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HYDRGPHCBI C SUBSTRATES SUCH AS NONWOVENS Background of the Invent F’US
PolyalkyleneOX|de nmodi fied silicone copolyners are known, which can rt

: NON-MIGRATING HYDROPHILIC SILICONE FINISH FOR
HYDROPHOBIC SUBSTRATES SUCH AS NONWOVENS

Background of the Invention

Polyalkyleneoxide rﬁodified silicone copolymers are known, which can impart
both hydrophilic and softening properties to hydrophobic nonwoven substrates such as
polyester, polypropylene, polyethylene, glass and the like. Additionally, these .
polyatkyleneoxide modified silicone copolymers can also be applied lo nonwoven
substrates, such as rayon, cellulose, viscose and hemp, to enhance softening without
adversely affecting their inherent hydrophilic attributes. These nonwoven substrates
are' utilized, for example, to fabricate diaper coverstock, garment and shoe interliners,
adult incontinence products, tissues, fillers, baby, surglcal and fac1al wipes, and the
like. These silicone treatments can promote the wetting/absorption of urine, blood, fecal
malenal. and other body fluids, while simultaneously softening the nonwoven substrate
of these articles, making them easier to use and more pleasing to the touch.

It is desirable that these silicone treatments resist removal ,'from the substrate by
‘body fluids and remain functionél through multiple uses, for examble; when an infant
wets a diaper several times while sleeping through the night. Concurrently, it is most
desirable that hydrophilic silicone treatments to 1.'emain where they were originally |
applied and not migrate to.othe'r areas within the article that are intended to remain
hydrophobic. Such migralion could promote undesired leakage around the waist and
leg bands of a fabricated diaper, for example. This phenomenon could occur, for ‘
example, asa diaper is folded and stored for a time where the desired hydrophilically
treated portion of the diaper comes in contact with a hydrophobic portion of the diaper.

Organic surfactants such as alkylphenol ethoxylates have also been used as
hydrophilic finishes for synthetic nonwoven fabrics (e.g. }he manufacture of diapers),

but they are not durable to repeated contact with body fluids and do riot provide
‘'sufficient softening properties. '
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bet h hydrophilic and softening properties to hydrophobi c nonwoven
. sub&trates such as pol yester, polypropyl ene, polyethylene, glass and the
“like. Additjonally, these polyal kyl eneoxi de nodified silicone copol yners
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for exanple, to fabricate diaper coverstock, garment and shoe interliners,
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other areas within the article that are intended to rennin

(CHe)sSIO-(Si(CHs}:0)-(Si(CH2)O)y-Si(CHs)a

|
(CH2)25-(EO)Z

(Z = H, alkyl, acyl)
Examples of structures:

Copolymer Type - XRange YRange ARange Performance Deficiency
A 12-20 5-6 7-8 Limited Durability

B- 70-90 5-10 7-8 Migrates

Specific examples of polyethyleneoxide modified polydimethyisiloxane
copolymers, which exhibit either type A or type B performance can be represented by
this general chemical structure, with different vaiues for the x, y, and m, and Z, as
shown' below. Both Copolymers A1 and B1 are derived from comparéble polyethers

and have similar degrees of substitution. The most proiounced difference in the:
structures of these two copolymers is in the number of dimethylsiloxy units
(x = 15 vs. 80). As a resulit, Copolymer A1 is compplelely soluble in water at all
concentrations. In contrast, Copolymer B1 i_s only barely dispersible in water. When

either of these copolymers is applied lo a porous, hydrophobic substrate, such as a
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hydrophobi c. Such migration could pronote undesired | eakage around the
. Waist and leg bands of a fabricated diaper, for exanple. This phenomenon..
* coul d occur, for exarrpl e, as a di aper is folded and stored for a tine where
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synt heti'c nonwove rics .g. the manufacture di apers), but they are
not duwashedwoff, apddae subwatea@ftadwatlh refoeys Yo being ramluontmoblcot provi de
sufficient softening properti es. )
Comparative ) Performance
Copolymers X Y a Z %_Sil % EQ Deficiency
Al 18 86 75 H 42 58 Limited Durability
B1 80 80 7.5 Me 67 33 Migrates

Copolymer B1 with its higher percent silicone (vide infra) and lower EO content
is less susceptible lo being rinsed off via this mechanism and imparts a more dﬁrable
'hydrophilic finish to the substrate. Such a lrait is desirable, but the apprbach of using
copolymers with high silicone contents, had an unanticipated disadvantage. This is
because the low surface energy of these copolymers makes them prone to migrate to
any higher energy surface, which they might contact. This can occur, for example, in
the conslrdétion of a disposable diaber, which may have some portions which are
intended to be hydrophilic, such as the target area where urine is to be absorbed, and
other areas, such as leggings and waistbands, that are intended to be hydrophobic to
minimize or prevent unwanted leakage. If during folding or storage, the hydrophaobic
portion of such a diaper-should contact the hydrophilically treated portion of the diaper,
it is highly desirable that none of the hydrophilic finish migrate to the hydrophobic area.

A notable deficiency of Copolymer B1, is that under the appropriate circumstances, it
demonstrates this migration tendency.

Brief Summary of the Invention

"It has been discovered that a very limited range of certain organomodified
silicones containing a relatively low silnicone content, and relatively high propylene
oxide level, as well as low ethylene oxide conlent provide adequate hydrophilicity,
softening, and durability to wash off by water or other aqueous liquids, such as body |
fluids, from the synthetic nonwovens without the aforementioned migration, lo abulling
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2 7 Her et of ore, pol yal kyl eneoxi de nodi fied silicone copol yners
.containing primarily ethyl ene oxi de noieties have been avail abl e that

‘i npart either, (ﬁo excellent initial wetting with essentially no resistance
fo bei ng washed '(B) good initial wetting and excell ent resistance
to wast® esmw?'uﬁh q%a@pamm stiseae wasies! appliesl, ﬁérl’&pmplnt@m'@j\e‘% e. i
Exanpl et hyl ene nodi fied pol ydi net hyl si | oxane copol yners I C
eXhImBI 1?8e(|5%{"ﬁ§(r)*%%ﬂ/§e‘| A or type B performance can be represented by the sane
general chemical structure, with dif Eﬁﬂg1ranges for the values for x, vy,
and a, as shown bel ow el

Readily Wettable YES ' YES YES
Durable to Wash Off NO YES YES
Resistant to Migration YES NO | YES

The preferred compositions of this invention are polyether modified
polydimethylsiloxanes of the formula (1):

l\lAe I\I/le N'Ie l\'/le
R'- Sli——-OISi OS'i o|sa— R
Me Me R? Me -.
L -1 X L. . y

~ and mixtures thereof, where Me equals methyl, R' equals methyl or ﬁ’, and
R?= Cpng-(OczH.;)m-(OC3Hs)n-OZ, wherein x is about O to 200, y is about 0 to 50, p is
about 2 to 5, preferably 3 to 4, m is about 3 to 30, preferably, 3 to 15, n is about 3 to 60,
preferably 6 to 30, and Z is independently in each occurrence hydrogen, an alky! group
with 1-4 carbons, or an acety! group, preferably hydrogen. |

with the proviso that when y = 0, R' equals R?, and that the values of x, y, m and
n are selected such that the overall silicone content (% Sil) of the copolymer is between
5 and 20%, preferably belween 8 and 16%, and the ethyleneoxy content of the
copolymer is between 10 and 40%, preferably between 15 and 25%, and the
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(CH][err])[err]SiO(Si(CI-l[err])[err]O)[err]-(Si(Cl-l[erlr])O)[err] Sl(CH[err])[ h
.err].

“(CHerr])[err]-(EQerr]Z | ' (z

e Prapyigiehey contetisSeSBR, She B e Bbiy SR nd 1B%, with

%(2) 58 the addﬁtoﬁal restnct?dr?that the sbl'anrf;%gsslpdﬁ&b/& IHG ¥nd % PO must total 100%.

As used here and throughoult this text, the silicone conlent or caiculated percent
silicone (% Sil) in a silicone-polyether copolymer is defined as the molectilar weight of
the lotal silicone backbone divided by the molecular weight of the whole copolymer.
Similarly, the overall polyether conlent (% PE) in a silicone-polyether copolymer is
defined as the molecular wéight of each polyether pendant multiplied by the number of
pendants dIVIdEd by the molecular weight of the whole copolymer. If the pendanl
polyether is comprlsed of either only EO or only PO units, this % Polyether is

-equivalent to the % EO or % PO, respectively. If a pendant polyether conlains bolh EO
and PO units, then the overall % EO and % PO of the copol_ymer can bé calculated by
mulliplying the % PE by the weight fraction of EO and weight fraction of PO in the
polyether, respectively. Using this definition the sum of % Sil and % EO and % PO for
any specific silicone-polyether copolymer must equal 100%.

Brief Description of the Drawing

The figure is a ternary diagram showing, in lerms of %Sil, %EO and %P0, the
compositions of products which do and do not exhibit the desired properties of the
present invention.

Detailed Description of the Invention

-These polyalkylene oxide-modified polydimethylsiloxanes compositions are
readily derived from a linear polydimethylsiloxane o which polyethers have been
' graftéd through a platinum catalyzed hydrosilalion reaction, as illustrated below for a
model reaction between a methylhydrogen modified polydimelhylsiloxane and an allyf
polyethyleneoxide: | |
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Speci fic exanpl es of pol yet hyl eneoxi de nodified pol ydi net hyl si | oxane
_copolynmers, which exhibit either type A or type B perfornmance can be.
‘represented by this general chenical structure, with different values for
the x, y, and m and.Z, as shown below. Both Copolyners Al and Bl are
derived from conpar.abl e polyethers and have sinilar degrees of
substitution. The npst pronounced difference in the structures of these

two copolyners is in the nunber of dlnethyIS|ony 5 vs. 80).
As a result, Cppo npletely squbI \\ //
concentratlons tr s 5|gl I n
wat er.. When eLLh r ofﬂ esglc p ngrs |s app hﬂ phobi c
substrate, such al |
SiH Fluid Silicone-Polyether
+ Copolymer
oz )
m
_ . "
Slight Molar Excess z0

of Allyl Polyether

Residual Polyether
(Allyl and Propenyl Isomers)

Any desired R? group can be grafted Using a corresponding allyl reactant
CH;=CH(CHa)o.3(OC2H4)m-(OCsHs)a-OZ. The embodiments which are end-substituted
with R? are made from the corresponding precursor endcapped with -Si{CHj)zH.

This process results in an alkyl-pendant copolyme(._ in which the
polyalkyleneoxide groups are attached along the siloxane backbone through a series of
hydrolytically stable Si-C bonds. These copolymers have the following general

formula:
| Me3SiO(Me2Si0)x(MeSiO),SiMe3
e
where PE = -CH2CH2CH20(EO)m(PO)nZ

In this formula, Meé répresenls methyl, EO represents ethyleneoxy, PO
represents 1,2-propyleneoxy, where the EO and PO units may be either random or
blocked, and Z can be either hydrogen or a lower alkyl group with 1 to 4 carbon atoms.

This Sheet Has Been Rep

L IIIl



3 = nonwoven pol ypropyl ene fabric, the treated surface is nade readily
. hydrophilic. Upon repeated washings, however, the Copolynmer Al with its
“high water solubility is readily washed off, and the substrate gradually

et ?B'P?fatrlget%)opol i r@ft%“éﬁ@f@anls@ gl %H‘he ang the endbjpcking grqup. 2, a broad

Def i ci gapye of silicoRd-polyether coﬁ&lymeréhEve BeEn dd\ieloped Séveral of thd%%
Limted Durability Bl 80 8. 7.5 33

M gr at &9polymers are sold by Witco Corporation, OSi Spemalhes Group, under lhe
tradename Silwet® Surfactants.

The preferred silicone-polyether copolymers of this invention may be applied lo
the target substrate either alone or in mixtures, as neat materials, as aqueous solutions
or dispersions, or after dilution with a suitable organic diluent, such as alcohols, alcohol
ethoxylates, or fatty acid esters. Such preferred finishes may be applied using a variely
of conventional techniques, including application by pad bath, spray, foam finishing,
rotog'ravure printing, and the like, at overall concentrations of between 0.1% and 5. 0%,
preferably 0.2% to 2.0%, most preferably 0.5% to 1.0%, based on the dry weight of the
substrate. Hydrophobic substrale compositions can include polypropylene,
polyethylene, polyester, and glass. The form of the substrate can include nonwoven
fabric, lissg_e, staple fibers, rock wool, thread, and the like. In its most preferred

embodiment, the substrate is a nonwoven, polypropylehe fabric.

The present invention is quite unexpected in that obtaining the desired
_perfbfmance represents not only a successful balance of Sil, PO and EO moieties in |
‘the molecule, but also represents the discovery that such a balance is even possible
which achieves the desired combination of properties. This point is demonstrated in
the following Table 2 and in the Figure appended hereto, which show that numerous
products representing various combinations of Sil, PO and EO moaieties provide
~unsatisfaclory performance. Thus, lhe facl that any products at all exist which provide
satisfactory performance is ilself unexpected, as is the present discovery of products
.which'in fact perform successfully as described herein.

' Staled otherwise, it has heretofore been believed that the adiﬂstments to the
structure which would alleviate one of the performance deficiencies (susceptibility to
being washed off, migralionj would nol alleviate the olher deficiency, or would worsen
it. Surprisingly, in the present invention both deficiencieé are alleviated and avoided.

i



Copol ynmer Bl with its higher percent silicone (vide infra) and | ower EO
..contént is |less susceptible to being rinsed. off via this nechani sm and
‘inparts a nore durable hydrophilic finish to the substrate. Such a trait is
desirabl e, but the approach of usi rig.l. |ymers with high silicone
contents, had an unantici pated di sa . This is because the | ow
surface, ener Y-of t hese copol.yners nakes themprone to mgrate to any

hi gher E@ﬁ'&?g% 'gﬁrface,o ich they night contact. This dRflfmance for
exanpl &2 constr&-‘on of a?écﬁﬁposabl e %iBQer, wleficiengy have sone
portions which are intended to be hydrophilic, such as the target area
where urindlis to be abdér bed, andS®t her areas,Q such as\lﬁ'elé'glai& and

wai st bands,p4 hat are inyended to be,hydrophobi g to m nigi or ., prevent
unwant ed | &% age. |f du??ng f ol di ngsor st or agefbth'e hyﬂ%’éﬁ‘d’fﬂbé portion of
such a di adr should cogfact the hggrophilically treatqgigpaidsi on of the
diaper, it is highly desirable that none of the hydrophilic finish mgrate
to the hyd®%hobi ¢ aread2A not abl e38efi ci ency 83 Copol yMigraBs, is t hat

under the ropri ate chhcunstance it denonstrates thi,s migration
t endency. L _135 27 1 ']v;.g,g}eg _

B4 22 : 15 63 Migrates
BS 21 a2 47 Migrates
Copolymers
of Invention
C1 12 17 71 None
c2 .. 12 35 53 None
Cc3 9 18 73 None
C4 : 15 21 64 None

(Product C4 is a 90/10 blend of C1 and A1),

The 'Figure is a ternary diagram showing the relative proportioﬁs of Sil, EO and
PO in products of Formula (1) which.were tested for their susceptibility to be washed off
and to migrate. The area bounded by the hexagon ABCDEF represents the preferred
proportions in the products used in the present invention. The hexagon GHIJKL
bounds a particularly preferred group of products used in the present invention.

'The present invention is further illustrated in the following description of tests in
which product according to the invention, and olher polyoxyalkylene-silicones, were
subjected to protocols representative of the cdndilions to which commercial articles
(such as disposable diapers) comprising treated hydrophobic substrates are exposed in
use, and in storage. The data obtained in these lest demonstrate clearly that the _.

- present invention affords a superior and unexpected combination of properﬁes not
afforded by the reference products.

___/__—'_————’—'—‘ '
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Bri'ef Summary of the Invention It has been discovered that a very
dimted range of certain organonodified silicones containing a relatively .. .

|l ow silicone content, and relatively high propylene oxide |level, as well as
L 7 "o e L ANR o e a5k i HOhteR ik AR Ry
I Lugga tstnlfédﬁé‘ 66‘&1&&%&1?&1&‘3 AP MRS ot this AUhbEP Rilh! UceBBSVE Mk fitsi. 8!, it
successive appllcatlons of aqueous liquid), signifies progressive loss of the silicone
from the substrate. Excessive loss is an undesirable phenomenon.

In the migration tests, a high number signifies high hydrophobicity which is
desirable on the surfaces abutting the treated substrate. A loss of this hydrophobicity
signifies migration of the silicone to the abutting surface, which is undesirable.

The data reported in Tables 1, ll, and lli indicates that Polymer C1, which is
within the present invention, exhibils the desirable combination of resistance to being

" washed off, and resistance to migration, whereas polymers outside the scope of lhe
present invention did not exhibit this combination of properties.

X
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4 * surfaces to which the organonodified silicone was not applied, as
Trepresented in the follow ng Table 1. )
TABLE 1 . Readily Wettable YES YES

YES Durable to Wash- O f | TNeOSt Series | YES . YES
TEST PROTOCOLS

100% Spunbonded Polypropylene Nonwoven
(1) Application

The silicone finishes were spray applied on one side of the nonwoven from
aqueous dispersions such that 0.5 or 1.0 weight percent silicone solids resulted on the
nonwoven coverstock (0.65 oz/yd?) after air drying.

(2) Hydrophilicity
Twao specific test procedures were used:

a) AATCC Method 79-1995 (Absorbency of Bleached Textiles)
b) EDANA Liquid Strike-Through Time (Method 150.3-96)

(3) Migration

Untreated 100% spunbonded SMS polypropylene webs (Spunbonded Meltblown
Spunbonded) were placed beneath and above the 100% spunbonded polyﬁropy(ene
nonwoven web treated with silicone on one side only. A weight (0.5 Ib/in?) was placed
on the nonwovens for 1 week at 50°C to simulate storage and all layers evaluated for

. hydrophilicity. The desired result is to have the lop and bottom layers remain
hydrophobic and the silicone treated side to remain hydrophilic.

The nonwovens were stacked as follows:

-10-
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Resi stant to Mgration YES

NO YES The

pref erred conpositions of this invention are pol yether nodified
‘pol ydi met hyl si | oxanes of the fornmula (1): [err]

—

!

OO
EERLLEALL LA L

©00000CACI0N00CO

EELRALLLLA AR

Amam oyl o]

0.5 Ib.fin? weight

Aluminum Foil

SMS Polypropylene™
Polypropylene Coverstock®™
SMS Polypropylene®
Aluminum Foil

(a) 18.0 g/m?, Untreated
(b) 0.65 oz/yd?, Treated with Hydrophilic Finish

(4) Durability

The EDANA Liquid Strike-Through Time (150.3-96)' was repeated 5 limes on
treated and the untreated 100% spunbonded polypropylene nonwoven samples lo

simulate durability. Three hours elapsed time was allowed between insults.

Note: The aqueous media used for all the testing (hydrophilicity, mlgrallon and
durability) was a 0.9 weight percent sodium chloride solution.

Regarding the EDANA test, any value 2 5.0 seconds as judged as being not

durable.
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5 - propyl eneoxy content is between 50 and 80% preferably between 60 and
/5% .with the additional restriction that the sumof % Sil and % EO.and %
‘PO nust total 100% As used here and throughout this text, the
silicone content or cal eul ated percent silicone (%Sil) in a

si | i cone-pol yet her copol yner is defined as the nol ecul ar wei ght of the
tutal silicone backbone divided I wei ght of the whole
copolymer. Simlarly, the overalFYS%ﬂsgﬂﬁtﬁégbﬁ{ent (% PE) in a
silicone-pol yether copolyner is defined as the nol ecul ar wei ght of each

pol yet her pendant nul ti plied P& BESTEHCOLS

100% Extruded Polypropylene Filament Nonwoven
(0.5 ozlyd?)
(1) Application
The silicone finishes were spray applied from aqueous dispersions to orie side |
of the nonwoven such that either 0.5 weight percent or 1.0 weight percent
silicone solids resulted on the nonwoven after air drying.
(2) Hydrophilicity

Two specific test procedures were used:

a) ‘ AATCC Method 79-1995 (Absorbency of Bleached Textiles)
b) EDANA Liquid Strike-Through Time (Method 150.3-96)

(3) ‘Migration

The nonwovens were stacked as follows;

_| 1 ] 0.5 Ib./in* weight

OO0 Aluminum Foil
ARt SMS Polypropylene®
(0000000000000 Polypropylene Coverstock®
- 000000000000 Extruded Polypropylene Filament (Treated Side up)®
OO Aluminum Foil _

(a) 16.5 g/m?
(b) 18.0 g/m?
(c) 0.5 ozfyd?

This She
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pendants divided by the nol ecul ar wei ght of the whole copolyner. If the _
-penddant polyether is conprised of either only EO or only POunits, this %
‘Pol yether is equi valent to the % EO or % PO respectively. If a pendant

pol yet her contains both EO and PO units, then the averall % EO and % PO of

t he copol ymeA wsighb(®.$ ith.fint)avasiplacetdrt ll'ﬂl nﬁnwméml% lb>5 taygs @50°C to
fraction of EO and weight fraction of PO in the respect i vel

Using this deémulple %ﬁrqg?ea@%ﬁildwer@ﬁwal%ed%@mﬁﬁe %cm Mjgralion wg&ap{qcb
silicone- poleoﬁhhsmeﬁ@egiwma RYSIE FSBop e Coversiock alifiid sRig o of L*

Drawi ng ure| a tern I agr am Show n erns of %sil,
%EO and %P0, Pnlwrmyipne became yfdrpphiticafter cbntdct sithative Extruded Palypkagyléme

desired pr OpErlérlng?n O'ffht h%s re SrgQLtllt %s“ch? rr};tlgratlon of the hydrophilic finish, i.e., to -
have both the adjacent Polypropylene Coverstock and nearby SMS
Polypropylene layeré remain hydrophobic and the silicone treated side of the

Extruded Polypropylene Filament to remain hydrophilic.

(4) Durability

The EDANA Liquid Strike-Through Test (Method 150.3-96) was repeated 5 times
on lhe silicone trealed, and untreated, control nonwoven samples lo simulate
durability. Three hours elapsed time between insults was used.

Note: The aqueous media used for all the testing (hydrophilicity, migration, and
durability) was a 0.9 weight percent sodium chloride solution.

Regarding the EDANA test, any value 2 5.0 seconds as judged as being not
durable.

_//___
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Any desired R2 group can be grafted using a corresponding allyl reactant
LCHerr]=CH(CH err])[err](OCferr]Herr])[err]-(O0]err] The
enbodi ment s. which are end-substituted with R err] J,IWMHIIHMIIIWI
correspar'&iw precursor endcapped with -Si (CH[err])[err] M. t ™ SThixs
process ts in an al kyl - pendant copol yner, in which the

A method of increasing the abilily of a porous hydrophobic substrate o transmit
aqueous liquid therethrough, comprising applying to said substrate a coating
selected from the group consisting of polyether modified polydimethylsiloxanes

of lhe formula:
l\lﬁe
-SII OSi osr_.-os|- R'
Me

and mixtures thereof, where Me equals methyl, R' equals methyl or R?, and
R? = CpHzp-{OC2H4)a-(OC3He)m-OR’, wherein x is about 0 to 200, y is about 0 to
50, p is about 2to 5, n is about 3 to 30, m is about 3 to 60, and R' is

independently in each occurrence hydrogen, an alkyl group with 1-4 carbons, or
an acetyl group,

- with the proviso that wheny =0, R! equals R?, and that the values of x, y, n and
m are selected such that the overall silicone content of the copolymer is between
5 and 20% and the ethyleneoxy content of the copolymer is between 10 and
40% and the propyleneoxy content is between 50 and 80%,

wherein said product exhibits high resistance to being removed from said
substrate by contact with aqueous quUid and said product exhibits a reduced
tendency to migrate to abutting surfaces to which it was not applied.'

A method according to claim 1 wherein p 3-4.
A method according to claim 1 wherein m is 3-15

- A method according to claim 1 wherein n is 6-30.

U

A method accordlng to claim 1 whereln the overall silicone content of the
copolymer is between 8 and 16% .

6. A method according to claim 1 wherein lhe ethyleneoxy content of the copolymer
is between 15 and 25%.

-17 -
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polyal kyl eneoxi de groups are attached al ong the sil ox _ ugh a .
.series of hydrolytically stabld Si-C bonds. -These copﬁ ﬁ ﬂmm m : s
foll owi ng general fornula:

|\P/e[err]S1ql\/E[e”]S'O)[e”](Neglag% rr]rgil\/b[err]&{wpgﬁ@tofthe In this

formula, Me A t esents et hyl erieoxy, PO represents
1, 2- propyl ene§ é?g%gwl‘igo uni ts may be either random or

bl ockedg. and AZm&todJacmrtimg td‘qldmgemmiratha)mbsledlky& ngnwogenipblyptopylerde
car bop %t o A coated product which permits the transmission therethrough of aqueous liquid,
said product comprising a substrale of porous hydrophobic material to which has
been applied a coating selected from the group consisting of compounds of the

formula

nlAe 'I\.Ile l\fe hllle
— Sj— ols: — O?i O|Si—R'
|
Me Me R? Me
X y

and mixtures thereof, where Me equals methyl, R' equals methy! or R?, and

R? = CpHap-{OC3H4)a-(OC:3Hs)m-OR', wherein x is about 0 to 200, y is about 0 to
50, p is about 2 to 5, n is about 3 lo 30, m is about 3 to 60, and R’ is
independently in each occurrence hydrogen, an alkyl group with 1-4 carbons, or
an acetyl group, '

with the proviso that when y = 0, R' equals R?, and that the values of x, y, n and
m are selected such that the overall silicone content of the copolymer is between
5 and 20% and the ethyleneoxy content of the copolymer is between 10 and
40% and the propyleneoxy content is belween 50 and 80%,

wherein said product exhibits high resistance to being removed from said
- substrate by contact with aqueous liquid and said product exhibits a reduced
~ tendency to migrate to abutting surfaces to which it was not applied.

‘1 0. A product to claim 9 wherein p is 3-4.
11. A product according to claim 9 wherein m is 3-15.

12. A product according lo claim 9 wherein n is 6-30.

\
il /////I/l//iﬁ“"
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7 ", By varying the coefficients x, y, mand n ng
~group, Z, a broad range of silicone-pol yet her copol yrrg Il1 ﬂm ﬂ |
devel oped. Several of these copolynmers are sold by Wteo Coripomat ison

Speci alqtj es ;@PPdtihct urds J@?o LIAA ARt NE BUEFi s \;eéﬁ%‘ﬁ&ﬁggb?gf the ) edThe

preferred si i cone-po r-copolymerso to
t he target snﬂmllymﬁremdmwveenaﬂ ang 16f6.i n m xtures, as neat materials, as
aqueous sol utions or dispersions, or after dilut ion with a suitable organic -

di | uenty, SUCA S3Sqdth &RB8Hding 3 SRR’ 9 wherein the ethyleneoxy content of the copolymer
' is between 15 and 25%

15. A product according lo claim 8 wherein the propyleneoxy content of the
copolymer is between 60 and 75%.

16. A product according to claim 9 wherein the substrate is nonwoven
polypropylene.

. 19 - . /’
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et hoxyl ates, or fatty acid esters. Such preferred finishes may be applied
<using a variety of conventional techniques, including application by pad
bath, spray, foam finishing, rotogravure printing, and the |iKe,. at overal
concentrations of between 0.1% and-5.0% pref erably O. 2% t0 2.0% nost
preferably 0.5%to 1.0% . _t he substrate.

Hydr ophobi ¢ substrate corfyas ¥propyl ene, polyethylene
pol yester, and gl ass. The forntof the substrate can i-ncl.ude- nonwoven
fabric, tissue, Eheaptasentirventiondsidirestad ta aceated predudt avhich permitsithe rost
preferred embodi ment, the substrate is a nonwoven, pol ypropyl ene fabric.

The pripgfiisbiBHeRiofetraLghoof Aqueciexitpad,csaid prodact cmnpustngga shbstrateiofed
perforrrance represents not only a successful balance of Sil, PO and EO

moi et i ol gylaro,melbr& ateﬂﬂ% @l\e s@éﬁabgllédlﬁergia‘% @éructtaaaﬁorﬁttﬁa a

bal ance en 'possi I ch ac |eve esir I nati1 on of
propertles Thl Qint 1S the followng Table 2 and in the
Fi gur@ QHB&R&@E R r@t@mmﬁgﬁmaﬁoﬁﬁm#unerous products representing '
various conbinations of Sil, PO and EO noieties provide unsatisfactory
performance. Thus, the fact thﬁt any products at all exist which provide

ve | e

R'-— 5'»'--0'8!- 03|- R'
Me Me
S S

and mixtures thereof, where Me equals methyl, R1 equals methylor B, and R =

CyHzp-(OC,H,),-(OC3Hg),-OR'’, wherein x is about 0 to 200, y is about 0 to 50, p is
about 2 to 5, n is about 3 to 30, m is about 3 to 60, and R’ is independently in each
occurrence hydrogen, an alkyl group with 1-4 cerbcns, .or an acetyl group,

with the proviso that when y=0, R' equals R, and the values ef xi' y,n arrd m are
selected such that the overall silicone content of the co.po'lymer is between 5 and
20% and the ethyleneoxy content of the oopclymer is between 10 and 40% and the
propyleneoxy content is between 50 and 80%, |

wherein said product exhibits high resletance _te ..being removed from said substrate
by contact with aqueous liquid and sald product exhibits a reduced tenctency to

migrate to abutting surfaces to which it was applied.

—20-
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safasfactory performance is itself unexpected, as is the present discovery
~of . products which in fact. perform successfully as described herein.

Stated otherwise, it has heretofore been believed that the adjustnents to
the structure whi woul d | evj at e, one:of “th er ce def ] cienci es
(suscept | biT¢MAR, Dlgdras,Shrwing he reereIationsin BRwaenY Sib 1 he
ot her dé&iEEQgrand %rPﬂJuwitlv\mmm Hrydr iticity, r@wabihty te Washing and

i nvention bot h deficiencies Rgsfgth%@};@m?@ﬁh%ﬁl ded.
8

% Sil .

Hydrophilic, Durable,
20 : Migrates

30
Hydrophilic, Not Durable,
Doesn't Migrate

40 )
Hydrophilic, Durable,

60 Doesn't Migrate

60

0

In the diagram submitted with the patent application the apices of the irregular hexagon
that circumscribes the ranges of %Sil, %EO and %PQ were labeled ABCEDF, _
respectively, and the smaller, enclosed hexagon describing the preferred composition
were labeled, GHIJKL, respectively.-

Figure 1°
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TABLE 2

;Performance Copol yners % Si | o EQREPLACEMENT SHEETS  86f ks Ci
AL - 42 58 A Description : paged .. /Do glaged /&
27 - 73 0 NbtB Klaim(s)le - pagedai] to paged ./]
33 0 M grates 1 B Drawing(s) : pagédZ ﬂ to paged ...39
23 M gr at es B3 — B Abstract  : paged 2% to paged .7-41
M gr at es B4 22 _ |

M grates 21 BATE OF RECEIPT .‘?Z!ff.!.[ﬁ.’l..

M gr at es

Conparative ' QI)D}?@’Z

C°p°' ymerﬁoﬂfmfdmgﬂhe ' TYDROFHILIC SILICONE FINISH FOR
HYDROPHOBIC SUBSTRATES SUCH AS NONWOVENS

Background of the Invention

Palyalkyleneoxide ﬁ'\odified silicone copolymers are known, which can impart
both hydrophilic and softening properties to hydrophobic nonwoven substrates such as
polyester, polypropylene, polyethylene, glass and the like. Additionally, these . .
polyalkyleneoxide modified silicone copolymers can also be applied to nonwoven
substrates, such as rayon, cellulose, viscose and hemp, to enhance softening without
adversely affecling their inherent hydrophilic attribules. These nonwoven substrates
are ulilized, for example, to fabricate diaper coverstock, garment and shoe interliners,
adult inconlinence products, tissues, filters, baby, 'surgical, and facial wipes, and the
like. These silicone treatments can promote the wetting/absarption of urine, bload, fecal
niaterial, and other body fluids, while simultaneously softening the nonwoven substrate
of these arlicles, making them easier to use and more pleasing to the touch.

It is desirable that these silicone treatments resist removal_from the substrate by
body fiuids and remain functional through multiple uses, for examble -when an infant
wets a diaper several times while sleeping through the night. Concurrently, it is most
desirable that hYdl'O'phlllC silicone treatments to remain where they were originally
applied and not migrate to other areas within the article that are intended to remain
hydrophobic. Such migration could promote undesired leakage around the waist and
leg bands of a fabricated diaper, for example. This phenomenon could occur, for '
example, as a diaper is folded and stored for a time where the desired hydrophilically

treated portion of the diaper comes in contact with a hydrophobic portion of the diaper.

Organic surfactants such as alkylphenol ethoxylates have also been used as
hydrophilic finishes for synthetic nonwoven fabrics (e.g. the manufacture of diapers),

but they are not durable lo repeated contact with body fluids and do riot provide
sufficient softening properties.
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CL® 12 17 71 None- 2

.12 S 35 53 None C3 9
18 73 None 4 15 21
64 - None (Product C4 is a 90/10 blend of Cl1 and Al). The

Figure is a ternary di agram show ng thE relative proportions of Sil, EO and
PO in products of Fornula (1) which tested for their susceptibility to
be washed off and to migrate. The area bounded by the hexagon ABCDEF
represents the preferred proportions in the products used in the present

i nvention. Thel}-{gﬁ%&ﬁfg P@g t{%nem&’dﬁﬁdnﬂe@ﬁflédffé‘ﬂcﬁﬁlyhepi bRtalrRty sHrRaHly Of

pr oducts used I nvent resent invention is
further ildtindemendxide mmetuaehm besn augilakie that mashel&her-t(é‘é%cq"ﬁnt iG#Alch product

aceor 0t 19 Jlubd iy BIRREH ho AILAICRTS bORb NAKHE! K| 1) Sobd oG ©

subj ect ed ¥ esentative o he conditions to which commerci al
“articles dreirdeetiant mw@mﬂpwa@h@ﬁeww@dh@ﬁfoscﬁrngnltqneatl&uieﬁiyﬁhl%phob| c

substrat esi AhgndptORigidtel "

Examples of polyoxyelhylene modified polydimethylsiloxane copolymers, which
exhibil either lype A or type B performance can be reprgsented by the same general

chemical structure, with different ranges for the values for x, y, and a, as shown below:

(CH3)3Si0-(Si(CHa)20)~(Si(CH3)O)y-Si(CHa)a

|
(CHa)2s-(EO)Z

(Z = H, alkyl, acyl)
Examples of struclures:

Copolymer Type . XRange Y Range ARange Performance Deficiency
A 12-20 56 7-8 Limited Durability

B- 70-90 5-10 7-8 Migrates

Specific examples of polyeihyleneoxide modified polydimethylsiloxane
copolymers, which exhibit either type A or lype B performance can be represented by
this general chemical structure, with different values for the x, y, and m, and Z, as
shown below. Both Copolymers A1 and B1 are derived from comparable polyethers
and have similar degrees of substitution. The most pronounced difference in the
structures of these two copolymers is in the number of dimethylsiloxy units
(x = 15 vs. 80). As a result, Copolymer A1 is completely soluble in waler at all
concentrations. In contrast, Copolymer B1 is only barely dispersible in water. When

eilher of these copolymers is applied to a porous, hydrophobic substrate, such as a

REPLACEMENT SHEET
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use, and in storage. The data obtained in these test denpnstrate clearly
that the present invention affords a superior and unexpected conbi nation
of properties not afforded by the reference products.

9 z

In the EDANA test reported below, a | ow nunber signifies high

retenti on of the 3

nonwoven polypropy'ene fabric, the treated surface is made readily hydrophilic. Upon
repealed washings, however, the Copalymer A1 with its high water solubility is readily
washed off, and the subslrate gradually returns lo being hydrophabic.

Comparative ' Performance
Copolymers X Y a Z % Sil % EQ Deficiency
Al 15 55 7.5 H 42 58 Limited Durability
B1 80 80 75 Me 67 33 Migrates

Copolymer B1 with its higher percent silicone (vide infra) and lower EO content
is less susceptible lo being rinsed off via this mechanism and imparts a more durable
hydrophilic finish to the substrate. Such a trait is desirable, but the apprbach of using
copolymers with high silicone contents, had an unanticipated disadvantage. This is
because the low surface energy of these copolymers makes them prone lo migrate to
any higher energy surface, which they might contact. This can occur, for example, in
the conslrdclion of a disposable diaber, which may have some portions which are
intended to be hydrophilic, such as the target area where urine is to be absorbed, and
olher areas, such as leggings and waistbands, that are intended to be hydrophobic to
minimize or prevent unwanted leakage. If during folding or storage, the hydrophobic
portion of such a diaper should contact the hydrophilically treated portion of the diaper,
it is highly desirable that none of the hydrophilic finish migrate to the hydrophobic area.

A nolable deficiency.of Copolymer B1, is lhat under the appropriate circumstances, it
demonstrates this migration tendency.

Brief Summary of the Invention

It has been discovered that a very limited range of certain organomodified
silicones containing a relatively low silicone content, and relatively high propylene
-oxide level, as well as low ethylene oxide conlent provide adequate hydrophilicity,
soflening, and durability lo wash off by water or other aqueous liquids, such as body

~ fluids, from the synthetic nonwovens without the aforementioned migration, to abutting
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silicone on the substrate. An increase of this nunber with successive

knsultss(i.e.,

“undesi rabl e phenonenon.
signifies high hydrophobicity which i S|=£§Si rable on the surfaces abutting

the treated substrate.
the silicone to the abutting surface,

reported

i n.Tabl e

W th successive applications of aqueous liquid),
progressive loss of the silicone fromthe substrate.
In the mgration tests,

A loss of this

signifies
Excessive loss is an
a hi gh number

rophobicity signifies magration of

whi ch i s undesirabl e. The data

surface. h le
P b a8 AT e s praBfiSmadlied PR il Sbatscl 48 Eepsrsend D g ' °

r esi st ancfllibeingetablp washed of f, and resistance to migration, whereas

pol ymers outside the scope of the present
conmbi nati on of properties.

i nvention did not exhibit this
TABLE 1

AR GTRIEETTLY
T

Readily Wetltable YES YES YES
Durable to Wash Off NO YES YES
Resistant to Migration YES NO YES

The preferred compositions of this invention are polyether modified

polydimethylsiloxanes of the formula (1):

Me l-
{ ‘-
R —Si

‘ OlSi OS|i O'Si—R'
Me [ Me} [ RzJ Me
X y

and mixtures thereof, where Me equals methy!, R' equals methyl or R?, and
R?= CpH2p-(OC2H4)m-(OC3Hg)a-OZ, wherein x is about 0 to 200, y is about 0 to 50, p is
about 2 to 5, preferably 3 to 4, m is about 3 to 30, preferably, 3 to 15, n is about 3 to 60,

preferably 6 to 30, and Z is independently in each occurrence hydrogen, an alkyl group

with 1-4 carbons, or an acetyl group, preferably hydrogen.

with the proviso that when y = 0, R' equals R?, and that the values of x, y, m and

n are selected such that the overall silicone content (% Sil) of the copolymer is between

5 and 20%, preferably between 8 and 16%, and the elhyleneoxy content of the

copolymer is between 10 and 40%, preferably belween 15 and 25%, and the
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10 Test Series | :
FEST PROTOCOLS 100% Spunbonded Pol ypr opyl ene Nonwoven (D
Appljcation

propyleneoxy conlent is belween 50 and 80%, preferably belween 60 and 75%, with
the additional restriction that the sum of % Sil and % EO and % PO must total 100%.

As used here and throughout this lext, the silicone content or calculated percent

silicone (% Sil) in a silicane-polyether copolymer is defined as the molecular weight of

- the (utal silicone backbone divided by the molecular weight of the whole copolymer.
Similarly, the overall polyether content (% PE) in a silicone-polyether copolymer is
defined as the molecular wéighl of each polyether pendant multiplied by the number of
pendants divided by the molecular weight of the whole copolymer. If the pendant
polyether is comprised of either only EO or only PO unils, this % Polyether is
-equivalent lo the % EO or % PO, respectively, If a pendant polyether conlains-both EO
and PO unils, then the overall % EO and % PO of the copolymer can be calculaled by
multiplying the % PE by the weight fraclion of EO and weight fraction of PO in the
polyether, respectively. Using this definition the sum of % Sil and % EO and % PQ for
any specific silicone-polyether copolymer must equal 100%.

Brief Description of the Drawing

The figure is a ternary diagram showing, in terms of %Sil, %EO and %PO, the

compositions of products which do and do not exhibil the desired properties of the
present invention.

Detailed Description of the Invention

These polyalkylene oxide-modified polydimethylsiloxanes compositions are
readily derived from a linear polydimethylsiloxane to which polyethers have been
grafléd through a platinum catalyzed hydrosilation reaction, as illustrated below for a
model reaction belween a methylhydrogen modified polydimethylsiloxane and an _allyl
polyethyleneoxide:

| REPLACEMENT SHEET
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The silicone finishes were spray applied on one side of the nonwoven from
.aqueous di spersions such that 0.5 or 1.0 wei ght percent silicone solids
resulted on the nonwoven coverstock (0.65 oz/yd[err]) after air drying.

(2)° Hydrophilicity Two specific test procedures were used:
a) AATCC Met hod 79-1995 (Absorbencyh.g\l‘j Bl eached Textil es) b)
EDANA Liquid Strike-Through Tinme (Met 150. 3-96) (3) Mgration

\ N N /""'_""" \I \sgl‘E\sl O\Sl/
SEHOE SOADI

SIH Fluid Slllcone-Polyether
Copolymer

Slight Molar Excass
of Aliyl Polyether

' z0
o
m

Resldual Polyether
(Allyl and Propenyl Isomers) .

Any desired R? group can be grafted using a corresponding allyl reactant
CH;=CH(CH3)o.o(OC3H4)m-(OC3He)n-OZ. The embodiments which are end-substiluted
with R? are made from the corresponding precursor endcapped with -Si{CHs);H.

This process results in an alkyl-pendant copolymer, in which the
polyalkyleneoxide groups are attached along lhe siloxane backbone through a series of

hydrolytically sl’éble’ Si-C bonds. These copolymers have the following general
formula:

Me3Si0O(Me2Si0)x(MeSiO)ySiMes
I
PE
where PE = -CH2CH2CH20(EO)m(PO)nZ

In this formula, Mé represents methyl, EO represents ethyleneoxy, PO
represents 1,2-propyleneoxy, where the EO and PO units may be eilher random or

blocked, and Z can be either hydrogen or a lower alkyl group with 1 to 4 carbon atoms.
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Unt'reat ed 100% spunbonded SMS pol ypropyl ene webs ( Spunbonded Mel t bl own
Spunbornded) were placed beneath and above the 100% spunbonded pol ypropyl ene
nonwoven web treated with silicone on one side only. A weight (0.5

| b/in[err]) was placed on the nonwovens for 1 week at 50[err]C to simulate
storage and all layers evaluated for h¥drophilicity. The desired result is
to have the top and bottom | ayers rematn hydrophobic and the silicone
treated side to remain hydrophilic. The nonwovens were stacked as

fol l ows: By varying the coefficients x, y, m and n, and the endblocking group, Z, a broad
range of silicone-polyether copolymers have been developed. Several of these
copolymers are sold by Witco Corporation, OSi Specialties Group, under the
tradename Silwel® Surfaclants.

The preferred silicone-polyether copolymers of this invention may be applied to
the target subslrate either alone or in mixtures, as neat malterials, as aqueous solutions
or dispersions, or after diluiibn with a suitable organic diluent, such as alcohals, alcohol
ethoxylates, or fatty acid esters. Such preferred finishes may be applied using a variety
of conventional techniques, including application by pad bath, spray, foam finishing,
rolog'ravure printing, and the like, at overall concentrations of between 0.1% and 5.0%,
preferably 0.2% lo 2.0%, most preferably 0.5% lo 1.0%, based on the dfy weight of the
substrate. Hydrophobic substrate compositions can include polypropylene, '
polyethylene, polyester, and glass. The form of the substrate can include nonwoven
fabric, liss_ue, staple fibers, rock wool, thread, and the like. In its most preferred

embodiment, the substrate is a nonwoven, polypropylene fabric.

The present invention is quite unexpected in that obtaining the desired
performance represents not only a successful balance of Sil, PO and EO moieties in
the molecule, but also represents the discovery that such a balance is even possible
which achieves the desired combination of properties. This point is' demonstrated in
the following T‘a.ble 2 and in the Figure appended hereto, which show that numerous
products representing various combinations of Sil, PO and EO moieties provide
unsatisfactory performance. Thus, the facl that any products at all exist which provide
satisfactory performance is itself unexpected, as is the present discovery of products
which in fact perform successfully as described herein.

' Stated otherwise, it has heretlofore been believed that the adjustments to the
structure which would alleviate one of the performance deficiencies (susceplibilily to
being washed off, migration) would not alleviale the other deficiency, or would worsen
it. Surprisingly, in the present invention both deficiencieé are allevialed and avoided.
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[err] ---------- 0.5 Ib./in[err] weight
Al um num Foi | SMS Pol ypropyl ene[err]

[er_r] Pol ypr opyl ene Cover stock[err] [err]
SMS' Pol ypropyl ene[ err] <-><-><-><-><-><-> Al uni num Foi |
8
TABLE 2
Comparative Performance
Copolymers % Sil % EO % PO Deficiency
A1 ' 42 58 0 Not Durable
A2 27 73 0 Not Durable
B1 . 67 33 0 Migrates '
B2 42 35 ' 23 Migrates
B3 32 27 41 Migrates
B4 22 15 63 Migrates
B5 21 32 47 Migrates
Copolymers
of Invention
C1 : 12 17 71 None
c2 .. 12 35 53 None
C3 9 18 73 None
C4 . 15 21 64 None

(Product C4 is a 90/10 blend of C1 and A1).

The Figure is a ternary diagram showing the relative proportioﬁs of Sil, EO and
PO in products o_fiF.ormula (1) which were tested for their susceptibility to be washed off
and lo migrate. 'i'he area bounded by the hexagon ABCDEF represents the preferred
proportions in the products used in the present invention. The hexagon GHIJKL
bounds a particularly preferred group of products used in the present invention.

The present invention is further illustrated in the following description of tests in
which product according to the invention, and other polyoxyalkylene-silicones, were
subjected to protocols representative of the conditions to which commercial articles
(such as disposable diapers) comprising treated hydrophobic substrates are exposed in
use, and in storage. The data obtained in these test demonstrate clearly that the

- present invention affords a superior and unexpecled combination of properties not
afforded by the reference producls.
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(a) 18.0 g/nferr], Untreated (b) 0.65 oz/yd[err], Treated with
Hydrophilic Finish (4) Durability The EDANA Li quid
Strike-Through Tinme (150.3-96) was repeated 5 tinmes on treated and the
untteat ed 100% spunbonded pol ypropyl ene nonwoven sanples to sinulate
durability. Three hours el apsed tine s all owed between insults.

Not e: The aqueous nedia used for all t testing (hydrophilicity,

m gration, and

In the EDANA lest reported below, a low number signifies high retention of the
silicone on the substrate. An increase of this number with successive insults (i.e., with
successive applications of aqueous liquid), signifies progressive loss of the silicone
from the substrate. Excessive loss is an undesirable phenomenon.

In the migration tests, a high number signifies high hydrophobicity which is
desirable on the surfaces abutting the treated substrate. A loss of this hydrophobicity
signifies migration of the silicone to the abutting surface, which is undesirable.

The dala reported in Tables 1, ll, and lll indicates that Polymer C1, which is
within the present invention, exhibits the desirable combination of resistance to being
washed off, and resistance to migralion, whereas polymers outside the scope of the
present invention did not exhibit this combination of properties.
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durability) was a 0.9 weight percent sodium chloride sol ution.
.Regarding the EDANA test, any value [err] 5.0 seconds as judged as being
not dur abl e. 12 [err]

10

et

Test Series |

TEST PROTOCOLS

100% Spunbonded Polypropylene Nonwoven

(1) Application

The silicone finishes were spray applied on one side of the nonwoven from
aqueous dispersions such that 0.5 or 1.0 weight percent silicone solids resulled on the
nonwoven coverslock (0.65 oz/yd?) after air drying.

(2) Hydrophilicity
Two specific test procedures were used:

a) AATCC Method 79-1995 (Absorbency of Bleached Textiles) '
b) EDANA Liquid Strike-Through Time (Method 150.3-96)

(3) Migration

Untreated 100% spunbonded SMS polypropylene webs (Spunbonded Meltblown
Spunbonded) were placed beneath and above the 100% spunbonded polyﬁropylane
nonwoven web treated wilh silicone on one side only. A weight (0.5 Ibfin?) was placed
on the nonwovens for 1 week at 50°C to simulate storage and all layers evaluated for
hydrophilicity. The desired result is lo have the lop and bottom layers remain
hydrophobic and the silicone Ilreated side to remain hydrophilic.

The nonwovens were stacked as follows:
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13°

Test Series |1

. TEST PROTOCOLS 100% Ext ruded Pol ypropyl ene Fil anent Nonwoven

—

}

A dadadod sl
BEAARRLLRLE

©0C0COLACOCOCICO

EARRELLAALRLA

IO

11

—

0.5 Ib./in? weight

Aluminum Foil

SMS Polypropylene®®
Polypropylene Coverstock™
SMS Polypropylene®™

Aluminum Foil

(a) 18.0 g/m®, Unlreated
(b) 0.65 ozlyd? Treated with Hydrophilic Finish

(4) Durability

The EDANA Liquid Strike-Through Time (1-50.3-96)' was repeated 5 times on
treated and the untreated 100% spunbonded polypropylene nonwoven samples lo

simulate durability. Three hours elapsed time was allowed betwéen insults.

Note: The aqueous media used for all the lesting (hydrophilicily, migration, and
durability) was a 0.9 weight percent sodium chloride solution.

Regarding the EDANA test, any value > 5.0 seconds as judged as being not

durable.
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(1) Application
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either 0.5 weight percent or
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.applied from aqueous dispersions to one side
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(3) Mgration The nonwovens were stacked as fol | ows:

[err] «------- 0.5 Ib./in[err] weight <- ><-5<-5<-><-3<- >
Al um num Foi | [err] SMS Pol ypropyl ene[ err]
[ err] Pol ypr opyl ene Coverstock[err] 000000000000
Ext ruded Pol ypropyl ene Filanment (Treat Side up)[err]
<- ><-><-><-><-><-> Al um num Foi | —~Ja) 16.5 g/nferr] (b) 18.0
g/nerr]
Test Series ||
TEST PROTOCOLS

100% Extruded Polypropylene Filament Nonwoven
- (0.5 oziyd?)
(1) Application
The silicone finishes were spray applied from aqueous dispersions to one side
of the nonwoven such that either 0.5 weight percent or 1.0 weight percent
silicone solids resulted on the nonwoven afler air drying.
(2) Hydrophilicity
Two specific test procedures were used:

a) . AATCC Method 79-1995 (Absarbency of Bleached Textiles)
b) EDANA Liquid Strike-Through Time (Method 150.3-96)

(3) Migration

The nonwovens were stacked as follows:

|

0.5 Ib.fin® weight

OO Aluminum Foil
S S SMS Polypropylene®
0000000000000060 Polypropylene Coverstock®
© 000000000000 Extruded Polypropylene Filament (Treated Side up)®
OOCOOE Aluminum Foil

(a) 16.5 glm:
(b) 18.0 g/m .
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(c) 0.5 oz/yd[err] _ : 14

A weight (0.5 Ib./in[err]) was placed on the nonwovens for up to 5 days @
50[err]Cto sinmul ate storage and all |ayers eval uated for
hydrophilicity. Mgration was noted when the initial hydrophobic

Pol ypr opyl ene Coverstock and the SMS 14

A weight (0.5 Ib.fin%) was placed on the nonwovens for up to 5 days @ 50°C lo
simulate storage and all layers evaluated for hydrophilicity. Migration was noted
when the initial hydrophobic Polypropylene Coverstock and the SMS
Polypropylene became hydrophilic after contact with the Extruded Polypropylene
Filament. The desired resull is no migration of the hydrophilic finish, i.e., to
have both the adjacent Polypropylene Coverstock and nearby SMS
Polypropylene Iayers remain hydrophobic and the silicone lreated side of the
Extruded Polypropylene Filament to remain hydrophilic.

(4) Durability

The EDANA Liquid Strike-Through Test (Method 150.3-96) was repeated 5 times

on the silicone treated, and untreated, control nonwoven samples to simulate

durability. Three hours elapsed lime between insults was used.

Note: The aqueous media used for all the testing (hydrophilicity, migration, and
| durabilily) was a 0.9 weight percent sadium chloride solution.

Regardipg the EDANA test, any value > 5.0 seconds as judged as being not
durable.
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REPLACED
CLAIMS:
1. A method of increasing the abilily of a porous hydrophobic subslrate to transmit

aqueous liquid therethrough, comprising applying to said substrate a coaling

selecled from the group consisting of polyether modified polydimethylsiloxanes
of the formula:

I\IAe kllle lv'1e l\lﬂe
R'—Si— -o|5| -osll- —0|Si— R'
|
Me Me R? Me
X y

and mixtures therec;\f, where Mﬂe equals methyl, R' equals methyl or R?, and
R?= C,l-lz,-(OCzH.@(chHs_ +OR’, wherein x is about 0 to 200, y is about O lo
50, pis about 2o 5, n is about 3 to 30, mis about 3o 60, and R’ is

independently in each occurrence hydrogen, an alkyl group with 1-4 carbons, or
an acetyl group,

wilh lhe proviso that wheny = 0, R' equals R?, and that the values of x, y, n and
m are selected such that the overall silicone content of the copolymer is belween
5 and 20% and the ethyleneoxy content of the copolymer is between 10 and
40% and the propyleneoxy content is between 50 and 80%, '

wherein is:aid-product exhibits high resistance lo being removed from said
substrate by contact with aqueous liquid and said product exhibils a reduced
lendency to migrate to abutting surfaces to which it was not applied..
A method according to claim 1 wherein p 3-4.
A method according to claim 1 wherein m is 3-15

- A method according to claim 1 wherein n is 6-30.

o os w N

A method according to claim 1 wherein the overall silicone content of the
copolymer is between 8 and 16%

6. A method according to claim 1 wherein the ethyleneoxy conlent of the copolymer
is belween 15 and 25%.
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1. © A nethod of

to transmt

o ______agueous—t+qurd t heret hrough, conprising appl ot
substrate a coating ed fromthe group 19AS BEEN4t her
modi fi ed pol ydi m‘\“mmu \ of the fornula l séﬂ% £D and
m xtures thereo S: rret Eghp &t

and

Rlerr] eq als

L,

increasing the ability of a porous hydrophobic substrate

sai d

Rlerr] = C[err]H[erl”] OC[err]H[err])[ -(OC[err]H[err])-OJR’, wherein x

is about 0 to 200, y is about O to 50 pis about 2 to 5,
3 to 30, mls about 3 to 60, and R i

10.
11.

12.

A method according lo claim 1 whserem the propyleneoxy ccnlenl of lhe
copolymer Is between 60 and 75%.

A method according lo claim 1 wherein the substrale is nonwoven polypropylene
A coated product which permits the transmission therethrough of aqueous liquid,
said product comprising a subsirale of porous hydrophobic malerial to which has

been applied a coaling selecled from the group consisting of compounds of the
formula '

Yo | fo| | Mey We
R'— Si— OISi osli _o0si-R'
|
Me Me R? Me
X y

and mixtures thereof where Me equals methyl, R' equals methyl or R? and
R?= CpHzp- (OCzH..)-a(OC;Hs)a-OR' wherein x is about 0 to 200, y is about O lo
50, p is about 2 to 5, n is about 3 to 30, m is about 3 to 60, andR'ls
independently in each occurrence hydrogen, an alkyl group with 1-4 carbons, or
an acelyl group, .

with the proviso that when y =0, R' equals R?, and that the values of x, y, n and
m are selected such that the overall silicone content of the copolymer is belween
5 and 20% ard the ethyleneoxy content of the copolymer is between 10 and
40% and the propyleneoxy content is between 50 and 80%,

wherein said product exhibils high resistance to being removed from said
substrate by contact with aqueous liquid and said product exhibits a reduced

_ tendency to migrate to abulting surfaces lo which it was not applied.

A product lo claim 9 wherein p is 3-4.

A product according to claim 9 wherein m is 3-15. REPL'{CE_F{'FNT ‘HFFT
A product according lo claim S wherein n is 6-30. 05 NOvV 1997 .{
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i ndependently in each occurrence hydrogen, an al kyl group with 1-4 carbons,

or . an acetvl group, with the provi so that when y = 0, R

equal s Rl err] and that the val ues of X, n and m ar e sel ected such
that the over: ﬂ““lujmﬁll Eﬂ nt of the copolyrrer is between 5 and
20% and the et of th opol ynmer i s between 10 and

40% and t he propyl eneoxy content is b en 50 and 80% wherein said
product exhibits high resistance to being renoved fromsaid substrate
by contactawi thp mmepa&oid.@octnmcb @ﬁérdmnﬁeev&tau %méaﬁu &au@mro?ﬁ\léced

tendency to migrate t ing surfaces to which it was not applied. 2.

A met hod accor?ﬂpﬁg%'%W%Wﬂ?’la\ﬁﬁ@r@l/h p 3-4. 3. A nmethod according to
claim1 wherein mis 3-15. 4. A nmet hod according to claiml wherein n is

6-30. 5. 14A nAprastichaccordingity dlaimed wherelh thi ethylemepine cantentadf thesddpblymee
content of theisbelweenc@ﬂ'l&'ﬁ% is between 8 and 16%

15. A product according to claim 9 wherein the propyleneoxy conlent of the
copolymer is between 60 and 75%.

16. A product according to claim 9 wherein the substrate is nonwoven
polypropylene.
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6. ° A method according to claim 1l wherein the ethyl eneoxy content of the

copol y.rer is between 15 and 25% . 7. A nmet hod accordi ng
to claim1 wherein the propyl eneoxy content of t copolyner |s
bet'ween 60 and 75% 8. A net hod according to clFHig SHePe BEENC
substrate i s nonwoven pol ypropyl ene 20 ' REPLAggg '

ABSTRACT OF THE DISCLOSURE _
The present inventlon is dlrected toa coated product which permlts the
transmission therethrough of aqueous liquid, said product comprising a substrate of
porous hydrophobic material to which has been abplied a coating selected from the

group consisting of compounds of the fort_nﬁla )

“lﬂe l\l/le Me hl/le
R'- sll osi osi—}-osi-r!
Me Me . }';2 blae '
) < y

and mixtures thereof, where Me equals methyl, R' equals methyl or R, and R =
Cszp-(OCZH4£(OC3H5@OR’. wherein x is about 0 to 209. y is about 0 to §0, p is
about 2 to 5, n s about 3 to 30, m Is about 3 to 60, and R’ is independently in each
occurrence hydrogen, an alkyl group with 1-4 carbc.ms,'or an acetyl group,

with the proviso that when y=0, R' equals R?, and the values of X, y,n and m are
selected such that the overall silicone content of the co.po'lymer is between 5§ and
20% and the ethyleneoxy content of the cdp'olymer is between 10 and 40% and the
propyleneoxy content is between 50 and 80%, ' .

wherein said. product exhibits high resi;f'.@ance to. 'being removeq from said substrate

by contact with aqueous liquid and said product exhibits a reduced tendency to

niigrate to abutting surfaces to which it was applied.
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9. A coated product which permts the transm ssion therethrough of

_aqueous | i quid. sai d product conprising a substrate of porous
hydrophoblc material to which has been applied a coating sel ected
fromthe group consisting of conpounds of the formula [err]

and m xtures thereof, where Me equals nethyl, R err] equals nethyl or

Rlerr], and R[err] = = '

Clerr]Herr]- (OC[err]H)[err] (OC[err]H[err])n CR' wherein x is about 0 to

200, y is about_O to I s about ? Bgut 3,19 30, mis

about 3 to 60, JRENITY Dgagram 5'1%@ “t?elﬁ‘tt??e ?\“%ﬁ%h‘ﬂ)?@ RER esribdrogen

an al kyl grodh E@:and % RQrwithsnitial Hydrophilicity, Durability to Washing and
Resistance to Migration

% Sil

Hydrophilic, Durable,
20 : Migrates

80
Hydrophilic, Not Durable,
Doesn't Migrate

40 .
Hydrophilic, Durable,

60 Doesn't Migrate

60

100

: /\ LF YA AN W W ‘TA\ A A S S A A B N
100 80 60 40 20 \ 0
% EO _ ' | ) % PO

In the diagram submilted with the patent application the apices of the irregular hexagon

that circumscribes the ranges of %Sil, %EO and %PO were labeled ABCEDF,

respectively, and the smaller, enclosed hexagon describing the preferred composition
‘were labeled, GHIJKL, respectively.-

Figure 1 REPLMEMMIT SHEET
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4007
=0, Rerrl.equals
Rerr], t he val ues of x, and RERLAGEMENT SHEETSS uchGt haf
tshe overaII M “E m f the copol y nferld Desériptione paged ... t& pagelt 20%
and the et hyI t he copol yney A Cliints)een pagedli¥dto paged 4D %

and the propyl eneoxy cont ent i's between1’h0 jamdl DF¥ng(s) : paged/\mé[@lpgg@sﬁ,_._

product exhibits high resistance to being T .IE’/\Aébgtridtom éil.?.';.to §é&3
by contact wi th aqueous |iquid and said pr D&

uct exhlblts a reduced
tendency toChAMSite to abutting surfaces t

an’ acetyl g. udp, wi-th-the provi so th

$D-J
(PoS

d.
A product to claim9 wherein p is 3-4. 11 Vﬁé’fﬁﬁﬂ.ﬁ@é&] &ﬁ qﬁn cla

9 wherein mis 3A@8lhod of hcreasing tod mbtiilymfcapaﬂbmhgdnopﬂabiam&slnﬂene lransmml
6-30. aqueous liquid therethrough, comprising applying to said substrate a coaling

selecled from the group:consisting of polyelher modified polydimethylsiloxanes
of the formula:

l\'Ae l\lAe N'Ie hlAe
R'—Sl— -OISI osll- —Olsi- R'
| .
Me Me R? Me
X y

and mixtures thereof, where Me equals methyl, R' equals methyl or R?, and
R?= C,,Hz,,-(OCzHﬁ—(OC;ILs)&,—.OR'. wherein x is about 0 to 200, y is about 0 to
50, p is about 2 1o 5, n is about 3 to 30, mis about 31060, and R’ is

independently in each occurrence hydrogen, an alkyl group with 1-4 carbons, or
an acetyl group,

with the proviso that when y = 0, R' equals R?, and that the values of x, y, n and
m are selected such that the overall silicone content of lhe copolymer is between
5 and 20% and the ethyleneoxy content of the copolymer is belween 10 and
40% and the propyleneoxy content is between 50 and 80%,

wherein said-product exhibits high resistance lo being removed from said
substrate by contact with aqueous liquid and said product exhibits a raduced
tendency to migrale to abutting surfaces to which it was not applied.

2. A method according to claim 1 wherein p 3-4.

3. A method according to claim 1 wherein m is 3-15

4. - A method according to claim 1 wherein n is 6-30.

5. A method according to claim 1 wherein the overall silicone content of the
copolymer is between 8 and 16%

6. A method according o claim 1 wherein the ethyleneoxy content of the copolymer

is belween 15 and 25%.




13. © A product according to claim9 wherein the overall silicone content of
t.he: T . copolyner is between 8 and 16% 14. A product—aceorei-ng to

l'ai m 9 wherein the et hyl eneoxy content of the co bet ween
eana s " AU o o

A method according to claim 1 wherein the propyleneoxy c.onlent of the
copolymer Is belween 60 and 75%.

-]
.

8. A melhod according to claim 1 wherein the subslrale is nonwoven polypropylene
A coaled product which permits the transmission therethrough of aqueous liquid,
said product comprising a subsirale of porous hydrophobic material to which has

been applied a coating selected from the group consisting of compounds of lthe
formula

Me 1}43 Nile hlde
R'—SI—‘—0|SI — O?i —OISI—R'
|
Me Me R? Me
L X ¥y

and mixtures thereof, where Me equals methyl, R' equals methyl or R?, and
R?= C,Hz,-(OCgH.):;._.(OC;Hs)-n-.-OR', wherein x is about 0 to 200, y is about 0 to
50, p is about 2 to 5, n is about 3 to 30, m is about 3 to 60, and R' is
independently in each occurrence hydrogen, an alkyl group with 1-4 carbons, or
an acelyl group, '

with the proviso that when y = 0, R' equals R? and that the values of x, y, n and
m are selected such that the overall silicone content of the copolymer is belween
5 and 20% and the ethyleneoxy content of the copolymer is between 10 and
40% and the propyleneoxy content is between 50 and 80%,

wherein said product exhibits high resistance to being removed from said
substrate by contact with aqueous liquid and said product exhibits a reduced
_ tendency to migrate lo abutling surfaces o which il was not applied.

10. A product lo claim 9 wherein p is 3-4.
11. A product according to claim 9 wherein m is 3-15.

12. A product according lo claim 9 wherein n is 6-30.
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15. A product according to claim9 wherein the propyl eneoxy content of the
copel yrrer is between 60 and 75% 16. A product according to claim9

wherein the substrate is nonwoven pol ypropyl e ——

. ‘ THIS SHEET HAS BEE-_N_

20 REPLACED =

ABSTBACT OF THE DISCLOSURE _

The present inventlon is dlrected toa coated product which permlts the
transmission therethrough of aqueous liquid, said product comprising a substrate of
porous hydrophobic material to which has been a;iplied a coating selected from the

group consisting of compounds of the form.ula .

Me Me Me Me
rd 1 1 1
R -S'l— O'SI o?l o'sx. R!
Me Me 1 R Me
] < y

and mixtures thereof, where Me equals methyl, R' equals methyl or R, and R =

Cszp-(OCZFIi)m—(OC,Hs),;—OR', wherein x is about 0 to 200, y is about 0 to 50, p is
about 2 to 5, n is about 3 to 30, m is about 3 to 60, and R’ is independently in each
occurrence hydrogen, an alkyl group with 1-4 carbqns, 'or an acetyl group,

with the proviso that when y=0, R' equals R, and the values of x". v,.n aﬁd m are
selected such that the overall silicone content of the copolymer is between 5 and
20% and the ethyleneoxy content of the cbp.olymer is between 10 and 40% and the
propyleneoxy content is between 50 and 80%, |

wherein said. product exhibits high resié@ance to Being removed_ from said substrate
by contact with aqt;eoﬁs liquid and said product exhibits a reduced tendency to

migrate to abutting surfaces to which it was applied.

Figure 1
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NON-MIGRATING HYDROPHILIC SILICONE FINISH FOR
HYDROPHOBIC SUBSTRATES SUCH AS NONWOVENS

ABSTBACT OF THE DlSCLQSURE
" The ;present invention is directéci to a cc;ated produdt which permits thé
transmission therethrough of aqueous liquid, said product comprising a substrate of
~ porous hydrophobic material to which has been abblied a coating selected from the

group consisting of compounds of the fo‘rm'ula . .

R'-sl— oer }osn—a' T
e .

and mixtures thereof, where Me equals methyl, R' equals methylor R, and R =

C Hz,-(OCzH4)-(OC;,H,, ~OR’, wherein x is about 0 to 200 yis about0to 50, pis
about2to 5, n is about 3 to 30, m is about 3 to 60, and R’ is independently in each
occurrence hydrogén, an alkyl group with 1-4 carbgns, -or an acetyl group,

with the proviso thét when y=0, R! equals R, and the values of X y,n and m are
selected such that the overall silicone content of the copolymer Is between 5 and
20% and the ethyleneoxy content of the cbp;alymer is between 10 and 40% and the
propyleneoxy content is between 50 and 80%, |

wherein said. product exhibits high resi#{ance to' Being removeq from said substrate
by contact with aqueous liquid and safd product exhibits a reduced tendency to

migrate to abutting surfaces to which it was applied.
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