A. Mashelkar, Director General,
CSIR delivered the Foundation Day Lecture. He stressed on the “Power of
Knowledge” and strongly advocated the need for IPR. A meeting of the
Customers of CSMCRI with the DG was also organised as a part of the
celebration. Dr. Mashelkar also discussed business opportunity and related
issueswiththe participants.

September12-13,2000
The National symposium on the seaweeds of India: Biodiversity and

Biotechnology. Ninety nine delegates attended the symposium. The symposium
was conducted in eight technical sessions. Ten keynote addresses were
deliveredandeighty-fiveresearch paperswere presented and deliberated upon.

September26,2000
CSIR Foundation Day celebrated. ShriR.J. Shah, ChiefIndustrial Advisor, Govt.

of Gujarat delivered the Foundation Day Lecture 'Technology Management

Perspectivesofthe State Government”
Staff members who completed of 25 years of service were felicitated with

presentation of mementoes on the occasion. Members of staff who

superannuated during the previous twelve months were also honoured with
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presentation of mementoes. School going children of the employees of the
Institute who secured top positions in the Essay competition organised on this
occasionwere also awarded prizes during the Foundation Day Function. Awards
forspecialachievementsin Board examinations were also presented.

The Institute was kept open to visitors. The scientists with the help of visual
displaysand models explainedthe R&D activities of the Institute.

October19-20,2000
CSIR Programme on Youth for Leadership in Science (CPYLS) organised. Sixty

studentsalongwiththeirparents participated.

November14-27,2000
CSMCRI participatedinlITF at Technology Exports Pavilion, New Delhi

January 5-9,2001
Participated in 'Udyog Darshan” exhibition at Gujarat University held under the

auspices of Industries Commissioner, Gujarat

January 14-28,2001
Participated in “Vigyan Darshan” exhibition at Allahabad and effectively

demonstrated desalination technology by providing safe drinking water to the
pilgrimsvisitingthe 'Kumbha Mela”

April 10,2001
47th CSMCRI Foundation Day. The Chief Guest Prof. J B Joshi, Director, UDCT,

Mumbaigave addresson “Academicas a Consultantto Industry”

September 26,2001
CSIR Foundation Day celebrated. The Chief Guest of the occasion Dr V. V.

SubbaRao, Principal ScientificAdvisor, ICICIKnowledge Park, Hyderabad gave
apresentationon “BusinessDriven Research: Challenges & Opportunities”.
Members of staff who completed 25 years of service were felicitated with
mementoes on the occasion. Those staff members who superannuated during
the previous twelve months were also honoured with presentation of
mementoes. Essay competition was organized for school going children of the
employees of the Institute on this occasion and those who secured top positions
were awarded prizes during the Foundation Day Function. Awards for special
achievementsinBoard examinations were also presented.

The Institute observed Open Day, and the scientists with the help of visual

displaysand models explainedthe R&D activities of the Institute tothe visitors.

November1-2,2001
CSIR Programme for Youth for Leadership in Science (CPYLS) organised.

Various programme viz. quiz & elocution competitions, cultural programme
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(mono-acting,drama, songs)were arranged.

1. Prof. Dr. Klaus Becker, University of Hohenheim, Stuttgart, Germany,
visited CSMCRI from April 17, 2000 to May 1, 2002, under CSIR-DAAD
Exchange of Scientists programme. His visit was for interactive
discussion on cultivation of Jatropha and related aspects.

2. Dr. TaeHwanKim, Scientist, Korean Institute of Energy Research (KIER),
visited CSMCRI from May 19-31, 2000 under an agreement for
technical cooperation between KIER and CSMCRI. The visit was for
discussing ongoing and future R&D collaboration in adsorption and
catalysis.

3. Dr. SangSupHan of the Korean Institute of Energy Research (KIER),
visited CSMCRI during November 23-24, 2000 for first hand information
on the Institute's work on adsorption. The visit was under an agreement
for technical cooperation between KIER and CSMCRI.

4. Prof. Dr. J. Richter and Prof. Dr. M. Zeidler, RWTH, Institut Fur
Physikalische Chemie, Aachen, Germany visited CSMCRI during March
1-4, 2001 under DAAD-DFG (Deutsche Forschung Gesselshaft)
programme for discussion “Digital image holography in molten salts of
ionic liquids.

1. Dr. Ramsharan Singh, Scientist, The Ohio State University, Columbus,
USA, visited CSMCRI March 18-22, 2002 to discuss in details the
progress of DST-NSF Joint Collaborative project on “Fundamental
studies of nucleation and crystal growth of zeolites and hydrotalcite”.

1. Mr. M.R. Gandhi, Scientist attend the 8th World Salt Symposium in the
Netherlands from 7th to 11th May, 2000 to and presented a paper
entitled “Byproduct salt recovery from solid industrial effluent of
hydrazine manufacturing plant”.

2. Dr. Parimal Paul, Scientist visited USA from 15th November, 1999 to
14th December, 2000 on Sabbatical leave to carry out research work on
synthesis and reactivities of designed inorganic/ organometallic

compounds at the University of California.
3. Dr. Amjad Hussain, Scientist visited Canada on Sabbatical leave from

18th February, 2000 to 23rd January, 2001 for pursuing research work
on synthesis of organometallic compounds and their use in catalysis at
the University of Alberta.

1. Dr. N.H. Khan, Scientist visited South Korea from 5th October, 2000 to
24th September, 2001under Sabbatical leave. During this period he
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carried out research work at the Department of Chemistry, Inha
University, Inchon, on the development of radio-labeled compounds
through catalytic route and designing of new ligands, their metal
complex synthesis for use as catalysts in biological systems.

. Dr. Amitava Das, Scientist was deputed to the USA from 1st May to

31st October, 2001under a Raman Research Fellowship to carry out
R&D work on design of Zeolite based artificial photosynthetic
assemblies at the Ohio State University, Columbus, USA.

. Dr. G. Ramachandraiah, Scientist visited Germany from 1st October to

31st December, 2001 to carry out research work at the Institut Far
Anorganische Chemie, der Universitat Erlangen. His research interest
was to develop newer water soluble or insoluble compounds to reduce
NN bonds by newer electrochemical methods.

. Dr. S. Muthusamy, Scientist visited UK under Bilateral Exchange

Programme of INSA for three months with effect from 1st October, 2001
to carry out research work with Prof. C.J. Moody, University of Exeter,
on the development of novel chiral dirhodium (Il) catalysts.

. Dr. S.K. Thampy, Scientist visited China from 18th November to 2nd

December, 2001 under the Bilateral Exchange Programme of INSA with
the Chinese Academy of Sciences (CAC). During his stay in at the
Zhejiang University, Hangzhou, he acquired knowledge of various
applications of ion-exchange and on aspects like increasing the life of
membranes and means to avoid polarization during electrodialysis.

. Dr. P.K. Ghosh, Director, visited Germany from 20th to 24th November,

2001 to participate in the Second Environment Forum Magdeburg
organized by the UNEP and DaimlerChrysler AG Germany. He also
made a presentation on “Biofuels from eroded soils in India A concept
for sustainable transport”.

. Dr. R.V. Jasra, Scientist visited the Ohio State University, Columbus,

USA from 28th November to 12th December, 2001 under DST-NSF
collaborative work. The visit was taken up to define the experiments to
be carried out at both the participating laboratories.

. Dr. S. Kannan, Scientist, on being awarded the Alexander von Humboldt

Research Fellowship, visited Germany for a period of one year from 1st
June, 2001. During the tenure of the fellowship he carried out research
work on “Hydrotalcite-like compounds and their modified forms
characterization and their structure-activity relationships” at the
Universitat Munchen.
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10.

11.

Relative viscosity and surface tension of subsoil brines: A case study of Chandan
subsoil brine; V. R. K. S. Susarla and R. A. Buch, J. of Indian Chemical Society,
2000, 297.

Correlation between spectroscopic, electrochemical, and kinetic properties of
cyno-bridge binuclear complexes: Analysis of temperature, pressure and solvent
effects; D. E. Khoshtariya, H. C. Bajaj, P. A. Treglon and R. van Eldik,
J.Phys.Chem., 2000, 104, 5535.

Metal assisted unusual hydroxylation at the carbon atom of the triazine ring in
dinuclear ruthenium(ll) and osmium (lI) complexes bridged by 2,4,6-tris(2-
pyridyl)-1,3,5-triazine: synthesis, structural characterization, stereochemistry and
electrochemical studies; P. Paul, B. Tyagi, A. K. Bilakhia, P. Dastidar and E.
Suresh, Inorg. Chem., 2000, 39, 14.

Solid state ion exchange in zeolite bodies; N. V. Choudary, S. G. T. Bhattand R. V.
Jasra; Adsorption Science and Technology, Ed. D.D.Do,World Scientific publ. Co.,
Singapur, 2000.

Photooxidation of some Nickel(ll) macrocyclic complexes in non aqueous
solvents; T. Dhansekaran, P. Paul and P. Natrajan, J. Photochem. Photobio, 2000,
131,75.

The origin of the 'spike' in the EPR spectrum of C,; P. Paul, R. D. Bolskar, A. M.
Clarkand C.A. Reed., Chem. Comm, 2000, 1229.

Facile synthesis of oxatricyclic systems with various ring sizes and substituents;
S. Muthusamy, S. A. Babu, C. Gunanathan, E. Suresh, P. Dastidar and R. V. Jasra.
Tetrahedron, 2000, 6307.

Dinuclear ruthenium(ll) and/or osmium(ll) complexes of bipyridyl ligands bridged
by riged spacers: synthesis, characterization, electrochemical behaviour and
luminescence properties. A. K. Bilakhiya, B. Tyagi, P. Paul, Polyhedron, 2000, 19,
1233.

Study on the pyrrol derivative reaction process using maleic anhydride; H. D.
Jeong, K. I. Kim, T. H. Kim, S. H. Cho and H. C. Bajaj, Theories and Application of
Chemical Engg. (KIChE), 2000, 6, 2445.

Novel chemoselective 1,3-dipolar cycloaddition of rhodium generated carbonyl
yields with arylidenetetralones; S. Muthusamy, S. A. Babu, C. Gunanathan,
Tetrahedron Letters, 2000, 41, 8839.

Microwave assisted rapid crystallization of Mg-M(lll) hydrotalcite where M(l1l) = Al,
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Fe and Cr; S. Kannan and R. V. Jasra. Journal of Material Chemistry, 2000, 10,
2337.

Role of bridging ligand in tuning metalmetal interaction in mixed valance
complexes; (invited review article); A. Das, A. D. Shukla and H. C. Bajaj; Indian J.
Chem., 2000, 77, 51

Synthesis and single crystal investigation of two dimensional rectangular network
[M(4,4-pby)(Phth)(H,0)In.2H,0 with small neutral cavities; E. Suresh, K.
Boopalan, R. V. Jasraand M. M. Bhadbhade, Inorg. Chem., 2001, 40, 4078.

Redox responsive binuclear complexes using 5,6-dihydroxy-1,10-phenanthroline
as a bridging ligand : Synthesis, characterization and physicochemical studies; A.
D. ShuklaandA. Das. Polyhedron, 2000, 19, 2605.

Carbonyl-o-oxides and dioxiranes - from laboratory curiosities to useful reagents
(Book contribution), K. Block, W. Kappart, A. Kirschfeld, S. Muthusamy, K.
Scheroeder, W. Sander, E. Kraka, C. Soja and D. Cremer; Wiley-VCH-Weinheim,
2000, 139-156.

Design, synthesis and X-ray structural characterization of two multicomponent Zn-
tetraphenylporphyrins: Novel building blocks for lattice inclusion complex; A.
Shukla, P. Dave, E. Suresh, A. Das and P. Dastidar, Dalton Trans, 2000, 4459.

Chiral Ni(ll)-Schiff base complex catalysed enantioselective catalysed enantio
selective epoxidation of prochiral non funtionalised alkenes; R. I.Kureshi, N. H.
Khan, S. H. R.Abdi, S. T. Patel, P. lyer, E. Suresh and P. Dastidar, J.Mol. Catal, A:
Chemical, 2000, 160, 217.

Dimeric dissymmetric chiral Mn(lll) schiff base complex-catalysed
enantioselective epoxidation of non-functionalised alkenes, R. |. Kureshy, N. H.
Khan, S. H. R. Abdi, S. T. Patel and R. V. Jasra, Tetrahedron Letter., 2001, 42,
2915.

R-cyclodextrin-assisted intervalence charge transfer in mixed-valent [2] rotaxane
complexes having metal centers linked by an interrupted p-electron system; A. D.
Shukla, H.C. Bajajand A. Das, Angew. Chem. Int. Ed, 2001, 130, 460.

Novel regioselective synthesis of decahydro benzo carbazoles using rhodium
generated carbonyl ylides with indoles, S. Muthusamy, C. Gunanathan and S.A.
Babu, Tetrahedron Letters, 2001, 42, 523.

Metal-organic supramolecular architecture having cationic cavities: Synthesis and
single crystal investigation of {{Co(bpe),(H,0),](CIO,),(H,0),}n; E. Suresh and M.
M. Bhadbhade, Cryst. Eng. Comm., 2001, 13, 1.

Analytical assessment of single and multi elements reference materials in
solution; R.S. Shuklaand S. H. Mehta, Mapan, 2001, 1, 124.

Indium(lll) Chloride as an efficient, convenient reagents for thioacetalisation and
its chemoselectivity. S. Muthusamy, S. A. Babu and C. Gunnathan, Tetrahedron
Letter, 2001, 42, 359.

Synthesis, characterization and catalytic hydroxylation of phenol over CuCoAl
hydrotalcites; V. Rives, A. Dubey and S. Kannan, Phys. Chem. Chem. Phys., 2001,
3,4826.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Chemopreventive effect of certain nutritive acids on aflatoxin-induced cytotoxicity;
R. J. Verma, R. S. Shukla, and D. N. Mehta, J. Nutritional and Environmental
Medicine, 2000, 11, 271.

Separation of Sodium Formate and Pentaerythritol by electrodialysis; B. G. Shah,
G. S. Trivedi, P.Ray & S.K. Adhikary; Separation Science & Technology, 1999, 34,
3243.

Studies on heterogeneous cation exchange membranes; P. V. Vyas, B. G. Shah,
G. S. Trivedi, P. Ray, S. K. Adhikary & R. Rangarajan; Reactive & Functional
Polymers, 2000, 44, 101.

Preparation and electrochemical characterisation of sulfonated interpolymer of
polyethylene and styrene-divinylbenzene copolymer membranes; V. K. Sahi, S. K.
Thampy and R. Rangarajan, Reactive & Functional Polymers, 2000, 46, 39.

Comparative investigations on electrical conductance of ion-exchange
membranes; V. K. Sahi, A. P. Murugesh, B. S.Makwana, S. K.Thampy and R.
Rangarajan, Ind. J. Chem., 2000, 39A, 1264.

Preparation and performance of cellulose acetate-polyurethane blend
membranes and their applications I, M. Sivakumar, R. Malaisamy, C.J. Sajitha, D.
Mohan, V. Mohan and R. Rangarajan, J. Membr. Sci., 2000, 169, 215.

Synthesis and characterization of poly(amide-imide)s and their precursors as
materials for membranes; A. V. Rami Reddy, J. Appl. Polym. Sci., 2000, 75, 1721.

Synthesis, characterization and liquid crystalline properties of polyacrylates and
polymeth acrylates containing aryl ester pendant unit; A. V. Sesha Sainath, A.
Kameswara Rao and A.V.RamiReddy, J.Appl. Polym. Sci., 2000, 75, 465.

Copolymers of 4-(4'-chlorocinnamoyl)phenyl methacrylate and methyl
methacrylate: Synthesis, characterization and reactivity ratios; R. Balaji, K.
Subramanian, S, Nanjundan and A. V. Rami Reddy, J. Appl. Polym. Sci., 2000, 78,
1412.

Photopolymer: Synthesis and characterization of poly(4-methacryloyloxy-4'-
chlorostyryl ketone; K. Subramanian, V. Krishnasamy, S. Nanjundan and A. V.
Rami Reddy, Polymer International, 2000, 49, 579.

Photosensitive polymer: Synthesis, characterization and properties of a polymer
having pendant photocrosslinkable group, K. Subramanian, V. Krishnasamy, S,
Nanjundan and A. V. Rami Reddy, Eur. Polym. Jr., 2000, 36, 2343.

Photopolymers: Synthesis and characterization of poly(4-cinnamoylphenyl
methacrylate with glycidyl methacrylate; K. Subramanian, S, Nanjundan and A. V.
Rami Reddy, J. Macromolecular Sci. - Pure Appl. Chem., 2000,A37, 1211.

New record of Mytilus viridis Linn., its density, growth and accumulation of heavy
metals on Saurashtra coast Arabian Sea; A. Tewari, H. V. Joshi, C. Raghunathan,
V. G. Sravan Kumar and O. S. Kotiwar, Current Science, 2000, 78, 97.

Heparinoid - active sulphated polysaccharides from marine algae as potential
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39.

40.

41,

42.

43.

44,

45.

46

blood anticoagulant agents. a review article; M Shanmugam and K H Mody,
Current Science, 2000, 79, 1672.

Seasonal variation in natural growth of Asparagopsis delilei Montagne from
Mandapam coast, southeast shores of India; S. Vasuki, M. Ganesan, P. V. Subba
Rao and O. P. Mairh, Indian J Mar. Sci., 2000, 29, 61.

Seasonal variation in growth and reproduction of Padina boergesenii in the
Mandapam coast; M. Ganesan, P.V. Subba Rao and O. P. Mairh, Indian J. Mar.
Sci., 2000, 29, 253.

New record of Mytilus viridis Linn: its density, growth and accumulation of heavy
metals on Saurashtra coast, Arabian Sea; A. Tewari, ., H.V. Joshi, C.
Raghunathan, V.G. Sravan Kumar and O.S. Kotiwar. Current Science, 2000, 78,
97.

Effect of plant growth regulators on growth of marine brown alga Padina
boergesenii Allender and Kraft; S. Vasuki, M. Ganesan and P.V. Subba Rao,
Phykos, 2000, 39, 107.

Blood anticoagulant activity of a green marine alga Codium dwarkense (
Codiaceae, Chlorophyta) in relation to its growth stages; M. Shagnmugam, K. H.
Mody, R. M. Oza and B. K. Ramavat, Indian Journal of Marine Sciences, 2001, 30,
49.

Heparinoid- active sulphated polysaccharides from marine algae as potential
blood anticoagulant agents (review article), Shanmugam M. and K H Mody.
Current Science, 2000, 79, 1672.

Blood anticoagulant sulphated polysaccharides of Codium dwarkense ( Boergs. )
and C. tomentosum (Huds.) Stackh; M. Shanmugam, K H Mody and A K
Siddhanta. Indian Journal of Experimental Biology, 2001, 39, 365.

Halotolerance phenomena in Synechocystis sp. from North Sea; S. Mishra,
Wolfgang E.Krumbein and Katarzyna Palinska, .Oceanological Studies, 2000, 2,
11.

Synthesis and single crystal investigation of two dimensional rectangular network
[M(4,4'-pby)(Phth)(H,O)In. 2 H,O with small neutral cavities; E. Suresh, K.
Boopalan, R.V. Jasra and M.M. Bhadbhade, Inorg. Chem, 2001, 40, 4078.

Enantioselective epoxidation of non-functionalised alkenes using a urea-
hydrogen peroxide oxidant and a dimeric homochiral Mn(ll1)-Schiff base complex
catalyst; R. | Kureshy, N.H. Khan, S.H.R. Sayed, S.T. Patel and R.V. Jasra,
Tetrahydron Asymmetry, 2001, 12, 433.

Understanding the facile photooxidation of Ru(bpy),”" in strongly acidic aqueous
solution containing dissolved oxygen; A. Das, V. Joshi, D. Kotkar, V. S. Pathak, V.
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10.

11.

12.

13.

14.

15.

Swyambunathan, P. V. Kamat and P. K. Ghosh. J. Physical Chemistry A, 2001,
105,6945.

Conformational isomerism and weak molecular and magnetic interactions in
ternary copper(ii) complexes of [Cu(aa)l']CIO,. nh,0, where aa=I-phenylalanine
and I-histidine, I'=1,10 phenanthroline, 2,2-bipyridine and n=1or 1.5: synthesis,
ingle crystal x-ray structures and magnetic resonance investigations; P.
Subramanian, E. Suresh, P. Dastidar, S. Waghmode and D. Srinivas, Inorganic
Chemistry, 2001, 40,4291..

Enantioselective epoxidation of non-functionalised alkenes using a urea-
hydrogen peroxide oxidant and a dimeric homochiral Mn(lIl)-Schiff base complex
catalyst. R. | Kureshy, N. H. Khan, S. H. R. Abdi, S. T Patel and R. V Jasra.
Tetrahydron Asymmetry, 2001, 12.433.

Amelioration of cytotoxic effects of aflatoxin by vitamin A: an in vitro study on
erythrocytes; R.J. Verma, R. S. Shukla, D. N. Mehta, Toxicology in Vitro, 2001, 15,
39.

Dimesitylketone o-oxide: spectroscopic characterization, conformation, and
reaction modes : OH formation and OH Capture; W. Sander, K. Block, W.
Kappert, A.Kirschfeld, S. Muthusamy, K. Schroeder, C. P Sosa, E. Kraka, and D.
Cremer. J.Am.Chem. Soc.,2001, 123, 2618.

Amberlyst-15 mediated decomposition of a-diazo carbonyl compounds; S.
Muthusamy, S. Arulananda Babu , C. Gunanathan and R. Vir Jasra, Tetrahydron
letters, 2001, 42, 5113.

Homogeneous catalysis: application in fine and bulk chemical industries; R.V.
Jasra, R.S. Shuklaand S.H.R.Abdi. Bull. Catal. Soc. India, 2001, 11, 4.

Novel intermolecular [3+2]-cycloaddition reaction of carbonyl Ylides with fulvenes:
Entry into the tetracyclo[6.5.1.0"°.0°’|tetradecene ring system. S. Muthusamy, S.
A.Babu, C. Gunanathan, E.Suresh and P.Dastidar, Synlett.,2001,1407.

Rhodium generated carbonyl Ylides with p-quinones: Synthesis of oxopolycyclic
systems. S. Muthusamy, S. A. Babu, C. Gunanathan, E.Suresh, P. Dastidar and R.
V.Jasra, Tetrahedron, 2001, 57,7009.

Asimple and efficient regioselective synthesis of bicyclo [n.m.o] alkanediones; S.
Muthusamy, S.A. Babu, C. Gunanathan. Synthetic Communications, 2001, 31,
1205.

A New and Mild Heterogeneous Catalytic Decomposition of -Diazo Carbonyl
Compounds Using Montmorillonite or Zeolite. S. Muthusamy, S.A. Babu, C.
Gunanathan, R.V. Jasra; Synlett., 2002, 407.

Rhodium(ll) acetate catalyzed synthesis of cyclic enamides and enamines via -
hydride elimination S. Muthusamy, C. Gunanathan, S.A. Babu, Synthesis, 2002,
471.

Artifacts in Electron Paramagnetic Resonance spectra of Cg, fullerene ions.
Inevitable C,,,O impurity. P.Paul, K-C.Kim.D.Sun. P.D.W.Boyd and C.A.Reed.
J.Am.Chem.Soc., 2002, 124,4394.
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Catalytic hydroxylation of phenol over ternary hydrotalcites containing Cu, Ni and
Al A. Dubey, V.Rives and S. Kannan, J. Mol. Catal. A, Chemical, 2002, 181, 151.

Characterization of heterogeneous anion exchange membrane; P. V.Vyas, B.G.
Shah, G.S.Trivedi, P. Ray, S. K. Adhikary and R. Rangarajan; J. Membr.Sci.;
2001, 187, 39.

Separation of inorganic and organic acids from glyoxal by electrodialysis; P. V.
Vyas, B. G. Shah, G.S. Trivedi, PM. Gaur, P. Ray and S. K. Adhikary;
Desalination, 2001, 140, 47.

Effluent treatment of fungicide manufacturing industrial waste by combination of
Electrodialysis and Cyanobacteria; G.S. Trivedi, P. Ray, B.G. Shah, S.K. Adhikary,
S. Mishra,V.G. Sravan Kumar, A. Tewari and P.K. Ghosh; Research Journal of
Chemistry and Environment, 2001, 5(2), 17.

Studies on exchange equilibria of cations between cation exchange membranes
and electrolytic solutions; P.V. Vyas, P. Ray, G.S. Trivedi, S.K. Adhikary and R.
Rangarajan; The Journal of Colloid & Interface Science, 2002, 246, 366.

The effect of conducting spacers on transport properties of ion-exchange
membranes; V. K. Shahi, S. K. Thampy and R. Rangarajan, Desalination, 2001,
133, 245.

Recovery of valuable/toxic metal ions by electrodialysis with conducting spacers;
V. K. Shahi, S. K. Thampy and R. Rangarajan, Proc. National Conf. On
Desalination & Water Reuse 2001, BHEL, Ranipet 2001.

Synthesis and characterization of copolymers with a photosensitive group; K.
Subramanian, S, Nanjundan and A.V. Rami Reddy, Eur. Polym. J., 2001, 37, 691.

Synthesis, characterization and properties of polymer with a photosensitive group;
K. Subramanian, V. Krishnasamy, S. Nanjundan and A. V. Rami Reddy, J. Polym.
Mater., 2001, 18, 293.

Synthesis of crosslinked methacrylic acid-co-N,N'- methylene bis acrylamide
sorbents for recovery of heavy metal ions from dilute solutions; H Hari Prasad,
Ashrima Senger, Kavita Chauhan, Kirit M Popat & Prit Pal Singh Anand, Indian
Journal of Chemical Technology, 2001, 8, 371.

26. The effect of ship scrapping industry and its associated wastes on the biomass

27.

28.

29.

30.

production and biodiversity of biota in in situ condition at Alang; A.Tewari, H.V.
Joshi, R.H. Tivedi, V.G. Sravan Kumar, C. Raghunathan, Y. Khambhaty, O.S.
Kotiwar and S.K. Mandal. Mar. Poll. Bull, 2001, 42, 461.

Effect of heavy metal pollution on growth, carotenoid content and bacterial flora in
the gut of Perna viridis (L.) in in-situ condition; A. Tewari, H.V. Joshi, C.
Raghunathan, V.G. Sravan Kumar and Y. Khambhaty. Current Science., 2001,
81(7),819.

Bioactive polysaccharides from marine brown algae (Phaeophyceae). A.K.
Siddhanta, and A. Sai Krishna Murthy, Journal of Indian Chemical Society, 2001,
78,431.

Bioactive compounds from marine algae; A.K. Siddhanta, Goswami, A.M. and A.
Sai Krishna Murthy, Drugs and Pharmaceuticals--Current R&D Highlights, 2000,
23,2000 (Publisher : NICDP, CDRI, Lucknow; published in April 2001).

Effect of shelf life of brown algae Sargassum wightii (Fucales/Phaeophyta) and
Turbinaria conoides (Fucales/Phaeophyta) on alginic acid yield; M. Ganesan, P.V.
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31.

32.

33.

34.

35.

36.

37.

38.

39.

Subba Rao and Mairh O.P. Indian Journal of Marine Sciences, 2001, 30, 108.

Effect of light intensity, Photoperiod, ESP medium and Nitrogen Sources on
growth of marine brown alga Padina boergesenii (Dictyotales/ Phaeophyta) S.
Vasuki, M. Ganesan and P.V. Subba Rao, Indian Journal of Marine Sciences,
2001, 30,228.

Impact of Ultraviolet radiation on a marine red algae Kappaphycus alverizii (Doty)
Doty, Rhodophyta, Solieriaceae. K.Eswaran, P.V.Subba Rao and O.P.Mairh.,
Indian Journal of Marine Sciences, 2001, 30, 105.

Effect of pre-incubation in Nitrate and Ammoium in cultures on Nitrate reductase
activity in marine red algae Gelidiella and Gracilaria from southeast coast of India .
m.Ganesan P.V.Subba Rao and O.P..Mairh, Indian Journal of Marine Sciences,
2001, 30, 232.

Effect of different light intensities and salinities on the growth of stellate bulbils of
Hypnea valentiae (Turn.) Mont. (Gigartinales, Rhodophyta) under laboratory
conditions; S.Thiruppathi, M.Ganesan, P.V. Subba Rao and A.Tewari; Seaweed
Research and Utilisation, 2001, 23, 13.

Yield and properties of agar from three colour forms of Gracilaria edulis Gmelin
(Silva) K.Eswaran and P.V.Subba Rao; Seaweed Res. Utilin:, 2001, 23, 78.

Cultivation of Ulva fasciata Delile on the coast of Diu, West Coast of India;
R.M.Oza, G.R. Krishna Kumar, O. P. Mairh and S. H. Zaidi. Seaweed Res. Utiln.,
2001, 23, 5.

Life-history of Gracilaria corticata J. Ag. (Gracilariaceae, Rhodophyta) in vitro;
R.M.Oza, and S. Gorasia. Seaweed Res. Utiln., 2001, 23, 27,

Distribution of heparinoid active sulphated polysaccharides in some Indian marine
green algae; M Shanmugam, B K Ramavat, K H Mody, R M Oza and A Tewari,
Indian Journal of Marine Sciences, 2001, 30, 222.

Water soluble polysaccharides of marine algal species Ulva (Ulvales,
Chlorophyta) of Indian waters, A.K. Siddhanta, A.M. Goswami, B.K. Ramavat,
K.H. Mody and O.P. Mairh, Indian Journal of Marine Sciences, 2001, 30, 166.

2000-01

1.

Byproducts recovery from solid industrial effluent of hydrazine manufacturing
plant; M.R.Gandhi, M.H.Vyas and R.J.Sanghavi, 8" World Salt Symposium, The
Netherlands, 8-11 May, 2000.

Homo and heterodinuclear complexes of Ru(ll) and Os(Il) with polypridyl spacer:
synthesis, characterization, electrochemical and photophysical studies; A.K.
Bilakhiya, B. Tyagi and P. Paul, 34" International Conference on Coordination
Chemistry, Univ. of Edinburgh, Scotland, U.K., July 09-14, 2000.
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10.

11.

12.

13.

14.

15.

Utilization of porous silica for immobilization of enzyme -amylase; KM Mody, KH
Mody, R V Jasra, H J Shin and Ryoo Ryong, 2™ International symposium on
mesoporous Molecular Sieves (ISMMS 2000), Quebec City, Canada, August 27-
September 2, 2000.

Homogeneous hydration of carbon mono oxide to formic acid catalyzed by
ruthenium complexes; R.S. Shukla, R.B. Thorat, S.D. Bhatt, and R.V. Jasra. 15"
Indian National Symposium on Catalysis and Second Conference of the Indo-
Pacific Catalysis Association, National Chemical Laboratory, Pune, January 23-25
2001.

Catalytic hydroxylation of phenol over ternary hydrotalcites containing Cu, Ni and
Al; A. Dubey, V. Rives and S. Kannan. Ibid

Intercalation of nickel phthalocyanine tetrasulfonate into the interlayer of Mg-Al
hydrotalcite- influence of synthesis methodlogy. S.Kannan. ibid

Dimreic dissymmetric chiral Mn(lll) schiff base complex catalysed
enantioselective epoxidation of chromene derivatives using NaOCL as oxidant; R.
|. Kureshi, N. H. Khan, S.H.R.Abdi, S.T.Patel and R.V.Jasra. ibid

Asimple and efficient regioselective synthesis of bicyclo [n.m.o.] alkanediones; S.
A. Babu, C. Gunanathan and S. Muthusamy. Third National Symposium in
Chemistry, Punjab University, Chandigarh, February 2-4, 2001.

Analytical assessment of single and multi-elemental reference materials solutions
in water; R. S. Shukla and S. H. Mehta. Third International Conference on
Metrology in New Millennium and Global Trade, National Physical Laboratory,
New Delhi, February 8-10, 2001.

Production of exopolysaccharide by a moderately halophilic bacterium; A. lyer
and K. Mody, XV Carbohydrate Conference, Department of Chemistry, S P
University, Vallabh Vidyanagar, October 16-17, 2000.

Database of the Indian Seaweeds; Zaidi, S. H, R. M. Oza, O. P. Mairh, M.
Ganesan and P. K. Ghosh.; Pacific Ocean Remote Sensing Conference
(PORSEC-2000), National Institute of Oceanography, Goa, December 58, 2000.

Physio-chemical nature of highly turbid seawater and its effect on biomass
production and species diversity of phytoplankton; A. Tewari, H. V. Joshi, R. H.
Trivedi, V. G. Sravan Kumar, O. S. Kotiwar, S. K. Mandal & P. K. Ghosh; National
Symposium on seaweed of India: Biodiversity & Biotechnology, CSMCRI,
Bhavnagar, September 12-14 2000.

Bhatt studies on emission of methane from intertidal and seaweed growing beds;
A.Tewari, H. V. Joshiand S. D. Bhatt; ibid

Introduction, colonization and growth of Porphyra okhaensis in in situ condition at
Dwarka; M. R. Rajyaguru, H. V. Joshiand A. Tewari; ibid

Physio-chemical characteristics of alkali industry effluent and its effect on

phytoplankton and other biota; A. Tewari, H. V. Joshi, C. Raghunathan, V. G.
Sravan Kumar, Y. Khambhaty and K. V. J. Aparna, ibid
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

20.

Cultivation of agarophytes in India. Retrospect, Prospects and Future strategies;
P.V.Subba Rao, K.Eswaran and M.Ganesan; ibid

Seasonal variation in biomass and alginic acid content of Sargassum wightii and
Turbinaria conoids from Mandapam coast, Southeast coast of India; M. Ganesan,
K. Eswaran, P.V. Subba Rao and C. R. K. Reddy; ibid

Impact of Ultraviolet radiation and alkali on yield and properties of phycocolloids of
Gracialria edulis and Gelidiell acerosa; K. Eswaran, P. V. Subba Rao, M.
Shanmugam and G. Rajakrishna Kumar; ibid

Callus induction in economic seaweeds; C. R. K. Reddy, G. Rajakrishna Kumar, A.
Tewari; ibid

Seaweed collection, processing and product manufacture- retrospect and
prospects. S.Thiruppathi and P.V.Subba Rao, ibid

ARevised checklist of Indian Marine algae; Oza, RohitM. and S. H. Zaidi, ibid

New record of red alga Digenea simplex (Wulf.)) C. Ag. (Ceramiales,
Rhodomelaceae) from Indian coast; R. M. Oza, and B. K. Ramavat; ibid

Seasonal variations in iodine content of promising iodine yielding seaweeds of
Indian coast; M. P Reddy, S. H. Zaidi, S. Vasuki, K. N. Sharma, P. V. Subba Rao, O.
P.Mairh andE.R. R. lyengar; ibid

Process and properties of agar and standing stock of Gracilaria species on the
Indian coast; S. H. Zaidi,, R. G. Parekh, K. Subbaramaiah and O. P. Mairh; ibid

Screening of some Indian marine green algae for blood anticoagulant activity; M
Shanmugam, B. K. Ramavat, K. H. Mody, R. M. Oza andA. Tewari, ibid

Blood anticoagulant activity of a marine green alga Codium dwarkense Boergs:
Influence of ecological parameters; M. Shanmugam, K. H. Mody, B. K. Ramavat
and R. M. Oza, ibid

Physicochemical properties of carrageenan from Kappaphycus alvarezii cultured
in the laboratory and in the field conditions on the Indian coasts; K. H Mody, O P
Mairh and R G Parekh, ibid

Studies on secondary metabolites of toxic Lyngbya collected from Porbander; A.
Patel, S. Mishra, Y. M. Badheka, A. Tewari, ibid

Correlation of Chlorophyll-a and protein content with toxic factors in marine
Cyanobacteria; S. Mishra, A. Dubey, V. Ramani, O. P. Mairh; ibid

2001-02

1.

2.

Novel hydrogen bonding networks in organic molecular solids: crystal structures
of some organic salts; P. Dastidar and E. Suresh, XXXI National Seminar on
Crystallography, BARC, Mumbai, June 19-22, 2001

Habit modification of common salt: crysytal growth studiesof NaCl in presence of
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10.

11.

12.

13.

14.

additives; A. Ballabh, V. P. Mahandas, P. K.Ghosh, A. Pramanik, P. Dastidar. ibid

Imidazolato bridged Cu(ll)-compounds as model for superoxide dismutase
enzyme [Cu(dien),X where X=Im"(1), 2-Me-Im (2), Bzlm (3); P. S. Subramanian,
W. Plass and D. Srinivas. X International Conference on Bioinorganic Chemistry,
Florence, Italy, August 26-31, 2001.

Hydrogen bonding interactions in ternary Cu(ll)complexes [Cu(x)(y)] where X=
squarate, Y= 2,2-bipyridil/1,10Phenanthroline: Synthesis and single crystal
investigations; Asian Crystallographic Association, 11Sc, Banglore, November 18-
212001.

Surface Modification and Pore Engineering of Zeolites for Developing O,,N,,and
Ar selective Adsorbents; J. Sebastian, C. D. Chudasama, B. Tyagi and R. V.
Jasra, Symposiumon Modern Trends in Inorganic Chemistry held at Department
of Inorganic Chemistry, Indian Association for Cultivation of Science. Kolkata,
December 12-14 2001.

Kinetics and Mechanism of Complex-Formation Reactions of Ru" (edta) with
Different Entering Ligands in Aquous Solution.Formation of Cyano-Bridged
Heterobinuclear Complexes; Hari C.Bajaj, ibid

Dimeric Chiral Ni(ll) Schiff Base Complex-Catalysed Aerobic Enantioselective
Epoxidation of Non-Functionalised Alkenes:Synthesis and Characterization; R. I.
Kureshy, N. H. Khan, S. H. R. Abdi, S. T. Pateland R. V. Jasra, ibid

Simultaneous binding of three chemically dissimilar metal ions like Pr(lll),
Eu(lll),Zn(l) with  Pr(lI)-Eu(ll)-Zn(l1)-GSH complex explored through 4f-4f
transition spectra and comparison of its kinetics; S. N. Misra, R.S. Shukla, M. A.
Gagnani and S. K. Hari. International symposium on the chemistry and
applications of aldoxy, aryloxy and allied derivatives of elements, Department of
Chemistry, University of Rajasthan, Jaipur, January 10-13, 2002.

Kinetics of complexation of Zn(ll) with Pr(lll)- Glutathione and Er(lIl)- Glutathione
complex explored through 4f-4f transition spectra. S. N. Misra, R.S. Shukla, M. A.
Gagnaniand S. K. Hari. Ibid

Eco-friendly Solid Base Catalysts for Isomerization of 3-(4methoxyphenyl) to 1-(4
methoxyphenyl) propylene; V. K. Srivastava, R. V. Jasra. R. K. Thapa and J. K.
Dhar. National Symposium on New Horizons in Heterogeneous Catalysis,
Banaras Hindu University, Varansi, February 22-24, 2002.

Correlation of Synthetic Strategy with Structural and Textural Features of Sulfated
Zirconia; B. Tyagi, M. K. Mishraand R. V. Jasra, ibid

Immobilization of bio-catalyst a-Amylase for Hydrolysis of Starch on Mesoporous
Silica; P. H. Pandya, P. N. Bhattand R.V. Jasra, ibid

Oxidation of cyclohexane by molecular oxygen for selective formation of
cyclohexanol and cyclohexanone by ruthenium complex catalyst systems; R. S.
Shukla; National Catalysis Workshop 2002, Gauhati University, Gauhati, March 8-
102002.

Enantionselective epoxidation of chromene derivatives catalyzed by dimeric

homochiral Mn(Il) Salen complexes using oxone as oxidant; R. |. Kureshy, N. H.
Khan, S. H. R.Abdi, S.T. Pateland R. V. Jasra, ibid
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15.

16.

17.

18.

19.

20.

21.

New strategies for developing catalysts for hydroformylation of alkenes; R.V.
Jasra, ibid

Studies on reactions of cyclic diazoamines, diazoamides and diazoimides in the
presence of Rh,(OAc), catalyst; S. A. Babu, C. Gunanathan and S. Muthusamy;
Fourth National Symposium in Chemistry, National Chemical Laboratory, Pune,
February 1-3, 2002.

Synthesis of novel oxatetracyclo[6.5.1.0"°.0°" Jtetradecene ring systems via
carbonylylides, S.A. Babu, C. Gunanathan and S. Muthusamy; ibid

Equilibrium data on bromine-brine system; A. S. Mehta, Chemical Engineering
Congress, CLRI, Chennai, December 19-22, 2001,

Studies on chronopotentiometric and electrodialytic properties of amino acids; V.
K. Shahi, S. K. Thampy and R. Rangarajan, National Symposium on Chemical
Sciences: Advancing Frontiers, CDRI, Lucknow, June 3-4, 2001.

Desalting of low saline water by electrodialysis, P. Ray, G. S. Trivedi, B. G. Shah &
S. K. Adhikary, Tenth National conference on Surfactants, Emulsions and
Biocolloids, Shilong, October 3-5, 2001.

Studies on surfactant immobilized ion-exchange membranes; V. K. Shahi, S. K.
Thampy and R. Rangarajan, International Conference on Progress in Disperse
Systems, University of Calcutta, Kolkata, January 16- 18, 2002.

22 .Preparation and application of porous ion exchange membrane; P. Ray, B. G. Shah

23.

24,

25.

26.

27.

28.

29.

and S. K. Adhikary; ibid

Experimental field cultivation of Kappaphycus alverrezii (Doty) Doty on the
Southeast coast of India and its carrageenan content; K. Eswaran, C.
Periyasamy, K. H. Mody, P. V. Subba Rao and A. Tewari, National Symposium on
Marine Algal Research in India, Bharathidasan University, Thiruchirappli, August
16-182001.

Seasonal variation in biomass, plant morphology and agar of Gelidiella acerosa
(Forraskal) Feldman et Hamel from Gulf of Mannar, Southeast coast of India; M.
Ganesan, K. Eswaran, S. Vasuki, P. V.Subba Rao and C. R. K.Reddy, ibid

Indian carrageenophytes: Resources and possible cultivation; P. V. Subba Rao,
K. Eswaran, M. Ganesan, S. Thiruppathi and A. Tewari, ibid

Biodiversity of benthic marine algae of the Indian coast; R. M. Oza, S. H. Zaidi, A.
Tewari and P. K. Ghosh; ibid

Comparison Of Free Amino Acid Content In Cyanobacterial Spp. Under Salinity
Stress; R. Pawar, A. Patel, S. Mishra, P. Shukla, A. Tewari, P. K. Ghosh, ibid

Microbiological management of industrial effluent; V. Patel, A. lyer, K H Mody, A
Tewari and | L Kothari, VIII National Conference of Women in Science,
Strategic Approaches to Protect the Environment, Agharkar Research Institute,
Pune, September 12-14,2001.

Production of Micropropagules through tissue culture of Eucheuma; C R K Reddy,
G. Rajakrihna Kumar, A. Tewari, BIOTECHCON-2001, Vallabhbhai Patel Chest
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Institute, University of Delhi, Delhi, October 4-6, 2001.

30. Alkaline Protease from a marine bacterium: A detergent additive; V. Gohel, K.
Mody, A Tewari and | L Kothari. National Conference on "Emerging Areas in Plant
Sciences, Department of life sciences, Bhavnagar University, Bhavnagar at
Palitana, October 5-6, 2001.

31. Microbiological treatment of industrial effluent: V. Patel, A. lyer, K. Mody and A.
Tewari, ibid.

32. Biosequestering of chromium from tannery effluent by halophilic cyanobacteria;
P. Shukla, R. Sanghavi, R. Pawar, A. Patel, S. Mishra and A. Tewari;

International Congress of Chemistry and Environment, Place December 16 18,
2001.

Awards / Recognition
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Appointments

@ - Transferred on selection from CFRI, Dhanbad; # - Promoted on selection

Promotions (Assessment /DPC etc.)

Sr. Awards/Recognition Awardee(s)

No.

1. VASVIK award (Vividhlaxmi Audyogik Samshodhan Vikas Mr. M.R. Gandhi,
Kendra award ) for the year 1998 for his work in the field of Scientist Ell
Chemical Sciences and Technology. The award cons ists of a
certificate, memento and a cash prize of Rs. 25,000.

2. Dr. Vikram Sarabhai Award for the year 1998-99 in the field | Dr. C.R.K. Reddy,
of biotechnology, the Government of Gujarat for | Scientist El
'Development of improved varieties of cultivated seaweeds of
India through biotechnological intervention' . The award
consists of a certificate, memento and cash prize of Rs. 1
lakh.

3. CSIR Technology Award  for the year 2001 -2002 for “The | Drs. O P Mairh, K
Development of large scale cultiva tion of Eucheuma and | Eswaran, C.R.K
production of k-Carrageenan there from”. Award presented | Reddy, A S Mehta,
by the Hon’ble Minister for Human Resource Development KHMody, PV S
and Science & Technology and Vice President CSIR, Shri | Rao, P M Oza, P
Murali Manohar Joshi at a function held at N ational Physical | K Ghosh, & S/Shri
Laboratory, New Delhi on 26 September 2001. The award | J R Chunawala, A
carries a certificate, memento and cash prize of Rs. 2 lakh. Tewari, G Raja

Krishna Kumar

4. Raman Research Fellowship of the CSIR, to carry out R&D | Dr. Amitava Das,
work on design of “Zeolite based artificial photosynthetic Scientist El
assemblies” at the Ohio State University, Columbus, USA.

5. Alexander von Humboldt Research Fellowshi p, Germany | Dr.S. Kannan,
to work on a research project entitled “Structure -Activity | Scientist C
Relationships of Hydrotalcites - A novel class of Layered
Materials” with  Prof. Helmut Knozinger of University of
Munich, Germany.June 2001 to May 2002

6. BOYSCAST Fellowship of D ept. of Science & Technology, | Dr. P. S.

Govt. of India, tenable in Italy ; Feb. 2002 Subramanian,
Scientist C

Retirement

*Voluntary retirement

Transfer
Obituary

The Director & Staff of the CSMCRI deeply mourn the sad and untimely demise of their
colleagues

ShriA. Muniyan,  Jr. Security Guard (5" September, 2000),
Smt.J.M.Parmar, Tech Gr. (1) (23" February, 2001)

Shri Babu Deviji, Safaiwala (26" November, 2001), and
Shri K.K. Chitroda, Jr. Security Guard (11" March, 2002)
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Research Council & Management Council

Sr. Name Designation Date of joini ng

No.

2000-01

1 Shri Mukesh Kumar Yadav J.T.A- Gr. 111910 5.4.2000
2 Shri S. Adimurthy Scientist Gr. IV(1) 3.10.2000
3 Shri Kamlesh Prasad Scientist Gr. IV(1) 30.10.2000
4 Shri Sheikh Bhasa Scientist Gr. 1V(2) 7.12.2000
5 Shri Pallab Ghosh Scientist Gr. 1V(2) 14.3 2001
6 Shri Shobhit Singh Chauhan Scientist Gr. IV(1) 10.9.2001
7 Shri Rakesh Singh Bisen Tech. Officer Gr.111(4) 10.9.2001
8 Shri David Livingston® Tech. Officer Gr. l11(3) 14.9.2001
9 Shri Vaibhav Mantri Scientist Gr. IV(1) 24.9.2001
10 Dr. Bishwajit Ganguli Scientist Gr. 1V(2) 4.10.2001
11 Shri S.L. Daga” Scientist Gr. IV(5) 14.12.2001
12 Shri Kulundeivelu Scientist Gr. IV(1) 26.12.2001
13 Shri R. Sukumaran Driver 15.1.2002
14 Dr. Bhavnath Jha Scientist Gr. IV(5) 18.2.2002
15 Shri Ramavtar Meena Scientist Gr. V(1) 11.3.2002
16 Shri Krishan Singh Security Officer 21.3.2002

Research Council (Till 31.12.2000)

Prof. V.Krishnan, Chairman
Sr. Name Promoted as With effect
No. from

1. | Dr. O.P. Mairh Scientist — Gr. IV(5) 1.4.1998
2. | Dr. S.H. Mehta Scientist - Gr. IV(4) 1.2.1998
3. | Dr. (Ms) S.V. Joshi Scientist - Gr. 1V(4) 1.2.1998
4. | Dr. G. Ramachandraiah Scientist - Gr. IV(4) 23.12.1997
5. | Shri V. Balakrishnan Scientist - Gr. IV(4) 1.2.1998
6. | Dr. (Ms) K.H. Mody Scientist - Gr. IV(4) 1.2.1998
7. | Shri K.N. Patel Scientist - Gr. IV(4) 4.5.1998
8. | Dr. R.C. Mody Scientist - Gr. IV(3) 1.2.1998
9. | Dr. AK. Siddhanta Scientist - Gr. IV(3) 14.7.1997
10. | Shri S.N. Rao Scientist - Gr. IV(3) 1.2.1998
11. | Dr. S.T. Zodape Scientist - Gr. IV(3) 1.2.1998
12. | Dr. V.R.K.S. Susarala Scientist - Gr. 1V(4) 1.2.1999
13. | Dr. P.V. Subba Rao Scientist - Gr. IV(4) 1.2.1999
14. | Dr. B.K. Ramavat Scientist - Gr. IV(3) 1.4.1998
15. | Dr. A.U. Hamidani Scientist — Gr. IV(2) 3.2.1998
16. | Dr. N.H. Khan Scientist — Gr. IV(2) 16.9.1997
17. | Dr. Amitava Das Scientist — Gr. IV(3) 1.9.1998
18. | Dr. P.S. Subramanian Scientist — Gr. IV(2) 12.4.1998
19. | Dr. K.M. Popat Scientist — Gr. IV(2) 1.2.1999
20. | Dr. G.S. Trivedi Scientist — Gr. 1V(2) 1.2.1999
21. | Dr. K. Eshwaran Scientist — Gr. IV(2) 16.2.1999
22. | Shri J.R. Chunawala Scientist — Gr. IV(2) 27.12.1998
23. | Dr. M.M. Bhadbhade Scientist — Gr. 1V(4) 5.10.1997
24. | Dr. N.N. Rao Scientist — Gr. IV(3) 19.5.1997
25. | Dr. S.B. Halligudi Scientist — Gr. IV(3) 5.5.1998
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26. | Dr. D.B. Shukla Scientist — Gr. IV(4) 1.2.2000
27. | Dr. Parimal Paul Scientist — Gr. IV(4) 1.6.2000
28. | Shri A.M. Shah Scientist — Gr. 1V(4) 1.2.2000
29. | Dr. S.K. Adhikary Scientist — Gr. IV(4) 1.2.2000
30. | Dr. M.P.Reddy Scientist — Gr. 1V(4) 24.4.2000
31. | Dr. J. Chikara Scientist — Gr. IV(4) 26.5.2000
32. | Shri V.J. Shah Scientist — Gr. IV(6) 8.4.1997
33. | ShriA. Tiwari Scientist — Gr. IV(6) 30.11.2000
34. | Shri S.N. Ghosh Scientist — Gr. IV(5) 1.4.1999
35. | Dr. PM. Oza Scientist — Gr. IV(5) 24.4.1999
36. | Shri S.N. Shah Scientist — Gr. IV(5) 8.6.1999
37. | Dr. N.V. Desai Scientist — Gr. IV(5) 22.4.2000
38. | Dr. S.H. Zaidi Scientist — Gr. IV(3) 27.5.1999
39. Dr. K.J. Langalia Scientist — Gr. IV(3) 1.2.2000
40. | Dr. (Ms) R.I. Kureshi Scientist — Gr. IV(3) 24.4.2000
41. | Dr.AV.R.Reddy Scientist — Gr. IV(3) 3.6.2000
42. | Dr. (Ms) P. Ray Scientist — Gr. IV(3) 21.9.2000
43. | Shri Kirpal Singh Scientist — Gr. IV(2) 30.5.1999
44. | Dr. (Ms) S.C. Mishra Scientist — Gr. IV(2) 24.7.2000
45. | Dr. H.M. Mody Scientist — Gr. 1V(2) 24.7.2000
46. | ShriA.A. Shah Tech. Officer — Gr. 111(6) 1.4.1998
47. | Shri C.M. Mandalia Tech. Officer — Gr. 11I(5) 6.11.1998
48. | Dr. R.H. Trivedi Tech. Officer — Gr. 111(5) 1.3.1999
49. | Dr. S.A. Chauhan Tech. Officer — Gr. 11I(4) 25.10.1998
50. | ShriN.J. Dave Tech. Officer — Gr. 111(4) 1.2.1999
51. | Ms B.G. Rathod Tech. Officer — Gr. 111(4) 1.2.1999
52. | ShriR.J. Tayade STA- Gr. 1lI(2) 15.11.1998
53. | Shri V.P. Boricha STA-Gr. llI(2) 17.3.1999
54. | Shri G.N. Pathak Technician Gr. 11(3) 1.1.1996
55. | Shri J.J. Palania Technician Gr. 11(3) 1.1.1996
56. | Shri U.A. Kagadi Technician Gr. 11(3) 1.1.1996
57. | Shri C.C. Maniar Technician Gr. 11(3) 1.1.1996
58. | Shri R.B. Boricha Technician Gr. 11(3) 1.1.1996
59. | Shri K.G. Purohit Technician Gr. 11(3) 1.1.1996
60. | ShriV.C. Zala Technician Gr. 11(3) 1.6.1996
61. | Shri M.D. Vala Technician Gr. 11(3) 29.9.1996
62. | Shri M.J. Baraiya Technician Gr. 11(3) 1.6.1997
63. | Shri M.J. Gohel Technician Gr. 11(3) 6.3.1997
64. | ShriB.R. Mehta Technician Gr. II(3) 22.9.1997
65. | ShriA.S.S. Ahmed Technician Gr. 11(3) 7.11.1996
66. | Shri A.M. Chauhan Technician Gr. 11(3) 2.7.1998
67. | Shri B.R. Rathod Technician Gr. II(3) 1.10.1997
68. | Shri D.R. Parmar Technician Gr. 11(3) 20.11.1997
69. | Shri J.M. Parmar Technician Gr. 11(3) 27.9.1998
70. | Shri D.H. Khokhar Technician Gr. II(3) 25.4.1998
71. | Shri U.R. Patel Technician Gr. 11(3) 1.7.1998
72. | Shri K.C. George Technician Gr. 11(3) 22.2.1999
73. | Shri M.N. Makwana Technician Gr. 11(3) 27.2.1999
74. | Shri H.H. Patel Technician Gr. 11(3) 1.10.1998
75. | Shri D.B. Solanki Technician Gr. 11(3) 1.3.1999
76. | Shri D.B. Valodara Technician Gr. 11(3) 28.2.1999
Acting President,

Jawaharlal Nehru Centre for Advanced Scientific Research,

Indian Institute of Science Campus,

Bangalore 560012.
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Dr. Rajju Shroff, Member
Sr. Name Designation Date of
No. retirement
1. | Shri K.K. Dodia Tech. Gr. 1I(4) 30.4.2000
2. | Dr. N.V. Desai Scientist Ell 31.5.2000
3. | Shri V.J. Mehta Tech. Gr. Il 30.6.2000
4. | Shri H.M Pandya Tech. Gr. |l 30.6.2000
5. | Shri H.B. Baraiya Tech. Gr. 1(4) 31.8.2000
6. | Shri S.G. Parmar Tech. Gr.lI(5) 31.8.2000
7. | Shri P.B. Vithalpura Assistant 31.8.2000
8. | Shri M.J. Dave Scientist El 1.11.2000
9. | Shri H.J. Padhiyar Tech. Officer B 31.10.2000
10. | Shri K.G. Purohit Lib. Assistant 30.11.2000
11. | Shri K.G. Mer Assistant 30.11.2000
12. | Shri S.N. Shah Scientist Ell 31.1.2001
13. | Shri L.G. Ghoghari Tech. Gr.l 1.3.2001
14. | Shri P.R. Hakani Junior Security Guard 28.2.2001
15. | Shri T. Thankachan Tech. Gr. 11(4) 31.3.2001
16. | Shri J.L. Bhat Technician Gr.lI(5) 30.4.2001
17. | Shri S.G. Devmorari Technician Gr.l1(4) 30.4.2001
18. | Shri R. ramamurthy Assistant 30.4.2001
19. | Shri P. Krishnan Administrative Officer 31.5.2001
20. | Shri V.C. Havalia Technician Gr.11(4) 30.6.2001
21. | Shri P.B. Kanada Technician Gr.l1(4) 30.6.2001
22. | Shri P.A. Kanada Technician Gr. 11(3) 30.6.2001
23. | Dr. R.M. Oza Scientist Gr. IV(4) 30.9.2001
24. | ShriY.J. Shah Technician Gr. 1(4) 30.11.2001
25. | Shri Gova Mala Baraiya Safaiwala 30.11.2001
26. | Shri PK. Shah’ Assistant 3.12.2001
27. | Shri D.K. Gohil Technician Gr. 111(3) 31.1.2002
28. | Shri H.N. Shah Scientist Gr. IV(4) 31.1.2002
29. | Shri R.J. Joshi Assistant 28.2.2002
30. | Shri B.G.Rathod Tech. Gr.llIi(4) 31.3.2002
CMD, United Phosphorus Ltd.,
Madhu Park, 11" Road, Khar (W),
Mumbai 400 052.
Name Designation | Transferred to Date
Shri S. Mazumdar Section Regional Research Laboratory, 31.8.2000
Officer Bhopal
Shri N. Radhakrishnan | Driver Regional Research Laboratory, 1.9.2000
Thiruvananthapuram
Shri S.K. Thakur Assistant CSIR Hars, New Delhi 24.11.2000
F&A
Mr. Kaushal Goel, Member
General Manager, Engineering Projects (India) Ltd.,
B-10, Ho Chi Minh Sarani, Calcutta 700 071.
Dr. G. Subramanian, Member

Director, National Facility for Marine Cyanobacteria,
Bharatidasan University, Tiruchirapalli 620 024 (T.N)

Dr. B.M.Mishra,
Member
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Head, Desalination Division,
Bhabha Atomic Research Centre,
Trombay, Mumbai 400 085

Dr. V.Sampath, Member

Director, ICMAM Project Directorate,
NIOT Campus, Velacherry Tambaram Main Road,
Pallikaranai, Chennai - 601 302.

Dr. Sushil Kumair, Member

Director,
Central Institute of Medicinal andAromatic Plants,
P.O CIMAP, Lucknow 226 015 (UP).

Prof. B.M.Mandal, Member

Polymer Science Unit,

Indian Association for the Cultivation of Science,
2 A & B Raja Subodh Mullick Road,

P.O Jadavpur University, Calcutta 700 032

Dr. Pushpito K. Ghosh Member

Director,

Central Salt & Marine Chemicals Research Institute,
Gijubhai Badheka Marg,

Bhavnagar 364 002

Mr. R.R.Hirwani, Member

Scientist 'F', (DG's Nominee)

National Chemical Laboratory,
Pune 411 008.

Mr. S.N.Ghosh Secretary

Scientist, Central Salt & Marine Chemicals Research Institute,
Gijubhai Badheka Marg, Bhavnagar 364 002

Research Council (From1.1.2001)

Prof. V.Krishnan, Chairman

Acting President,

Jawaharlal Nehru Centre for Advanced Scientific Research,
Indian Institute of Science Campus,

Bangalore 560 012.

Dr. G. Subramanian, Member
Director,

National Facility for Marine Cyanobacteria,

Bharatidasan University, Tiruchirapalli 620 024 (T.N)

Prof. K.D.P. Nigam Member
Head, Dept. of Chemical Engineerin,
B-10, Ho Chi Minh Sarani, Calcutta 700 071.
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Prof. Kasturi Dutta,
School of Environmental Sciences,
Jawaharlal Nehru University, New Delhi 110 067

Dr. Sumit Bhaduri

Head of R&D, Reliance Industries Ltd.,
Swastik Mill Compound, V.N.Purav Marg,
Chembur, Mumbai 400 071

Dr. George, John Advisor

Dept. of Biotechnology,

Block 2, 7-8" Floor, CGO Complex, Lodi Road
New Delhi 110 003

Dr. V.Sampath,

Director, Project Directorate, (ICMAM), DOD,
NIOT Campus, Velacheyy-Tambaram Main Road,
Narayanapuram, Pallikaranai,

Chennai 601 302

Dr. S. Sivaram

Director Grade Scientist,
National Chemical Laboratory,
Pune 411 008.

Dr. Pushpito K. Ghosh,

Director,

Central Salt & Marine Chemicals Research Institute,
Gijubhai Badheka Marg, Bhavnagar 364 002

Mr. S.N. Sharma

Scientist, RPBD,

Council of Scientific & Industrial Research,
Anusandhan Bhavan, 2, Rafi Marg,

New Delhi 110 001.

Mr. S.N. Ghosh

Scientist,

Central Salt & Marine Chemicals Research Institute,
Gijubhai Badheka Marg, Bhavnagar 364 002

Management Council

Dr. Pushpito K.Ghosh,
Director,

CSMCRI, Bhavnagar
Shri V.J. Shah,
Scientist F,

CSMCRI, Bhavnagar

Dr. R.V.Jasra,

Member

Member

Member

Member

Member

Member

DG's Nominee

Secretary

(Till 30.6.2001)

Chairman

Member

Member
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Scientist F,
CSMCRI, Bhavnagar

Shri S. N. Ghosh,
Scientist Ell,
CSMCRI, Bhavnagar

Shri M.R.Gandhi,
Scientist Ell,
CSMCRI, Bhavnagar

Shri. J.B. Pandya
Scientist Ell,
CSMCRI, Bhavnagar

Dr. (Mrs) Paramita Ray
Scientist C,
CSMCRI, Bhavnagar

Shri S.N. Patel
Tech. Gr. 1l1(2)
CSMCRI, Bhavnagar

Mr. M.K. Jain
Sr. Finance & Accounts Officer
CSMCRI, Bhavnagar

Mr. C. Badrinath

Secretary

Controller of Administration
CSMCRI, Bhavnagar

Management Council

Dr. Pushpito K.Ghosh,
Director,
CSMCRI, Bhavnagar

Shri K.M. Majeethia,
Scientist F,
CSMCRI, Bhavnagar

Dr. R.V.Jasra,
Scientist F,
CSMCRI, Bhavnagar

Shri S.N.Ghosh
Scientist Ell,
CSMCRI, Bhavnagar

Dr. (Mrs.) K.H. Mody,
Scientist Ell,

Member

Member

Member

Member

Member

Member

Member

(From 1.7.2001)

Chairman

Member

Member

Member

Member



CSMCRI, Bhavnagar.

Dr. V. P. Mohandas,
Scientist El,
CSMCRI, Bhavnagar

Dr. J.V. Prasad,
Scientist El
CSMCRI, Bhavnagar

Shri S.N.Patel,
Tech. Gr. 111(2),
CSMCRI, Bhavnagar

Shri M.K. Jain

Sr. Finance & Accounts Officer
Finance & Accounts Officer,
CSMCRI, Bhavnagar

Shri S. Mohanasundaram
Controller of Administration
Administrative Officer,

Member

Member

Member

Member

Member-Secretary

(Rs. Lakhs)

110



Category | Persons on roll as on
31.3.2001 31.3.2002
Scientific
Group IV 89 92
Technical
Group Il 38 39
Group I 85 78
Group | 26 25
Group V 3 3
Total (Technical) 152 145
Non-technical
Group A 3 2
Group B 36 34
Group C 18 17
Group D 25 24
Total (Non -technical) 82 77
Total 323 314
Scientist Fellow (Quick hire) 02 01
Research Associate (RA)/Sr. RA 04 05
Research Fellows (JRF/SRF) 08 09
Project Assistants 37 43
Others (project related) 09 08
60 66
Budget Heads 2000-01| 2001-02
Equipment - P15, P5(3) etc. 259 321
Infrastructure/ facilities -P5(1), & P5(2) 81 62
Library books - P5(4) 65 71
Chemicals & Consumables — (P7) 85 97
Manpower related expenditure -(P1,P2 & P3) 500 517
Residual - (P4, P6, etc.) 133 113
Total 1123 1181
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