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Description
Technical field
[0001] The present invention is in the field of microcapsules, in particular it relates to microcapsules having a core
and a polymeric polyanion-polycation complex shell wherein the polyanion is capable of forming a weak gel in the
presence of calcium, a process for making them, liquid detergents comprising the microcapsules and their use for

laundering, dishwashing and other purposes.

Background of the invention

[0002] Liquid detergent comprising microcapsules are very appealing to consumers. The inclusion of microcapsules
in liquid detergents is desirable not only for aesthetic reasons but also for functional reasons such as isolation of incom-
patible ingredients, controlled and/or delayed release, etc. Ideally, the microcapsules are stably suspended in the liquid
detergent and only dissolve/disintegrate in-use. This makes the design of the microcapsules technically very challenging.
In-use conditions can vary widely depending on a number of factors, including cleaning temperature, hardness of the
cleaning water, duration of the cleaning process, etc.

[0003] The use of microcapsules in liquid detergents is known from the literature. WO 02/055649 discloses a method
for the production of microcapsules containing washing and/or cleaning substances with semi-permeable capsule shells
(membranes) by means of complexing suitable polyelectrolytes.

[0004] Semi-permeable type microcapsules known from the literature do not seem to be strong enough to withstand
the liquid detergent manufacture process and transport and at the same time be capable of breaking in use without
leaving residues. The generation of residues is made worse under stressed use conditions, such as low temperature,
hard water and short duration cleaning.

[0005] One objective of the present invention is to provide strong microcapsules for use in liquid detergents capable
of dissolving/disintegrating under a wide variety of conditions including stressed conditions. In particular, the microcap-
sules should be suitable for use in laundry liquid detergents dissolving/disintegrating without leaving residues even when
using a heavily loaded drum, a short wash cycle, low wash temperature and/or hard water.

Summary of the Invention

[0006] Microcapsules having a core and a polymeric polyanion-polycation complex shell for use in liquid detergents
should be designed in such a way that they are capable of being stably suspended in the liquid matrix, withstand
manufacture and transport conditions, and dissolve/disintegrate during the wash process. The microcapsules have a
semipermeable membrane (shell) which permits the transfer of ions between the core and the liquid or gel matrix of the
detergent, by osmotic effect, until equilibrium is substantially reached, thereby contributing to the physical stability of the
microcapsules in the matrix. Without being bound by theory, it is believed that when the detergent containing microcap-
sules is introduced into fresh water, for example during a cleaning process, the gradient of ionic strength between the
wash water and the microcapsule draws water into the core, exerting high pressure on the shell which consequently
disintegrates. This mechanism together with the shear exerted during the cleaning process contributes to the breakage
of the microcapsules in use.

[0007] It has been found that microcapsules are prone to form residues. This tendency has been found to be more
acute under stressed conditions, such as heavily loaded drum, short cleaning cycles, low temperature and hard water
conditions. The microcapsules of the invention do not generate residues under stressed conditions.

[0008] Tap water, containing metal ions -such as calcium- is generally used for cleaning with a liquid detergent. Liquid
detergents may also include calcium ions, as part of the cleaning ingredients and/or aqueous matrix, for instance for
enzyme stability. Without wishing to be bound by theory, it is believed that the polyanion of the microcapsule is prone
tointeract, specially cross-link, with the calcium either from the cleaning water, the liquid detergent or both. This interaction
can give rise to gellation of the polyanion. If the gel formed is too strong, it will not dissolve/disintegrate in water leaving
residues on the cleaned items.

[0009] Inthe case of alaundry process, the microcapsules can be exposed in the washing liquor to a high concentration
of calcium proceeding from different sources, such as the feed water, the laundry load itself, garments which have been
previously laundered can contain calcium left behind after the evaporation of the water during the drying step, some
soils, etc. Laundry liquid detergents tend to be under built, relative to total calcium and other hardness ions, i.e. they
cannot bind all the calcium present in the wash process, especially under stressed conditions.

[0010] According to a first aspect of the invention, there is provided a microcapsule for use in a liquid detergent
composition, the microcapsule having a core and a polymeric polyanion-polycation complex shell. The polyanion com-
ponent, in aqueous solution, is capable of forming a weak gel in the presence of calcium. By weak gel is understood a
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polyanion-calcium gel, formed from 0.05 moles/I of calcium (released in situ from a Ca-EDTA solution, as described
herein below) having a storage modulus of less than about 150 Pa. The storage modulus is measured as detailed herein
below.

[0011] A preferred polyanion for use in the microcapsules of the invention is alginate. Alginate is the general name
given to alginic acid and its salts. Alginic acid is a linear polysaccharide consisting of (1,4) linked B-D-mannuronate (M)
and its C-5 epimer a-L-guluronate (G) residues arranged in a non-regular blockwise pattern along the linear chain. The
chemical composition and sequence of the M and G blocks depend on the biological source, growth and seasonal
conditions. There are three dimmer blocks in alginate MM, GG and MG. The ratio of mannuronic to guluronic units is
known as the M:G ratio. In preferred embodiments the polyanion is alginate having an M:G ratio of at least about 1:1,
preferably at least about 1.1:1, more preferably at least about 1.3:1 and even more preferably at least about 1.5:1.
Preferably the alginate has a fraction of GG blocks of less than about 0.5, more preferably less than about 0.4 and even
more preferably less than about 0.3. Preferably the alginate has a molecular weight of less than about 500 KDa. Again,
without wishing to be bound by theory, it is believed that divalent and multivalent cations form stronger gel with G residues,
especially blocks of G residues, than with M residues and this leads to poor dissolution/disintegration characteristics
and consequent residue formation. Divalent cations, especially calcium ions, take part in the interchain binding between
G blocks and give rise to a three-dimensional network in the form of a gel. The binding zone between the G blocks is
described by the so-called "egg-box model".

[0012] The most preferred alginate for use in the microcapsules of the invention is that having: i) an M:G ratio of at
least about 1:1, preferably at least about 2:1, more preferably at least about 3:1 and even more preferably at least about
4:1; ii) a fraction of GG blocks of less than about 0.5, more preferably less than about 0.4 and even more preferably less
than about 0.3; and iii) a molecular weight of less than about 500 KDa.

[0013] In another aspect of the invention, there is provided a microcapsule for use in a liquid detergent composition,
the microcapsule having a core and a polymeric polyanion-polycation complex shell wherein the polyanion component
is alginate having a ratio of mannuronic to guluronic units of at least about 1:1, preferably at least about 1.1:1, more
preferably at least about 1.3:1 and even more preferably at least about 1.5:1. Preferably the alginate has a fraction of
GG blocks of less than about 0.5, more preferably less than about 0.4 and even more preferably less than about 0.3.
Preferably the alginate has a molecular weight of less than about 500 KDa.

[0014] In preferred embodiments the microcapsules are capable of withstanding a force before bursting (measured
as described herein below) of from about 20 mN to about 20,000 mN, preferably from about 50 mN to about 15,000 mN
and more preferably from about 100 mN to about 10,000 mN. This strength makes them suitable for industrial handling,
including the liquid detergent making processes. They can withstand pumping and mixing operations without significant
breakage and are also stable on transport. At the same time the microcapsules disintegrate readily in use even under
stressed conditions. The microcapsules have a wide operating window, eliminating the need to design different micro-
capsules for use under different conditions.

[0015] According to a process aspect of the invention, there is provided a process for making a microcapsule for use
in a liquid detergent composition, the microcapsule having a core and a polymeric polyelectrolyte complex shell. The
microcapsule is made from a polyanion component capable of forming a weak gel, in aqueous solution, (as described
herein above) in the presence of calcium. The process comprises the following steps:

a. forming a first solution comprising the polyanion component;

b. forming droplets of the first solution; and

c. introducing the droplets into a second solution comprising a polymeric polycation component capable of reacting
with the polyanion component to form a complex at the surface of the droplets.

[0016] The term "solution" as used herein includes liquid or gel compositions having a main component and at least
a second component dissolved, dispersed or emulsified therein.

[0017] Preferably, the polyanion is alginate having an M:G ratio of at least about 1:1, preferably at least about 2:1,
more preferably at least about 3:1 and even more preferably at least about 4:1. Preferably the alginate has a fraction of
GG blocks of less than about 0.5, more preferably less than about 0.4 and even more preferably less than about 0.3.
Preferably the alginate has a molecular weight of less than about 500 KDa.

[0018] According to another aspect of the invention, there is provided a liquid detergent composition comprising the
microcapsules of the invention. In a preferred embodiment the liquid detergent composition comprises from about 0.5
to about 30%, preferably from about 2 to about 15% by weight of the composition of detersive builder. Builders improve
the cleaning performance of the compositions herein and can include any of the sequestering, chelating or precipitating
types. Examples of such builders include C,_4g fatty acids and citric acid, typically neutralized by alkali metal hydroxides,
amines or alkanolamines. A preferred builder for use herein is a mixture comprising from about 2 to about 15% by weight
of the composition of C,_44 fatty acids and citric acid in a weight ratio of from about 10:1 1 to about 1:10, preferably
from about 5:1 to about 1:5, more preferably from about 3:1 to about 1:3.
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[0019] Inamethod aspect of the invention, there is provided a method of cleaning a soiled item or substrate comprising
contacting the item or substrate with an aqueous solution comprising the liquid detergent composition of the invention.
The method is suitable for a variety of applications, including, hard surface cleaning -manual and automatic dishwashing,
toilet rim blocks -, laundry, etc.

[0020] The method is especially suitable for laundry. The liquid detergent compositions of the invention when used
under stressed conditions such as hard water, i.e. above about 2 mmol/l, preferably between about 3 and 6 mmol/l and
more preferably about 4 mmol/l of calcium and magnesium (preferably in a ratio of 3 to 1)-and/or low inlet temperature
-about 4-6°C- and/or low program temperature -about 30°C- and/or heavy load, do not leave residues on the washed
items.

[0021] Generally, it is not possible to accurately control in-use wash temperature conditions in a washing machine,
even though it is possible to pre-select the program temperature. The machine is filled with water from the mains, the
temperature of the inlet water is dictated by the external conditions and widely varies depending, among other things,
on the weather. The inlet water is subsequently heated up to the desired program temperature. A considerable difference
can exist between the inlet and the program water temperature such that the temperature of the washing liquor could
be low for a considerable part of the cycle. These conditions can contribute to the gellation of the beads. The problem
can be exacerbated when hard water is used and/or the machine drum is heavily loaded.

[0022] The current trend is to design washing machines with low energy consumption, usually involving low temper-
atures, reduced agitation and longer washing times. These conditions also contribute to the gellation of microcapsules.
[0023] In another method aspect of the invention, there is provided a method of cleaning laundry, without leaving
visible residues on the clean laundry. The cleaning takes place in a washing machine, under hard water conditions, i.e.
above about 2 mmol/l, preferably between about 3 and 6 mmol/l and more preferably about 4 mmol/l of calcium and
magnesium (preferably in a ratio of 3 to 1). The cleaning method comprises the step of contacting the laundry with hard
water and adding a liquid detergent. The liquid detergent preferably comprises from about 0.3% to about 3%, more
preferably from about 0.5 to about 2% and even more preferably from about 0.8 to about 1.5% by weight of the liquid
detergent of microcapsules having a core and a polymeric polyanion-polycation complex shell. Preferably, the liquid
detergent provides from about 10 to about 2000 ppm, more preferably from about 50 to about 1200 ppm and even more
preferably from 500 to 900 ppm of builder in the wash liquor.

[0024] The microcapsules are such that they leave no visible residues on laundry according to the test described
below. Preferably, the polyanion component, of the microcapsules for use in the cleaning method, is capable of forming
a weak gel in aqueous solution in the presence of calcium and has a storage modulus (measured as detailed herein
below) of less than about 150 Pa. A preferred polyanion is alginate having an M:G ratio of at least about 1:1, preferably
at least about 1.1:1, more preferably at least about 1.3:1 1 and even more preferably at least about 1.5:1. Preferably
the fraction of GG blocks is less than about 0.5, more preferably less than about 0.4 and even more preferably less than
about 0.3. Preferably, the molecular weight is less than about 500 KDa.

[0025] Whetheralaundry process leaves visible residues on the clean garments is evaluated according to the following
test. The cotton short cycle program of a Miele Novotronic W8810 machine is used to wash about 12 dark garments
weighing, in total, about 4-4.5 kg. The water inlet temperature is about 5-6°C, the wash temperature about 30°C and
the water hardness 4 mmol/l. 180 ml of a laundry liquid detergent comprising 1% by weight of the composition of
microcapsules is placed in a dispensing ball and the ball is placed in the middle of the drum. At the end of the program,
the garments are visually inspected. If less than 20%, preferably less than 10% and even more preferably less than 5%
of the garments present residues, it is concluded that the laundry process leaves no visible residues.

Detailed description of the invention

[0026] The present invention envisages microcapsules (sometimes referred as beads) for use in liquid detergents, a
process for making them, liquid detergents comprising said microcapsules and methods of cleaning using the liquid
detergents. The microcapsules do not form strong gels and therefore they dissolve/disintegrate in use without leaving
residue even under stressed conditions.

[0027] The microcapsules preferably take the form of spherical beads with a diameter of from about 0.1 to about 10
mm, which contain a core surrounded by a membrane. The membrane protects the core and any active within the core
from the surrounding medium.

[0028] The termliquid detergent as used herein includes all flowable fluids having cleaning properties, including liquids
and gels for use in manual and automatic laundry, dishwashing, hard surface cleaning, personal cleansing and lavatory
rim-blocks.

[0029] The microcapsules of the invention are made by a process based on the reaction of two polyelectrolytes of
opposite charge (herein also referred as polyanions and polycations) and which are capable of forming a complex.
Suitable polyelectrolytes for the present invention can be synthetic or natural polyelectrolytes.
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Polyanion

[0030] Suitable polyanions for the present invention can be synthetic or natural polyanions which fulfil the requirement
of being capable of forming a weak gel in the presence of calcium and having a storage modulus when gelled with 0.05
moles/litre of calcium of less than about 150 Pa at an angular frequency of about 0.5 rad/s and a polyanion concentration
of about 3.8% by weight at 25°C.

[0031] Synthetic polyanions may be selected from the group consisting of polyacrylates and polymethacrylates, pol-
yvinyl sulphates, polystyrene sulphonates, polyphosphates and mixtures thereof. Natural polyanions may be selected
from anionic gums, including alginates, carrageenan, gellan gum, carboxyl methyl cellulose, xanthan gum and mixtures
thereof.

[0032] Preferred polyanion for use herein is alginate, more preferably Lamitex M45 (ex. FMC), and Manutex RM,
Kelgin HV, Manucol LH, Manucol DM and Manucol DH all of them supplied by ISP. The most preferred are Manucol
DM and Manucol DH.

[0033] Preferred alginates with high levels of mannuronic acid include those derived from the algae Ascophyllum
nodosum or the algae Macroystis pyrifera.

Measurement of the polyanion storage modulus

[0034] The polyanion storage modulus is measured in an agueous solution comprising 3.8% by weight of the polyanion
cross-linked with calcium and thereby forming a gel. The calcium-polyanion gel is prepared by in situ release of calcium
cations from a Ca-EDTA solution. In this way a homogeneous polyanion gel is obtained and the problem of calcium
concentration gradient in the gel is avoided. This method is based on that developed by X. Liu et al., Polymer, vol. 44,
pp 407 - 412 (2003).

[0035] Firstly, a gluconate solution is prepared by adding 0.3 g (99% purity) of D-glucono-d-lactone (GDL, Sigma) to
19.7 g of water and stirring with a magnetic stirrer at 400 rpm for 2 minutes.

[0036] Secondly, a Ca-EDTA solution is prepared by adding 1 g of CaCl, hexahydrate (98% purity) and 44.69 g of
0.01 mol/l of an EDTA aqueous solution to 21.51 g of water. The solution is stirred at 400 rpm with a magnetic stirrer
and 0.1 N NaOH aqueous solution (approximately 9 g) is slowly added until the pH becomes stable at a value of about 7.
[0037] A polyanion solution is prepared by adding 3.8 g of polyanion, preferably alginate, to the Ca-EDTA solution.
The resulting solution is stirred with a turrax ultramixer for 3 minutes, moving the ultramixer through the entire solution
using 6,500 rpm for the first minute, 13,500 rpm for the second minute and 21,500 for the third minute.

[0038] Thereafter a calcium polyanion solution is prepared by adding the gluconate solution to the polyanion solution.
The resulting solution is stirred under the same regime as the polyanion solution (i.e., using 6,500 rpm for the first minute,
13,500 rpm for the second minute and 21,500 for the third minute). The gluconate causes a decrease in the pH of the
solution with a consequent decrease in the chelation stability constant of Ca-EDTA, thereby releasing calcium. The
resulting calcium polyanion solution is stored at 20°C for 24 h.

[0039] The storage modulus is measured with a rheometer UDS 200 Paar Physica with a cone and plate fixture. The
diameter and angle of the cone are 50 mm and 0.04 rad, respectively. Measurements are carried out at 25 = 0.1°C.
After calibrating the apparatus (as indicated in the manual) the strain is set up at 0.5%. A frequency sweep is performed
in the range of from 0.1 to 100 s-1. 25 points are measured in an automatic mode. The storage modulus is plotted against
the frequency.

Measurement of the polyanion molecular weight

[0040] The molecular weight is determined via gel permeation chromatography (GPC), using the conventional cali-
brated GPC technique for data processing. Molecular weights are determined via calibration with a set of narrowly
dispersed reference materials: poly ethylene oxide (PEQO) standards of molecular weights: 26, 45, 95, 170, 250, 510
and 913 kdalton (peak molecular weight).

[0041] A Waters Alliance 2695 separation module gel permeation chromatograph with a Viscotek triple detector (using
Refractive Index detection for Conventional Calibration) is used. The control system is the Waters Empower and Viscotek
triple detection software. The detection is carried out using a Viscotek Refractive Index. The module comprises two
Waters Ultrahydrogel 300 x 7.8 mm columns, one containing Ultrahydrogel Linear and another one containing Ultrahy-
drogel 102. The eluent is a 0.1 M aqueous solution of Na,HPO, 0.1 M in acetonitrile in a volume ratio of 90:10. The
sample injection is 100 pL of a solution having a concentration of polyanion of 2.5 mg/ml at a flow rate of 0.8 mL/min.
[0042] Molecular weights of the unknown samples are determined by ’slicing’ the chromatographic trace along the
time/volume axis and subsequently reading the slice molecular weight for each slice from the PEO calibration curve
(Log MW vs Retention time or Volume). Weight average molecular weight is calculated based on the slice molecular
weights and their relative intensities. Calibration, slicing and calculation of molecular weights are all performed through
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the GPC processing software.
Polycation

[0043] Suitable cationic synthetic polyelectrolytes may be selected from the group consisting of poly-(N,N,N-trialky-
lammoniumalkyl) acrylates, poly-(N-alkylpyridinium) salts, polyethylenimines, aliphatic ionenes, poly-(diallyldialkylam-
monium) salts and mixtures thereof, wherein the alkyl is preferably short chain with from 1 to about 4 carbon atoms,
preferably methyl.

[0044] Suitable cationic natural polyelectrolytes may be selected from the group consisting of chitosan, chitosan
derivatives such as quaternarised chitosan and aminoalkylated and quaternarised celluloses and poly-L-lysine and
mixtures thereof.

[0045] Preferred for use herein are the combinations of sodium alginate (for the first solution), preferably Manucol DH
or DM, with poly-(diallyldimethylammonium) chloride, chitosan polymer (having a molecular weight of from about 10 to
1,000 kDa, preferably from about 50 to 500 kDa), chitosan oligomer (having a molecular weight of from about 300 to
about 9,000 Da, preferably from about 500 to about 5,000 Da) or a mixture of chitosan polymer and oligomers (for the
second solution). These combinations are preferred for there short reaction time and for the low permeability of the
resulting microcapsules, especially preferred being combinations of sodium alginate with poly-(diallyldimethylammonium)
chloride. Membrane permeability is preferably such as to allow the transfer of water or solvent between the liquid detergent
and the core of the microcapsule but to preclude the leaching out of actives.

[0046] Measurement of force before bursting

[0047] The force before bursting that a microcapsule can withstand can be measured by using a Dynamic Mechanical
Analyser (Perkin EImer DMA 7e). A single microcapsule is separated from the storage liquid (0.9% NaCl) and placed
on the sample plate of the analyser. The capsule is covered with a drop of a 0.9% sodium chloride solution. To establish
the force at the bursting point, a static strain scan is performed applying an increasing force of 20 mN/minute during the
microcapsule compression. The imposed force and the displacement of the squeezed capsule are automatically recorded.
The point of bursting corresponds to the first shoulder on the static force scan curve and in particular the intersection
point of the two tangents constructed as a best fit to the upper and lower lateral portions of the shoulder.

[0048] Preferably, the microcapsules of the invention have a density of from about 900 to about 1,300 Kg/m3, preferably
from about 950 to about 1,200 Kg/m3 and more preferably from about 980 to about 1,100 Kg/m?3 at 25°C.

[0049] The density of the microcapsules is measured using a Helium Pycnometer (Micromeritics AccuPyc 1330) at
21°C and 25 psi. A microcapsule is taken from a 0.9% sodium chloride storage solution and gently patted with paper
tissue to remove excess liquid before the measurement is taken.

[0050] The microcapsules of the invention are preferably essentially spherical in shape, especially when they are
suspended in a liquid detergent. In addition the microcapsules preferably have a diameter (measured as equivalent
circle diameter) in the range from about 0.2 to about 8 mm, preferably from about 0.5 to about 5 mm and more preferably
from about 0.7 to about 4 mm, these ranges being preferred from the viewpoint that the microcapsules can be visualised
with the naked eye and from ease of manufacture.

[0051] The size and shape of the microcapsules can be characterized using an optical microscope (Leica MZ8) and
image analysis system (Leica Q500MC, Quips, UK). Before running the analysis the capsules are taken from a 0.9%
sodium chloride solution and placed on the microscope table. During the measurement the capsules are kept wet using
a 0.9% sodium chloride solution. Prior to processing of the images, it should be checked that all capsules are detected
as single entities. The equivalent circle diameter is the diameter of a circle of an equivalent cross sectional area to that
of the particle.

[0052] Preferably the microcapsules have a degree of elasticity at 25°C of at least about 30%, more preferably at least
about 50% and especially at least about 70%. The elasticity can be calculated using the Dynamic Mechanical Analyser
described hereinabove. Elasticity is herein defined as the deformation of the capsule in the direction of movement of
the plate before bursting as a percentage of the corresponding undeformed capsule dimension. The elasticity of the
microcapsules contribute to their mechanically stability in liquid detergents.

[0053] Preferably, the core of the microcapsules includes an active material. Optionally, the shell can also include an
active material. Preferably the active material is selected from hydrophobic materials and non-hydrophobic materials
having a molecular weight higher than about 12,000. By "hydrophobic material" is herein understood a material having
an octanol water partition coefficient at 25°C higher than about 1, preferably higher than about 1.2 and more preferably
higher than about 1.5. The octanol water coefficient partition of a material is defined as the ratio of the concentration of
the material in the octanol phase to its concentration in the water phase at 25°C. Preferred hydrophobic materials for
use herein include perfume oils, silicone fluids and gums, surfactants and vitamin oils. Preferred non-hydrophobic ma-
terials having a molecular weight higher than about 12,000 for use herein include enzymes. Other suitable actives include
materials set out herein below. The microcapsules can provide protection for the active materials reducing or avoiding
interaction between the active material in the core and materials in the liquid matrix of the liquid detergent, thereby
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improving the chemical stability of sensitive materials such as enzymes and perfumes. The retention of actives in the
core of the microcapsules of the invention is higher than that for microcapsules produced by polymeric crosslinking, for
example using calcium as crosslinking agent.

[0054] Preferably the core of the microcapsules of the invention includes a density modifier in a level such as to reduce
the density of the microcapsules by at least about 10%, more preferably at least about 15% at 25°C. The density modifier
helps to generate microcapsules of predetermined density which can be suspended in liquid detergents without or with
low levels of structuring or thickening agents. By "low level" is meant less than about 5%, preferably less than about 1%
and more preferably less than about 0.2% of structuring or thickening agent by weight of the detergent matrix. The
density reduction is evaluated by comparing two similar microcapsules, the first one made from a solution containing a
given level of density modifier and the second one from a solution wherein the density modifier has been substituted by
the same weight of water. Density modifiers suitable herein preferably have a density of less than about 1,000 Kg/m3,
more preferably less than about 990 Kg/m3 and higher than about 700 Kg/m3, and especially higher than about 800
Kg/m3. Suitable density modifiers include hydrophobic materials and materials having a molecular weight higher than
about 12,000. Preferably the density modifier is insoluble but dispersible either with or without the aid of a dispersant
agent, in water. Active materials can play the role of density modifiers if they fulfil the aforementioned requirements.
Preferred density modifiers for use herein are selected from the group consisting of silicone oils, petrolatums, vegetable
oils, especially sunflower oil and rapeseed oil, and hydrophobic solvents having a density of less than about 1,000 Kg/m3
at 25°C, such as limonene and octane.

Process

[0055] The process of the present invention involves the complexation reaction of a polyanion and a polycation.
Droplets of a first solution comprising a polyanion are dropped into a second solution comprising a polycation. The
polyanion, when is in aqueous solution, fulfil the requirement of having a storage modulus of less than 150 Pa, under
the conditions defined herein above.

[0056] Preferably, a density modifier is present in the first solution in a level of from about 5% to about 50%, preferably
from about 10% to about 30% by weight.

[0057] The first and/or second solutions can comprise any solvent, including water and organic solvents. Preferably,
the first and second solutions are aqueous, making the resulting microcapsules easily compatible with the majority of
liquid detergents, which are usually aqueous. Preferably, the first and second solutions are aqueous compositions having
the polyelectrolytes of opposite charge dissolved therein.

[0058] The process of the invention is preferably undertaken at ambient temperature thereby reducing the operating
costs and allowing the encapsulation of heat sensitive materials.

[0059] The process of the invention is quick, simple, versatile, capable of high output and therefore suitable for
large-scale production.

[0060] The droplets of the first solution can be generated by means of jet cutting. Jet cutting allows a high production
rate and a narrow distribution of droplet size and permits the handling of solutions of high viscosity, i.e. solutions having
viscosity of more than about 200 mPa s, preferably more than about 1,000 mPa s and more preferably more than about
2,000 mPa s as measured at 1 s*1 and 25°C. Jet cutting can also handle solutions of complex rheology, for example
shear thinning fluids.

[0061] Preferably, the jet of the first solution is formed by passing the solution through a nozzle having a diameter of
from about 0.2 mm to about 8 mm, more preferably from about 0.5 mm to about 4 mm and a through put rate of from
about 0.5 g/s to about 20 g/s, more preferably from about 1g/s to about 6 g/s.

[0062] Thejetis preferably cutby mechanical means, especially preferred being rotating cutting wires having a diameter
of from about 10 wm to about 1,000 pm, more preferably from about 50 wm to about 500 wm, and a cutting speed of
from about 500 rpm to about 10,000 rpm, more preferably from about 1,000 rpm to about 6,000 rpm.

[0063] Preferably, the first solution comprises the first polyanion in a level of from about 1% to about 15%, more
preferably from about 2% to about 10%, especially from about 3% to about 8% by weight of the solution, this level being
preferred for both the strength and the low permeability of the resulting microcapsules. Preferably the first polyelectrolyte
has a viscosity of at least 100 mPa s, more preferably of at least 300 mPa s as measured at a shear rate of 1 s-1 at 25°C
and at a concentration of 1% by weight, this viscosity being preferred for the high strength of the resulting microcapsules.
Preferred for the process of the invention are first solutions comprising from about 2% to about 7% %, more preferably
from about 3% to about 6%, especially from about 3.5% to about 5% by weight of sodium alginate, said sodium alginate
having a viscosity of at least 100 mPa s, preferably of at least 300 mPa s as measured at a shear rate of 1 s-1 at 25°C
and at a concentration of 1% by weight.

[0064] The solutions used in the process of the invention can be prepared by using any solvent, however aqueous
solutions are preferred for reasons of availability and environmental profile and because of the compatibility of water
with the majority of active substances and liquid detergents. The process is preferably carried out at ambient temperature,
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this being advantageous when dealing with heat sensitive materials such as perfumes and enzymes. However, if non-heat
sensitive materials are encapsulated the solutions of the process can be heated in order to speed the kinetics of the
complexation reaction.

[0065] The first solution preferably comprises a density modifier and/or an active material, dissolved, suspended or
emulsified therein. The first solution can also comprise a dispersant or emulsifier, especially if the active material is
hydrophobic, in order to facilitate the suspension or emulsification process, preferred dispersants for use herein being
polymers, especially polyvinyl alcohol. Preferred emulsifiers for use herein are surfactants. Dispersants and/or emulsifiers
are usually used in low levels, suitable levels for use herein being from about 0.1 to about 5%, preferably from about
0.2 to about 3% by weight of the first solution.

[0066] Actives suitable for use hereininclude any substance that contribute to the cleaning process such as surfactants,
enzymes, builders and bleaching agents; and substances that provide additional benefits, such as suds suppressers,
perfumes, especially perfume oils, vitamins, anti-microbial agents, colour protection agent, care additives, finishing
agents, especially fabric softening, drying and shine additives.

[0067] The microcapsules are preferably coloured comprising dyes and/or pigments so they can be readily visualised
when placed in liquid detergents.

[0068] Droplets can be formed by any known method. Preferably the droplets are formed by extruding the first solution
through a nozzle into a coherent jet and cutting the jet, by cutting means, into cylindrical segments, which then form
droplets, due to surface tension, on their way to the second solution. Preferred cutting means include rotating cutting
wires. Suitable methods and devices for forming the droplets are described in DE 44 24 998 and WO 00/48722.
[0069] Usually the volume of second solution is at least 10 times, preferably at least 100 times and more preferably
at least 1,000 times larger than that of a droplet, therefore, the amount of the second polyelectrolyte is well in excess
over that of the first polyelctrolyte, thus the concentration of the polyelectrolyte in the second solution is not critical.
Preferably the concentration of the second polyelectrolyte is from about 0.5% to about 5%, more preferably from about
0.8% to about 2% by weight of the solution. The pH of the second solution is selected according to the pH conditions
for dissolution of the second polyelectrolyte. The residence time of the droplets is adjusted according to the desired shell
thickness. Usually the reaction takes place under agitation conditions.

[0070] The liquid detergents of the invention comprise from about 0.5 to about 30%, preferably from about 0.7 to about
10%, more preferably from about 0.8 to about 2% microcapsules by weight of the composition. Suitable surfactants for
use in the liquid detergents of the invention are well known and can be selected from anionic, nonionic, amphoteric and
cationic surfactants, depending on the specific application of the detergent.

[0071] Builderssuitable for use in the liquid detergents of the invention include builders that form water-soluble hardness
ion complexes (sequestering builder) such as citrates and polyphosphates e.g. sodium tripolyphosphate and sodium
tripolyphosphate hexahydrate, potassium tripolyphosphate and mixed sodium and potassium tripolyphosphate salts;
and builders that form hardness precipitates (precipitating builder) such as carbonates e.g. sodium carbonate. Chelating
agents can be selected from the acid or salt forms of organic phosphonates and aminophosphonates, aminocarboxylates,
polyfunctionally-substituted aromatic compounds, and mixtures thereof. Also suitable for use herein are precipitating
builders such as fatty soaps (fatty acids neutralized by Na or K hydroxides, or alkanolamines).

[0072] The detergent compositions herein can additionally comprise one or more detergent active or auxiliary com-
ponents. Detergent actives may be selected from traditional detergent ingredients such as bleaching systems (including
bleaching agents and bleach activators), alkalinity sources, enzymes, etc. Detergent auxiliaries may be selected from
finishing agents and care agents. Some of these ingredients can be used in either or both of the microcapsules and the
matrix of the liquid detergent.

[0073] Preferably, the detergent matrix is transparent or translucent, more preferably transparent, containing colored
microcapsules and packaged in a clear, transparent or see through package.

Examples

Example 1

[0074] 380 grams of sodium alginate from brown algae (Manucol DM ex ISP -having a MG ratio of about 61/39, a GG
fraction of about 0.21 and a molecular weight of about 448 KDa) and 40g of titanium dioxide (ex Sigma Aldrich product
code T8141) was added to 9580 grams and mixed to form a solution.

[0075] The above solution was extruded at throughput of 5.20 g/s through a 1.0 mm nozzle and cut using a rotational
cutting tool (JetCutter from GenialLab) containing 24 wires of 200 micron thickness with a cutting speed of 3400 rpm to
form spherical droplets with a diameter between 1750 and 2250 microns. The droplets were allowed to fall into an
agitated hardening bath that contained 75 litres of a 1% chitosan solution (Chitoclear ex Primex) broughtto pH 1.5 with HCI.
[0076] After a hardening time of 15 minutes, the microcapsules were separated from the chitosan solution via filtration,
washed with plenty of water and stored in a 1.0% NaCl solution.



10

15

20

25

30

35

40

45

50

55

EP 1 634 944 A1
Example 2

[0077] Filtered microcapsules of Example 1 were stirred into the laundry liquid detergent prepared as described
hereinbelow. The microcapsules remained homogeneously suspended in the liquid detergent.

[0078] A structured liquid detergent matrix is prepared by combining an aqueous premix of conventional heavy duty
liquid (HDL) detergent composition components with a structuring agent premix. Each of these two premixes is prepared
as follows:

HDL premix

[0079] The HDL components premix is prepared by combining HDL components with water in a suitable vessel under
suitable agitation. The resulting premix has the composition shown in Table I.

TABLE | HDL Components Premix

Component Concentration (Wt%)
C12LAS 7.5

C14-15E08 Alcohol Ethoxylate 5.2

C12-14 Amine Oxide 29

Citric acid 4.3

C12-18 Fatty Acid 5.2

Enzymes (Protease, Amylase, Mannanase) 0.6

MEA-Borate 24

DTPMP?' Chelant 0.6

Ethoxylated Polyamine Dispersants 1.5
Silicone/Silica Suds Suppressor 0.02

Ethanol 1.4

Propane Diol 3.6

NaOH 6.1

Perfume, Brightner, Hydrotrope, Colorant, Others Minors 4.2

Water Balance to 100%

1Sodium diethylene triamine penta (methyl phosphonate)

Structuring agent premix

[0080] The structuring agent premix is prepared by combining hydrogenated castor oil and the other structuring agent
premix ingredients shown in Table Il with water under certain conditions. In particular, the Table Il components except
for the hydrogenated castor oil are combined and the resulting mixture is heated to 90°C. The hydrogenated castor oil
is then added and the mixture is maintained under agitation until all of the hydrogenated castor oil has been emulsified.
After full emulsification, the mixture is flash cooled to 70°C and left at this temperature until all of the hydrogenated castor
oil is re-crystallized. At this point the structuring agent premix is allowed to cool down slowly to ambient temperature.
The resulting structuring agent premix has the composition shown in Table II.

TABLE Il Structuring Agent Premix
ComponentConcentration (Wt %)

Hydrogenated Castor Oil 4.0

C12HLAS 16.0

Sodium Metaborate 1.5

NaOH 3.5

Water Balance to 100%

HDL

[0081] As a next step, 2.5 parts of the structuring agent premix of Table Il are added slowly to 96.5 parts of the HDL
components premix of Table | under slow agitation forming the structured detergent matrix.
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[0082] The microcapsules which are formed in accordance with the procedure of Example 1 are combined with the
structured aqueous liquid detergent composition matrix. This is accomplished by slowly adding the microcapsules to the
structured liquid matrix while it is maintained under gentle agitation. Enough microcapsules are added to constitute 1%
by weight of the composition which is formed. The resulting heavy duty liquid laundry detergent product has the com-
position shown in Table IIl.

TABLE lll Microcapsule-Containing Liquid Laundry Detergent

Component Concentration (Wt %)
C12LAS 7.9

C14-15E08 Alcohol Ethoxylate 5.7
C12-14Amine Oxide 1.0

Citric Acid 2.0

C12-18 Fatty Acid 5.2

Enzymes (Protease, Amylase, Mannanase) 0.6

MEA-Borate 1.5

DTPMP1 Chelant 0.2

Ethoxylated Polyamine Dispersants 1.2
Silicone/Silica Suds Suppressor 0.002

Ethanol 14

Propane Diol 5.0

NaOH 3.2
Hydrogenated Castor Oil 0.1
Microcapsules from Example 1 1.0

Perfume, Brightner, Hydrotrope, Colorant, Other Minors 4.2

Water Balance to 100%

[0083] 180 ml of the microcapsules-containing liquid detergent was placed in a dosing ball. A wash load of 4-4.5 Kg
dark garments was placed into a Miele Novotronic W8810 and the cotton short cycle at 30°C was used. The temperature
of the incoming water was cooled to a temperature of 5-6°C. The dosing ball was placed in approximately the middle of
the washing load. The hardness of the water was 4 mmol/l. At the end of the cycle the washed garments were visually
examined. No residues were found.

Claims

1. A microcapsule for use in a liquid detergent composition, the microcapsule having a core and a polymeric poly-
anion-polycation complex shell wherein the polyanion component is capable of gelling in the presence of calcium
and has a storage modulus when gelled with 0.05 moles/litre of calcium of less than about 150 Pa at an angular

frequency of about 0.5 rad/s and a polyanion concentration of about 3.8% by weight at 25°C.

2. A microcapsule according to claim 1 wherein the polyanion is alginate having a ratio of mannuronic to guluronic
units (M:G ratio) of at least about 1:1.

3. Amicrocapsule according to claim 1 or 2 wherein the fraction of guluronic/guluronic (GG) blocks is less than about 0.5.

4. A microcapsule according to any preceding claim wherein the polyanion has a molecular weight of less than about
500KDa.

5. A microcapsule for use in a liquid detergent composition, the microcapsule having a core and a polymeric poly-
anion-polycation complex shell wherein the polyanion component is alginate having a weight ratio of mannuronic

to guluronic units (M:G ratio) of at least about 1:1.

6. A microcapsule according to any preceding claim wherein the microcapsule is capable of withstanding a force before
bursting of from about 20 mN to about 20,000 mN.

10
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A process for making a microcapsule for use in a liquid detergent composition, the microcapsule having a core and
a polymeric polyelectrolyte complex shell, the process comprising the steps of:

a. forming a first solution comprising a polyanion component, the polyanion component being capable of gelling
in the presence of calcium and has a storage modulus when gelled with 0.05 molesl/litre of calcium of less than
about 150 Pa at an angular frequency of about 0.5 rad/s and a polyanion concentration of about 3.8% by weight
at 25°C;

b. forming droplets of the first solution; and

c. introducing the droplets into a second solution comprising a polymeric polycation component capable of
reacting with the polyanion component to form a complex at the surface of the droplets.

A process according to claim 7 wherein the level of polyanion in the first solution is from about 2 to about 6% by weight.
A microcapsule obtainable according to the process of claim 7 or 8.
A liquid detergent composition comprising a surfactant and a microcapsule according to any of claims 1 to 6 or 9.

A liquid detergent composition according to claim 10 comprising from about 0.01 to about 30% by weight of chelant/
builder.

A method of cleaning a soiled item or substrate comprising contacting the item or substrate with an aqueous solution
comprising the liquid detergent composition according to claim 10 or 11.

A method of cleaning laundry in a washing machine according to claim 12 under hard water conditions comprising
contacting the laundry with water of a hardness of at least 2 mmol/1 and adding a liquid detergent composition
according to claim 10 or 11.

A method of cleaning laundry, without leaving visible residues on the clean laundry, in a washing machine, under
hard water conditions, comprising the step of contacting the laundry with water of a hardness of at least 2 mmol/l
and adding a liquid detergent comprising from about 0.3% to 3% by weight of the liquid detergent of microcapsules
having a core and a polymeric polyanion-polycation complex shell wherein the liquid detergent provides from about
10 to about 2000 ppm of builder in the wash liquor.

11
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-4, 6 part, 7, 8, 9, 10 part, 11 part, 12 part, 13 part

Subject relating to a microcapsule having a core and a
polymeric polyanion-polycation complex shell, wherein the
polyanion component has a specific storage modulus value
defined, and wherein the nature of the polyanion (alginate)
is or is not specified.

2. claims: 5, 6 part, 10 part, 11 part, 12 part, 13 part

Subject relating to a microcapsule having a core and a
polymeric polyanion-polycation complex shell, wherein the
polyanion component is alginate with a weight ratio of
mannuronic to guluronic units of at least 1:1, and wherein
no storage modulus value is given.

3. claim: 14

Subject relating to a microcapsule having a core and a
polymeric polyanion-polycation complex shell, wherein
neither the polyanion nature (alginate) nor storage modulus
values are defined.
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