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METHOD FOR PRODUCTION OF NANOMATERIALS

FIELD OF THE INVENTION

Embodiments of the present invention are directed generally to a
method for wuse in the production of nanomaterials, and more
particularly to a method for the productiqn of nanomaterials using
regenerative stabilizer, reducing reagent and acid scavenger thus
providing a solution to environmental concerns typically faced in

nanomaterials production methods.

BACKGROUND OF THE INVENTION

In recent years, applications involving the use of nénomaterials
have gained great momentum and much has been written about them.
Applications involving the use of nanomaterials include,
Electrochemical transducer, paste or ink for screen or inkjet
printing, reference electrode, microelectrodes for ampérometry,
modified electrodes for catalytic oxidation of biomolecules and

stripping voltammetry'detection of trace levels of heavy metals.

In view of current advahcements, nanotechnology research has
contributed to novel material characteristics discovery that could
further enhance current applications and even possibly generate
new ones. One of the major interests and perhaps also a challenge

to researchers in providing improved characteristics lies in the
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methods of production of nanomaterials, particularly to ensure a

highly reliable product cutcome.

Currently in the production of nanomaterials, metal nanoparticles
such as silver, gold and platinum nanoparticles are most commonly
prepared b; reduction of the respective metal ions with strong
reducing agents such as sodium borohydride and hydrazine.
Reduction with sodium borohydride gives boronates and boric acid
as byprdducts. It is widely known that these chemicals are
hazardous to ﬁealth and thus require special handling, meticulous

preparative procedure and waste treatment. Likewise, hydrazine is

very toxic and reactive and thus requires special care.

Furthermore, polymers containing nitrogen, oxygen and sulfur
heterocatoms are often employed in nanoparticles preparations in
order to stabilize the ionic metal clusters and the overcome the
high surface energy in the newly formed nanoparticles. Highly
water bsoluble poly saccharides, oligosaccharides, poly (vinyl
pyrrolidone) or poly (vinyl alcohol) have been widely used to
stabilize the electropositive intermediates in this process.
Nevertheless, although these cations are expedient in stabilizing
electropositive intermediates, they are not recovered 1in the

process, discarded as waste and can pollute the environment.

In addition to the environmental concerns described in the above,
in view of large scale production of nanoparticles, several
products are required, such as, metal nanoparticles, metal oxide

nanoparticles, and bulk metals. Therefore the reaction condition
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must be controlled in order to increase yield and prevent
formation of wundesired products. Moreover, there are also
concerns on the quality of the synthesized metal nanoparticles
itself_ especially the range of size of the particles and the

uniformity or regularity of its shape.

There exist various nanomaterials production methods gradually
developed to accommodate the apparent shortcomings as discussed
above. However many of the existing methods are costly and do not
effectively solve the glaring disadvantages in producing
nanomaterials outlined in the preceding paragraphs. An example of
such methods 1is as disclosed in United States Patent No. US
20100034693, Li Yuning, et al. There 1is disclosed a process
comprising:. (a) preparing a reaction mixture comprising a silver
salt, the reducing agent comprising a hydrazine compound, a
thermally removable stabilizer, and an optional solvent, to form a
plurality of silver-containing nanoparticles with molecules of the
stabilizer on the surface of the silver-containing nanoparticles,
wherein the reaction mixture generates an acid; and (b) rémoving the
acid to produée the silver-containing nanoparticles substantially

free of acid.

Recognizing the shortcomings of the existing nanomaterials
production methods as discussed above, there is dire need to provide
an improved method to be used in the production of nanomaterials

which can effectively address the glaring environmental issues.
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It is therefore a primary objéct of the present invention to provide
a method for use in the production of nanomaterials, said method
comprising the use of regenerative stabilizer, reducing reagent and

acid scavenger.

It is yet an object of the present invention to provide a method for
use in the production of nanomaterials, whereby the resulted
encapsulated nanoparticles are prevented from forming lumps and help

define the size of the synthesized particles.

It is yet a further object of the present invention to provide a
method for use in the production of nanomaterials, whereby the
stabilizer can be regenerated by reducing to alcohol by in situ and

sustainable reduction process such as catalytic hydrogenation.

It is a another further object of the present invention to provide a
method for use in the production of nanomaterials, whereby in ﬁhis
method, stabilized metal 1ion clusters are reduced by organic
reducing agents that can be regenerated by sustainable reduction

process such as catalytic hydrogenation.

It is yet a further object of the present invention to provide a
method for use in the production of nanomaterials, whereby in this
method, the accumulated acid in the reaction bath is continuously

removed during the course of the reaction by imidazole acrylate

polymer and the acid scavenger in one embodiment of the present

invention can be regenerated by simple alkaline washings.
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Still other embodiments of the present invention will become readily
apparent to those skilled in the art from the following detailed
description, wherein embodiments of the invention are described by
way of illustration. As will be realized, the invention is capable
of other and different embodiments and its several details are
capablé of modifications in various respects, all without‘departing

from the spirit and the scope of the present invention.

SUMMARY OF THE INVENTION

In one aspect of the present invention there is provided a method
for the production of nanomaterials comprising the steps of:
providing or forming metal ion clusters stabilization; providing
metal ion clusters reduction; removing acid using regenerative acid
scavenger; regenerating stabilizer using catalytic hydrogenation;
regenerating reducing agents using catalytic hydrogenation; and

regenerating acid scavengers using alkaline washings.

BRIEF DESCRIPTION OF THE DRAWINGS

Features of the invention will be apparent from the following

description when read with reference to the accompanying drawings:

FIG 1 shows the overall process flow of the method in accordance

with a preferred embodiment of the present invention;
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FIG 2 shows the stabilization metal ion clusters in a  reduction

process;

FIG 3 shows the process of regenerating a stabilizer by way of

sustainable reduction process;

FIG 4 shows the process of regenerating reducing agent in accordance

with the preferred embodiment of the present invention;

FIG 5 shows the process of removing acid in the reaction bath in

accordance with the present invention;

FIG 6 shows the process of regenerating the acid scavenger can be
regenerated by simple alkaline washings in accordance with the

present invention;

FIG 7 shows the silvernano particles prepared in accordance with the

method of the present invention.

FIG 8 shows the average size of nanoparticles prepared in accordance
with the method of the present invention.

DETAILED DESCRIPTION

In the following description, reference is made to the accompanying

drawings where, by way of illustration, specific embodiments of the

invention are shown. It is to be understood that other embodiments
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may be used as structural and other changes may be made without
departing from the scope of the present invention. Also, the various
embodiments and aspects from each of the various embodiments may be
used in any suitable combinations. Accordingly, the drawings and
detailed description are to be regarded as illustrative in nature

and not as restrictive.

FIG 1 shows the overall view of the steps involved in accordance
with the method of the present invention. In one embodiment, the
method comprises the steps of providing or forming metal ion
clusters stabilization, providing metal ion clusters reduction,
removing acid wusing regenerative acid scavenger, regenerating
stabilizer wusing catalytic hydrogenation, regenerating reducing
agents using catalytic hydrogenétion, and regenerating acid

scavengers using alkaline washings.

It should be mentioned that the nanomaterials in accordance with
the preferred embodiment of the present invention is at least one
or combination of the following materials; silver, gold, platinum,

nickel, bismuth, palladium.

According to the preferred embodiment of the present invention,
the reaction takes place in a pressurized chamber, preferably
slightly above atmospheric préssure i.e. 3 atm. In this condition,
the oiidized reagents can be regenerated using in situ and

sustainable reduction process such as catalytic hydrogenation
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process. The acid scavenger can be regenerated by simple

deprotonation process such as washing with alkaline solution.

As briefly discussed earlier, in order to obtain consistent size of
silver nanoparticles which 1is the desirable feature in many
nanomaterial based applications, the silver ions and particles need

to be stabilized during the reduction process.

FIG 2 shows the stabilization metal ion clusters in a reduction
process. During this process, clusters of metal ions and
electropositive formed nanoparticles are stabilized by molecules and
polymers having oxygen heteroatom groups assembled in a circular
cage form. Further in accordance with the preferred embodiment of
the present invention, the encapsulated nanoparticles are prevented
from forming lumps and help define the size of the synthesized
particles. The metal cation stabilizing molecule or polymer contains
hydroxyl groups are oxidized to aldehyde or carboxylic acid during

reduction of metal ion clusters.

FIG 3 shows the process of regenerating a stabilizer by way of
sustainable reduction process, preferably catalytic hydrogenation.
Accordingly, the stabilizer can be regenerated by reducing to
alcohol by in situ and sustainable reduction process. It 1is
preferred that stabilizer is at least one or combination of the
following molecules; dextrin, gum arabic, cellulose, cellulose
acetate, poly(vinyl alcohol), poly(vinyl pyrrolidone), starch,
glycerol, menthol, terpineol, sorbitol, mannitol, xylitol,

erythritol, sucrose, fructose, galactose.
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FIG 4 shows the process of regenerating reducing agent in accordance
with the preferfed embodiment of the present invention. It 1is
preferred that the stabilized metal ion clusters are reduced by
organic reducing agents that are generated by sustainable reducfion
process, for instance, but not limiting to, catalytic hydrogenation.
In this process, strong and regenerative organic reducing agents can
be used, such as, but not limiting to, hydroguinone, anthraquinone,
napthaquinone, uric acid, ascorbic acid and citric acid that can
reduce metal .ion at mild conditions, and can be regenerated by

catalytic hydrogenation are preferred.

Further, it is preferred that the reducing agent is at least one
or combination of the following chemicals ;sodium citrate, calcium
citrate, trisodium citrate, tripotassium citrate, c¢itric acid,
hydrogen citrate, dihydrogen citrate, potassium citrate, ascorbic
acid, glucose, uric acid, oxalic acid, disodium oXaiate, calcium
oxalate, formic acid, hydroquinone, anthraquinone, 2-ethyl-9,10-

anthraquinone, menadione, parietin, napthaquinone.

Accotding to the preferred embodiment of the present invention,
the hydrogenation catalyst is at least one or combination of the

following materials; palladium, ruthenium, zinc, copper, nickel.

It is known that formation of silver nanoparticles dispersion can be

visually inspected by formation of brown, yellowish or greenish
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colloids, depending on the size of the nanoparticles, a few minutes
after addition of the regenerative reducing agent. The
nanoparticles can be induced to precipitate out from the homogenous

colloid solution using centrifuge.

Further in accordance with the preferred embodiment of thé present
invention, the metal ion cluster stabilizing agents and reducing
agents can be reduced in situ while the nanoparticles are being
formed. In this option there is a possibility that the reduction
process pafticipates in reducing metal ion clusters. This can
however provide positive effect of reducing the formation of silver
oxide nanoparticles and thus resulting to increasing the rate of

nanoparticles formation.

FIG 5 shows the process of removing acid in the reaction bath in
accordance with the present invention. The accumulated acid in the
reaction bath 1is continuously removed during the course of the

reaction by imidazole acrylate polymer.

FIG 6 shows the process of regenerating the acid scavenger can be
regenerated by simple alkaline washings in accordance with the
present invention. It is preferred that the regenerative acid

scavenger has having the following structure (Structure 1):



10

15

20

WO 2012/177115 11 PCT/MY2012/000127
TﬁI;:\aB
OH i
9
N (Structure 1)

With this method described in accordance with the preferred
embodimentsvof the present invention, the resulting nanomaterial can
be measured and deduced into the average particle size and range of
samples using standard apparatus such as Scanning Electron

Microscope (SEM) and Small Angle X-ray Scattering (SAXS).

Examples below provide further elucidation of the method in

accordance with the present invention, whereby it should be

understood that these examples should not be taken as restrictions

to the intended scope of protection which will be defined in the

claims.
EXAMPLE 1
Preparation of Silver Nanopa?ticles
Beads of palladium-carbon catalyst and imidazole acrylate polymeri?

acid scavenger were placed at the bottom of a pressurizable chamber.

Poly (vinyl alcohol) (1.0g) were added into and 40mL of deionized
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water was added into the pressurizable reaction vessel. The
homogenous solution was magnetically stirred at room temperature for
30 minutes when all the solid materials were completely dissolved.
Silver nitrate (0.5g, 0.002 mole) in 10mL of deionized water was
added drop-wise into the reaction mixture with gentle stirring. 2-
Ethyl-9,10-dihydroanthraquinone (0.005 mole) in ethanol was added
drop-wise into the reaction mixture. The reaction mixture was
stirred for additionél 30 minutes at room temperature. The
homogenous colloid was decanted and centrifuged to induce
precipitation. The size distribution of the silver nanoparticles
was examined using SEM and SAXS. The average size of approximately
70 .nm has been assigned to the silver nanoparticles based on these
methods. The silver nanoparticles obtained based on the above method
is shown in FIG 7, and the average size of silver nanoparticles

prepared is shown in FIG 8.

EXAMPLE.2
Regeneration of Stabilizer and Reducing Agents

During nanoparticles formation alcohol groups in poly (vinyl
alcohol) metal ion cluster stabilizing agent were oxidized to
aldehyde and carboxylic acid. Similarly the reducing agent 2-ethyl-
9,10-dihydroanthragquinone was oxidized to 2-ethyl-9,10-
anthraquinone. These reagents were regenerated by pressurizing the

reaction chamber with hydrogen gas until the pressure reached 3 atm.
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With all valves tightly closed, the used reaction bath was stirred
under pressurized condition at room temperature for 2 hours. The
reagent was successfully regenerated when the dark color of the

solution faded away to afford almost clear solution.

EXAMPLE 3
Regeneration of Imidazole Acid Scavenger

The beads of used imidazole acrylate acid scavenger were removed
from the reaction chamber and washed three times with saturated
sodium bicarbonate solution. Then the beads were placed in three-
neck rdund—bottom flask and 0.1M solution of potassium hydroxide was
added and the solution stirred for 1 hour. The beads were finally
washed with brine solution and deionized water, dried in the oven

and stored in a desiccator before use.

While the invention has been particularly shown and described with

reference to the illustrated embodiments, those skilled in the art

-Will understand that changes in form and detail may be made without

departing from the scope of the invention.
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CLAIMS

1. A method for the production of nanomaterials comprising the
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steps of:
providing or forming metal ion clusters stabilization;
providing metal ion clusters reduction;
removing acid using regenerative acid scavenger;

regenerating stabilizer wusing catalytic hydrogenation;

regenerating reducing agents using catalytic

hydrogenation; and

regenerating acid scavengers using alkaline washings.

. The method as claimed in Claim 1 wherein the nanoparticles is

at least one or a combination of the following materials;

silver, gold, platinum, nickel, bismuth, palladium.

. The method as claimed in Claim 1 wherein the stabilizer is at

least one or a combination of the following molecules;
dextrin, gum arabic, cellulose, cellulose acetate, poly{vinyl
alcohol), poly(vinyl pyrrolidone), starch, glycerol, menthol,
terpineol, sorbitol, mannitol, xylitol, erythritol, sucrose,

fructose, galactose.

. The method as claimed in Claim 1 wherein the reducing agent

is at least one or combination of the following chemicals
; sodium citrate, calcium citrate, trisodium citrate,

tripotassium citrate, citric acid, hydrogen citrate,
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dihydrogen <citrate, @ potassium citrate, ascorbic acid,
glucose, uric acid, oxalic acid, disodium oxalate, calcium
oxalate, formic acid, hydroquinone, anthraquinone, 2-ethyl-

9,10-anthraquinone, menadione, parietin, napthaquinone.

5
5. The method as claimed in Claim 1 wherein the regenerative
acid scavenger has the following structure (Structure 1):
n
0] 0
)
N (Structure 1)
10
6. The method as claimed in Claim 1 wherein the hydrogenation
catalyst is at least one or combination of the following
materials; palladium, ruthenium, zinc, copper, nickel. .
15

7. The method as claimed in Claim 1 wherein the steps are
carried out in a pressurized chamber, preferably slightly

above atmospheric pressure, 3 atm.

20
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