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A METHOD AND SYSTEM FOR THE FORMATION OF USEABLE INK
PRODUCTS FROM WASTES
FIELD OF INVENTION

The present invention relates.to the field of manufacturing andfor
reclaiming compounds which can be used in ink, dye or paint.

In one form, the invention relates fo the formation of useable ink, dye or
paint products from wastes. Specifically, the present invention relates to the
reclamation and/or re-use of ink from waste and/or recycled inkjet cartridges.

It will be convenient to hereinafter describe the invénﬁon in relation fo
reclamation and/or re-use of ink from inkjet cartridges, however it should be
éppreciated that the present invention is not limited to that use only.
BACKGROUND ART

Thrbughout this specification the use of the word “inventor” in singular form
may be taken as reference to one (singular) inventor or more than one (plural)
inventor of the present invention. ‘The discussion thfoughout this specification
comes about due to the realisation of the inventor(s) and/or the identification of
certain prior art problems by the inventors.

The inventor has realised that there are significant environmental and
waste problems arising from the‘recycling of inkjet cartridges. Figure 1 illustrates
the various chemicals present in only one brand of inkjet cartridge ink. Each
brand has different chemistries, including different chemical compositions and
different physical and chemical characteristics. One issue which has proved to be
problematic is a contamination issue arising from the various brands, chemistries
and colours involved in the recycling of waste inkjet cartridges. Presently, inkjet
cartridges are, in the main, sent to landfill and/or incineration, neither of which
provides a solution considered suitable in today's,er&vironmentaily conscience
community. ‘
| The inventor has also realised that there are significant commercial
opportunities for solutions to the recycling and/or reuse of waste products,
especially the recycling from electronics products and related consumables.

Any discussion of documents, devices, acts or knowledge in this
spegcification is included to explain the context of the invention. It should not be
taken as an admission that any of the material forms a part of the prior art base or
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the common general knowledge in the relevant art in Australia or elsewhere on or
before the priority date of the disclosure and claims herein. '
SUMMARY OF INVENTION

An object of the present invention is to alleviate the problem of waste inkjet
cartridges, specifically the ink resident in the cartridges.

It is an object of the embodiments described herein to overcome or
alleviate at least one of the above noted drawbacks of related art systems or fo at
least provide a useful alternative to related art systems.

In a first aspect of embodiments described herein there is provided a
.method of and/or apparatus for deriving ink from inkjet cartridge{s), comprising
reducing the size of the inkjet cartridges in order to liberate at least a portion of
ink resident in the cariridges, and testing the liberated ink to éscertain whether
any additives, and what processes are to be applied to the liberated ink.

In another aspect of embodiments described herein there is provided a
method of, and / or apparatus for, deriving ink adapted for use in writing
instruments and other applicationé, comprising obtaining inkjet cartridges and
liberating at least a portion of ink resident in the cartridges.

In yet a further aspect of embodiments described herein there is provided
ink adapted for use in writing instruments or for printing or other purposes, the ink
comprising ingredients at least partially derived from inkjet cartridges.

In still a further aspect of embodiments described herein there is provided
a writing or printing instrument adapted to impart indicia using ink as disclosed
herein. ‘

Other aspects and preferred aspects are disclosed iin the specification
and/or defined in the appended claims, forming a part of the description of the
invention.

In essence, embodiments of the present invention stem from the‘
realization that ink emanating substantially from waste and/or recycled inkjet
cartridges can be collected, processed and reused, for example in writing
instruments such as fountain pens, rollerball pens, ballpoint pens, felt markers
etc. and in other applications like paint, calligraphy ihk, and inkjet printing.

The recycled inkjet cartridges include a variety of makes and models and
therefoxje a variety of substantially incompatible ink chemistries and colours and
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thus in the past there have been contamination and other techﬁicai issues with
recovering and reusing ink from waste inkjet cartridges.
Advantages provided by the present invention comprise the following:

. To reduce the lifecycle impacts of inkjet printing or printing with inkjet
cartridges '

. To reduce the environmental impact of inkjet printing or printing with inkjet
cartridges

* To enable reuse of a potentially hazardous waste product

. To enable reuse of non renewable resources

. To alleviate the commercial and environmental cost of disposing of inkjet
cartridges and/or the components (raw materials) of inkjet cartridges

. To assist inkjet printer anda cartridge manufacturers to meet their social,
environmental, sustainability, and good governance objectives

. To provide environmentally favourable choices for users of writing
instruments, and other ink and paint products

. To provide an alternative supply of ink for use in writing instruments and
other applications, ‘such as (without limitation), fountain pens, rollerball
pens, artist supplies, felt marker pens, ball point pens, inkjet printing, paint

~ efe.
. To provide a recycled ink product into the market

Further scope of applicability of the present invention witl become apparent
from the detailed description given hereinafter. However, it should be understood
that the detailed description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Further disclosure, objects, advantages and aspects of the present
application may be better understood by those skilled in the relevant art by
reference to the following description of preferred embodiments taken in
conjunction with the accompanying drawings, which are given by way of
illustration only, and thus are not limitative of the present invention, and in which:

PCT/AU2009/000207
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Figure 1 illustrates a representation of the various chemicals present in
several models from only one brand of inkjet cartridge.

Figure 2 illustrates a flow chart representing one embodiment of an aspect
of the present invention, and r

Figure 3 illustrates a summary of an approximate composition of the ink
according to a second embodiment of the present invention
DETAILED DESCRIPTION

in one preferred embodiment, a method and apparatus for recovering and
reusing waste ink from recycled inkjet cartridges is disclosed.

FigLre 1 illustrates a chemical analysis of a random sample of ink from
different printers. Figure 1 also illustrates an example of the type of residual ink
which is used as an input to the process of the present invention. Inks comprise

.{1) colourants such as pigments and dyes, (2) carfiers that transport the.
colourants during the printing operation, (3) additives to adjust the physical
properties of the ink, and (4) solvents that adjust speed of drying, viscosity and
transport of the colourant. These materials are the inputs fo the process of the
present invention. For example, the inputs include but are not limited to water
based dye, water based pigment, and waier based solvent inks including all
colours but predominantly black, cyan, yellow, and magenta. It is to be noted that
the chemistry and colour of the residual ink inputs may vary from time to time
dependent upon the type’ and nature of the ink cartridges which are provided as
inputs to the present invention. ,

In accordance with one embodiment of the present invention, waste inkjet
cariridges are processed to liberate any residual ink. Figure 2 illustrates a
flowchart 200 representing this embodiment, in geheral. In accordance with an
aspect of the present invention, the cartridges are derived from waste cartridges,
such as post consumer, imagihg supplies, supplies for desktop and/or commercial
inkjet printing devices and/or post industrial cartridge material, These cartridges
breferably provide substantially the input to the process of the present invention.
Alternatively, the cartridges may be mixed with other inputs which may be used to
produce a usable ink.

The ink may be liberated preferably by size reduction 201, such as
shredding of the ink cartridges. The various component parts of the inkjet
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cartridge are substantially separated from the ink 202, for example by centrifuging
the size reduced inkjet cartridges. The liberated ink consists of numerous
chemistries and colours. The present invention is directed to the ink liberated
from the inkjet cartridges, regardless of how the ink is liberated.

Foliowing size reduction 201, the iiberafed ink is filtered 203 to preferably
remove at least some of the contaminants of the size reduction step. An example
of the filtration is ultra-fine filtration, for example to remove matter less than 100
micron. More specifically the filtration should be adapted to filter particles less
than 30 micron, or even less than 5 micron. 4

The filtered ink is then homogenised 204 in order to mix the various
chemicals and/or colours together to obtain a relatively consistent and stable
mixture.

The homogenised mix is then tested 205 to ascertain certain chemical and
physical parameters and if any additives are necessary. The testing includes any
one or any combination of ( but is not limited to):

1. Visual inspection: of bulk and sample ink containers, to identify any
residues, ink separation, odour or other characteristics relating to
the quality of the reclaimed ink materials;

2. Spectroscopic analysis: to determine chemical composition or
optical characteristics;

3. Colour Test: to determine ink darkness (intensity and opacity) and -
ink colour (hue);

4, Fiitrafion tests: to monitor quality and determine product stébility,
typically using single or cumulative aliquot filtration tests;

8. Viscosity: to determine the ink fluidity at standard temperature and
shear rate;

6. Interfacial surface tension: to determine the interaction of ink with
substrates;

7. Non volatile residue (total solids): to determine the amount of non-
volatile materials within the ink composition;

8. pH test: to determine the acidity or alkalinity of the recycled ink;

9. Corrosion tests: to determine corrosive effects if any, on materials in
contact with the ink; '

PCT/AU2009/000207
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10. Microbial activity: to determine the sterility or mic;robiai activity of the
ink, if any, as pertaining to prolonged biological product stability;
11.Formulation stability: to determine the overall chemical and physical
stability of the ink matrix upon storage and environmental exposure
over time. '
The additives, if needed, are introduced to the mix to supplement any ingredients
lacking in the liberated ink and to minimise variability of colour and chemistry in
order to produce ink suitable for the particular use such as writing instrument ink,
etc. For example, the additives may be chosen from carbon black and/or other
dyes and/or pig‘ments (to provide some colouring or blackening of the product)
and/or other chemicals and/or amines, and/or glycols, and/or alcohols to enhance
the colour and/or the manner in which the ink presents on paper and/or to
determine drying characteristics of the ink may be added. The additives, such as

~ would be known by those skilled in the art may also be used to adjust the

properties of the solvent (typically water) which impacts feathering properties of

the ink. Equally, additives may be provided to enhance or alter the smell of the

ink resulting from the process according to the present invention. The various
additives which may be used in the present invention may be known to the skilled
person, and added to provide a desired outcome / property of the useable ink.

‘ In other words, the homogenised mix is changed to be aligned with the
particular application, such as: ‘

1. Fountain Pen Ink: water based fluid (main component about §5-76%) and
comprising smaller levels in the range of 3 to 20% of glycols (diols, triols)
amines etc to control the drying rate and penetration into paper based
substrates and still keep the ink 'open' in the pen's resérvoir and delivery
(nib) system.

2. Rollerball ink: water based fluid (main component about 55-75%) and
comprising smaller levels in the range of 3 to 20% of glycols (diols, tridls)
amines efc to control the drying rate and penetration into paper based
substrates and still keep the ink 'open’ in the pen's reservoir and delivery
(nib) system. ' '

3. Calligraphy ink: similar to fountain pen ink (above) but usually has a small
amount of resinous material (shellac, cellulosic, acrylic, etc) of up to 5% to

PCT/AU2009/000207
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allow the ink to 'sit' up more on the surface of the substrate and give it a

small level of gloss for artistic effects.

4. Felt pen marker ink: comprises essentially a dye in solvent. Tﬁere are two
types:

a. - solvent based (xylene/toluene) which uses a solvent based dye.

These are more permanent. '

b. water based types including whiteboard markers use dyes.etc that

dissolve in water/glycol systems and are relatively easily rubbed off.

c. Semi permanent markers using water based dyes and/or pigments
5. Ball point ink: relatively high viscosity pastes which use glycol and solvent

based dyes both milled and dissolved. The black colour is for example a

standard waxoline oil black and the blue colour is for example

~ triphenylmethane (Victoria Blue type). There are little or no resins, the ink
delivery through the 'rolling' ball process depends on the thickness of the
paste. The glycol allows it to penetrate somewhat and dry almost

'instantly’.

6. F!exdgraphic inks — for use in printing applications for cardboard and
paper. ‘

7. . Printing inks for other materials — such as inks for printing on plastics,
fabric, timber, concrete, metal and/or other materials.

8. Inkjet inks such as Drop on Demand (DOD) or continuous inkjet printing
applications through various nozzle types and configurations. These inks

will usually be water based pigments, dyes or solvents, A
9. Paints — of various compositions and for various uses.

Although the embodiment above describes the production of black colour
ink, ink of any colour may be produced according to the present invention.

The ink obtained by virtue of the present invention 206 may be used in a
variety of writing instruments and applications, such aé, without limitation fountain '
pens, rollerball and ballpoint pens, quills, félt marker pens, inkjet inks and/or ahy
ink based writing or printing instruments. The ink may also be used in a variety of
applications, such as calligraphy, printing, screen printing, inkjet cartridges, printer
ribbons, dye (such as fabric dye), paint and/or art supplies.
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The table in Figure 3 provides a summary of an approximate composition
of the ink according to a second embodiment of the present invention. A number
of compositions reflect the use of the present invention in various writing
instruments and applications. It is to be noted that the uses are only exemplary,
and not limited only to those disclosed in the table. The ‘typical recipe’ represents
the composition of currently available commercial brands of similar products. The
‘L.base’ represents liberated ink according to an aspect of the present invention.
In this embodiment, the L.base ink has various compositions added to it (as is
illustrated in the table) in order to obtain a resultant ink which can be used in the
writing instruments shown.

In accordance with a third embodiment, the product is obtained by removall
of the ink residues from printer cartridges. As the feedstock of cartridges contains
many different colours, and the ink removal process is not necessarily colour
selective, the overriding colour of the product is essentially biack. However, it is
also contemplated that the cartridges are sorted by colour prior to ink residue
removal to facilitate production of a specific colour (non-black) ink.

The product, in accordance with this embodiment, is aqueous based.

The product is a black, water based liquid with a faint organic-type odour.
Typically the chemical specification for the product is as follows: ‘

pH 7.5-8.5
Specific Gravity ~1-2
Solubitity in Water Fully miscible in all proportions.
Solids 3-20% wt
Volatile organic component (VOC)< 3.5% wis |
' Colour Black.

In a particularly preferred embodiment the product has a chemical
specification as follows: '

pH 55-9.0

Specific Gravity Approx 1

Solubility in Water Fully miscible in all proportions.
Solids 3-20% wt

VOC . <7 % wiw

PCT/AU2009/000207
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Colour Black, composite colour blends and. not
excluding yellow, magenta, cyan, white or any other inverse colour sets.

The product represents a relatively low cost source of aqueous based dyes
and/or pigments for various coloured coatings such as inks, dyes and paints.

Inks: - fountain pen, rollerball, felt marker, whiteboard marker: ball

point, inkjet (either drop on demand or continuous), calligraphy,

flexographic cardboard etc.

Paints: - aqueous black base for colour support in low cost paints.

The product is the residual extraction of used digital inkjet printer

- cartridges. All colour ink cartridges, as well as black, are used in the recycling

process, the resultant ink stream being a heavily toned black.

The following is a general breakdown of the main components of the
product according to an embodiment of the invention:

¢ Colourant 0.5 ~ 20 %wt
e Carrier 5 - 70 %wt
o Additive 0.1 - 30 %wt
e Solvent 60 — 90 %wt
In a preferred embodiment the main components of the product according
to the invention are as follows:
Water . app. 65 - 80 Yewiw
Dyes/pigments (black/colour) < 5 % wiw
Polar solvent (e.g. 2- pyrrolidone and derivatives) < 8 % wiw
Organic solvent (e.g. Diols, substituted diols and humectants) <20 %
wiw 4
Surfactant (e.g. Ethoxylated surfactants) <5 % wiw
Ink additive (eg metal or ammonium nitrate salts) <3 % wiw

The following is a breakdown of the main components of a preferred
product according to an embodiment of the invention:
Water ~ 65-70 %wiw
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. Dyes/pigments (black/colour) 3.5-4.0% wiw
2- pyrrolidone and alkylated derivatives 7 % wiw
Alkyl diols 4 -5 % wiw
Alkyidiol eth‘oxylatéd based surfactants 2 -3 % wiw
Nitrate salts (metal/ammonium) 1-2 % wiw

As the product is derived from extraction of ink cartridges from many
sources there may be additional materials of similar chemical structure, i.e. diols
and glycols with various alkyl chain lengths. These materials will contribute to the
overall organic content. A typical composition of the product is set out below:
Compositional Details '

Ingredient % weight -
Water >70

Alkylated heterocyclic additives <10

Water soluble non volatile materials 10 - 20 (typically ~12)

Water soluble solvents and co-solvents < 5-15 {typically ~5) 16
Water soluble or dispersible colourants < 5-7 (typically ~7)
Water soluble nitrate salts <3

Surfactant additives < 2 — 3 (typically ~3)
Other additives <5%

While this invention has been described in connection with specific
embodiments thereof, it will be understood that it is capable of further
modification(s). This application is intended to cover any variations, uses or
adaptations of the inventioh following in general, the principles of the invention
and including such departures from the present disclosure as come within known
or customary practice within the art to which the invention pertains and as may be
applied to the essential features hereinbefore set forth.

As the present invention may be embodied in several forms without
departing from the spirit of the essential characteristics of the invention, it should
be understood that the above described embodiments are not to limit the present
invention unless otherwise specified, but rather should be construed broadly
within the spirit and scope of the invention as defined in the appended claims.
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The described embodiments are to be considered in all respects as illustrative
only and not restrictive.

Various modifications and equivalent arrangements are intended to be
included within the spirit and scope of the invention and appended claims.
Therefore, the specific embodiments are to be understood to be illustrative of the
many ways in which the principles of the present invention may be practiced. In
the following claims, means-plus-function clauses are intended o cover structures
as performing the defined function and not only structural equivalents, but also
equivalent structures. For example, although a nail and a screw may not be
structural equivalents in that a nail employs a cylindrical surface to secure
wooden parts together, whereas a screw employs a helical surface to secure
wooden parts together, in the environment of fastening wooden parts, a nail and a
screw are equivalent structures. ﬁ

It should also be noted that where a flowchart is used herein to
demonstrate various aspects of the invention, it should not be construed to limit
the present invention to any particular logic flow or logic implementation. The
described logic may be partitioned into different logic blocks (e.g., programs,
modules, functions, or subroutines). without changing the overall results or
otherwise departing from the true scope of the invention. Often, logic elements
may be added, modified, omitted, performed in a different order, or implemented
using different logic constructs (e.g., logic gates, looping primitives, conditional
fogic, and other logic constructs) without changing the overall results or otherwise
departing from the true scope of the invention.

“Comprises/comprising” when used in this specification is taken to specify
the presence of stated features, integers, steps or components but does not
preciude the presence or addition of one or more other features, integers, steps,
components or groups thereof.” Thus, unless the context clearly requires
otherwise, throughout the description and the claims, the words ‘comprise’,
‘comprising’, and the like are to be construed in an inclusive sense as opposed to
an exclusive or exhaustive sense; that is to say, in the sense of “including, but not
limited to”. '

PCT/AU2009/000207
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLbWS:

1. A method of deriving ink from inkjet cartridge(s), the method comprising

the steps of: , ‘
reducing the size of the inkjet cartridges in order to liberate at least a
portion of ink resident in the cartridges, and

testing the liberated ink to ascertain whether any additives are to be added
to the liberated ink.

2.~ A method as claimed in claim 1, further comprising the step of filtering the
liberated ink.
3. A method as claimed in claim 1 or 2, further comprising the step of

homogenising (milling, mixing, blending) the liberated ink. .

4, A method as claimed in claim 1, 2 or 3, wherein the additives are chosen
from the group comprising colourants including carbon black, dyes and pigments;
solvents; carriers; humectants; wetting agents; dispersing agents; compounds
that adjust physical parameters; and combinations thereof.

5. A method of deriving ink adapted for use in writing instruments, the method
comprising the steps of;
- obtaining inkjet cartridges, and
- liberating at least a portion of ink resident in the cartridges.

6. A method as claimed in claim 5, wherein the liberated ink is further
processed in order to adjust chemical and/or physical characteristics.

7. Ink adapted for use in writing instruments or for printing purposes, the ink
comprising ingredients at least partially derived from inkjet cartridges.

8. Ink as claimed in claim 7, wherein at least two of the inkjet cartridges each
have a different ink chemistry.

PCT/AU2009/000207
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9. Ink as claimed in claim 7 or 8, wherein the ink is substantially wholly
derived from inkjet cartridges.

10. Apparatus adapted to derive ink from inkjet cartridges, said apparatus
including:

processor means adapted to operate in accordance with a predetermined
instruction set,

said apparatus, in conjunction with said instruction set, being adapted to

petform the method as claimed in any one of claims 1 t0 6.

11. A writing or printing instrument adapted to impart indicia using ink as
claimed in any one of claims 7 to 10.

12. A wiriting or printing instrument adapted to impart indicia using.ink as
derived by the method as claimed in any one of claims 1 to 6,

13. A method as herein disclosed.

14.  An apparatus and/or device as herein disclosed.

PCT/AU2009/000207
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Table 1.0 - Examble formulations

Example Use

Typical recipe (% pbw) -

New composition (% pbw)

FOQUNTAIN PEN INK

Water 70-76% L base < 70 % (40—~ 70%)
Glycol 10 ~14% 3.0 - 30.0% pbw
Dyes / pigments 35-10.2% 3.0 - 20.0% pbw
Surfactants - 1.6-3.0% 1.0 - 2.5% pbw
Salts "0.5-2.0% 0.5 - 1.5% phw
Diols / tricls 4,0 - 10.0% 4.0 - 18.0%phw
Amines _1.0-15% 1.0 - 2.0%pbw
BALLPOINT PEN INK

Resin 5—-10 2.0 -8.0.
Thickener 0.2-0.4 1-2
Colorant 10-20 5-10
Glycol 70-75 60-70
Additives ’ 0,5-1.5 L hase 15— 35%
CALLIGRAPHY / ART SUPPLIES INK ‘

Water . 64.G L base 65 - 85%
Glycol 220 16~20
Resin 4.0 3-8
Colorant (dye/pigment) 8.0 8-12
Ammonia (12%) 1.0 1-2
Additives 1.0 1-2
WATER BASED MARKER PEN INK

Water <70 L base <80%
n. propanol 5 4-8

Prop glycol methyl ether 5 5-10
Ketone resin 5 4-8

Black dye ) 5 5-8
Wax/Veg ail 20/80, hot premix 5 4«6

L.base is liberated cartridge ink according to an aspect o

fthefpresent invention

Example Color

Black reclaimed ink

Water content > 70%
Specific gravity 1.0 -1.1

PH 7.0-8.5

% solids 3.5 -15.5%
Dves / pigments 3.5-10.2%
Surfactants 1.5-3.0%
Salis 0.5-2.0%
Diols / triols 4.0 - 10.0%
Amines 1.0-1.5%
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Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.: 13,14

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

The claims 13 and 14 do not comply with Rule 6.2(a) because they rely on references to the description
and/or drawings. '

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

HEEEN

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest - D The additional search fees were accompanied by the applicant's protest and, where applicable,
the payment of a protest fee.

D The additional search fees were accompanied by the applicent's protest but the applicable
protest fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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which are merely given for the purpose of information.
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