; €3e<vP68TubWDO 00/ 50167 PCT/ 1 NO0100015 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 I NVENTION Thi s
invention in general relates to the:filed of agricultural 2’:’3& &Iafy ogy.

I n particul aWO®H¥PK¥7i nventi on pertains to a novel agropoly a nethod of
manuf acturing_the agrogol ﬁmer fraom an ant _parts_such as seed coats,

hul I's, huskd BPVEe E'YME Iléﬁﬁlé IP %EWI&PF JORL ms (Oryza
sal i va, Panmm@mnﬂ@mm wmnnceommme FEHTAL OR JORSMBNYO,

Vi gna radia Tr| t I cum sg\ﬁa Ri CI nu Mt hus annrs, CGossypium

sp. Arachi s sive i ndust rial

appl i cations and aI SO usef ul for vvat er poI | ution control. BA E
| NV~ NEON Many bi ol ogi cal , metal sequestering substanc mm,mmw:

such as TanA¥ded QL TN Ed l~—~\s e cell biomass, Chitin and Chitigeg,

derivatives) Metall ot h| onei ns) M cr obi al Pol ysaccharl des) Mel anni ns,

Pl oyphenol i ¢ bi poi.gments, ,Bacterial cel] ol yners) Mcrobially
produced chel at i TS uyetion in genge} eelatesrtadhe ﬁqlgﬂ)ﬂfeﬂﬂé‘F“""t'ﬂz"%ml%tlérl als are

ei ther cost particl@! thisVidvenfidd Seriaths $8'h hovel BRbpdlpiadt! 4 M¥thdd df MamlfBshiringf f ecti ve.
On the other hand) the present research work is aimed to produce

agr opol ymer g“’f‘ﬁ&ﬁ‘?‘lﬁ'ﬁéﬁ?‘? agy, laptpArs sigh-asseqd-qoats; bylls, husksereseadhrayprs

agri cul t ur abf pRis TBEIGdih@ agriduitaRal Rfops qefiy-s Qakiva, qvaniwinl MilREeydf) efariat UT al
crops (Oyza sativa, Panicum mliaceum Caj anus caj an,

tarjia italica.
Ci gna rrango"“‘(ﬁ“g Qlaf"b?(ﬁali’(’a”’g’ﬁ' munga, g r 7; Tiisum BT “O'F@f"i"ant hus

annus, GossyplidHihusPanntl¥, 3Go¥sypie® sp. ARRAS sﬁgro‘l’ﬂséf Hevel Jﬁdﬁ%ﬁﬁﬁﬁﬂﬂeve
[ ndustrl al appli cations. THis invention has its ﬁ)tgl ication in the

devel opnent °’6F“Sﬁ’t°d’éﬂh‘é‘flﬁlcﬂﬂpbﬁfa“ﬁ'éiﬁéﬁali@l“%?&ﬂff%}'ﬁﬁtﬁpﬁ 1o81°gBF3} from seed coats
or hulls of agricultural crops (Oryza sativa, Panicumm|iaceum Selaria
italics) Cajanus cajan, Vi gna _nmungo, Vi gna radi at a, WO 001 50167

PCTI | NOO/ 00 B sGRE) ih ki R N communi s, Helianthus anrrus,

Gossypi um sp. Arachis sp ) and the| r applications in netal sequestration
and renoval of ions. Therefore, the objective of the present invention is
to invent novel Mgrypiological Qﬂsm,om’tpl sequestening sibstancasriwére dnown sechdascoat s of
agri cul tur a'l‘axﬁ{u\P-?PSHQﬂé/Za%xd,s i) el fibb) it PG IR 2fdfiadil! | O3,

Caj anus caj an na man na radi at Triticum sp rrus conmuni s,
Hel i ant hus MMchl@smsyMlmhldp?OlYAmbmdss sl\pel;nnmst lepmnghﬁ blhelgmnntent i on of

i nvention t I d use of
such agr opol S oAb vl 3Rl WGkl pRACH bR Al RSUERpRorl

pr ef er abl y, Homweves, thejzhowe materinls argreitherrcostlyc net avzilahbetim sufficient quemmsar@r hul s of
g1 | cul { Ur a) of fQPFTeck) B Oferlnd| A FIhORs ACG Wl TPk 1 ploylshe pri mary
object of the invention iIs I nvent origin, non-toxic, B egradable)
cheapl y avangrapdlymers drom ehéapiyt awamlpmulnwnabobsemléy,f agmnulagall wl t ur al

sources) fop {adNShil & s@BRbhE 3 hRiS P RicURI-AT rBR! (OB Rurit8 Pk

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 application in the development of production of novel
agropolymers preferably from seed coats or hulls of agricultural crops (Oryza sativa,
Panicum miliaceum, Setaria italica, Cajanus cajan, Vigna mungo, Vigna radiata,

A
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Anot her object of the invention is to devel op production nethod for

agropol yners from piant materials such as seed coats) husks, hulls, Seed

covers of agricultural crops (Oyza saliva, Panicummiliaceum Setaria

italica) Caj n, Vigna nmango, Vigna radiata, Triticu irrus

comuni s, Fb??gﬁyﬁﬁgﬁannus) Gossypi um sp. Arachis sp.). YEt?béﬁgthgﬁgobject

of the invention is to invent a polynmer which will reduce environnent

pollution by using agriculturally derived netal and ion sequestering

agr opol ymer strfricam spe ekim@ommhis,\HelidHas anils) Gudsypiin|sp.CARIDRis s53 kdd anot her

obj ect of tgﬁflnvgntlon is.to BFOVIde a rnetr‘?}ﬁ%‘}s removal of heavy netals
S

and i ons frdRsLApRicAtens g metal sequestrationand temoya of the invention. WO
OO 5016T 3 PCT/ 1 NOOI 00015 One nore object of the invention is to provide a
met hod / techni qui 8{% q‘gce met al nd ion pollutjon fromwater to protect
t he environnent . LAff bpRiestives o ﬁ'ée iPFRS tf‘B’ﬁ“‘I°§ i% Pr BYsten¥elet hod t o

convert the a"g@pbrynmtﬁdm PRE( AateiNl lxﬁ!hﬂinﬁlsaémﬂ)awfigxﬁlmuﬁpamb@(?@m et al
i ved non-toxic

and/or ion free ter usi ng i cul tur Ccrops

subst ances) %Y%Yﬁafc@'"b?" d@g'ﬂe alige gfve@sf cadtt igha BuyreatViga t he
invention i ol TR sp, R@mb cOMIDAS] HeliahBis &S "ossyPRIFE Y. Uradid | ULT ON by
using agriculturally derived. netal an dion sequeilerlng agropol yners

obt ai ned fr dRYsdbi Hwathe igention qfs}nw“%fgm deyelop vigolecmghad fas noF

| NVENTI ON Taigrapslymefseand iy 6f fieh @gropolsimers @ Bjuster b @8RéVe hétMeRAd OPr Provi des
a novel agraqpolyner c i si ng carpbohydrate and or S|I|ca mat rj x

subst anti al I‘g"‘sdi' %Fmé)t [these par ‘%’1‘?1%‘)’ ProgeRd gesheaatsag Aulls

pol yphenol s,ofagseultand dtgpstet al bi nding reactive si tes a rret hod of producing
t he agropol ynmers and use of such agropolyners to |soI ate or renove netals
or ions from aqueous solutions. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Now)
the inventi qypyecTs BF TARINVERATON detail so as to illustrate and explain
various sali'ent Teatures o e I nvention. One enbodi nent of the invention
is to provide a novel agropolyner having netal binding sites) which are

| noor por at ed, | godfBinglyXie o theYAAEY GGtk ¥ iflehiG s idekicbib-oligRa ment or

hydrogen peroxide trea ment or al kal | he hyd rogen peroxide treat The

matrix of t HONAQHS bindogradables chepplyiamilgble, vhy effestiva malecyles/ pelymemsfross seed

agricultural sources, for industrial applications and water pollution control.

Another object of the invention is to develop production method for
agropolymers from plant materials such as seed coats, husks, hulls, seed covers of
agricultural crops (Oryza sativa, Panicum miliaceum, Setaria italica, Cajanus cajan,
Vigna mungo, Vigna radiata, Triticum sp., Ricinus communis, 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 agricultural 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.



coats) seed cover) hulls and husks. The nmetal binding reactive sites
(organo-netallic bonds) which were created by reacting agropolynmers with
netal as observed under Infra Red (I R) Spectroscopy. WO 00/ 50167
PCT/ 1 NOO/ 00015 4 _Anot her enbodi ment of tshe present inventi @cTaiA0®s to a
met hod of pr¥Y&¥YEh of agropol ymers from plant materials sel ected from
seed coats or hulls of agricultural crops (such as seed coats or hulls,
from (Oyza saliy i iilal ¢ : - i =TI A aj an,
U gna. mingo) Vi grors, SE opisth dfule RRGLEY s B hide arhcdad ekl elbcE T 0
annus, Gossyppﬁgqlﬁpqnmlam%Omﬁ'.a)efmf@tnﬂmth-and i on sequestering
nature. In a preferred enbodi nent, the present invention provides a nethod
of producing agropolyners froma plant material such as seed coats or hulls
of agricultural chentherEbjsetcefcabiinyestiontisito piovide armethgd: to enavery the togini cum
mliaceum S LAl tal Les: :Cal ' | radl at a,
ﬁ\te%[ hefdr i é&%nn@e@@i %ﬁ%tﬁ)gcs eedl A3/ Y Free _\&agé?%g u@x%;

Triticum sp., Cl nus conmun annus, Gossypi um sp. achi s
sp.), said negricolturalengpsiderived nomrtoxicsubssanices) which pes: bicdegradablrosubstgneehie seed
coat or hull material) b. mcronization of seed coat or hull powder to
required mcrons size, c. treating the said mcronized seed coat or hull
powder in al kal i 4&sothgr kebjeichef thyed myemsionpie rtoxirolddeos doyelr ogthod pormeducde) d.
treating the j . nad: W . i n ,th acid
to ' renove & ka’%g@%?og@l%;\td’? Qséﬁp%gc? g&?@@w{e@??&ﬁl ate““?’*rgé%“?#f’g“ he said
mat eri al wi t hegrapilyingpbbitinesttran seed voateotinlinef aggewtusal cfops.neut ral i zi ng t he
said nol ecul es by renoval of acid by way of water washings or by addition
of diluted al kali solution and g. drying the resultant agropolyners at room

t enper at ure SEMMARY2OBANVENTIONOC). In anot her enbodi nent, powdering of

the seed coat or hull material was obtained by grinders and m cronization

of seed coat or | | ower ,i s ef.fecte sing mctoni.zer ta,obtai n,desired
particle size (i rr:tJ i ?toﬁg)gboY%g%ﬁcgs ﬁ‘b‘{jg 8%855?%@”?’)"“%%”81”&% P Velatment is
ef fected wi t bgropulymien comprising carbohydrate and / or silica matrix substantially devoid of

atleast proteins, tannins, pigments and polyphenols, and having metal binding reactive

]

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

isolate or remove metals or ions from aqueous solutions.

DETAILED DESCRIPTION OF THE INVENTION

Now, the invention will be described in detail so as to illustrate and explain

various salient features of the invention.

One embodiment of the invention is to provide a novel agropolymer having
metal binding sites, which are incorporated, in a matrix of the agropolymer 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.



hydr oxi de or potassium hydroxi de or sodium carbonate or adding any al kali
solution to the plant materials and or addi ng hydrogen peroxide to the
reaction m xture. WD 00/ 50167 PCT/ 1 N0O/ 00015 5 Hydr ogen peroxide (5 to
30% concentration) treatnment along with alkali ( 1 to 10/0\(;% pist €d in
agropol ymer s YR ©FO¥F 1 i ci ent netal sequegtration. Alkali mr ogen
peroxi de residues left after treatnent were renoved by repeat ed wat er
washi ngs or by addition of diluted acid (using such as HZSCa) HCL or HNO-~)
separatel V. I { DingugP!chPdiniche, 30Yind Ylini Tivehiionadarld & Xl lmdibd o

agropol yners, they are % acid solutions (using such as HzS04
or HCL or Hyeeductioniofagyopalymers am alastsmatenials selagted drom seed soass,erchully of epeat ed
wat er washi Y, d o e al g};l BSni or KOH)
sol ution, %ﬁﬁr‘g{ugt?ucrrg&c thll%}g%tﬁ ee‘?téog%h&ng‘%lﬁ &O"Hygﬁge?gg remgved by
decant at i on rfiaeeume SetaniaitliceoCyiaws dajgy, Kigna mupgonVigna ragéigta, (Friic@d®. and / or
drying at rogp.Le ﬁzwﬂfélanﬂﬁ a%%abossgﬁzﬁﬁta?‘f)?}ac%Eﬁ?%wﬂ%@fﬂﬁ?l perox' de
also results a ropo ynmers with metal uesttation particular ar the
product i on oind esgmm‘yms@mrﬁom cereals and nmillets. The mcroni zed seed
coats or hulls aj h a h Yoy ¢ pot assi um
hydroxi de). A kalhl? "};egge?rﬁgﬂn%nh}ogiﬂég{r rtlé i‘?‘t“hg‘ﬁgﬂ addlg erbgﬁocpéol ution to
m croni zed spreducingatgrepolymars figowar plont materiald sush ‘@l F@dtqioftsablkéhﬂs pbwder /
flakes to m - @g}yyg i dition of
wat er. Al kala:éF'tE‘jr]ielgaﬁgr%oﬁgﬁ égg%gg ﬁ&% m?asth"aaﬁ‘?ﬁcgv%)o?%%?' ‘2% ances
from seed cotdisa drajamus b@awﬂ'lm mreowélm ragista, Bhecum smaRicimas campweis,

per cent age r t t ve these
dar k browni ggel%}f'?%év"@gb@t} ces f?g%ﬁé sglgé‘t?etst%grdoﬁﬁp%ds’%e@e&g hi gher
per cent age cstepal-kall (20-25% sol uti on) renoves the dark brownish yell ow
substances within 3-4 hours. Alkali content is renoved by repeated water
washi ngs or by addition of acid solution (such as HCL or HZS04). The bound
netal s froma esulpowdeing tisseecherstonbull mategisbved by treating with mineral

aci ds includjng i I The resul tant

mat eri al Wag[J neu?'*ri%‘iﬂﬁ%ie@n of %E céatgélgd?lyﬁw?ﬂo(?%n? |'Hijc§°?ﬁg?mz%y addi tion of
requi red anount drdeatinyl the lsathmn@:mmzbd aeccdNa@Hor KdHpowdsr it iatkali oFhatkaling er i al
after renoval of [ na roomtenperature or in a drier
(?0-80C). Lower thﬂlgrg A E(’xb °tr§¥‘g %egpﬁéfug or ion sequestering property.

WO 00/ 50167 &PCTJ Itrmmgaﬂé)%'d tnaféniel witie rapeated wgsmxmlwmewaterdm'pmddacxd)m t he size
and reaction procedure r SI ropo yners yield is |ess
conpared to big sr?r%‘)ev ac[’))’fj%n%‘#o%?l F’B’“ %Fegg 8%s | osses are nore to pr oduce
| ower sizes egr omkt@ngnhessaxdehaedubmthacldkolumtmmaburmlmmlslem des the yield"

of the agropol yne n ner 30to4% ield o ropol yners was
obt ai ned |npfgase 8‘fmkf18g 3'%“8 restsby {%rgovgb? %’é!?y °ff‘l@g‘h‘f’§‘3‘§§§o 80%

yi el d of agropol pnbyaiditkm@iﬁﬂMtaEdkalrsohmemmf pr odum ng hi gher size (above
150 micron size) r opol [ thod i nvol ves treajing the

pl ant mat eri%l dpﬁ“ ﬁ‘ﬁd}/’iﬁgﬁ&g“’pgl’g’ﬁv&? Ry ST wf‘ﬁea éﬁyﬁrn{-’lohateri al
can be treated bgo@)kal i ne hydrogen peroxide and in this case) the al kaline
treatment can be perforned before hydrogen peroxide treatnment or along with
hydr ogen peroxide or after treatnment wi th hydrogen peroxi de. The nost

preferred enbodi ienhothétvenbodimdnt, epivideting bE the! seed c!mterrh\ﬂl mhtdrial sakal i ne
hydr ogen per XI d conpi nd!ﬂ%%at one t| he fl W chart, rates various

stages / st b[Yf%mB?Ya ml(gﬂm{ﬁnoag 6&9&«:9%9’ ull power 1s e ecte using

micronizer 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
hydrochl-oric acid, (3-5% for a period of 5-6 hours and the resultant
material after renpval of acid traces exhibited netal or ion sequestering
property) but with |ess sequestering ability conpared to aggemRby/§eisS
produced by WA YZP17 t r eat ment et hod asgdescribed earlier. One of the
salient features of the invention is the identify agropol yners present in
seed coats or hulls of agricultural crops (Oryza saliva, Panicumm|iaceum
Selaria i ta'HyQ!_?oge%lex%ﬂ!dé (5% 80% c¥hd@hRatidR) & eatmet AbAg vath dkad (17! 10bF UM Sp. )
Ri ci nus commuini s, Heli anthus annus, Gossypiumsp. Arachis sp.). Another
salient featW/Md resulted,dn jagropolymesy Vish efficigny metalt sequestrationc Allkali ad or

agr opol yner %Jd’r%h%ﬁ?d*i&qaﬁ&uegrleft“dh’:xstr%m@tgr\b&b'|r£rhk5\féh 1y RP&ted RhtePr ODuUCti ON
of agropolynmers Trom seed coats or hulls (such as seed’coats or hulls, from

S

Oryza sal i vawashinggpopdy saddition pEwiluted acish (sme 7such 85 Hep¥Owi HChceuRNOskt ari a
italica, Cajs@mel aj an, Vigna nmungo, Vigna radiata, Triticumsp., R cinus
comuni s, Heliant hus annus, Gossypium sp. Arachis sp.) al kaline hydrogen
peroxi de treatnent method was devel oped. The agropol yners have extensive
i ndustrial appli G0 RRehodBng HouRP Rl et IpFak ihS8FbbmeROteyldon contr ol

to protect environnment from ne or 1 on contam nation.

appl i cati on efteq Wi a BAT@SINgG suan ap 4 A of 3 apeadihvent i on.
at i on abited wish d3Peacid selutiancising sunh a5 Fa$P« e HClaeaNO:)ond eseacich
Accor di ngly, .odilfifes IdAMseRint QR @ﬁ&{]eg:bpéeég o8 iRk B EoPSP&Hdﬁ!oﬂ%{%t%fo' yners,

preferably fromseed coats_or agricul tural crops. AGRAM OF
AGROPOL YMES alyaliusiag smeing NEOHESKOB)delutiony and amajstund eootent {eft brbind, nat eri al

M croni zat i 0f : l.. i i - j Treating
the. sai d m oriel 38 AR 3y Btinladpp bE Kb By U8 THEE [ rogen
per oxi de, or(7n3eiCgedy grairing at@oonTregweiate.t he sai d nmaterial with repeated
washings with water or wwth acid to renove alkali and / or hydrogen

peroxi de residue. Treating the said material with acid solution to renove

bound net al s Neutlhelalkalintgeatrhent g¥ithdutrhydsegeh eperdxider alsoo veatiltsodgrapalymdsy way of
wat er washi n [ Lt j d I i i e

osul tant ngrin Seahien by Breluafly kA BALAN of i ofol Bl oin et
(70800 | n aandinfibiets.cTilieodicropized seed tduts orrimbisiare ouixediwith aliafil(suchas sqlivmvi des

net hod of treatin a i,0Ns, US| .t he_nqvel r apol .S t he
present i nve*ﬂ't%f%ch. °q%§ﬁés§‘5§ ?(5‘%%‘7’#%%5&85’8&“3%1%rf%ggrb;{'i%ga‘f‘%%mf hi s
i'nventi on pesotutionso micrenizedtseaticoat ophdlvpovier g be ndding dineztly alkali @gwdetat | on by
netal and io ol lution ysing agro ners,produced from.seed. coats or

ol B of agr aBY 1o, Pisrorised a6t P B Bl RIS JRFTONRRRLbY RE 88! 20 06 (o a
met hod ofI Ioungly'tr&gmaﬁttrabalsesr ddrlf)arqaalshlyukd;é aﬂm&uﬁstﬁﬁéslﬁdrﬁ)ﬁeddl’whﬂddi' ng mﬁt al
or ion po t i,ndustria .uent ground water a r i nki ter. The
met hod of pﬂ'?‘i iwé‘hﬁ?‘i VREr %0 Iﬁ in gatyee; Towsr nﬂvéﬁsagfﬂﬁﬂgﬂ%g?%it Sis

cag;abl e of sx?queeamlrorlﬁg:enemiwe tmﬁahdad& I:srgwmsh felow wmmemmf' Geed@atsUry, etc.
and/or ions fromp uted water. The i pective of the invention is
R0 e ot ot TS Rk a5 Paher mstcapags.of St 0355 betont Rerdovh Mt o |

achi evled noltbrbwnisrmélmt du\?\;:mgs ﬁitlﬁﬂB-bbb&bengalfmwhﬁis r&h@led Gy ¢&peated ]
agricultural resources, i ch. are abundant, in najure. venti,on has
e Calfent waiE qrbE or oaditioh of o sPRGP obed MMt SOy I fepnd
utilisation métakhfrom Sefistding eubstahioes Useérs OrembvedOME Itrehtigh with Usinkel ididsfy /

sequester netals, and,or. iaqns fraom pol |l ute ter .
g mgluimg sulfuric, t?xtnsc or %ydr%chlorlilc (?-3%. The resultant material 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.



I n enbodi nent this present invention) a nethod of renoval of netals and
ions from aqueous solutions using agropolyners produced from seed coats or
hul I's of agri cuI tural crops (fromseed coats or hulls from Oyza saliva,

Pani cum m | i a et aria italica, Cajanus cajan Vigna nmungenyi/aos
radi ata, Tri t Ri ci nus communi sg Hel i ant hus annus, Gossypi um sp.
Arachi s sp. |s descrl bed. Many netals such as iron, ' copper, alum nium

ar seni c) mercury, | ead) zinc set and ions can be renoved from an aqueous
sol ution using tike PleRS aNtagrP¥HneAIadpRRsY 68 the TRk SendN¥eaétion Ofroéedideher

relates effective utilization of net nd ion s steri ol yners
fromthe sed@OR%ailowsy sﬁﬁPng?JYm%F@ryf@LlsalﬁsanBFS §°g‘$ 45%\?8‘%’ '([;n i's
useful for RRIA!PrREds Id3ses RAY hereitd roeeébtlwbr mmsagomm@@hnmb@&ir&aéf approach
for environnmental protection, Alt é’!@l ant sub t nces are known for

met al sequedierBeterph a’é&t““fiﬁ“‘édﬁﬁ:Y‘F‘GrPfé‘PF 325909 affes iBARHE SOtP 4P%usage was
not achi evegieiPoff oﬁé%&@wﬂ@éﬁtmﬁ@pﬁ%ﬁ& c&tmuuaﬁngazmrl siﬁéh lag.wolﬁﬁers aw
materials and productjon coz i ol Qgi cal orig net al sequesterl ng
subst ances woPR gl asyield o §8"PB‘HWF’FF§ 15 ‘i’mﬁ?ﬁ(‘@ 18674, \HFRﬁ“&'“&@I&he Bnass,
Chitin and g,’yo{,é IsodRicionaize)dsdpolytedd. | ot hi onei ns) M crobi al Pol ysaccharl des,
Mel anni ns) Pl oyphenolic bipoignents, Bacterial cell wall polyners)

M crobially produced chel ating agents (Siderophores). Very few st udi es have
been targeted torﬁ@;vasénphieihbaywowe@mg thd plA! tiBSal with alkali #d¥ or

00/ S0167 9 PCT/ 1 NOO/ 00015 growi ng area, experinmental studies have been
carried out Hydrogenparoxide. g}éﬁa}am ’@atﬁnqircwh%geatemv@k%e Adragen peraxideet hod f or
this new ki pgy ﬁxfmﬁ%w%evm& ft{e&meﬂﬁ% S(Uélﬂe%ﬁikedrb%ﬁﬂb”i&&%#nga gd,a&fé utility

in actual situations e app i cant now devi sed

utilisation trsmmttqalaloaaevﬁthMdroaemsm@stce#ﬁﬁgreatgmpmﬂyhﬂr@seotv:rsmded from
seed coats e sl  pref o8 Yilbifndetf vofbERSming HES plaBC RRleAMnd Qs

i nvention the agro mers produce fromtﬁl see coats or

agricul tur ahY@Pmeweﬁ@@b'eﬁ@ﬁbP@ﬁm metal , and/or ion sequestering
properly. For utility of netal and ions sequesteri ng agropol yners from seed
coats of agricultural crops, technically feasible and economcally viable
met hod are devel Ehﬁedowmbarprz@mrmwmm stagesr & stepe sint theapredudtion ¢for
purification F%P gméﬁt al and ion polluted / contam nated aqueous sol utions

i ncl udi ng ne i'on polluted drinking water or ground water, by treating,
the polluted water with agropolyners and or metal inpregnated agropol ymer s)
t he sai d agropol ] n t uch as seed
coats. husks or %ﬁﬁefnfcrg Z gseggi%gtao? h“[l? O\L&el(?rﬂ Ql‘ﬁ%@&r S l{la%czagﬁséé‘tl va,

Pani cum m | ihpdrechigricSeidar(3 é"/d)tfm a pa‘)od@f a6 beurs apdithe rofulyant materiph afteri gna
radiata, Tri SS)Pi um sp.
Arachis sp.) ré'hcf}ﬁ{mgch R éxgﬂg%ér:rp&%msjlmrﬁm Jr?g‘!‘éé%ﬁ{’@f”%nﬁﬁ‘é v‘ls;{o?‘nﬁ%/)r nmet al

pol | ut ed wateyuestéring a&gltppmhmtg agrogolymersepreducediby dgaiatreaimexgrmqﬂmwrrer usi ng
a colum or ?és%eﬁ%gr effecting the ion or netal sequestration resulting
in polluti of free wa e the said sequestration being carried out under

opti mum conditions (such as pH for rraxi mum sequestration efficiency. In

fact, the agropo bei.n ed ulls or coats of
agricul tur aIg crpoéxe ?Eilﬁ Bé“%r Pefglg 'Rﬁé‘ﬁ? Ttih If]’ d?”mgealﬁﬂm@&egri a
italica, Cajpeasens 1mapd1cr)ats\6r¢nﬂs oﬁnggcx)ltukﬁlgmps (Crolzaasativa, Panicum anilicceuny, Ri Ci nus

comuni s, SS um s r achi t hese ol yners
are capabl e H%J‘é}fm?é%%aélaé‘fmﬁ@fy Vigpa o’fV'rA'A% aaa'fi’é%ﬁrs’)'%'r'u?r Jﬁ‘g'"f‘p rom PPM t 0
PPB | evel . Anmmmds,Wzmthﬁﬁmmm@o@pmmml&mlﬁm}sages a nethod of treating
nmetal or ion contam nated aqueous sol ution, the said nethod conprises by
contacting the above

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,



WO 00/50167 PCTI 1 NO0100015 10 defined polluted water with agropol yners (by
colum or bateh node), the said substances obtained from biol ogical /
agricultural plant sources (seed coats or hulls fromplant materi al

sel ected fro%@&/g&ggl tural plants such as Oryza sativa) Panp&piResiddoisceum
Setaria itali janus caj an, Vigna nmngo, Vigna radiata, Triticsimsp.,
Ri ci nus communi s) Hel tant hus annus, Gossypium sp. Arachis sp.,) which have
ability to reduce netal and ion | oad from PPM and PPB | evel from pol | ut ed
wat er , | t he SRuinftumemdiacéin, i.Sgi&riﬁQWb SC&]‘@rﬂwdﬁﬁfn Mgﬁnaonmol mgawaazh:a

agropol ymers_on col u or batc Furt her e i.nventi envi sages a
rot hod of -t BT o e Riais dapanitG e, Bt AR 2. (4t )

agr opol ymer saliafife Wk éen petokido trefiment nfedtiddsvad devalopbd of agricul tural crops

(seed coats or hulls, from Oryza sativa, Panicummliaceum Setaria
italics, Cajanus caj an) Vi gna nungo, Vigna radiata, Triticumsp., R cinus

communi s, Heli anmﬂusmawerﬁqﬁwm:w md%taﬁhlappmum)s, Thep agr epol yners
are al so use [ eﬁf[%SIble sites &gﬂgroun wat er cgntam natiqn of toxic
metals. In f F‘“’e Yh BS€R 100 PR m‘gqnomr" F°t%|°8¥f"i"§‘°ﬂ A ety SEAPE i s
treated w t heohfamiraflo® PThd/Whie applcatiftEofthe seid) bubstana@I1s Iiinﬁd’tﬁmt Bpedi@pul t'S
reveal ed tha t.he arsenic cS:?ﬁqte t has been much reduc so.that .the arsenic

rich water i‘A8dBYFNBYL ofECOLINgIY., Hiee IMYERLON pgﬂl“\é‘th}l":’Sﬁ% | PINPESEuSing:
ACCOVPANY] NQ grIpOlohidksSpreferdbliefro ede@To4ls o il OEricUfvalbioplk, hul | or coat was
m croni zed and 1R Spectroscopy was done with KBr pellet. Sanples were
treated with ferric chloride and dried before taking 1R Spectroscopy with

KBr pellet. I&mqsmmopumbozm“ﬂm&cmrﬂmgg{; ?ree

patterns; ( | otal scan Wwave nunbers (cnt scan from

4000 to 2200 wavenunbers (cm 1)) and (3) scan from 2000 to 600 wavenunbers

(cml). Figure T r1erares tg Mﬁﬁggﬁ Eﬁ#& c{(%iﬂlﬁfafe A NUSK._rrgare 2 1el ates
W

to IR Spectira_of rice husk r eat hydr ogen_per oxi de WO

001 50167 PW%F@M—&—L@%@—LFL%@G#&—QS—% i ce husk
treated with ferr|M“EE‘I’H‘@F‘PEI@“CF‘?@flﬁ@@]lﬁéwgtﬁ’é%’qql’b"@@‘%&ﬂ?% of al kaline

hydr ogen peroxXide [TEaQted TTCE NMUSK W CIT T _turn treated WtiT fertic
chloride. Trbating theraid thiSroniaéd s%ed)éoaV&rHuﬂlpSWG&ﬁiDhlkﬂl of alltalifi€hytiisgenr eveal ed

t hat the allkal i ne hydrogen perom(ge at ment to rice husk resulteg in nore
reactive bonds i.e. organorret%FF?’ﬁ' @geq;?w ‘5 relates to 1R Spectra of
raw Setaria_1talica e

hydr ogen pefr dreatiag theemﬁ aﬁt&t with eepedtad washingewith whtegemveth/acidtb aénsvet 0 1R
Spectra of faw Setaria |taI"|&agl RZ lilfg)' reated with .ferric chloride. Figure 8
relates to IR Spectra of A&HA" GFOBELPETRUIEIEHIONE- ¢  cated Seraridh italics
husk which tn turn freated Wwih ferric chlioride AS shown 1n fhe above 1R
Spect roscoply of f iToeatingsths said m@serialwitinasidesohusian ta rewmovy bpaindmetalsl | i ¢ bJPnds wer e
formed w t h~+oen~

Neutralizing the said molecules by removal of acid by way of water washings or by

=}

addition of diluted alkali solution

Drying 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.



Figure 9 relates to IR Spectra of al kaline hydrogen peroxide treated wheat
husk. Figure 10 relates to 1R Spectra .of al kaline hydrogen peroxide treated
wheat husk which in turn treated with ferric chloride. As shown in 1R
Spectr oscopy 6 {igqgw es 9 and 10, al kaline hydrogen per oxi dpciinpebets wheat
(Triticum sp.‘? AU esul ted in many organo-netallic bonds in particul ar
significantly at 2360 t 10 and 2340 f 10 wavenunbers(cm 1) Figure 11
relates to 1R Spectra, of Panicumm|iaceum husk. Figure 12 relates to IR
Spectra of al kal i Ineaitigalar) gids inpentiox ipdraihs ©ad methéthof preventing énvivenmemtdhusk whi ch
in turn treated w.th ferric.chloride. The 1R Spectrosco of figures 11 and
12 reveals t eﬂad%%fhhwo@ ﬂ'ldl'?'}:p%l&} %“W-,grqgr%? ebsrpéﬁ‘ﬁ“ﬁﬁ%?ﬂ‘ s?ﬁdo 600 to
600 wavenunber lsullg oftegricultural\Edg30/Mdia pafti€xlarly, I inOéntidrbrelatestto gunietholdfr el at es
to IR Spectra qf. al k&lli ne, hydho[ggr%ﬁger oxilde tre&t ed c%tlton. seeg t(egossypi um
sp.) hulls. PBTYUPE B9, & QRSO eQy8. Splption, ncludipg metal of iop AR o 0% de
treat ed cott mdusescffjisas gyopndiwaep and drihnkisg watet [iThe méthodnofl peHicetbnwist h ferric
chl oride. As sh%)ﬁ/m.i n 1R lS%gct @osco hof fi urgs 13 and 1% al @g.l i ne

hydr ogen per B He" %A PEE 1ERGS ('ﬁﬁ%pg%P fralpstering matdls ingluding o
many or gano- fefaBl lileC ofganic|Smemdupaetci and/@r ions @rom’ pelipddl watat. ThaGiltimatd 0 and
2340 t 10 wavenunbers(cm 1), Fi.gure 15 relates to 1R Spectra of al kaline
hydrogen per B%fFeYe ©f ééﬁ @He%‘ggt'gp PRPect F'P’é’g“’e%ﬁ)ﬂw oetal and, iqnpgllutionsi o1 o 16
relates to lFibpbjective i3fachiekdl ndtebyhysthete foupe barxbyd Bsihg aglad bivkggical, (R ci nus
comuni s) seed, clgatf whi ch i@ turn trdeated W t h her.ri c.chl}_gr.i de ,As shown in
| R Spect r oscOiFuyrak resRiress, waich arg abundagy in, natur, o This Apvsgtion has it j2lientt r eat ed
castor seed feamitdretilesCinliiventifgOdibitiices andoectivutilisation of tids gbsandeebal | i C
bonds. Figure.l7 rel teg to IR S&e}ctra of al kaline h)é_dr o%ﬁn g)er oxl| de
treated sunf P neyeltschpiays fo Purity | Ssquesternetals and or jang ipm poliyted water o5 o 1R
Spectra of al kaline hydrogen peroxide treated sunflower (Helianthus annus)
seed coats which f;nn urn treated with ferric chloride. As show . in IR

Spect roscopy of f gaﬁ’e@mfvt thj areset inyeRtgn fmethodi PhigwAval Of Bietalsand fonst ed

sunfl ower  seggmCRBbdus (softib@lidigS agtbptiiiers Produteatidnt sERNYaRY lopMsggt al | i ¢
bonds. Figure 19 relates to I R Spectria_of al kaline hydrogen peroxide

treated redgpiienitual rapsrognsesth oatseerchulls fiom Oryza sativa Panicum miliaceum,
Setaria italica, Cajanus cajan, Vigna mungo, Vigna radiata, Triticum sp., Ricinus

communis, Helianthus annus, Gossypium sp. Arachis sp.,) is described. Many metals
such as iron, ‘copper, aluminium, arsenic, mercury, lead, zinc set and ions can be

removed from an aqueous solution using the present novel agropolymer.

This invention further relates effective utilization of metal and ion
sequestering agropolymers from the seed coats or hulls of agricultural crops. This
invention is useful for metal and ion pollution control using biotechnological
approach for environmental protection. 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 materials and
production costs. Many biological origin, metal sequestering substances were known
such as Tannins, 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 it is a



Figure 20 relates to IR Spectra of al kaline hydrogen peroxide treated
redgram(Caj anus caj an) seed coats which in turn treated with ferric
chloride As shown in IR Spectroscopy of figures 19 and 20, al kaline
hydrogen per gd fdgofer€at ed redgram seed coats (Caj anus caj angcymdedesd i n
many organo-netallic bonds. Figure 21 rgelates to IR Spectra of al kaline
hydr ogen peroxide treated greengram (Yigrra radi ata) seed coats. WO
001S0167 PCT/1 NO0100015 13 Figure 22 relates to IR Spectra of al kaline
hydrogen peg@wiiCarks, CadaitéHi Sl Mave/I8ed Qarkigdliogf & ofdfePdo Gadrite Wi Ch i
turn treated wth ferric chloride. As shown in | R Spectroscopy of figures
21 and 22, pogugei hdevelan: ey atility e rmstherk fory thig aew Jdnd /F agrapplymerfafiendi at a)
seed coats £§§u1kdfmegoarc@m>ﬁnewﬁ§%mzﬂtkiwaﬁo&onds in particular
significantly at 2360 t 10 and 2340 t 10 wavenunbers(cm 1) Figure 23
relates to IR Spectra,of al kaline, hydrogen, peroxi de treated ackgram

(Vi gna nrrngo) sﬁ@d‘@h‘é‘f‘%ﬁ“ﬁ%?ﬁ" ar'@&ﬁ?"e&'t"&‘ﬁﬁ@‘:ﬁé&q aﬂg)%lq{’al i ne
hydrogen pesegidstbfing ra §mers asbleiiied NfrdnYisesdacoatsng ulls F dglhcukifal Whpsh in turn
treated with ferric,kch [ hown in 1R Spectroscopy of figures 23 and

ide. As
24, al kal i n&hyy gfeaging 'ﬁg@%meva@'an@%wapw'a%rkgf%qwﬂ% esRhENAsTed coat s

resul ted i NhIRRY agichRGAL EBHEAre keBpddSiBRSfor MO, ahdAGt i&@ﬁﬁgh&s?éﬂng@?éﬁéﬂﬁe t he
foll owi ng specifjc description by way of exanples and illustrations of the
i nvention ahef ity ehduatdl ansk ions” segusstering cearepolimert frome ssedeatyfofi he

i nvention i gyrROiurBP s, tddhRiclBl FeasifdlUMA! REINBMIdANYPHablE @ethddr aROl yners
derived fromseed coats of agricultural crops {seed coats or hulls) from
Oy: a sati developsd.cum ni | i aceum Setaria itali ca). Wien a gram agropol yner
sanple is taken in a 1000 m volunetric flask and nade upto the mark with
20|. 0 PPM of staﬁ?&rﬁﬁs@@tpiﬂedfnlt(iamtbl?éd mengahbdjfdr@nﬁﬁaﬁmr:ahedeyal?ﬁwlidnhen t he
solution in_the asks .are kept for .2 hours. with reqular. s lng in

et ween. ¢ e SO by Shrider BeSink e s ATl e esent i n
sol uti on vasaRebd gradmidvarehy freih®thepoilited ahiey witT Bgropbljhers endc6r hadiveen t he

metal content present in solution,pefore and . after additi of agropol yner
ndli cat e t hERRTETETed AGERRRIy RGeS thes s AOROIYRES e mymigrctused from plam

agr opol ymer matials 3GoM asi s8ed @datse huske or AEIlsUFQhe/ VilRioBs SR RURSLIEEESE (@7l S such as
copper and sil veEJ. ,A”g]r a_P of the Setar. a&t,al i cs_ag:,p,gol ners absor bed /
sequest er edSBVe, FFIGUIiMIigagyn e’?ff’“d@b%r YAWs G P 1FESHWES VEERF. A gram
af Pani cum padd:@ CRYBump0 FOLNIE ORI BRE@IRE ahnfs, Tsygium . |Araclisams of
copper and si]ver respectively, I%ﬂgram f the Oryza sa |vg agropol yners
sequest er ed ) theiail method,comprising fhe eantacking e 1omer mstplRallute é’b’g"ét‘Y‘ ly. WO
001 50167 PCigrbpolHhérd @Rl or rhétalApRigRAtNd BRI SpoBythtir Bikih§ a @oRidinlir Dah nias or bi ng

nore nmetal cgntent froma solution containing hllgh tal concentration.
Using this BARsHEE the 109 Sneiginteauestiaon repyitngeth pAllulpR diep wattethee®ld cont ent
in high net gdquePREcbeim daditdSRl iidePBRtiniint BorldRIBES (suéteisyH) BNmbkifiBm( 12 - 24 )
hours. Agropol yners re added to netal (such as iron or alum nium
cont ai ni ng SEMEAPHLSIIGAYunbound netal was renpved by through washi ngs
with water and or neutralising with alkaii in case of reaction nmediumis in
aci dic pH | ater Inhactticaigiopblywies inggoduved fomi sepd Rgske)thRills A cerpodfy ner was
taken in a beakfrﬂénd to jt 550 m , C{, wat er _was added anﬁl shirred wel 1)
then the agPYIEIMAETTOPRER PLPIGR St Raugpugimiliaceym, Refarg fiticarfigaus. o nol ymer
mat eri al pr eg@nt Vigha Gringomyighns ridiete drikdnh spQ Ridim@T commdmiss | Hblimthabdt ai n
bound netal . The netal conten% in agi d

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



washi ngs were estimted by Spectrophotonetrically. Table - 3 denotes the
anmount of netal content bound on agropolyner. A gramof Setaria italica
agropol yner absorbed (when treated with ai um nium chl oride) an anmount of
14.4 mlligr m"‘%{"g’l um nium A gramof Oyza saliva agropopgimosoembsor bed
(when treate al um ni um sul phate) a8 armount of 8.6 mlligranms of
alum nium A gramof Setaria italics Agropol ynmer absorbed (when treated
with Ferric chloride) an anount of 4.7 mlligranms of iron. Now) the

fol | owi ng dedefinedtpoliutedyiwater with) agrogelymens by rcolumincors bajeie snade), ribe saidperty of
agr OpOl YITer . /bt SuiHBF HofPRblogRkIRkHEFsE phntilroth (dded GRRCEr ndisNC aNd
iron were taken separately tor asuring the arseni c sequestering nature.
One gram of fgmoplat ynaterial\selected fecan agricoltwalplantssichias Gzasativa Fanigus. 6 PPM

sodi um ar sen e ' ; b b Padb OB The arsenic
content pr es@\@cﬁﬂﬂﬁ%@hféﬁgﬂ&@?@a&% %’eggg@ %&%’ct%pﬂ%’t grfr%tmr"i%'él ly. As
shown i n TabRésins corapunis, iHefianstprscaneds, Sgsipionyspotdrachisiips,o whist havesability f r om
aqueous sol utj &gﬁ - i i a d i CS

agr opol yner sHa%glgcrebe ggé)fftn ]{}%{]@'&ggpye%eﬁ?%?gg@g’g% ]l?ﬁ%i?‘7(c)elrtn&%;1ertllE ?;r#it i al
arseni ¢ anoumetabbr n Gompriing wateyChy) CInEaBtiGy witCIgropilpn e 01 Solufin g bateb| yner s
wi t hout netal, hopregnation also absorbs arsenic. As shown in Table 5)
agropol ynmers reduced significantly arsenic content fromnatural waters
containing arsenic. In the follow ng description the fluoride renoval
property of agr op@Mgp 1 e L Lok RARRY n not
absorb any fluoride |o%he\bl'\fl‘}{"l“’\k%‘e"r?gggg’%%g’ﬁg’ﬁ%r%?%%m%g’ﬁﬁ%\M th !tihé g such as
al um ni um t hetenwherk irbthe agropojymers lasenabtained froaioseed Enafsl ardwllsief agomgtural

significantl A o] | b [ | t ed to a
sol ution con%@?ﬁ?s:?guog‘;% %‘cl)l i ﬁ%f%@gﬁﬁ%ﬁmﬁ ,#g%g.agg)gg% qtﬁé?‘gl
i npregnat ed &gjaopolcgimer Vigas mongod WignaSeadidea,offrificumPip.s dcinmm toémrawriigle) t hese

nmet al bound .onpl yner s ed f i i-Qn) d . 00,
respectivel y?g%&ﬁ'ﬁ/s c’?%@'rgp'r?gt ‘éiﬁég(‘)"_a‘ﬂé' aﬁgdﬁgﬁz?/ﬁmr%@ arreg%lﬁc\%ﬁféf'f’uo_ri de

i on from nat theglossitsié eites ©f gtonnd iwater cbntamination offtedic metalst Inr fatt, thetnaturdlavi ng
4.15 PPM fluoride content .was .m xed with (.1). um ni um chl ori de i npregnat ed
Setaria It al U WBERBED inRh R aRESs Wbctn b RralReT E e Bftarl ryza
Sativa Agr opalvgiition and the resuite revealdd than théerseric omtent kastheerd mbthireduadd soon -
significantly, Now. this .invention will describe the inportant paraneters,
for netal seﬁlj‘é%?P‘é?‘?‘%ﬂ‘r’}h‘ﬁﬂefﬁa‘tefﬁé"’??&“&“Pai“g‘f’iw ™ The said substances
effective use is dependant on suitable pH for nmetal sequestration. The

bound netal s_i ' ' Lheral acids

i ncl udi ng suff F@%W@Hﬁéﬁmﬁﬁbmﬁ%ﬁ@%w@% One of the
salient features of the invention is the identification of nmetal or ion
sequest eri ng_propert f agropolymers present in seed coats or hulls of
agri cul tural WBﬁ%"%ﬁ‘HS@Wf"gF'sati on of agropolyners in water treatnent.

Anot her salient feature of the invention is that the agrvpol yners are
useful on colu node,.or batch node and sujtgble for repeated u e on many
cycles to rehﬁ%"&*’q@gﬁ&%rWVd?Wﬂge‘ﬂé‘fﬁbg gPﬁFWﬁWPgﬁ‘P’PBW!ﬂé@% Met al

i npregnat ed peiled P SAITEY Swere ftRate® Uith UBrEit Udhidride f ArdU BHEE befoPe 3AEHESIRT ati on

and netal absorption s as arseni¢. The said bst ance se sterin WO
001 50167 16 Emﬁ‘f)rplfwey ng?@f eﬂet. IRI§pectroscopy c:feac usampe ngurewéj oneeinl g

three patterns; (1) total scan: 4000 to 500 wave numbers (cm-1), (2) scan from 4000
to 2200 wavenumbers (cm-1), and (3) scan from 2000 to 600 wavenumbers (cm-1).

Figure 1 relates to IR Spectra of raw rice husk.
Figure 2 relates to IR Spectra of rice husk treated with alkaline hydrogen

peroxide.



ability is maxi mum at neutral pH range for nost of the netals tested. The
nost of ‘the bound netals present in said substances (agropolyners) can be
eluted with mneral acids including sulfuric, nitric and hydrochloric at
0.8 - 1.0 pHyolfiRe@9r OPOl yners are suitable for repeated usmgaNeiosssl unm or
batch node offers an econoni c advant agetl The agropol yners have extensive

i ndustrial applications. They can be effectively used for pollution control
to protect environnment fromnetal or ion contam nation. The w de

appl i cation of t Higuses3 relatasie FaPpestrs of rawaice huskdreatedrwith farrig ehlonideent i on
Accordi ngly, thi gid;AVepidt& rshad fk &n PlrokiBRYdtndBhgl s and
ions fromcontam }%‘t ed wat 2? fhgﬁlrs]ogra ég‘fﬂ%mﬁet ﬁgg ‘or ba?g?] metg*]od, SO
that the toxicit whishieumytreatedwith farri¢ chioride.ar e renoved fromwater. Now) it
is essenti al r]}ﬁgi i 'm f oft i i1 i Cakfihed by the
appl i cant anpaﬁt ?ﬁg)dfl n .i%gcst}ﬂ&e‘f'%ﬂléggen [ Aé}t%e@oqu%ﬁ%%gkpgg 1 dti‘ggS: Tabl e
- 1 denot es hyHdewgencpexpxids treatrpent picechush fesjted iw moret rpactive hopdshe! grgsnos der i ved
fromOyza stﬁét&lﬁ(@boda@”i cummliace:lm Setarla Italicc~ Cajanus caj an,
Yigrra nurrgo, Yigrra radiata, Triticumsp., Ricinus comuis, Helianthus
anrrus) Gossypirrmsp. Arachis sp. by al kaline hydrogen peroxi de treatnent.

Ferric chloride ¢ . f agropolyner in a
colum at a flow Feteé %&t%ﬁinﬁg?éﬁ?ﬂt@g%g%&a%gg{@{&ngt al content was

estimat ed by el ufFigue GireliteDto- IRSSpectral od alkklimei hydeogenl perBrifie treated Setimdmn, t he
unbound excess n?{taﬁéqﬁer colum was renoved by washing with 2. SpH

hydr ochl oric aci d sol uti'on. The bound netal was estimted using par reagent
at 535n. m spect FiguhoT? ochates tocR Spectrd abraw Séarde n@icahuskh aearet aith fadguest eri ng
property of agrogglloxgreers derived formseed coats or hulls,. by alkaline
treatnment of Seiarra italica) panicummliaceum and Ovyza saliva)

sequest er ed copp&iguen8l ralatks/tey IR Spdotre of alRalienntdegen peroxidée adeatedrSeramgamnat i on

(al um nium and ir, on, agr ppol yners deriyed from seed coats or hulls from
Setaria ltalica, '%E%f lw§y§xc§2ﬁué;at_rea§ed\)ﬁhf/wg6§lgqggﬂ PCTI | NO0100015 Tabl e -
i denolt es t has shosmrih chesubgueeR eﬁdcﬁgscagsyomgugescsftoAthI m?maeﬁméd I'gdmé f

gropol ymer (c r), iron, zing.i.npregnated on Agropol ymer derive rom
seed casts dﬁetﬁﬁ?ﬁg&dpwmnfg@egrvpgu%m ica). Table - 5 denotes the arsenic
sequestering property of agropolynmers fromnatural waters containing

arsenic. Present _jnvention ex ins the ion (fluoride) .renova r

sequest eri ng pr oﬁléﬁ“fﬁ/96F'“Wét‘%1ﬁlk%Pﬁ?‘@g&aﬁlf?g‘“ééj‘ygﬁﬁny%%’gd"( HF’ET‘F{ Wﬁ%

i npregnated on agggol ynmers derived fromseed coats or hulls from Setaria
italica and Oryza,sativa). The results derived fromthe present invention
gi ves a scope of Fire,d0 selates g Rnnestrs, afialkaling hydrogens peraxide)tragied ybeay mer s

usi ng i n affnity haed WHBSinlt@mRteated Wit ferlié Stforide, ' €NOVE or sequester or react
with reactive substances useful for variaqus i d,usg}r((; al applications (such

as using t heAtshayndn iR pRssHrescopy et 4 L galkaling Bydragen ngEpddgdreatsds such as

Bi odegr adabl ghdat aBidcem sp. P RiskSpesi1ied ikl Ghdh§ StAndCmARIO BBhITEIRSpariular €duci ng
ground water contam nation by industrial waste water containing netals and
i ons. significantly at 2360 + 10 and 2340 + 10 wavenumbers(cm-1)

Figure 11 relates to IR Spectra of Pariicum miliaceum 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).



WO 00i soi 6~ PcTi nvooi ooois is TABLE -1 METAL (ZItON) SEQUESTERI NG PROPERTY
OF AGROPOLYMERS PRODUCED BY ALKALI NE PEROXI DE TREATMENT METHOD

S. No. AGAOPOLYMER PRODUCED FROM SEED COATS OR HULLS OF: 1 RON CONTENT

(1vlB. LI GRA é&%lﬁgTERED BY A GRAM OF AGROPOLYMERI . O za pCT/IN00/00015

sal ivab. 152. Panic~Im m | i aceunB. 1253. Set;aria italicar5.04.Ca' anrs
ca'anll.75S.Yi a nun 06.8756.Vi a radiatal 7.187. TriticunB. 1258. Ri ci us
comuni s2. 39. Hel i ant hus anrrrtsl1l. 2510. Gos i un6. 2S11. Arachis sp. (Red seed
coat or cover of Figuneld3 rellesso IR/ Spebira of2aiRdiiné\hydsagdobisidxider theateBROMEIRTY OF
AGROPOLYMERS P%@ BY .ALKA& TREATMENT METHOD S. NOAGROPOLYMERCOPPER
CONTENTSI LVER M LLI GRAM (| v>B, LI GRAM SEED COATS OR
HULLS OF: SEQUEST [Figiuie B refatésRANRESdEifal o ikaline Agdrogenl péhdxids rehtedeAitbn

OFAGROPOLYMER1Set ar,i italics 4.12.Pani cum nt |l.i,aceu 6Z.53. Oyza

salivad. 54. 7 V\ﬁeeél(@gﬁqf%'f'"f@? /W%\ﬂd?&%%%a‘eFA‘ﬁh‘ae‘%f““n%E D NETAL CONTENT
PRESENT | N MisldNowh MPIRESpeétrdscopi(dREighle s M43 1RRSTEAlIGE-DY dBdgeAipéricRide MeatddREATVENT
METHOD S. NOAGROPQL YMERPRODUCED WT L, CONTENT gvl LLI qFAI\Q SEED. COATS OR
HULLS +SEQUESTEREEFRITHIBARN, P i\L’ﬂE@EﬂD&W@F&l‘g prormetaltic onds, in Al uvLvUM
CHLORI DE14. Atz sighifianmie at2360 LA 412540 PhWeenbRbdsbari)a i tal i cs + FERRI C

CHLORI DE4. 7 TABLE - 4 ARSENI C SEQUESTERI NG PROPERTY OF METAL | MPREGNATED
AGROPCLYMERS PRODUCED BY ALAKALINE TREATMENT METHOD S. NOAGROPOLYMERI MTI Al .

ARSEMCARESEMCP 15 RV TRNIpetr b stkdlinb B} drBEdASSrdide W dated RstblLLS +BY A
GRAM OFMETALAGROPOLYMER ( PERCENTAGEL. italics + COPPER6. 673. 18SULPHATE
+~REGNATED?. Set arlfiigius ed5°8¥3. 3CHLORI DE | MPREGNATEDS. Set ar i a

ttalica + ZI NC6. G{gediiériidels oMR $Peci \dEkaline hydrogen peroxide treated castor

(Ricinus communis) seed coats 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 communis) resulted in many organo-metallic bonds.

Figure 17 relates to IR Spectra of alkaline hydrogen peroxide treated
sunflower (Helianthus annus) seed coats.
Figure,‘ 18 relates to IR Spectra of alkaline hydrogen peroxide treated
sunflower (Helianthus annus) seed coats which in turn treated with ferric
chloride.

As shown 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.
Figure 20 relates to IR Spectra of alkaline hydrogen peroxide treated redgram
(Cajanus cajan) seed coats which 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 Spectra of alkaline hydrogen peroxide treated
greengram (Vigna radiata) seed coats.



WO 00/50167 PCT/ 1 NOO/ 00015 20 TABLE - 5 ARSENI C SEQUESTERI | VG PROPERTY OF
AGROPOLYMERS FROM NATURAL WATERS CONATI NI NG ARSENI C

Sl . No. AGROPOLYMERI NI TI AL ARSENI CARSENI C CONTENTPRODUCED FROMCONTENTPRESENT
| NSEED COATS RESENT | NNATURAL WATERSHULLSNATURALAFTER  per/mNe0/00015
TREATMENTWAT GROPOLYMERSFOR 12 H@JRS1. Setaria italica325

PPB40PPB2. Oryza sal i va32S PPBSOPPB * The natural waters containing arsenic
sanpl es were collected from Wst Bengal State in India. WO 00/ 50167

PCTI 1 NOO/ 00015 Adigard anefelatet Liol IR Speeed of vdlifdink YEGRIESgen Djcpdnidd trkdtedn pl ant

mat eri al s preferabl fro&} seed o(gts 8r hul | E of, a%ri cul t(gal ?ro{)s (such
as seed coats or STRPERAM @ig, fﬂj’?‘l’ uPeef roopts pvhigh Jn SGmY, trgateywith ferrig | | 5)
Parricurn mliacenelidedetaria italica, Cajanus cajan, Yigna nango, Yigna
radiata, Tritlcumsp. , R ciirus _comufris, i.at hus arnmus),. Gossypi um sp.
Arachi s sp. ,5s %PB“ H@#%Rﬁ%"‘?ﬂy&fgé\"&ﬂé{)@ zﬁ:_gi‘ﬁlmﬂ’gi'%weﬁlpg @Ft’rﬁﬁg for easy
di sposal whigedengam (egriar aehed heed coatd Piiied! iy ridngafpginoan@illic Bbeispliwperti es
of agropolynmers -~ fo,grs scope of their utility in affnity chronmatography
systens, as Rigicrlar sigaifigagtly ahedpR 10 B4+ 1P HRYSHmBErse®alt t hr ough

I rmobi lisation with reactive nol ecul es through colum or batch node and

scope of wutility_in manufacturing of bi odeg{r adabl e pl astics, resins)
carrier material §igure 23 Trelatese o My ndreagid yofyalkaling hydeogsn cparoxider drgated| e

production nmet hogefgrif VA ded coef ul for environnental protection
and has extensive indus{t;r)’?gl g”;;gp#iscat?%ﬁs and further helps farners to get

nore income as t FigureRAntelates tg dRaPrecz (if allsgling uhydiogen Resoxidecdreatyhe novel

metal and ion Sequﬁﬁér%?ﬂigﬁtgfn%w{ YeER cOatPWRILIe Al \reh @l With 8&flc EMGicR - Of
agricultural crops are capable of netal |oad renoval fromPPMto PPB | evel

and these substawsisRodpegiresaoryea figures & endi2etlialion byjregenperpide dispied ed t o
ot her plant &i&kg.;ﬁﬁ(tv@.wungﬁ%%%m%eﬁwﬁfaﬁﬁ 2;0@%%32'{@' y, _a few of

t he advant ages this 1 nvention are sunmari se 1. The invented
agropolyners are fromnatural origin. 2. The process of pollution control

usi ng agropol ynegg. y_SLapl ' e o) ‘ e pr event
envi r onnent al deg%{ogfﬂé?%(%ha@ht %’éls"gpéger gﬁplglwﬁke?ﬂém?g %F‘?f (t:l?l:; 3’& g? Eoﬁey can
reduce net alexamplepansi illgstchtibnsoofi thevensioRRBd ithés shouldTing be fcomsernedtol lingit i on fr ee

wat er wi t ho ' ' ai ned. 4. Agropolyners are
envi r onnent ;{fxe %@Féﬁ%ﬁ%@%’g’%ﬁﬁﬁé’g’?ﬁ@%b| e. 5. The process of purification of
pol luted water is econom cally viable andtechnically feasible. WO

00750167 PCT/| NO%QQ‘%},‘E sgcﬁxestering property of agropolymers derived from seed coats of
agricultural crops (seed coats or hulls, from Oryza sativa, Panicum miliaceum, Setaria
italica). When a gram agropolymer sample is taken in a 1000 ml volumetric flask and
made upto the mark with 20.0 PPM of standard copper and silver solutions separately
and then the solution in the flasks are kept for 2 hours with regular shaking in
between, then the solution as filtered and the copper and silver present in solution was
estimated Spectrophotometrically. The difference between 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 miliaceum agropolymers sequestered 1.6 and 2.5
milligrams of copper and silver respectively. A gram of the Oryza sativa
agropolymers sequestered 4.5 and 4.7 milligrams of copper and silver respectively.



It is to be noted that an enbodi nent of the invention is described in
detail in the conplete specification so as to illustrate salient features
of the invention, further it is envisaged that within the scope of the
invention varjious mpdification of the invention are perm sSpdysoodod1s S

evi dent t hat %goést”fﬁﬁti on will in no wayigelint the scope of the invention.
The scope of the invention is described in the ensuing pages. WO 00/ 50167
PCTI 1 NOO/ 00015 23 CLAIMS 1. A novel agropol yner conprising carbohydrate
and/or silica matrix substantially devoid of at |east proteins) tannins and

pol yphenol s and havi ng netal,. .hinding reactive sites. 2. A novel agropolyner
Do UPaimed i 'l AHPRRRE SRR "B, 8F shioies mars el SOBRAFRECET ¢ om any
pl ant Ioarts mhraamsigﬁg hmlaiaal csmmﬁmmeUsiﬁgmw brgpégl?gzgl‘upsiyme&.wée novel

agr opol yner cl,ai in claiml erei.n the carbo rate matrix is

obt ai ned 1 r oo 18 fbsexty mke, el Spnia Jp drigh Mgtal SORCERIRTER 4610 WLk | o fr o
O yza) S?/E i vamng&gri'etlsmmh 1rt_inielt @geuwd) ﬁeisag@gﬂdﬁi&cﬁere @dfedutd Hme?eagl E(Nt’cﬁ a¥i gna
mungo gna, radials,. Triticr~msp., i rras,conmunis, i ant hus annus,
Gossypi um sp'romrALHaIugconining WE‘@‘@FS) &5‘? BW%@F‘%%‘FWH%{W throueli m 1

vmlelr ein tge ﬁﬁ’dl’ﬁdgkl&kitﬂ &aﬁtBii ﬁﬁ%ﬁrmdliﬁrgjwitﬁalﬁﬂgﬁtq&&a 6$ﬁ¥cti:oﬁ nﬁtﬁlﬂﬁx w‘(;ﬁ h Kg»r

pel | et and thereafter e sanples.are treated w erric chloride an
riea the s BUOgiFshe TaSeHl Buas et MpCRnFramied oo uen B Rkt  0scopy
reveal s thatabéiRerddniad it'250 hiy.dDfOgRE was laBdeddiad btirasdl Wt theh ¢hel dgesolymfek resul t ed
in nore reactive bon%? I . €. or%ano-rre IIicB‘gonds. 5. /A novel agropol yner
as claimed i matenaliwas fillg, ap a;cpluinp mgde . (The agrgpglymer %ﬂ@lmeﬁWtNBF°l‘g'§‘Fl et and

the al kal i newhyWisagewitR s AXbHENtacRab abtainhRand mdtal. tTHe Bt Rodtedktys kcid esul t ed
in many organo-metallic bonds in particular significantly at 2360 f 10 and

2340 t 10 waVashmgpiveressimated by Speraephatomstrically. Toble odcdsnpres e pmeuntof at ed

Triticnm sp. mBidBontéRf ouhd s.a;ge@pogniéa K 8fa 6F Selaki@ iafiRr agPopolymieP Yibrbe@r opol ymer
as claimed in claiml wherein | R Spectroscopy i s done wi th KBr, pellet and

the al kal i ne(VHS‘FB1“65‘541Wﬁégmi’ﬁ‘é‘“tcf"éég"éd;‘éﬁﬂ"@}r?féé-éd“‘{lmaéHﬂ"gﬁﬂ!“) coat

resulted in Kagrxmow@mﬁranma& lagfopBIOMElS dbRorBed (Wheal @eatéd Wihf AlIGAMdY at 2360
t 10 and 2340 | O wave nunbers(cnt1l), when al kaline hydroge,n per oxi de
treated Goss$iRhate) ap amayay of8Semilligrame @f \uminiug, A grash b Selggia Halicg, novel

agropol ymer  gropbl13nee dbdorbed! @itiEh LtrebHar GhtR EeRicoRBROHESS &P Pindufit png7 W th KBr
pel | et and the_al kal | ne hydrogen peroxide treated green gram (Vi gna

radi al s) coamilligrams p&igpn. n many organo-netallic bonds in particular
significantly at 2360 t 10 and 2340 t 10 wave nunbers(cm1 ), when al kaline

hydrogen peroxide treated
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 impregnated agropolymers, absorbed arsenic from aqueous solutions. Copper,
iron and zinc impregnated Sefaria italica agropolymers absorbed about 73 - 75

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



Vigrra radials coat were treated with ferric chloride. WO 00/ 50167

PCTI 1 NOO100015 Z4 8. A novel agropolyner as clained in claim1 wherein IR
Spectroscopy is done with KBr pellet and the al kali ne hydrogen peroxide
treated coatg of Panicummliaceum Setaria ttslica, Caj anUsrGRbddadsVi gna
mango, Rici r WPV EH Ui S) Heliavrthus amsul coats resulted in typical
organo netal lic bonds characteristic of each material, when alkalin

hydr ogen peroxide treated coats of Panicummliaceun) Setaria italics,

Caj anrs caj an) Vmomtﬁuchm&l mmgmim alkdedbisorbs Brsenianxsushowriiie t r eat ed

with ferric oride. duci n [ roma pl ant
mat eri al c'lcﬁgif g's%ﬂﬂp s re‘{'l'ﬁ%‘ﬁ ﬁgq,“?]l 9’ @‘g? B%{%} “‘f?ﬁo"& "R seed
coats or huldoﬁmtﬁ;rgcuageacyza sal iva, Panicum m I iaceum Setaria italics,
Caj anus cajan, Yigna mango) Vigrra radials, Tlriticumsp.) Ricirrus
comuni s, Helianthus annul, Gossypium sp. Arachis sp.), said nethod

CO{YDFI S: ng the foHlﬁ%llh@vxﬁg m&;puaia tlﬁ(ﬂ&tdﬂﬂé ﬁﬁ\ofr&llfpr@eﬂﬁoﬁe?@dpogrmehhdﬂ!j

mat eri a m,crqni,zati on of coat or hu r..tQ uired m crons
e el b X s Hrapalimet 4o ook shipch 4B THORA So.Bek Moeh al kol 1 or
al kal i ne hthfgﬂﬁﬁl?nﬁﬁWbdiﬁd @ith Mm&nw:@mmﬁ thethietdl boaid dagopolymesai d

mat eri al vmthre%aed vvashln 5) vvate i [ ve al kali

Wt acl
and or hydr JRA° Narige 1ons S| lfﬁa“t WHQ?&EGEM‘%’PFW&WN aci d
solution to wem&dhﬂummtcaht&mngsm&ddmmﬂudrhe (B0B0 Ghilligtaaof afetaDy r enoval

and ). dryi rprogaatpLssoacliier v ot o 81 o S PR sbiacic) g ety 1 o

dryer (7080 @ound SgropblytRérh Mkoded ALGHdEBsh, 71 4Gh@doB Psvegetively. tmnla}gwierl ng of

t he seed husk, coat or hull material is perforrred by grin
grinders. 11thesa maial haund-agrepolymestremqved fyard 9%%%.!*%# Wé‘eﬁF%‘}‘BHP& ation of

seed, husk Mnﬁé)aWhQﬁaH&t{nLal Q&Mﬁ'@mﬁ% 1B FPM D66k dé ToRtent Was mfRdd4Rith ﬁtl? obtain
desi r ed partlcle si ze cron A nmethod as clajnmed in claim?9

wherei n, t heAlminipm °N°é‘§? r»@mesmasedze-?%@t Heficg AgropalymenAn, () Ap@iniusm

POt 2SS 1 U MY EUlgHbieorobte RO Rl Ksr ol 4 o b B Op iR Sibved el kal i
treatment is e‘ﬁ‘éect gde%%th k! uma?%@o?ate T B Nbve T 00015
o5 fluoride ion significantly.

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



14. A nmethod as clainmed in claim9 wherein, the alkali treatnent is

ef fected by adding the alkali solution to the agropolyners. 15. A nethod as
claimed in claim9 wherein, the alkali treatnment is effected by adding

al kali powder/f| %kei directly in dry state to agropol yners dqlingiReisoy

addi tion of W¥PY6Is A nethod as claiged in claim9 wherei n) the al kali
and/ or peroxide residual anount after treatnment is renoved by repeated

wat er washings. 17. A nethod as clainmed in claim9 wherein) the alkali

i ut ea aci g BRI o AERADA Pkl AU Jho B LB YFE b PO 00 as

clai med in boundrm@alsipeesent iin saidh sulistancead (agropolness)cse be elutedawito pidepslers i s
luted with 9 | t] ' , .19, A
rethod as. cPaRskRRg Rl B a NREHER OF - FOR, THElaeBhobhl)

r epeat ed wateer suitalhi foggepeaed vsageeoholuam ot datekdndde offers ranoeanhamiei n, aci d
resi dues ar gd‘;agtqgé{ed by addition of diluted alkali (using such as NaCH or

KCOH) sol uti ons. A nmethod as clainmed in claim9 wherein, the noisture
content is renoved after decantation of supernatant by drying in a dryer

(70-80C). 22. A grt | L1 :mlst%a LA th i re content
I's renoved after e%?@??gﬂﬁa%ﬁsﬁ%?lﬁ%%n W@@%‘E\b&lsat q.P%r%liérerperature.
23. A net hoeffestivgly nistd ifory polfutior tcahtrelntd  protectperviranment / franp rmesti oraiced aqueous
sol utions inelidi I ' | drinki ng: . wat er, by
treating thgg PO au}g é‘mt‘é’fr%\ﬂ}’ @%mgég}‘r%%é?gﬁgf‘é&gn‘%ggméng{bﬁ% F‘E}R#gognat ed

agr opol yner givestive. sdicordinglyp thos invention Iperitaip towmodthost of remo¥ing meplscantd nat eri al s
such as see S us r_.hul ' ri ural ., grops (OryZa
sati va, Panlijoél g %gﬁ%r#olnlaéné&;aﬁeﬁwggﬁgr ??tg&if %oréqm?ncé%@?g?@% %%Fél‘% Eﬂ@-bﬁ’g nmungo)

Vi gncx radi &ixicity Tausinganetals gnd)ionsi are¢ memoeafmmnivater. Hel i ant hus annus, Gossypi urn
sp. Arachis sp. ), the said nethod conprising the contacting the ion or
nmetal polluted water with agropol yners and or netal inpregnated agropol yner
usi ng a col unmNaw, itiatessentiab tke sunrhdrise therfindinge of the iovestigation cadedibystheat i on

resulting 1 0o A%t dhd B shiSgs M LR indfhrol il TEASHSA ' on

Table — 1 denotes the metal (iron) sequestering property of agropolymers derived
from Oryza sativa, Panicum miliaceum, Setaria italica, Cajanus cajan, Vigna mungo,
Vigna radiata, Triticum sp., Ricinus communis, Helianthus annus, Gossypium sp.
Arachis sp. by alkaline hydrogen peroxide treatment. Ferric chloride solution was
passed through a gram of agropolymer in a column at a flow rate of 2ml per minute
and 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 agropolymers derived form seed
coats or hulls,. by alkaline treatment of Sefaria italica, panicum miliaceum, and Oryza

sativa, sequestered copper and silver.

Table — 3 denotes the metal impregnation (aluminium and iron) on agropolymers

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



WO 001 50167 PCT/ 1 NOO/ 00015 26 being carried out under optinum conditions
(such as pl~ for maxi mum sequestration efficiency. 24. A nmethod as clai ned
in claim23 wherein) the agropol yners bei ng produced from seed husks) hulls
or coats of q‘qr%(im%&gural crops such as Oryza sativa, Pani cupgy¥iNobevassunm
Setaria italica, J'anrs caj an, Vigna gngo, Vigna radiata, Triticumsp.,
Ricims cornnunis, Helianthus anntis, ssypium sp. Arachis sp.~ these
agropol yners are capabl e of renoval of netal from aqueous solutions from
PPMto PPB | evel. 25. A nethod as clainmed in claim23 wherein, the

agropol yners are capabl e of renoval of netals such as arsenic from aqueous
sol uti ons f rishlePP\At derforeg they afsenio csequesieding cropestyc lof metal jimpregedted 23

wherein, th Y : r i r ous

ol ut1 ons.  PaeHoRRR XCRigEr. ol (P SbRgfiled BIAMRpoRnet QBves’ FERASHED:

wher ei n, t heogspohulieformdelasiadmfiedt ed by usi ng col unm node by sequestering
metal or ion |load from contam nated aqueous sol ution uses col um net hod
where in the PPMto PPB netal or ion content is obtained) and the process
condi tions (Rableg- §idenctes the prsepisrrdquestoning properhinof pgrppalyroges fromenatirabi ndi ng
and el uti on,ga{gg ol ynmers have repeated usage on colum node. 28.
A nethod as ¢ af'%r%?’?‘r‘?%%%&m 23 wherein, the said nethod is effected by
usi ng batch node by sequestering netal or ion |oad form contam nated

Yy _ o P .
content 1o dnealt tSsEel ol Ehd 05 MIEAR) Brblif of siuleind o TR oP" ! O
condi ti ons afetaltimpregeated agropolymass (alunbiniudi impreguated lontagoopolymdrst desized _
agr opol ynersﬁ_(m\yegd ?(ﬁagse%tgﬁgsp%?ﬁggmggim%d g%“”ﬁ’g)' A nmethod as clainmed in

cl ai m 23 wherein, YMers are use reati ng natural ground
water rich in toxic netals such as arsenic or nercury to obtain

substanti al l.y pur . Qort ab ter.. t ¢l aj in_claim23
wherein, t heﬁgdﬁsgg%?gﬁggs o8 Jggg\é%?f?t'%vegt?denv@ﬁ ap%? g"n?f%ﬁ"lggﬁ%rwnﬂeﬁi on of
ground wat eranthymetai\isaptegnhtaedgadpolyarecd wsing iaraffinity cviumnsito gusfyr erabind bt es and

ot SR, LS . o e e Bl G A1

applications (such as using these agropolymers in manufacturing of various

derivatives such as Biodegradable plastics, resins) including using agropolymers for
reducing ground water contamination by industrial waste water containing metals and

ions.
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* The natural waters containing arsenic samples were collected from West Bengal
State in India.
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The novel agropolymers obtained from plant materials preferably from seed
coats or hulls of agricultural crops (such as seed coats or hulls, from agricultural
plants such as Oryza sativa, Panicum miliaceum, Setaria italica, Cajanus cajan,
Vigna mungo, Vigna radiata, Triticum sp., Ricinus communis, Helianthus annus,
Gossypium sp. Arachis sp.,) are non-toxic biodegradable plant materials suitable for
easy disposal which can be produced at relatively cheaper cost. The properties of
agropolymers. offers scope of their utility in affinity chromatography systems, as
materials to remove or bind or purify or react through immobilisation with reactive
molecules through column or batch mode and scope of utility in manufacturing of
biodegradable plastics, resins, carrier materials etc. This economically viable
technically feasible production method of agropolymers is useful for environmental
protection and has extensive industrial applications and further helps farmers to get

more income as the raw materials are from agricultural sources.

The novel metal and ion sequestered agropolymers preferably 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 to 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 pollution control using agropolymer is extremely simple.

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

4. Agropolymers are environmental friendly and biodegradable.

5. The process of purification of polluted water is economically viable and
technically feasible.
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CLAIMS

1. A novel agropolymer comprising carbohydrate and/or silica matrix substantially
devoid of at least proteins, tannins and polyphenols and having metal binding
reactive sites.

2. A novel agropolymer as claimed in claim 1 wherein the carbohydrate matrix is
obtained from any plant parts such as seed coats, seed covers, hulls and husk.

3. A novel agropolymer as claimed in claim 1 wherein the carbohydrate matrix is
obtained from various agricultural crops such as seed coats or hulls from Oryza
sativa, Panicum miliaceum, Setaria italica, Cajanus cajan, Vigna mungo, Vigna
radiata, Triticum sp., Ricinus communis, Helianthus amnus, Gossypium sp.
Arachis sp.

4. A novel agropolymer as claimed in claim 1 wherein the raw husk is micronized
and IR Spéctroscopy is done with KBr pellet and thereafter the samples are treated
with ferric chloride and dried, the ferric chloride treated sample when subjected to
IR Spectroscopy reveals that the alkaline hydrogen peroxide treatment to rice husk
resulted in more reactive bonds i.e. organo-metallic bonds.

5. A novel agropolymer as claimed in claim 1 wherein IR Spectroscopy is done with
KBr pellet and the alkaline hydrogen peroxide treated wheat (Zriticum sp.) husk
resulted in many organo-metallic bonds in particular significantly at 2360 * 10
and 2340 + 10 wave numbers(cm-1), when alkaline hydrogen peroxide treated
Triticum sp. husk were treated with ferric chloride.

6. A novel agropolymer as claimed in claim 1 wherein IR Spectroscopy is done with
KBr pellet and the alkaline hydrogen peroxide treated cotton seed (Gossypium sp.)
coat resulted in many organo-metallic bonds in particular significantly at 2360 +
10 and 2340 + 10 wave numbers(cm-1), when alkaline hydrogen peroxide treated
Gossypium sp. husk were treated with ferric chloride.

7. A novel agropolymer as claimed in claim 1 wherein IR Spectroscopy is done with
KBr pellet and the alkaline hydrogen peroxide treated green gram (Vigna radiata)
coat resulted in many organo-metallic bonds in particular significantly at 2360 +
10 and 2340 * 10 wave numbers(cm-1), when alkaline hydrogen peroxide treated

Vigna radiata coat were treated with ferric chloride.
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miliaceum, Setaria italica, Cajanus cajan, Vigna mungo, Ricinus communis,
Helianthus annus were treated with ferric chloride.
9. A method of producing agropolymers from a plant material such as seed coats,
husks or hull of agricultural crops (seed coats or hulls, 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 following steps:-
a) powdering the seed coat or hull material,
b) micronization of seed coat or hull powder to required microns size,
c) treating the said micronized seed coat or hull powder in alkali or alkaline
hydrogen peroxide or hydrogen peroxide,
d) treating the said material with repeated washings with water or with acid to
remove ;ﬂkali and or hydrogen peroxide residue,
e) treatiné 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).
10. A method as claimed in claim 9 wherein, the powdering of the seed husk, coat or
hull material is performed by grinding with grinders.
11. A method as claimed in claim 9 wherein, the micronization of seed, husk and coat
or hull powder is effected using micronizer to obtain desired particle size (in
microns).
12. A method as claimed in claim 9 wherein, the alkali treatment is effected with
sodium hydroxide or potassium hydroxide.
13. A method as claimed in claim 9 wherein, the alkali treatment is effected with

sodium carbonate.
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24. A method as claimed in claim 23 wherein, the agropolymers being produced from
seed husks, hulls or coats of agricultural crops such as Oryza sativa, Panicum
miliaceum, Setaria italica, Cajanus cajan, Vigna mungo, Vigna radiata, Triticum
sp., Ricinus communis, Helianthus annus, Gossypium sp. Arachis sp.) these
agropolymers are capable of removal of metal from aqueous solutions from PPM
to PPB level.

25. A method as claimed in claim 23 wherein, the agropolymers are capable of
removal of metals such as arsenic from aqueous solutions from PPM to PPB level.

26. A method as claimed in claim 23 wherein, the agropolymers are capable of
removal of ions from aqueous solutions from PPM to PPB level.

27. A method as claimed in claim 23 wherein, the said method is effected by using
column mode by sequestering metal or ion load from contaminated aqueous
solution uses column method where in the PPM to PPB metal or ion content is
obtained, and the process conditions using suitable pH conditions of that particular
metal binding and elution and these agropolymers have repeated usage on column
mode.

28. A method as claimed in claim 23 wherein, the said method is effected by using
batch mode by sequestering metal or ion load form contaminated aqueous solution
uses batch method where in the PPM to PPB metal or ion content is obtained, and
the process conditions using suitable pH conditions of that particular metal
binding and elution and these agropolymers have repeated usage on batch mode.

29. A method as claimed in claim 23 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.

30. A method as claimed in claim 23 wherein, the agropolymers are used to prevent
potential contamination of ground water by unwanted metals and/or ions in many
industrial sites and affluent treatment plants.



