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PARTICLE WITH SUBSTITUTED POLYVINYL
ALCOHOL COATING

RELATER APPLICATIONS
5
G0/242.590, filed October 27, 2000, and TLE. Provisianal Application No. 60/257 422, filed

This application is a eonfinuation in parl ol U8, Provisional Application Mo,

Drecember 20, 2000, all of which are hereby incorporated herein in their entivety.

FIELD OF THE INVENTION
‘The present invenbion refates 1o parlicles, such as enzyme granules, and the fike. In

particular, the present invention relales to coatings for such particles.

BACKGROUND

Many laundry detergsols contain boroa-conlaning conpounds such as bons agidl,
sodium borate er sodivm perborate, Sodiun borate, 2lao known as boray, is vsed as a builler
or caleium sequestrant, Improvimg delergency properties in hard water. Borate bulfers the
detergent at around pH 9-11. Tt also acts to stabilize pigment soil and stabilize certain
enzymes such as proteases and amylases, Sadium perborate, il either the monohydrate or
tetrahydrate form, is added in some detergents as a peroxyaen Beach.  Either alone or in
comhbination with a blzach activator such azs TAED or NOBS, perborate generates hydrogen
peroxide in situ when dituted into the water oFa washing machine, and the hydrogen
peroxide is effective in bleaching certain oxidizable dains such as protein-based stains.

Enzyines are uselud additives to Taundry detergents for their efficacy in hydrolyvzing
and removing many different types of staing. For example, proteases, amylases and lipases
remove staing based on protein, starch, and triglyeeride oils, Some enzymes arc use ful e
their benefits in modifving or restoring fabric propertics. For example. cellulases can be
usesd to remove froved ar pilled eellalose fibers to restore the colar, lexture amnd appesrapos
of collon-bused fabrics.  To achieve these benefits in powdered bundry detergents, the
chzymes must be added i a granolated form. These grmmlcs ar pin‘lit‘lcs lypmally requine a
strong outer coating of low perowedbility to serve as & barvier during storage in the detergent
aganst heat, humidity, and ditfusible vxidants, sueh as peroxyeen bleaches and hydrogen
peroxide. Furiher, atongh ar flexible outer costing can help W ingrease e nechanical

strength and aftrition-resistance of the enzyme granole. This is Imporient e redncing the

JP 2004-512423 A 2004.4.22
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tendency of the granule 10 produce sensitizing protein dusts upon bandling. for exampie in
the production line of a detergent manufacluring plant. Sensitizing dusts have been known lo
induce aliergie respenscs in detergent factory workers, and effective enzyme granule
coalings are a principal means of reducing ihe lovels of airborne enzyme dusts and aerosols
in detergenl factories.

Polyvinyl aleohol (PVA) has proven 1o be a very effective coating for detergent

envyme granules. Bxamples of the use of PYA i enzyme granule coatings can be found, for

example, in ULS. Pat. Wo, 5324648, PVA is particularly uselul because it sinmltanzously
provides a coating with reduced permeability to moisture sod exidants, a strong and attrition-
resistant confing, nod s ouling, which is readily soluble in vwater and Jetergent solutions in
both cold and Lol waler. Ji iy slso suliciently waler soluble that it can reaclily be prepared in
voaling solutions, and coated onlo enzyme-canlaining granules at reasonable rates, tor
exarmple in Auidized bed spray-coaters. Such a ecating process is deseribed in
alorementioned ULS, Pal. No. 5,324,649, PVA isavdilable in a wide range of molecular
weighls and degrees of hydrolysis, allowing onc skilled in the art fo control the relative
salubility and physical propeities of the polymer coating. which can be oplimized to balance
factors such as the ease of coating, dissolution rate of the granule, atirition resistance of the
granule, and permeabitity of the granule to moisture and oxidants. PVA is also readily
plasticized with water, glycerol, triethylene glycol, polvethylene glyeol, formamide, and
triethanclamine acelate, and other polyhydrie compounds, and is compatible with pigments
and fillers such as titaniwm dioxide, tale. and caleium carbonate, and dyes.

One of the unfortunate propertics of PY A, however, is s tendency Lo become

vrosslinked by a number of chemieal species. including sodium burate, sudium perborate,
aldehydes, and certain dyes (c.g., Protamine, Mobay Corp.). Borates, perborates and other

Horon-containing compounds fonn adducts with the vicinal hydroxyl groups of PVA at

JP 2004-512423 A 2004.4.22
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residue, which altaches to clolhing duc to its guminy natwre when bydraled. These shells
persist as visible residue on clothing, which is undesirable to consumers.

The erosslinking or gelation ol PYA-coated pranules lrequently makes them
unaceepiable for use in borate- or perbocate-containing detergents. To some extent, the
degree of crosslinking can be moditied by the additon info the coating of Nllers or extenders,
such as tale, elay. starch or maitodexirin, Blending PYA with olher substances to create
soluble [Hms or pouches {5 described in UL, Pat, Mo, 4,828,744 and U 8. Pat. No. 4,626,372
However, the PYA will still lend 1o crogs-link eveu at levels as low a3 10% wiw in (he
cozling, aud such a drastic reduction of PY A the ccating tends lo ohviate its barrier and
mechanical strenglh propertivs. LS. Pat. No. RE14.988 deseribes a modified PVA,
dissolvable pouch containing snzymes: however, pouches typically do not provide uniform
enzyme release.

"Thus there is a need in the ard for u parlicle coating having a vinyl polymer ot
copolymer compnsition sutficient 1o pravide barer awd leosile siremgth properties without
significant crosslinking or gelation of the viny] polymer or copolymer in the presence of

chemicals such as sodium borate, sedium perborate and other baron containing compounds.

SUMMARY OF TRE INYENTION

The present invenlion provides # parlicle having 2 ceating material comprising a
substituted vinyl polymer or copalymer thereby praviding low reaciivity with sodium borite.
sadium perborate and vther buron-containing compounds while maintaining acceptable
barrier, solubilily and meclanical strength properties, The invention further comprises
cleaning amd detergent products conlaining sedium borate. sodium pecborate or ather boron-
containing compounds wnd the particle with the substituted vinyl palymer ar copolymer
canting malerial,

In a prefened embudiment the oating material may be polyvinyl alcohod (PVAY with
or without ather additions such as Gllers, extenders, plaslicizers, pipments, dyes and the like.
[ this embodiznent, the substitution of variable percentages of the hydrasyl or aleohol
groups of the PV A §s auhivved using bydrophilic organie acids, amipes. thiol moictics. of 3
combination of substitution agents. Preferced solability of the materisls vtilized to make e

substilution is prelerably ol least 100 grams per 100 ml of distilled water at 25 degrees ©
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In a pretered embodment the PYA i3 substituted with about 1- 10%G carboxylic acid.
liv another preferred embodiment the PYA s substituted with about 1-10% of a combination
of carboylic and sulfanic acil.

I a preferred embadiment the substilnted PV A surrounds a water soluble or
dispersible core with one or more enzymes. (o another preferred embodiment a detergent
composition comprises an enzyme parlicle coated with the substituted PVA and a burate
campound.

The substituted PVA coatings of the present invention exhibit good barrier and
mechanical sirength propecties without significant erosslinking or gelation with borate
compounds thereby providing easily manufactured granules that may be teilored to provide
selectable properics, such as dissolution rates, for applications such as detergents and ather

cleaning compounds.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is a praph showing disselution times of 1 % carbexylic acid substituied PV A coalings
and a control non-substituted PV A coating.

Fig. 2 is a graph showing dissolution times of 3% carboxylic acid substituted PV A coatings
and a control non-substituted PV A couting.

Fig. 3 is a graph showing dissolution times of 10% carboxylic acid substituted PV A coalings
and a1 control nen-substituted PV 4 coating.

Fig. 4 is a graph showing dissolution times ol a 5% combinattan of carbaxylic/sulfonic acids

used o provide a substituted PY A coating and controd non-substifuted PVA coating.

DETAILED DESCRIPTION OF THE INVENTION

Surprisingly, it has been found that particles er granules of the present invention
voaled with a material comprised of a substituted viny] polymer or copolymer., preferable
polyvinyl aleohal (PVA) exhibit low reactivily with sodium borate, sodium perborate and
other boron-containing compounds. The invention provides particles or grunales coated
with such a substituted coating malerial. 1y ope embodiment, the particle is & coated enzyme
pranute,

The preferred PYA 15 defined os & bomopolymer or copolymer in which viny] acutale
is o starting menomer mtid and in which most or all (70-100%) of the acetale moictioy are

subsequently ivdrolyzed 1o aleobol moicties. Other vinyl palvmers that may be nseia! in the
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present invention inclute, but are not Fmited 1o, polyvioyl scetile and polyvinyl pyrolidone.
Copulymers such as PV A-methylmethacrylate copolymer may also be used inthe present
nvenlion, PYA is commergially availably ina wide range of molecular welghls, viscesibes
amd varylng degrees of hydrolysis Fram the polyviny] acetate precursor,

1t has been found by this invention that certain modibications can be made io the PVA
molecule which signiticantly reduce or eliminate ts endency to be gelled by boron
compounds such as bonile and perborate, while leaving largely infuct its benelicial properties
s & coating for enzyme granules, such as its barrter properties, mechanical strength, and
water solubility. Many modifications of PVA cited in the [iterature have the effect of making
it less water soluble or more resistant to water. which would be undesirable Tor polymer used
in enzyme granule coatings. Othermodificalions of PV A are not true muodifications of PVA,
but rather invalve syntheses ol novel polymers, such as copolymers of viny] monomers aml
uther monamess such a5 sorylic or styrene gronps.

1y this invention, generally the side chasn alcohol or hydroxyl groups of the PVA are
atleast parlially substiluted by hydrophilic moieties, although substilutions alse may cccur
at other localions.  The lerm hydrophilic, [ this cantest, is meant lo describe an acid,
urine, or thiel that has solubilily in water ofal least 100 grams per [0 mis of distilled
waler. Subslitution is sccomplished by reacing the PV A wilh hvdrophilic avids, amines or
thiols. For example, {he PVA can be reacled with one of the class oFcarboxylic acids (for
example, i acelic, succinic, ascorbiv, -COOH, and so on) 1o produce o carboxylaled
PV A, by methacryl amide to form @ methacrylamids-PVA, by sulfonic or sulfuric acid to
mroduce a sulfonated PVA, ar with thiols to form a sulfhydryl-BV A, Preferved carboxylic
acids are Jisted 1o Table |, although those skilled in the art will recognize that other
carboxylic acids may be wtilized and the invention 5 not limited to those acids in Table 1.
Additionally, the PYA may be reacted with 2 combination of sulfonate, or soffate andd
carboxyvlate compounds ko for PYA having both suifonated and carboxylated groups
Preferred concentrations of substitulion mieties are bebween about 11 10%, and more
preferred belween abott S to 10%, [t will be weogoized by these skilled in the art U ihe
percentage of substilation meieties seleclal fora vouting of a particle or granule properties
duepends upon a desired appiication propenty (e.g. dissolution rate) for the coated particle or
sranule.

The sesulting carboxylaled, sulfonated. amidated or hioliled PYA typically lay

hefter waley selubility than the unsubstilubed precursor, but redueed or a negligible tendeney
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to become crosslinked by boron compounds such as borate or perborale. The fendency of
granule coalings to became insalublized in the prosence of perborate can be readily
dutermined by a simple test (heretn, "Ghost Test"), In which granules coaicd willy a PV A-
Ti0; mixture {or a mixhueg of PYA with any other insoluble filler wlhich yeadily absorbs (ight
at i wavelenglh 00600 nm) are added (o an agitated selution of sodium perborate butier, and
the rate and extent of TiO, released from 1he gronule is measured by monitoring the turbidity
ol the bulk buffer sofutien 4s a function of Gme. Dissalution was performed with 200 mls of
a d.5-pram per liler sodium perborate monolivdrale solution at room temperatuee with a
stirring cate of 250 rpm and a heaker size of 250 ml and a stir bas leagth of 1 ineh and
diammeler 0F 0.25 inches. The resulting turbidity curve genernted for grmules added to a
borate bufler can then be campared to a contral Wrbidily curve generated for granules
dissolved i an aguecous solution free of borste or perburate. The ratio of the rates and
ecquilibrivm turbidities generated in the perborate and perborate-fres bulfers cun then be
taken a5 @ measure of the tonveney of the granule coating Lo become crosslinked or
insolublized by perborate.

Herein, o material is said to exhibit low reactivily with sudium borate, sodium
perborate and other boron-containing compounds i it exhibits a ratio of the oplical
absorbanee at 600 nm in perborate solution to the absotbance at 600 nm in distitled waler of
preater than 25 percent at 6.0 minutes, and more preferably grealer than 40 percent, and most
prefesably greater than 60 percent, as determined by the Ghost Test.

The coalings of the present inventien can be employed in conneetion with any munber of
granule or particle fornyulations, such as Enzoguard?

(Sew US 3324645; Genencor Intenational Inc., Rochester, NY) or $avinase granules
(Move Nardisk, Denmark), srong oliers. Other exemplary granule farmuylativng whish can
incorpurale Ihe teschings hereln include those disclosed in, US 9689297, LIS 5814501, WO
HT12958, US 4106991, W0 99/32013, PCT application no. US 007273858, and those
deyeribed in "Enzymes In Deteruency,” ed. Jan H. van Ec. eLal., Chpi. 15, pes. 306-312
{Maice]l Dekker, e, New York, NY {(1997): all of which are expregsly incomorated herein

by reference.
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Caore malerials snitable for use in the parliclss or granules of (he presenl invention

are preferably of a highly bydratable maleral,

e a malerial that is readily dispersible or
soluble in water. The core malterial shuull either disperse (falt aparl by fajiure to maintain its
miegrily when hydrated) or solubilize by going inty a true agqueous solution. Clays

{benlonit

L kawlind, nonpareils and agglomerated potato starch are considered dispersible.
Nanpareils are sphencal particles consisting of a seed wyslal hat has been built ento and
ruunded into a sphecical shape by binding Jayers of powder and solute to the seed crystal ina
rotating spherical container. Nonpareils are typically made from a combination of a sugar,
such as sucrase, and a powder, such as corm starch. Aliernate seed crysial matepals inglude
sodinm chloride and olher inorganic salts.

Particles composed of inarganic salts and/or supars andfor small organic molecules
also may be used ax the cores of the present invention. Suilable waler saluble ingredients for
ieorporation into such cores include: sodium chloride, ammontum sulfate, sodium sulfate,
urea, citric acid, sucrose. lactose and the like. Water soluble ingredicats can be combined
with water dispersible ingredients. Cores can be labricaled by a variety of granulation
techpiques including: crystallization, precipitabion, pan-caaling, (utd-bed costing, rotary
atomization, extrusion, spheropization and high-shear agglomeration.

The cores of the granules or particles of the present invention may further compise
one or more of the follewing: fillers, plasticizers or ibrous materials, Switable Qe useful
i ecores of the present jpvention inglude inerl materialy used 1o add bulk and reduee cost, or
wsed for the puipose of adjusting the intended enzyme activity 1o the Hnished granulate.
Examples of such Fllers include, but are not limited to, water soluble agents such as urea,
salls, sugars and water dispersible agents such as clays. tale, silicates, carboxymethyl
cellubase ar starches, Suitable plasticizers uselul in the cores of ihe present invention are
nonvolatile salvents added to a polymer to reduce its glass tansition tewperature, thereby
reducing brittleness and cahancing deformability. Typically, plasticizers are Jow molecular
welght organic compaunds and are highly gpecific to the polymer being plasticized.

Examples include, bul are net limited to, polyols (polylydric

leohols. for example, aleshols
wilh many hydroxyl groups such as glyverol, ethylene glveol, propyleac ghycel or
polyethylene glycal, polar low melecular weight organic compounds sucls as peea, or other
known plasticizers such as dibuiy] or dimethyl phthalaie, or water. Suitable Bibrous muterials
nselul in the cores of he present Jnvention include materials whicl have high tensile strength

and which cao be formed into ine Glaments. Typival fAbrans pwicrals include, but are not
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limited to: celiulose, plass Gers, metal fibers, cubber fibers, azlon (manufaclueed foom
naturally secwring proleins in con, peanuls and milk) and synthelic polymer filbers,
Syntheties mchide Bayor®, Mylon®, aceylic, polyester, alefin, Saran®, Spandex® and Vinal®,
Typical vellulose fibers would bave an average fiber fength of 160 microns with a diameler
of abaut 30 microns.

[n a granuie emboditent of e present invienbion, the core is a waler soluble or
dispersible nonpaceil, such us bsted above, either coated by or buiit up rom the seetl crystal
(nonpareil) using substituted PV A either alone or in combination with anti-agyglomeration
agents such as ttanium dioxide, late, or plastivizers sueh as sucrase or polyels. The
substitubed PV A may be partially hydrolyzed PY AL mntermediately liydrslyzed PY A Tully
hydrolyzed PYA (21 as delined shove), or a mixlure thereof) with a Jow 1o high degree of
viseosity. Preferably, the core is coated with partially hydrolyzed PV A, either alone ar in
cumnbination woth sucrose or such other plasticizer as known in the art. Partaily byidralyzed
PV A is prelertett because il resulis (o faster dissolution and a lower amount of residue upon
dissolution of the graoule than (ully hydrolyzed PVA. The level of substitted PYVA in the
granule coating miy represent from aboul 0.5% (o 2020 of the weight of the Bnal coaied
granule, The core af the granules of the present invention, including any coating on such
core materinl ay deseribed above, preferably comprises between about 40-85% by weight of
the enlire coated granufe. Although the thickness of the substituted PVA conting may be
selacted as desired, e coulings deseribed herein were iass than 100 um thick. for example
10-30 wn tivick and 13 wm thick,

In a process cmbodiment of the present invention, te core matcerial, whicl may be
any malerial described herein, is charged into the granmlator for coating with an enzvme
layer.

Any enzyime or combination of enzymes may be used in the preseni mvention.
Freferred enzymes include those enzymes capable of hydrolyzing substrales. Such enzymes,

which are known as hydrolases, include, but are not limited . proteases tbacterial, fungal,

aci, newlral or alkaling), amylases {alpha or beta), lipases. cellulases end mistures thercof.
Preferred proteases are also those described in US Re. 34,600 and £P 0 130 756, and
ineomporated herein by reference. Oilier preferred proteases are described in US. Par App.
Ser, No. Q768,080 filed February § 2000, titled Proteins Producing An Allered
[munogenic Response And Methods OF Makimg And Using The Same, degeribing protease

mwants baving anallered T-cell epitope, Preferced proteases under the trade mames
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Multifeet?, Purafeet® and Properase®, are available from Genencor Intemational, (ne.

Preferred profeases ave subtilising and cellulages nclading, bul net Tmited o, sublilising
produced from any Bacillus species, mcluding muiants. Other enzymes Ut can be used in
the present invention include oxidases, peraxivases, transferases. dehydralases, reductases,
hemicellvlases and isemerases, amonyg ofhers, One or more enzymes may be included in he
Formulalivns af the present invention,

The enzyme layer of the present mvention preferably contams, in adition to the
sclected enzyme, a vinyl polymer, preferably PV A to delaying release of the enzyme ina
dusirable fashion while not causing undesirable residue. Tn @ preferred entbodiment of the
present invention, the enzyme layer comprises intenmediately, fully or super hydrolyzed
PVA of low lo medium viscosily. More preferably the PV A is fully bydrolyzed with a low
degree of viseosity, Fully hydrolyzed PV A, ala level of aboul §.25% to 3% of the granuke

welghl, provides the desirable chaastenstiv of deluyed release of e epzvme fo provenl

immediate oxidative inactivation of the enzyime by residual wash waier ehlorine or 1o prevent

inactivation by axidation ar autolysis before fhe release of stain peplides into the wash.

The present invention also relates to cleaning compositions containing the coated
particles or granules of the invention; and espectally to detergent compositions that include a
baran-centaining compound (2.g., sodium horate or sodium perbarate). The eleaning
compusitions may additionally contain additives, which arc commeonly used in cleaning
compnsitions. These can be selected from, but not limited to, bleaches, surfactants. builders,
enzymes and bleach catalysts.

The following representative examples of the substiiuted PV A coatings on the
particles or granules of the present invertion, which are not intended to be limiting, illusteate
the surprising and beneficial anti-cross linking propertics of suck particles or granles. The
eaumples illustrate thel a desived dissolution rate for a PV A coated pasticle or granule may

be abtaincd by selecting the extent of PYA substitution in the coating,

EXANMPL

Example 1:
Dissoluiien af PYA and Madified PVA Granoie Coalings in Pecbarate Buffer
1% Carpoxylic Acid
To teyl enzyme particles or granules coated with substiuted PV A for insolubility due

to erosslinking of the PV A coating, in perboraie solution the following ussay or test method
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was developed, The method consists of monitoring the oplical absorbenee of light at u
wavelenglh of 600 no as a funchion of tme from a test solution conlaining 200 mg of the
granufes (o be iested. Dissolntion was performed with 200 mis af a 4.5g/Liter sodium
perburate monohydrate sofution 4t roem temperatuee with a sticring rate of 250 rpm and a
Degker size of 250 ml and o s1ir bar lenglh of 1 inch and width of ¥4 fnch, A control sululion
containing distilled water was also used. Dissolution wag indicated by a roptd development
of sefution turbidity from the titanium dioxide contained i e coating and way measured by
& rapid increase in the absorbance of the solution at 600 nm. Crosslinking vr “ghosting” of
the enzyme granules was indicated by Litle or no development in solulinn turbidity 55 was
indicated by he absorbance at 600 nm. The release in borale solution of less than about 40%
of the twbidity releasad tn distilled water 3s an indication of significant crosshinking o1
whasting, and the release of less than 25% indieates serious ghosting, which would give rise
to peryistent undissolved coating residues in o wash or other dissolufion applivation.

Shown in Ibis example is an exampie of a ghosting aranule containing umodified
PV A which is shown as the “IEnzoguard ™ '™ coating control in Figuse 1. One can see very
little sulution turbidity develop with time for this granule when it is tested i the perborate
solution. The pevformance of (his same granule in water indicates full dissolution hug
oceurred within 2 minutes, A granule in which the PVA coating has been replaced with a
1 carbwsylic acid modilied PYA js alse shown in this figure, Such a modified PYA i3
available ax K-Folymer K- 106 from Kuraray. 1ican be seen that despite the fact that only
1% oF the hydroxyl groups have been modilicd to the errboxylic acid group, a sipgnilicant
decrease in crogslinking or ghasting can be observed. This is seen by the increase in the
abgorbince versus time eurve for the KL-106 couted sample, redative fo the Enzoguard
controd, when the ratipg of absotbances {n porborate solution o absorbances in distifled water
are compared. In particular, after six minutes, the absorbance vatic for the KL-106 pulymer
is 4L6%5, whereas for the unmodificd PV A in the Enzoguard control, the absovbancs rativ is
only 20.9%, indivafing scrious ghosting or crosshnking. (The small decrease in solubifity
observed fur e Carbosylic KL-[06 sample in Jistilled water §s to be expeeted sinee the pH
of distiiled water is usually slightly acidic and dees nal prosent & prublem for these granules).

With higher pereentages of the garbeayliv acid used (o modify PY As, as shown in
Examples 2 amd 3 below, dissolution behavior in perborate solubions further improved,
surprisingly providing. in some instances, granules hat dssolved Sister and to a greater

degree in perborate solutions as compared Lo waler.
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Exampie 2:
Dissolution of Py A and Modified PYA Granule Coatings in Ferboraie Buffer
5% Carbaxylic Acid

Shown in Figure 2, it addition to the Enzngoard controls discussed ahove, are resulls
for a grunule in which the PV A coating has been replaced with 1 3% carboxylic acid (-
COOH groap) modifisd PYA, This substilated VA moleeuls 35 shown iu perborale and
dissolved in water, Such a modified PVA is available as ABAZY3A from Kuraray. i can be
seen (it with 3% of the Iydroxy) groups modified to the carboxvlic sid group, crosslinking
or ghosling is further reduced to a mininwn level and the carboxylated PV A dissolves faster
and to a greater degre in perborole than in water, This is seen by the increuse in the
alwerbanee versus time curve for the ABAIOIA coated sumple, telative Lo the Enzoguard
control and relative to the modified PYA in water, when the rutios ol absorbanees are
compared. [n particular, afler six minutes, (he sbsorbance of the ABAZ2IA polymur exceeds

100%, compared to the 20.9% ratio of the unmaditied PYA in the Enzoguard control.

Fxample 3:
Disselution of PV A aund Maodified PYA Granule Coatings in Perhorate Buffer
19% Carboxylic Acid
Shawn in Figure 3, in aduition (o the Enzeguard vonirols discussed abave, are results

for & granule in whick the PV A voating has been replaced with 2 10% carboxylic acid {-
COOH) moditied PYA, This sobstituted PY A moleenle 15 shown in perborate and dissolved
inowater, Such s modified PYA is available as ABA29IA from Kuraray, As will be
apparent in Fig, 3, the wrboxylated PVA in perborate results are very similar to the resulls
ufcarboxylic acid in water. having an absorbance ratin of greater than 100% compared io the
209" ratio of the unmodified PVA in tbe Enzoguird vontrol. The varbosylated FYA, in
water and in perborale, also dissolves more rapidly thap the Enroguard contol. The [1¥0
fiydraxyl or aleohs] group replacement rerults demenstrute substantial crosslinking
rednction, Where manulacturing cosis are an issuc and higher levels of substitution are not

equired, the 5% hydrosyl group substitution may be preferred,
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Example 4:
Dissolution of P¥ A and Modified PVA Granuie Coatings in Perborate Boffer
Carboxylic/Sulfonic Combinatien
Shown in Figure 4, in addition to the Enzoguard controls discussed above, are resulis

for a granule i which the PV A coating has been replaced with a combination of carbosylic

and sullenic acids, spevilically, 2.5% varbusylic acid (-COOH) and 2.5% sulfonic acid

ihereby conslituiing a 5% madified PV A, This substituted PV A molecule is shown in
perborate and dissulved m water. Juch a modified PV A is available as SK5102 from
Kuraray. 1 ean e seen thal wilh 5% of the hydeoxyl groups modified to the combination
carboxylute and sullonate geoups, crosslinking is subsiantially reduced as shawn by the
simularity of the results in water and in perborate compared ta the Enzoguard control when
the ratios are compared. In parlicular, after six minutes, the absorbance of the SK3102
polytoer is [03% compared W the 20.9% ratio of the unmoditicd PV A in the Enzoguand
conirol. Figure J demonstrates that combinations of subsiitution agents are equatly useful in

reducing ghoshing.

Substitutinn Groups suitzble
for modifving PVA to reduce horate-crasslinking

Dydraphilic moietics sueh as carboxylic and other arganic acids such as sulfonic snd
subfuic acids, amines, and thiol compuounds are suitable choices ag substituting eroups for
reacting with the hydroxyl groups of polyvinyl aleaho, efther for partial or complete
substitulion. A rcasonable test of bydrophilicity Js the solubiliby of the neulral unreacied
form of fhe compound in water. A solubility of greater than 100 grams of eomponnd added
to 100 grams water at 25 degrees C will be taken as an indication of hydrophilicity.

The following table. Table 1, gives the solubilities of compounds, which would be
suitable and unsuitatle for substitution of the hydreayl groups of PVA, Substilulion can be
camricd out by many possible reactions, c.g.. curboxylate groups cao be substituted by e
condengsation af the acid, er direct reaction of the cyeliv acid ;amhydride. so as to introduce
the earboxylie aeid group into the PYA ot the locus of the orginal hydroxyl group.
Hydrophilic acids can be subsbivted io introduce the acid group into the PV A al the Jucus of

the original hydroayl group.
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TABLE1
Solubility
Compennd ¢/100 mt H:0
formic acid infinite
acetic acid finile
citric acid 145
maleic infinite
sheeinic 77
2-mercapiocthanol  iafinite
ethanalamine mfiniie
ethanethiel 0.67
sulfuric acid mfinite
sulfonic acid infinite

Suitihle as PYA
Substituent?

ves
yos
yos
yes
no

¥ES
yes
no

yos
ves

27)

rerIUSOL

Aciditionally, different subslitulions nrty oveur on o PVA molecule using a

MIT0

combination of compeunds, sueh as the mixlorg ol carboxylate and sulfonate shoven and

discussed in Example -} above,

[evels of substitution as low as 1% have been found to reduce ghosting as seen in

Example 1, Figure 1. Higher Jevels, greater than 1% and as high a5 10% for o 30,000 MW

PV A compound have been found to function effectively te provide a substituted PV A

compound with an acceptable solubility in perborate and ather such solutions.

Various other exumples and modifications of the foregoing descriplion und examples

will be apparent o a person skilled in the art after reading the disclosure withewt depacing

from the spirit and scope of the invention, and it is intended that all such examples oo

madifications be included within the scope of the appended claims. All publications and

putents referenced hrrin are hereby incororated by reference in their enlirety.
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CLAIMS
1 A porticle comprising a ealing containing a sobstituled PVA, which

exhibits low regetivity with borate, compounds.

2 The parlicle of Claim [ wherein the PV A is sobstiluted with a hydrophilic

urganic acid, amine, thiol moiety. or combinativn therenf.

3. The purlicle of Clim 2 wherein the substiluting organic acid, annne, thiol
nigicty, or combinalicn thereol haus u solubilily of at least 100 grams per 100 ml distiled

water at 25 degrees C

4. The particle of Claiun 1 wherein [he PYA 15 substituted by replacement of at
least same hydrusyl or aleshal groups with 3 carboxylic acid, methaenyl amide, thiol group.

or combination ther=of.

3. The particle of Claim 4 wherein the replacerent aceurs at least ane side

chain of the PVA,

6. The particle of Claim | wherein the PV A is substituled by replacement of the

hydroxyl or alcabol groups with sulfanic or sulturic aeid.

7. The particle of Claim 1 wherein the PVA s substituted by replacement of

frydroxyl or aleohol groups witli 2 combination of carboxylate and selfonate.

3. The particle af Clajm 1 wherein the PV A is substituted by replacement of

about | — 10%% hydrosyl o aleohuol groups.

Y. I'be particle of Claim | wherem a degree ol substitimion of the hydroxyl or

aleoho! groups of PYA s |- 100 mule®e,

JP 2004-512423 A 2004.4.22
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10. he particle of Claim 1 further comprising a water soluble or waler

dispersible care and ane or more enzymes, the coating surrounding the core. The particle of

Claim 10 wherein the core comprises a nonpareil susrounded by the one or more enzymes.

1, A parlicle comprising:

water selubie or dispersible core material,

ane or mare engymes; and

a coating, comprising PYA substituted with a hydrophilic organic acid.
gmine, thiol moiety, or combination thereef whereby the particle exhibits low

reactivity will borale cormpounds.

12, A detergent composifion containing a horan-containing compouni topether

with [he particle of Claim 1.

13, The detergeni conpesition of Claim 12 wherein the boron-containing

compound is sodiun borate o sadium perborate.

[ER A detergent compositien containing a boren-containing compound togelher

wilh the partiele of Claim [2.
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FURTHER INFORMATION CONTINUED FROM  PCTASA! 210

Centinuation of Bex 1.2

Llaims Mos.: 1 8-10 12 13 partially

Present cTaim 1 relates to a polymer defined by reference to a desirable
characteristic or property, namely a substituted polyvinyl alcehal. which
exhibits tow reactivity with borate compounds.

The ¢laim cavers all polymers having this characteristic or property,
whereas the application provides support within the meaning of Article 6
PCT and/or disclosure within the meaning of Article 5 PCT for only a very
limited number of such polymers. In the present case, the claims so Tack
support, and the application so lacks disclosure, that a meaningful
search ovar the whole of the claimed scope is impossible. Independent of
the above reasoning, the claims alse Tack clarity (Article 6 PCT). An
attempt is made to define the polymer by reference to a result to be
achieved, Again, this lack of clarity in the present case is such as to
render a meaningful search over the whale of the claimed scope
impossible. Consequentiy, the search has been carried out for those parts
of the claims which appeer to be clear, supported and disclosed, namety
those parts relating to the substituted polyvinyl aicohol polymers,
wherein the polymer is substituted with an crganic acid, amine, thiol
maiety er a combination thereof, as mentioned in claim 2.

The applicant’s attention is drawn to the fact that claims, or paris of
ciaims, reiating to inventicns in respect of which no international
search repert has been established need not be the subject of an
Tnternaticnal preliminary examination {(Rule 6&,1(e) PCT). The appiicant
is advised that the EPQ policy when acting as an Internationai
Freliminary Examining Authority is normally not to carry out a
preliminary examination an matter which has noi been searched. This fs
the case irrespective of whether or not the claims are amended following
recelpt of the search report or during any Chapter I1 procedure.
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