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FLUOROCHEMICAL COMPOSITION FOR 
TREATMENT OF A FIBROUS SUBSTRATE 

FIELD OF INVENTION 

0001. The present invention relates to a fluorochemical 
composition for rendering fibrous Substrates oil repellent, 
water repellent, and/or stain or soil repellent. Additionally, 
the invention also relates to a method of treating the fibrous 
substrate with the fluorochemical composition. 

BACKGROUND 

0002 Compositions for making substrates, in particular 
fibrous substrates, such as textile, oil and water repellent have 
been long known in the art. When treating fibrous substrates 
and in particular textile Such as apparel, it is desired that the 
textile retains its look and feel as much as possible. Therefore, 
the composition should normally not contain components 
that would affect the look of the product, i.e., the treatment 
should be substantially invisible to the unaided human eye. 
Also, the feel of the substrate should preferably be substan 
tially unaffected. Typically this means that only low amounts 
of the solids of the composition can be applied. Accordingly, 
an oil- and/or water repellent composition should be highly 
effective in rendering a substrate repellent. 
0003 Commercially available oil- and/or water repellent 
compositions are typically based on fluorinated compounds 
that have a perfluorinated aliphatic group. Such compositions 
are also described in for example U.S. Pat. No. 5,276,175 and 
EP 435 641. The commercial success of this type of compo 
sition can be attributed to their high effectiveness. Fluorinated 
compounds based on perfluorinated ether moieties have also 
been described in the prior art for rendering fibrous substrates 
oil- and/or water repellent. For example, perfluorinated poly 
ether compounds have been disclosed in EP 1 038 919, EP 
273 449, JP-A-04-146917, JP-A-10-081873, U.S. Pat. Nos. 
3,536,710, 3,814,741, 3,553,179, and 3,446,761. It was found 
that previously disclosed compositions based on perfluori 
nated polyether compounds may not be very effective in 
rendering a fibrous substrate oil- and/or water repellent. 
0004. The desire to find fluorochemical compositions 
based on a perfluorinated polyether compound that can pro 
vide good to excellent oil- and/or water-repellency properties 
to a fibrous substrate led to the inventions disclosed in U.S. 
Patent Publication NoS. 2004/0077237 and 2004/0077238. 
However, such compositions are reliant upon a high level of 
perfluorinated polyether compound and/or high level of iso 
cyanate blocking agent. Perfluorinated polyether compounds 
are relatively expensive and isocyanate blocking agents may 
inhibit oily stain release. 
0005 Preferably, the fluorochemical composition is 
capable of providing durable oil- and/or water repellency 
properties to a fibrous substrate such that a treated fibrous 
Substrate can Substantially maintain the repellency properties 
even after several washing cycles. Preferably a fibrous sub 
strate treated with the fluorochemical composition has a soft 
feel, preferably the feel of a treated fibrous substrate is either 
the same or softer compared to the untreated fibrous substrate. 
It is a further desire that the fluorochemical compositions can 
be easily and efficiently manufactured and used at a low cost. 
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It is further desired to find compositions that have environ 
mentally beneficial properties. 

SUMMARY OF THE INVENTION 

0006. The present invention provides fluorochemical 
compositions for imparting oil repellency, water repellency, 
stain release, and soil release to fibrous Substrates. Composi 
tions of the invention provide a Surprising and heretofore 
unachieved combination of relatively low cost with durable 
high performance. 
0007. The present invention provides in one aspect a fluo 
rochemical composition comprising a dispersion or a solution 
of a fluorinated compound, wherein said fluorinated com 
pound comprises the reaction product of a combination of 
reactants comprising: 

0008 (i) one or more fluorinated polyethers according 
to the formula: 

RQT. (I) 
I0009 wherein R represents a monovalent perfluori 

nated polyether group having a number average 
molecular weight of at least 750 g/mol, Q represents a 
chemical bond or a divalent or trivalent organic link 
ing group, T represents a functional group capable of 
reacting with an isocyanate, and k is 1 or 2; 

0.010 (ii) one or more polyoxyalkylene diols; 
0.011 (iii) one or more short chain perfluoroalkyl alco 
hols 

0012 (iv) one or more isocyanate component selected 
from a polyisocyanate compound that has at least 3 
isocyanate groups or a mixture of polyisocyanate com 
pounds wherein the average number of isocyanate 
groups per molecule is more than 2 

0013 (v) optionally one or more isocyanate blocking 
groups; and 

0.014 (vi) optionally one or more co-reactants capable 
of reacting with an isocyanate group. 

In fluorochemical urethanes of the invention less than about 
15%, preferably from about 2 to about 8%, of the isocyanate 
groups are reacted with perfluorinated polyether, less than 
about 15%, preferably from 0 to about 10%, of the isocyanate 
groups are reacted with isocyanate blocking group; more than 
about 5%, preferably from about 10 to about 40%, of the 
isocyanate groups are reacted with polyoxyalkylene diol; and 
more than about 35%, preferably from about 50 to about 75%, 
of the isocyanate groups are reacted with short-chain perfluo 
roalkyl alcohol. 
0015 The invention further provides a method of treat 
ment of a fibrous substrate with the fluorochemical compo 
sition whereby oil- and/or water repellent properties are pro 
vided to the substrate. The fluorochemical composition of the 
present invention can provide good to excellent repellency 
properties to the substrate. Moreover, durable oil- and/or 
water repellency properties can be obtained. The fluoro 
chemical compositions may further provide soil repellency as 
well as soil or stain release properties. The term “soil and/or 
stain release' is used to mean that a treated substrate that 
becomes Soiled or stained can be more easily cleaned in for 
example a home laundering than an untreated Substrate that 
becomes soiled or stained. Soil/stain repellency on the other 
hand refers to the ability of the treated substrate to repel soil 
thereby reducing Soiling or staining of the Substrate. 
0016 Generally, the fibrous substrate will retain a soft feel 
after treatment with the fluorochemical composition. 
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0017. Also, the fluorochemical compositions of the 
present inventions are generally environmentally friendly in 
that compositions can be obtained that are substantially free 
of fluorochemical components that eliminate slowly from the 
body of living organisms. Moreover, it is believed that fluo 
rochemical degradation products that may form likewise 
eliminate well from the body of living organisms. In particu 
lar, indications show that the fluorinated polyether com 
pounds that have a perfluorinated polyether moiety having a 
molecular weight of at least 750 g/mol and perfluorinated 
polyether degradation products that may form therefrom 
would eliminate more effectively from the body of living 
organisms. In particular, there are indications that fluorinated 
polyether compounds having a fluorinated polyether moiety 
derivable from a polycondensation of hexafluoropropylene 
oxide and having a molecular weight of at least 750 g/mol 
would more effectively eliminate from the body of living 
organisms compared to long chain perfluoroaliphatic com 
pounds. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS OF THE INVENTION 

0018. As discussed above, the fluorochemical composi 
tion of the invention comprises a dispersion or a solution of a 
fluorinated compound, wherein said fluorinated compound 
comprises the reaction product of a combination of reactants 
comprising: 

0019 (i) one or more fluorinated polyethers according 
to the formula: 

RQT. (I) 

10020 wherein R, represents a monovalent perfluori 
nated polyether group having a number average 
molecular weight of at least 750 g/mol, Q represents a 
chemical bond or a divalent or trivalent organic link 
ing group, T represents a functional group capable of 
reacting with an isocyanate, and k is 1 or 2; 

0021 (ii) one or more polyoxyalkylene diols; 
0022 (iii) one or more short chain perfluoroalkyl alco 
hols; 

0023 (iv) one or more isocyanate component selected 
from a polyisocyanate compound that has at least 3 
isocyanate groups or a mixture of polyisocyanate com 
pounds wherein the average number of isocyanate 
groups per molecule is more than 2; 

0024 (V) optionally one or more isocyanate blocking 
group; and 

0025 (vi) optionally one or more co-reactants capable 
of reacting with an isocyanate group. 

0026. Fluorinated Polyether 
0027. The fluorinated compound used in the fluorochemi 
cal composition is obtainable by reacting an isocyanate com 
ponent and optional co-reactants with a fluorinated polyether 
according to formula (I) that has an isocyanate reactive group: 

RQT, (I) 

wherein R represents a monovalent perfluorinated polyether 
group, Q represents a chemical bond or a divalent or trivalent 
non-fluorinated organic linking group, T represents a func 
tional group capable of reacting with an isocyanate, and k is 
1 or 2. 
0028. From about 2% to about 15%, preferably from about 
2% to about 8%, of the isocyanate groups will be reacted with 
perfluorinated polyether. If lesser isocyanate is so reacted, the 
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resultant coating may tend to be too stiff and to be deficient in 
performance. If more isocyanate is so reacted, the resultant 
composition will tend to be more expensive. 
0029. The perfluorinated polyether moiety R of the flu 
orinated polyether of formula (I) preferably corresponds to 
the formula: 

wherein R represents a perfluorinated alkyl group, R rep 
resents a perfluorinated polyalkyleneoxy group consisting of 
perfluorinated alkyleneoxy groups having 1, 2, 3, or 4 carbon 
atoms or a mixture of Such perfluorinated alkylene oxy 
groups, R represents a perfluorinated alkylene group, and q 
is 0 or 1. The perfluorinated alkyl group R in formula (II) 
may be linear or branched and may comprise 1 to 10 carbon 
atoms, preferably 1 to 6 carbon atoms. A typical perfluori 
nated alkyl group is CFCFCF R is a linear or branched 
perfluorinated alkylene group that will typically have 1 to 6 
carbon atoms, for example, —CF – or —CF (CF)—. 
Examples of perfluoroalkylene oxy groups of perfluorinated 
polyalkyleneoxy group R, include: 

0030 CFCFO , 
0031 CF(CF)CFO , 
0032) - CFCF(CF)O , 
0033 CFCFCFO , 
0034 - CFO , 
0035) –CF(CF)O , and 
0.036 CFCFCFCFO 

The perfluoroalkyleneoxy group may be comprised of the 
same perfluoroalkylene oxy units or of a mixture of different 
perfluoroalkylene oxy units. When the perfluoroalkyleneoxy 
group is composed of different perfluoroalkylene oxy units, 
they can be present in a random configuration, alternating 
configuration or they can be present as blocks. Typical 
examples of perfluorinated polyalkylene oxy groups include: 

0037 ICFCFO : 
0038 -CF(CF)CFO : 
(0039 –ICF.CFOI,ICFO) ; and 
0040 –CFCFOICF(CF)CFO : 

wherein ris an integer of 4 to 25, n is an integer of 3 to 25, and 
i, l, m, and jeach are integers of 2 to 25. A preferred perflu 
orinated polyether group that corresponds to formula (II) is 
CFCFCFOICF(CF)CFOCF(CF)— wherein n is an 
integer of 3 to 25. This perfluorinated polyether group has a 
molecular weight of 783 when n equals 3 and can be derived 
from an oligomerization of hexafluoropropylene oxide. Such 
perfluorinated polyether groups are preferred in particular 
because of their benign environmental properties. 
0041 Examples of linking groups Q include organic 
groups that comprise aromatic oraliphatic groups that may be 
interrupted by O, N, or Sand that may be substituted, alkylene 
groups, oxy groups, thio groups, urethane groups, carboxy 
groups, carbonyl groups, amido groups, oxyalkylene groups, 
thioalkylene groups, carboxyalkylene, and/or an amidoalky 
lene groups. 
0042 Examples of functional groups T include thiol, 
hydroxyl, and amino groups. 
0043. In a particular embodiment, the fluorinated poly 
ether corresponds to the following formula (III): 

RICF(CF)CFOCF(CF)AQT, (III) 
wherein R represents a perfluorinated alkyl group, e.g., a 
linear or branched perfluorinated alkyl group having 1 to 6 
carbonatoms, n is an integer of 3 to 25, A is a carbonyl group 
or CH2, Q' is a chemical bond or an organic divalent or 
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trivalent linking group, for example, as mentioned for the 
linking group Q above, k is 1 or 2, and T represents an 
isocyanate reactive group, and each T may be the same or 
different. Particularly preferred compounds are those in 
which R' represents CFCFCF . In accordance with a 
particular embodiment, the moiety -AQT, is a moiety of the 
formula—COXR"(OH), wherein k is 1 or 2, X is O or NR 
with R" representing hydrogen or an alkyl group of 1 to 4 
carbon atoms, and R is an alkylene of 1 to 15 carbon atoms. 
0044) Representative examples of the moiety -AQ'T in 
above formula (III) include: 

0045 1. CONRCHCHOHCH-OH wherein R is 
hydrogen or an alkyl group of for example 1 to 4 carbon 
atoms; 

0046 2. —CONH-1,4-dihydroxyphenyl: 
0047 3. CHOCHCHOHCH-OH: 
0.048 4. COOCHCHOHCH-OH; and 
(0049) 5. —CONR(CH), OH where R is hydrogen or 
an alkyl group of 1 to 6 carbons and m is 2, 3, 4, 6, 8, 10, 
or 11. 

0050 Compounds according to formula (III) can for 
example be obtained by oligomerization of hexafluoropropy 
lene oxide which results in a perfluoropolyether carbonyl 
fluoride. This carbonyl fluoride may be converted into an 
acid, ester, or alcohol by reactions well known to those skilled 
in the art. The carbonyl fluoride or acid, ester, or alcohol 
derived therefrom may then be reacted further to introduce 
the desired isocyanate reactive groups according to known 
procedures. For example, EP 870 778 describes suitable 
methods to produce compounds according to formula (III) 
having desired moieties-AQ'T. Compounds having group 1 
listed above can be obtained by reacting the methyl ester 
derivative of a fluorinated polyether with 3-amino-2-hy 
droxy-propanol. Compounds having the group 5 listed above 
can be obtained in a similar way by reacting with an amino 
alcohol that has only one hydroxy function. For example 
2-aminoethanol would yield a compound having the group 5 
listed above with Rd being hydrogen and m being 2. 
0051 Still further examples of compounds according to 
above formula (I) are disclosed in European Patent No. 870 
778 or U.S. Pat. No. 3,536,710. 
0052. It will be evident to one skilled in the art that a 
mixture of fluorinated polyethers according to formula (I) 
may be used to prepare the fluorinated polyether compound 
of the fluorochemical composition. Generally, the method of 
making the fluorinated polyether according to formula (I) will 
result in a mixture of fluorinated polyethers that have differ 
ent molecular weights and Such a mixture can be used as Such 
to prepare the fluorochemical component of the fluorochemi 
cal composition. In a preferred embodiment, such a mixture 
of fluorinated polyether compounds according to formula (I) 
is free of fluorinated polyether compounds having a perflu 
orinated polyether moiety having a molecular weight of less 
than 750 g/mol or alternatively the mixture contains fluori 
nated polyether compounds having a perfluorinated polyether 
moiety having a molecular weight of less than 750 g/mol in an 
amount of not more than about 10% by weight relative to total 
weight of fluorinated polyether compounds, preferably not 
more than about 5% by weight and most preferably not more 
than about 1% by weight. 
0053 Polyoxyalkylene Diol 
0054) At least about 5%, preferably from about 10% to 
about 40%, of the isocyanate groups will be reacted with 
polyoxyalkylene diol. An illustrative example is polyoxypro 
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pylene diol having a number average molecular weight of 
from about 400 to about 2200. If less isocyanate is so reacted, 
the resultant coating may tend to have deficient durability and 
be deficient in performance. If more isocyanate is so reacted, 
the resultant composition will tend to gel making it more 
difficult to apply. 
0055 Alcohol 
0056. At least about 35%, preferably from about 50% to 
about 75%, of the isocyanate groups will be reacted with short 
chain perfluoroalkyl alcohol. If less isocyanate is so reacted, 
the resultant coating may tend to impart deficient oil repel 
lency and water repellency. If more isocyanate is so reacted, 
the resultant composition will tend to impart poorer hand to 
the treated fabric substrate. 
0057 The short chain perfluoroalkyl alcohol has from 3 to 
6 perfluorinated carbon atoms. In a preferred embodiment it 
comprises a CF – group. Specific examples of perfluoro 
alkyl alchohols which are suitable for use herein include: 

0.058 CFSON(R)CHCH-OH: 
0059 CFSON(R)CHCHOICHCHOOH 
whereint is 1 to 5; 

0060 CFSON(R)CHCHCH-NH: 
0061 CFSON(R)CHCHSH: 
0062 CFSON(CHCH-OH); and 
0063 CFSON(R)CHCHO(CH), OH whereins is 
2, 3, 4, 6, 8, 10, or 11 

wherein R is hydrogen or a lower alkyl of 1 to 4 carbons such 
as methyl, ethyl, and propyl. 
0064. Isocyanate 
0065. The isocyanate component for making the fluori 
nated compound of the fluorochemical composition is 
selected from a polyisocyanate having at least 3 isocyanate 
groups or a mixture of polyisocyanate compounds that on 
average has more than 2 isocyanate groups per molecule Such 
as, for example, a mixture of a diisocyanate compound and a 
polyisocyanate compound having 3 or more isocyanate 
groups 
0066. The polyisocyanate compound may be aliphatic or 
aromatic and is conveniently a non-fluorinated compound. 
Aliphatic isocyantes are typically preferred as resultant com 
positions of the invention will be less subject to yellowing and 
will typically yield a softer finish on treated fibrous sub 
Strates. 

0067 Generally, the molecular weight of the polyisocyan 
ate compound will be not more than 1500 g/mol. Examples 
include hexamethylenediisocyanate, 2,2,4-trimethyl-1,6- 
hexamethylenediisocyanate, 1.2-ethylenediisocyanate, dicy 
clohexylmethane-4,4'-diisocyanate, aliphatic triisocyanates 
Such as 1.3.6-hexamethylenetriisocyanate, cyclic trimer of 
hexamethylenediisocyanate, and cyclic trimer of isophorone 
diisocyanate (isocyanurates); aromatic polyisocyanate Such 
as 4,4'-methylenediphenylenediisocyanate, 4,6-di-(trifluo 
romethyl)-1,3-benzene diisocyanate, 2,4-toluenediisocyan 
ate, 2,6-toluene diisocyanate, o, m, and p-xylylene diisocy 
anate, 4,4'-diisocyanatodiphenylether, 3,3'-dichloro-4,4'- 
diisocyanatodiphenylmethane, 4.5'-diphenyldiisocyanate, 
4,4'-diisocyanatodibenzyl, 3,3'-dimethoxy-4,4'-diisocyana 
todiphenyl, 3,3'-dimethyl-4,4'-diisocyanatodiphenyl, 2,2'- 
dichloro-5,5'-dimethoxy-4,4'-diisocyanato diphenyl, 1,3-di 
isocyanatobenzene, 1.2-naphthylene diisocyanate, 4-chloro 
1.2-naphthylene diisocyanate, 1.3-naphthylene diisocyanate, 
and 1,8-dinitro-2.7-naphthylene diisocyanate and aromatic 
triisocyanates such as polymethylenepolyphenylisocyanate. 
Still further isocyanates that can be used for preparing the 
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fluorinated compound include alicyclic diisocyanates Such as 
3-isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate; 
aromatic tri-isocyanates such as polymethylenepolyphenyl 
isocyanate (PAPI): cyclic diisocyanates such as isophorone 
diisocyanate (IPDI). Also useful are isocyanates containing 
internal isocyanate-derived moieties such as biuret-contain 
ing tri-isocyanates such as that available from Bayer as DES 
MODURTMN-100, isocyanurate-containing tri-isocyanates 
such as that available from Huls AG, Germany, as IPDI-1890, 
and azetedlinedione-containing diisocyanates such as that 
available from Bayer as DESMODURTMTT. Also, other di 
or tri-isocyanates such as those available from Bayer as DES 
MODURTM L tri-(4-isocyanatophenyl)-methane (available 
from Bayer as DESMODURTMR) and DDI 1410 (available 
from Henkel) are suitable. 
0068 Blocking Group 
0069. Further, the optional co-reactant may include an 
isocyanate blocking agent. The isocyanate blocking agent can 
be used alone or in combination with one or more other 
co-reactants described above. 
0070. Up to about 15%, preferably up to about 10%, of the 
isocyanate groups will be reacted with blocking agent. 
0071 Isocyanate blocking agents are compounds that 
upon reaction with an isocyanate group yield a group that is 
unreactive at room temperature with compounds that at room 
temperature normally react with an isocyanate but which 
group at elevated temperature reacts with isocyanate reactive 
compounds. For example, at elevated temperature the block 
ing group may be released from the blocked (poly)isocyanate 
compound thereby generating the isocyanate group again 
which can then react with an isocyanate reactive group. 
Blocking agents and their mechanisms have been described in 
detail in “Blocked isocyanates III.: Part. A. Mechanisms and 
Chemistry’ by Douglas Wicks and Zeno W. Wicks Jr., 
Progress in Organic Coatings, 36 (1999), pp. 14-172. 
0072 Preferred blocking agents include arylalcohols such 
as phenols; lactams such as e-caprolactam, Ö-Valerolactam, 
Y-butyrolactam; and oximes Such as formaldoxime, acetal 
doXime, cyclohexanone oxime, acetophenone oxime, ben 
Zophenone oxime, 2-butanone oxime; or diethyl glyoxime. 
Further suitable blocking agents include bisulfite and triaz 
oles. 
0073. Optional Co-Reactants 
0074 The organic compound will include one or more 
water solubilising groups or groups capable of forming water 
solubilising groups so as to obtain a fluorinated compound 
that can more easily be dispersed in water. Additionally, by 
including water solubilising groups in the fluorinated com 
pound, beneficial stain release properties may be obtained on 
the fibrous substrate. Suitable water solubilising groups 
include non-ionic water solubilising groups. Preferrably 
organic compounds that have only one functional group 
capable of reacting with NCO-group and that further include 
a non-ionic water-solubilising group are used. Typical non 
ionic water Solubilising groups include polyoxyalkylene 
groups. Preferred polyoxyalkylene groups include those hav 
ing 2 to 3 carbon atoms such as polyoxyethylene, polyox 
ypropylene, and copolymers thereof such as polymers having 
both oxyethylene and oxypropylene units. The polyoxyalky 
lene containing organic compound may include one func 
tional group Such as hydroxy or amino groups. Examples of 
polyoxyalkylene containing compounds include alkyl ethers 
of polyglycols such as, e.g., methyl or ethyl ether of polyeth 
yleneglycol, hydroxy terminated methyl or ethyl ether of a 
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random or block copolymer of ethyleneoxide and propyle 
neoxide, amino terminated methyl or ethyl ether of polyeth 
yleneoxide. 
0075. The perfluoroaliphatic group included in the fluori 
nated compound and the co-reactant may then comprise a 
perfluoroaliphatic compound having one or more isocyanate 
reactive groups. By “perfluoroaliphatic groups' is meant 
groups that consist of carbon and fluorine without however 
including perfluorinated end groups of the perfluorinated 
moiety. The perfluoroaliphatic group contains 3 to 18 carbon 
atoms, preferably 3 to 6 carbonatoms, and most preferably is 
a CF – group. By including perfluoroaliphatic groups, in 
particular CF – groups in the fluorinated polyether com 
pound, one can improve the solubility and/or dispersibility of 
the fluorinated polyether compound in the fluorochemical 
composition. Preferred fluorinated co-reactants will corre 
spond to the formula: 

(Rf). L(Y), (IV) 
wherein R represents a perfluoroaliphatic group having 3 to 
5 or 6 carbon atoms, L represents a non-fluorinated organic 
divalent or multivalent linking group Such as, for example, 
organic groups that comprise alkylene, carboxy, Sulfona 
mido, carbonamido, oxy, alkyleneoxy, thio, alkylenethio. 
and/or arylene. Y represents a functional group having a 
Zerewitinoffhydrogen Such as, for example, hydroxy, amino, 
or thiol, and X is an integer of 1 to 20, for example, between 2 
and 10, and y is 1 or 2. According to a particular embodiment, 
R is C.F. , X is 1, and y is 1. 
0076. The condensation reaction to prepare the fluorinated 
compound of the fluorochemical composition can be carried 
out under conventional conditions well-known to those 
skilled in the art. Preferably the reaction is run in the presence 
of a catalyst and typically, the reaction will be carried out Such 
that all isocyanate groups have been reacted and the obtained 
reaction product is free of isocyanate groups. Suitable cata 
lysts include tin salts such as dibutyltin dilaurate, Stannous 
octanoate, Stannous oleate, tin dibutyldi-(2-ethylhexanoate), 
stannous chloride; and others knownto those skilled in theart. 
The amount of catalyst present will depend on the particular 
reaction, and thus it is not practical to recite particular pre 
ferred concentrations. Generally, however, suitable catalyst 
concentrations are from about 0.001 percent to about 10 
percent, preferably about 0.1 percent to about 5 percent, by 
weight based on the total weight of the reactants. The con 
densation reaction is preferably carried out under dry condi 
tions in a common organic solvent that does not contain 
Zerewitinoffhydrogens Such as ethylacetate, acetone, methyl 
isobutyl ketone, toluene, and fluorinated Solvents such 
hydrofluoroethers and trifluorotoluene. Suitable reaction 
temperatures will be easily determined by those skilled in the 
art based on the particular reagents, solvents, and catalysts 
being used. While it is not practical to enumerate particular 
temperatures Suitable for all situations, generally Suitable 
temperatures are between about room temperature and about 
120° C. 

0077. Fluorochemical urethanes of the invention are pre 
pared from aliphatic polyisocyanate, whereinless than about 
15%, preferably from about 2 to about 8%, of the isocyanate 
groups are reacted with perfluorinated polyether alcohol, less 
than about 15%, preferably from 0 to about 10%, of the 
isocyanate groups are reacted with isocyanate blocking 
group, more than about 5%, preferably from about 10 to about 
40%, of the isocyanate groups are reacted with polyoxyalky 
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lene diol, and more than about 35%, preferably from about 50 
to about 75%, of the isocyanate groups are reacted with short 
chain perfluoroalkyl alcohol. 
0078. In a particular embodiment, the fluorochemical 
composition may contain additionally a non-fluorinated 
organic compound, wherein the non-fluorinated organic com 
pound is capable of improving relative to the fluorochemical 
composition without the non-fluorinated organic compound, 
the oil repellency or water repellency that can be achieved by 
the fluorochemical composition on a fibrous substrate or the 
durability of one or both of the repellency properties. Such 
non-fluorinated organic compounds are sometimes called 
extenders. Suitable extenders for use in the fluorochemical 
composition include non-fluorinated organic compounds that 
have one or more blocked isocyanate groups, so called 
blocked isocyanate compounds, or a carbodiimide com 
pound. Preferred blocked isocyanate extenders are blocked 
polyisocyanates that at a temperature of less than about 150° 
C. are capable of reacting with an isocyanate reactive group, 
preferably through deblocking of the blocking agent at 
elevated temperature. Preferred blocking agents include ary 
lalcohols such as phenols; lactams such as e-caprolactam, 
8-valerolactam, Y-butyrolactam; oximes Such as formal 
doXime, acetaldoxime, methyl ethylketone oxime, cyclohex 
anone oxime, acetophenone oxime, benzophenone oXime, 
2-butanone oxime, or diethyl glyoxime. Further suitable 
blocking agents include bisulfite and triazoles. 
0079. In a preferred embodiment of the invention, the 
blocked polyisocyanate may comprise the condensation 
product of a polyisocyanate, for example, a di- or triisocyan 
ate, and a blocking agent. 
0080. The carbodiimide compound can be an aromatic or 
aliphatic carbodiimide compound and may include a polycar 
bodiimide. Carbodiimides that can be used have been 
described in, for example, U.S. Pat. Nos. 4,668,726, 4,215, 
205, 4,024,178, and 3,896,251, WO 93/22282, U.S. Pat. Nos. 
5,132,028, 5,817,249, 4,977,219, 4,587,301, 4,487,964, 
3,755.242, and 3,450,562. Particularly suitable carbodiim 
ides for use in this invention include those corresponding to 
the formula (VII): 

wherein u has a value of 1 to 20, typically 1 or 2, R' and R' 
each independently represent a hydrocarbon group, in par 
ticular a linear, branched, or cyclic aliphatic group preferably 
having 6 to 18 carbon atoms, and R represents a divalent 
linear, branched, or cyclic aliphatic group. 
0081. The aliphatic carbodiimide extenders of formula VII 
can be synthesized in a 1-step process by reacting aliphatic 
diisocyanates with an aliphatic mono-isocyanate as a chain 
terminator at about 130 to about 170° C. in the presence of a 
phospholine oxide or other suitable carbodiimide formation 
catalyst. Preferably the reaction is carried out in the absence 
of Solvents under inert atmosphere, but high-boiling non 
reactive solvents such as methyl isobutyl ketone can be added 
as diluents. The mole ratio of diisocyanate to mono-isocyan 
ate can be varied from about 0.5 to 10, preferably about 1 to 
5 
0082 Examples of aliphatic diisocyanates for the prepa 
ration of the carbodiimide compounds of formula (VII) 
include isophorone diisocyanate, dimer diacid diisocyanate, 
4.4" dicyclohexyl methane diisocyanate. Examples of mono 
isocyanates are n.butyl isocyanate and octadecyl isocyanate. 
Representative examples of suitable carbodiimide formation 
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catalysts are described in, e.g., U.S. Pat. Nos. 2.941,988, 
3,862.989, and 3,896,251. Examples include 1-ethyl-3-phos 
pholine, 1-ethyl-3-methyl-3-phospholine-1-oxide, 3-methyl 
1-phenyl-3-phospholine-1-oxide, and bicyclic terpene alkyl 
or hydrocarbyl aryl phosphine oxide. The particular amount 
of catalyst used depends on the reactivity of the catalyst and 
the isocyanates being used. A concentration of about 0.2 to 
about 5 parts of catalyst per 100g of diisocyanate is suitable. 
I0083. In an alternative approach the aliphatic diisocyan 
ates can be first reacted with monofunctional alcohols, 
amines, or thiols followed by carbodiimide formation in a 
second step. 
I0084. The fluorochemical urethane is preferably delivered 
in combination with blocked isocyanate extender. The fluo 
rochemical urethane and blocked isocyanate extender may be 
synthesized separately or, preferably, in the same reactor and 
may be applied to the textile yarns from organic solvent or, 
preferably, as aqueous emulsion. The fluorochemical ure 
thane and blocked isocyanate extender may be emulsified 
separately and then blended or, preferably, their organic solu 
tions may be combined and co-emulsified. 
I0085. It has been unexpectedly found that such com 
pounds provide a Surprising combination of good perfor 
mance at low cost as compared to previously known other 
wise similar compounds made with higher proportions of 
perfluorinated polyether. 
I0086. The fluorinated compound of the fluorochemical 
composition typically will have a molecular weight Such that 
it is readily dissolved or dispersed in water or an organic 
solvent. Generally, the molecular weight of the fluorinated 
compound is not more than 100,000 g/mol, with a typical 
range being between 1500 g/mol and 60,000 g/mol. When a 
mixture of fluorinated compounds is used, the aforemen 
tioned molecular weights represent weight average molecular 
weights. 
I0087. The fluorochemical composition comprises a dis 
persion or solution of the fluorinated compound in water oran 
organic solvent. As used herein, the term “dispersion” refers 
to both solid-in-liquid dispersions as well as liquid-in-liquid 
dispersions which are also called emulsions. Generally, the 
fluorochemical compositions will be diluted before treating 
fibrous substrates such that the amount of fluorinated com 
pound contained in the treating composition is from about 
0.01 to about 7% by weight, preferably from about 0.05 to 
about 3% by weight based on the total weight of the fluoro 
chemical composition. Higher amounts of fluorinated com 
pound, for example up to about 10% by weight may be used 
as well, particularly if the uptake of the fluorochemical com 
position by the substrate is low. Generally, the fluorochemical 
treating composition will be prepared by diluting a more 
concentrated fluorochemical composition to the desired level 
of fluorinated compound in the treating composition. The 
concentrated fluorochemical composition can contain the flu 
orinated compound in an amount of up to about 70% by 
weight, typically from about 10% by weight to about 50% by 
weight. 
I0088. When the fluorochemical composition is in the form 
of a dispersion in water or an organic solvent, the weight 
average particle size of the fluorinated compound particles is 
preferably not more than about 400 nm, more preferably is 
not more than about 300 nm. 
I0089 Most preferably, the fluorochemical composition is 
an aqueous dispersion of the fluorinated compound. Such 
dispersion may be non-ionic, anionic, cationic, or Zwitteri 
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onic. The dispersion is preferably stabilised using non-fluori 
nated Surfactants, such as non-ionic polyoxyalkylene, in par 
ticular polyoxyethylene Surfactants, anionic non-fluorinated 
Surfactants, cationic non-fluorinated Surfactants, and Zwitte 
rionic non-fluorinated Surfactants. Specific examples of non 
fluorinated Surfactants that can be used are nonionic types 
such as EMULSOGENTM EPN 207 (Clariant) and 
TWEENTM 80 (ICI), anionic types such as laurylsulfate and 
Sodium dodecyl benzene Sulfonate, cationic types such as 
ARQUADTM 12-50(Akzo), ETHOQUADTM 18-25 (Akzo) or 
amphoteric types such as lauryl amineoxide and cocamido 
propyl betaine. The non-fluorinated surfactant is preferably 
present in an amount of about 1 to about 25 parts by weight, 
preferably about 1 to about 50 parts by weight, based on 100 
parts by weight of the fluorochemical composition. 
0090 Alternatively, a solution or dispersion of the fluori 
nated compound in an organic solvent can be used as the 
fluorochemical treating composition. Suitable organic Sol 
vents include alcohols such as isopropanol, methoxy pro 
panol, and t.butanol, ketones such as isobutyl methyl ketone 
and methyl ethylketone, ethers such as isopropylether, esters 
Such ethylacetate, butylacetate or methoxypropanol acetate, 
or (partially) fluorinated solvents such as HCFC-141b, HFC 
4310 mee and hydrofluoroethers such as HFE-7100 or HFE 
7200 available from 3M Company. 
0091. The fluorochemical composition may contain fur 
ther additives Such as buffering agent, agents to impart fire 
proofing or antistatic properties, fungicidal agents, optical 
bleaching agents, sequestering agents, mineral salts, and 
Swelling agents to promote penetration. 
0092. In a preferred embodiment of the present invention, 
the fluorochemical composition will be free of or substan 
tially free of perfluorinated polyether moieties having a num 
ber average molecular weight of less than 750 g/mol and/or 
perfluoroaliphatic groups of more than 5 or 6 carbons. By the 
term "perfluoroaliphatic groups' is meant groups consisting 
of carbon and fluorine without including perfluorinated end 
groups of the perfluorinated polyether moieties. By the term 
“substantially free of is meant that the particular perfluori 
nated polyether moieties are present in amounts of not more 
than about 10% by weight, preferably not more than about 5% 
by weight, and most preferably not more than about 1% by 
weight based on the total weight of perfluorinated polyether 
moieties in the composition and that the particular perfluoro 
aliphatic groups having more than 5 or 6 carbons are present 
in amounts of not more than about 10% by weight, preferably 
not more than about 5% by weight, and most preferably not 
more than about 1% by weight based on the total weight of 
perfluoroaliphatic groups in the composition. Compositions 
that are free of or substantially free of these moieties or 
groups are preferred because of their beneficial environmen 
tal properties. 
0093 
0094. In order to affect treatment of the fibrous substrate 
the fibrous substrate is contacted with the fluorochemical 
composition of the invention. For example, the Substrate can 
be immersed in the fluorochemical treating composition. The 
treated substrate can then be run through a padder/roller to 
remove excess fluorochemical composition and dried. The 
treated Substrate may be dried at room temperature by leaving 
it in air or, preferably, be subjected to a heat treatment, for 
example, in an oven. This heat treatment is typically carried 
out at temperatures from about 50° C. to about 190° C. 
depending on the particular system or application method 
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used. In general, a temperature of about 120° C. to about 170° 
C., in particular of about 150° C. to about 170° C. for a period 
of about 20 seconds to 20 minutes, is suitable. Alternatively, 
the chemical composition can be applied by spraying the 
composition on the fibrous Substrate. 
0095. It was found that with fluorochemical compositions 
of this invention, Surprisingly good to excellent oil, water 
repellent properties, and/or stain release properties on the 
fibrous substrate can be achieved. Also, it was observed that 
the repellency properties are durable, i.e., even after several 
washing cycles, the repellency properties can be substantially 
maintained. The compositions furthermore in many instances 
minimally affect the soft feel of the fibrous substrates. 
0096. The amount of the treating composition applied to 
the fibrous substrate is chosen so that a sufficiently high level 
of the desired properties are imparted to the substrate surface 
preferably without substantially affecting the look and feel of 
the treated substrate. Such amount is usually such that the 
resulting amount of the fluoropolymer on the treated fibrous 
substrate will be from about 0.05% to about 3% by weight, 
preferably from about 0.2 to about 1.5% by weight based on 
the weight of the fibrous substrate. The amount which is 
sufficient to impart desired properties can be determined 
empirically and can be increased as necessary or desired. 
According to a particularly preferred embodiment, the treat 
ment is carried out with a composition and under conditions 
Such that the total amount of perfluorinated polyether groups 
having a number average molecular weight of less than 750 
g/mol and/or perfluoroaliphatic groups of more than 6 carbon 
atoms is not more than about 0.1%, preferably not more than 
about 0.05% by weight based on the weight of the fibrous 
substrate. 

0097. Fibrous substrates that can be treated with the fluo 
rochemical composition include in particular textile and car 
pet. The fibrous substrate may be based on synthetic fibers, 
e.g., polyester, polyamide and polyacrylate fibers or natural 
fibers, e.g., cellulose fibers as well as mixtures thereof. The 
fibrous Substrate may be a woven as well as a non-woven 
substrate. 

0098. The invention will now be further illustrated with 
reference to the following examples without the intention to 
limit the invention thereto. All parts and percentages are by 
weight unless stated otherwise. 

EXAMPLES 

Test Methods 

(0099 Water Repellency Test (WR) 
0100. The water repellency (WR) of a substrate was mea 
Sured using a series of waterfisopropyl alcohol test liquids and 
was expressed in terms of the WR rating of the treated sub 
strate. The WR rating corresponded to the most penetrating 
test liquid that did not penetrate or wet the substrate surface 
after 10 seconds exposure, according to the WR rating scale 
and the test liquid compositions Summarized in the table 
below. Substrates which were penetrated by a 2%/98% iso 
propyl alcohol/water blend, the least penetrating test liquid, 
were given a rating of 0, a treated Substrate resistant to a 
30%/70% isopropyl alcohol/water blend, but not to an 40%/ 
60% blend, would be given a rating of 5, and so on. 
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Standard Water Repellency Test Liquids 
0101 

Water Repellency 
Rating # (WR) 

Test Liquid Composition (Volume %) 
Isopropanol:Water 

1 2:98 
2 5:95 
3 10:90 
4 20:80 
5 30:70 
6 40:60 
7 50:50 

0102) Oil Repellency (OR) 
0103) The oil repellency of a substrate was measured by 
the American Association of Textile Chemists and Colorists 
(AATCC) Standard Test Method No. 118-2002, which test 
was based on the resistance of a treated Substrate to penetra 
tion by oils of varying Surface tensions. Treated Substrates 
resistant only to NUJOLTM mineral oil (the least penetrating 
of the test oils) were given a rating of 1, whereas treated 
Substrates resistant to n-decane (the most penetrating of the 
test liquids) were given a rating of 6. Other intermediate 
values were determined by use of other pure oils or mixtures 
of oils, as shown in the following table. 

Standard Oil Repellency Test Liquids 
0104 

AATCC Oil Repellency 
Rating Number Compositions 

1 NUJOLTM Mineral Oil 
2 NUJOLTM Mineral Oilfin 

Hexadecane 6535 
3 n-Hexadecane 
4 n-Tetradecane 
5 n-Dodecane 
6 n-Decane 

0105 Laundering Procedure 
0106 The procedure set forth below was used to prepare 
treated Substrate samples designated in the examples below as 
“5 Launderings'. 
I0107. A 230 g sample of generally square, 400 cm to 
about 900 cm sheets of treated substrate was placed in a 
washing machine (SEARS KENMORETM Model No. 110. 
26962500) along with a ballast sample (1.9 kg of 8 oz wash 
loadballast fabric, from Textile Innovators/SDL Atlas, Wind 
sor, N.C., in the form of generally square, hemmed 8100 cm 
sheets). A commercial detergent (75 g of TIDETM Ultra Liq 

Descriptor 

ARCOLTM 
POLYOL 
PPG-425 
ARCOLTM 
POLYOL 
PPG-725 
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uid deep cleaning formula, from Proctor and Gamble, Cin 
cinnati, Ohio) was added and the washer was filled to high 
water level with hot water (41°C.2°C.). The substrate and 
ballast load were washed 5 times using a 12-minute normal 
wash cycle. 
0108. The substrate and ballast were dried together in a 
conventional tumble drier at 65+5° C. during 45+5 minutes. 
Before testing, the substrates were conditioned at room tem 
perature during about 4 hours. 
0109) “20 Launderings” or “30 Launderings” indicated 
that the substrate was washed for 20 or 30 times, respectively, 
according to the procedure above. 
0110 Stain Release Test Woven Fabric 
0111. This test evaluates the release of forced-in oil-based 
stains from the treated fabric Surface during simulated home 
laundering. Five drops of KAYDOLTM mineral oil (Witco 
Chemical Co.) were dropped onto the fabric surface in a 
single puddle and a separate puddle of 5 drops of MAZOLA 
corn oil was dropped on the fabric. The puddles were covered 
with glassine paper, and weighted with a five-pound weight 
each for 60 seconds. The weights and glassine paper were 
removed from the fabric. The fabric sample was hung for 15 
to 60 minutes, and then washed and dried. Samples were 
evaluated against a rating board, and assigned a number from 
1 to 8. An 8 represented total removal of the stain, where 1 was 
a very dark stain. Stain release values were determined using 
one stain challenge. A more detailed description of the test is 
written in the 3M’s “Stain Release Test I method (Document 
# 98-0212-0725-7). 
0112 Stain Release Test Knit Fabric 
0113. This test was carried out similar to Stain Release 
Test Woven fabric test above except using WELCHSTM 
grape juice, 0.25 pound weights, TIDETM powder soap, and 
the AATCC rating scale wherein a value “1” indicates very 
dark staining and '5' indicates no visible stain. Grape juice 
stain release values were assigned using the average rating of 
three stain challenges. 
0114 Textile Substrates 
0115 Textile substrates used for the evaluation of treat 
ments of this invention were commercially available and are 
listed below: 

0116 Textile Substrate 1: Tan 100% cotton woven fab 
ric, BRITISH KHAKI SUPER HIP, from Avondale 
Mills, Graniteville S.C.; 

0117 Textile Substrate 2: Olive polyester/cotton (657 
35) woven fabric, EQUESTRIAN TWILL, from Avon 
dale Mills, Graniteville S.C.; and 

0118 Textile Substrate 3: White 100% cotton jersey 
knit fabric, from Fruit of the Loom, Bowling Green, Ky. 

Materials 

0119) 

Formula Structure Source 

Polypropylene oxide-based diol Bayer MaterialScience 
(MW ~ 426) LLC, 

Pittsburgh, PA 
Polypropylene oxide-based diol Bayer MaterialScience 
(MW ~ 763) LLC, 

Pittsburgh, PA 
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-continued 

Descriptor Formula Structure Source 

ARCOLTM Polypropylene oxide-based diol Bayer MaterialScience 
POLYOL (MW ~ 1000) LLC, 
PPG-1025 Pittsburgh, PA 
ARCOLTM Polypropylene oxide-based diol Bayer MaterialScience 
POLYOL (MW ~ 2000) LLC, 
PPG-2025 Pittsburgh, PA 
ARQUADTM Dodecyltrimethylammonium chloride Akzo Nobel, Netherlands 
12-SO 
ARQUADTM Di(hydrogenated Akzo Nobel, Netherlands 
2HT75 allow)dimethylammonium chloride 
CARBOWAXTM Methoxypolyethylene glycol Union Carbide, Danbury, 
MPEG-750 (MW -750) CT, a subsidiary of Dow 

Chemical Company, 
Midland, MI 

DBTDL Dibutyltin dilaurate Sigma-Aldrich 
DESMODURTM Aliphatic polyisocyanate resin based on Bayer MaterialScience 
N3300 hexamethylene diisocyanate (NCO content LLC, 

21.8 + 0.3%) Pittsburgh, PA 
DESMODURTM Aromatic polyisocyanate resin based on Bayer MaterialScience 
L 75 oluene diisocyanate, approximately 75% in LLC, 

ethyl acetate (NCO content 13.3 + 0.4%) Pittsburgh, PA 
EA Ethyl acetate Sigma-Aldrich 
MEKO 2-Butanone oxime Sigma-Aldrich 

CHC(=NOH)C-Hs 
WETAIDTM Nonionic wetting agent Noveon, Inc., Cleveland, 
NRW OH 
MONDURTM Aromatic polymeric isocyanate based on Bayer 
MR diphenylmethane-diisocyanate 
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(HFPO)-alc: HFPO oligomer alcohols, 
0120 CFCFCFO(CF(CF)CFO)CF(CF) 
CONHCHCH-OH, consisting of a mixture of oligomers 
with different chain lengths. The indexes k and n are indica 
tive of the mathematical average of the number of repeating 
HFPO-units and k-n--2. The (HFPO), 7-alc was prepared 
essentially according to the same procedure as that for 
CFCFCFO(CF(CF)CFO)CF(CF) 
CONHCHCH-OH, or (HFPO)ss-alc, as described in U.S. 
Patent Publication No. 2004/0077238, paragraph 0140 
through paragraph 0145. 

A. Synthesis of HFPO-Oligomer Alcohol and Diol 
1. Synthesis of HFPO-Oligomer Alcohol (HFPO)-alc 
Several HFPO-oligomer alcohols ((HFPO)-alc) were pre 
pared according to the general procedure as given for the 
synthesis of 

CFCFCFO(CF(CF)CFO)CF(CF) 
CONHCHCH-OH, indicated in table 1 as (HFPO)ss-alc. 
0121. A 1 liter 3-necked reaction flask was equipped with 
a stirrer, a condenser, a dropping funnel, aheating mantle and 
a thermometer. The flask was charged with 1000 g 
CFCFCFO(CF(CF)CFO)CF(CF)COOCH. The 
mixture was heated to 40° C. and 43.4 g ethanolamine was 
added via the dropping funnel, over a period of 30 minutes. 
The reaction mixture was kept at 65° C. during 3 hours. FTIR 
analysis indicated complete conversion. The end product 
could be purified as follows: 500 ml ethylacetate were added 
and the organic solution was washed with 200 ml HCL (1N). 
followed by 2 washings with 200 ml brine. The organic phase 
was dried over MgSO4. Ethylacetate was evaporated with 
waterjet vacuum, using a Buchi rotary evaporator. The prod 
uct was dried at 50° C. during 5 hours, using oil pump vacuum 

(<1 mbar). An alternative purification step included evapora 
tion of methanol, formed during reaction, via water jet 
vacuum, using a Buchirotary evaporator (up to 75°C.-C100 
mm Hg). Residual methanol was further removed with oil 
pump vacuum (up to 80°C. =<10 mbar). 
The HFPO-oligomer alcohol (HFPO)ss-alc obtained, was a 
yellow coloured oil, with medium viscosity. The structure 
was confirmed by means of NMR. 

HFPO-oligomer alcohols with other chain lengths were pre 
pared essentially according to the same procedure. 
MeFB SE: N-2-hydroxyethyl-N-methylperfluorobutylsul 
fonamide, CFSON(CH)CHCH-OH, was prepared 
according to PCT Publication Number WO 01/30873, 
Example 2 Part A. 
EXAMPLES 1 to 7 

I0122) Synthesis of FC Urethane Mixture A 
(0123. A solution of HFPO oligomer alcohol (HFPO), 7 
alc (15.56 grams, 11.76 meq hydroxyl), MeFBSE (77.84 
grams, 218.03 mmole), ARCOLTM POLYOL PPG-1025 (62. 
26 grams, 124.77 meq hydroxyl), and CARBOWAXTM 
MPEG-750 (20.80 grams, 27.73 meq hydroxyl) in ethyl 
acetate (EA, 220 grams) was heated and 82.5 grams distillate 
allowed to escape. DESMODURTM N3300 (77.87 grams, 
401.42 med isocyanate), ethyl acetate (EA, 30 grams), and 
dibutyltin dilaurate (DBDTL, 0.06 grams) were added 
sequentially, and then heated for 6 hours at 75°C. 2-Butanone 
oxime (MEKO. 18.89 grams, 217.10 mmole), ethyl acetate 
(EA, 90 grams), and toluene diisocyanate based adduct in 
organic solvent (DESMODURTML 75, 62.37 grams, 197.99 
med isocyanate) were added sequentially, heated for 1 hour at 
75°C., then diluted with ethyl acetate to a final 640 grams. 
0.124 FC Urethane Mixture A solids comprised 80 weight 
percentaliphatic fluorochemical urethane and 20 weight per 
cent blocked aromatic isocyanate extender. Of the aliphatic 
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isocyanates of FC Urethane Mixture A's fluorochemical ure 
thane, 2.9% were reacted perfluorinated polyether alcohol, 
4.8% with MEKO, 31.1% with polyoxyalkylene diol, 54.3% 
with short-chain perfluoroalkyl alcohol, and 6.9% with poly 
ethylene glycol monomethyl ether. FC Urethane Mixture A 
contained 14.8% fluorine versus urethane solids and the fluo 
rochemical urethane portion contained 18.5% fluorine versus 
urethane solids. 

0125 
0126 Warm deionized water (375 grams, 40° C.) was 
poured into a rapidly stirred 40° C. solution of FC Urethane 
Mixture A (300 grams solution), ARQUADTM12-50 (2.40 
grams), ARQUADTM2HT-75 (2.40 grams), and ethyl acetate 
(EA, 33.33 grams). The emulsion was stirred 20 minutes and 
then Sonified for three minutes on a BRANSONTM Sonifier 
450 (70/30 on/off cycling). Then the emulsion was heated to 
50° C. as the ethyl acetate was removed under vacuum. The 
resulting emulsion was diluted with deionized water to a final 
500 grams. 
O127 
0128. Three textile treatment baths were prepared by 
sequentially adding deionized water, WETAIDTMNRW wet 
ting agent (0.50 grams) and Fluorochemical Emulsion A in 
the amounts shown below in Table 1. Textile Substrate 1 (tan 
100% cotton woven) and Textile Substrate 2 (olive 65/35 
polyester/cotton woven) were dipped in the padding baths 
and then squeezed between rubber rollers to wring out the 
excess. The damp swatches were dried for ten minutes 100° 
C. and then cured for two minutes at 160° C. The calculated 

Preparation of Fluorochemical Emulsion A 

Textile Treatment 

Initial 
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grams solids of FC Urethane Mixture A per 100 grams fabric 
(solids on fabric or SOF) are indicated below in Table 1. 

TABLE 1 

Textile Fluorochemical 
Treatment Water Emulsion A 

Bath (grams) (grams) SOF 

1 237.99 11.51 O.88 
2 231.89 17.61 1.35 
3 225.80 23.70 1.82 

I0129. The treated woven fabric substrates (Examples 1 to 
6 in Table 2) were then tested for initial oil repellency, initial 
water repellency and initial stain release, and also tested after 
20 and 30 launderings as described in the above test methods. 
The results are summarized in Table 2. 
0.130 Textile Treatment Bath 4 was prepared by sequen 

tially combining deionized water (141.89 grams), 
WETAIDTM NRW wetting agent (0.30 grams), and Fluoro 
chemical Emulsion A (7.81 grams). Textile Substrate 3 (white 
100% cotton jersey knit) was dipped in the padding bath and 
then squeezed between rubber rollers to wring out the excess. 
The damp swatch was dried for ten minutes 100° C. and then 
cured for two minutes at 160° C. The calculated SOF was 
1.33. 
I0131 The treated knit fabric substrate (Example 7 in Table 
2) was then tested for initial oil repellency, initial water repel 
lency, and initial stain release, and also tested after 5 and 20 
launderings as described in the above test methods. The 
results are summarized in Table 3. 

TABLE 2 

After 20 Launderings After 30 Launderings 

Stain Stain Stain Stain Stain Stain 

Textile release release release release release release 

Treatment Textile (mineral (corn (mineral (corn (mineral (corn 
Example Bath Substrate OR WR oil) oil) OR WR oil) oil) OR WR oil) oil) 

1 1 1 6 5 7 6.5 2 3 6.5 6.5 1 2 6.5 7 

2 2 1 6 5 6.5 6.5 4 2 7.5 7 4 3 7 7 

3 3 1 6 6 7.5 7 5 4 7.5 7 3 4 7 7 

4 1 2 6 5 7.5 6.5 6 5 7 7 5 5 7 6.5 

5 2 2 6 6 7.5 6.5 6 5 7 6.5 6 5 7 6.5 

6 3 2 6 6 7 7 6 6 7.5 7 6 5 7 7 

TABLE 3 

Example 7 

Initial After 5 Launderings After 20 Launderings 

Stain release Stain Release Stain Release 

OR WR (grape juice) OR WR (grape juice) OR WR (grape juice) 

6 5 Not measured 6 5 4.8 3 4 4 
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EXAMPLES 8 to 23 AND COMPARATIVE 
EXAMPLE C1 to C3 

(0132) Synthesis of FC Urethane Mixtures B to J 
0133. FC Urethane Mixtures B to J were prepared accord 
ing to the procedure described above for FC Urethane Mix 
ture A. The compositions are summarized in Table 4. Weight 
percent aliphatic fluorochemical urethane, weight percent 
blocked aromatic isocyanate extender, equivalent percentali 
phatic isocyanate reactant, and weight percent fluorine versus 
FC Urethane Mixture solids, and weight percent fluorine 
Versus aliphatic Fluorochemical Urethane Solids are Summa 
rized in Table 5. 

TABLE 4 

FC Equiv 9% Equiv 
Urethane (HFPO)- % Equiv 96 Equiv 96 Equiv 9% 
Mixture alc MEKO PPG-1025 MeFBSE MPEG-7SO 

B 5.4 S.O 13.5 69.6 6.5 
C 10.8 4.8 38.1 40.0 6.3 
D 1O.S 4.8 37.2 39.1 8.4 
E 8.2 4.7 26.2 55.0 5.9 
F 8.1 4.7 25.6 53.7 7.9 
G 5.3 4.8 14.1 70.3 5.5 
H 5.2 4.8 13.8 68.8 7.4 
I 3.0 4.8 31.5 55.2 5.5 
J 2.9 4.7 30.9 54.1 7.4 

TABLE 5 

Wt 9% 
Wt 96 Fluorine Wt 96 Fluorine in 

FC Wt% Aliphatic Blocked in Aliphatic 
Urethane Fluorochemical Aromatic Urethane Fluorochemical 
Mixture Urethane Isocyanate Mixture Urethane 

B 85 15 22.2 26.1 
C 1OO O 22.3 22.3 
D 75 25 16.2 21.6 
E 1OO O 24.2 24.2 
F 75 25 17.6 23.5 
G 1OO O 26.3 26.3 
H 75 25 19.1 25.5 
I 1OO O 18.9 18.9 
J 75 25 13.8 18.4 

0134) Synthesis of FC Urethane Mixtures K to U 
0135. FC Urethane Mixtures K to U were prepared 
according to the procedure described above for FC Urethane 
Mixture A except substituting different molecular weight 
polypropylene oxide-based diol materials for PPG-1025 
(PPG-425, -725, and -2025), or excluding perfluorinated 
polyether (FC Urethane Mixture U). The compositions are 
summarized in Table 6. Weight percent aliphatic fluoro 
chemical urethane, weight percent blocked aromatic isocy 
anate extender, equivalent percent aliphatic isocyanate reac 
tant, and weight percent fluorine versus FC Urethane Mixture 
Solids, and weight percent fluorine versus aliphatic Fluoro 
chemical Urethane solids are summarized in Table 7. 

TABLE 6 

FC Equiv 9% Equiv Equiv Equiv% 
Urethane PPG (HFPO), 7- % % Equiv 96 MPEG 
Mixture MW alc MEKO PPG MeFBSE 750 

K 426 3.4 4.8 38.2 49.O 4.6 
L 426 3.4 4.7 37.5 48.1 6.3 
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TABLE 6-continued 

FC Equiv 9% Equiv Equiv Equiv 9% 
Urethane PPG (HFPO), 7- % % Equiv 96 MPEG 
Mixture MW alc MEKO PPG MeFBSE 750 

M 726 2.7 4.8 37.4 SO.O S.1 
N 726 2.6 4.8 36.7 49.0 6.9 
O 726 2.6 4.7 35.9 48.0 8.8 
P 726 S.6 4.8 19.6 62.8 7.2 
Q 2OOO 3.6 4.8 19.0 66.4 6.2 
R 2OOO 3.5 4.7 18.5 64.9 8.4 
S 1976 4.5 4.8 38.1 45.1 7.5 
T 1976 4.4 4.7 37.0 43.8 10.1 
U 1OOO O 4.8 32.4 55.6 7.2 

TABLE 7 

Wt 9% Wt 9% Wt:6 Fluorine in 
FC Wt% Aliphatic Blocked Fluorine in Aliphatic 

Urethane Fluorochemical Aromatic Urethane Fluorochemical 
Mixture Urethane Isocyanate Mixture Urethane 

K 100 O 21.1 21.1 
L 75 25 15.4 2O.S 
M 100 O 18.3 18.3 
N 75 25 13.3 17.7 
O 60 40 10.3 17.2 
P 75 25 18.6 24.8 
Q 100 O 20.1 20.1 
R 75 25 14.6 19.5 
S 100 O 13.6 13.6 
T 75 25 9.9 13.2 
U 75 25 11.6 15.5 

0.136 Synthesis of Comparative Urethane Mixtures C-A 
to C-D 

I0137 FC Urethane Mixtures C-A to C-D were prepared 
according to the procedure described above for FC Urethane 
Mixture A, optionally substituting PPG-2025 molecular 
weight PPG for PPG-1025. The compositions are summa 
rized in Table 8. Aliphatic fluorochemical urethane weight 
percent, blocked aromatic isocyanate extender weight per 
cent, equivalent percent aliphatic isocyanate reactant, and 
weight percent fluorine versus FC Urethane Mixture solids, 
and weight percent fluorine versus aliphatic FC Fluorochemi 
cal Urethane solids are summarized in Table 9. 

TABLE 8 

FC Equiv 9% Equiv Equiv Equiv 9% 
Urethane PPG (HFPO), 7- % % Equiv 96 MPEG 
Mixture MW alc MEKO PPG MeFBSE 750 

C-A 1OOO 22.3 4.8 O 64.9 8.0 
C-B 1OOO 17.9 4.8 26.3 44.3 6.7 
C–C 1OOO 17.5 4.8 25.6 43.1 9.0 
C-D 1976 O 4.8 34.5 51.4 9.3 

TABLE 9 

W9% 
Wt 9% Fluorine Wt 96 Fluorine in 

Comparative Wt% Aliphatic Blocked in Aliphatic 
Urethane Fluorochemical Aromatic Urethane Fluorochemical 
Mixture Urethane Isocyanate Mixture Urethane 

C-A 85 15 32.6 38.4 
C-B 1OO O 29.5 29.5 
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TABLE 9-continued 

Wt 9% 
Wt 96 Fluorine Wt 96 Fluorine in 

Comparative Wt% Aliphatic Blocked in Aliphatic 
Urethane Fluorochemical Aromatic Urethane Fluorochemical 
Mixture Urethane Isocyanate Mixture Urethane 

C-C 75 25 21.4 28.5 
C-D 75 25 8.3 11.1 

0138 Preparation of Fluorochemical Emulsions B-U and 
Comparative Fluorochemical Emulsions C-A to C-D 
0139 
Fluorochemical Emulsions C-A to C-D were prepared 

Fluorochemical Emulsions B-U and Comparative 

according to the Preparation of Fluorochemical Emulsion A 
procedure described above, except using Fluorochemical 
Emulsions B-U or Comparative Fluorochemical Emulsions 
C-A to C-D, respectively. 
0140 Textile Treatment 
0141 Textile Treatment Baths 5 to 20 and C-1 to C-3 were 
prepared and applied to Textile Substrate 3 (white 100% 
cotton jersey knit) as described for Textile Treatment Bath 4, 
except using mixtures of Fluorochemical Emulsion B to U or 
Comparative Fluorochemical Emulsions C-A to C-D, as indi 
cated in Table 10. Applied SOF and weight percent fluorine 
versus urethane blend solids are also indicated in Table 10. 

Example 

8 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2O 

21 

22 

23 

C1 

11 
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TABLE 10 

Wt 9% 
blocked W9% 

Textile Second aromatic fluorine in 
Treatment First FC FC isocyanate emulsion 

Bath Emulsion SOF Emulsion SOF in blend blend 

5 B 1.96 None None 15 22.2 
6 C O41 D 63 2O 17.4 
7 E O4O F 62 2O 18.9 

9 I 2.17 None None O 18.9 
10 I 1.76 J 0.44 5 17.9 
11 I 1.34 J O.89 10 16.9 
12 I O.91 J 36 15 15.8 
13 I O46 J 84 2O 14.8 
14 K O.85 L 28 15 17.7 
15 M O.92 N 37 15 15.3 
16 O 2.46 None None 40 10.3 
17 P 2.06 None None 25 18.6 
18 Q O46 R 82 2O 15.7 
19 S O.S1 T 2.03 2O 10.6 
2O U 1.97 None Ole 25 11.6 
C-1 C-A O.86 None Ole 15 32.6 
C-2 C-B O3S C-C 41 2O 23.0 
C-3 C-D 2.16 None Ole 25 8.3 

0142. The treated knit fabric substrates (Examples 8 to 23 
and Comparative Examples C1 to C3 in Table 11) were then 
tested for initial oil repellency, initial water repellency, and 
initial stain release, and also tested after 5 and 20 launderings 
as described in the above test methods. The results are sum 
marized in Table 11. 

TABLE 11 

After 5 After 20 
Initial launderings launderings 

Stain Stain Stain 
Textile Release Release Release 

Treatment (grape (grape (grape 
Bath OR WR juice) OR WR juice) OR WR juice) 

5 6 5 5 5 4 4.5 3 2 3.8 

6 6 4 5 5 4 4.3 4 3 4 

7 6 5 5 6 4 4.5 4 3 4.3 

8 6 5 4.7 6 5 5 5 4 4 

9 6 5 3.8 4 5 3.5 O O 3.5 

10 6 5 4 5 5 4 2 3 3.8 

11 6 5 4.3 5 5 4.2 2 3 4 

12 6 5 4.3 6 6 4.3 4 5 4.5 

13 6 5 4.7 6 6 4.7 5 5 4.5 

14 6 5 4.5 6 6 4.3 5 5 4.3 

15 6 5 4.5 6 6 4.3 5 6 4.2 

16 6 6 4.5 6 6 4.5 5 5 4.5 

17 6 5 4.5 5 5 4.5 4 4 4.3 

18 6 5 4.8 5 5 4.8 4 4 4.5 

19 6 4 not O 1 3.8 O O 3.5 

tested 

2O 6 7 not 5 6 4.7 4 4 4 

tested 

C1 4 4.2 2 O 2 1 O 2 

C2 4 4.2 5 3 4.3 4 2 4.5 

C3 7 not O O 3.2 O O 3.7 

tested 
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0143. The above Examples and Comparative Examples 
demonstrate that: 1) fluorinated urethanes with low perfluori 
nated polyether levels can give excellent performance (com 
pared to Textile Treatment Bath C1 to C3); 2) fluorochemical 
urethanes of this invention are advantageously combined 
with blocked aromatic isocyanate extender (compared to Tex 
tile Treatment Bath 9); 3) fluorinated urethanes with polyox 
ypropylene units can give excellent durability and stain 
release (compared to Textile Treatment Bath C1); and 4) 
fluorinated urethanes containing 15 to 26 weight percent fluo 
rine can result in excellent performance. 
What is claimed is: 
1. A fluorochemical composition comprising a dispersion 

or a solution of a fluorinated compound, wherein said fluori 
nated compound comprises the reaction product of a combi 
nation of reactants comprising: 

(i) one or more fluorinated polyethers according to the 
formula: 

RQT. (I) 
wherein R represents a monovalent perfluorinated poly 

ether group having a number average molecular 
weight of at least 750 g/mol, Q represents a chemical 
bond or a divalent or trivalent organic linking group, T 
represents a functional group capable of reacting with 
an isocyanate, and k is 1 or 2; 

(ii) one or more polyoxyalkylene diols; 
(iii) one or more short chain perfluoroalkyl alcohols; 
(iv) one or more isocyanate component selected from a 

polyisocyanate compound that has at least 3 isocyanate 
groups or a mixture of polyisocyanate compounds 
wherein the average number of isocyanate groups per 
molecule is more than 2; 

(v) optionally one or more isocyanate blocking group; and 
(vi) optionally one or more co-reactants capable of reacting 

with an isocyanate group; 
wherein less than about 15% of the isocyanate groups are 
reacted with said fluorinated polyether, at least about 5% of 
the isocyanate groups are reacted with said polyoxyalkylene 
diol, at least about 35% of the isocyanate groups are reacted 
with said short chain perfluoroalkyl alcohol, and less than 
about 15% of the isocyanate groups are reacted with said 
isocyanate blocking group. 

2. The fluorochemical composition of claim 1 wherein said 
composition is free of perfluoroaliphatic groups of more than 
6 carbon atoms other than perfluorinated end groups of a 
perfluorinated polyether moiety and/or perfluorinated poly 
ether groups having a number average molecular weight of 
less than 750 g/mol or wherein said composition contains said 
perfluoroaliphatic groups of more than 6 carbon atoms in an 
amount of not more than about 10% by weight based on the 
total weight of perfluoroaliphatic groups other than end 
groups of a perfluorinated polyether moieties and/or contains 
said perfluorinated polyether groups having a number aver 
age molecular weight of less than 750 g/mol in an amount of 
not more than about 10% by weight based on the total weight 
of perfluorinated polyether moieties in the fluorochemical 
composition. 

3. The fluorochemical composition of claim 1 wherein Rin 
formula (I) is a perfluoropolyether group derived from a poly 
condensation of hexafluoropropylene oxide. 

4. The fluorochemical composition of claim 1 wherein Rin 
formula (I) corresponds to the formula: 
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wherein R represents a perfluorinated alkyl group, R rep 
resents a perfluorinated polyalkyleneoxy group consisting of 
perfluorinated alkyleneoxy groups having 2 or 3 carbon 
atoms or a mixture of Such perfluorinated alkylene oxy 
groups, R represents a perfluorinated alkylene group, and q 
is 0 or 1. 

5. The fluorochemical composition of claim 4 wherein R. 
corresponds to the formula: 

CF (CF)CFO), 

wherein n is an integer of 3 to 25. 
6. The fluorochemical composition of claim 4 wherein R 

is CF(CF), q is 1, and R' corresponds to the formula: 
CF (CF)CFO), 

wherein n is an integer of 3 to 25. 
7. The fluorochemical composition of claim 1 wherein T is 

selected from the group consisting of hydroxy and amino 
groups. 

8. The fluorochemical composition of claim 1 wherein said 
fluorinated polyether of formula (I) corresponds to the for 
mula: 

ROCF (CF)CFOCF (CF)AQT, 
wherein R represents a perfluorinated alkyl group, n is an 
integer of 3 to 25, A is a carbonyl group or CH2, Q' is a 
chemical bond or an organic divalent or trivalent linking 
group, and Trepresents a functional group capable of reacting 
with an isocyanate, and k is 1 or 2. 

9. The fluorochemical composition of claim 1 wherein the 
fluorinated polyether compound corresponds to the formula: 

wherein R represents a perfluorinated alkyl group, n is an 
integer of 3 to 25.X represents O or NR with R" representing 
hydrogen or an alkyl group of 1 to 4 carbon atoms, R repre 
sents an alkylene group having 1 to 15 carbon atoms, and k is 
1 or 2. 

10. The fluorochemical composition of claim 1 wherein 
said organic linking group Q is selected from the group con 
sisting of alkylene, oxyalkylene, aminoalkylene, amidoalky 
lene, carboxyalkylene. 

11. The fluorochemical composition of claim 1 wherein 
said polyoxyalkylene diol is a polyoxypropylene diol having 
a number average molecular weight of from about 400 to 
about 2200. 

12. The fluorochemical composition of claim 1 wherein 
said optional co-reactant has the formula: 

(Rf).L(Y), (IV) 
wherein R is a perfluoroaliphatic group having 3 to 6 carbon 
atoms; L is a non-fluorinated organic divalent or multivalent 
linking group;Y represents a functional group having a Zere 
witinoff hydrogen; x is an integer of from 1 to 20; and y is 1 
or 2. 

13. The fluorochemical composition of claim 12 wherein 
R is CF, , X is 1, and y is 1. 

14. The fluorochemical composition of claim 1 wherein 
said isocyanate component comprises an aliphatic polyisocy 
anate. 

15. The fluorochemical composition of claim 1 wherein 
said isocyanate blocking group is butanone oxime. 

16. The fluorochecmial composition of claim 1 wherein 
said co-reactant comprises a monofunctional alcohol, a 
monofunctional amine, a polyol, or a polyamine. 
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17. The fluorochemical composition of claim 1 wherein 
said co-reactant comprises a polyoxyalkylene having 2 or 3 
carbon atoms in the oxyalkylene groups and having 1 group 
capable or reacting with an isocyanate. 

18. The fluorochemical composition of claim 1 wherein 
said non-fluorinated organic compound comprises one or 
more non-fluorinated organic compounds having only one 
functional group capable of reacting with an isocyanate group 
and one or more non-fluorinated organic compounds having 
two functional groups capable of reacting with an isocyanate 
group. 

19. The fluorochemical composition of claim 1 wherein 
said fluorochemical composition is dispersed in water and 
wherein the number average particle size of the dispersed 
fluorinated polyether compound is from about 50 nm to about 
400 nm. 

20. The fluorochemical composition of claim 1 wherein 
said fluorinated polyether compound is dispersed in water 
and wherein the aqueous dispersion contains a Surfactant. 

21. The fluorochemical composition of claim 1 wherein the 
amount of fluorinated polyether compound in the composi 
tion is from about 0.1% by weight to about 10% by weight. 
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22. The fluorochemical composition of claim 1 further 
comprising a non-fluorinated organic compound, wherein the 
non-fluorinated organic compound is capable of improving 
relative to the fluorochemical composition without said non 
fluorinated organic compound, the oil repellency or water 
repellency that can be achieved by the fluorochemical com 
position on a fibrous substrate or the durability of one or both 
of the repellency properties 

23. The fluorochemical composition of claim 1 wherein 
said isocyanate blocking group is selected from the group 
consisting of arylalcohols; lactams; oXimes, bisulfites; and 
triazoles. 

24. A method of treatment of a fibrous substrate, compris 
ing applying to the fibrous Substrate a fluorochemical com 
position of claim 1. 

25. The method of claim 24 wherein the amount of the 
fluorochemical composition applied is such that the amount 
of fluorinated polyether compound is from about 0.2% by 
weight to about 3% by weight relative to the weight of the 
fibrous substrate. 


