Office de la Propriete Canadian CA 2896272 A1 2014/07/03

Intellectuelle Intellectual Property
du Canada Office (21) 2 896 272
- organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2012/12/25 (51) Cl.Int./Int.Cl. BO1D 5/00 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2014/07/03 (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2015/06/25 THE UNIVERSITY OF MELBOURNE, AU
(86) N° demande PCT/PCT Application No.: CN 2012/087432 (72) Inventeur/inventor:

LIU, ZHE, AU

(87) N° publication PCT/PCT Publication No.: 2014/1009/6
(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : MATERIAUX ET PROCEDES
(54) Title: MATERIALS AND METHODS

(57) Abrege/Abstract:
he Invention relates to a substrate intended in use to contact a fouling agent, the substrate including a coating comprising

polysaccharide, which coating serves to reduce or prevent fouling of the substrate caused by contact from the fouling agent, In
comparison to an equivalent uncoated substrate. The invention also relates to the anti -fouling coating, to apparatus comprising
such coating and to related methods of reducing or preventing fouling of a substrate intended in use to contact a fouling agent.

rachRE f /[ [
R s S t"...
% Sy S/ /S
SO TN SN CIPO
AR
A SRS
4
3

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




014/100976 A1 11TV N0 0 Y0 0

=

(43) International Publication Date

CA 028962772 2015-06-25

Organization
International Bureau

WIPOIPCT

3 July 2014 (03.07.2014)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2014/100976 Al

(1)

(21)

(22)

(25)

(26)
(71)

(72)
(71)

(74)

(81)

International Patent Classification:
B0OID 5/00 (2006.01)

International Application Number:
PCT/CN2012/087432

International Filing Date:
25 December 2012 (25.12.2012)

English
English

Filing Language:
Publication Language:

Applicant (for all designated States except US). THE
UNIVERSITY OF MELBOURNE [AU/AUJ; Parkville,
Victoria 3052 (AU).

Inventor; and

Applicant (for US only). LIU, Zhe [CN/AU]; c/o C/-
UOM Commercial Ltd, The University of Melbourne,
Parkville, Victoria 3052 (AU).

Agent: TEESHOWE INTELLECTUAL PROPERTY
ATTORNEYS; MAK, Toby, 10th Floor, Tower D, Min-

sheng Financial Center, 28 Jianguomennei Avenue,
Dongcheng District, Beyjing 100005 (CN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(54) Title: MATERIALS AND METHODS

(84)

AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, 5G, SK, SL, SM, ST, SV, SY, TH, TJ,
M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, /W

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
FE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

& (57) Abstract: The invention relates to a substrate mtended m use to contact a fouling agent, the substrate including a coating com -

prising polysaccharide, which coating serves to reduce or prevent fouling of the substrate caused by contact from the fouling agent,
in comparison to an equivalent uncoated substrate. The mvention also relates to the anti -fouling coating, to apparatus comprising
such coating and to related methods of reducing or preventing fouling of a substrate intended n use to contact a fouling agent.



CA 028962772 2015-06-25

WO 2014/100976 PCT/CN2012/087432

MATERIALS AND METHODS

FIELD OF THE INVENTION

The present invention relates to anti-fouling coatings and to substrates and apparatus
comprising such coatings. The invention also relates to methods of coating substrates that
serve to reduce or prevent the fouling on such coated substrates in comparison to

equivalent uncoated substrates.

BACKGROUND OF THE INVENTION

There are a wide range of situations where substrates come into contact with fouling agents
that give rise to deposition onto the substrate over time. For example, fouling 1s common
in marine and aquatic environments, on substrates such as domestic appliances, glass or
other surfaces. Heat exchangers and other machinery that come into contact with water

(particularly hard water) will be subject to fouling or scaling over time and many
components of food and beverage processing equipment and other industrial machinery or
appliances will often experience unwanted plaque build-up or fouling. Depending upon
the context, fouling of substrates can be unsightly, can give rise to hygiene or health and
safety issues, can necessitate costly down time of equipment and maintenance / cleaning
costs as well as reducing the efficiency of equipment operation. There 1s therefore a
pressing need, and significant commercial motivation, to develop technologies capable of |
preventing or reducing fouling of substrates on exposure to fouling agents such as food and
beverages, industrial chemicals, water, milk and other dairy products, marine or aquatic

environments, seswage and the like.

The dairy industry is one that is particularly affected by the fouling of equipment, requiring
frequent and expensive cleaning steps to restore equipment performance following fouling.
Not only are the cost of cleaning and the down time of equipment significant problems, but
the necessary cleaning steps require the use of water, energy and chemical cleaning agents

such as strong acids and/or alkali that are not environmentally friendly.

SUBSTITUTE SHEET (RULE 26)
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‘Milk fouling in the dairy industry is particularly severe due to the thermal instability of the
milk system (Changani and Belmar-Beiny 1997). The literature suggests that protein and
minerals may be all involVed in the occurrence of milk fouling, which starts with surface
adsorption and involves different mechanisms under different conditions (temperature and

flow pattern) (Burton 1968; Delsing and Hiddink 1983). Heat induced reactions then take

place to build up fouling layers to eventually form milk stones (de Jong and Bouman 1992;
Delplace, Leuliet et al. 1997; Chen and Bala 1998; Chen and Chen 2001; Bansal and Chen
2006). o - '

Milk deposits can be chafacteriséd with respect to processing temperature as Type A and
Type B deposits. Type A deposits are found at temperatures below 110°C, and consists of
50-60wt% proteins and 30-35wt% minerals, which are much higher proportions than those
found in raw milk. The Type A deposit is creamy and white and is known as protein
fouling. However, 1f 1t 1s overcooked 1t can become brown in colour and very much harder.
Type B deposits are found at heating temperatures above 110 °C, and consist of 15-20wt%
protein and up to 70wt% minerals (Lalande, Tissier et al. 1984). The major mineral
compound 1s understood to be calcium phosphate. This type of deposit is harder than the

Type A deposits, 1s grey in colour and is known as mineral fouling (Burton 1968).

The unwanted deposition on the surfaces of heat exchanger apparatus (in both the dairy
industry and in other contexts) represents an additional thermal resistance to heat transfer,

which reduces the thermal-hydraulic performance for the heat transfer equipment.

One approach that has been considered in attempts to reduce surface fouling, for example
in the dairy industry, 1s to change the characteristics of the heat exchanger surface in the
hope of altering the interaction with the fouling agent that leads to adsorption of the first
deposition layer. The theory 1s that as the base layer structure is changed, the subsequent
fouling reactions would also be altered and hopefully inhibited (Liu, Chan et al. 2010). In
the past, anti-fouling coating technologies such as Ni-P-PTFE coatings, Xylan®, Silica,
S10x, Exvalibur® and Diamond-like Carbon (DLC) coatings have been tested in order to

reduce the milk fouling during thermal treatment. While such coatings have changed the

2
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fouling behaviour of heat exchangers coated by these means, the results have not been
- commercially acceptable (Beuf, M., G. Rizzo, et al. (2004). For example, the reduction in

fouling has either not been significant or the coatings have resulted in other problems such
- as de-lamination or shedding into the product stream, degradation of the substrate or

product contamination.

Water scaling 1s problematic in many industries, particularly where hard water is involved.
Scale on a heat exchanger surface generally produces a higher resistance to heat transfer.
In cooling water applications, hard water calcium and magnesium form combinations that
come out of solution easily and form unwanted deposits (Sultan Khan, Zubair et al. 1996).
With alteration of surface characteristics, it may also be possible to minimise the effects of

water scaling.

In view of this background it 1s desired to develop a means of preventing or reducing the
fouling experienced on a substrate when it comes into contact with a fouling agent. For
example 1t would be useful to develop a means of preventing or reducing the fouling that
takes place on a range of different substrates and which is caused by exposure to a variety

of different fouling agents.

Other aspects of the present invention will become apparent form the following detailed

description.

SUMMARY OF THE INVENTION

According to one embodiment of the present invention there is provided a substrate
intended 1n use to contact a fouling agent, said substrate including a coating comprising
polysaccharide, which coating serves to reduce or prevent fouling of the substrate caused

by contact from the fouling agent, in comparison to an equivalent uncoated substrate.

According to another embodiment of the present invention there is provided an
anti-fouling coating for a substrate that 1s intended in use to contact a fouling agent,

wherein said coating comprises polysaccharide and wherein the coating serves to reduce or

3
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prevent fouling of the substrate caused by contact from the fouling agent, in comparison to

an equivalent uncoated substrate.

' Aécording to another embodiment of the present invention there is provided an apparatus
' comprising a substrate intended in use to contact a fouling agent, said substrate including a
coating comprising polysaccharide, which coating serves to reduce or prevent fouling of
the substrate caused by contact from the fouling agent, in comparison to an equivalent

uncoated substrate.

According to another embodiment of the invention there is provided a method of reducing
or preventing fouling of a substrate intended in use to contact a fouling agent, in
comparison to an equivalent untreated substrate, which comprises treating the substrate
with aqueous polysaccharide to produce a polysaccharide comprising coating on the

substrate.

In one aspect the polysaccharide comprises starch or modified starch, although it can also
comprise a mixture of starches and/or modified starches. For example, the polysaccharide
can comprise one or more of rice starch, maize starch, potato starch, dextrin starch,
hydrolysed starch, octenyl succinic anhydride (OSA) starch, alkaline-modified starch,
bleached starch, oxidised starch, enzyme-treated starch, monostarch sulphate, distarch
phosphate, acetylated starch, hydroxypropylated starch, hydroxyethyl starch, cationic
starch and carboxymethylated starch.

In another aspect of the invention the polysaccharide comprises cellulose, hemicellulose,
hydrolysed cellulose or a cellulose derivative and the polysaccharide can comprise a
mixture of celluloses, hemicelluloses, hydrolysed celluloses and/or cellulose derivatives.
For example, the polysaccharide can comprise one or more of cellulose I, cellulose Ig,
cellulose II, cellulose III, cellulose IV, cellulose acetate, cellulose triacetate, cellulose
propionate, cellulose acetate propionate, cellulose acetate butyrate, cellulose nitrate,
cellulose sulphate, methyl cellulose, ethyl cellulose, ethylmethyl cellulose, hydroxyethyl
cellulose, hydroxypropyl cellulose, hydroxyethylmethyl cellulose, hydroxypropylmethyl

4
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cellulose, ethylhydroxyethyl :cellulose, carboxymethyl cellulose and acid hydrolysed

‘ cellulose.

:In' another embodimentf of the invention the coating further comprises protein or
polypeptide bound to the polysaccharide. For example, the protein or polypeptide can

comprise one or more of whey protein or casein.

In'. one specific aspect of the invention the polysaccharide comprises dextrin starch and
octenyl succinic anhydride starch and the protein comprises casein. For example, the
substrate can comprise one or more of metal, metal alloy, ceramic, glass, graphite,
‘composite material, concrete or polymer and a specific example is stainless steel. For
eXample, the apparatus can either be, or can be an element of, food, dairy or beverage
processing equipment; a pump, pipe, conduit, connector or plumbing fitting; a heat
exchanger, radiator, heating element, hot water service, kettle or jug; a commercial or
domestic appliance, washing machine, dish washer, clothes washing machine, air
conditioner; a marine or aquatic vehicle, structure or fixture; a window, windscreen, lens,

bottle or storage vessel; a building component or vehicle panel.

In specific embodiments the method comprises treating the substrate with aqueous
polysaccharide using an aqueous mixture, dispersion or solution of polysaccharide of from
about 0.5% to about 20% w/w, from about 1.0% to about 15% w/w, from about 2% to
about 10% w/w or from about 4% to about 8% w/w. For example, treating the substrate
with aqueous polysaccharide can be conducted using an aqueous mixture, dispersion or
solution of polysaccharide with pH of from about 3 to about 10 or from about 6 to about 8.
The substrate can be treated with the aqueous mixture, dispersion or solution of
polysaccharide at a temperature of from about 50°C to about 150°C, from about 65°C to
about 140°C or from about 85°C to about 120°C. For example, the substrate can be treated
with the aqueous mixture, dispersion or solution of polysaccharide for a period of from
about 1 hour to about 48 hours or from about 4 hours to about 12 hours. In one aspect the
aqueous mixture, dispersion or solution of polysaccharide 1s flowing at a rate of from about

5 L/min to about 100 L/min, such as from about 15 L/min to about 70 L/min.

0]
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In another aspect of the invention the method further comprises treating the polysaccharide
‘coated substrate with an aqueous mixture, dispersion or solution of protein or polypeptide,
such as for example, one br more of whey protein and casein, such as a-, B- and k-casein.
For example, the aqueous mixture, dispersion or solution of protein or polypeptide (for
‘example casein or casein and whey protein) can comprise from about 2% to about 16%,
such as from about 8% to about 14% w/w of protein and/or polypeptide and the aqueous
‘mixture, dispersion or solution of protein and/or polypeptide can comprise milk or a casein
cdmprising milk fraction. The aqueous mixture, dispersion or solution of protein or
polypeptide caﬁ, for example, have pH of from about 4 to about 10, such as from about 6
to about 8 and the hydrophilic polysaccharide coated substrate can for example be treated
with the aqueous mixture, dispersion or solution of protein or polypeptide at a temperature
of trom about 65°C to about 98°C, such as from about 75°C to about 95°C. For example,
the treatment with the aqueous mixture, dispersion or solution of protein or polypeptide
can be for a period of from about 15 mins to about 6 hours, such as from about 1 hour to
about 2 hours and the said aqueous mixture, dispersion or solution of protein or

polypeptide can be flowing at a rate of from about 20 L/min to about 100 L/min, such as

from about 30 L/min to about 70 L/min.

In a further aspect of the invention the method further comprises a step of rinsing with
water or dilute alkali (such as NaOH), which can, for example, be conducted at a
temperature of from about 20°C to about 80°C for a period of between about 5 mins and

about 1 hour.

According to a still further embodiment of the invention there is provided a substrate
intended in use to contact a fouling agent that has been treated to reduce or prevent fouling
in comparison to an equivalent untreated substrate, according to the method outlined above.

There are also provided apparatus comprising the substrates so produced.

SUBSTITUTE SHEET (RULE 26)
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BRIEF DESCRIPTION OF THE FIGURES

The present invention will be described further, and by way of example only, with

reference to the figures, wherein:

Figure 1 shows a graph of U* evaluation over time during milk fouling where (A) is the
‘control (running water), (O) is the coated heat exchanger (milk processing) and (<) is the

‘uncoated heat exchanger (milk processing);

Figure 2 shows 1mages of milk fouling before and after coating treatment following 8 h of
thermal processing, wherein A show the heat exchanger inlet (left) and outlet (right) before
coating treatment, B show the heat exchanger inlet (left) and outlet (right) after coating
treatment, C 1s the heat exchanger plate before coating treatment and D is the heat

exchanger plate after coating treatment;

Figure 3 shows 1mages of water scaling after one month of continuous thermal processing
wherein the upper images, A are the cooling water tubes before coating treatment and the

lower 1mages, B, are the cooling water tubes after coating treatment;

Figure 4 shows SEM Images of coated stainless steel 304, wherein A and B are partly
etched coated surfaces; C 1s the bottom layer structure and D is the top layer structure;

DETAILED DESCRIPTION OF THE INVENTION

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge 1in Australia.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises” and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.

7
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The disclosure of all references referred to within this document are included herein in

their entirety by way of reference.

The present inventor has; conceived a novel coating technology that has application to
reduce fouling in a variety of different contexts. Potential advantages of the inventive
approach may include that it utilises safe and readily available materials, is suitable for use
in food/beverage producﬁon and ih a range of other industrial or domestic settings, does
ndt appear to give rise to ény damage or degradation of treated materials and can impart a

long term anti-fouling effect upon treated substrates.

In a broad aspect the present invention 1s directed to a polysaccharide comprising coating
and to substrates and apparatus comprising such a coating, which serves to reduce or
prevent fouling of the substrate caused by contact from a fouling agent, in comparison to

an equivalent uncoated substrate.

Throughout this specification and the accompanying claims the term “substrate” is
intended to be interpreted broadly to encompass any material or surface that is subject to
the build up of fouling or deposition, upon contact to a fouling agent. Such substrates can
constitute single components, materials or elements or may constitute elements of a more
complex apparatus. For example, the substrates to which coating technologies according
to the invention can be applied can comprise one or more of metal, metal alloy, ceramic,

glass, graphite, composite material, concrete or polymer.

Examples of metals and metal alloys include iron, steel, stainless steel, copper, gold, silver,

platinum, brass, aluminium, nickel and tin.

Examples of ceramic and glass substrates include crystalline and non-crystalline ceramics,

silicate glass, glass-ceramic, amorphous metal glass, silicon dioxide and graphene oxide.

SUBSTITUTE SHEET (RULE 26)
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The term "polymer" as it is used herein is intended to encompass homo-polymers,
co-polymers, polymer containing materials, polymer mixtures or blends, such as with other

polymers and/or natural and synthetic rubbers, as well as polymer matrix composites, on

their own, or alternatively as an integral and surface located component of a multi-layer
laminated sandwich comprising other materials e.g. polymers, metals or ceramics
(ihcluding glass), or a coating (including a partial coating) on any type of substrate
material. The term "polymer" encompasses thermoset and/or thermoplastic materials as

well as polymers generated by plasma deposttion processes.

The polymeric materials Which can be coated according to the present invention include,
but are not limited to, polyolefins such as low density polyethylene (LDPE), polypropylene
(PP), high density polyethylene (HDPE), ultra high molecular weight polyethylene
(UHMWPE), blends of polyolefins with other polymers or rubbers; polyethers, such as
polyoxymethylene (Acetal); polyamides, such as poly(hexamethylene adipamide)
(Nylon 66); polyimides; polycarbonates; halogenated polymers, such as
polyvinylidenefluoride (PVDF), polytetra-fluoroethylene (PTFE) (Teflon™), fluorinated
ethylene-propylene copolymer (FEP), and polyvinyl chloride (PVC); aromatic polymers,
such as polystyrene (PS); ketone polymers such as polyetheretherketone (PEEK);
methacrylate polymers, such as polymethylmethacrylate (PMMA); polyesters, such as
polyethylene terephthalate (PET); and copolymers, such as ABS and ethylene propylene
diene mixture (EPDM).

The substrates of the invention may include more than one of the types of materials
outlined above, which may be in the form of bulk materials, processed, shaped, joined,
moulded or otherwise formed materials that either are, or are components of, other
apparatus. For example, apparatus including substrates that can be coated according to the
invention include apparatus that is or are an element of food, dairy or beverage processing
equipment; a pump, pipe, conduit, connector or plumbing fitting; a heat exchanger,
radiator, heating element, hot water service, kettle or jug; a commercial or domestic

appliance, washing machine, dish washer, clothes washing machine, air conditioner; a
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marine or aquatic vehicle, structure or fixture; a window, windscreen, lens, bottle or

storage vessel; a building component or vehicle panel.

The term “fouling agent” is intended to encompass agents that, after a substrate has been
‘ eXposed to them, result in the formation of build up, deposition or the like on the substrate
‘surface. While the chemical and mechanical processes giving rise to fouling are likely to
vary significantly depending upon the nature of the fouling agent, the substrate in question
'an:d the conditions to which they are exposed (such as temperature, pressure, pH, salt
concentration) it 1s nonetheless understood, without wishing to be bound by theory, that
coatings according to the invention can be effective to prevent or reduce fouling or
deposition due to inhibition of initial adhesion of fouling agent derived species onto the
substrate. Fouling agents, for example include water, particularly hard water, salt water,
marine or aquatic environment (that may include water or salt water in combination with
other agents such as bact.eria, algae and other organisms), food and beverage, milk and
‘other darry derived substances such as milk fractions, yoghurt, cheese, cream, butter, ice-
cream; raw or treated ~sewerage; industrial chemicals, petrochemicals, lubricants;
fermentation broth and the like. Fouling agents according to the invention will generally
take the form of a fluid, but may also include some solid or semi-solid materials. The
period of exposure of a fouling agent to a substrate required to cause fouling will depend
upon the nature of the fouling agent in question, the substrate and the conditions to which
they are exposed. The coating according to the present invention has been shown to
reduce or prevent fouling of the substrate caused by contact from the fouling agent. In this
context the reduction or prevention of fouling is relative to the fouling that would be
experienced by an equivalent substrate exposed to the same fouling agent under equivalent
conditions. It 1s a simple matter for a skilled person to conduct such a comparative study

to a substrate both with and without the coating of the invention.

After exposing the substrates to the same conditions and for the same period of time it is
also a simple matter to monitor the extent of fouling. In many cases this will involve a
simple visual inspection, while in other cases it may be necessary to adopt more

sophisticated analytical techniques such as conventional light microscopy or scanning

10
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electron microscopy (SEM), possibly in conjunction with the use of surface etching

‘techniques.

The substrates treated acdording to the invention with polysaccharide will in many cases,
although not necessarily, give rise to increased surface hydrophilicity. The hydrophilic
nature of the treated surface can readily be determined by conducting water drop contact

' angle analysis of both coated and uncoated surfaces. A water droplet contact angle of less
than about 90°, such as less than about 80°, less than about 50° or less than about 30° is
‘indicative of a hydrOphil:ic surface. The coating according to the invention need not
necessarily decrease the contact angle of the substrate relative to the uncoated form,

although this 1s likely to happen in many cases.

The coatings according to thé invention comprise polysaccharide and may additionally
include other agents. Generally, however, polysaccharide will comprise a predominant
component of a layer of the coating that is closely adjacent to the substrate. Other
'elements that may be included within the polysaccharide comprising layer or layers of the
coating include, but are not limited to, oligosaccharide, ions such as calcium, sodium,
potassium, hydroxide, and the like as well as protein and peptide. Particularly preferred
polysaccharides that are incorporated into the coatings according to the invention include
one or more of starch, modified starch, cellulose, hemicellulose, hydrolysed cellulose and
cellulose derivatives. For example, the starch or modified starch can comprise one or more
of rice starch, maize starch, potato starch, dextrin starch, hydrolysed starch, octenyl
succinic anhydride (OSA) starch, alkaline-modified starch, bleached starch, oxidised starch,
enzyme-treated starch, monostarch sulphate, distarch phosphate, acetylated starch,
hydroxypropylated starch, hydroxyethyl starch, cationic starch and carboxymethylated

starch.

For example, the cellulose, hydrolysed cellulose or cellulose derivative can comprise one
or more of cellulose Ia cellulose IB, cellulose II, cellulose III, cellulose IV, cellulose
acetate, cellulose triacetate, cellulose propionate, cellulose acetate propionate, cellulose

acetate butyrate, cellulose nitrate, cellulose sulphate, methyl cellulose, ethyl cellulose,

11
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ethylmethyl cellulose,i hydroxyethyl  cellulose, = hydroxypropyl  cellulose,
hydroxyethylmethyl cellulose, hydroxypropylmethyl cellulose, ethylhydroxyethyl cellulose,
carboxymethyl cellulose and acid hydrolysed cellulose.

Mixtures of one or more members of the same or different categories of polysaccharides

can also be adopted.

In a further aspect of the invention the coating can include an additional layer or layers
comprising protein and/or polypeptide that is bound to the base polysaccharide comprising

layer. Proteins or polypeptides that may be included within the coatings include one or
more of whey protein and :casein. Specific caseins that can be adopted include a-, B- and k-

caseln.

In one aspect of the invention the protein comprises casein. In another aspect, the
polysaccharide comprises dextrin starch and/or octenyl succinic anhydride starch and in a
further embodiment the coating comprises dextrin starch and/or octenyl succinic anhydride

starch in combination with casein.

In another broad aspect the invention relates to a method of reducing or preventing fouling
of a substrate intended 1n use to contact a fouling agent, in comparison to an equivalent
untreated substrate, which comprises treating the substrate with aqueous polysaccharide to

produce a polysaccharide comprising coating on the substrate.

By reference to treating the substrate with “aqueous polysaccharide” it is intended to
outline that polysaccharnide, as outlined above, can be included in aqueous solution or as a
mixture or dispersion in water, depending upon the form that the polysaccharide takes.
Generally, the aqueous polysaccharide will include from about 0.5% to about 20% by
weight of the polysaccharide to weight of the water, for example 1.0% to about 15%, 2%
to about 10% or about 4% to about 8%. Depending upon the nature of the substrate the
aqueous polysaccharide may be provided within a receptacle or bath into which the

substrate 1s immersed, the aqueous polysaccharide can be sprayed or otherwise projected

12
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onto the substrate or the aqueous polysaccharide can be pumped through apparatus
comprising internal surfaces as substrate to be exposed to the coating treatment of the
invention. The aqueous pblysaccharide can include other components such as buffering or
pH adjusting agents such :as lactic acid, hydrochloric acid and sodium hydroxide and can,
in one embodiment be adj usted to pH of from about 3 to about 10, such as from about 5 to
about 8. Although not essential, it is also preferred that the aqueous polysaccharide is
t'emperature controlled during the treatment such that the treatment is conducted for
example at a temperature from about 50°C to about 150°C, such as from about 65°C to
about 140°C or about 85°C to about 120°C. The treatment may be conducted, for example,

for a period of from about 1 hour to about 48 hours, such as from about 4 hours to about 12
hours or from about 4 hours to about 6 hours. For example, in embodiments of the
invention where surfaces of fluid processing apparatus are to be coated it may be
appropriate for the aqueous polysaccharide to be pumped through the apparatus for
example at a rate of from about 5 L/min to about 100 L/min, such as from about 15 L/min
to about 70 L/min or from about 20 L/min to about 40 L/min. For example in the case of
dairy processing equipment including heat exchangers 1t is convenient to run the aqueous
polysaccharide through the heat exchanger apparatus with the heat exchanger in operation

to control temperature, for example within the ranges outlined above.

In another aspect of the invention the treatment with aqueous polysaccharide 1s followed
by a separate treatment with an aqueous mixture, dispersion or solution of protein or
polypeptide, as outlined above. Rinsing of the substrate with water can be conducted
following the initial aqueous polysaccharide treatment and prior to treatment with aqueous

protein or polypeptide.

The treatment with aqueous protein or polypeptide can be conducted 1n much the same
way as the treatment with aqueous polysaccharide, for example by immersing the substrate
to be treated 1n a receptacle comprising the aqueous protein or polypeptide, by spraying or
flowing the aqueous protein or polypeptide through an apparatus comprising the substrate

to be treated on its internal surfaces.

13

SUBSTITUTE SHEET (RULE 26)



CA 028962772 2015-06-25

WO 2014/100976 PCT/CN2012/087432

The aqueous mixture, disbersi.on' or solution of protein or polypeptide, for example whey
protein or casein, can be from about 2% to about 16%, such as from about 8% to about
' 14%, by weight of protein or polypeptide to weight of water and in another embodiment it
1s possible to use milk or a milk fraction as the protein or polypeptide comprising mixture,
dispersion or solution. B.y reference to a milk fraction it 1s intended to refer to a casein
‘comprising component derived from milk that may have had elements of normal milk
partially or completely removed, such as fats, sugars, proteins or water. It is also possible
to conduct the treatment with milk that has been diluted with other agents such as water or

aqueous salt solution.

Preferably the pH of the aqueous protein or peptide 1s from about 4 to about 10, such as
from about 6 to about 8 and the substrate can suitably be exposed to the aqueous protein or
polypeptide at a temperature from about 65°C to about 98°C or from about 75°C to about
' 95°C, such as from about 90°C to about 95°C. Preferably, however, the aqueous protein or
polypeptide will be maintained below 100°C. The treatment can, for example, be
conducted for a period of from about 15 minutes to about 6 hours, such as from about
30 minutes to about 4 hours or from about 1 hour to about 2 hours. In the case where the
aqueous protein or peptide 1s to be pumped through apparatus comprising substrate to be
treated on 1its internal surfaces the flow rate can conveniently be from about 20 L/min to
about 100 L/min, such as from about 30 L/min to about 70 L/min or from about 40 L/min
to about 50 L/mun.
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In one aspect of the invention rinsing with water 1s conducted following the treatment with
aqueous protein or polypeptide and this rinsing can conveniently be conducted at a
temperature of from about 20°C to about 80°C, such as from about 25°C to about 50°C or
about 30°C to about 40°C, for a period of between about 5 mins and about 2 hours, such as
from about 10 mins to about 1 hour. In another aspect rinsing can be conducted at a
temperature of from abouf 20°C to about 80°C, such as from about 25°C to about 60°C, for
a period of between about 5 mins and about 2 hours, such as from about 30 mins to about
I hour utilising dilute alkéli, such as sodium hydroxide, potassium hydroxide or the like,
for example at a concentration of from about 0.1 wt% to about 5 wt%, such as from about

0.5 wt% to about 2 wt%.

The 1nvention relates not only to the coatings of the imnvention as discussed above and to
substrates and apparatus comprising them and to the methods for producing such coatings,

but also to the coatings and substrates and apparatus when produced by the methods

outlined above.

The present invention will be further described by way of example only with reference to

the following non-limiting examples.
EXAMPLES

Example 1 — Analysis of milk fouling using a plate heat exchanger as substrate and
cooling water fouling using a UHT heat exchanger as substrate

Materials and methods

Coating of substrates

Polysaccharide (in this case, 35% dextrin starch was mixed with 65% OSA starch and the
final concentration of the mixture in water was 8.5% (w/w) with the pH around 3.5) was
dissolved in water at 55 °C and heated up to 85 °C. Solution was pumped into the heat
exchanger and circulated for 4 hours and temperature was kept at 95 °C with the flow rate
of 17L/min for the plate heat exchanger and 35-40 L/min for the UHT heat exchanger. The

polysaccharide solution was drained after 4 hours. Protein solution (80% casen
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(containing calcium) was mixed with 20% whey proteins with the final concentration of 12%
(w/w) 1n water, pH at 6.7): was dissolved below 50 °C and pumped into the heat exchanger
with the same flow rate of the polysaccharide solution. Protein solution was circulated for
2 hours at 85 °C. The protein solution was then drained and the heat exchanger was rinsed
with water or diluted sodium hydroxide (if necessary). The heat exchanger was cooled to

room temperature before use.

In the plate heat exchanger coating process, the plates were not taken apart from the
processing line. Instead the coating solutions were pumped into the plate heat exchanger in
both the product and the hot media side. In this way, the heat exchanger plates were

exposed to full contact with the coating solutions to form anti-fouling film.

Fouling experiments were carried out using a plate heat exchanger (productivity 2 t/h) in
Shandong Kangzhiduo Dairy Co., Ltd. as the substrate. Fresh milk was supplied by the
same company and samples were heated to 90°C during processing. Platinum resistance
probes were installed to characterize thermal performance. The probes were used to
measure the inlet and outlet temperatures of both the test fluid and the hot media. Thermal
balance was calculated as described in Equations 1 and 2 below and the overall heat
transfer coefficient U 1s known. During the fouling process, U decreased with time in the

uncoated tnals.

Logarithmic mean temperature difference (LMTD) which is the driving force of heat

transfer, and the mean value, conform to following formula:
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: "':WT -T*—T--T: .
ATLM'I"D :“( = ng_z.(.'rz) o1) (Equatlon 1)

(Ti2-To1)

. Where, AT vt - logarithmic mean temperature difference (LMTD) (K)
- Ty; = product outlet temperature (K)

79> = hot medium eutlet temperature (K)

[;; = product mlet temperature (K)

7> = hot medium irrlet temperature (K)

Overall heat transfer coefficient (U) tells how much heat passes through 1 m’ of the

partition per 1°C of differential temperature (Incropera and DeWitt 1996). In a heat
exchanger U should be as high as possible (Incropera and DeWitt 1996).

The general formula 1s:

Where,
' A= heat transfer area (mz)
" m= mass of the fluids (Kg)
c,= specific heat capacity of the media (J-Kg-K™)
AT ymrp= logarithmic mean temperature difference (LMTD) (K)

U= overall heat transfer coefficient (W-K™'-m™)

Alt the trials were performed for at least 2 hours for each run (8 hours testing was also
carried out to test the extended term performance of the coating) and after initial testing of
the coating treatment the heat exchanger was continuously used in normal production and
10 months data was analysed. All results reported are the average of triplicate experiments.
The thermal performance between modified steel surface and reference steel were

compared. To allow comparison, the normalized overall heat transfer coefficient U*(t) was

calculated as follows:

17

SUBSTITUTE SHEET (RULE 26)



CA 028962772 2015-06-25

WO 2014/100976 PCT/CN2012/087432

U@
Uo

U (t) = (Equation 3)

‘Where,
Uo= heat transfer coefficient when the plate heat exchanger is clean

t= the operating time

_ Fo'r each run the U* (t) starts from 1

A :UHT heat exchanger (Primo D, Tetra Pak, productivity 4 t/h) in Jinan Jiabo Milk
‘ Cb., Ltd. was used to carry out cooling water anti-fouling tests. Direct energy saving on the
. cdoling water side results were provided by Jinan Jiabo Milk Co., Ltd. During the test, tap
water was used directly as the cooling media without any further treatment. The cooling

water tubes were removed from the heat exchanger and tested each month.

Surface characteristics analysis
(a) Contact angle measurement

EXperiments microscope glass slides and same sized stainless steel 304 slides were cleaned
using ethanol and distilled water. With or without SLLC treatment, the slides were
exfensively washed with distilled water and rested 5 days at room temperature before
testing. The contact angle was measured using 10 ul. water with a Data Physics
Tensiometer OCA 20 at room temperature and its image analysis software SCA 20 were

used to measure the contact angle in School of Chemistry, University of Melboumne.

(b) SEM imaging
A microscope slide sized stainless steel 304 chip surface coated according to the invention

was 1maged by a Philips XL30 field-emission scanning electron microscope in the

School of Botany, University of Melbourne.
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(c) Compositional and trace element analysis
Elemental compositional analysis was carried out by the China National Analysis Centre

for Tron and Steel (NACIS) based on standard protocols, as follows:

The compositidn of stainless sfeel was analysed based on the following Chinese National
standard and NACIS standard: C, S: Infrared absorption method after combustion in an
mduction furnace (Standard: GB/T 20123-2006), Si: Inductively coupled plasma atomic
emission spectroscopy (ICP-AES) (Standard: NACIS/C H 116: 2005), Mn, Ni: ICP-AES
.(Standard: NACIS/ CH 0108: 2005); P: ICP-AES (Standard: NACIS/ C H 011: 2005), Cr:
Ammonium Peroxydisulfate Titration (Standard: NACIS/ C H 116: 2005), N: Thermal
" conductimetric method after fu.sion in a current of inert gas (Standard: GB/T 20124-2006 /
1SO 15351: 1999). '

' (d) Dissolved Element Analysis
Test results were provided by the NACIS based on the method for analysis of hygienic
standard of stainless steel of China (standard: GB/T 5009.81-2003), stainless steel slides
with and without coatings were submerged in 4% (v/v) acetic acid and boiled for 90 min
then kept in the acid at room temperature for 24 h. Dissolved elements in the acid were

measured by inductively coupled plasma mass spectrometry (ICP-MS).

Results

Fouling on the plate heat exchanger

Before the coating treatment, the overall heat transfer coefficient of the bare reference steel
decreased over 16%, as shown in Figure 1, during 2 h testing, while the heat transfer
coefficient of the coated heat exchanger dropped less than 2%, even after 10 months of
processing (with the CIP process after each run to test the chemical resistance). After 8 h
milk thermal processing, images (Figure 2) were taken immediately (the inlet and outlet of
the heating section) or after rising with water until the heat exchanger was cooled
(exchanger plates). As shown in these images, after the coating treatment there was less
deposition on the heat exchanger and most of the fouling was removed after rinsing with

water. A long lasting anti-fouling film was built up on the heat exchanger, atter 10 months
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"ru'nning the film was still effectively maintaining heat transfer efficiency during milk

'thermal processing.
. Water Fouling

C:'Qolling Water fouling testis were carried out in Jinan Jiabao Milk Co., Ltd and a Tetra Pak
UHT heat exchanger was used. T h.e antl water scaling data was provided by Jiabao Milk
before and after the coating tréatment. As shown in Figure 3, after the coating treatment
‘the amount of water scaling on thé cooling tubes decreased dramatically and cleaning
fréquency was able to be réduced from monthly to three monthly. At least 65 Kg 0.9 MPa
saturated steam was saved for each cleaning process. The acid concentration dropped 30%

compared to the untreated surface.

Contact angle measurement

Contact angle measurement was used to analyse -surface characteristics of the coated
surfaces. The contact anglé measurement was taken 1mmediately, given its dependence on
contact time 1n air (Mantel and Wightman 1994). The coating treatment can lead to
different alterations on different materials. As the results provided in Table 1 demonstrate,
after coating treatment the t:ontact angle of stainless steel went up slightly while that of the
glass sample was reduced. The reason for these changes could be complicated. The
wettability of a liquid on a clean surface of a solid substrate normally depends primarily on
short-range interfacial forces operating over distances between atoms. While for this case
of a coating layer on the substrate surface, this layer will separate the liquid (water) from

the surface to a distance beyond the range of these short-range forces.

Table 1 Water drop. contact angle for stainless steel and glass with coatings

Surfaces | Treatment | Contact angle [°]
Stainless steel Untreated 82.4
f Coated 85.7
Glass ﬂ Untreated 46.9
' Coated 37.5

SEM and steel compositional analysis
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'SEM images were taken :from'partl'y etched stainless steel slides coated according to the
iﬁVentioh to look at the different layérs of the coating film (shown 1n Figure 4). The bottom
'ﬁ .Ia.yerﬁ 1S relatively' amorphous. and includes complex structures, while the top layer is

“smooth.

Z Tﬁe results for the elemfﬁentalf anaiysis study (Table 2) demonstrated that the coating
' tréatment did not result in damage to the stainless steel surface, as the composition of each
mam element within the stainless steel substrate was essentially unchanged. On the other
: hz;nd, the anti-fouling coating was demonstrated to increase the chemical resistance of the
stainless steel surface, especially to dilute acid. The coated stainless steel surface released
60% less Cr and more than 50% less Ni to the acid solution (Table 3). This improved
chemical resistance of the stainless steel would be expected to give rise to improved long

term heat exchanger pertormance.

Table 2 Composition of stainless steel

Samples Element (%) )

B C | Si Mn |P S | Cr Ni N
Standard <0.15 <075 <200 <0045 <0.030 17.00- 3.00- <0.1
Uncoated 0.059  0.41 1.05 0.03] 0.0043  18.09 8.02 0.045
Sample

Coated  0.059 041 1.06 0.028  0.0043  18.15 3.03 0.046
Sample

Table 3 Dissolved Elements Analysts

Elements Cr N1 As Cd Pb

(mg/L)

Standard <(.5 - <30 < (.04 < (.02 <1.0

(GB  96%4- |

38) |

Uncoated 0.18 0 0.26 <0.01 <0.01 <0.01

Coated 0.06 ~0.11 <0.01 <0.01 <0.01
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Conclusions

: The coating was tested as an anti-fouling technology in both in the contexts of milk fouling
and water scaling_.' During thermal processing, the coated heat exchanger was shown to
efﬁciently maintain heat transfer coetficient in comparison to the uncoated reference steel.
C.leaning efﬁciency of the coated substrates was also significantly improved and there was
n'_o harm or alteraﬁon to i the heat exchanger surfaces. The coating was also shown to

provide some protection for the stainless steel substrates from acid induced degradation.

Example 2 — Analysis oif milk fouling using a dairy processing production line as
substrate '

Materials and methods

Coating of substrates

Polysaccharide (in this case, 35% dextrin starch was mixed with 65% OSA starch and the
final concentration of the mixture in water was 9% (w/w) with the pH around 3.5) was
dissolved 1n water at 85 °C. Solution was pumped into the heat exchanger and circulated
for 5 hours and temperatﬁre was kept at 95 °C with the flow rate of 10 L/min for the
Amotec-THE heat exchanger and 80 r/min stirring speed for the pot heat exchanger. The
polysaccharide solution was drained after 5 hours. Protein solution (80% casein
(containing calcium) was mixed with 20% whey proteins with the final concentration of 12%
(w/w) m water, pH at 6.7) was dissolved below 50 °C and pumped into the heat exchanger
with the same flow rate and stirring speed of the polysaccharide solution. Protein solution
was circulated for 1 hour at 90 °C. The protein solution was then drained and the heat
exchanger was rinsed with water or diluted sodium hydroxide (if necessary). The heat

exchanger was cooled to room temperature before use.
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Following treatment the effectiveness of the coa.ting at reducing milk fouling on
cemponents of the produetion Iine was tested under two separate conditions by using both
the Amotec—THE and the pot heat exchanger at ESTAVAYER LAIT SA (ELSA) in
Estavayer—le lac, Sw1tzerland Milk samples (with and without thickener) were supplied by
the same company and samples were heated to 145 °C in the Amotec-THE for 6 hours at a

ﬂow rate of 150 L/h and 95°C in the pot heat exchanger for 1 hour at a stirring speed of
100 r/mm o ' '

Results

Before the coating treatment, In the pot heat exchanger it was necessary to clean the
apparatus utilising 15 to 20 mlnutes of cleaning with 70°C alkali for deposition from milk
samples without thlckener. After the treatment i1t was possible to readily remove any
deposits in two minutes stmply using a 70°C water wash, without the need for addition of
alkal1. In the case of testing milk samples with thickener, the cleaning time using the same

alkali cleaning conditions as above was reduced from 35 minutes to 5 minutes.

Following the coating of coating treatment at Amotec-THE heat exchanger, there was
visibly less deposition observable on production line components by process engineers

than could be observed 1n the case of the same extreme condition exposure without the

prior coating treatment.

It 1s to be recognised that the present invention has been described by way of example only

and that modifications and/or alterations thereto which would be apparent to persons

skilled 1n the art, based upon the disclosure herein, are also considered to fall within the

spirit and scope of the invention.
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‘The claims:
1. A substrate 1ntended in use to contact a fouling agent, said substrate including a

coatmg comprlsmg polysacchande which ‘coating serves to reduce or prevent
fouling of the substrate caused by contact from the fouling agent, in comparison to
an equivalent uncoated substrate

2. An anti-fouling coatlng for a substrate that is intended in use to contact a fouling

o agent, wherein sald coatmg comprises polysaccharide and wherein the coating
serves to reduce or prevent touling of the substrate caused by contact from the
fouling agént, in comparison to an equivalent uncoated substrate.

3. An apparatus coniprising a substrate intended in use to contact a fouling agent,
said substrate including a coating comprising polysaccharide, which coating serves
to reduce or prevént fouling of the substrate caused by contact from the fouling
agent, in comparison to an equivalent uncoated substrate.

4 The substrate, coating or apparatus of any one of claims 1 to 3 wherein the
polysaccharide comprises starch or modified starch.

5. The substrate, coating or apparatus of any one of claims 1 to 3 wherein the

' polysacchande comprises a mixture of starches and/or modified starches.

6. The substrate, coating or apparatus of any one of claims 1 to 3 wherein the

' polysaccharide comprises one or more of rice starch, maize starch, potato starch,
dextrin starch, hydrolysed starch, octenyl succinic anhydride (OSA) starch,
alkaline-modified starch, bleached starch, oxidised starch, enzyme-treated starch,
monostarch sulphate, distarch phosphate, acetylated starch, hydroxypropylated
starch, hydroxyethyl starch, cationic starch and carboxymethylated starch.

7 The substrate, coating or apparatus of any one of claims 1 to 6 wherein the
polysaccharide comprises cellulose, hemicellulose, hydrolysed cellulose or a
cellulose derivative.

8. The substrate, coating or apparatus of any one of claims 1 to 6 wherein the
polysaccharide comprises a muxture of celluloses, hemicelluloses, hydrolysed

celluloses and/or cellulose derivatives.
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o
11.

12,
13,

14.

13.

16.

The substrate, coiating or apparatus of any one of claims 1 to 6 wherein the

cellulose, hydrolysed cellulose or cellulose derivative comprises one or more of

~ cellulose | cellulbse [g, ccllulose 1, cellulose 11, cellulose 1V, cellulose acetate,

celluloSe triacetaté, cel'lulose propionate, cellulose acetate propionate, cellulose
aCetate butyrate, cellulose nitrate, celluldse sulphate, methyl cellulose, ethyl
cellulose, ethylmethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose,
hydroxyethylmethyl celluloée, hydroxypropylmethyl cellulose, ethylhydroxyethyl

cellulose, carboxymethyl cellulose and acid hydrolysed cellulose.

- The substrate, coating or apparatus ot any one of claims 1 to 9 wherein the coating

- further comprises protein or polypeptide bound to the polysaccharide.

The substrate, coating or apparatus of any one of claims 1 to 9 wherein the protein
or polypeptide comprises one or more of whey protein and casein.

The substrate, coating or apparatus of any one of claims 1 to 3 wherein the
polysaccharide comprises dextrin starch and octenyl succinic anhydride starch and
the protein comprises casein.

The substrate, coéting or apparatus of any: one of claims 1 to 12 wherein the
substrate comprises one or more of metal, metal alloy, ceramic, glass, graphite,
composite material, concrete or polymer.

The substrate, coating or apparatus of any one of claims 1 to 12 wherein the
substrate comprises stainless steel.

The apparatus of claim 3 or any one of claims 4 to 12 when dependent upon claim
3 wherein the apparatus 1s or 1s an element of food, dairy or beverage processing
equipment; a pump, pipe, conduit, connector or plumbing fitting; a heat exchanger,
radiator, heating eclement, hot water service, kettle or jug; a commercial or
domestic appliance, washing machine, dish washer, clothes washing machine, air
conditioner; a marine or aquatic vehicle, structure or fixture; a window,
windscreen, lens, bottle or storage vessel; a building component or vehicle panel.
A method of reducing or preventing fouling of a substrate intended 1n use to
contact a fouling agent, in comparison to an equivalent untreated substrate, which
comprises treating the substrate with aqueous polysaccharide to produce a

polysaccharide comprising coating on the substrate.
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7.
18.

19,

20.

21,

22.

23.

24.

The method of claims 16 wherein the polysaccharide comprises starch or modified
starch.

The method of claim 1.6‘ Wherein the pdlysaccharide comprises a nuxture of
starches and/or modiﬁed starches. :

The method of cldim 16 wherein the polysaccharide comprises one or more of rice
starch, maize stafch, .potato starch, dextrin starch, hydrolysed starch, octenyl
SUCCINIC anhydridé (QSA) starch, alkaline-modiﬁed starch, bleached starch,
Ohxidised starch, ehzyme-treated starch,' mohostarch sulphate, distarch phosphate,
acetylated starch, hydroxypropylated starch, hydroxyethyl starch, cationic starch
and carboxymethylated starch.

The method of any one of claims 16 to 19 wherein the polysaccharide comprises
cellulose, hemicellulose, hydrolysed cellulose or a cellulose dervative.

The method of anj( one of claims 16 to 19 wherein the polysaccharide comprises a
mixture of celluloses, hemicelluloses, hydrolysed celluloses and/or cellulose
derivatives. ‘

The method of ahy one of claims 16 to 19 wherein the cellulose, hydrolysed
cellulose or celluldse derivative comprises one or more of cellulose 1, cellulose Ig,
cellulose I, cellulose I, cellulose IV, cellulose acetate, cellulose triacetate,
cellulose propionate, cellulose acetate propionate, cellulose acetate butyrate,
cellulose nitrate, cellulose sulphate, methyl cellulose, ethyl cellulose, ethylmethyl
cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxyethylmethyl
cellulose, hydroxypropylmethyl cellulose, ethylhydroxyethyl cellulose,
carboxymethyl cellulose and acid hydrolysed cellulose.

The method of any one of claims 16 to 22 wherein treating the substrate with
aqueous polysaccharide 1s conducted using an aqueous mixture, dispersion or
solution of polysaccharide of from about 0.5% to about 20% w/w.

The method of any one of claims 16 to 22 wheremn treating the substrate with

aqueous polysaccharide 1s conducted using an aqueous mixture, dispersion or

solution of polysaccharide of from about 1.0% to about 15% w/w.
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25, '

29,

30.
31

32.
33.
34.

35.

The method of any one of claims 16 to 22 wherein treating the substrate with
aqueous polysaccharide 1s conducted using an aqueous mixture, dispersion or
solution of polysaccharide of from about 2% to about 10% w/w.

The method of aﬁy one of claims 16 to 22 wherein treating the substrate with

- aqueous polysaccharide is conducted using an aqueous mixture, dispersion or

solution of polysabcharide of from about 4% to about 8% w/w.

The method of ai)y one of claims 16 to 26 wherein treating the substrate with
aqueous p'olysaccharide 1s conducted using an aqueous mixture, dispersion or
solution of polysacchafide with pH of trom about 3 to about 10.

The method of cl.aim 27 wherein the pH of the aqueous mixture, dispersion or
solution of polysaccharide is from about 5 to about 8.

The method of any one of claims 23 to 28 wherein the substrate is treated with said
aqueous mixture, diSpersion or solution of pb]ysaccharide at a temperature of from
about 50°C to about 150°C. '

The method of claim 29 wherem the temperature is from about 65°C to about
140°C. :

The method of claim 29 wherein the temperature is from about 85°C to about
120°C. '

The method of any one of claims 23 to 31 wherein the substrate is treated with said
aqueous mixture, dispersion or solution of polysaccharide for a period of from
about 1 hour to about 48 hours.

The method of any one of claims 23 to 31 wherein the substrate is treated with said
aqueous mixture, disperston or solution of polysaccharide for a period of from
about 4 hours to about 12 hours.

T'he method of any one of claims 23 to 33 wherein said aqueous mixture,
dispersion or solution of polysaccharide is flowing at a rate of from about 5 L/min
to about 100 L/min..

The method of any one of claims 23 to 33 wherein said aqueous mixture,
dispersion or solution of polysaccharide is flowing at a rate of from about

15 L/min to about 70 L/min.
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37.

a8
39.

- 40.

41,
42.
43,

44
45.

46.

47

The method of any oneof c‘llaims 16 to 35 further comprising treating the
polysaccharide coéted substrate with an aquéous mixture, dispersion or solution of
protein or polypeptide. - '

The method of claim 36 wherein the protein or polypeptide comprises one or more
of whey protein aﬁd caSein._

The method ot claim 36 whérein the protein or polypeptide comprises casein.

The method of cléim 38 Wherein the aqueous mixture, dispersion or solution of
casein COmprises ﬁom ébout 2% to about 16% w/w of casein.

The method of claim 38 wherein the aqueous mixture, dispersion or solution of
casein comprises milk or a casein comprising milk fraction.

The method of any one of claims 36 to 40 wherein treating the polysaccharide
coated substrate with an aqueous mixture, dispersion or solution of protein or
polypeptide 1s conducted using an aqueous mixture, dispersion or solution of
protein or polypepﬁde with pH of from about 4 to about 10.

The method of claim 41 wherein the pH of the aqueous mixture, dispersion or
solution of protein :or polypeptide 1s from about 6 to about 8.

The method of aﬁy one¢ of claims 36 to 42 wheremn the polysaccharide coated
substrate 1s treated with said aqueous muxture, dispersion or solution of protein or

polypeptide at a temperature of from about 65°C to about 98°C.

The method of claim 43 wherein the temperature 1s from about 75°C to about 95°C.

The method of any one of claims 36 to 44 wherein the polysaccharide coated
substrate 1s treated with satd aqueous mixture, dispersion or solution of protein or
polypeptide for a period of from about 15 mins to about 6 hours.

The method of any one of claims 36 to 44 wherein the polysaccharide coated
substrate 1s treated with said aqueous mixture, dispersion or solution of protein or
polypeptide for a period of from about 1 hour to about 2 hours.

The method of any onc of claims 36 to 46 wherein said aqueous mixture,

dispersion or solution of protein or polypeptide ts flowing at a rate of from about

20 L/min to about 100 L/min.
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48,

49,
50

53.

54.

55.

56,

57.
58.

The method of any fonie '_ pf claims 36 tp 46 wherein said aqueous mixture,
dispersion or solution of ' pfOtein or polypeptide 1s flowing at a rate of from about
30 L/min to abouti 70 L/min. '

The method of any one of claims 16 to 48 further comprising a step of rinsing with
Water. o : e '

The method of an)} one of piaims 16 to 48 further comprising a step of rinsing with
dilute alkali, '

The method of cla;im 50 wherein the dilute alkali is sodium hydroxide.

The method of either claim 49 or claim 50 wherein the rinsing with water or dilute
alkali 1s conducted at a temperature of from about 20°C to about 80°C for a period
of between about 5 mins and about 1 hour.

The method of any one of claims 16 to 52 wherein the polysaccharide comprises
dextrin starch and octenyl succinic anhydride starch and the protein comprises
casein. : -

The method of any one of claims 16 to 53 wherein the substrate comprises one or
more of metal, métal alloy, ceramic, glass, graphite, composite material, concrete
or polymer. '

The method of aﬁy one of claims 16 to 53 wherein the substrate comprises
stainless steel. . '

A substrate intended in use to contact a fouling agent that has been treated to
reduce or prevent fouling mm comparison to an equivalent untreated substrate,
according to the method of any one of claims 16 to 55.

An apparatus comprising the substrate of claim 56.

The apparatus of claim 57 which 1s an element of food, dairy or beverage
processing equipment; a pump, pipe, conduit, connector or plumbing fitting; a heat
exchanger, radiatof, heating element, hot water service, kettle or jug; a commercial
or domestic appliance, washing machine, dish washer, clothes washing machine,
alr conditioner; a ‘marine or aquatic vehicle, structure or fixture;, a window,

windscreen, lens, bottle or storage vessel; a building component or vehicle panel.
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