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COMPLETE SPECIFICATION

TITLE OF THE INVENTION
A GRANULATION COMPOSITION FOR POWDER INGREDIENTS

FIELD OF INVENTION
The present invention relates to water based application, e.g., in the field of water

purification and spéciﬂcally to the preparation and use of granular compositions. More
specifically, the invention relates to the preparation of granular composites of
compositions us'éful for water-based application, especially those which are in fine dust
form and are thérefore as-it-is ineligible for direct use in water purification. Further more
specifically, the invention relates to the preparation of active ingredient blended carrier
composition which is in granular form wherein active ingredient can be a fine powder
(such as nanoscale aggregates) and weight ratio in the composition up to 50%. While
typically carrier corhposition is inactive, in this particular case, the carrier composition

itself can act as an active composition when required.

BACKGROUND OF THE INVENTION

A number of materials have recently been prepared for water related application,
especially for water purification. These materials exhibit improved performance vis-a-vis
existing composition, thereby improving the efficiency of water purification. Amongst
these materials, nanomaterials are increasingly playing critical role in various aspects of
water puriﬁcatioh (Savage, N., Diallo, M., Duncan, J., Street, A., Sustich, R., (Ed),
Nanotechnology Applications for Clean Water. William Aﬁdrew, New York, 2008 and the
chapters therein; Pradeep, T., Anshup, Noble metal nanoparticles for water purification:
A critical review. Thin Solid Films 2009, 517, 6441).

A number of these materials are obtained in the fine powder form, presumably
due to poor inherent binding ability as well as absence of long-range order associated
with crystallinity. However, such materials cannot be used as-it-is for water purification




because of diﬁﬁculiies in particle separation, danger of particle leaching, and poor
hydraulic conduci:tiviity. A number of such examples are well known in the literature and
a few representa%tivcéa examples are cited here:

1. Reduced gr?phene oxide-metal/metal oxide composites: Facile synthesis and
application in wjater purification, T.S. Sreeprasad, S. M. Maliyekkal, K. P. Lisha, T.
Pradeep, J. Haz, Mater, 2011, 186, 1, 921-931

2. Water-Dispeni‘sibfle Magnetite-Reduced Graphene Oxide Composites for Arsenic
Removal, V. Cﬁandra, J. Park, Y. Chun, J. Woo Lee, I.-C. Hwang, K. S. Kim, ACS
Nano, 2010, 4 (7), pp 3979-3986

3. Atomically p}rec?ise silver clusters for efficient chlorocarbon degradation, M. S.
Bootharaju, G. K Deepesh, T. Udayabhaskararao and T. Pradeep, J. Mater. Chem. A,
1(2013) 611620

4. Agy and Agaé quantum clusters supported on alumina: New catalysts for organic
reactions, Annaimailai Leelavathi, Udayabhaskararao and T. Pradeep, Intemational
Journal of Nanoscience, 4 & 5 (2011) 839-843

Hence, such powder materials required granulation prior to their use as filtration
medium. There are a number of techniques available for conversion of powder medium
to granular form. A popular method is to use organic/inorganic binders for preparing
agglomerated particles followed by sintering or spray drying. Representative prior art is
as follows:

(a) Agglomeration of alumina and binder therefor as described in US Patent No.
7449030

(b) Water treatment composition comprising nanostructured materials as described in
EP Patent Application No. 1954634 '

However, such approaches are less environment-friendly and uneconomical, as
they lead to loss of adsorption capacity due to use of binders and higher temperature.

Another general method for conversion of powder medium to granular form is to

support the powder medium on a carrier composition. Conventionally, activated




alumina, silica o} |ron oxides (in granular form) have been used. Examples are shown in
Rautaray et al ln Indian patent application 1571/MUM/2008, PCT Application No.
PCTII82011/002740 and European Patent Application No. EP1715947. In all such
cases, active mgnedlent is bound to the carrier composition. This leads to a
disadvantage thiat évailable surface of the active ingredient is wasted in binding to the
carrier composmon thereby leading to reduced adsorption capacity for target
contaminant on’ actlve ingredient. Simultaneously, the loading of active ingredient to
carrier is fairly jow, to a maximum extent of 5%; therefore, a large volume of the
composition is aj:ctlfjally occupied by carrier (inactive ingredient). It may be noted that
carrier compositione are usually bulk materials and therefore suffer from low adsorption
surface area. It%cajn therefore be an advantageous situation if the carrier is also an

active compositibn for water-related applications.

Researchers have looked at newer methods to synthesize iron oxide
compositions |n the laboratory and use them for water purification. Often, these
compositions are p,repared through water based routes below 100 °C. The references
on use of iron 0)f<idé and its use for water purification is shown through a representative
list:

1. Sol-gel medlated synthesis of Fe,03 nanorods, K. Woo, H. J. Lee, J.-P Ahn, Y. S.
Park, Adv. Mate(., 2003, 15, 20, 1761-1764

2. Granular ferrifc hydroxide—a new adsorbent for the removal of arsenic from natural
water, W. Driehailus?, M. Jekel, U. Hildebrandt, Water SRT—Aqua Aqua, 1998, 47, 1, 30-
35. Lo

it may bef understood from the references that a number of active ingredients
cannot be used ‘;asit is (in many cases) because they are available in powder form. A
representative example of such an ingredient is graphene. Use of powder for water
related appllcatlon |s prohibitive because they offer very high pressure drop for water
flow, thereby, 5{gniﬁcantly reducing hydraulic conductivity. In order to effectively load

active ingredient on carrier composition, following parameters are crucial: loading
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percentage of ictigve ingredient, homogenous dispersion of active ingredient in the
matrix and abilit;l( to' hold the active ingredient in trapped form rather than bound form.
N

According to above references, iron oxide composites are not shown to be an
effective carrieré of% active ingredient and typical carrier compositions are not active
ingredient for w#teir based applications. Considering that carrier composition occupy a
significant volume fraction, it is therefore highly desirable if the carrier composition is
also an active lngredlent An important use of iron oxide composite based carrier
composition is to remove contaminants from water, e.g., arsenic removal from water.
With increasing need of arsenic removal from drinking water, newer adsorbents with

higher arsenic a@sQrption capacity are crucial.

In the light of the féregoing, there exists a need in the art to provide a composition that
addresses the aforementioned problems and other disadvantages reflected in the prior
art. L

SUMMARY OF THE INVENTION

The present invejzntibn provides granular forms of a number of active ingredients, which
are commonly fbuhd in powder form. This is demonstrated through the use of organic
templated ferric' oxyhydrox1de composition as a carrier for diverse active ingredients.

The diversity of’ active ingredients which can be granulated using organic templated
ferric oxyhydroxlde is also demonstrated through granulation of a variety of
compositions usféfu'l for water related applications:

(a) water soluble? m,éterials such as sugar

(b) partially solui)le fmaterials such as pesticides

(c) insoluble mat:eriéls such as metal oxides-reduced graphene oxide (RGO) composite.

It is further showgn that the weight proportion of active ingredient to carrier composition is
no less than 20% and up to 50% and active ingredient is in unbound but trapped state.
Even after the aﬂdiiion of material to the carrier in weight proportion in excess of 40%,
the strength of ihe composition is not affected and composition stays stable in water.




Strength of the carrier composition is not affected even if water soluble materials are

removed from the carrier.

The presc?nt invention demonstrates the utility of granular form active ingredient-

organic templatéd ferric oxyhydroxide in various water-related applications.

The presént invention further demonstrates the utility of composition as an active
| .
ingredient for water-related application, such as, removal of arsenic from water with

superior arsenic/adsorption capacity vis-a-vis compositions reported in the prior art.

The present invention provides a method for the preparation of granular form of
diverse active |ingredients, by gel-phase blending of organic templated ferric
oxyhydroxide with active ingredients. The loading ratio (weight proportion of active
ingredient to carrier composition) can be as high as 50%. The use of same is further
demonstrated through use of various active ingredients required in water-related
applications:
(i) water soluble material (e.g., sugar) loaded in organic templated ferric oxyhydroxide
(i) partially watér soluble material (e.g., pesticide) loaded in organic templated ferric

oxyhydroxide

(ii) water insolipble material (e.g., MnO,-RGO) loaded in organic templated ferric
oxyhydroxide

According to thfe present invention, utility of carrier composition as a useful active
ingredient for weéter—related application is also demonstrated through removal of arsenic
from drinking wa?ter. it is shown that the arsenic adsorption capacity of the composition

is significantly bétter than the composition known in prior art.

The orga;nic-templated ferric oxyhydroxide is a novel carrier composition for
various types of%materials. It can carry up to 50% of its own weight without significantly
altering the strehgth of the granular composition. Carrier composition does not lose it
stability in wateﬁ, even if material added to the carrier is water soluble. This provides a

number of newg opportunities with this composition: slow release of water soluble
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material (e.g., sulgar), solubility limited release of toxic ingredients (e.g., pesticides), use
of powder ingliedient for water purification without limitation of poor hydraulic
conductivity and no loss of active surface area due to un-bound form of active

ingredient. 5
i

The pres}ant invention provides a method to prepare granular composition of
diverse active %ingredients through blending with a carrier composition and its

subsequent use for water-related application, such as water purification.

The present invention related to active ingredient-carrier composition is not
limited to waterdrelated application, e.g., it can be similarly be adopted for air-related

application.

It may be understood that both the foregoing and the following detailed
description are exemplary and explanatory only and are not restrictive of the invention

as described.

BRIEF DESCRIIi’TION OF THE DRAWINGS

i

Figure 1. (A) Sf’canning electron micrograph of granular ferric oxyhydroxide-chitosan
composite upon?exposure to water for over 4 months (B) High resolution transmission

electron microgr;aph of the ferric oxyhydroxide-chitosan composite.

Figure 2. Columzn data for the removal of 15010 ppb of Pb?* using 50 g of RGO-MnO,

loaded ferric oxjhydroxide-chitosan composite

Figure 3. Releasf.e of chlorpyrifos in water from chlorpyrifos-ferric oxyhydroxide-chitosan

composite
Figure 4. Releasﬁe of sugar in water from sugar-ferric oxyhydroxide-chitosan composite

Figure 5. ResidLjal arsenite ion concentration as a function of adsorbent dose (a) GFH
(dry weight basi$) (b) composition reported in this invention (initial concentration = 1+0.1
ppm, volume = 100 mL synthetic challenge water, contact time = 90 min)

7



Figure 6. Residual arsenate ion concentration as a function of adsorbent dose (a) GFH
(dry weight basis) (b) composition reported in this invention (initial concentration = 1+0.1
ppm, volume = ;00 mL synthetic challenge water, contact time = 90 min)

b
Figure 7. Elemental X-ray images of arsenite adsorbed adsorbent composition (As> =

100 ppm, synthetic challenge water, contact time = 90 min)

Figure 8. Elementdl X-ray images of arsenite adsorbed adsorbent composition (As>* =

100 ppm, synthetic challenge water, contact time = 90 min)

Figure 9. (A) XPS survey spectrum and (B-D) spectra of various regions of interest. (D)
Curve fitted O 1s spectrum of as it is composition (E) Curve fitted O 1s spectrum of as it
is composition with adsorbed As®* (c) Curve fitted O 1s spectrum of as it is composition

with adsorbed As**

Figure 10. Langmuir isotherm for arsenite ion adsorbed (mmol/g) as a function of
arsenite ion conicehtration (mmol/l) (initial adsorbent dose = 30 mg, volume = 30 mL

| .
deionized water, contact time = 90 min)

Figure 11. Lanémuir isotherm for arsenate ion adsorbed (mmol/g) as a function of
arsenate ion cohcentration (mmol/l) (initial adsorbent dose = 30 mg, volume = 30 mL
deionized water, contact time = 90 min)

i
i

i
{
i

DETAILED DESfCRIPTION OF THE INVENTION
The present invéntion can be understood readily by reference to the following detailed
description of th{a invention and the Examples included therein.

li
i
§

Unless defined <§)thén~ise, all technical and scientific terms used herein have the same
meaning as commonly understood by one having ordinary skill in the art to which this
invention belonés. Although any methods and materials similar or equivalent to those
described hereijn can be used in the practice or testing of the present invention,

example methods and materials are described below.



As used in the 4pe§ciﬁcation and the appended claims, the singular forms "a," "an" and
"the" include plgralf referents unless the context clearly dictates otherwise. Thus, for
example, refereIce§ to "a metal" includes mixtures of two or more metals.
Ranges can be éxpgressed herein as from "about” one particular value, and/or to "about"
another particulailhr value. When such a range is expressed, another aspect includes from
the one particulé:r value and/or to the other particular value. Similarly, when values are
expressed as al prbximations, by use of the antecedent "about,” it will be understood
that the particular value forms another aspect. It will be further understood that the
endpoints of eac‘fh 5f the ranges are significant both in relation to the other endpoint, and
independently o{# the other endpoint. It is also understood that there are a number of
values disclosed h(ferein, and that each value is also herein disclosed as "about" that
particular value fn addition to the value itself. For example, if the value "10" is disclosed,
then "about 10"5 |s also disclosed. It is also understood that each unit between two
particular units afre ?Iso disclosed. For example, if 10 and 15 are disclosed, then 11, 12,
13, and 14 are a?lsd disclosed.

.
As used herein:, the terms "optional" or "optionally" means that the subsequently
described eventéor circumstance can or cannot occur, and that the description includes
instances wherez said event or circumstance occurs and instances where it does not.
Disclosed are thfe ¢omponents to be used to prepare the compositions of the invention
as well as the cofmpositions themselves to be used within the methods disclosed herein.
These and othtiar materials are disclosed herein, and it is understood that when
combinations, Stileets, interactions, groups, etc. of these materials are disclosed that
while specific réference of each various individual and collective combinations and
permutation of ihese compounds cannot be explicitly disclosed, each is specifically
contemplated arid described herein. For example, if a particular compound is disclosed
and discussed ?nd a number of modifications that can be made to a number of
molecules inclu{jing the compounds are discussed, specifically contemplated is each

and every combina_tion and permutation of the compound and the modifications that are
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i
possible unless §péciﬁcally indicated to the contrary. Thus, if a class of molecules A, B,
and C are discl sefd as well as a class of molecules D, E, and F and an example of a
combination mo echle, A-D is disclosed, then even if each is not individually recited
each is individua%lly and collectively contemplated meaning combinations, A-E, A-F, B-D,
B-E, B-F, C-D,f C-E and C-F are considered disclosed. Likewise, any subset or
combination of t{heée is also disclosed. Thus, for example, the sub-group of A-E, B-F,
and C- E wouldf bé considered disclosed. This concept applies to all aspects of this
application inclufdin;g, but not limited to, steps in methods of making and using the
compositions of Sﬁhe_ invention. Thus, if there are a variety of additional steps that can be
performed it is tgmderstood that each of these additional steps can be performed with
any specific errirbodiment or combination of embodiments of the methods of the

invention.

Each of the mateﬁals disclosed herein are either commercially available and/or the
methods for the production thereof are known to those of skill in the art.

|

Itis understood that the compositions disclosed herein have certain functions. Disclosed
herein are certaifn siructural requirements for performing the disclosed functions and it is
understood that ithefre are a variety of structures that can perform the same function that
are related to thie‘ disclosed structures, and that these structures will typically achieve

I
the same result.g

Before théa present compounds, compositions, articles, systems, devices, and/or
methods are disfclozsed and described, it is to be understood that they are not limited to
specific synthetifé rr;iethods unless otherwise specified, or to particular reagents unless
otherwise speciﬁe¢, as such can, of course, vary. It is also to be understood that the
terminology useb Herein is for the purpose of describing particular aspects only and is
not intended to t§>e Ijmiting. Although any methods and materials similar tor equivalent to
those described? herein can be used in the practice or testing of the present invention,

example methods and materials are now described.
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A metho oif preparation of granular composition of diverse active ingredients
which are usually %ln powder form is described. Use of such granular composition is
further demonst atfied for a number of applications. In order to prepare the granular
composition of pow:der ective ingredients, we have utilized unique granulation ability of
organlc-templat d-femc oxyhydroxide. The strength of granular composition originates
due to lnherent granular property of organic-templated-ferric oxyhydroxide. This
property is espécnally significant for ferric oxyhydroxide vis-a-vis other hydrous oxides
prepared through similar route. As a carrier composition, organic-templated ferric
oxyhydroxide calh _c'érry powder material up to 50% of its weight — without any significant
alteration in long-term stability of the granule in water medium. Nature of active
ingredient can 5bei of wide variety: water soluble, partially water soluble or water
insoluble. This |4 espeCIaIly relevant from the perspective of water purification wherein a
number of nanoyr r;noles are in powder form and therefore not directly useful as a water
treatment compposition. Once immobilized in the matrix of organic-templated ferric
oxyhydroxide, tH:ey ;;can be used directly for water purification. In such a case, the act of
water puriﬁcatiol:1 vaill be done by active ingredient immobilized in the matrix, wherein

matrix is an inaciivef carrier.
? i

H
]

The preéent invention demonstrates that matrix (organic-templated ferric
oxyhydroxide) can be an active carrier in a few cases, such as, removal of arsenic from
water. It is further demonstrated that the capability of the composition to remove both
forms of arsenic from drinking water, with arsenic adsorption capacity far higher than
composition knojwn@in prior art.

Nanoscalie ferric oxyhydroxide is prepared within the chitosan matrix, where
chitosan is a blbpolymer with several advantages such as being biodegradable and
inexpensive. Anbther important benefit of using chitosan as matrix is that it forms a
network of size !1 10 pm. When ferric oxyhydroxide nanoparticles are prepared inside
the matrix, they gbohd strongly with the matrix, due to which they can easily be purified

through the use of a membrane cloth filter.

i
1
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The present disclosure relates to the preparation of granular composition of

diverse active ingrehients in powder form using nanoscale ferric oxyhydroxide dispersed
in organic template as a carrier composition. In one aspect, the invention comprises of a
granular composute of powder ingredient blended in ferric oxyhydroxide on an organic

template.

In various afspects, organic templated ferric oxyhydroxide is used as a carrier
composition for a number of active ingredients, with weight proportion of active
ingredient to ca rrieih' composition up to 50%. In one aspect, active ingredient is water
soluble materiall,b \;}vhich require slow dissolution in water. In another aspect, water
soluble materials exhibit very high solubility, but are required in water in trace quantities.
In yet another éspkct, active ingredient is partially water soluble. In another aspect,
partially water solufble materials exhibit ppm scale solubility and are required to be
prevented for over&osing beyond the solubility. In yet another aspect, active ingredient
is water msolublé and powder in nature. In another aspect, water insoluble materials are
active mgredlent for water purification but disintegrate in water thereby deteriorating

hydraulic conductlvgty.
In variousf asipects, nanoscale ferric oxyhydroxide on chitosan (prior to the step of
drying of compcaésition, i.e., when the moisture content is above 50%) is blended with

nanoscale metajl c‘;:xide on chitosan (with variable moisture content from 10-90%)
wherein metal §is§ chosen amongst aluminium, titanium, zinc, manganese, iron,

. . Lo - o
zirconium, lanthanum, cerium, silicon or a combination thereof.

In various aspects, the composition is demonstrated to be a useful active
ingredient itself, In another aspect, the composition is utilized for the removal of
contaminants from drinking water such as arsenite and arsenate.

The inven;tioh may be further described by the accompanied drawings. Figure 1A
shows SEM imafge; of the ferric oxyhydroxide-chitosan composite in the granular form
(62X72 mesh), Wthh has been exposed to running water for 3 months. The composite

12



exhibits excellent mechanical strength and doesn't degrade in water. Therefore, upon
use for water p! riﬁ!cation, there are no fine particles leached in the water (which is a
common pheno%ve}ron for a number of other adsorbents). This is especially important
from the perspe(l;tlve of ensuring nanoparticles free drinking water.

it is well- knowni that hydrous iron oxide as found in the Nature exhibit reasonable
mechanical stréngth (as they occur in crystalline form). In the case of ferric
oxyhydromde—ch%to§an composite, it is highly amorphous (data not shown). Here, the
role of chitosan ﬁs \f'/ery crucial in improving the strength of ferric oxyhydroxide-chitosan
composite throufgh binding with ferric oxyhydroxide nanocrystals.

: o
HRTEM i ages of the ferric oxyhydroxide-chitosan composite is shown in figure

1B. Ferric oxyhydrpx1de nanoparticles are not prominently visible in the large area
image due to th‘kalr ismall size. Inset of figure 1B shows the higher magnification TEM
images of the nanoscale ferric oxyhydroxide. The particle size is less than 5 nm. it can
be seen that femc oxyhydroxnde nanopatrticles are well-dispersed in the chitosan matrix.
The metal oxnde nanopartlcles are homogeneously sized. The sheet-like organic
polymer chltosan ls seen clearly (figure 1B). Upon closer observation, we can see that
the nanopartncles are anchored onto the chitosan nanoarchitecture. Outside the
chitosan structug'e, ‘no nanoparticles were present. This again confirms the composite
formation, wherefin i‘erric oxyhydroxide nanoparticles are formed only inside the chitosan
nanoarchitecturé This holds several advantages: (i) small and uniform sized
nanoparticles are obtalned (if) nanoparticles never leaches out of the nanoarchitecture,
thereby, ensurmg thelr safe use in water purification (iii) nanoparticles do not undergo
aggregation, ev?n when high contaminant concentration is loaded on the surface of

nanoparticles. i

Figure 2 shows the efficacy of ferric oxyhydroxide-chitosan matrix as a carrier for
powder compoisitions such as nano-MnO,. Curve (a) indicates the input Pb*
concentration arid curve (b) indicates the output Pb?* concentration after treatment. 50 g
of MnOz-graphe}':efoxide loaded ferric oxyhydroxide-chitosan granular composite was
packed in a column and fed with 1500 L of water spiked with 150+10 ppb of Pb? at 50

mL/min flow ra}te; The concentration of lead in the effluent water, measured by

13
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inductively coupled| plasma mass spectrometry (ICP MS) was consistently below 1011

ppb, adhering {o the WHO norms (Figure 4). This demonstrates that the active
ingredient loaded in the ferric oxyhydroxide-chitosan matrix is amply accessible by
water, thereby,: ensuring that composition can be utilized as an effective water

purification composition.

Figure 3 shbws the release of chlorpyrifos in water treated with chlorpyrifos
loaded ferric oxyhydroxide-chitosan granular composite. The experiment is conducted
by shaking 100 mL of de-ionized water with 10 mg of composite for the duration of 5
minutes. After the completlon of 5 minutes, fresh water is used and shaken for second
round of contacﬂ Tnals are continued in similar pattern. As it can be seen, chlorpyrifos
release in the water is fairly stable, never crosses the equilibrium solubility and happens
over a large vo(ume of water. Through this mechanism, high toxicity of pesticides to
non-target lnvmg;be;ngs can be prevented by avoiding overdosing of pesticides in water
prior to use ov;sr gcrops. A column study was also conducted by packing the 5 g
chlorpyrifos Ioad:ed;ferric oxyhydroxide-chitosan composite in a column and de-ionized
water is passed|E a§ a flow rate of 50 mU/min. Absorption spectra of output water is

measured at rebulér interval. It is found that chlorpyrifos release in water is nearly

consistent and a!royind the similar concentration as obtained in batch trials.

Figure 4 éshc;;ws the release of sugar in water treated with sugar loaded ferric
oxyhydroxide-chitosan compaosite. The experiment is conducted by shaking 100 mL of
deionized water; w,iith 100 mg of composite for the duration of 10 minutes. Water
samples are cq’lleéted at every minute of contact and analyzed for residual sugar
content in water, Ahalysis of sugar in water is done by using Pavy's solution. As it can

be seen, sugar release in the water is fairly systematic and follows asymptotic behavior.
Sugar release bfégifns after the passage of 1 minute and it reaches equilibrium value at
near 5 minutes. On the contrary, similar quantity of sugar dissolves in water in less than
0.5 minutes of cfontéct. Therefore, a delay of 6 times is introduced after incorporation of
sugar in the matrix.

Figure 5 and 6 represents the comparative performance of arsenic adsorbent
composition as geported here vis-a-vis commercially available granular ferric hydroxide
(GFH sourced frfbm Harbauer GmbH) for As®* and As®*, respectively. GFH is obtained in
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the wet form and it ‘Eis used as it is; performance data is however reported on dry weight
basis. In figure %md 6, curve (a) indicates the adsorption performance of GFH and
curve (b) indicates #he adsorption performance of composition reported here. It is clearly
observed that ferric?f oxyhydroxide-chitosan composite exhibits superior performance vis-
a-vis GFH. 101 ppm arsenic in synthetic challenge water treated with 250 mg/L
adsorbent composition shows 16 ppb (As®*) and 78 ppb (As*"). Whereas, to reach
similar output concciéntration level, dry weight of GFH required is 1.25 g/L (As®) and 1.0

g/L (As®).

There affa a number of unique advantages associated with the use of
composition as :an gactive adsorbent composition: composition doesn’t show significant
drop in the perforﬁ\ance even when used with synthetic challenge water containing
interfering ions. htO 1 ppm arsenic in de-ionized water treated with 250 mg/L adsorbent
composition shdws 4.5 ppb (As®) and 92 ppb (As**). Whereas 1+0.1 ppm arsenic in
synthetlc challerpge water treated with 250 mg/L adsorbent composition shows 16 ppb
(As®*) and 78 ppb (As:“) Role of chitosan is further evident from the fact that 1+0.1 ppm
arsenic in synthetgc challenge water treated with 250 mg/L adsorbent composition
(prepared withofpt chitosan) shows 312 ppb (As™) and 125 ppb (As®). This clearly
establishes the iiinpfortance of chitosan in the preparation of composite.

Figure 7 ,and 8 show the SEM-EDAX spectrum and elemental maps of arsenic
adsorbed compcfasit}on. For the purpose of the study, 25 mg of adsorbent was shaken
with 100 ppm, 50 mL arsenic in synthetic challenge water. All the principal elements
including adsortéed% arsenic are present in the spectrum. Elemental maps confirm that
distribution of ar'fser{\ic is homogeneous and extremely high. In case of As(lll) adsorbed
composition, ars!en§c content in the composition is around 14.9% whereas in case of
As(V) adsorbed : composutlon it is around 12%. This is in consonance with earlier result
that performancé of the composition is almost similar for both forms of arsenic.

Figure 9 ;llustrates the XPS spectra of as-synthesized composition and arsenic
adsorbed compc;)sition. The survey spectra of As(lll) and As(V) adsorbed composition
confirms the prefsence of arsenic in the adsorbed state. The Fe 2p region of pristine and

arsenic adsorbetj:i composition are shown in figure 8 (C). As 3d region of As** adsorbed
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composition shqkovs peak at 44.6 eV and As® adsorbed composition shows at 46.8 eV.
The peak observed at 529.0 eV is close to the characteristic peak position for bulk
oi(ygen (O%) (Figure 8E). The peak appearing as a shoulder at 531.7 eV is also of

uncharacteristicélly high intensity.
| |

Arsenic ahsérption isotherm of as-synthesized composite was carried out in 0.04
M NaCl at pH 71 As-synthe3|zed composite adsorbs approximately 1.064 mmol/g at an
equilibrium As(ll,l) concentratlon of 0.15 mM and 0.27 mmol/g at an equilibrium As(V)
concentration olJ 0.315 mM. Langmuir isotherm was plotted for the arsenic adsorption

(figure 10 and 11) ufsing the expression as follows:
The linear form of the Langmuir adsorption isotherm equation is as follows:
Celqe = CeI;Qmax+ 1/1Qumax(b)

where, C, (mmpl/tj.) is the equilibrium concentration of arsenic in the solution, qe
(mmol/L) is the qu:antity of arsenic adsorbed and Qmax (Mmmol/L) is the monolayer
adsorption capacitj, and b (L/mmol) is the Langmuir adsorption constant related to the
frée energy of adsofrption and 1/Qmax and 1/Qmax(b) are the Langmuir constants.

The Langimdir isotherm equation was used to estimate the maximum adsorption
capacity of the 'adsorbent composition under the conditions 298 K, pH 7.0, 90 min.
contact time anq 1. 0 g/L adsorbent dose while varying initial arsenic concentration from
0.5 to 30 mg/L. The values of the isotherm constants, for As(lll) adsorption are 1.60 and
0.0114, respectn]/ely and for As(V) adsorption are 3.63 and 0.008, respectively.

Method éf preparing organic templated ferric oxyhydroxide is derived from
preferred embodiments described in Indian Application No. 1529/CHE/2010. An
aqueous organié pélymer solution is taken with inorganic iron salt and hydrolyzed using
a suitable base.g The organic polymer acts as a template, controls the size of particle
and gives the mtiech_anical strength to the composite after drying at room temperature.

f
!

The idenﬁﬁcétion of the phase(s) of the as-prepared sample was carried out by
X-ray powder diffraction (Bruker AXS, D8 Discover, USA) using Cu-K, radiation at A =
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} i
11'5418 A. Surface r‘norphology, elemental analysis and elemental mapping studies were
camed out usui\g la Scanning Electron Microscope (SEM) equipped with Energy
Dlsperswe Analyms of X-rays (EDAX) (FEi Quanta 200). For this, sample was re-
suspended in wFter by sonication for 10 min and drop casted on an indium tin oxide
(ITO) conductlng glass and dried. High resolution Transmission Electron Microscopy
(HRTEM) lmagéis pf the sample were obtained with JEM 3010 (JEOL, Japan). The
samples preparéd ias above were spotted on amorphous carbon films supported on
copper grids ang d;ried at room temperature. X-ray Photoelectron Spectroscopic (XPS)
analysis was done usmg ESCA Probe TPD of Omicron Nanotechnology. Polychromatic
Mg Ka was used as the X-ray source (hv = 1253.6 eV). Spectra in the required binding
energy range wjre‘collected and an average was taken. Beam induced damage of the
sample was re ucéd by adjusting the X-ray flux. Binding energy was calibrated with
respect to C 1s at 284.5 eV. Arsenic and lead ion concentration in the water was
detected using mductlvely coupled plasma mass spectrometry (Nexion 300D ICP-MS,
Perkin Elmer). Chiiorpynfos concentration in water was detected by concentration
dependent UVNifé spectra (Lambda 25 spectrometer, Perkin-Eimer). Sugar

concentration was determined through titration procedure.

For adsorlptién studies, MnO; loaded chitosan-ferric oxyhydroxide composite was

tested for Pb®* 'removal from water. The as-synthesized adsorbent composition was
tested for arseqlc (m the form of sodium arsenate or sodium arsenite) removal from
water. , ‘
All the lprtfake capacity studies were done in a batch mode (250 mL
polypropylene cefmicf:al flask). The working volume of the solution was taken as 100 mL
and required qdfantity of adsorbent was added. The flasks were kept for shaking at
16015 rpm in ans orbital shaker (Riviera, India) at room temperature (252 °C). Samples
were withdrawnf a:t predetermined time intervals and analyzed for residual solute
concentration. '!i'hé water used for studies is either deionized water or synthetic
challenge wateé (composition is mentioned herewith), and it is mentioned in the
respective ﬁgure;s. :
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‘ ‘The pretenft application describes the methods for preparing granular
cémposition of | iv!erse active ingredients usually available in powder form. This is
achleved through 'blending powder ingredients in nanoscale ferric oxyhydrox:de-
chltosan compilte The following examples are put forth so as to provide those of
o}dinaw skill in the art with a complete disclosure and description of how the
compounds, cornpésitions, articles, devices and/or methods claimed herein are made
and evaluated, and are intended to be purely exemplary of the invention and are not
intended to limit thé scope of what the inventors regard as their invention.

' EXAMPLE 1

THE ROOM ! TEMPERATURE SYNTHESIS OF NANOSCALE FERRIC
OXYHYDROXI |E EMBEDDED IN ORGANIC TEMPLATE THROUGH A SIMPLE
SOFT CHEMIS?RY ROUTE:

The Fe(lli) precursor solution (such as ferric chloride) was mixed with chitosan
(dlssolved in 13 T 5: % glacial acetic acid or HCl or combination thereof) by drop-wise
addition with vugorous stirring. The mixture was then left overnight without agitation.
Aqueous NaOH solutlon was slowly added into the metal-chitosan solution with
vigorous stirring'! lto facilitate the precipitation of the metal-chitosan composites. All these
steps were carned out at a temperature of about 25+2 °C. Stirring was continued for half
an hour. The precnpltate was filtered, washed to remove any unwanted impurities,
converted in the shgpe of beads and dried at ambient condition.

P
- EXAMPLE 2
THE UTILITY OF FERRIC OXYHYDROXIDE-CHITOSAN COMPOSITE AS A
CARRIER OF VARIOUS ACTIVE INGREDIENTS:

The ob;ectlve was that ingredient may be incorporated in such a proportion such
that the mechanlcal strength of the ferric oxyhydroxide-chitosan composite was not

significantly alte(ed, which may allow its use for water purification. The porous nature of
the ferric oxyhyj&irdxide-chitosan composite allows the accessibility of water to such

ingredients.
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For the phrpose of illustration, a water insoluble composition was demonstrated.
Reduced graph ne oxide-MnO. composite (Indian Application No. 2563/CHE/2010)
was mixed in vgrylng proportions with ferric oxyhydroxide-chitosan composite. Ferric
oxyhydroxude-chitosan composite in the precipitate form wa washed and filtered.
Moisture conteni& in the precipitate form may vary from 50-90%. Subsequently, it was
mixed with redué:ed' graphene oxide-MnO, composite. The mixture was prepared in an
appropnate ratio for example, with a dominant weight percentage for ferric
oxyhydromde-chtntosan composite (wt/wt). Thereafter, the precipitate was dried at

ambient condltlo!n

1
!

it may be noted that graphene oxide-MnO, composite is taken as a representative

example of a nugnber of water insoluble materials, for example but not limited to, water

treatment composutlons metal nanoparticles and luminescent metal clusters.
|

L EXAMPLE 3

UTILITY OF FERRIC OXYHYDROXIDE-CHITOSAN COMPOSITE AS A CARRIER OF
VARIOUS INGI%]EDIENTS

For the purpose Iof illustration, a partially water insoluble composition is demonstrated. A
pestncnde nameq chlorpyrifos was mixed in varying proportions with ferric oxyhydroxide-
chitosan composiiteﬁ. Ferric oxyhydroxide-chitosan composite in the precipitate form was
washed and ﬁltéreél. Moisture content in the precipitate form may vary from 50-80%.
Subsequently, ﬁt 'was mixed with chlorpyrifos dissolved in acetone (60 mg
chlorpyrifos/0.1 hL acetone). The mixture was prepared in an appropriate ratio, for
example, with a fdoininant weight percentage for ferric oxyhydroxide-chitosan composite
(wtiwt). Thereaftfer, the precipitate was dried at ambient condition.

: P
it may be noted|that chlorpyrifos is taken as a representative example of a number of
partially water sc}luble materials, for example but not limited to, partially soluble minerals
(such as MgCO3).



EXAMPLE 4
. N

UTILITY OF FE?RIC OXYHYDROXIDE-CHITOSAN COMPOSITE AS A CARRIER OF
VARIOUS INGREDIENTS

For the purpose|of |Ilustrat|on a water soluble composition is demonstrated. Sugar was
mlxed in varyllug  proportions with ferric oxyhydroxide-chitosan composite. Ferric
oxyhydroxide-ch]:toéan composite in the precipitate form was washed and filtered.
Moisture content m the precipitate form may vary from 50-80%. Subsequently, it was
mlxed with sugar dlssolved in water (100 mg sugar/1 mL water). The mixture was
prepared in an qppropnate ratio, preferably with a dominant weight percentage for ferric
oxyhydroxnde—chptosan composite (wt/wt). Thereafter, the precipitate is dried at ambient

~ condition.

It is to be noted thét sugar is taken as a representative example of a number of water
soluble materials,: for example but not limited to, vitamin supplements, trace

niinerals/elements (such as zinc), chemicals imparting taste/smell.

EXAMPLE 5
INCORPORATION OF VARIOUS METAL OXIDE/HYDROXIDE/ OXYHYDROXIDE-
CHITOSAN COMPOSITE WITHIN FERRIC OXYHYDROXIDE-CHITOSAN
TEMPLATE |
Precipitated éferric oxyhydroxide-chitosan composite was washed and filtered.
Moisture content |n thé precipitate form may vary from 50-90%. Subsequently, it was
mixed with deséred metal oxide/hydroxide/oxyhydroxide-chitosan composite prepared
separately (Indlén Appllcatlon Nos. 1529/CHE/2010, 947/CHE/2011, 4062/CHE/2011,
1521/CHEIZO12} Metal was chosen from the following list: zinc, manganese, iron,
aluminum, zircqfnlum, lanthanum, cerium, silicon. The mixture was prepared in an

appropriate rati;o, for example, with a dominant weight percentage for ferric
oxyhydroxide—ch?toSan composite (wtwt). Thereafter, the precipitate was dried at

ambient conditio*h.
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i i ! Example 6

INCORPORATI N 'OF NANOPARTICLES WITHIN FERRIC OXYHYDROXIDE-
OHITOSAN TE PLATE

P;ecnpltated ferric oxyhydromde-chntosan composite was washed and filtered. Moisture
cci'mtent in the prec;lpltate form may vary from 50-90%. Subsequently, a nanoparticle
dispersion (e.g., AléOa nanoparticles dispersed in water) was homogenized with ferric
oétyhydroxide-chftosfan composite. The mixture was prepared in an appropriate ratio,
preferably with| a. dominant weight percentage for ferric oxyhydroxide-chitosan
composﬂe (wt/wt). Once the blending of nanoparticles in carrier composition was

cpmplete, the precnpltate was dried at ambient condition.

it méy be néoted that the desired metal oxide/hydroxide/oxyhydroxide-chitosan
cémposite can be léaded either in precipitated form or in dried powder form.

| It will be; apparent to those skilled in the art that various modifications and
vériations can be rhade in the present invention without departing from the scope or
spnnt of the lnventlon Other embodiments of the invention will apparent to those skilled
in the art from consaderatlon of the specification and practice of the invention disclosed
herein. It is lntepded that the specification and examples be considered as exemplary
only, with a true éscc)pe and spirit of the invention being indicated by the claims.
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We Claim: CLEAN COPY

1. A method of preparing a granular composition in agueous medium consisting of active
ingredient homogenized in organic templated ferric oxyhydroxide carrier composition
comprises:

a. mixing a Fe(lll) precursor solution with a biopolymer to obtain a Fe(lll)
biopolymer complex solution;
b. adding agueous NaOH solution to the Fe(l11) biopolymer solution under vigorous
stirring to precipitate organic templated semi solid material;

filtering the semi solid precipitate on amicron filter cloth;

dispersing active ingredient in a solvent;

mixing the dispersion with semi-solid precipitate;

-~ o o 0

drying the material obtained from step (€) to remove the moisture content at
temperatures below 60 °C by air drying or sun drying, and
0. grinding the material from step (f) in order to obtain the particles in granular form
wherein the active ingredient is a powdered metal oxide/hydroxide/oxyhydroxide
composite with a weight loading ratio of up to 50% and the carrier composition is stable
in water.

2. The method as claimed in claim 1, wherein the metal is selected from a group comprising
of aluminum, zinc, manganese, zirconium, lanthanum, cerium, silicon, or a combination
thereof.

3. The method as claimed in clam 1, wherein the biopolymer is chitosan, banana silk,
nylon, cellulose or a combination thereof.

4. The method as claimed in claim 1, wherein the biopolymer is a functionalized form of
chitosan, banana silk, cellulose or a combination thereof.

5. The method as claimed in claim 1, wherein the ferric precursor is at least one selected
from the group comprising ferric nitrate, ferric chloride, ferric sulfate or a combination
thereof.

6. The method as clamed in clam 1, wherein the granular composition functions as an
adsorbent for removing contaminants from water and acts as a novel template for slowly
releasing the active ingredientsin air.

7. The method as claimed in claim 6, wherein the contaminants are arsenate, arsenite, or a

combination thereof.
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8. The method as clamed in clam 1, wherein the granular composition removes

nanoparticles of size above 1 nm from a medium.

Dated at Chennai this September 20, 2019
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A GRANULATION COMPOSITION FOR POWDER INGREDIENTS

ABSTRACT

The present invention discloses a method of preparation of a granular composite of diverse
active ingredients of relevance for water-related applications. The granular composition
comprises of active ingredient homogenized in the aggregated network of organic templated
ferric oxyhydroxide ("carrier composition"). The ability to prepare granular composite! is
independent of the nature of active ingredient and is derived from carrier composition. The
weight proportion of active ingredient to carrier composition is no less than 20% and up to
50% and active ingredient is in unbound but trapped state. Addition of active ingredient
doesn"t cause any significant deterioration in the strength of the carrier composition. The
application of active ingredient-carrier composition is demonstrated for a number of
applications. It is to be noted that carrier composition itself can be an active ingredient, such
as an adsorbent for arsenic removal from water with excessively high arsenic adsorption

capacity vis-a-vis compositions reported in prior art.



|

'\ f
i}

INDIAN INSTITU'I%E OF TECHNOLOGY MADRAS 10f11

A GRANULATI(

C)Ni; COMPOSITION FOR POWDER INGREDIENTS

!

-4 FEB M3

o

=

. '

o FIGURE 1
Signature: mﬂ‘ P -
D. Mos eyakarﬂy
Advocate & Patent Agent
IN/PA — 369
24

M486 /cHE 2013



i
' I

| i
INDIAN INSTITUTE OF TECHNOLOGY MADRAS 20f 11

A GRANULATIL)N% COMPOSITION FOR POWDER INGREDIENTS

@ — —i—i

[Pb] (ppb)

-l

16

(b.) e o O
~ 500 1000 1500
Volume passed (L)

.

FIGURE 2

o Signature: }g\/\ﬂ P
| D. Mos eyakarm

. Advocate & Patent Agent
. IN/PA — 369

25




I]iLJDIAN INSTITU’I?IE OF TECHNOLOGY MADRAS 3ofll

!

A GRANULAT IONEg COMPOSITION FOR POWDER INGREDIENTS

Absorbance

0.000-

200 300 400 500
Wavelength (nm)

FIGURE 3

Signature: N

' D. Mos¢éJeyakaran
Lo Advocate & Patent Agent
IN/PA — 369

26




1
|

INDIAN INSTITUTE OF TECHNOLOGY MADRAS 4011

i

A' GRANULATION% COMPOSITION FOR POWDER INGREDIENTS

20

0 2 4 6 8 10
~ Time (in minutes)

Quantity of sugar released (mg)

FIGURE 4

Signatme: M’V\M oo —
D. Mose eyakarjn/\.gA

Advocate & Patent Agent
IN/PA — 369

27




| i
.
Lo
l N

INDIAN INSTITU'ITE OF TECHNOLOGY MADRAS 50f11

A% GRANULATION‘ COMPOSITION FOR POWDER INGREDIENTS

—
B
o

==
1 A

o

T -
=

AN
=3
[ o

Output As’ conc. (ppb)

(a)

(b)

.
!

" o 80 =
Adsorbent dose (mg/100 mL)

FIGURE §

Signature:
ignature S j P
D.M Jeyakm

Advocate & Patent Agent
IN/PA — 369

28




\

!

i [
i

INDIAN INSTITUTE OF TECHNOLOGY MADRAS 6 of 11
| |

A GRANULATION% COMPOSITION FOR POWDER INGREDIENTS

—

00
800{ H(a)

RO
b

e e e £ i o e o ..N_
o o
2 |

O
hrad

(b)

Output As” conc. (ppb)

—————r——— e
0 20 40 60 80 100
Adsorbent dose (mg/100 mL)

FIGURE 6

Signature:
'3 2~
D. Moses Jeyakarﬂ

Advocate & Patent Agent
IN/PA — 369

29




INDIAN INSTITUTE OF TECHNOLOGY MADRAS 7of 11

A GRANULATION COMPOSITION FOR POWDER INGREDIENTS

T :
O Fa Element Wt% At%
\ CK 1647 | 29.81
‘ oK 3907 | 5432
' AsL 9.56 2.77
SiK 0.23 0.18
sK 0.81 0.55
CaK 0.37 0.20
FeK 2723 |  10.60
AsK 5.36 1.56
Total | 100.00 | 100.00
Y | s % A
ST Caka Aska

FIGURE 7

Signature: IQ 5 L
D. Moses Jeyakaran

Advocate & Patent Agent
IN/PA — 369

30




8of11

INDIAN INSTI'I{!UTE OF TECHNOLOGY MADRAS

ER INGREDIENTS

A GRANULATIbN COMPOSITION FOR POWD

0 Ka TElement | W% | At%

oK | 2045 | 3521

NK 2.20 3.25 SEN nn;\;c
b oK s2eh | 4193 e

(%]

8.40 9.60 10.80  keV

1.20 :2.40 3.60 4.80 6.00 7.20

FIGURE 8
Signature:
1gna (<] 6 P \/
D. Mo yakaran
Advocate & Patent Agent
IN/PA — 369

31




-

INDIAN INSTIT;UTE OF TECHNOLOGY MADRAS 9ofll

A GRANULATIbN COMPOSITION FOR POWDER INGREDIENTS

Ass"’ as— As3+

~--=== Initial

=
©
' ~au
b 280 284 288 292 702 71 720 729
L
- 530.7
O
et
£
422 45 48 51 525 530 535
Eﬂs O1s
| s2s. 530.9 531.4
530.04
525 530 535 525 530 5§35
Binding energy (eV)
FIGURE 9
Signature: %
—
D. MoSe¥ Jeyakaran
Advocate & Patent Agent
IN/PA — 369

32




INDIAN INSTITUTE OF TECHNOLOGY MADRAS 10 of 11

A GRANULATION; COMPOSITION FOR POWDER INGREDIENTS

0.45-

0.00-
0.000 0.005 0.010 0.015
C. (mmollL)

FIGURE 10

Signature: ‘w! P
D. Mos Jeyakarm

Advocate & Patent Agent
. IN/PA —369

33




.
INDIAN INSTIT?UT;E OF TECHNOLOGY MADRAS 11 of 11

A GRANULATION; COMPOSITION FOR POWDER INGREDIENTS

0.3

0.00 0.03 0.
C

e

06 0.09 0.12 0.15
(mmol/L)

FIGURE 11

Signature: ~ —y

D. Moses Jeyakaran
Advocate & Patent Agent
IN/PA — 369

34




