; e3e++Lpb6TTte~ 2 au ~ zoo3 | ~~I M ~0~I O~V A NOVEL AGROPOLYMER USED FOR
PURI FI CATI ON OF POLLUTED WATER OR CONTAM NATED WATER CONTAI NI NG METAL OR

| ONS AND A METHOD OF PRODUCI NG THE AGROPOLYMER FI ELD OF THE 2@/9&1&%
invention in geneial relates to the filed of agricultural

In particular) this invention pertains to a novel agropol yrrer) a met hod of
manuf acturi ng the agropol yner fromany plant parts such aﬁlmmﬂﬂ"m

hul I s, husks or seed covers ~' of pl antsl i ncludi ng agricu mmmr
(Oryza saliva, Panicurn mliaceum Setaria .:..; .. Aye :.. ighdca,

Caj am~s ccrjan, Vigna nmango, Yigna radiate Triticnmsp., Ricfnus comunis,
Hel i ant JSuA zN(DVE& AGROPOINYMERS (ISED ROR PERIFICATION OFVEOLRUTHEIY! yners

Qg\éergi(t enm&tﬁ@% Spﬁl i cat:i ons ig Gil SQ usef uI for wat errfd)ol | ution

sequest ci i NONPYOMETA mc acr d, whol e cell
bi omass, Chitin and Ch| t| n de, ~| vat I ves, htﬁ? ot hi onielltjns, | vIi crobi al

Pol ysaccharl des, Mel anni ns, Pl oyphenolic:bi poignents, Bacterial cell wall
pol ynmers) N hel ati ng agents (Si derophores). | 3owever,
t he above #Aatet eostly, not available in su~cient quantity
and. | or less effectlve On the other hand, the present research work.is
ai med to. produce agropol ymers. from cheapl y avai | abl e pl ant material s)
.preferably) agr iTdis ipvension/iagenesalgelatgs o slmﬁlied\gf agriaudwral bic-techmologyl I of

G o SR Rlef B R e e BB i P

comuni s) Hel agopdhymeraﬁmushnymem suvh a3peed’eatd)ibmlls hudksTdtased aaveppol yner s

ha\re ext ensk | ndu .0 al a at i‘onz This invention has its application -
in'the dev® @Eﬂ% “}‘.ﬁ&&ﬂ PP §Q "a"ﬁf‘t’fbo‘f"}'ﬂﬁ'f’% mjfiggesma n¥efarid om seed
coats or hghlis, | t um :
Setaria i tgl {'cc?qécgljkacﬁ}g? gf b il '@B rrango gﬁ’é{" %fﬁm%ﬁ}é’hﬁ?ﬁr Al n~~

2 2 AU G . Helomhas auisy rﬁm@umm nimchio PPN %esldenowhmgmpotymemmve
Gossypi r~ Ar a nd t hei.r Li.cations r1 rret al sequestrati on
anigl rem)vaF’“g s‘Y%W@“ﬁﬂ@BB%‘E#@“? %B‘tl for waser pallution eontrol. i nvention i s

t dij.nvent novel agropol yners ~ from pI ant materials i ncI udi ng seed coats of
agrrcul tural Qyza sat iva, Parricurn nmiliaceum Setaria italics,
Caj.arrus cBAda UNDOF THE INVENTION Ji al s, Triticumsp., Rcirrus
communl s, Heli arrt hus annuI ) Gossypiumsp) Arachis sp.). It is~ also. the
intention of invention to. develop viable method for. production [ o
agr opol ynet s anMamy&»imi&giealCh'@w friecal eStehﬁg SEbMARES el kicWiD¥ech® al s and

/[ or ions._Thys refer t hese a 'S, are produced fromthe seed
coats or hupPENSyf £ caf rﬂp ler 84 %&? n&t‘ {vhitin, (degjvatives,

Accor di ngl Metdlfottiisneidte Nick PolfYaEdari t |
bi o-ori gin, non-toxic; ngil odegr adabl e B%ey‘?y ava I%@Peﬂ&l\eeb?@&g%ﬁgﬁ%t ive
mol ecul-es/ Bp@#mhs:eg Walbpolymers, Microbially produced chelating agents (Siderophores).

) - However, the above matena!s are either costly, not available in sufficient: quantxty and

[ or less effective. On the other hand, the present research work is aimed to. produce
agropolymers-.ﬁ'om cheaply available plant materials, preférably, agricultural raw
materials such as seed coats or hulls of agricultural crops (0)yza sativa, Panicum
miliaceum, Setaria italica, Cajanus cajan, Cigna mungo, Vigna radiata, Triticum sp.,
Ricinus communis, Helianthus annus, -Gossypium sp. Arachis sp.) These

agropolymers have extensive industrial applications. -

This invention has its applit:ation in the develot)ment of production of novel
agropolymers preferably from seed coats or hulls of agricultural crops (Oryza safiva,

~ Panicum miliaceum, Setaria italica, Cajanus cajan, Vigna mungo, Vigna radiata,

*G00001* .



agricultural sources, for industrial applications and water pollution
control. Another object of the invention is to devel op production nethod
for agropol ynmecs &oni plarn materials such as seed coats, husks, hulls,
seed covers of agricultural crops (Oryza sativ~tr) Parri cumz12 ngua
Setar7a italics, Ca, jarrus cajan) |~grla nmungo, ~gna radiat®e,* Trirticurn
sp.) Ricims 'commurris) Helianthus arrrrus) Gossypiumsp. Arachis sp.).
Yet, -anot her object of the invention .is,.to invent a polynmer which wll
reduce environnent polluti-on by using ag?icuItUraIry derived netal and.ion
sequest ering. agropol yners from seed coats or hulls of agricultural craps..

Still another object of the invention' is. to provide a .rnethod. of
renoval of - Triticassp.nRicimus conemyris, Haliagihus gowesy Sosopiwn snoArgshisgp.) and
agr opol ynegs,: 1 nvent | v .ne nore object of the
i nvention irtgel?ép%{&gt\}?r&eﬁg{l—it?rl&g%ﬁg?%nﬁgg%\'lﬁg‘&g° lc?%]'educe metal and ion
pollution fromwater to protect the environnent.. Anot her object of the

invention is rt rovi de a nethqQd to convert the tagxic, netal andlor ion
cont ai ni ng wat e&*@&% -E'l?xir@;ecﬂ’& Af theq pEssenty inyenpien wist & Byentsnawel

ot ooy aBtorShiners BRi yhéhe ARfedak hEhudbal 66 o NP clipO JOAATIAD ©

subst ances. e inventron is to provi nmet hod to

reduce ‘envisativnePanitumoniliacewm, Sstarigi italicagCrjamus wafan| Vigher muego,niiga: and
.ion sequesterin t opol S _obt ai ned ffom seed coats or. hulls of,.

o oul't ur KeGED TRty BiEind SR RIS B GOSRBEY S 48PS ang
others, prgpgntltiieuR6ttheintenton 6 nvantisvel develop viable maBIdPR?! proBiction
conpri sing carbohydrate and / or silica matrix substantially devoi d of

at) east pr SRR AN NS5 of syfesrepalyrerhép sesenl o reRve imalagrddiarl
00 Tl 4508 ot T S BB ™ ©

sol uti ons. oPagricultufal BEsHsRI PTI ON OF THE | NVENTI ON Now) the invention will be

described in detail so as to illustrate and explain various salient
features of the invention. One enbodi ment of the invention is to provide a

novel agro%%mi ng sites, which are incorporated, in a
mat ri x of - by al kali treatnent -,. or hydrogen

peroxi de treatnent or al kaline hydrogen peroxide treatnent. The matrix of -
t he agropol yner s ofptgai ned from an lapt.parts such as. seedla.coa.xs seed
cover, hulls and“q‘fﬂgdi@y' $H§ Mrgpmﬁloﬁmcﬂaf B&a‘ﬂ?’@gn_ﬁ ?oegwetgr 31?6‘5% allic
bonds) whi aBnMEXiE, tib@spradhbly chaply avatlatilevePpbfestive muldchlesRpatymas frhrer ved

under Infra Red (IFt) Spect[o'scqgl-y'. . ) ]
. agricultural sources, for industrial applications and water pollution control.

- Another objeqt of the invention is to develop production method for

L agrdpolyine'rs from pigm materials such as seed cqatﬁ,_ husks, hulls, seed covers of
agricultural crops (Oryza sativa, Panicum miliaceum, Setaria italica, Cajar;m cajan,
Vigna mungo, Vigna radiata, Tt;iticum Do Ricim:s 'éommunis, Helianthus annus,

Gossypium sp. Arachis sp.).

Yet, another object of the invention is to invent a polymer which will reduce
environment pollution by using agriculturally derived metal and ion sequestering

‘agropolymers from seed coats or hulls of agriculturﬂ crops.

| Still another object of the invention is. to provide a method of removal of

. heavy metals and ions from aqueous solutions using agropolymers of the invention.



2 2 AU G 2003 4 Anot her enbodinent” of the ~ present invention relates to ~
a nethod of production of agropolyners fromplant materials selected from
seed coats or hulls of agricultural crops (such as seed coats or hulls)
from (Oryza saliva, Panic~rmm|iaceum Setaria italica, Caj (X e

higna mungo) Yigrra radiata, Triticumsp., Ricinus comuni 522|A§rﬁm3
annus, Gossypium sp. Arachis sp.) which Igave netal and ion sequestering
nature. In a preferred enbodi nent, the present invention.provides a nethod .
of producing agropolymers froma plant .material such as seed coats or.

hul I s of agricul Hideds

Pani cum m [i aceum'fa}ém? OB‘E g éﬁﬁ?ﬂ}vgﬁ@éﬁs% &%“ gre %"éé‘f:‘gﬂ%x“““%??‘gﬁ% nmungo)

| rigna radi gfetal ad idni goliatisw fromRiatemoprotectithmenyjrotdatiitant hus anrr us,

Gossypium sp. Arachis sp.); said nethod conprising the follow ng steps:- .

~ . a. powdering the seed c_oat or~hull material, b. mcronization of seed
coat or boil powdgie OEEGﬂ)f ifvdntidhSs % gﬁ)wdé a k@Bl 10 Lonbét B fdxic

m croni zed seed coat or er in al . or al kal i'ne- hydrogen

per oxi de or nieyadrandfen xquectmtamiag vchterttoemnfm:gc,tmeials@d&rm fet avataxibytusingoeat ed
washi ngs with. water id t.o renove alk r dr eroxi de :
resi due, e. 280 Fﬂ&“{ﬁﬁg“g‘éﬁd&% SUPSTICES, WAL d“'es%\f’g? %%%Y"os“ggﬁ%‘i‘?g- bound *
net al s, neutral i zing the said nol ecul es by renoval of acid by way of water
washings or by addition of diluted alkali solution and g t he

"resul tant agrapalApethes object @frthe dnyratign uis ooprovide ao‘cﬁlyléﬁthp%eo&ﬂucq n

ot a1 med by VTR RAEOL By Yol gL Bl el and R et
efflect ed uspap@pblyrroshtained fromabédéoatsindiuliedf sricolnrilaropsz e (| n mcrons). In

oné nore enbodl ment) the alkali treatnent is effected with sodi um hydroxide
or potassi um hydroxi de or sodi um carbonate or addi ng any al kali -solution to

t he pl ant W hydrogen . peroxide to the reaction
m xt ure. : . ‘

"To meet the above objects and others, presenf invention provides a novel
agropolymer compnsmg carbohydrate and / or silica matrix substantially devoid of
atleast proteins, tannins, pigments and pplyphenols, and having metal binding reactive

sites, a method of producing the agropolymefs and use of such agropolymers to

isolate or remove metals or ions from aqueous solutions.

‘ DETA’ILED DESCRIPTION OF THE INVENTION

Now, the invention will be described in detail so as to illustrate ax;d explain

various salient features of the invention.

One embddiment of the invention is to provide a novel agropolymer having
metal binding sites,A which are incofporatgd, in a matrix of the agropolymier either by
alkali treatment or hydrogen peroxide treatment or alkaline hydrogen peroxide
treatment.

- The matrix of the agropolymer is obtained from any plant parts such as seed
coats, seed cover, hulls and husks.. The metal binding reactive sites (organo-metallic
bonds) which were created by reacting agropolymers with metal as observed under
Infra Red (IR) Spectroscopy.



S Hydrogen peroxide (S to 30% concentration) treatnment along with al kali (

| to. t 0% ww resulted in agropoiyners with effcient netal

sequestration. Alkali ,and or Hydrogen peroxide residues |eft ht r
treatment were renoved by repeated water washings or by additiﬁ iUﬁ 2003d
acid (using such as H2S04) HCL or HNO3) separately. In this nethod, if any
bound netals are present in agropolynmers, they are eluted with t-3% acid
solutions . (using such as H-S04 or HCL o§ HNO3) and any acid residues |eft
behi nd are renoved by repeated water washings or by addition of diluted t

al kali (using such as NaCH of KOH) solution) and noisture ~ content |eft

U L AR AR BN el I el

treat nent vwrobigdtionffdpRgelymesy SEmqtant nfueriaBSieldcfed s R4/ E8MES or WallshofTet al
sequestration partjcularly for the production of ‘agropolyners fromcereals .

and ni | | et sagricubiural <rensi Guch sseseedoeats o . hullsi tfromar @ryza sativaii Panigimal |
(such as sogj r 8 CRARSk i Al kali treatment is
carried eit g%@?&?ﬁ;%ﬁ% <'a¢f9 . jiéo‘#;l&unf Mﬁa%"%%%ﬁfggﬁa% d"aiﬁ%ﬁ‘t“por hul |
power or byRiaits wgmdiunizc Heljarshdsedrinug o@eksypiuri spkggachiz spi)owhith2de aees coat
or hull powder, later followed by addition of water. kal i treatnent

rel eases di"@ 18R SRAMFEEIREAM WSy col our substances from seed. coats or hulls
Wwhich are water pohUlbRrkd eniodirfent L ; [ 7. 5%
takes nore retenti ohﬁ}ti me to re%efé' %g‘ﬁgﬁﬁ%@%&n s?ﬁﬁ{?gﬁ ot\r/‘vétgaé)s fances _
t om.seed cqiroducing lgrapolymees droas ahipiant rmaeniat esuchigas séedalcbatsi of 2L o -
sol ution) remy t he rk brownish.yél L ow sybst ances wi.j.hin 3-4 hours. :
Akal i cont#"‘@ﬂrc ﬁﬁ/@%"tﬁ?‘%\ﬁ,ﬁ seﬁ%é@faﬁ'gﬁi r@gam"%@“%& $¢185aof acid
sol'ution ( SksRRaaCajolks Qjar; Vi) munget ViRl PediaR] Tificiir 95 RESMS' bopimimid)St ances
were rcnoved by treating with mneral "acids including sulfuric; nitric or :
%6?69’1”

hydr ochl or iféel{anthus aygus, upesp. raehis spels said methodscomprising the dallowing

repeat ed - ps._washi ngs or by addition of required amount of IM. alkali

(such as NaOM~ KOH) solution. The material after renoval of supernatant is
dried at roomtenperature or is a drier. {70-80C).. Lower the size) better.

the metal or ion seguestering progerty. ,.2 2 All G 2003 6 . The yield of
agr opot yner®s def® _“%&5%0&9@‘@@?'@&“ on procedure adopted. Lower
si ze agrOp‘ﬁ.ynerrﬁicwnﬁaﬂoﬁéfieﬁégoﬁBFRﬁfmgériv&e?t@feﬁuﬁédzﬁic?&i %r?isu,yﬁers yi el d.

Process | osSes are nore to produce to S| zes ‘agr opo yr?e The source of
the materi & al dreating ithecsaid micrpnizedl sedd cdae ondwilippdwderrin dlkaly @nealialine about

30 to 40%. vyield,of aqgropql rs was. obtai ned i-n case of producing |ower
si zes agr opol yng\yg{ogfn:gqrp%ﬁﬁydsfgg $i el d .of agropol ymers is obtained
i n case of dpr odufatify theOsaR¥ materig] with 3&RYted Ivashint WidNwiteZ OF wiEH AR@lty Ner s.

The present nethod involves treating the plant materiral with alkali and /
ort' Hydrogen pdemeyeslkaliraed or bydrogenperoxide residuche treated by al kal i ne:

hydr ogen ~ei oxi LRl his, ca kal | n be performed
before |, h?dr oggﬁap 0>E< ?%‘Q%?%@? ?r’eﬁ%t&@so@#léﬁg %ﬁ}otﬁlé ﬁ%‘&%ﬁ?ﬁer oxi de or
af t elr t ref[’:ﬂan{l_t ﬂﬁﬁ?ﬁiﬂngﬂll egsid nﬂ?é@_l’dslcby-rptﬁgﬁl :ﬁlfaf:i_drb"ﬁfﬁ@a of aesrboghhi @gt ,
i nvol ves treatin ..plapt, material “w al i né hydrogen peroxi de
conbi ndly at or é’?PY : .‘ngn‘.’P‘ill‘-‘ﬁS’;j\‘ﬂbﬁHl‘-‘.‘@H&ﬁ illustrates various stages !
- steps in the progind it rebitAA0 aRBbiyHRESat room temperature or with a dryer (70-

‘ 80°C). . '

>

In another embodiment, powdering of the seed coat or hull ‘material was
obtained by grinders and micronization of seed coat or hull power is effected using
" miicronizer to obtain desired particle size (in microns).

In one more embodiment, the alkali treatment is effected with sodium
_ hydroxide or potassium hydroxide or sodium carbonate or adding any alkali solution
to the plant materials and or adding hydrogen. peroxide to the reaction mixture.



The m croni zed seed coat or hulls powder is, treated with sulfuric acid ~
or . ' , hydrochloric acid) (3-S% for'a period of S-6 .hours and the
resultant material after renoval of -acid traces exhibited ma%gg(rﬁpgzoo
sequestering property) but with | ess sequestering ability co

agropotyners produced by alkali treatnment nethod as described earlier. One
of the salient features of the inventiof is the identify agropol yners
present in seed coats or hulls of agricultural crops (Oryza saliva, Panicum
mliaceum . Setaria italics,. Cajanrs cajan, ~gna nrungo,_ Yigna radiata,
Triticum Sﬂj'drd@eﬁ ipkfostide (8 T80 Ednckifthdtidh} tredtmenPAlbhg! SwithCRIKAL Pl W6N6%.
Arachis-sp.J) _ , Another salient feature of the invention is regarding the
pr oduct i-onwéW) Aegulspd iy ragrapolymers ydtd efiisians metah sequestsationg rallsali t&ﬂgaq’f crops)

. For prod Lon agr opol 3 ~&onrseed o r hull such eed
coats or hgllcyﬁigo,gc? S’S‘r 'ér% Y reé'%ggﬁr ?"\?agf?‘?’ tr?a;tﬂgﬁA%E% %&ﬁ’%_bsyP erpt"‘?teﬂfv?artgr

m | i aceum washifgs or ibiyaddditioh 6Pidikited acidr (Bing Michngs H4800) HGINar 'HWOSY a,
Triticumsp.; R cirrus communis, Helianthus anm-s) Gossypium sp. .4rachis
sp.) al kal B§RBIA#§MMr ogen per oxi de treat ment nethod was devel oped. The

agropol yners, have extensive industrial applications. They . can be ;
ei ~ectively used , for pollution control to prated environment fromnetal |
or ion ' ~ cont hnthinmethod, Thanybolmdamptalscarei presenf irt hgropalythess)théyaaree i s an

et hodof BRI VTR Sng eh af HRQ: 07 BT ar oL By i 'S of
20r | cul LT AliGHEORR belin R BTN e RN VW ATFIOY JQIERRCESS

Powder i ng the seed coat or hull ) T'zatl'on o coat or
hul)l  powdealkal (nsingiisucidasiNaQFhor KOH) Solution, napdt inoistuxe cconteat deft belindeed coat

“hut!| . | kal i ‘al kal i dr - i . hy.d :
peroxi et s Ree Kl by akiedh o LRePRGalBIEN e B fHeR i el o0 o
with acid m-ga?@gm/.orwﬁé-ht_ ﬁaﬁtémpgmhygjrogen per oxi de resi due.

Treating the said material with acid solution to renove bound netals
Neutralizing the said nol ecul es by renoval of acid by way of water washings:

or DY 001190 e St Al WBE Wikl i B, SRR |
anot her  enttli mésltsequktrition particibirlycfor thehrodurtion ofagropolgiepefomeichaals of

"treating neta / jons, us|ing the nove ropql yners .the present
i nventi Oﬁ_ an u&lfets. The mxcron{zeg seed coats or. imlﬁgare.?n?x '_rth al?cah (such%s sodium

hydroxide or botassium hydroxide). Alkali treatment is carried either by adding alkali
solution to micronized seed coat or huil power or by adding directly alkali powder/
flakes to micronized seed coat or hull powder later followed by addition of water. '
Alkali treatment releases dark brownish yellow colour substances from seed coats or
) hulls which are water soluble in nature. Lower percentage of alkali (5 to 7.5%) takes
more retention time to remove these dark brownish yellow substances from seed coats
or hulls where as higher percentage of alkali (20-25% solution) removeé_ the ‘daxl'k
brownish yelk')w substances within 3-4 hours. Alkali content is removed by repeated
water washings or by addition of acid solution (such as HCL or H;SO4). The bound
metals from resulting substances were removed by treating with mineral acids
including sulfuric, nitric or hydrochloric (1-3%). The- resultant materi‘al was
neutralized with repeated water washings or by addition of required amount of 1M
alkali (such as NaOH, KOH) solution. The material after removal of supernatant is
dried at room temperature or in a drier (70-80°C). Lower the size, better the metal or

ion sequestering property. '



.2 2 AU G 2003 s In particular) this invention pertains to a nethod of
preventing environmental degradation~by nmetal and ion pollution using
agropol yners produced from seed coats or hulls of agricultural o)
particularly, this invention relates to a nmethod of r purifyi %m&imbg
i on polluted aqueous solution including netal or ion polluted industrial

ef ~uent ground water and drinking water.6The nethod of purification is
carried using a novel agropolyner which is capable of sequestering netals

including netal's |ike organic, nercury, ~ etc. and/or ions frompolluted
water. The ulti mafeeyiel] @€!dgrSpslymérseddpaiNdinon Othe i §izd QnB' Rlabtidn ProcedwreneNt
fromnmetal and ion pollution. ~~ , ' This objective is achieved not by

synt het i ¢ radopted.hdoWsy sizs iagrppelytmers ield 5| lessi comparedyta big) sizer egropalyosrs ces,

Fost dea | n YRS RRHesd bsfi8iad frord I BrotRedBME ol trbddly el ofhe spfi 0
subst ances the/ midterial aliso-de¢idescthe tydeld of thecagrepobytiiérf Vinl geneglj abbgr 30784096 - and or

ions frompolluted water. |In epbodinent thjs present inyention) a nmethod of .
~re~oval of14léoAREIOPRYPETHHIAS O @mesqa@wsor}'smp&?% WES| S5 AgFapRlMPRer s

produced fr%& ‘ 18" i W) ' : goats or
‘hul I's from ygzgg%? ?ega;ﬁelg&%ﬁlﬁ??g:%ﬁﬁé%gﬁﬁsg ioglﬁ_??c{é‘{cfngsmi@%g rg'ﬁzgm s
caj ar~ ~gn{abomdsd micrpnrsize) sgropolgmersi t i cum sp., Ricirrus communi s,

Hel i anthr~s nrrnts, Gossypiumsp. Arachis sp.,) is described. Many netals
“such as iron, 'copper, alum nium arsenic) nercury) |lead, zinc. set and

ions can be renmygdrostdtmthodiiOONeEs &%Fitﬂé‘plb%l shrdrid® VAR RAY afPY Bk
agropolyner. This invention further relates effective utilization of netal

and i on sedlydsogeniperoxide. dibe pjans meaténiab gan bestreated by adkaline hydrogen perbxide

gficul tural __This 'winvention i eful f t d i | |l uti
cont rol  uss i BBE sen e eGPt in t8 elopned, AR LySigeen BepRe, | "
Al t hough niftniin®bi alohP Kithhgyafogah Petorideior aftér ti@itént SFEH Rydrbgenl foroxidel

production_on |arge scale for_industrial usage was not achieved so far due -
to many fadbermost Riafemsd smbodiment;inyolyes weatingothe plang materig)y with @lkalipe cost s.
Many bi ol ogi el Hasteri ng substances were known such-.as -
Tanni ns, Hukl&?%ggf)%r,g%gﬁbgdgw&#gﬁn%é, Chitin and Chitin 'derivatives,:
Met al | ot hi oneins, M crobial Polysaccharides) Ml annins, Ployphenolic

bi poi gnents) Bagteri,al cell wall polyners) Mcrabiall, roduced, chel.ati ng
agent s (Si deropﬁﬁ)‘f’e pw 9&?‘9 %M&mﬁ@“ha%% eﬁei’sar‘éea\sdpf@"?%efuti ity
in actual igltdgg(gggg,s As it is a, a 22 AU G 2003 9 grow ng area,
experinmental stddies have been carried out in order to generate | produce !
develop an utility nethod for this new kind of agropolynmers from ,
agricultural resources to find utjli in _.actua i tuat,d ons.. The, appl i cant
has . now devise 5%%’&%%\’9[}'&4 f’gﬁp%ﬂo,%&rn‘é't ﬁFg‘eé\ﬁ’Hi’bF‘ﬂ %céchﬁgs.t.eri ng
agr opot ynehgdreehlaiio adid, (P3%) ot aCsiod of'S-0tiblus a0l the résulthatunaterislrafies. Thus,
according to this inyention the agropotyiners produced fromthe seed coats
or shul | s~ ofemeyal of|acis srcesrexhibited cmetals b 108 $equestering BIORETLY.abitt/ with les

oot L SR e ) W o e SRR B,

and econonmiag descyibed edrlier.. nmethod are . devel oped. ~ The present invention
relates to a method for purification of a metal and ion, . , polluted /
cont am nat ed aqueous solutions including netal or ion polluted drinking

wat er or ground gt [k t ad . rs 3 rs and
or netal inpregna egf ggﬁ%%%ﬁg?rie&rds;&stﬂghgg#‘#ﬁgsﬁolﬁgr#g% e@éﬁ Trfﬁhétf actured
f rom pl ant-presertrin aéed coatsordmil$ of agricultuma] clops kBryea sivival Fanicumhwiliaceuimous

o R b, i s Vi P T, B
comurtis, cbﬁ%is,rmﬁéﬁhﬂwnhi)cﬁfﬁygwmra&is & pchi's

Another salient feature of the invention is regarding the production of
agropolymers from seed coats or hulls or agricultural crops. . For production of

agropolymers from seed coats or hulls (such as seed coats or hulls, from Oryza sativa, -



Sp.),. the "said nethod conprising the contacting the ion or netal polluted

wat er with agropol yners and or~netal inpregnated agropol yner using a colum

or batch node, effecting the ion or netal sequestration resul g

pollution free water, the said sequestrat i on being carried oubﬂ A{FG 2003

optimum conditions (such as plTj for 'maxi mum sequestration effici-ency.

In fact) the agropol ymers being produced from seed husks, hulls or coats of

agricultural crops such as Ory~a saliva,, Pcuricrrmmliaceum Setaria
italics, Cajarars cajan) Vigna nrargo) Vi igrra radials, Triticurir sp.,
Ricinrrs conmunis, ! Helianthus annus) GoSSypi um sp. Arachi S sp.) these
.agropol yniers are capabl e of renpval of netals or ions from.aqueous "

sol uti ons Pmnm}?WIkwetPE’BSétanaIitalxéa.cﬁajdnmbqﬂn.t Hizna rmnengoi Higral sadicssy i sages

a nmethod of treating or ion m nat ed ueous sol utio e said
met hod condrfigas gy &¢ cf"?’ﬁﬁ‘"t"ﬁe égfff%"s "Q"'é‘ ’if F‘ﬁte’a pol | ut ed

wat er vmth Q%rgquj ieréﬁaeﬁgdd EQ t he sal d substances
obt ai ned from bi ol gg agr i cu ura pI ant sources (seed coats or hulls
fromplant material sel ect ed .fromagricul tural pI ants -such as 4ryza ‘

sal i va) Pani cum, Ilace r|a italicc~y ~ n~s ¢aj na ,.mungo

hi gna Zadi ata, 'fH)Ft?EIQPH ers Yﬁ ﬁﬁ?“ﬁ‘&?m‘ﬂﬁ?%‘)"a I—EWI%‘W ugnﬁ'ﬁmg béosgy)pl um
Sp. A" dchi Sersiively H@Edc ?orh Hf?ut%h J.:dn?r\’) tt@ n%hﬂtenta%ni ﬂ{btéloé’tdlofnr om PPM-
and,. PPB | eve fromp ute ter e sal metal or 1on conprising -

"wat er by emmmmatxmg mhe hmdg lapp:ltchmxeofst,he saidcsubstance ds ab fnpdrtany aspect of -

. Further, th t thod of treat d/or ion
Jol | ot ed vilcNGAEIS AropHE es!xg BcTyRaia Heaas o Romelbdnpt duodiiig’s ' "

oryhull's o m.Ory~..a saliva,
gxﬁg&z{iﬁt’stsgt bt By B ééea%eats BARAISF apiidulttral cfops.

Pani cum ni Ics, Cajams cajcm Vi gna arungo). | ~grur
radials, Triticumsp., R cinms conmuais, XeI | arrt hus anr s, ~Cossypi : gym sp.:
Arachi s sp. ., . . hl e

ground wat er&&$ 3 : For
wat er which is- chh I n arsenlc |s treated W|th the agropol yrrers of t he
present invention and the results revealed fhat the arsenic content has
been muchj reduced so t hat Rdvedmgﬁmseedcaahomhﬂbmatmdeed becone a potlabl e
wat er. BR £ HE _ACCON d

dr awi ngs; (~Reww—trtr et oA TS TG, U“.M. [OSTOPY was t
‘done with] I CBr Z‘W%!, ngfﬁ?p‘? sged, gaat or hutll go q feqyiLed migh % i de and dri ed
before taRIMU TR _SPECIT OSCOPY W TN 1U5r-oe| et TR Speciroscopy of each '
sanpl e figuTgeatfStheaa nﬂtrétﬁiéﬂﬁsem&%fmll ﬁo@detﬁtﬂkalbmmlkahﬁ@ﬁ@dx‘ogeﬁoo wave
nunmbers (kmk), (2) scan from 4000 t %200 wavepunber s (cml ), and |(3 )
scan fronj 2000 to 600 wavenurR§Exide Q"rﬁy rogen pg "1 relates to IR Spectra
of raw ri ce—lmsk—-ﬁr'gure-i—ret'ar'erm—rﬁ ECtTa Of 1T Ce husk treated with

- alkaline hy HeGaidthaterial S WashitE3 WithONter ot Wil P reolR [Spect ra
of raw ri ceﬁeggﬁé]ttrggt ed Wlnt h"‘nf?l(le‘r?e I C chI oride, Figure 4 relates to IR

spectra of al kal i rie--hydr ogtkaliped Hed hixdragen geesxideiresidueusk which in turjn
treated WLLh—Le#H—c—ehLepkde—As—&hewn—kﬁ—HQ—Sp%a—e-f—vaﬁ—mml es of

' huskfreveat [
LLSE rg:u ted ?nTMIgS& %f g“’b gn‘gxghmgwg@g}‘aﬁgégeég I'C g%n .m Fltgult ecg

relates tQ TR Specira of raw Sefaria 1talics husk
| Neutralizing the said molecules by removal of acid by way of water washings or by

addition of dxluted alkali solution

Drymg the resultant agropolymers by drying at room temperature or with a dryer (70-
80°C)

In another embodiment of the invention, the applicant provides method of

‘treating metals / ions using the novel agropolymers of the present invention.



"l Figure 6 relates to IR Spectra of al kaline hydrogen peroxi de treated
Setaria italics husk. ~ . Figure 7 relates to IR Spectra of raw Setaria
italics husk treated with ferric chloride. Figure 8 relates to ~IR S ra
~ of al kaline hydrogen peroxide treated Setaria itcrlica hu§<2\/\/AUG ﬁﬁﬁhurn
treated with ferric chloride. As shown in the above 1R Spectroscopy of
figures 5 to 8, the nore reactive or gano 8net al lic bonds were formed with
iron. Figure 9 relates, to IR Spectra of al kaline hydrogen peroxi de treated
wheat rdwsic ~t : dFi gure égst;ﬁe:ig}ggb_todlﬂlj{sptecté: of “al Eal ine hyd[“(:‘(gze_n@I As
peroxi de treat ed \agatculad Stki Notal sohl e..
showt in IR Spectﬂg\lgscopy of sf | gureds&Q ar?dofoﬁ aﬁggr@tﬁeeé@{cﬁ:%‘g’éﬁ ge?%lxi de
treated whealegladation byumetaband ibn pellutionuisingdigropolyaweys progaoat fremaked costonds i n
particular signjfigcantly a; 2360 t 10 and 2340 t 10, wavenunbers(cm 1
Figure i 1 oihglis.of %%ICPYQJ@L%% gMefe m&ﬁw-&ﬁs th nxention rrlaies top; rg%rﬁed of

| 2. rei ates : r : i g@}l ¥, ool e leG M
mliace:im ?gg ﬁ&??@ﬁﬂi ﬁr '?{?r E&itﬁ?éga 88%/\#%% err Caﬂé)qr%dore?%e?rt ?ﬂeg@wtgy

Spect r oscopyndistrial gfiluent Rrdund vwhtér2andrdrinkirigswhtent Tier giethodnsft pdrificatibarisls.

wer e nore pre‘dogi nant fr’oEgal 60Q to 600 wavenunbers . (cm1~. 2.2 AJG 2003
12 Figure 153WEALSING 3 Bove sa&&%r which, 3. capable of sepusstering egals including ed
cotton seedﬁ(&%lgqm@i&ghﬁ : m{],g,l 1 KA k, : PEG I Aa OF

al kal i ne hydrogen per 0Oxi g”e?mt r étegcd aggﬁt%?éﬁnséggéxe @?}‘gg@tﬁaﬁ%ﬁj SFE)"%) &@%"ﬁq?s

+.whi ch in t ebjectiveeaf the invedtioneis rto pratkdt envitenmels fedm unetalhadRidappsifutioncopy  of
figures 13 d 14) cal kal i pe hydrogen roxi de treated, cotton, seed .

ki Epnieng dbee preg ot
panticul ar {bA&iifurd utc 26 Q; : : : : : i gure
1 Srelates To IR Spect r'aé'of aFkacl | neaﬁgdﬁogen peroi@‘dﬁg&treg{s@dg(ﬁstgr o
(~ci nr's comfieatirs residasdndoventing substances and efflectiner wtilisstioncbfithis substantés Bpectra -

i oh ' o nRRE AR R e B B s b B i T B B oy o

B AR

figures 15 and 1~6, al kali ne hydrogen peroxide treated castor seed coats
(R cinus 'cor~rmunis) resulted in-many organo-netallic bonds. Figure 17

rel ates to | R Sp&tembodimest thisipresentripvention s pethod oficemavebofmetalsrdndings

Hel i ant h 0 4 ts. . .. FEiqure, 18 relate 0lR S I a,of
kel e S Bitests SPERRL Teing agronbivafiprodaked hih Sied oa6 SRRRIR 5 cee
coat s whi chagicultufdd cképa(fiorh sWed Bodts of hallCHrb@r 0F8a sativa, Panicum mifidcefMOWN 1N
| R Spectroscopy. of frguir‘- es 17 and_18) al kal i ne hydrogen peroxi de_ treated

sunfl ower. Sedfadidics, ceiany Kigna mungy, Vigwg radiaeq. W P-gRiemuet al 1ic
bonds. Fi ' 2 N3 ' . '

reated radgrrpeoRlGR ik, SRRGhh 5. Aubils S5 i WECRRES MG K |
Spectra of ahidhads iren,hgappegalumisiumyiatenic; amranty, ledd)r Ane. §&@aamh imscegnabd seed
coats whicE~ in tuyn treated 'YviIh ferric- chloride As shown in IR .
Spectrosc op§/°‘5?v°fiil%qﬂ aa.aqusous splusion using the W@seﬁ%ﬂvtﬁgﬁc’?ﬂijﬂﬁf' de treated

rredgram seed coats (Cajanus cajan) resulted in many organo-netallic bands.

This invention further relates effective utilization of metal and ion
sequestering agropolymers from the seed coats or hulls of agx-icultdral crops. This
invention is .useful for metal and ion pollution control using biotechnological
approach for environmental proiection. Although many plant substances are known
for metal sequestration but production on large scale for industrial usage was not
achieved so far due to many factors such as availability of raw materjals and
production costs. Many biological origin, metal sequestering substances were known
such as Tanqins, Humic acid, whole cell -biomass, Chitin and Chitin ‘derivatives,
Metallothioneins, Microbial Polysaccharides, Melannins, Ployphenolic bipoigments,
Bacterial cell wall polymers, Microbially produced chelating agents (Siderophores).
Very few studies have been targeted to found utility in actual situations. As itisa "



Figure 21 relates to IR Spectra of al kaline hydrogen peroxide treated
greengam (Yigrra radi ataJ' seed coats. 2 2 AUG 2003 13 Figure 22 rel ates
to IR Spectra of al kaline hydrogen peroxide treated green ' I ‘

radi ata) seed coats which in turn treated with ferric chl %mgmm in
| R Spectroscopy of figures 21 and 22, al kaline hydrogen peroxide treated
greengram (Yigrra radi ataJ seed coats rdsulted in many organo-netallic
bonds in particular significantly at 2360 t 10 and Z340 t i0
wavenunbers(cmi) Figure 23 relates to i R Spectra of alkaline hydrogen _
peroxi de tgro@fimgl areaplerpdtinicntal tshgies Wavertgen camded outairs orddri gupendtdte./ rel ates

to IR Spectra, of al kaline hydrogen peroxi.de treated blackgram (Vi gnu
mingoJ sedfodues & qzli%!’ﬁ@?i annutility n Q‘?‘bﬁ‘?é‘ﬁf i§ epe kind of Ag5eR )é’.“eﬁsxgﬁ’ovm in

| R Spectr Oa(%?‘ugum "6135‘9955?_3§§gaﬁ@§§§§“¥%§#ﬂdgﬁg hydr ogen peroxi de treated

bl ackgram (™ rrgrra nunga Iri many organs-netallic
bonds. Now). the applicant provide the follow ng .specific description by way:

of exanpl es andThé hpplicamt hagndwodevised a merhod ifonutiliydtioniof maallkad/eoionbe
construed to limt the scope of the invention in_any manner. The netal

sequest er iS§guestesing agropalymers obtainedelrem seed Geats of bulls 08 @epigulturabrops.

1 1 aceum s BRRRiRG BT E ARG oG Wb BotymE S Brired R e tedWUAE, | |
1000 m vecHullsaifragricdlturslcrapsciraregsonsiblecfor metaliean/onidhsediestefht)/pedpedy.andar d

.copper anid si I.ﬁer ol utjons separately, and then the solutign in th f1asks
u

are kept fEar at mgfa 1And e INGS a§equestaring gagropolymetie diom ¢ sred CAMS <Off ution
filt i¢ J ' i f t LAt ed
Spect r opnaBelfiutal S e PG fealtle PEEP Wbndrlciy Yiale. Mipued" W S

sol uti.on- ldehelopedind aRer addition. of agropolyiner indicate the netal o
absorbi ng sequestering ability of particular agropolymer. As shown in table

,- 2, agropol yngr.s sequestered.netal s such,as copper. and , silver. A gram
of the Setari a THpiE Spyeslicn yaRtrsdo /B8Rt don etivgtar of el gid jpry O °"
mlligr agéacﬂ’lhtéippl?&{tarﬁﬁﬂte_&'ahﬂ&fus g@ﬁﬁ@&t i!n&lﬁ!diﬁg etal e pBﬂi&b&tﬂﬁnmdg' aceum
agropol yners sequestered i .6 and 2.5 mlligranms of copper and silver

respecti vavater or ground whter, iy teatingathe polluted wates pathyageopolpmetsendearatetal. 5 and

4.7 mlli il i vel 03,14
Agr o[)nol yﬁ@%§%f?§8§51%§&$ @Ieov aﬂé@?‘@?‘%‘é&xﬁé“? #é’t‘éfg%‘?%' %%gf é}lgétn a
sol uti on qastefialdisach b gded woiats) huskioehillsaifithe varidis rgrichiterap eanpsr(Oyyza
agropol ymers were allowed to apsorb npre pet al ’co,ntelaL i-n high ,fp?t al
concent r atSRHHA.s BARIEYIE nrgtlwpqzm. elaria itaiica, &%arms cajan, vigna mungo, Vigna

radiata, Triticum sp., Ricinus communis, Helianthus annus, Gossypium sp. Arachis
sp.), .the said method comprising the contacting the ion or metal poliuted water with
agfopolymers and or metal impregnated agropdlymer using a column or batch mode,
) “effecting the ion or metal sequéstration resulting in polfution free water, the said
sequestration being carried out urider optimum conditions (such as pH) for ‘maximum

sequestration efficiency.

In fact, the agropolymers being produced from seed husks, hulls or coats of
agricultural crops such as Oryza sativa, Panicum miliaceum, Setaria italica, Cajarus
cajan, Vigna mungo, Vigna radiata, Triticum sp., Ricinus communis, (Helianthus
annus, Gossypium sp. Arachis sp.) these .agropolymers are capable of removal of

metals or ions from aqueous solutions from PPM to PPB level.

Accordingly, the invention also envisages a method of treating metal or ion

contaminated aqueous solution, the said method comprises by contacting the above -



| onger retention time (12 - 24 ) hours. Agropolynmers were added to netal
(such as iron or alum nium containing solutions) arid unbound netal was
renoved by through washings with water and or neutralising W|2i2 3«%'2003
case of reaction, mediumis in acidic pHlater the material was dried: _
Met al i npregnated Agropol ynmer was taken_in a beaker and to it 250 ml. O
wat er was added and stirred we then t h'elﬂl;. agropol yner material was _,
filled on a colum node. The agropol yner.material present in colum was
washed with 50 mMl of 1 N acid to obtain bound netal. The netal content in -
acid .. wasHefigel psleed Wateratvith dayogiylymensofblyotalumea rarcbately madedl the- sagd denot es

t he anbunt of netal content bound “agr gpol.yner. A~gram of

STl oo o LS A b (Pl e

chl ori de . : ' i saliva
agr opol yrre?@"gg@g?@ggkf‘llm%é%{ar he-g?giﬁ%ﬁ {nﬁ&la hhr?rﬁﬂrjnﬁsu 6‘%;%?)‘19'51 ébrir%’ﬁnt of

B ook OhAllaceun Setta v Cojatussegm Wy onagor ignatadapdriopos er

DT ond \Bleimis oo Heligndhas orirus, CORIN S Ardeaes ) hich Bave ahiie? .

sequest er | S réfuld filela) afl idtload PM hid PPB JevBEREM mrte@%ﬁﬂ%é/h §d S bound

w th coppe Zzinc and 1ron re taken separately far nmeasuring t

ar seni €, segjetaltirion gompyising water byQuatagtiagwithf ageapolymedry warcohesn ad bacht o 100
tnl. Solution containing 6.6 PPMsodi um arsenate and stirred will for a '
period of #ade. 4 hours. The arsenic -content present in supernatant was 4
estimated by Spectophotonetrically. As 'shown in Table 4, netal inpregnated
agropol yrners, absorbed arsenic from aqueous sol utions. Copper, :iron and
zi.nc ~ i npr egnatFacth&etherinvention envisages a apethodofitreatingswetabandionion pelluted 75
percent of arsenjc froman ipitial arsenic.amunt of 6.6, PRM .. 2.AU G
2003 i s- AgMaten whese i @m{}mmmmﬁﬁ%waﬁ foats or fyulls of aeriqultural = a0
shown, i n. TaRUE: Qeed EHARPOH BB S D52H sdihll| PLAGR hifiadéiin Stk ek, 1 om
S tontal ning ardenic. 1Tn :

natural water . the tTol |l ow ng -description the

fluoride r uajarals pajame Vignaomuage,olignareadiata, | Triticume &c i Rjeipus peommuniss~ -~

agropol yner,_can .nat absgtb any ftuqri i 0 t opal y ' bound . -

W th et a HGEHa e HAPRm SheAres Fosulk APERsPRERR L st

fluoride i qns paisibld fites WM igrdund WateP BOMMRIBHBO Uil imbtalsl Tarifavt e amiupdlate
a

were added to sol ution containing 5 PPM sodi um fl uoride (1000 mlligrans -

of metal i gpowyhestetivhishrispich jmamsenads trertediwith theopgrapalymersraiithe Beesent ~
fluorid hese. met al, b - 1 i de. q. vd
00: 97 o e SpRTIOY 81g theciRHlf BRI ar R Yolteth s tdh dfnciHaduced 6 °F

fluoride i QRatith@apsétiné rich dateritidesd bevonm ayporaplé water.i de. V\hen a natural water
having 4.15 PPM fl uoride content was ‘m-xed. with (1) A um nium chloride

i npregnated’ Seturla Italics. Agropolynmer and (2) Al um nium Sul phate

| npr egnat ey pESCRPTT | MPANYING DREXWINGS Per Liter
renmoved fl &E)lrg[%gnl on Si gnpf{?cant y‘uN':o@vivj this invention will describe the
imgor t ant parameters for ' netal sequestration and bound netal elution. The
sai d substqgcgs e fe% ive.use is dependant ,... . on suitable pH .for netal
'sequestrati ﬁ.eqfh‘&’sﬁ M als in the said substances can be eluted with
m neral acids.inciuding sulfuric; nitric or hydrochloricat 0.8 - .LO pH.
One of the salient features of .the invention is the identificatjop of netal .
or ion sequRaw dwslydwlremenat y wes migronizstyand IR Spestiescopy vascdanecwith r hulls
~of agricul tural ocr HhdeLd ' iSd | PefWRd dkidg qRL Ment .
Anot her salqeziﬁg ?‘Eﬂ@gie@%? the. ?\‘@?}1?@5@ idgg)thﬂgg"%&[—rrmgéa r opol yrrergrs are |
useful on cSpedtroscapy evithr KBapeltet MIReS petroseopy alfleachf sample eeWaydedfelton many
cycles to renove or sequester various netals formPfMta.P Met al

i npr egnat edhERsrRIFEMSHE) @tﬁeﬁcém.“aqo&fﬂ &Oﬁg‘&#"ﬁl“_"f#ﬁe‘rs|(8‘t}"r\ﬁ)d gl)i %%1 Egéﬁjgsotor ation
and netal  3fsOnRL0huittels @h-1, 3188 (P scdiomB000 E4TBwRRAUmbasEan )i ng

Figure 1 relates to IR Spectra of raw rice husk.
Figure 2 relates to IR Spectra of rice husk treated with alkaline hydxfog‘eq

pefoxide.




2 2 AUG 2003 16 ability is maxi num at neutral pH range for nost of the
netals tested. The nost of the bound netals present in said. substances
(agropol yners) ~ can be eluted with m neral acids including éttfguﬁ) Qm
nitric and , hydrochloric at 0.8 - 1.0 pH , The agropol ymer r iz e.
for repeated usage on colum or batch nmade offers an econom c advant age.
The agropol yners have extensive industrial applications. They can be
‘effectively used for pollution control ~tlo protect environment from netal
or 'i'on contam nation. The w de appli cat% on of the said substance is the
subject matter of invention. Accordingly, this invention pertains to a
met hod of . renoving netals and ions from contani nated water bﬁ/l . ei ther.

hg

'cold urm et hod orFl@apé]treh@sma,lSpemofmrigmhuskmtgdt-\lyitbﬁxﬁ addel s )
Fondi ngs of  he RS FHRSBIIR SapRLhe dialiok 53R ofroridh FEEREf g are

given in the folki¢h iudidéRed with fardc chlgide - 1 denotes the netal ('iron)
sequest eri ngs prope[téeof agropol yners derived fromOy~.,a sartiva,

Pa~ri cum mi A shawmijn BeSpedtea of wirious samgplearof sicedjusk, revealerh thatthyalkalingna
radiata, Tritdcumsp. R cinms co | s) . Hel.i ant hus -anr us, . Gossypirrm sp.
achi o p. MidsSei paftids ohfafinelh do AR radcell sk FoEe reacRR boids iy Bl

sot uri on wagetaBepedds hr ough a gram of agropol yner in a colum at -a flow
rate of 2ml per minute and bound netal content was estinmated by eluting
WwWith Z - 5%hydrochloric acid. Before elution) the unbound excess netal

f | . ' ith 2. SpH. hydrochl ori id solution.
The bound et a MIBUCSaraikk b ie Sactita Shiaw Sefa it Risgs (o' SOt O
spect r ophot onet dFigik16yrelafesiocIR Qpéé&&@f%:a‘lihﬁ l}xylaisagbﬁ gﬁ??&&d‘éh%i&ﬂ'@e%peﬁ yr

of "agropol yners derived form seed coats or al kal'ine treatnent of "

Setaria Itali ca,itqbaﬂh@km rrriliacerrm and Oyza saHvu) sequestered copper .

3

and silver. Table - denot es .t he tal i gpregnatj.on [um nju nd. i ron)

on agropol yners .d%frf"?er q?o%@e@&ﬁ&??%:@m% @a}f‘f"o ?%’rt?‘la?"%%]ﬁr@a, and

Orysa saliva. chlogiddU G 2003 .17 Table - 4 denotes the arsenic .

sequestering property ~ of netal inpregnated Agropol yner '(co‘pj)er, ‘oiron,
e

i ~nc i npr egnat edigie Adfelatas) toniBr Spestrr \of alkalipenhydeogen peraxids tmated Sefaviam

Setaria italics)y,. | £ de j equestering property -~
of agropol ynmecs iﬁarhgamﬂ-%tvﬁ}lgfﬁ‘wat e@%f%o%feg‘ﬁ‘?\gﬂéﬁ%%ni c. . Present invention
expl ai ns t h&s stiowm ififtheisiovédR Sproiysebppof figares Stters, iife Moed pdattivedrgams-al
i npregnat ed agr,o olagmars (al um_,ni,um i npregnated on a o 1 ers deiived |~ Po
Ym from seéﬁe‘gﬁ)‘ﬁgg“ Jgrere farmed withitoBet ari'a itcrlica and Oryza saliva). The
resul'ts derived fromthe present .invention gives a scope of using :
agropol yners and netal i npregnat ed- agropol yners using in amty columms to
purify or bind digureSorelates; tos i) Spadtrar ofoalkaléreec hydebgdn peraxidevizeatedosheatces -
‘useful for variqus industrial applications (such as using these ,
agropol yners in: ufacturing.of various derivatives such as Bi odegradabl e
plastics) IesinFigiradd Yelafty oo IR Bheedd BPURKITRE hydBbed PEFIOCHGH Mttt or
contam nation by Tndustrial waste water contalhing tals and 1 ons.

husk which in turn treated with ferric chloride. ' '

As shown in IR Spectroscopy of figures 9 and 10, alkaline hydrogen peroxide treated

wheat (Triticum sp,) husk resulted in many organo-metallic bonds in particular
 significantly at 2360 + 10and 2340 + 10 wavenumbers(cm-1)

Figure 11 relates to IR Spectra of Panicum.miliaceu}n husk.
‘Figure 12.relates to IR Spectra of alkaline hydrogen peroxide treated Panicum
miliaceum husk which in turn treated with ferric chloride.
The IR Spectroscopy of figures 11 and 12 reveals that organo-metallic bonds. were
more predominant from 1600 to 600 wavenumbers (cm-1).



2 2 AUG 2003 TABLE -1 . METAL (I RON) SEQUESTERI NG PROPERTY OF AGROPOLYMERS
PRODUCED BY ALKALI NE PEROXI DE TREATMENT METHOD S. No. AGROPOLYNMER PRODUCED
FROM SEED COATS OR HULLS OF: . , | RON CONTENT (M LLI GRAM SE%TKTE@?&@
GRAM OF AGROPOLYMERL. O ., ar sal i va5.15 . 2. Prnricumiiliaceu 0

| 253. S~etaria. itcrlica ~5.04.Ca anus cg arr~ 11.755. Vi a nun6. 8756. Vi

I ~raHata~ ~ 17.187. Triticum . 3.1258.,Ri ?ms comrurris ~ .2.39.Heliarrthus
annrts ~11:2y10.Go tum . ~6.2511. Arachis sp. (Red seed.cozrt or cover of
oundnut ~ -20. S6 ABLE - 2 METAL SEQJESTERI NG PROPERTY OF AGROPOLYMERS
PRODUCED BY ALKKIBURE %mm@o atbahmn briDegent MR iBORFRER] GOMGENT

. SI LVER CONTENTE ir CED,EROM M LLI GRAM) (M LLI. GRAM . SEED COATS OR HULLS

oF: SEQUESTERED - ‘ DOF AGROPOLYMERBY A GRAM
OFAGROPOLY11~R1 te 14 relht%k It@

5 Oyt a sal | VSR Sihok? SPUBLEAL BRI TR Tk,
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FROMCONTENT ( PPM) SEQUESTEREDSEED COATS OR HULLS +BY A GRAM

OFVETALAGRCPOL YiiBie( PERGZATACE ! Spegh b gkalé&oﬁf’&g@@[ﬁéeﬂ}i@%%ﬁ’ 'é’aﬁ

Qvt PREG-f ATED2. Setaria '1 slice 4
I MyREGNA?EDS. ScliRicinus cammurds) seed couts . 675CFI LORI DE | MPREGNATED "2 2 hUG

2003 Figure 16 relates to IR Spectra of alkaline hydrogen peroxide treated castor
(Ricinus communis) seed_coafs which in turn treated with ferric.chloride
“As shown in IR Spectroscopy of figures'15 and 16, alkaline hydrogen peroxide treated
 castor seed coats (Ricinus commiinis) resulted in many organo-metallic bonds.

Figure 17 relates to IR Spectra of alkaline hydrogen peroxide treated
sunﬂower (Helianthus annus) seed coats. N -
Figure 18 relates to IR Spectra of alkaline . hydrogen peroxrde treated
sunflower (Helianthus annus) seed coats which in turn treated with ferric
chloride.. _' ' | ,
: ) . Asshown in IR Spectroscopy of figures 17 and 18, alkaline hydrogen peroxide treated
sunflower seed coats (Helianthus annus) resulted in many organo-metallic bonds.

Figure 19 relates to IR Spectra of alkaline hydrogen peroxide treated redgram
(Cajanus cajan) seed coats. B ,
Figure 20 relates to IR Spectra of alkaline hydrogen peroxide treated redgram
(Cajam:s cajan) seed coats whrci{ in turn treated with ferric chloride
As shown in IR Spectroscopy of figures 19 and 20, alkaline hydrogen peroxide treated

redgram seed coats (Cajanus cajan) resulted in many organo-metallic bonds.

- Figure 21 relates to IR Speetra of alkaline hydrogen peroxide treated
greengram (Vigna radiata) seed coats.



20 - TABLE - 5 . ARSEN C SEQUESTERI rf G PROPERTY OF AGROPOLYMERS FROM .
NATURAL WATERS CONATI NI NG ARSENI C SLNo. AGROPOLYMERI MTI AL ARSENI CARSENI C
CONTENTPRODUCED FROM ~COr | TENT~ PRESENT | NSEED COATS ORPRESENT Izl%umoa
WATERSHULLSNATURALAFTER TREATMENTWATERS~ W THAGROPOLYMERS.  ~F

HOURSL. Setaria italicar325 PPB40PPB2. Ory?a saliva. 325 PPB ~ ' ~ SOPPB * The
natural waters contaicung arseni.c sai npies were, collected from Wst Bengal
State in India . 2 2 AU G 2003 21 Ad tapes: The novel

agr opot ymers obtFigused2? rrslates! tmIRnSpestiaabf gikatine r ydrogehr pevoxidedtreatedbat s or
hul I s of agri cci ral S (spch as seed cogts .,or' hulls) from |

agricul tural pl gk{egg%&ﬁ&’?émd%ﬂgq)as% coRts ‘Pﬁﬁli‘ dBntuR |treatedymith Sterrig  a

i tahca) Caj anus chRikide, Yi gna mango, ~grra radiata) Triticurir sp.) Rcinrs
comuni s, Helianthus curnus,. Gossypiumsp. Arachis sp.,) are non-toxic

bi ogegr 3d amsfshpw?_rh Ilj%rﬁpecr:rmtcmymfiftgmt hgr rl] fand 2e,aakatli_de Bym?gén pw;gélib Gafede
roduced af_r | cheaper cpst. The erties of agropolyners ~

gf fers sco%ree eﬁ#’%ﬁgﬁﬁﬁt’ F‘?’F&? sF?fioﬁ‘_P'ﬂ msvvgi?f{)mwﬁs@eﬁpgtwgtm@s ias .

material s p@-tibﬂﬁpmgnﬁifcaﬁimﬁ 250 PL{d §nd Blao+EAF a‘;em‘ﬁ"%gg@gf?b' lisation with

reactive nol ecul es throu col umm or bat ch node "an of utility in
manuf act uri ng of bi odegradabl e plastics, resins, carrier nmaterials etc.

Thi s econom cal %/ Vi %Je technical |y feasjble production nethod of
agropol ynmers i sFIBUTR A3 relptss tonIR r Spactraceff afkaline dwdegennperoxide etxeatedsi ve

i ndustrial appl b&gﬁw’ Vgé}ﬁ s farners to get nore incone as the
raw materials are frToma |C%W%P§Ed_g§%tgces. The novel netal and ion v
sequest ered agr Bigure/ ridd selptesftor M| Spetmd nofs alidline diydrogbn ASHrbGHS tirdadd

Crops. are capabl e of | Load rempval from PPMta PPB,1evel and these ;
siibst ances be p! ma(ﬁgnf’é’F Lé&%ﬂﬁ@'&&ﬂ"&%ﬁtb@mﬂchbw@r pl ant -

Of this | meornEAiHIN Shechidscopy of ARGEF) M. ey gl Meirdeliegil Ve o°°
are from rideckgsam (Viggamurgo) Sed coatoressiteddh npanly lorgano-metallié beddsusi ng

agropolynmer is extrenely sinple.-. 3. The nmethod .or process to prevent
envi ronment al degradati on by these agropolyners,is etfrective.as they -can

reduce netal . ONowPnke lapphtant \E’féviﬁepfdﬂ%&igf‘égégﬁ{;i?{/ggpg%rgl’b});frg/rht W' on

.free water w thout toxic substances.is o ) are
envi r onnerfXamptes; anddllysteations of theginvantioh and thi$ shotitd npt ke emstroéd ulimiti cat i on

of pol | ut %?Jﬁp I el i.cally viable , arid technically feasible. : 2 2
AUG 2003 gge |§s°f'ltu(§)° @gg%FéﬁW* enbodi ment of the invention is :

described in detail in the conplete specification so as to illustrate
sal i ent feature&@gf the invention, further it is envisaged that within the
scope of the i nVEhPEBH SCRUEFISTRS Rinpraty ofagropolymerstderived, S saed oets of

Ccopeof tiachiturbborbyd (60 cdate S Dl Pkl TulBe e i o

ensui ng pdtgéca). When a gram agropolymer sample is taken in a 1000 mi volumetric flask and

) made upto the mark with 20.0 PPM of standard copper arid silver solutions 'sepuatély
and then the solution in the flasks are kept for 2 hours with feghlar shaking in
between, then the solution as filtered and the copper and silver present in solution Was |
estimated Spectrophotometrically. The difference betweén the metal content present

in solution before and after addition of agropolymer indicate the metal absorbing /

sequestering ability of particular agropolymer. As shown in table -2, agropolymers
sequestered metals such as copper and silver. A gram of the Setaria italica
agropolymers absorbed / sequestered 6.0, 4.1 milligrams of copper and silver
reépectively. A gram of Panicum mil:‘éceum agropolymers sequestered 1.6 and 2.5
milligrams of copper and silver respectively. A gram of the Oryza sativa
. agropolymers sequéstered 4.5 and 4.7 milligrams of copper and silver respectively.



2 2 AUG 2003 23 CLAINMS 1. An agropolymer conprising carbohydrate and/ or
silica matrix obtained fromcrops selected from Oryza sativa, Panicum
mliaceum Setaria italica, Cajanus cajan, Vigna nmungo, Vigna radiata,
Triticumsp., Ricinus comunis, Helianthus annus, GbssypiunzggdAﬁﬂ?;EKE%sp,
said matri x being substantially devoid of proteins, tanninsead ol s
and having netal binding reactive sites. _,., J 2. An agropolyner as 1
claimed in claim1 wherein the carbohydrate matrix is~ obtained from pl ant
parts selected fromseed coats, seed coygrs, hulls, husks and raw husk. 3.
An agropolymer as clained in claim1 wherein the raw husk is m croni zed.and
| R Spectroscopy is effected with KBr pellet and the sanples are treated

with ferric chloride and dried, which sanple when subjected to IR
Spectroscopy reveal ing reactive bonds i. organo-netallic bonds. 4. An-

e.
agropol yner -as @lgpdpobfmérk BiteNal r &f : husk of
Triticum sp rqveagl?g Jor gg_ﬁoﬁhrrlg!ttg]lal I C oﬁ%gbég%%)?ﬁrgg@%p)gpﬁ%ég?oﬁpfo and
\%ﬁm t 10 mlu@ommwg{mgfi?mgtal dc'?ncdhn'aagr’ .oﬁsi'niy :mis p@?eﬁj’ .| dllyhferg:h/aﬂgm 1

erein IR Spectroscopy effect w th KBr pellet after alkaline rogen
pef oxi de t?@g‘?'%em iﬁﬁ%&%%‘? Qgteghn &gnawﬁm&eatrem splutieas $V¥th :
or gano- et e retation tizenn a ve nunbers
{cm1). 6:, Klr% azgropgl ;ﬁdefﬂgs %4?2?% ?‘ﬁ?@.“{ﬁ]@&‘%ﬁé’?‘g@ﬁ{%ﬂg& oaascopy' -
ef f ect ed wiroh oORBumigiyM contaifingsolatidns) amdeuribpdnd meral pas eerheleditycrgiat  of

oo™ W R ks A o o i 5 ™
ik s b A T
agri cul t ur&beakenpad todit 350 sl Of waterovgwadded and stirredandlt; uhienth iagrpalymeset ari a
italica,  material was filled on a column mode. The agropolymer material present in column
was washed with 50 ml of 1 N acid to obtain bound metal, ‘Thé metal content in acid
, wéshin’éé were estimated by Spectrof:hotometrically. Table ~ 3 denotes the amount of -
| métd content bound on agropolygner. A'gram :of Setaria italica agropol}mer absorbed
(when treated with aluminium cliloride) an amount of 14.4 milligrams of aluminium.
- A gram of Oryza sativa agropolymers absorbed (when treated with aluminium
sulphate) an amount of 8.6 milligranis of éluminiun}; A gram of Setaria italica
~ Agropolymer absorbed (when treated with Ferric chloride) an amount of 4.7
milligrams of iron. . ' '

Now, the following description will illustrate the arsenic sequestering property
of agropolymer. In this experiment agropolymers bound with copper, zinc and iron
were taken separately for measuring the arsenic sequestering nature. ' |

One gram.of agropolymer was added to 100 ml. Solution containing 6.6 PPM
sodium arsenate and stirred will for a period of 3 to 4 hours. The arsenic content
present in supernatant was estimated by Spectophotometrically. As'shown in Table 4,
metal impregrﬁtgd agropolymers, absorbed arsenic from aqueoué solutioﬁs. Copper,
iron and zinc |impt'egnated Sétaria italica agropolymers absorbed about 73 - 75 ,

percent of arsenic from an initial arsenic amount of 6.6. PPM.



Caj anus caj an) Vi gha nungo, Vigna radiata, Triticumsp., R cinus conmunis,
Hel i ant hus annus, Gossypium sp. Arachis sp, said matrix -being substantlally
devoi d of proteins, tannins and pol yphenol s and having netal bi ndin

9 2oAI512003

‘reactive sites, said nmethod conprising the follow ng steps:

the plant material, b) mcronization of plant material to required mcrons
size, c) treating the said mcronized plgst material with al kali or

al kal i ne hydrogen peroxi de or hydrogen peroxide, d) treating the said
material with repeated mashings with water or with acid to rennve al kal

ol uti on’ Lo emo e DR S0UPUC el e EplatBG ol SpRGoL B A st T 0C1

removal of a%bl‘é 5Y ayRjolpmertedlicedesiphifiesnty’ akd¥nid dintend Froth :dmhrut edtens kali

sol ution, g) drying the resultant agropolyners at room tenperature or
with a dryeco:gtmn@@}emczs A nethod as clainedin claim7 wherein, the

powdering of the plant materi al per f or med by grinding with grlnders 9. A
method as claimed in claim7 wherein, the mcronization of seed, husk and

coat or hull pOWiﬁ‘&he' fauafnfng%%pu&w&ﬂﬂoﬁa@mﬂ&fal ‘peopeRy of agrdpelymeswilar ticl e
size (in mcrons). A nmethod as .clainmed in ctaim7 wherejn, the plant

material | sbsedﬁsctlbﬂ!! tAvih tcegropolmer cangiet ahsombupny floride oiea. but1 when et hod

2 bonat ot BFopRAS S nh e abbRAAHTRL o SELAELER R 50,
claimed in ehfhbiofb YHi&rid¥ idns Et%rsﬂi Agfd pRfinieRS bourd With Qlinsiliuay sl ag the

al kali solution to the agropo met hod as clained in ¢

wher ei n, t hwes added to ne@lumcomamegﬁé’el\émwm@ndg(@mamlhmelef mptahkes '

e % keSS L BT, SO S0 s A R o

resi dual angggid Qéfbﬁélyﬁiéx@%b&'@ﬁéd floridRigt, 99 .40androvkBTe%aespentively. WSnitanlys

A nmet hod as cl ai ned claim 7 wherein, the_ alkali andl or peroxide resi dual

amount af t ethese mﬂéwund sgropolymers rsy:omddﬂmm ign frgm patutnl yater qogtaining such

r o v« el O sREER et el s PoNTARe Bable Yl o

sol utions ( !Aﬂuxﬁm:fimcﬂxldtﬁiel'imégnaﬂﬂil Sevdrid-FiaBda. Agropolymer and (2) Aluminium
Sulphate unpregnated Oryza Satwa Agropolymer ata dose of 1 gm. Per liter rcmoved

fluoride ion significantly. -

Now, this invention will describe the important parameters for ‘metal
sequestration and bound metal elutnom The said substances effective use is dependant
~ on suitable pH for metal sequestratxon. The bound metals in the sdid substances can

R be eluted with mineral acids including sulfuric, nitric or hydrochloric at 0.8 - 1.0 pH.

‘One of the salient features of the invention is the identification of metal or ion
sequestering property of agropolymers present in seed coats or hulls -of agricultural

crops and utilisation of agropolymers in water treatment.

 Another salient feature of the invention is that t*\e agropolymers are useful on
column mode or batch mode and suitable for repeated usage on many cycles to

~ remove or sequester various metals form PPM to PPB level.

Metal impregnated agropolymers were -found useful in flouride ion

sequestration and metal absorption such as arsenic. The said substance sequestering



17. A method as clained in claim7 wherein, acid residues were renoved by
repeat ed water washings. J 18. A nethod as clainmed in claim7 wherein, acid
resi dues are renoved by addition of diluted alkali (using such as NaC]—I o
KOH) solutions. 19. A nmethod as clainmed in claim7 wherein, ?
content- i s renoved after decantation of supernatant by dry| ng |n a ryer
(70-80C). 20. A method as clained in claldn 7 wherein, the noisture content
is renmoved after decantation of supernatant by drying at roomtenperature.
2 2 AU G 2003 26 21. A nethod of purifying of nmetal and ion polluted /

cont ami nat ebikgieRaginieh it Adtal pH frigdifoEmoR ofitheanetilo tespel. | Theatlost bf thisi ng
wat er or ground water, by. treatlng the oIIuted water w th netal

i mpr egnat edbaugd dpealy peesentindsaist 9)’619 rqa§|h$g°lﬁ¥9¢bblﬂyﬂ¥m and/ or

and pol yphdfs ﬁan&nﬁawiﬁrécbe@ga@%m%%&t £ 100 B B BhBhlgneds ™™ 7

agr opol ymeraye bgiitakle nﬁﬁ'“ﬁ?@itbﬂ Ridade’ OH EOIGAA d‘r‘ﬁbﬁﬁh 3hédes Beers2 iin SRBfbmtieat s,
husks or hull's or agricultural crops selected from Oyza sativa, Panicum

m | i aceum advantage italica, Caj anus caj an, Vigna-.nungo, Yi gna.radi at a,

Triticumsp., R cinus communis, Heliant hus annus, Gossypiumsp. Arachis .

sp.), said nethod conprising the steps of contacting the ions or netal

. polluted water wWtd a P%palymdifprtﬁwa&ednsmr AGHATE aSpIRAHONY, DR edry BRI S,
using a colum or batch effecting the ion or netal sequestration

resul ting ieffestivelytused ﬁordwwmoemon@nbt%@rme@mgmmmtu Fampbaneta) oraORi ed out

e o] o e RO T Bl APETEANOR, BF BlACR BblBest s\ €' Y mifr o, T MO0
aqueous  soljgemion. &&onﬂngl?tthtsotnamh jetains it a tnethad Sflrentviing metalshad B

agropol ymers renoves arsenic fromaqueous solutions. 24. A nethod as _
cl ai med i n iensifremcontgmainated waméyms golumaymethedsorbatel method, shthat tha or

nmet al pol | q npregnat ed agropol yners
usi ng bat cﬁbgg“@g %@@W?&géﬁfﬁﬁt‘% | on‘%telj nmetal sequestration
resultirng in pollution free water, the sal d sequestratlon being carried out -

under optinmumconditions as pH for seq tration, effi¢ienc 25. A
met hod as cl aN?éYi’q'ﬁeéﬂd’Pﬁ‘ MWP dings;p &I‘W@%ﬂe‘m %

treating n Eamgﬁd) tant Iéq@G&in%&ﬂlo&uﬁTﬂé% L as arsenic or -

mercury to aln su ure or port e water. 2 2 AU G 2003 27
2b. A nmethod as clainmed in claim2l1 wherein, the, agropolyners are used to’

prevent po i al ont am nati o ground wat er b want ed netal s and/ or
e 1 ekt 3.k SRR e metah on? fediieterig, Sippey OF AEFOpBymets Bervel
- A9. AY. AFF.fPom/Dr§ed satidey; Pmn&a_n piiliacBum; S‘é%m‘?a_ttﬁﬁc\& &W@@fmﬂf?gna mungo,
Vigna radiata, Triticum sp.,, Ricinus communis, Hé{ianthus annus, Gossypium sp.
Arachis sp. by alkaline hydrogen peroxide treatment. Ferric chloride solution was

=

le-‘

) passed through a gram of agropolymer in a column at a flow rate of 2ml per minute |
' axtd bound metal content was estimated by eluting with 2 — 5% hydrochloric acid.
Before elution, the unbound excess metal from column was removed by washing with
2.5pH hydrochloric acid solution. The bound metal was estimated using par reagent
at 535n.m. spectrophotometrically. |

Table: -2 denotes the metals sequestering property of agiopolymers derived form seed
coats or hulls,. By alkaline treatment of Setaria italica, pan!cu)n miliaceum, and Oryza

sativa, sequestered copper'and silver. -

Table - 3 denotes the metal impregnation (aluminium and iron) on ggropolymers

* derived from seed coats or hulls from Setaria italica, and Oryza sativa.



CACAL#CALL A A@nf . Al L ASH% AH3. AR#' +: Ye4
El} xrmhc] W] caV] ca] ca] ca] caV] ca] caV] ca] c, a] cTaV] ca] caV] ca] ca] ca] ca
Ul c”a] caV] ca] cal] ca] caV] ca] ca] ca] cnaj caU] ca] ca] c<a] c<a
] 2+! v@BC6Weg| wr mhc] XV] caU] ca] c*a] ca] ca] ca] ca] ca] ca] caU] ca] ca] 2a2 AUG 2003
U] c*a] ca] ca] ca] cal] ca] c*a] ca] ca] ca] caV] ca] ca] ca] ca] c"a]c"”a]ca]ca :R].; Mh
u o : :
Lkl " 6##%$} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] cal]7c" aJc*a] ca] caj ca] ca] ca] caV]ca] ca
] ca] ca] ca] caV] ca] caV] ca] ca]ca] ca]caV]caV]ca]calca! $/ We &(((()*+,-)-v-.//
07000000l 1103b333E44~yt mhc”~Yi d_ZU] ca] ca] ca] ca] ca
Ul c”a] ca] caV]ca] c*a] c*a] caV] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca].ca] ca] ca] cal] ca]

c*al] ca] ca] ca a. 4p5 9¢tab;

<, <]<>G]@_J@gy@ lei\} Bé&%E&é H'ER@‘ vpj e Tﬁ}fngﬁ c%l]oggt]%a% c'B?}j"ca{f’EéﬁSBQ‘f@a] cal

ca] ca] ca] cal mw&mﬁalmbe@]ml ahid] § mhtea] e lAprbsdyaseHerivlicRbmadeed] ca! G

$HaHI | 11 JKOK: LnLL PPQA IRXRg RRRSS8S~xsnhc] Xj e [ WV] ] caV] ca] ca] ca

V] cal ca\/] ca] &% 8%’] ]”28‘]’)ca] ca] ca] ca] ca] caV] caV] ca.ca] ca] caV]ca] ¢

ajc"a]c*a] cal ca] ca 8SSSST TTUhvaUU\/ VnVW2WMOWAV XXPXXX;

YYYZZZZzupj e_ZTj e" [ V] ca] caV] ca] caV] ca] ca] caV] ca] ca] caV] ca] caV] ca] calU] ca]c, a

] ca] caV] ca] cTebleat daﬁmwscth¢ @rgeniz] seqi:m]rmg]m?@\/] 16A8bE aprofelywiedd b ]ﬁmrd]l Jor
ca c*

L] CLG ]C;’\Q" /v\v/;/t\e/;gggr;\tgmég }vvrI ghlWe ZTje V] cafca] ca] caV] ca] ca

U\/] caU] ca] ca] caV] ca] caV] ca] ca] ca\/] ca] ca] ca\/] ca] cal ca\/] cal]cal]caV]calcalca_c’ |
* #alahaaaabbblcuccdf fuf fffOg] g ggJhij kzuoje [Vje [V]]ca] ca] ca]ca] cal] ca]
c*a caV] cal cRisen] inveftion) exlaind/timid duortion ranivep d crngalamb e 6pl caVl

\ k, kkkkl .| Tob P | sst
3? Lﬁi‘]mﬁ%a 3{'%‘1‘-”? E@%af eOpp E@@ﬁ%@p&%ﬁé@?@&gmw@#g&qtm ca]
ca] ca] ca] c” @ﬁ&@g&&@bﬁﬂlﬁ@&@k&ﬁ%%&%@ﬁﬂ&ﬁ%}ca -

kwnwoxxxy yz, {{{2]} _~~~~~~
?MPMb' 5%0szuoj e’ ZUj e [ V] caV] ca] ca] ca] ca\/] ca] ca] ca] c* a] caV] ca] caV] ca] ca] caV]

g%\,/] lcﬂ ;Oa/;/]@%ﬁ %ﬂl@%‘ic 6%1@ 13 {eéerlt n entt n g v%? aCs%opg %f using agropolymers -
&V]/] gg] gg& ga] caﬁﬁaﬁﬁgﬁ:gﬁ 2| l%ﬁc%l\ﬁccag eo'gt z%&&éﬂ%l bW & ZUlc
?U] ca] cal] cafeowve, @]W]m‘mﬁaﬂlﬁhﬁmi’tﬂﬂsmbmh&eﬁﬂ] mlﬂaﬂaﬂw&idhﬁtﬁhlcaU] ca
ca :
U\/] caV] ca] ca‘]&]’é‘ﬁ]t&%{\?] £‘éﬂf’éaﬁ dﬁg’@ Jhese HagrapQlymReRs %hW@“Z‘!&J} efajvadeysca] cau

]c derivatives such as Biode dable plastics, resins) mcludm usm
Ul c"a] chalc ‘jeg a]%é c”a] cal T ca] cal \9]l ] ca?;] cal ca

ammatxon ]by in ustn waste water contammg metals and
EGq2PZvvrrz}}><;§ d_ZUU]] ca] c*a] ca] ca] ca] ca] ca] cal] caV] caV] ca] calca

Ul c*a] ca] c*a] cal] ca] caV] ca] caV]ca] caU] ca]caU] ca]ca] ca]c*a]caV]ca]ca })69@
n- B9l 4C~} xr 1 gb] XU] ] c] ca] c*a] ca] caV] caV] ca] ca] ca] ca] ca\/] ca] caV] ca] ca] ca] ca] c
a\/])ca] cal ca] ca] ca] ca] ca] caV] caV] ca] ca] ca]ca]c(a] ca :2S '




wg/ Rgghj ({vqgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] c, a] ca] ca] ca] ca]
cal] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] caV] ca] ca! "6<N _&+gghj G vqgl gb] X] c]ca] c
a] ca] ca] ca] ca] ca] ca] ca] calcalca]ca]c,al]calcalcalcal]ca]ca]lcalca]c,alcalca]c
a] ca] caV] ca] ca] ca] ca] c*acA! %d0vBB&' () MLOYB&' ()-F 109B&' () - ? ZOK%(ZOOS
Y109BB&' () - f #3109B& () - Z#+:a?! | Y'110%& ()-1 Z109B& ()- |z
109B&' () - GyS10YB&' () - YyS10%&:' () - Y! A%40% B; B& () - % - }ro\=S#F10%&' ()- 10
10 10! =310%& ()-! @ -X&10%=& ()- @ -X&10% & ()- @ S&YA0YBB& ()- El
aBg\ =&10%&’ () - 109&' ()-!9Yf&L0%&' ()- @ 1A ()- 10%& ()- f 109& ()- [
17?9\ =4ml0% () - 3y 10%& ()- 111109 ()-
I S@ % 0%& ()-L! ! 10%.&' O)-GdL 110w () - Rus4
TABLE -1
METAL (IRON) SEQUESTERING PROPERTY OF AGROPOLYMERS

PRODUCED BY ALKALINE PEROXIDE TREATMENT METHOD

S.No. | AGROPOLYMER PRODUCED FROM SEED - IRON CONTENT

COATS ORHULLSOF: . - . (MILLIGRAM) SEQUESTERED BY A
-GRAM OF AGROPOLYMER
1. Oryza sativa o 5.15. -
2. .| Panicum miliaceum . a < 3.125
3. Setaria italica ' B 5.0
4, Cajanus cajan . ‘ 11.75
) 5. Vigna mungo . - 6.875
' 6. Vigna radiata , : - 17.18
7. Triticum sp. ' 1 3.125 -
8. Ricinus communis I 2.3
19. Helianthus annus ' B 11.25
10. Gossypium sp. ‘ ‘ 6.25
11. Arachis sp. (Red seed. coat or cover of . 20.56
groundnut ) i
TABLE -2

METAL SEQUESTERING PliOPERTY OF AGROPOLYIVIERS PRODUCED
BY ALKALINE TREATMENT METHOD .-

S.NO ~ AGROFOLYMER. COPPER CONTENT .| SILVER CONTENT
PRODUCED FROM (MILLIGRAM) (MILLIGRAM)
. | SEED COATS ORHULLSOF: | SEQUESTERED BY A GRAM | SEQUESTERED
) - - OF AGROPOLYMER | BY A GRAM OF
. ~ AGROPOLYMER
1 | Setaria italica 6.0 4.1
2. Panicum miliaceum 1.6 - . 2.5

3. Oryza sativa il 45 4.7
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AGROP LYMERS mo UCE

S.NO ' AGROPOLYMER | '
. PRODUCED FROM -METAL CONTENT MILLIGRAM)
SEED COATS QR HULLS + . SEQUESTERED BY A GRAM OF
' METAL " AGROPOLYMER .
1 Setaria italica + ALUMINIUM CHLORIDE ' 144
2. Oryza sativa + ALUMINIUM SULPHATE 8.6
j 1 ' '
3. | Setaria italica + FERRIC CHLORIDE - %
TABLE - 4

ARSENIC SEQUESTERING PROPERTY OF METAL IMPREGNATED
AGROPOLYMERS PRODUCED BY ALAKALINE TREATMENT METHOD .

~ S.NO 4 AGROPOLYMER ' INITIAL ARSENIC ARESENIC
o " PRODUCED FROM CONTENT (PPM) SEQUESTERED
SEED COATS OR HULLS + BY A GRAM OF
. METAL AGROPOLYME
7y ' - R (PER
’ ' | CENTAGE) -
1. Setaria jtalica + COPPER - 6.6 - 73.18
2, Setaria jtalica + FERRIC ~ | 6.6 733
CHLORIDE IMPREGNATED |

3. Setaria italica + ZINC 6.6 15
CHLORIDE IMPREGNATED : '
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| h1:$10%04 ()- | PRODUCEDFROM | CONTENT. PRESENT IN
SEED COATSOR | PRESENTIN | NATURAL WATERS
HULLS NATURAL | AFTER TREATMENT
WATERS  WITH
- AGROPOLYMERS
FOR 12 HOURS
1| Setaria ftalica 325 PPB 40PPB
’ 2. | Onzasativa T 325PPB "~ S0PPB

"* The natural waters contammg arsenic samples were collected from West Bengal
State in India. .
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plants such as Oryza sativa, Panicum mxIxaceum Setaria .italica, Cajanus cajan,
Vigna mungo, Vigna radiata, Triticum sp., Ricinus ' communis, Helianthus annus,
Gossypium sp. Arc_ichis sp.,) are non-toxic biodegradable plant materials suitable for
easy disposal which can be produced at relatively cheaper cost. The properties of
.agropdlymers- offers scope of their utility in 'aﬁ'mity chromatography systems; as
materials to remove or bind or purify or react through immobilisation with reactive
molecules through column or batch mode and scbpe of utility in manuféct’uring of
biodegradable plastics, resins, carrier materials etc. This economically viable
‘technically feasible production method of agropolymers is.useful for environmental
protectxon and has extensive mdustrxal applications and further helps farmers to get
more income as the raw materials are from agricultural sources.

The novel metal and ion sequestered agropolymers iﬁreferably form seed coats
of agricultural crops are capable'of metal load removal from PPM to PPB.level and
these substances be produced at relatively cheaper cost compared fo other plant
derived metal sequestering substances,

Accordingly, a few of the advantages of this invention are summarised as

follows:-

1. The invented agropolymers are from natural origin.

2. The process of pollutidn control using agropolymer is extremely simple.

3. The method or process to prevent environmental degradatlon by these
agropolymers is effective as they can reduce metal or ions load from PPM to PPB
level. Therefore, pollutxot} free water without toxic substances is obtained.

4. Agropoljrmers are environmental friendly and biodegradable. '

S. The process of purification of polluted water is economically viable and
technically feasible. '
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5. An agropolymer as claimed in claim 1 wherein IR Spectroscopy effected with KBr
pellet after alkaline hydrogen peroxide treatment of Gossypium sp and Vigna radiata
coat reveals organo-metallic bonds significantly at 2360 + 10 and 2340 + 10 wave

numbers (cm-1).

6. An agropolymer as claimed in claim 1 wherein IR Spectroscopy effected with KBr
| pellet after alkaline hydrogen peroxide treatment of Panicum miliaceum, Setaria italica,
Cajanus cajan, Vigna mungo, Ricinus communis, Helianthus annus coats revealed

organo-metallic bonds characteristics of each material.
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7. A method of producing agropolymers comprising a matrix of carbohydrate obtained
from agricultural crops selected from Oryza sativa, Panicum miliaceum, Setaria italica,
Cajanus cajan, Vigna mungo, Vigna radiata, Triticum sp., Ricinus communis,
Helianthus annus, Gossypium sp. Arachis sp, said matrix being substantially devoid of
proteins, tannins and polyphenols and having metal binding reactive sites, said method
comprising the following steps:-

a) powdering the plant material,

b) micronization of plant material to required microns size,

c) treating the said micronized plant material with alkali or alkaline hydrogen peroxide
or hydrogen peroxide,

d) treating the said material with repeated washings with water or with acid to remove
alkali and or hydrogen peroxide residue,

e) treating the said material with acid solution to remove bound metals,

f) neutralizing the said molecules by removal of acid by way of water washings or by
addition of diluted alkali solution, and

g) drying the resultant agropolymers at room temperature or with a dryer (70-80°C).

-~ & A method as claimed in claim 7 wherein, the powdering of the plant material performed
) .
' by grinding with grinders.
9. A method as claimed in claim 7 wherein, the micronization of seed, husk and coat or

hull powder is effected using micronizer to obtain desired particle size (in microns).

10. A method as claimed in claim 7 wherein, the plant material is selected from seed coats,

husks or hulls of crops.

11. A method as claimed in claim 7 wherein, the alkali treatment is effected with sodium

- carbonate followed by hydrogen peroxide.
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12. A method as claimed in claim 7 wherein, the alkali treatment is effected by adding the
alkali solution to the agropolymers. |

13. A method as claimed in claim 7 wherein, the alkali treatment is effected by adding alkali
powder/flakes directly in dry state to agropolymers followed by addition of water.

14. A method as claimed in claim 7 wherein, the. alkali and/or peroxide residual amount

W

after treatment is removed by repeated water washings.

15. A method as claimed in claim 7 wherein, the alkali and/or peroxide residual amount
after treatment is removed by addition of diluted acid (using such as H,SO4, HCI or
HNO:s3) separately.

16. A method as claimed in claim 7 wherein, the bound metals present in agropolymers is
eluted with 1-3% acid solutions (using such as H,SO4, HCI or HNO3).

17. A method as claimed in claim 7 wherein, acid residues were removed by repeated water
. washings.
)

18. A method as claimed in claim 7 wherein, -acid residues are removed by addition of

diluted alkali (using such as NaOH or KOH) solutions.

19. A method as claimed in claim 7 wherein, th_e moisture content is removed after
decantation of supernatant by drying in a dryer (70-80°C).

20. ~ A method as claimed in claim 7 wherein, the moisture content is removed after

decantation of supernatant by drying at room temperature.
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- water with metal impregnated agropolymers and/or agropolymers comprising

carbohydrate and/or silica matrix, said matrix being substantially devoid of proteins,

tannins and polyphenols and having metal binding reactive sites, the said agropolymers

being manufactured from plant materials such as seed coats, husks or hulls or

agricultural crops selected from Oryza sativa, Panicum miliaceum, Setaria italica,

Cajanus cajan, Vigna mungo, Vigna radiata, Triticum sp., Ricinus communis,

Helianthus annus, Gossypium sp. Arachis sp.), said method comprising the steps of

contacting the ions or metal polluted water with metal impregnated agropolymers and/or

agropolymers, using a column or batch mode, effecting the ion or metal sequestration

resulting in pollution free water, the said sequestration being carried out under optimum

conditions for maximum sequestration efficiency.

2. A méthod as claimed in claim 21 wherein, the agropolymers removes metal ions from

aqueous solutions.

23, A method as claimed in claim 21 wherein, the agropolymers removes arsenic from

aqueous solutions.

24. A method as claimed in claim 21 wherein, the method comprises contacting the ion or
metal polluted water with agropolymers or metal impregnated agropolymiers using batch
or column mode, effecting the ion or metal sequestration resulting in pollution free
water, the said sequestration being carried out under optimum conditions as pH for

maximum sequestration efficiency.

25. A method as claimed in claim 21 wherein, the agropolymers are used for treating natural
- ground water rich in toxic metals such as arsenic or mercury to obtain substantially pure

or portable water,
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