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Description

Field of Invention

[0001] This invention relates to an improvement in oil/grease and water sizing of cellulosic materials, especially paper
products. In particular, the invention relates to a selected polyamine which is substituted with cellulose reactive and
fluorocarbons groups.

Background of the Invention

[0002] There is a long felt need for an efficient chemical or polymeric compound that can impart both oil/grease- and
water-sizing properties to paper. Many grades of paper require both oil/grease resistance and water resistance. Com-
mercially available chemicals that are said to provide both oil/grease- and water-sizing properties are not in fact efficient
water-sizing agents. A separate water-sizing agent must be added along with the oil-sizing agent when high levels of
both oil/grease and water resistance is desired. Oil/grease- and water sizing agents often have a negative impact on
each other’s performance, so when both oil/grease- and water sizing properties are desired, higher levels of each are
required relative to when only one of the properties is needed.
[0003] A general discussion of oil and water sizing of materials appears in the article, Waterproofing and Water/Oil
Repellency," Kirk-Othmer Encyclopedia of Chemical Technology, John Wiley & Sons, New York, 1984, Volume 24, page
442. In particular, there is a discussion of the use of contact angle measurements for judging the degree of wetting or
repellency for a liquid on a plane-solid surface. On pages 448 and 458 there is discussion of uses of fluorocarbon
chemicals to improve repellency.
[0004] Materials containing perfluorocarbon segments have long been utilized to impart oil and grease repellant prop-
erties to a wide variety of substrates, including cellulosic materials such as textiles and paper (e.g. Sizing with fluoro-
chemicals, R.D. Howells, 1997 Sizing Short Course, Nashville, TN, Apr. 14-16, TAPPI Press, Atlanta). Perfluoroalkyl-
substituted chemicals possess extremely low free surface energies, making them particularly effective at repelling low
surface energy materials such as oil and grease, thus preventing staining of the substrate surface or spreading of the
oil or grease over the substrate surface. For these materials to function effectively and without detriment to the paper
and textile manufacturing process, they must generate minimum foam, not deposit on the manufacturing equipment,
and be effectively retained and evenly distributed on the substrate. For practical commercial applications they must also
form stable dispersions. Some examples of end-use applications include pet-food bags and boxes, fast food packaging,
pizza boxes, candy wrappers, carbonless paper, packaging for fatty foods in general, molded board for paper plates,
etc., carpet, upholstery and other textiles applications and leather goods.
[0005] Commercial papermaking conditions require that any chemical additive, such as a sizing agent, must be either
readily water dispersible in its neat form, or easily convertible into a water dispersible emulsion or stable aqueous
dispersion. There are two physical forms of sizing agents in aqueous delivery systems: dissolved or dispersed ionic salts
and dispersions or emulsions of particulates or oils. Sizing agents in particulate form must be low melting solids, very
small size particles (submicron), or liquids so the material will spread throughout the paper when heated in the dryer
section of a paper machine.
[0006] When the sizing agent is added to the pulp slurry (internal addition) it must adhere to the pulp or it will not be
retained in the paper. This may be accomplished by means of opposite charge attractions between the pulp and the
size and by physical trapping of particles of size during web formation.
[0007] Although there are compounds described that claim to provide oil/grease-and water sizing most are less effective
against hot oil and ineffective when exposed to hot water. The performance of existing technologies is limited by the
temperature of the oil/grease that the paper comes into contact with. The repellency of the paper falls off considerably
as the oil/grease temperature increases which limits the applications that substrates treated with oil/grease-sizing agents
can be utilized economically.
[0008] In order to thoroughly evaluate oil/grease- and water-sizing agents, extensive testing procedures must be
utilized. The most prevalent screening test is the TAPPI T559 pm-96 or the so-called Kit Test. An extended range Kit
Test was used to develop/understand this invention. Even though the test only measures the nonpolar component of
surface energy it can be useful as a quick test to monitor treatment levels after the selection of type of fluorochemical
sizing agent and method of application has been determined.
[0009] Correlation to real end-use performance is required. In general, it is important to match the test liquid to the
nature of the fluid that must be controlled to prevent staining. In addition to the fluid, for a good test of a sizing agent the
temperature and other environmental conditions also need to simulate the end use of the paper. Thus, many tests were
used to evaluate and develop a full understanding of the compounds and polymers described by this invention.
[0010] While commercial products and products described in literature, especially the patent literature, often provide
oil sizing, none of these compounds/polymers have the combination of both efficient oil/grease- and efficient water size
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over ranges of temperature required for a breadth of commercial applications. None meet the performance criteria
achieved by this invention.
[0011] Polymers of perfluoro-allyloxy and perfluoroalkyl-iodo propyloxy substituted polyamino acids or poly-RF-fluor-
oallyl substituted polyamino acids are described in US Patent 6,156,222. While this reference teaches the use of these
compounds in grease-proofing paper, none of these compounds have the epihalohydrin or epiorganosulfonate reaction
fragment functionality, and thus the resultant cross-linking and cellulose reactive capability.
[0012] In International Publication No. WO 90/02110, Szonyi describes a perfluoroalkylated amino compound, which
has been adducted with epichlorohydrin. There are only two nitrogens in these perfuoroalklyated diamino compounds.
In all examples and revisions to the claims in the application file Szonyi describes the nitrogen at which the epi reacts
as tertiary, which would not allow the formation of the 3-hydroxyazetidinium group. Szonyi’s publication does not describe
the secondary nitrogen atom required for the invention described herein for formation of the 3-hydroxyazetidinium group.
[0013] In International Publication No. WO 00/43438 perfluoro alkyl-substituted polyamino acid consisting of oligomers/
copolymers of aliphatic diamino carboxylic acid - having 3 to 10 carbon atoms and containing at least two perfluoroalkyl
groups attached to nitrogen atoms through a linking group are described. Essential features are the limitation of two
amino group per monomer unit and that there be a pendant carboxylic acid group, that is in the amino acid chemical
structure.
[0014] An epoxidized amide-amine fluoro compound is taught in Great Britain Patent #1,214,528. A key feature of
this compound is that in the backbone there is an amide linkage and there is no hydrophillic group that should stabilize
an aqueous dispersion.
[0015] Thus, in spite of efforts to produce a material that provides both efficient oil/grease sizing and efficient water
sizing to cellulosic products, these efforts have only partially given the combination of sizing needed. The invention
described herein is especially useful when the treated paper must withstand hot oil/grease- and/or hot water environments.

Summary of the invention

[0016] A water-dispersible oil/grease-sizing and water-sizing agent for cellulosic materials comprising repeating units
that are comprised of a polyamine with at least 3 nitrogen atoms in each recurring monomer unit wherein the amino
groups are partially or completely substituted by:

a. a cellulose-reactive group which is formed by reaction of the polyamine and at least one reactive chemical which
is selected from the group consisting of epi halohydrin, epi organosulfonates, and oxiranes, where the cellulose
reactivity is present after reaction with the polyamine or is formed by subsequent reactivation;

b. an oleophobic and hydrophobic fluorochemical group, which is substituted with an alkyl chain which has a hy-
drophillic group;

wherein additionally, the cellulose-reactive group cross-links the polyamino groups and the Mw molecular weight of the
agent is 10,000 to 35,000,000 Daltons as measured by Size Exclusion Chromatography relative to a poly(methylmeth-
acrylate) standard.
[0017] The present invention further provides a process for the preparation of water dispersible oil/grease-sizing and
water-sizing agents, aqueous dispersions of such, paper treated with such and the process for treating paper with the
water dispersible oil/grease-sizing and water-sizing agent.
[0018] Furthermore, cellulosic materials, which have been treated with the water dispersible oil/grease-sizing and
water-sizing agent compounds of this invention, exhibit improved water, oil/grease-, and hot oil and soil repellency.
Solutions/dispersions of water-dispersible oil/grease-sizing and water-sizing agent polymers of the invention have the
advantage that they deliver efficient performance over a wide range of operating pH, hardness, and temperature.

Detailed Description of the Invention

[0019] It has surprisingly been found that a water-dispersible oil/grease-sizing and water-sizing agent for cellulosic
materials has been found that offers both oil/grease and water sizing. It is further surprising how well these agents work
under hot oil and hot water conditions. Key to these inventions is the presence of a polyamine with at least 3 nitrogen
atoms in each recurring monomer unit where the amino groups are partially or completely substituted by:

a. a cellulose-reactive group which is formed by reaction of the polyamine and at least one reactive chemical such
as epihalohydrin, epiorganosulfonates, and oxiranes where the cellulose reactivity is present after reaction with the
polyamine or is formed by subsequent reactivation;
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b. an oleophobic and hydrophobic fluorochemical group, which is substituted with an alkyl chain which has a hy-
drophillic group, where the fluorochemical portion of the fluorochemical group is further characterized as a mono-
valent, perfluorinated, alkyl or alkenyl, straight, branched or cyclic organic radical having three to twenty fluorinated
carbon atoms, which can be interrupted by divalent oxygen or sulfur atoms;

wherein additionally, the cellulose-reactive group cross-links between polyamino groups;
and the molecular weight of the agent is 10,000 to 35,000,000 Daltons.
[0020] Although we do not want to be bound by theory, we believe that the excellent performance observed when
using materials of the current invention results from having several key structural features in the same molecule. The
key to performance is the combination in one molecular structure with the following key features;

polyamine which is the repeating monomer unit to be substitued by cellulose-reactive substituents and functionality,
fluorinated substituents (see RF in Structure III),
which when taken together lead to three important functions cross-linking capability (combination of amine and
cellulose-reactive functionality),
high molecular weight (polymeric), and
water-compatible functionality.

[0021] Polyamine functionality: The polyamine supplies the molecular scaffolding upon which the other essential
components can be assembled. The polyamine functionality allows different molecules of the invention to cross-link with
each other to form the polymeric structure and to react on the surface of the substrate, locking the invention in place on
the substrate. When the nitrogens are substituted with four groups they have a cationic character which aids in the water
compatibility and substantivity of the invention to negatively charged fibers.
[0022] Cellulose Reactivity: The cellulose reactivity results from the reaction of the polyamine or the fluorinated
substituted polyamine with a reactive chemical that can react with the nitrogens of the polyamine and either retain
cellulose reactivity or can be reactivated. Epihalohydrins are examples of this type of reactivity in that the halide can be
displaced by the amine, leaving behind a reactive 3-hydroxyazetidinium and/or epoxide.
[0023] Fluorinated Groups: The fluorinated groups must be present and it is believed that they orient properly to
reduce the surface tension to the point that oil and grease will not wet or stain material treated with the invention.
[0024] Cross-linking capability: The cellulose reactive groups can also cross-link to nitrogens of the same polyamine
or different polyamines. In the latter case, this intermolecular reacting leads to the high molecular weight polymers
required for this invention.
[0025] Polymeric: The polymeric nature of the structure of the invention makes it easier for different molecules of the
invention to reach one another and cross-link on/around the cellulose substrate. The high molecular weight that the
polymer provides also provides lower volatility than low molecular substances. The low volatility keeps the oil/grease-
and water- sizing agent from vaporizing from the substrate surface or reorienting on the surface when heated. The larger
size of a polymeric material also keeps it on the surface of the treated substrate where it can remain effective, rather
than penetrating into the interior of the substrate.
[0026] Hydrophillic functionality: The hydrophillic group provides critical molecular interaction with water, which
results in a stable water dispersion. The hydroxyl functional group is one form of the hydrophillic group. The hydroxyl
functional group serves to make the invention more dispersible in water and/or more water compatible. The water
compatibility avoids the need for using organic solvents, which can provide environmental, health, and flammability
hazards as well as adding addition cost to the delivery system. Other water-compatible functionality such as carboxylic
acids, carboxylic salts, polyethers, and thiols can provide the hydrophillic group. While not being bound by theory, we
believe that this hydrophillic group provides the stability and/or dispersibility of the product in an aqueous system. An
aqueous delivery system is preferred for cellulose containing materials.
[0027] Another source of the hydrophillic functionality is the cationic nature that some of the polyamine nitrogens can
assume if they have 4 substituents and are cationic.
[0028] For all of the chemical structures lower case letters are integers and represented molar substitution, mole ratios
and other chemical designations.

Discussion of the Chemical Structures

[0029] The essential polyamine for the water dispersible oil/grease-sizing and water-sizing agent has the chemical
structure shown in Structure I.
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n = 1-6,
m = 2 - 1,000,
R2, R3, R5 = H, -(CH2)1-4H, -(CH2CH2O)1-10, -CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CO2- Met+ (Met = group 1
or 2 metal),
R4 = H, -(CH2)1-4H, -(CH2CH2O)1-10H, -CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CO2- Met+ (Met = group 1 or 2
metal), -(CH2)1-6NH2,1,0(R2)0,1,2,

where at least two of the R2, R3, R4, or R5 are H, and
where any two of R2, R4, and R5 could be the same carbon chain

Structure I: the Polyamine

[0030] Examples of the polyamines include polyalkyleneimines such as diethylenetriamine, triethylenetetraamine,
tetraethylenepentamine, dihexamethylenetriamine, and their branched and /or alkylated derivatives. These include poly-
alkyleneimines containing primary, secondary, and tertiary amino groups. Apparently, the amino groups provide the
reaction centers for the perfluoro and cellulose reactive compounds and permits the hydrophillic group to be substituted
on the amino chain.
[0031] The polyamines can be further described as having a molecular weight of 75 to 32,000 Daltons with at least 3
nitrogen atoms in each monomer unit and it is preferred that at least one of the nitrogen atoms is secondary and the
nitrogens atoms are partially or completely substituted by the fluorocarbon and the cellulose reactive precursor group.
The molecular weight is a calculated molecular weight based on the repeating amine groups.
[0032] The cellulose-reactive group results from the reaction of the nitrogens on the polyamine with reactive chemicals
that are often used to prepare chemicals for the paper industry. These cellulose-reactive chemicals have two modes of
reaction, 1.) to form a bond to another organic molecule, in this case the polyamine and 2.) to lead to reactions onto the
paper or to the pulp during the paper making process. The reactive chemicals are selected from the group consisting
of epihalohydrin, epiorganosulfonates, and oxiranes. For the purpose of the invention these reactive chemicals will also
be called ’cellulose reactive group precursors’.
[0033] The cellulose reactive group precursors must either react with the polyamine such that cellulose reactivity
feature is retained, or is regenerated via reaction subsequent to the reaction between the fluorocarbon substituted
polyamine and the cellulose reactive group precursor. If the epihalohydrin or epiorganosulfinate group has reacted with
the polyamine to form a halohydrin, a base reactivation by conversion of this halohydrin to 3-hydroxyazetidinium and/or
epoxide is an example of reactivation of the cellulose-reactive group.
[0034] The preferred cellulose reactive group precursors are epihalohydrins or epiorganosulfonates as depicted in
Structure II.

Structure II:Preferred Reactive Chemical

[0035] The cellulosic-reactive material binds the water-dispersible oil/grease-sizing and water-sizing agent to and or
around the cellulosic containing material with covalent and other bonds or physical associations based forces such as
Van der Waals forces.
[0036] The cellulose reactive functionality can also provide a means to cross-link between amine groups from the
same polyamino chain or from another polyamine chain and substituents on the amine groups. When cross-linking
between polyamino chains occurs, the molecular weight increases resulting in a polymeric, water-dispersible material.
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[0037] The fluorochemical (RF) portion of the fluorochemical group is characterized as a monovalent, perfluorinated,
alkyl or alkenyl, straight, branched or cyclic organic radical having three to twenty fluorinated carbon atoms, which can
be interrupted by divalent oxygen or sulfur atoms.
[0038] The fluorochemical group is further characterized as having a carbon backbone with each RF radical being
identical or different from the other RF radicals and has an amino-reactive component. This fluorochemical class of
organic radicals in which a large percentage of hydrogen atoms are replaced by fluorine atoms provides a segment that
provides low surface energy for the sizing agent. Typically, the mass of the fluorochemical portion of this group is 30-80%
fluorine.
[0039] A preferred chemical structural form of the water dispersible oil/grease-sizing and water-sizing agent is shown
in Structure III.

wherein
R8, R9, R10, R11, R12 = J, H, -(CH2)1-6H, -(CH2CH2O)1-10H,
-CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CH(OH)CH2Cl,

-CH2CH(OH)CH2OH, -CH2CO2
- M+ (M = group 1 or 2 metal), -(CH2)1-6NH2,1,0(R8)0,1,2, where any two of R8,

R10, R11, or R12 could be the same carbon chain,
R7 = H, -CH2CH(OH)CH2, which can be cross-linked to nitrogen on K or L or M on a different fluoro(hydroxyl)alkyl,
polyalkyl amino halohydrin or organo sulfonate, where at least one of R8, R9, R10, R11, R12 must be a fluorochemical
as denoted by J, and J is selected from
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wherein

A = -(CH2)1-9-, -CH2CHI(CH2)1-9BCH2-, -CH=CH(CH2)1-9BCH2-, -(CH2)1-11BCH2-, -(CH2)1-2B(CH2)1-10BCH2-,
where B = O, CO2, CO2[(CH2)1-2O]1-10, OCH2CO2, OCH2CO2[(CH2)1-2O]1-10, O[(CH2)1-2O]1-10 S, SO2,
SCH2CO2, C(O)S, SCH2C2O[(CH2)1-2O]1-10, S[(CH2)1-2O]1-10, S(O)NR’, C(S)NR’, S(O)NR’CH2CH2O, C(O)
NR’, OCH2C(O)NR’ , OPO3, NR’, SCH2C(O)NR’, -N(R)CH2CO2, where R’ = H, (CH2)1-6;

R = H, -(CH2)1-6H;
RF = F(CF2)4-18 , CF3CF(CF3)(CF2)3-5 , CF3CF2CF(CF3)(CF2)3-5, H(CF2)4-18, HCF2CF(CF3)(CF2)3-5, HCF2CF2CF

(CF3)(CF2)3-5 , cycloperfluoroalky radicals of the formula CzF(2z-1) where z is an integer having a value of from
4-6 inclusive;

n, p, q, s, t, v, and w are integers,
p=0,1,
n=1-6,
v+q+w+s=3-1000,
q, w, s each may be zero,
t=w+s,
Q = Cl-, Br-, I-, CH3C6H4SO2

-, CH3SO2
-,

and K, L and M are randomly distributed along the polyamine and T is a amine on the end of the polyamine chain.

Structure III: Preferred structure of the oil/grease- and water-sizing agent;

[0040] The preferred structure of the agent can be called perfluoro(hydroxyl)alkyl, alkylpolyamino halohydrin or organo
sulfonate polymer and is shown in Structure III. It has the following components:
[0041] The polyamine is made up of randomly distributed K, L and M groups and the terminal T group and is shown
in Structure III.

the cellulose-reactive group is R8, R9, R10, R11, R12 and/or R7.

the fluorochemical group is J with J substituted upon the polyamine occurring as R8, R9, R10, R11, and or R12 ,

the hydrophillic group can be the hydroxyl functionality in the J substructure.
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[0042] The combination of K, L, and M groups and the T group shown in Structure III is derived from the polyamine.
K, L, and M groups are randomly distributed along the polyamine chain. The polyamine substructure is also depicted in
Structure IV, the Polyamine with Fluorocarbon Substitution, as groups V, W, Y, and U.

R13, R14, R15, R16, R17 = J, H, -(CH2)1-6H, -(CH2CH2O)1-10H, -CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CO2
- M+ (M =

group 1 or 2 metal), -(CH2)1-6NH2,1,0(R13)0,1,2,
where any two of R13, R15, R16, or R17 could be the same carbon chain, and J is selected from
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Wherein

RF = F(CF2)4-18, CF3CF(CF3)(CF2)3-5, CF3CF2CF(CF3)(CF2)3-5, H(CF2)4-18, HCF2CF(CF3)(CF2)3-5, HCF2CF2CF
(CF3)(CF2)3-5, Cycloperfluoroalky radicals of the formula CzF(2z-1) wherein z is an Integer having a value of
from 4-6 inclusive;

R = H, -(CH2)1-6H;

n, q, s, v, and w are integers,
n=1-6,
v+q+w+s=3-1000
q, w, s each may be zero,
and V, W and Y are randomly distributed along the fluorcheicals-substituted polyamine and U is an amine on the end
of the polyamine chain.

Structure IV: Polyamine with Fluorochemical Group Substitution

[0043] The polyamines include polyalkyleneimines, diethylenetriamine, triethylenetetraamine, tetraethyl-
enepentamine, dihexamethylenetriamine, and their branched and /or alkylated derivatives. These would include poly-
alkyleneimines containing primary, secondary and tertiary amino groups. Apparently, the amino group provides the
reaction centers for the fluorochemical and cellulose-reactive component precursors and permits the hydrophillic group
to be substituted on the polyamino chain.
[0044] Some examples of the most preferred polyamines include diethylenetriamine, triethylenetetraamine, and tetra-
ethylenepentamine.
[0045] The cellulose reactive group precursor is a reactive chemical selected from the list consisting of epihalohydrins,
epiorganosulfonates and oxiranes.
[0046] The preferred cellulose reactive group precursor are epihalohydrins or epiorganosulfonates depicted in Struc-
ture II.
[0047] The even more preferred cellulose reactive group precursor is epichlorohydrin. The epihalohydrins are often
referred to as ’epi’ and this abbreviation is used in this invention description.
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Structure VI and Analogues

[0048] If the cellulose reactive group is derived from epihalohydrin or epiorganosulfonates (Structure II), then the
product of the reaction with the fluorocarbon substituted polyamine can take many forms as shown in The scheme that
shows Structure VI and Reaction Analogues.
[0049] Although most of the forms shown in Structure VI and Reaction Analogues are believed to react with cellulose
and/or other nitrogen atoms of the polyamines, the 3-hydroxyazetidinium structural formalism or the epoxide structure
are likely the most reactive with cellulose. Additionally, they are also the most reactive with nitrogens from different
polyamines leading to cross-linking. The 3-hydroxyazetidinium or the epoxide can also react with nitrogens from the
same molecule creating intramolecular cross-linking. Each of the structural forms have varying reactivity to cellulose
and inter or intra molecular reactivity with amines to produce cross-linking. The presence of the 3-hydroxyazetidinium
has been substantiated by nuclear magnetic resonance spectroscopy analysis, while the epoxide is not present based
on the spectroscopy. However, the epoxide might be a fleeting intermediate due to its high reactivity.
[0050] The intermolecular cross-linking leads to the polymeric nature of the agent. The Mw measured molecular weight
of the agents is from 10,000 to 35,000,000 Daltons as measured by size exclusion chromatography.
[0051] The 3-hydroxyazetidinium formation is dependent upon the epi compounds reacting at a secondary amine.
The 3-hydroxyazetidinium and the epoxide form are the preferred forms of the cellulose reactive group.
[0052] The fluorochemical group, (RF), is further characterized as a monovalent, perfluorinated, alkyl or alkenyl,
straight, branched or cyclic organic radical having three to twenty fully fluorinated carbon atoms, which can be interrupted
by divalent oxygen or sulfur atoms with each RF radical being identical or different from the other RF radicals and has
an amino-reactive component. This fluorochemical class of organic radicals in which a large percentage of hydrogen
atoms are replaced by fluorine atoms giving a segment that provides low surface energy for the sizing agent. Typically,
the mass of these fluorochemical compounds is 30-80% fluorine.
[0053] It is useful to consider the generalized reaction scheme to obtain the invention is shown in Generalized Reaction
Scheme. Although a reaction sequence is shown, it should be possible to perform the reactions in any order. It is preferred
to react the RF group with the polyamine in the reaction labeled ’Reaction # 1’, followed by reaction with the cellulose
reactive group precursor in the reaction labeled ’Reaction # 2’. The structural depiction in the Generalized Reaction
Scheme should be considered a schematic representation of the reactions to obtain the invention. Although an order is
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implied in the schematic, any reaction order should be possible.

[0054] Based on the generalized reaction scheme and the Structure shown in Structure III, the RF compound has
certain structural features. Prior to reaction with the polyamine (Reaction # 1), the RF Compound group has an amine-
reactive substituent. Examples of this amine-reactive component are epoxide, or halohydrin functionality. After the
reaction there is a spacer group between the RF and the polyamine. The precursor to the spacer group normally has an
amine-reactive component and leads to the hydrophillic substituent on the RF Spacer Group. Examples of the amine-
reactive substituent on the RF compound are epoxides and halohydrin.
[0055] A preferred but not limiting means to prepare the perfluoro(hydroxyl)alkyl, alkylamino halohydrin (or organo
sulfonate) polymer is to first react a fluorinated halohydrin or fluorinated epoxide(Structure V) with the unsubstituted
polyamine backbone(Reaction # 1). This reaction results in the Polyamine with Fluorocarbon Substitution, Structure IV.
The next reaction (Reaction # 2) is the fluorocarbon substituted polyamine with epihalohydrin or epiorganosulfonates
(Structure, II) to produce the polymer depicted in Structure III.
[0056] The preferred precursors to the agent described in this invention are fluoroalkyl-hydroxyl-alkylpolyamine com-
pounds, which can be produced in several ways. Preparations of some useful fluoroalkylhydroxylamine compounds are
taught in J. Fluorine Chemistry V55, 1-11 (1991), J. Fluorine Chem. V84, 53-61 (1997) and references therein, J. Fluorine
Chem. V24, 105-115 (1984), French patent FR2530623, New J. Chem. 1993,17,425-434, US 4,084,059 (1978), US
4165338 (1979), US 4284746 (1981), J. Fluorine 30 (1985) 37-57, US 5750043 (1998), US 6156222 (2000), DE 2018461
(1971). One particularly useful route to intermediate fluoro-alkyl-hydroxyl-amine compounds involves reaction of fluori-
nated epoxides of the general structure shown in Structure V with the unsubstituted polyamine backbone, Structure II.
Alternatively, fluorinated halohydrins could be used in place of the fluorinated epoxides.
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RF = F(CF2)4-18, CF3CF(CF3)(CF2)3-5, CF3CF2CF(CF3)(CF2)3-5, H(CF2)4-18, HCF2CF(CF3)(CF2)3-5, HCF2CF2CF
(CF3)(CF2)3-5, cycloperfluoroalky radicals of the formula CzF(2z-1) where z is an integer having a value of from
4-6 inclusive

A = -(CH2)1-9
-, -CH2CHI(CH2)1-9BCH2-, -CH=CH(CH2)1-9BCH2-, -(CH2)1-11BCH2-, -(CH2)1-2B(CH2)1-10BCH2-,

where B = O, CO2, CO2[(CH2)1-2O]1-10, OCH2CO2, OCH2CO2[(CH2)1-2O]1-10, O[(CH2)1-2O]1-10, S, SO2,
SCH2CO2, C(O)S, SCH2C2O[(CH2)1-2O]1-10, S[(CH2)1-2O]1-10, S(O)NR’, C(S)NR’, S(O)NR’CH2CH2O, C(O)
NR’, OCH2C(O)NR’, OPO3, NR’, SCH2C(O)NR’, -N(R)CH2CO2, where R’ = H, (CH2)1-6;

p= 0,1
R = (CH2)0-6H

Structure V: Fluorinated Epoxides

[0057] Fluorinated epoxides can be readily produced by several methods known to those skilled in the art. Examples
of preparations of some of these fluorinated epoxides are given in German Patent DE 2018461 (1971), J. Fluorine
Chemistry V55, 1-11 (1991); V Cirkva, B. Ameduri, B. Boutevin, O. Paleta, J. Fluorine Chem. V84, 53-61 (1997) and
references therein; Japanese Kokai Patent Application No. Sho 63[1988]-17858; J Fluor. Chem. 83, 151 (1997); US
5585517 (1986); FR Pat. 2529890; J. Fluor. Chem. 24, 93 (1984). One example involves free-radical initiated reactions
of commercially available fluoroalkyl iodides and allylalcohols to generate fluorakyliodohydrins, which are readily con-
verted to epoxides with base.
[0058] Both the RF spacer group and the cellulose reactive cursor group need the nitrogens of the polyamine as the
reaction centers to assemble the perfluoro(hydroxyl)alkyl, alkylpolyamino halohydrin (or organo sulfonate) polymer.
From Structure III the number moles of RF spacer group in the repeating monomer unit is denoted as "’r". "r" also be
denotes the number of J groups per repeating monomer unit.
[0059] A key variable is the mole ratio of this RF Spacer group to the number of nitrogen atoms of the polyamine. The
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number of moles of RF Spacer group must be less than the total number of available nitrogens to allow the cellulose
reactive precursor amine reaction sites. Since the RF reaction with the nitrogen atoms is preferably carried out first, the
cellulose reactive group will likely react with the remaining nitrogen atoms of the polyamine. The subsequent reaction
of cellulose reactive group adds the cellulose-reactive and cross-linking functionality. Thus, the ratio of epihalohydrins
or epiorganosulfonates to available nitrogen atoms is also an important synthetic variable.
[0060] Because of the variety of reaction products between the fluorocarbon substituted polyamine and the cellulose
reactive group precursor, a single fixed ratio of total reactants to nitrogens is difficult to identify. For example, in the case
of epichlorohydrin see Structure VI and Analogues for the variety of products. At a single nitrogen the epi might react
twice at one nitrogen. This could convert a primary amine to a tertiary amine.
[0061] The preferred reaction sequence is for the polyamine and the RF spacer group to be reacted together first.
Then the cellulose-reactive group is added to the RF-spacer group/polyamine or fluorocarbon substituted polyamine.
[0062] For the perfluoro(hydroxyl)alkyl, alkylpolyamino halohydrin (or organo sulfonate) polymers shown in Structure
III, the more preferred (relative to performance and dispersion stability) are resulting from the reaction of epichlorohydrin
with the intermediate fluoroalkyl-hydroxyl-alkylpolyamine. compound, wherein A = -CH2-,-CH2CHl(CH2)1-9OCH2-,
-CH=CH(CH2)1-90OCH2-, - CH2CHl(CH2)1-8CO2CH2-, -CH=CH(CH2)1-8CO2CH2-, -(CH2)1-11OCH2-, - (CH2)1-11SCH2-,
p = 0 or 1, RF = a mixture predominantly consisting of -(CF2)4-18F, r-to-nitrogen-atoms-on- the polyamine reactant ratio
= 0.05-0.75, R = CH3, H, n = 2, 3, 4, or 6, the sum of v, q, w, and s is 3 to 100, R8-12 = H or a mix of H and CH3, and
the ratio of epihalohydrins or epiorganosulfonates to nitrogen atoms on the polyamine of 0.05-2.0.
[0063] Even more preferred (relative to performance and dispersion stability) are perfluoro(hydroxyl)alkyl, alkylpolyami-
no halohydrin (or organo sulfonate) polymers shown in Structure III, resulting from the reaction of epichlorohydrin with
the intermediate fluoroalkyl-hydroxyl-alkylpolyamine compound of the formula with A = -CH2-, -CH2CHI(CH2)1-9OCH2-,
-CH=CH(CH2)1-9OCH2-, -CH2CHI(CH2)1-8CO2CH2-, -CH=CH(CH2)1-8CO2CH2-,
-(CH2)1-11OCH2-, p = 0 or 1, RF = mixture of consisting predominantly -(CF2)6-14F, r-to-nitrogen-atoms-on the polyamine
reactant ratio = 0.1-0.65, R = CH3, H, n = 2, 3, or 6, the sum of v, q, w, and s is 3 to 25, R8-12 = H or a mix of H and CH3,
and the ratio of epihalohydrins or epiorganosulfonates to nitrogen atoms on the fluorochemical polyamine composition
of 0.10 to 1.0.
[0064] Most preferred (relative to performance and dispersion stability) are perfluoro(hydroxyl)alkyl, alkylpolyamino
halohydrin (or organo sulfonate) polymers shown in Structure III resulting from the reaction of epichlorohydrin with the
intermediate fluoroalkyl-hydroxyl-alkylpolyamine compound of the formula wherein A = -CH2- p = 1, RF = mixture of
consisting predominantly of (CF2)6-12F, r-to-nitrogen-atoms-on- the polyamine reactant ratio = 0.3-0.55, R = H, n = 2,
the sum of v, q, w, and s is 3 to 6, R8-12 = H, with the ratio of epihalohydrins or epiorganosulfonates -nitrogen atoms on
the polyamine of 0.33-0.75.
[0065] The batch reaction (Generalized Reaction Scheme) of the epihalohydrins or epiorganosulfonates of the formula
shown in Structure II, with an intermediate fluoroalkyl-hydroxyl-alkylpolyamine must be performed in a suitable solvent.
Useful solvents of this invention dissolve or disperse the reagents and product evenly and stabilize the product as a
dispersion for ease of use. Non-polar solvents can be used to react the epi and amine materials to one another, but the
solvent must be of a polar nature to facilitate the formation of the important 3-hydroxyazetidinium functionality. Examples
of preferred solvents/dispersants include, water soluble solvents such as C1-6 alcohols and diols, acetonitrile, C3-6
ketones, mixtures of these solvents and water, or just water. More preferred solvents include C1-4 alcohols, water, and
mixtures of C1-4 alcohols and water. The most preferred solvent is water.
[0066] If the reaction of epihalohydrins or epialkylsulfonates with fluoroalkyl-hydroxyl-polyalkylamine is run without
solvent present, an intractable material will form due to extensive cross-linking. This material can not be dispersed for
practical application and usage. If the reaction is run in very high concentration, a very viscous product will result, that
is difficult to manage. If the reaction is run at too low of concentration, a low viscosity product will result that does not
remain stable as a homogeneous dispersion/solution. Useful products are produced when the solids concentration is 2
to 75%, more preferred is a total solids concentration of 5 to 55% and the most preferred concentration is 20 to 45%
total solids.
[0067] Before bringing the epihalohydrins or epialkylsulfonates together with the fluoroalkyl-hydroxyl-alkylpolyamine.
it is essential to predisperse/dissolve the fluoroalkyl-hydroxyl-alkylpolyamine evenly in the solvent. If the predispersing/
dissolution step is carried out at too low a temperature and/or for too short of time, much of the fluoroalkyl-hydroxyl-
alkylpolyamine will remain in an undispersed/undissolved state. Less effective products are produced if the fluoroalkyl-
hydroxyl-polyamine is not thoroughly dispersed/dissolved. Higher temperatures lower the fluoroalkyl-hydroxyl-polyamine
viscosity, and improve the completeness and homogeneity of the dispersion/solution and/or allow the fluoroalkyl-hydroxyl-
polyamine to disperse/dissolve in a shorter period of time. The preferred process dispersing/dissolving step is carried
out at >50C for >60 min. A more useful process dispersing/dissolving step is carried out at >75C for >20 min. The most
useful process dispersing/dissolving step is carried out at 95C for greater than 5 min. The fluoroalkyl-hydroxyl-polyamine
may be dispersed all at once or in a dropwise fashion.
[0068] For practical purposes including applications to cellulosic materials, the invention must be water soluble or
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dispersible and the resulting solution/dispersion must remain stable. The water solubility/dispensability and subsequent
stability of the invention is related to the level of hydrophilic character incorporated into the invention. The more hydro-
phobic character incorporated in the invention, the more hydrophilic character that must also be incorporated to result
in a water soluble/dispersible material and subsequent stability. This is commonly referred to as the hydrophobic/hy-
drophilic balance. Functionality that is effective at increasing the water solubility/dispensability of the invention include,
but are not limited to, alcohols (OH), ammonium salts (NR4

+ Cl-), carboxylate salts (CO2
- M+), amines (NRH2 or NR2H),

thiols (SH), Sulfate salts (RSO3
- M+), and phosphate salts (ROPO2

- M+, [RO]2 PO- M+). In the invention examples, the
alcohol and ammonium salt serve to impart the hydrophilic character that results in water solubility/dispensability. In
addition to having the right balance of hydrophilicity and hydrophobicity, the distribution of the hydrophilic groups can
be important to stability.
[0069] The solution/dispersion stability of the invention is determined by the length of time that the invention remains
homogeneously dissolved/dispersed after initial formation. Precipitation, stratification, and gelatin are examples of ways
that instability can manifest itself. Gelation commonly occurs if a material is too highly cross-linked. Stratification can
occur if two phases of differing densities are incorporated into the solution/dispersion and over time the more dense
material with stratify to the bottom. If adequate viscosity is built into the mixture of phases, stratification can be eliminated
or retarded. Viscosity can be varied by varying the concentration of the invention in the solution/dispersion, varying the
degree of cross-linking on the polymeric backbone of the invention, and by varying the type and amount of moieties on
the polymer backbone that associate strongly with similar moieties on separate polymer molecules. The latter property
is commonly referred to as associative thickening. In the current invention, the hydrophobic fluorocarbon segments tend
to associate with one another when placed in a hydrophilic medium, such as water.
[0070] Useful products will be formed when the reaction of epihalohydrins or epiorganosulfonates with fluoroalkyl-
hydroxyl-polyamine is performed at temperatures above 60 C for 30 min. or more. During the desired reaction of the
epihalohydrins or epiorganosulfonates with the fluoroalkyl-hydroxyl-alkylpolyamine, undesired side reactions may occur
between the epihalohydrins or epiorganosulfonates and the solvent. The undesired side reactions are minimized with
lower reaction temperatures. Higher reaction temperatures facilitate 3-hydroxyazetidinium formation and cross-linking.
Thus, in order to achieve the preferred result, an effective perfluoro(hydroxyl)alkyl, alkylamino halohydrin (or organo
sulfonate), it is preferred to perform the reaction in two stages, first at a lower temperature, then at a higher temperature.
The lower end of the first stage temperature is often limited by the reaction viscosity. More useful products are obtained
with a first stage reaction temperature of <70C for 30 min or more followed by a second stage reaction temperature of
>70C for 30 min or more. The most useful products are obtained when the first stage reaction temperature of <55C for
30 min or more followed by a second stage reaction temperature of >75C for 30 min or more.
[0071] Running the reaction of epihalohydrins or epiorganosulfonates with fluoroalkyl-hydroxyl-alkylpolyamine at too
high of a pH results in excessive cross-linking and partial or complete destruction of the essential 3-hydroxyazetidinium
functionality. Running the reaction at too low of a pH results in minimal reaction. A useful product is obtained when the
reaction pH is initially <10.5 and >2.5 throughout the reaction. A more useful product is obtained when the initial reaction
pH is <10 and >3.0 throughout the reaction. The most useful product is obtained when the initial reaction pH is <9.5 and
>3.5 throughout the reaction.

Structure VI: 3-hydroxyazetidinium

[0072]

[0073] The cross-linking of the cellulose reactive group with nitrogen groups can occur via intra- and inter- molecular
processes. This cross-linking is important since it converts the compound into a polymeric compound, which is important
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for the final performance and water compatibility of the invention. A preferred form of the cellulose reactive group is the
3-hydroxyazetidinium, which is a very effective cross-linker to other nitrogen atoms. This group is shown in Structure VI.
[0074] An indirect measurement of the amount of cross-linking is the molecular weight. The product average molecular
weight may be from 10 thousand to 20 million as measured by size exclusion chromatography (SEC) using hexafluor-
oisopropanol as the solvent. SEC separates molecules according to their hydrodynamic volume in solution. The detectors
used for the SEC studies were Refractive Index and a UV photo diode array detectors SEC is not an absolute technique
for molecular weight determinations and requires column calibration with standard polymers of known molecular weight.
This method determines the number average molecular weight (Mn), weight average molecular weight (M w), Z-average
molecular weight (M z), polydispersity index (Mw/Mn and Mz/Mw), and molecular weight distribution of a polymer sample.
The calculated molecular weights, in this procedure are based on a calibration derived from narrow distribution poly
(methyl methacrylate) (PMMA) standards. Since they are chemically dissimilar to the analytes in question, this procedure
provides relative molecular weight data only.
[0075] Another measurement of the molecular weight is by doing light scattering studies. Light scattering is a more
absolute method than SEC which relies on calibration standards. The molecular weight measurements of the invention
are reported in Table XII.
[0076] A monomer unit as shown in Structure III, with the preferred substituents has a molecular weight of about 1200
Daltons. For a typical product encompassed by this invention, Table XIII, the SEC measured molecular weight is 82,000
as Mn or 7,454,000 as Mw for a typical product encompassed by this invention, Table XIII. Thus, the cross-linking is
quite extensive. Interestingly, the preferred 3-hydroxyazetidinium reactive component Structure VI and Table XVII is a
major component of the product even after this 3-hydroxyazetidinium or other reactive species such as the epoxide
shown in Structure VI and Analogues have efficiently created the cross-linking.
[0077] The cellulose reactive group plays a crucial function in the performance of the oil/grease-and water-sizing
agent. The 3-hydroxyazetidinium and the similar epoxide (see Structure VI and Analogues) are the preferred cellulose
reactive groups. Since these structures are important for the preferred structure, a more extensive discussion is useful
to describe various aspects of the 3-hydroxyazetidinium functionality.
[0078] 3-hydroxyazetidinium Group: The 3-hydroxyazetidinium group is reactive towards cellulosic materials (see
Chapter 2 by H. H. Espy in "Wet-Strength Resins and Their Application", TAPPI Press, Atlanta, Georgia, 1994, L. L.
Chan, Ed and references cited therein). While not being bound by theory we conclude that this group will form covalent
bonds between the cellulose and the invention, thus anchoring the invention to the cellulose and locking the orientation
of the material of the invention in place such that the perfluorinated tails may be pointed away from the treated cellulose
substrate, providing the maximum efficiency from the perfluorinated tail component of the invention. It is believed that
the 3-hydroxyazetidinium group reacts with the cellulose primarily through the carboxylic acid or salt groups on the
cellulose.
[0079] The reaction of 3-hydroxyazetidinium groups with carboxylic acid or salt groups is well known, but the combi-
nation of perfluorinated tails and 3-hydroxyazetidinium groups have not before been combined in the same molecule.
In addition, it is believed that the 3-hydroxyazetidinium group can act to cross-link different molecules of the invention
across and around the surface of the cellulosic substrate through free amine functionality (amines that have less than
four bonds to alkyl groups) also present in the structure of the invention, further locking it into place on the cellulosic
substrate (Espy cited above). The 3-hydroxyazetidinium group also provides cationic character to the structure of the
invention. This attracts the invention to anionic substrates, such as cellulose, and provides additional anchoring to the
substrate. The strong anchoring resulting from both the covalent bonds between the invention and the substrate, the
cross-link bonds between different molecules of the invention, and the ionic bonds formed between the cationic invention
and the anionic substrate, lock the orientation of the invention on the surface of the cellulosic substrate. It is believed
that molecules of previous technologies lost their orientation when exposed to elevated temperatures or polar substances,
such as water, thus losing the ability to repel oil as temperature increased and to provide very inefficient resistance to
polar wetting agents. The strong anchoring of the current invention allows the invention to maintain the efficient orientation
on the substrate, even when exposed to elevated temperatures or polar solvents. Thus the current invention provides
both efficient hot oil/grease and hot water sizing properties to a treated substrate.
[0080] The most effective form of the 3-hydroxyazetidinium results when the reactive site for the reaction of the
epihalohydrin or epiorganosulfonate with the polyamine occurs at a secondary amine. Thus, for most effectiveness
secondary amines must be present in the polyamines prior to reaction with the epihalohydrin or epiorganosulfonate.
[0081] In order to determine the 3-hydroxyazetidinium component derived from the epichlorohydrin, extensive ana-
lytical work to verify its presence was done. The presence of the 3-hydroxyazetidinium functionality in the structure can
be observed by carbon nuclear magnetic resonance (13C peaks centered between 70-75 ppm). Failure to generate, or
loss of, this functionality reduces the effectiveness of the invention. See Table XVII for performance versus 3-hydroxyaze-
tidinium content.
[0082] The analysis method of choice was nuclear magnetic resonance spectroscopy. 1 dimensional and 2 dimensional
techniques were utilized which provided structural linkage data and quantitative data, respectively. To assure the carbon
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and hydrogen chemical shift assignments of the preferred invention were correct the product was synthesized with 13C
enriched epichlorohydrin, labeled in the number two carbon position. This labeled product was used in an Heteronuclear
Multiple Quantum Coherence experiment. Additionally a COSY (Correlated Spectroscopy) provided information about
the 1H - 1H connectivity. Referring to the structure in Structure VI, the chemical shift of the ring methylene protons is
4.12 and 4.52 and the methine proton is 4.63.
[0083] Based on the nuclear magnetic resonance spectroscopy the 3-hydroxyazetidinium concentration is greater
than about 10 % relative to the moles of polyamine for the preferred formulation of the invention. Greater than 5 mol %
relative to RF segment moles or >10 mole % relative to TETA segment moles is preferred and >10 and >20 mole %
respectively even more preferred. Since the cross-linking is due to the 3-hydroxyazetidinium or other highly reactive
species such as the epoxide, both shown in Structural VI and Analogues, it is possible that during the reaction the 3-
hydroxyazetidinium content may even be higher. The materials that were measured by this method were as the final
cross-linked material.
[0084] Based on the known chemistry of 3-hydroxyazetidinium other tests have been done to confirm the presence
of the 3-hydroxyazetidinium. Strong base is known to decompose the 3-hydroxyazetidinium. When an agent that had
demonstrated good performance in oil/grease- and water-sizing was treated by base both the 3-hydroxyazetidinium
content was decreased as measured by nmr and the sizing performance was significantly reduced. See Table 17.
Conditions that are expected to destroy azetidinium functionality are detrimental to the hot oil sizing performance of the
invention.
[0085] When the compounds of this invention are used as oil/grease- and water-sizing agents for paper, they are
applied to the paper or paper board either internally or externally. When applied externally, the application can be by
any conventional method such as padding, spraying or from a size press in amounts sufficient to obtain the desired
results. It is common to deposit from 0.01 to 0.6 wt, percent based on the weight of the dry fiber. In addition to the
compound of the invention, any of the conventional additives used in the paper industry such as calcium carbonate,
clay, optical brighteners, alum, titanium dioxide, defoaming agents, salt, dyes, starch, polymeric latex binders, car-
boxymethyl cellulose, polyvinyl alcohol, sizing agents such as alkyl-ketene-dimer or alkenyl-succinic anhydride, styrene-
maleic-anhydride, styrene acrylate emulsions, etc. can be present. The agent can be added to the wet end of the paper
making process. This application technique is referred to as internal addition. This can also be referred to as addition
to the paper furnish prior to forming the paper.

Examples of Preparation and Testing of the Agent

[0086] The following examples are illustrative of the preparation, characterization and testing of the water-dispersible
oil/grease-sizing and water-sizing agent for cellulosic materials.
[0087] Procedures for application of water-dispersible oil/grease-sizing and water-sizing agent to substrates
[0088] INTERNAL ADDITION METHOD: Chemical additives, including fluoroalkyl-hydroxyl-alkylpolyamine-3-hy-
droxyazetidinium polymers were added to the furnish while paper was being made using a pilot Fourdrinier papermachine.
The type of furnish, chemical additives, and addition points are listed with each example described below. All chemical
additions are expressed as a weight percent of the dry weight of furnish. The sizing property of the paper was determined
using the test methods described.
[0089] SURFACE APPLICATION (EXTERNAL SIZING) METHOD: Unless otherwise specified in the examples the
paper was prepared by the following methodology. Sheets of standard 42-70 g/m2 basis weight pet-food bag base paper
(no previous surface treatment), cut from rolls of paper prepared on a commercial or pilot paper machine were used for
all testing. Paper strips were passed through a single-nip, two-roll, puddle-type press containing 60 °C aqueous dilutions
of chemical additives and immediately dried between the felt and stainless steel of a rotating drum-type drier at 104°C
for 50 seconds. Distilled water was used to prepare all solutions. The weight basis for all additives is expressed as wt
% dry chemical / dry weight of the fiber. Two-weight percent ethylated starch (Penford 270) was co-applied to the paper
samples from the same aqueous dilutions containing the oil/grease-sizing agents. The time that the chemical additive
solutions were mixed and heated before treating the paper was five minutes. This time is called the ’hold time’. The
amount of chemical additive on the paper was routinely calculated based on the weight of the aqueous solution/emulsion/
dispersion picked up by the paper strip. The weight of chemical additive on the paper was periodically confirmed by
determining the weight percent fluorine contained in the paper by combusting the paper and analyzing the combustion
product by ion chromatography. The sizing property of the paper was determined using the test methods described.
[0090] There have been numerous examples of oil/grease- sizing compounds described in the patent literature and
several of these are used commercially for oil sizing. These include Scotchban® FC 845, Scotchban® FC807A - 3M,
St Paul MN; Lodyne®® P208E, Lodyne® P201, Lodyne® P514 - Ciba Specialty Chemicals, Tarrytown NY; Zonyl® RP
and Zonyl® NF- Dupont, Wilmington, DE; Cartafluor® UHC - Clariant, Charlotte, NC; Repearl® F-53N - Mitsubishi
International Corp. New York, NY. Several of these were evaluated for comparative purposes during the testing of the
agents of this invention. The results of these comparative tests are listed in the tables which demonstrate the performance
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of the agents described in this invention.

TESTING PROCEDURES

A. Kit Test:

[0091] The oil repellency of the surface is determined by using the TAPPI UM 557 OIL KIT TEST. This test method
consists of applying drops of twelve different mixtures of castor oil/heptane/toluene to the paper surface, waiting 15
seconds, wiping off the oil. If the paper is visually stained, it fails the test using that particular mix. The mixtures are
ranked from least aggressive to most aggressive by a numbering system from 1-12. More aggressive mixtures were
added to the testing, thus extending the possible rating to 16 to differentiate performance against even more aggressive
penetrants. The higher the number, the better the result. The respective ratios of castor oil/heptane/toluene for each of
the test mixtures are given in the following table.

B. Boiling Boat Test (BB):

[0092] Common test to determine the degree of hot-water sizing obtained in paper. Commonly also referred to as the
Hot Float Test or Boat Test (similar to TAPPI Test Method T819). A two-inch square boat is formed from the paper
sample and floated on the surface of 99 C distilled water. The time required to reach an arbitrary end point is recorded
(100% penetration over 100% of the paper surface area for this work). The side of the paper that is not in contact with
the water becomes darkened when penetration occurs. As the test time increases, the resistance to hot-water penetration
increases. Unsized paper would register zero seconds, lightly sized paper gives times ranging from 5-20 seconds,
moderately sized paper from 21-100 seconds, well sized paper from 101-600 seconds, and hard sized paper will give
greater than 600 seconds. If after 600 seconds, the paper is not 100% saturated, the experiment is stopped and the
percent saturation noted.

C. Hot Oil Test 1 (Oleic Acid Float):

[0093] The test method is identical to the Boiling Boat Test, except that 65 °C or 75 °C oleic acid (as indicated in each
table) is used in place of water.

Table I Kit Test Mixture

Kit Number / Mixed Solvent Number Castor Oil (ml) Toluene (ml) Heptane (ml)

1 200 0 0

2 180 10 10

3 160 20 20

4 140 30 30

5 120 40 40

6 100 50 50

7 80 60 60

8 60 70 70

9 40 80 80

10 20 90 90

11 0 100 100

12 0 90 110

13 0 70 130

14 0 50 150

15 0 30 170

16 0 0 200
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D. RP2 Test:

[0094] ASTM Test method D722, located in ASTM test methods, V15.09, slightly modified by the Ralston Purina
Company. Modification is available from Ralston Purina Company, Checkerboard Square, St. Louis, Missouri
63164-0001. Synthetic fat-simulating oil provided by Ralston Purina. Results are expressed as percent exposed paper
surface stained. Lower areas of staining represent greater oil repellency. This test method consisted of cutting paper to
be tested into 10 cm x 10 cm square samples, lightly folding paper in half and creasing by running a 4.5 cm-wide, 2040-
g hard rubber roller along the fold one time. A second crease is created 90 deg to the first in the same manner. A 10
cm x 10 cm-grid sheet divided into 100 equal squares (supplied by Ralston Purina Packaging TAPPI laboratory, Check-
erboard Square, St. Louis, Missouri) is placed on top of a flat aluminum metal plate, on top of which is placed the creased
piece of paper to be tested, on top of which is centered a 2.5-cm high, 2.5-cm inside diameter metal ring. Five-grams
of sand is poured into the ring and the ring is removed. Red dyed synthetic oil (1.3 cc, supplied from Ralston Purina
Company) is applied evenly to the sand. The entire set up is place in a 60-deg C oven for 24 hours. At the end of this
time the percent of surface area of the grid sheet that has been stained is determined and recorded. The stained area
varies from 0-100%, with lower staining representing better oil repellency.

E. Hot Oil Test 2: Pet Food:

[0095] The oil repellency of the paper samples were additionally or alternatively determined by applying pet food, fatty
food, to the paper under pressure and elevated temperature and determining the level of staining obtained on paper
exposed to the opposite side of the paper. This test has been described by Ciba Specialty Chemicals Corporation,
Tarrytown, New York in the brochure, "Accelerated Pet Food Bag Tests", no date given. This test method consisted of
taking a flat aluminum metal plate, on top of which is placed a grid sheet (supplied by Ralston Purina Packaging TAPPI
laboratory, Checkerboard Square, St. Louis, Missouri), on top of which is placed a flat piece of paper to be tested, on
top of which is placed a metal ring containing ground pet food (minimum 23% chicken fat content) under pressure (38
gms/cm2). The entire stack of materials are heated at a constant elevated temperature (60 C - 70 C) for 24 hr. At the
end of this time the percent of surface area of the grid sheet that has been stained is determined and recorded. The
stained area varies from 0-100%, with lower staining representing better oil repellency. During the tests supporting this
invention, a new source of ground pet food was used and apparently this second source had more and/or different fat
and oil in it.

F. Molded Board Oil Size Test:

[0096] This oil resistance test is similar to a Cobb sizing test. For each molded test article, 1) obtain its original dry
weight, 2) Pour 210 deg. F Mazola corn oil into the article to a 0.25" depth, 3) After 5 minutes, pour out the oil, wipe off
the plate and reweigh it, 4) obtain the % pick up of oil and inspect for wet spots/staining. The sample fails the test if the
weight percent of oil pick up is greater than 10%, or if greater than 5 percent of the surface area of the article is stained.

G. Hercules Size Test (HST)

[0097] The sizing property performance in sized paper may be characterized by the Hercules Size Test, a well-
recognized test for measuring sizing performance. The Hercules Size Test is described in Pulp and Paper Chemistry
and Chemical Technology, J.P. Casey, Ed., Vol. 3, p. 1553-1554 (1981). The Hercules Size Test determines the degree
of water sizing obtained in paper, by measuring the change in reflectance of the paper’s surface as an aqueous solution
of dye penetrates from the opposite surface side. The aqueous dye solution, e.g., naphthol green dye in 1 % formic acid
in the Examples described below, is contained in a ring on the top surface of the paper, and the change in reflectance
is measured photoelectrically from the bottom surface.
[0098] Test duration is limited by choosing a convenient end point, e.g., a reduction in reflected light of 20%, corre-
sponding to 80% reflectance, in the Examples described below. A timer measures the time (in seconds) for the end point
of the test to be reached. Longer times correlate with increased sizing performance, i.e., resistance to water penetration
increases. Unsized paper will typically fail at 0 seconds, lightly sized paper will register times of from about 1 to about
20 seconds, moderately sized paper from about 21 to about 150 seconds, and hard sized paper from about 151 to about
2000 seconds or more.

H. Molded Board Water Sizing Test:

[0099] This water resistance test is similar to Molded Board oil size test, except 75 C, 2% saline solution is used in
place of corn oil and is poured to a depth of 0.50 inches rather than 0.25 inches. The pass/fail criteria are the same as
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for the Molded Board oil size test.

I. Soil Release Testing:

[0100]

1. Bleached cotton print cloth (#400), obtained from Test Fabrics, Inc. of West Pittston, PA were treated as described
for the, "SURFACE APPLICATION (EXTERNAL SIZING) METHOD, but no starch was utilized. The AATCC Test
Method 130 was utilized to determine the impact on the polymers of the invention on soil release from stained
cellulosic textiles.
The method measures the ability of fabrics to release oily stains during home laundering. A stain is applied to a test
specimen. An amount of the staining substance is forced into the fabric by using a specified weight. The stained
fabric is then laundered in a prescribed manner (washing procedure Method III and AATCC Standard Reference
Detergent 1993) and the residual stain rated on a scale from 5 to 1 by comparison with a stain release replica
showing a graduated series of stains. The ratings definitions are as follows, 5 - negligible or no stain, 4 - slight stain,
3 - noticeable stain, 2 - considerable stain, 1 - severe stain. Independent Textile Testing Service, Inc. of 1503 Murray
Ave., Dalton, GA 30722, preformed all testing. Test Method 130 Source AATCC (American Associates of Textile
Chemists and Colorists), Soil Release: Oily Stain Release Method (Washing procedure: Method III, Ballast: Bleach
Cotton, Detergent: AATCC Standard Reference Detergent 1993, Washer: Kenmore Heavy Duty Series 80, Dryer:
Kenmore Heavy Duty).

K. Nuclear magnetic resonance spectorscopy:

[0101] The equipment used for these measurements were taken using Bruker Avanve NMR and Bruker AMX NMR
spectrometers. The solution was prepared by adding ~ 55 mg of polymer to a 5 mL vial. Then 1 g of methyl sulfoxide-
d6 followed by ~85 mg of deuteriated trifluoroacetic acid. After heating with a heat gun a uniform solution was achieved.
This solution was transferred to a 5 mm New Era NMR tube for analysis. The 2-Dimensional spectra were collected on
a Bruker Avance NMR Spectrometer at a 1H operating frequence of 500 MHz. The 1-Dimensional spectra were collected
on the AMX instrument.

L. Wt% F measurements:

[0102] The total fluorine (F) content in paper was determined by ion chromatography (IC). The oil sized paper sample
is decomposed in a Schöniger Oxygen flask using combustion paper. The combustion products were absorbed in
approximately 25 mL of 5 mM sodium hydroxide solution, transferred, and diluted to volume in a 50 mL volumetric flask
(polypropylene). The solution was then, if necessary, filtered through a 0.2 M filter member and analyzed for total F
content using a series of ion chromatographic columns coupled to a conductivity detector. An external standard method
is used to quantitative the total F level in the sample solution; the limit of detection for this procedure is 0.1 g/mL total
F. At very low levels, <0.10 g/mL, spiking of the sample solution with the standard is helpful for peak identification.

M. MOLECULAR WEIGHT DETERMINATIONS:

[0103]

1. Aqueous size exclusion chromatography (SEC) of the polymer products was performed utilizing a two-micron,
in-line pre-column filter, a Polar Fluoro Gel, 100-angstrom column bank (Polymer standard Service USA Inc., Silver
Spring, Maryland), a Waters M 996 Photodiode array detector monitoring UV spectra in the range from 210 nM to
400 nM, a Waters Millennium 32 data system, a 45C hexafluoroisopropanol mobile phase with a flow rate of 1
mL/min, and a tetrahydrofuran internal reference marker. Freeze-dried samples of the invention were made down
in the mobile phase (10-20 mg/ml) and injected in 100 micro-liter aliquots. Poly(methyl methacrylate) Standards
were used to calibrate the SEC columns.

2. The light scattering measurements were done by using a Size exclusion Chromatography -Multi Angle Laser
Light Scattering (SEC-MALLS). The chromatography system, consisting of a Waters M510 analytical pump (Waters
Corporation, 34 Maple Street, Milford, MA 01757-3696), a manual Injector (Rheodyne, equipped with an 2000 Pl
injection loop - Fisher Scientific), a Waters "In-line" pre-column filter (frit pore size 2 Pm installed between the injector
and the column set), a SEC column bank - poly(styrene/divinyl benzene based columns of 100 A and a Linear
(Polymer Standard Service USA Inc., Silver Spring, Maryland), a Waters temperature control module for maintaining
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constant temperature in the column oven, a DAWN DSP Light scattering photometer (Wyatt Technology Corporation,
Santa Barbara, CA), a Wyatt OPTILAB interferometric refractometer - differential refractive index detector (DRI).
The DAWN DSP and DRI detectors are connected in series.

3. The analyses are performed at a flow rate 1 ml/min and the temperature maintained in the column oven is 45°C.

N. Contact Angle Test:

[0104]

Run as described in ASTM method D5725, found in ASTM test method volume 15.09 utilizing a glycol-based test
solution. Higher contact angles (reported in degrees) are achieved with higher levels of sizing. The time that the
solution has been in contact with the paper is reported with the contact angle. Longer contact times usually lead to
lower contact angles. Contact angles can vary from 0 to 180 degrees. An unsized paper would typically give a 0
degree contact angle after 5 seconds. Paper with high levels of sizing would give a contact angle of >90 degrees
after 20 seconds.

O. Oleic Acid Drop Test

[0105] Test similar to Kit test in that oleic acid is dropped on a paper sample, and a measurement is taken. All materials
are at room temperature. A drop of oleic acid is put on a test sample of paper. After 15 seconds the oleic acid is wiped
off. The amount and intensity of staining is observed. If there is no staining a value of 0 is assigned. If the stain has
spread in the paper and it is dark, a value 5 is assigned. Intermediate test results are assigned. By its nature this is a
relatively qualitative test. Three measurements on three different paper samples are averaged and reported.

Synthesis of oil/grease- and water-sizing agents

General Synthesis Procedure

[0106] In all of the synthetic procedures the dilution solvent is water unless otherwise indicated. Where possible
residual monomers were monitored by gas chromatography to determine the end of the reaction. The chemicals used
in these syntheses were generally available from Aldrich, Milwaukee except for those chemicals indicated below. The
chemicals peculiar to the agent are listed below with the sources.

Aldrich Chemical Co., Milwaukee, WI

[0107]

Epichlorohydrin (epi)
Polyethylimine (PEI) (423 MWave)
Diethylenetriamine (DETA)
Isopropyl Alcohol
Chloroform
(2,2,3,3,4,4,5,5,6,6,7,7,7 Tridecafluoroheptyl) Oxirane
(2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,9 Heptadecafluorononyl) Oxirane
(2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11 Heneicosafluoroundecyl) Oxirane
Perfluorododecyl iodide used to prepare RF-Epoxide-C12, (F(CF2)12CH2) Oxirane
Allylglycidylether used to prepare RF-AGE epoxides

Union Carbide Corp., Danbury, CT

[0108]

Triethylenetetraamine (TETA)

Dupont, Wilmington, DE

Zonyl® TELA-N perfluoroalkyl iodide
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Zonyl® TELA perfluoroalkyl iodide

Zonyl® TELA-L perfluoroalkyl iodide

[0109] The carbon chain distribution is

Zonyl® TE fluorinated epoxide

MS182 Freon® TF clorofluorocarbon

Atofina USA, Philadelphia, PA

[0110]

Foralkyl I-10N fluorinated alkyl iodide

Foralkyl I-8N fluorinated alkyl iodide

Foralkyl I-6 fluorinated alkyl iodide

Acros Organics, Geel, Belgium

[0111]

Tetraethylenepentaamine (TEPA)

Fluorochem USA, West Columbia, SC

[0112] Perfluoroheptyl iodide (1-iodo-1,1,2,2,3,3,4,4,5,5,6,6,7,7,7 Tridecafluorohexane) used to prepare
(2,2,3,3,4,4,5,5,6,6,7,7,8,8,8 Pentadecafluorooctyl) Oxirane 3-[2-(perfluorohexyl)ethoxy]-1,2-epoxypropane 3-(Per-
fluoro-9-methyldecyl)-1,2-propenoxide 3-(Perfluoro-5-methylhexyl)-1,2-propenoxide 3-(Perfluoro-7-methyloctyl)-1,2-
propenoxide
[0113] Table II, Synthetic Examples, composition and comments, lists the variables used for the manufacture of the
material. Examples of specific synthetic descriptions are included. These examples correspond to entries in Table II.

Synthesis of fhe fluoroalkyl-hydroxyl-alkylpolyamine

[0114] The PEI of choice (typically diethylenetriamine (DETA) or triethylenetetraamine (TETA)) is charged to a nitrogen-
blanketed 1-Liter resin kettle, equipped with overhead stirrer, reflux condenser, and nitrogen inlet tube and heated to
70-150C, typically 80C or 130 C. 0.25 to 1.0 molar equivalents of the fluorinated epoxide of choice (typically 0.37 to 0.5),
based on PEI molar equivalents of amine atoms, is added to the resin kettle over a period of 50 minutes while the mixture
is stirred. The temperature of the reaction is controlled utilizing an oil or water-circulating bath. The reaction is held at
the designated temperature, typically 80 C or 130 C for two hours after the addition of the epoxide is complete. Enough
hot water is then added below the surface of the reaction mixture to result in a 10-40% solids dispersion, typically this
is performed at 20-30% solids.

Rf Chain Length Compostion
Ave. C4 C6 C8 C10 C12 > C12

TELA-L 7.3 < 4 50 29 11 4 < 2

TELA 8.2 < 4 35 30 17 8 < 6

TELA-N 9 - < 6 50 29 11 < 4
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Conversion of the fluoroalkyl-hydroxyl-alkylpolyamine to the perfluoro(hydroxyl)alkyl, alkyl polyamino halohydrin or 
organo sulfonate polymeric composition.

[0115] The dispersion is heated to 80 C to 95 C for 5-15 minutes (until a homogeneous dispersion is obtained). The
aqueous dispersion is then cooled to 40-65 C, typically 50 C, and 0.25 to 2.0 molar equivalents of epichlorohydrin per
PEI amine atom is added below the surface of the reaction mixture over a period of 1-60 minutes, typically 30 minutes.
The mixture is mixed for a period of 30 to 180 minutes, typically 120 minutes after the epi addition is complete. The
temperature of the mixture is increased to 70 C to 95 C, typically 80 C and held for 30 - 180 minutes, typically 120
minutes. Enough hot dilution water is then added below the surface of the mixture to result in the desired solids, typically
14-20 percent. Table II, Synthetic Examples, composition and comments, lists the variables used for the manufacture
of the material.

Specific examples of preparations of fluoroalkyl-hydroxy-amine-azetidinium polymers:

[0116] In the following cases GC analysis indicated the complete consumption of the fluorinated epoxide and epichlo-
rohydrin in each respective step.

A) RF-TETA-C6:

A1) 1.75 RF-EPOXIDE-C6 to Triethylenetetramine (TETA) (X-32749-32-1)

[0117] 0.98g of TETA (6.7 mmol) was charged to a 100ml reaction vessel equipped with an overhead stirrer, condenser,
and thermocouple. The vessel was heated to 80°C, using an oil bath equipped with an immersion heater. Once the
vessel and TETA were at 80°C, 4.4g of (2,2,3,3,4,4,5,5,6,6,7,7,7 Tridecafluoroheptyl) Oxirane (11.7 mmol) was
charge, via constant addition funnel, at a rate sufficient to control the exotherm. Once addition was complete, the reaction
was held for 1 hr. After 1hr the reaction was shutdown. C13 NMR shows 100% of the epoxide has been consumed.

A1(a) 1.75/2.2 RF -TETA-C6 Chlorohydrin (X-32749-36-1)

[0118] 5.28g of A1 (6.7 mmol) and 37.7g of water was charged to a 100ml reaction vessel equipped with an overhead
stirrer, condenser, and thermocouple. With vigorous mixing, the reaction vessel was heated, using an oil bath equipped
with an immersion heater, to 50°C. Once material was evenly dispersed, and the temperature stable at 50°C, 1.37g of
Epichlorohydrin (14.8 mmol) was charged to reaction vessel. The reaction was held at 50°C for 1 hr and then the
temperature was increased to 80°C and held for 0.5hr. After 0.5 hrs reaction was shutdown.

B) RF -TETA-C8

B1) 1.75 RF -EPOXIDE-C8 to TETA (X-32749-34-1)

[0119] The reaction was carried out in a manner similar to that of A1 except 1.76g of TETA (12.0 mmol) and 10g of
(2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,9 Heptadecafluorononyl) Oxirane (21.0 mmol) was charged via constant addition fun-
nel. The addition funnel must be heated to ~70°C to liquefy epoxide. Once addition was complete, the reaction was held
for 2hrs.

B1(a) 1.75/2.25 RF -TETA-C8 Chlorohydrin (X-32749-38-1)

[0120] 11.66g of B1 (11.9 mmol) and 80.12g of water (to dilute to 15% solids) was charged to a 100ml reaction vessel
equipped with an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated via hot oil bath to
90°C, with vigorous mixing to disperse (B1) in water. Once material was evenly dispersed the reaction temperature was
reduced to 50°C, 2.48g of Epichlorohydrin (26.8 mmol) was then charged to the reaction vessel. The reaction was
held at 50°C for 1 hr, then the temperature was increased to 80°C and held for 0.5hr. After 0.5 hrs the reaction was
shutdown.

C) RF -TETA-C10

C1) 2.12 RF -EPOXIDE-C10 to TETA (X-32749-37-1)

[0121] The reaction was carried out in a manner similar to that of B1 except 1.45g of TETA (10.0 mmol) and 12.1g
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of (2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10,11,11,11 Heneicosafluoroundecyl) Oxirane (21 mmol) was charged and
reaction was held for 3.5hrs.

C1(a) 2.12/2.69 RF -TETA-C10 Chlorohydrin (X-32749-39-1)

[0122] The reaction was carried out in a manner similar to that of B2 except 13.4g of C1 (10.0 mmol) and 89.8g of
water (to dilute to 15% solids) was charged to a 100ml reaction vessel equipped with an overhead stirrer, condenser,
and thermocouple. The reaction vessel was heated using an oil bath equipped with an immersion heater to 88°C, with
vigorous mixing, to disperse C1. Once material was evenly dispersed the reaction temperature was reduced to 50°C,
2.44g of Epichlorohydrin (26.4 mmol) was then charged to the reaction vessel. The reaction was held at 50°C for 1hr
and then the temperature was increased to 80°C and held for 0.5hr. After 0.5hr the reaction was shutdown.

D) RF -TETA C12 (X32770-44)

D1) 1.75 RF-EPOXIDE-C12 to TETA (X-32770-44-1)

[0123] The reaction was carried out in a manner similar to that of B1 except, to a 100ml reaction vessel equipped with
an overhead stirrer, condenser, and thermocouple, 5.1g of RF -Epoxide-C12 (7.54 mmol) was charged. The reaction
vessel was heated, using an oil bath equipped with an immersion heater, to 100°C. Once the vessel and RF -Epoxide-
C12 were at 100°C, 0.63g of TETA (4.31 mmol) was charged, via Disposable Syringe, in one shot. Once the addition
of TETA was complete, the reaction was held for 1 hr. Addition funnel must be heated to ~70°C to liquify epoxide

D1(a) 1.75/2.25 RF -TETA-C12 Chlorohydrin (X-32770-44-1)

[0124] 5.73g of (D1) (4.31 mmol) and 89.8g of water (to dilute to 19% solids) was charged to a 100ml reaction vessel
equipped with an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated using an oil bath
equipped with an immersion heater to 80°C, with vigorous mixing, to disperse (D1). Once material was evenly dispersed,
the reaction temperature was reduced to 50°C. 0.897g of Epichlorohydrin (9.69 mmol) was then charged to the reaction
vessel. The reaction was held at 50°C for 1hr and then the temperature was increased to 90°C and held for 1 hr. After
1 hr, the reaction was shutdown and an additional 7.6g of water was charged to dilute reaction to 15% Solids.

RF -TETA-N

E1) 1.5 RF -TETA-N (X-32749-1)

[0125] The reaction was carried out in a manner similar to that of B1 except, to a 100ml reaction vessel equipped with
an overhead stirrer, condenser, and thermocouple, 7.4g of TETA (50.60 mmol) was charged. The reaction vessel was
heated using an oil bath equipped with an immersion heater to 80°C. Once the vessel and TETA were at 80°C, 40g of
Rf-Epoxide-N (75.90 mmol) was charged via heated constant addition funnel at a rate sufficient to control any exotherm
(5-30min), Once addition was complete, the reaction was held for 1 hr. After 1hr C13 NMR shows 100% of the epoxide
has been consumed. Addition funnel must be heated to ~70°C to liquify epoxide

E1(a) 1.5/1.75 Chlorohydrin (X-32749-4)

[0126] 10g of (E1) (10.68 mmol) and 30 g of water (to dilute to 30% solids) were charged to a 100ml reaction vessel
equipped with an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated using an oil bath
equipped with an immersion heater to 50°C, with vigorous mixing to disperse (E1). Once material was evenly dispersed,
1.73g of Epichlorohydrin (18.68 mmol) was then charged to reaction vessel. The reaction was held at 50°C for 1hr, at
which point the temperature was increased to 80°C and held for 0.5hr. After 0.5 hrs reaction was shutdown and the
dispersion was diluted to 15% Solids

E1(b) 1.5/2.25 Chlorohydrin (X-32749-5)

[0127] The reaction was carried out in a manner similar to that of E1(a) except once material was evenly dispersed,
2.22 g of Epichlorohydrin (24.02 mmol) was then charged to reaction vessel.
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E1(c) 1.5/3.78 Chlorohydrin (X-32749-6)

[0128] The reaction was carried out in a manner similar to that of E1(a) except once material was evenly dispersed,
3.74g of Epichlorohydrin (40.42 mmol) was then charged to reaction vessel.

E2) 1.75 RF -TETA-N (X32749-7)

[0129] The reaction was carried out in a manner similar to that of E1 except 1.37g of TETA (9.36 mmol) was charged,
and once vessel and TETA was at 80°C, 8.63g of N-Epoxide (16.38mmol) was charged.

E2(a) 1.75/1.75 Chlorohydrin (X32749-7)

[0130] The reaction was carried out in a manner similar to that of E1(a) except once material was evenly dispersed,
1.52g of Epichlorohydrin (16.43mmol) was then charged to reaction vessel.

E2(b1) 1.75/2.25 Chlorohydrin (X32650-32)

[0131] The reaction was carried out in a manner similar to that of E1(a) except once material was evenly dispersed,
1.95g of Epichlorohydrin (21.1mmol) was then charged to reaction vessel.

E2(b2) 1.75/2.25 Chlorohydrin (X3)

[0132] The reaction was carried out in a manner similar to that of E2(b1) except the TETA/epoxide reaction was carried
out at 130C rather than 80C, the resulting product was dispersed in water at 95C rather than 80C, the epichlorohydrin
was introduced in three equal aliquots, the first at 60-65C, and the second and third at 50C, the reaction temperature
held at 50C for 2 hours followed by holding the reaction temperature at 80C for 2 hours before adding 90C water to
dilute the product to 17.5% total solids.

E2(c) 1.75/3.25 Chlorohydrin (X32650-33)

[0133] The reaction was carried out in a manner similar to that of E1(a) except once material was evenly dispersed,
2.81g of Epichlorohydrin (30.4mmol) was then charged to reaction vessel.

E2(d) 1.75/4.25 Chlorohydrin (X32650-34)

[0134] The reaction was carried out in a manner similar to that of E1(a) except once material was evenly dispersed,
3.68g of Epichlorohydrin (40.0 mmol) was then charged to reaction vessel.

E3) 2.5 RF -TETA-N (X-32650-30)

[0135] The reaction was carried out in a manner similar to that of E1 except 3.33g of TETA (23.0 mmol) was charged,
and once vessel and TETA were at 80°C, 30g of RF -Epoxide-N (57 mmol) was charged.

E3(a) 2.5/2.48 Chlorohydrin (X32650-35)

[0136] The reaction was carried out in a manner similar to that of E1 (a) except using E3 starting material, and once
material was evenly dispersed, 1.56g of Epichlorohydrin (16.9 mmol) was then charged to reaction vessel.

E3(b) 2.5/3.58 Chlorohydrin (X32650-36)

[0137] The reaction was carried out in a manner similar to that of E1(a) except using E3 Starting material, and once
material was evenly dispersed, 2.26g of Epichlorohydrin (24.4 mmol) was then charged to reaction vessel.

E3(c) 2.5/4.67 Chlorohydrin (X32650-37)

[0138] The reaction was carried out in a manner similar to that of E1(a) except using E3 Starting material, and once
material was evenly dispersed, 2.95g of Epichlorohydrin (31.9 mmol) was then charged to reaction vessel.
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E4(d) 2.5/5.0 Chlorohydrin (X32520-74)

[0139] The reaction was carried out in a manner similar to that of E1(a) except using E3 Starting material, and once
material was evenly dispersed once material was evenly dispersed, 3.53g of Epichlorohydrin (38.0 mmol) was then
charged to reaction vessel.

E4) 3.0 RF -TETA-N (X-32650-31)

[0140] The reaction was carried out in a manner similar to that of E1 except, 2.77g of TETA (18.94 mmol) was charged
and once heated to 80°C, 30g of RF - Epoxide-N (57 mmol) was charged via heated Constant Addition Funnel.

E4(a) 3.0/2.25 Chlorohydrin (X32650-38)

[0141] The reaction was carried out in a manner similar to that of E1 (a) except using E4 Starting material, and once
material was evenly dispersed in distilled water, 1.21g of Epichlorohydrin (13.03 mmol) was then charged to reaction
vessel.

E4(b) 3.0/3.25 Chlorohydrin (X32650-39)

[0142] The reaction was carried out in a manner similar to that of E1(a) except using E4 Starting material, and once
material was evenly dispersed, 1.74g of Epichlorohydrin (18.82mmol) was then charged to reaction vessel.

E4(c) 3.0/4.25 Chlorohydrin (X32650-40)

[0143] The reaction was carried out in a manner similar to that of E1(a) except using E4 starting material, and once
material was evenly dispersed, 2.28g of Epichlorohydrin (24.61 mmol) was then charged to reaction vessel.

RF -TETA-Foralkyl I10N (X32770-39)

F1) 1.75 RF -EPOXIDE-Foralkyl I10N to TETA (X-32770-39)

[0144] The reaction was carried out in a manner similar to that of E1 except 6.58g of TETA (44.98 mmol) was charged.
Once the vessel and TETA were at 80°C, 50.00g of Foralkyl I10N (78.72 mmol) was charged.

F1(a) 1.75/2.2 RF -TETA- Foralkyl I10N Chlorohydrin (X-32770-39)

[0145] The reaction was carried out in a manner similar to that of E1(a) except 56.58g of F1 (44.98 mmol) and 150g
of water was charged. Once the temperature was stable at 50°C, 9.36g of Epichlorohydrin (101.21 mmol) was charged
to reaction vessel dropwise over 30min. The reaction was held at 50°C for 1 hr. 80g of distilled water was then charged
and the temperature was increased to 80°C and held for 1 hr. After 1 hr reaction was shutdown and 143.7g of distilled
water was charged to dilute dispersion to 15% Solids

Foralkyl 8N TETA Material (X32770-37)

G1) 1.75-RF -EPOXIDE-Foralkyl I8N to TETA (X-32770-37)

[0146] The reaction was carried out in a manner similar to that of E1 except to a 500ml reaction vessel equipped with
an overhead stirrer, condenser, and thermocouple, 8.35g of TETA (57.13 mmol) was charged. The reaction vessel was
heated using an oil bath equipped with an immersion heater, to 80°C. Once the vessel and TETA were at 80°C, 53.00g
of Foralkyl I8N Epoxide (99.97 mmol) was charged slowly over 60 minutes via constant addition funnel. Once addition
was complete, the reaction was held for 2hr.

G1(a) 1.75/2.2 RF-TETA-Foralkyl I8N Chlorohydrin (X-32770-37)

[0147] 61.35g of G1 (57.13 mmol) and 200g of hot distilled water was charged to a 1000ml reaction vessel equipped
with an overhead stirrer, condenser, and thermocouple. With vigorous mixing, the reaction vessel was heated, using an
oil bath equipped with an immersion heater, to 80°C. Once material was evenly dispersed, the temperature was decreased
to 50°C, 11.89g of Epichlorohydrin (128.53 mmol) was charge, dropwise over 1.3hrs. The reaction was held at 50°C
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for 1 hr. After 1 hour 80.26g of distilled water was charged and the temperature was increased to 80°C and held for
2hr. After 2hr reaction was shutdown and 134.76g of Distilled water was charged to dilute dispersion to 15% Solids

RF -DETA-N

H1) 1.75 RF -EPOXIDE-N to Diethylenetriamine (DETA) (X-32216-55-1)

[0148] The reaction was carried out in a manner similar to that of E1 except 5.59g of DETA (54.2 mmol) was charged.
The reaction vessel was heated, using an oil bath equipped with an immersion heater, to 80°C. Once the vessel and
DETA were at 80°C, 50.0g of RF -Epoxide-N (94.88 mmol) was charged via constant addition funnel. Once addition
was complete, the reaction was held for 1 hr.

H1a) 1.75/1.0 RF-HACH-N (X-32216-81)

[0149] The reaction was carried out in a manner similar to that of E1(a) except 10.10g of H1 (9.85 mmol) and 40 g of
water (to dilute to 21.59% solids) was charged. Once H1 was dispersed and the temperature stable at 50°C, 0.91 g of
Epichlorohydrin (9.8 mmol) was then charged to reaction vessel. The reaction was held at 50°C for 1 hr, at which point
the temperature was increased to 80°C and held for 0.5hr and shutdown.

H1b) 1.75/1.99 RF-HACH-N (X-32216-73)

[0150] The reaction was carried out in a manner similar to that of H1 (a) except once material was evenly dispersed,
1.8g of Epichlorohydrin (19.0mmol) was then charged to reaction vessel.

H1c) 1.75/2.25 RF-HACH-N (X-32650-63)

[0151] The reaction was carried out in a manner similar to that of H1(a) except 30.64g of Starting H1 (29.88 mmol)
was charged to 110.58g of Distilled water, and once material was evenly dispersed, 6.22g of Epichlorohydrin (67.23
mmol) was then charged to reaction vessel.

H1d) 1.75/3.10 RF-HACH-N (X-32650-25)

[0152] The reaction was carried out in a manner similar to that of H1(a) except 9.28g of Starting H1 (9.88 mmol) was
charged to 30g of Distilled water, and once material was evenly dispersed, 2.8g of Epichlorohydrin (30.2 mmol) was
then charged to reaction vessel.

H1e) 1.75/3.25 RF-HACH-N (X-32216-69)

[0153] The reaction was carried out in a manner similar to that of H1(a) except 10.0g of Starting H1 (9.75 mmol) was
charged to 40g of Distilled water, and once material was evenly dispersed, 2.93g of Epichlorohydrin (32.0 mmol)
was then charged to reaction vessel

H1f) 1.75/3.4 RF-HACH-N (X-32650-24)

[0154] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H1 (9.75 mmol) was
charged to 30g of Distilled water, and once material was evenly dispersed, 3.07g of Epichlorohydrin (33.2 mmol)
was then charged to reaction vessel.

H1g) 1.75/3.75 RF-HACH-N (X-32216-65)

[0155] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H1 (9.75 mmol) was
charged to 45.28g of Distilled water, and once material was evenly dispersed, 3.38g of Epichlorohydrin (33.2 mmol)
was then charged to reaction vessel.

H1h) 1.75/5.0 RF-HACH-N (X-32216-59)

[0156] The reaction was carried out in a manner similar to that of H1(a) except 9.9g of Starting H1 (9.7 mmol) was
charged to 35g of Distilled water, and once material was evenly dispersed, 4.47 g of Epichlorohydrin (48.0 mmol)
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was then charged to reaction vessel.

H2) 1.85 RF-DETA-N (X-32650-16)

[0157] The reaction was carried out in a manner similar to that of E1 except 3.65g of DETA (35.38 mmol) was charged.
Once the vessel and DETA were at 80°C, 35.0g of RF -Epoxide-N (66.0 mmol) was charged at a rate sufficient to control
the exotherm (5-30min), via constant addition funnel. Once addition was complete, the reaction was held for 2 hr.

H2(a) 1.85/3.25 RF-DETA-N Chlorohydrin (X32650-23)

[0158] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H2 (9.2 mmol) was
charged to 30g of Distilled water, and once material was evenly dispersed, 2.76g of Epichlorohydrin (29.8 mmol)
was then charged to reaction vessel.

H2(c) 1.85/3.4 RF-DETA-N Chlorohydrin (X32650-21)

[0159] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H2 (9.2 mmol) was
charged to 30g of Distilled water, and once material was evenly dispersed, 2.88g of Epichlorohydrin (31.1 mmol)
was then charged to reaction vessel.

H3) 2.0 RF-DETA-N \

[0160] The reaction was carried out in a manner similar to that of E1 except 5.87g of DETA (56.89 mmol) was charged
to reaction vessel and once the vessel and DETA were at 80°C, 60.0g of RF -Epoxide-N (113.9 mmol) was charged.

H3(a) 2.0/1.0 RF-DETA-N Chlorohydrin (X32216-80)

[0161] The reaction was carried out in a manner similar to that of H1(a) except 10.43g of Starting H3 (9.00 mmol) was
charged to 40g of Distilled water, and once material was evenly dispersed, 0.83g of Epichlorohydrin (9.0 mmol) was
then charged to reaction vessel.

H3(b) 2.0/2.85 RF-DETA-N Chlorohydrin (X32216-72)

[0162] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H3 (9.00 mmol) was
charged to 40g of Distilled water, and once material was evenly dispersed, 2.28g of Epichlorohydrin (24.6 mmol)
was then charged to reaction vessel.

H3(c) 2.0/3.1 RF-DETA-N Chlorohydrin (X32650-20)

[0163] The reaction was carried out in a manner similar to that of H1(a) except 10.43g of starting H3 (9.00 mmol) was
charged to 40g of Distilled water, and once material was evenly dispersed, 2.48g of Epichlorohydrin (27.0 mmol)
was then charged to reaction vessel

H3(d) 2.0/3.25 RF-DETA-N Chlorohydrin (X32216-68)

[0164] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H3 (8.64 mmol) was
charged to 30g of Distilled water, and once material was evenly dispersed, 2.6g of Epichlorohydrin (28.0 mmol) was
then charged to reaction vessel

H3(e) 2.0/3.4 RF-DETA-N Chlorohydrin (X32650-18)

[0165] The reaction was carried out in a manner similar to that of H1(a) except 5.75g of Starting H3 (5.00 mmol) was
charged to 30g of Distilled water, and once material was evenly dispersed, 1.56g of Epichlorohydrin (17.0 mmol)
was then charged to reaction vessel

H3(f) 2.0/3.75 RF-DETA-N Chlorohydrin (X32216-64)

[0166] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H3 (9.00 mmol) was
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charged to 45.5g of Distilled water, and once material was evenly dispersed, 3.00g of Epichlorohydrin (32.0 mmol)
was then charged to reaction vessel

H3(g) 2.0/5.0 RF-DETA-N Chlorohydrin (X32216-58)

[0167] The reaction was carried out in a manner similar to that of H1 (a) except 10g of Starting H3 (9.00 mmol) was
charged to 35g of Distilled water, and once material was evenly dispersed, 4.00g of Epichlorohydrin (43.0 mmol)
was then charged to reaction vessel

H3(h) 2.0/6.32 RF-DETA-N Chlorohydrin (X32216-75)

[0168] The reaction was carried out in a manner similar to that of H1 (a) except 10g of Starting H3 (9.00 mmol) was
charged to 40g of Distilled water, and once material was evenly dispersed, 5.09g of Epichlorohydrin (55.0 mmol) was
then charged to reaction vessel

H4) 2.25 RF-DETA-N (X-32216-53)

[0169] The reaction was carried out in a manner similar to that of E1 except 40.0g of Rf-Epoxide-N (80.0 mmol) was
charged to 3.48g of DETA (30.0 mmol).

H4(a) 2.25/1.0 RF-DETA-N Chlorohydrin (X32216-79)

[0170] The reaction was carried out in a manner similar to that of H1(a) except 9.54g of Starting H4 (7.4 mmol) was
charged to 40.11 g of Distilled water, and once material was evenly dispersed, 0.68g of Epichlorohydrin (7.4 mmol)
was then charged to reaction vessel.

H4(b) 2.25/3.25 RF-DETA-N Chlorohydrin (X32216-67)

[0171] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H4 (8.00 mmol) was
charged to 40g of Distilled water, and once material was evenly dispersed, 2.33g of Epichlorohydrin (25 mmol) was
then charged to reaction vessel.

H4(c) 2.25/3.75 RF-DETA-N Chlorohydrin (X32651-12)

[0172] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H4 (8.00 mmol) was
charged to 30g of Distilled water, and once material was evenly dispersed, 2.69g of Epichlorohydrin (29 mmol) was
then charged to reaction vessel.

H4(d) 2.25/5.0 RF-DETA-N Chlorohydrin (X32216-57)

[0173] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H4 (8.00 mmol) was
charged to 30g of Distilled water, and once material was evenly dispersed, 3.59g of Epichlorohydrin (39 mmol) was
then charged to reaction vessel.

H4(e) 2.25/7.93 RF-DETA-N Chlorohydrin (X32216-63)

[0174] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H4 (8.00 mmol) was
charged to 40g of Distilled water, and once material was evenly dispersed, 5.69g of Epichlorohydrin (61.5 mmol)
was then charged to reaction vessel.

H5) 2.50 RF-DETA-N (X-32216-63)

[0175] The reaction was carried out in a manner similar to that of E1 except 50.0g of Rf-Epoxide-N (90.0 mmol) was
charged to 3.92g of DETA (40.0 mmol).

H5(a) 2.5/1.0 RF-DETA-N Chlorohydrin (X32216-78)

[0176] The reaction was carried out in a manner similar to that of H1(a) except 10.3g of Starting H5 (7.00 mmol) was
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charged to 50.8g of Distilled water, and once material was evenly dispersed, 0.67g of Epichlorohydrin (7 mmol) was
then charged to reaction vessel.

H5(b) 2.5/3.25 RF-DETA-N Chlorohydrin (X32216-66)

[0177] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H5 (7.00 mmol) was
charged to 40.0g of Distilled water, and once material was evenly dispersed, 2.12g of Epichlorohydrin (23.0 mmol)
was then charged to reaction vessel.

H5(c) 2.5/3.75 RF-DETA-N Chlorohydrin (X32216-62)

[0178] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H5 (7.00 mmol) was
charged to 40.0g of Distilled water, and once material was evenly dispersed, 2.44g of Epichlorohydrin (26.0 mmol)
was then charged to reaction vessel.

H5(d) 2.5/6.16 RF-DETA-N Chlorohydrin (X32216-74)

[0179] The reaction was carried out in a manner similar to that of H1(a) except 10g of Starting H5 (7.00 mmol) was
charged to 40.0g of Distilled water, and once material was evenly dispersed, 4.01g of Epichlorohydrin (43.0 mmol)
was then charged to reaction vessel.

I) RF-DETA-TELA Materials

I1) 1.5 RF-DETA-TELA (X-32520-48)

[0180] The reaction was carried out in a manner similar to that of E1 except 75.0g of RF-Epoxide (157.0 mmol) was
charged to 10.8g of DETA (105.0 mmol).

I1(a) 1.5/1.5 RF-HACH X-32520-49

[0181] 10g of I1 (12.0 mmol) and 20g of Isopropyl Alcohol were charged to a 100ml reaction vessel equipped with
an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated using a Heating Mantel with Temp-
o-Trol Temperature Controller to 50°C, with vigorous mixing to disperse/Dissolve (11). Once material was evenly dis-
persed, 1.7g of Epichlorohydrin (18.4 mmol) was then charged to reaction vessel. The reaction was held at 50°C for
1 hr and shutdown.

11(b) 1.5/2.5 RF-HACH X-32520-81-1

[0182] 13.38g of (11) (16.4 mmol) and 27.83g of water (to dilute to 38.2% solids) were charged to a 100ml reaction
vessel equipped with an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated using an oil
bath equipped with an immersion heater to 80°C, with vigorous mixing to disperse (I1). Once material was evenly
dispersed, reaction was cooled to 50°C and 3.79g of Epichlorohydrin (41 mmol) was then charged to reaction vessel.
The reaction was held at 50°C for 1 hr, at which point the temperature was increased to 80°C and held for 0.5hr and
shutdown.

I1(c) 1.5/5.0 RF-HACH X-32520-79-1

[0183] 100g of (I1) (122.3 mmol) and 203.6g of water (to dilute to 43.5% solids) were charged to a 1000ml reaction
vessel equipped with an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated using an oil
bath equipped with an immersion heater to 80°C, with vigorous mixing to disperse (I1). Once material was evenly
dispersed, reaction was cooled to 50°C and 56.59g of Epichlorohydrin (612 mmol) was then charged to reaction vessel.
The reaction was held at 50°C for 1 hr, at which point the temperature was increased to 80°C and held for 0.75hr and
shutdown.

I2) 2.0 RF-DETA-TELA X-32336-52-1

[0184] The reaction was carried out in a manner similar to that of I1 except 5.42g of DETA (55.0 mmol) was charged
to reaction vessel and, once temperature at 70°C, 50g of RF-Epoxide (110.0mmol) was charged to reaction.
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I2(b) 2.0/0.5 RF -AA/DETA X-32336-56-1

[0185] The reaction was carried out in a manner similar to that of I1(a) except 10g of I2 (9.5 mmol) and 20g of Isopropyl
Alcohol were charged to the reaction vessel, and once material was evenly dispersed, 0.44g of Epichlorohydrin (5.0
mmol) was then charged.

I2(c) 2.0-0.75 RF -AA/DETA X-32336-54-1

[0186] The reaction was carried out in a manner similar to that of I1(a) except 0.66g of Epichlorohydrin (7.13 mmol)
was charged to reaction vessel.

I2(d) 2/0.91 RF - AA/DETA X-32520-2

[0187] The reaction was carried out in a manner similar to that of I1(a) except 0.80g of Epichlorohydrin (8.6 mmol)
was charged to reaction vessel.

I2(e) 2/1.37 RF - AA/DETA X-32520-1

[0188] The reaction was carried out in a manner similar to that of I1(a) except 1.2g of Epichlorohydrin (12.96 mmol)
was charged to reaction vessel.

I2(f) 2.0/1.5 RF -HACH 1@50 2@80 X-32520-42

[0189] 10.61 g of I2 (10.0 mmol) and 20g of water (to dilute to 37.5% solids) were charged to a 100ml reaction vessel
equipped with an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated using an oil bath
equipped with an immersion heater to 80°C, with vigorous mixing to disperse (I2). Once material was evenly dispersed,
reaction was cooled to 50°C and 1.40g of Epichlorohydrin (15 mmol) was then charged to reaction vessel. The reaction
was held at 50°C for 1 hr, at which point the temperature was increased to 80°C and held for 1.5hr. The pH was adjusted
to 9.0 and reaction held for an additional 0.5hr and then shutdown.

I2(g) 2/1.5 RF-HACH 1@50 1@80 X-32520-41

[0190] 9.95 g of (I2) (10.0 mmol) and 20g of water (to dilute to 36% solids) were charged to a 100ml reaction vessel
equipped with an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated using an oil bath
equipped with an immersion heater to 80°C, with vigorous mixing to disperse (I2). Once material was evenly dispersed,
reaction was cooled to 50°C and 1.31g of Epichlorohydrin (15 mmol) was then charged to reaction vessel. The reaction
was held at 50°C for 1 hr, at which point the temperature was increased to 80°C, the pH was adjusted to 9.0 and reaction
held for an additional 1hr and then shutdown.

I2(h) 2/1.5 RF - AA/DETA 1@50 X-32520-40

[0191] 10.12g of (I2) (9.6 mmol) and 20g of Isopropyl Alcohol were charged to a 100ml reaction vessel equipped
with an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated using a Heating Mantel with
Temp-o-Trol Temperature Controller to 50°C, with vigorous mixing to disperse/Dissolve (I1). Once material was evenly
dispersed, 1.39g of Epichlorohydrin (15.0 mmol) was then charged to reaction vessel. The reaction was held at 50°C
for 1 hr and shutdown.

I2(i) 2/2.28 RF - AA/DETA Chlorohydrin X-32520-7

[0192] The reaction was carried out in a manner similar to that of I1(a) except 2.0g of Epichlorohydrin (22.0 mmol)
was charged to reaction vessel.

I2(j) 2.0/5.0 RF-HACH X-32520-72

[0193] 13.38g of I1 (12.7 mmol) and 27.83g of water (to dilute to 38.2% solids) were charged to a 100ml reaction
vessel equipped with an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated using an oil
bath equipped with an immersion heater to 80°C, with vigorous mixing to disperse (I1). Once material was evenly
dispersed, reaction was cooled to 50°C and 3.79g of Epichlorohydrin (41 mmol) was then charged to reaction vessel.
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The reaction was held at 50°C for 1 hr, at which point the temperature was increased to 80°C and held for 0.5hr and
shutdown.

I3) 2.5 RF -DETA-TELA (X-32520-47)

[0194] The reaction was carried out in a manner similar to that of I1 except 6.52g of DETA (63.0 mmol) was charged
to reaction vessel and, once temperature at 80°C, 75g of RF -Epoxide (158.0mmol) Charged to reaction.

I3(a) 2.5/1.5 RF-HACH X-32520-50

[0195] The reaction was carried out in a manner similar to that of I1(a) except used I3 as Starting Material and 1.073g
of Epichlorohydrin (12.0 mmol) was charged to reaction vessel.

I3(b) 2.5/1.5 RF-HACH X-32520-54-1

[0196] 10.1g of (I3) (7.8 mmol) and 20.24g of water (to dilute to 36.84% solids) were charged to a 100ml reaction
vessel equipped with an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated using an oil
bath equipped with an immersion heater to 80°C, with vigorous mixing to disperse (I3). Once material was evenly
dispersed, reaction was cooled to 50°C and 1.084g of Epichlorohydrin (11.7 mmol) was then charged to reaction
vessel. The reaction was held at 50°C for 1 hr and shutdown.

I3(c) 2.5/1.5 RF-HACH X-32520-55-1

[0197] The reaction was carried out in a manner similar to that of I2(g) except 10.02 g of (I3) (7.75 mmol) and 20.29g
of water and once material was evenly dispersed, the reaction was cooled to 50°C and 1.084g of Epichlorohydrin
(11.7 mmol) was then charged to reaction vessel. The reaction was held at 50°C for 1 hr, at which point the temperature
was increased to 80°C, the pH was adjusted to 9.0 and reaction held for an additional 0.5 hr and then shutdown.

I3(d) 2.5/3.0 RF-HACH X-32520-57-1

[0198] The reaction was carried out in a manner similar to that of I2(g) except 10.06 g of (I3) (7.8 mmol) and 21.01g
of water was charged and once material was evenly dispersed at 50°C, 2.16g of Epichlorohydrin (23.3 mmol) was
then charge.

I3(e) 2.5/3.0 RF-HACH X-32520-56-1

[0199] The reaction was carried out in a manner similar to that of I3(b) except 2.17g of Epichlorohydrin (23.4 mmol)
was charged to reaction vessel.

I3(f) 2.5/3.0 RF-HACH X-32520-58-2

[0200] The reaction was carried out in a manner similar to that of I2(h) except 22.91g of I3 (17.7 mmol) and 40g of
IPA charged. Once material dispersed at 50°C, 4.92g of Epichlorohydrin (53.1 mmol) was charged to reaction vessel.

I3(g) 2.5/3.0 RF-HACH (condition 1/0.5) X-32520-63-

[0201] 10.24g of (I3) (7.9 mmol) and 21.98g of water (to dilute to 36.5% solids) were charged to a 100ml reaction
vessel equipped with an overhead stirrer, condenser, and thermocouple. The reaction vessel was heated using an oil
bath equipped with an immersion heater to 80°C, with vigorous mixing to disperse (I3). Once material was evenly
dispersed, reaction was cooled to 50°C and 2.19g of Epichlorohydrin (23.7 mmol) was then charged to reaction vessel.
The reaction was held at 50°C for 1hr, at which point the temperature was increased to 80°C and held for 0.5hr and
shutdown.

I3(h) 2.5/3.0 RF-HACH (1 @50°C /2@80°C)X-32520-64

[0202] The reaction was carried out in a manner similar to that of I3(g) except the reaction was held at 50°C for 1 hr,
at which point the temperature was increased to 80°C and held for 2.0hr and shutdown.
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I3(i) 2.5/5.0 RF-HACH (1hr@ 50°C) X-32520-65-1

[0203] The reaction was carried out in a manner similar to that of I3(g) except 10.18 g of (I3) (7.87 mmol) and 20.57g
of water was charged and once material was evenly dispersed at 50°C, 3.64g of Epichlorohydrin (39.35 mmol) was
then charge. The reaction was held at 50°C for 1hr and shutdown.

I3(j) 2.5/5.0 RF-HACH (1hr @ 50°C, 0.5hr @ 80°C) X-32520-66

[0204] The reaction was carried out in a manner similar to that of I3(g) except 10.22 g of (I3) (7.9 mmol) and 20.57g
of water was charged and once material was evenly dispersed at 50°C, 3.66g of Epichlorohydrin (39.5 mmol) was
then charge. The reaction was held at 50°C for 1 hr, at which point the temperature was increased to 80°C and held for
0.5hr and shutdown.

I3(k) 2.5/5.0 RF-HACH (1hr@ 50°C, 2.0hr @80°C) X-32520-67

[0205] The reaction was carried out in a manner similar to that of I3(g) except 10g of (I3) (7.73 mmol) and 20.65g of
water was charged and once material was evenly dispersed at 50°C, 3.58g of Epichlorohydrin (38.65 mmol) was then
charge. The reaction was held at 50°C for 1 hr, at which point the temperature was increased to 80°C and held for 2hr
and shutdown.

J) RF -DETA-TELA-L

J1) 2.0 RF-AA-L/DETA X-32369-25

[0206] The reaction was carried out in a manner similar to that of I1 except 5.42g of DETA (52.5 mmol) was charged
to reaction vessel and, once temperature at 70°C, 50g of RF -Epoxide-L (100 mmol) charged to reaction.

J1(a) 2.0/0.5 RF -AA-L/DETA X-32520-17

[0207] The reaction was carried out in a manner similar to that of I1(a) except 10g of J1 (10.0 mmol) and 20g of
Isopropyl Alcohol were charged to the reaction vessel, and once material was evenly dispersed, 0.44g of Epichloro-
hydrin (5.0 mmol) was then charged.

J1(b) 2/0.91 RF-AA-L/DETA X-32520-4

[0208] The reaction was carried out in a manner similar to that of J1(a) except 0.83g of Epichlorohydrin (9.0 mmol)
was charged.

J1(c) 2/1.36 RF -AA-L/DETA X-32520-3

[0209] The reaction was carried out in a manner similar to that of J1(a) except 1.24g of Epichlorohydrin (13.0 mmol)
was charged.

K) RF -DETA-Zonyl TE (X-32214-41)

1) 2.0 Zonyl TE I DETA X32520-11

[0210] The reaction was carried out in a manner similar to that of J1 except 5.42g of DETA (50.0 mmol) was charged
to reaction vessel and, once temperature at 80°C, 50g of Zonyl TE (110 mmol) charged to reaction. The reaction was
held for 2hrs and shutdown.

K1(a) 2.0/0.25 Zonyl TE/DETA X32520-22.

[0211] The reaction was carried out in a manner similar to that of J1(a) except 10g of K1 (9.5 mmol) and 20g of
Isopropyl Alcohol were charged to the reaction vessel, and once material was evenly dispersed, 0.22g of Epichloro-
hydrin (2.0 mmol) was then charged.
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K1(b) 2.0/0.5 Zonyl TE/DETA X32520-15

[0212] The reaction was carried out in a manner similar to that of K1(a) except 0.44g of Epichlorohydrin (5.0 mmol)
was charged.

K1(c) 2.0/0.75 Zonyl TE/DETA X32214-61

[0213] The reaction was carried out in a manner similar to that of J1(a) except 27.7g of K1 (26.0 mmol) and 25g of
Chloroform were charged to the reaction vessel, and once material was evenly dispersed, 1.821g of Epichlorohydrin
(20.0 mmol) was then charged.

K1(d) 2.0/0.75 Zonyl TE/DETA X32520-21

[0214] The reaction was carried out in a manner similar to that of K1(a) except 0.66g of Epichlorohydrin (7.0 mmol)
was charged.

K1(e) 2.0/0.91 Zonyl TE /DETA X32520-13

[0215] The reaction was carried out in a manner similar to that of K1(a) except 0.80g of Epichlorohydrin (9.0 mmol)
was charged.

K1(g) 2.0/1.0 Zonyl TE/DETA X32214-49

[0216] The reaction was carried out in a manner similar to that of J1(a) except 22.25g of K1 (21.0 mmol) and 90g of
50:50 Chloroform/Isopropyl Alcohol were charged to the reaction vessel, and once material was evenly dispersed,
1.95g of Epichlorohydrin (21.0 mmol) was then charged.

K1(h) 2.0/1.37 Zonyl TE/DETA X32520-14

[0217] The reaction was carried out in a manner similar to that of K1(a) except 1.20g of Epichlorohydrin (13.0 mmol)
was charged.

K1(j) 2.0/7.0 Zonyl TE/DETA X32214-51

[0218] The reaction was carried out in a manner similar to that of K1(c) except 8.43g of Epichlorohydrin (91.0 mmol)
was charged to 13.74g of K1 (13 mmol).

K1(k) 2.0/7.0 Zonyl TE/DETA X32214-29

[0219] The reaction was carried out in a manner similar to that of K1(a) except 7.13g of Epichlorohydrin (7.7 mmol)
was charged to 12.0g of K1 (11 mmol).

M) Zonyl TE/TETA Material (32214-56)

[0220] To a 100ml reaction vessel equipped with an overhead stirrer, condenser, and thermocouple, 5.0g of TETA
(34.0 mmol) was charged. The reaction vessel was heated, using an oil bath equipped with an immersion heater, to
50°C. Once the vessel and TETA were at 50°C, 32.37g of Zonyl TE (68 mmol) was charge, via constant addition funnel,
over 10hrs. Once addition was complete, the reaction was held for 5hr and shutdown. 100% conversion was observed.

M1(a) 2/1 Zonyl TE/TETA X-32214-65

[0221] The reaction was carried out in a manner similar to that of E1(a) except 9g of M1 (8.0 mmol) and 20g of
Chloroform were charged to the reaction vessel. Once material was evenly dispersed, 0.74g of Epichlorohydrin (8.0
mmol) was then charged. Reaction was held at 50°C for 5 hrs.

M1(b) 2/2 Zonyl TE/TETA X-32214-64

[0222] The reaction was carried out in a manner similar to that of M1 (a) except 18g of M1 (16 mmol) and 20g of
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Chloroform were charged to the reaction vessel. Once material was evenly dispersed, 2.96g of Epichlorohydrin (32.0
mmol) was then charged. Reaction was held at 50°C for 5 hrs.

M1(c) 217 Zonyl TE/TETA X-32214-66

[0223] The reaction was carried out in a manner similar to that of M1(a) except 9g of M1 (8 mmol) and 20g of Chloroform
were charged to the reaction vessel. Once material was evenly dispersed, 5.31 g of Epichlorohydrin (57.0 mmol) was
then charged. Reaction was held at 50°C for 5 hrs.

Q) RF -AGE

Q1) 2.0 RF -AGE/DETA. X32336-58

2.0/0.62 RF -AGE/DETA X32336-69-1

[0224] The reaction was carried out in a manner similar to that of J1(a) except 10g of Q1 (7 mmol) and 20g of Isopropyl
Alcohol were charged to the reaction vessel, and once material was evenly dispersed, 0.41 g of Epichlorohydrin (4.0
mmol) was then charged.

2.0/0.75 RF -AGE/DETA X32336-60

[0225] The reaction was carried out in a manner similar to that of Q1 (a) 40g of Isopropyl Alcohol were charged to
the reaction vessel, and once material was evenly dispersed, 0.497g v of Epichlorohydrin (5.0 mmol) was then charged.

2.0/1.22 RF -AGE/DETA X32336-67-1

[0226] The reaction was carried out in a manner similar to that of Q1 (a) except 0.81 g of Epichlorohydrin (9.0 mmol)
was then charged.

S) RF -PEI

S1) 4.7 RF -PEI-L423 X-32650-86

[0227] To a 100ml reaction vessel equipped with an overhead stirrer, condenser, and thermocouple,6.83g of PEI-
L423 (16.1 mmol) was charged. The reaction vessel was heated using an oil bath equipped with an immersion heater
to 80°C. Once the vessel and PEI-L423 were at 80°C, 40g of RF -Epoxide-N (75.9 mmol) was charged via heated
constant addition funnel at a rate sufficient to control any exotherm (5-30min), Once addition was complete, the reaction
was held for 1 hr. The addition funnel must be heated to ~70°C to liquify epoxide.

S1a) 4.7/5.96 RF -PEI L423 HACH-N X32650-88

[0228] 10g of S1 (34.48 mmol) and 30g of water was charged to a 100ml reaction vessel equipped with an overhead
stirrer, condenser, and thermocouple. With vigorous mixing, the reaction vessel was heated, using an oil bath equipped
with an immersion heater, to 80°C. Once material was evenly dispersed, the temperature was reduced to 50°C. Once
the temperature was stable at 50°C, 1.9g of Epichlorohydrin (20.55 mmol) was charged to reaction vessel. The reaction
was held at 50°C for 1 hr and then the temperature was increased to 80°C and held for 1 hr. After 1hr the reaction was
shutdown and reaction was diluted to 15% Solids.

S1 b) 4.7/4.75 RF -PEI L423 HACH-N

[0229] 10g of S1 (34.48 mmol) and 30g of water was charged to a 100ml reaction vessel equipped with an overhead
stirrer, condenser, and thermocouple. With vigorous mixing, the reaction vessel was heated, using an oil bath equipped
with an immersion heater, to 80°C. Once material was evenly dispersed, the temperature was reduced to 50°C. Once
the temperature was stable at 50°C, 1.52g of Epichlorohydrin (16.38 mmol) was charged to reaction vessel. The
reaction was held at 50°C for 1hr and then the temperature was increased to 80°C and held for 1 hr. After 1hr the reaction
was shutdown and reaction was diluted to 15% Solids.
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S2) 5.5 RF -PEI-L423 X-32650-87

[0230] The reaction was carried out in a manner similar to that of S1 except 5.84g of PEI-L423 (13.8 mmol) was then
charged, and the reaction was held for 1 hr.

S2a) 5.5/10.22 RF -PEI L423 HACH-N X32650-76

[0231] The reaction was carried out in a manner similar to that of S1a except 10.16g of S2 (3.058 mmol) and 30.42g
of water was charged and once the temperature was stable at 50°C, 2.88g of Epichlorohydrin (31.00 mmol) was
charged to reaction vessel.

S2b) 5.5/5.96 RF -PEI L423 HACH-N X32650-77

[0232] The reaction was carried out in a manner similar to that of S1a except 10g of S2 (3.05 mmol) and 30g of water
was charged and once the temperature was stable at 50°C, 1.66g of Epichlorohydrin (17.94 mmol) was charged to
reaction vessel.

S2c) 5.5/7.07 RF -PEI L423 HACH-N X32650-78

[0233] The reaction was carried out in a manner similar to that of S1a except 10g of S2 (3.05 mmol) and 31.1g of
water was charged and once the temperature was stable at 50°C, 1.97g of Epichlorohydrin (21.30 mmol) was charged
to reaction vessel.

S2d) 5.5/5.96 RF -PEI L423 HACH-N X32650-77

[0234] The reaction was carried out in a manner similar to that of S1a except 10.16g of S2 (3.05 mmol) and 30.42g
of water was charged and once the temperature was stable at 50°C, 2.88g of Epichlorohydrin (31.00 mmol) was
charged to reaction vessel.

S2e) 5.5/4.75 RF -PEI L423 HACH-N X32650-87

[0235] The reaction was carried out in a manner similar to that of S1a except 10g of S2 (3.01 mmol) and 30g of water
was charged and once the temperature was stable at 50°C, 1.32g of Epichlorohydrin (14.3 mmol) was charged to
reaction vessel.

S3) 7.46 RF -PEI-L423 X-32650-87

[0236] The reaction was carried out in a manner similar to that of S1 except 4.3g of PEI-L423 (10.17 mmol) was then
charged, and the reaction was held for 1 hr.

S3a) 7.46/8.08 RF -PEI L423 HACH-N X32650-80

[0237] The reaction was carried out in a manner similar to that of S1a except 10g of S3 (2.3 mmol) and 30g of water
was charged and once the temperature was stable at 50°C, 1.72g of Epichlorohydrin (18.5 mmol) was charged to
reaction vessel.

S3b) 7.46/9.59 RF -PEI L423 HACH-N X32650-81

[0238] The reaction was carried out in a manner similar to that of S1a except 10g of S3 (2.3 mmol) and 30g of water
was charged and once the temperature was stable at 50°C, 2.04g of Epichlorohydrin (22.0 mmol) was charged to
reaction vessel.

S3c) 7.46/13.87 RF -PEI L423 HACH-N X32650-82

[0239] The reaction was carried out in a manner similar to that of S1a except 10g of S3 (2.3 mmol) and 30g of water
was charged and once the temperature was stable at 50°C, 2.95g Epichlorohydrin (31.8 mmol) was charged to reaction
vessel.
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T1a) General Synthesis Procedure for Table XV (A):

[0240] Triethylenetetraamine (TETA) is charged to a nitrogen-blanketed 1-Liter resin kettle, equipped with overhead
stirrer, reflux condenser, and nitrogen inlet tube and heated to 80C, 130, or 147 C. 0.4375 to 1.0 molar equivalents of
the fluorinated epoxide of choice based on TETA molar equivalents of amine atoms, is added to the resin kettle over a
period of 50 minutes while the mixture is stirred. The temperature of the reaction is controlled utilizing an oil or water-
circulating bath. The reaction is held at the designated temperature for two hours after the addition of the epoxide is
complete. Enough hot water is then added below the surface of the reaction mixture with mixing to result in a 30% solids
dispersion. The dispersion is heated to 80 C to 95 C for 5-15 minutes (until a homogeneous dispersion is obtained). The
dispersion is then cooled to 50 C and 0.5625 molar equivalents of epichlorohydrin per TETA amine atom is added below
the surface of the reaction mixture over a period of 30 minutes. The mixture is mixed for a period of 120 minutes, after
the epi addition is complete. At the end of the 120 minutes, the temperature of the mixture is increased to 80 C and held
for 120 minutes. Enough hot dilution water is then added below the surface of the mixture (with mixing), to result in a
17.5% solids dispersion.

Preparation of fluoroalkyl-hydroxy-amine-azetidinium polymers of varying azetidinium content Table 17 ex-
amples

U1a)

[0241] 2.25 molar equivalents of epichlorohydrin was reacted with the fluorinatedepoxide/TETA reaction product de-
scribed in example E2(b2) in an identical fashion as example E2(b2). Carbon NMR of the resulting product clearly
showed the presence of 3-hydroxy-azetidinium functionality as demonstrated by peaks occurring between 70-75 ppm.

U2a)

[0242] The pH of a portion of the resulting product was increased to 11 with sodium hydroxide and was stirred overnight
at 40 C. Carbon NMR showed that the peaks between 70-75 ppm were gone demonstrating that the 3-hydroxy-azetidinium
functionality was no longer present. SEC analysis indicated that the molecular weight had remained constant demon-
strating that the base had not impacted the polymer cross-links.

U3a)

[0243] 2.25 molar equivalents of epichlorohydrin was reacted with the fluorinated TETA material described in example
X, but the reaction was run at 22 C and five percent concentration in water over a period of 10 days. Carbon NMR
showed the absence of peaks between 70-75 ppm demonstrating that no 3-hydroxy-azetidinium functionality had been
generated. GC analysis of the same demonstrated that the epichlorohydrin had been consumed by the fluorinated amine.

Table II SPECIFIC EXAMPLES OF PREPARATIONS OF FLUOROALKYL-HYDROXY-POLYAMINE-3-
HYDROXYAZETIDINIUM POLYMERS:

Chemical abbreviations used in Table II and Specific Synthetic Examples
CH2CHlCH2OCH2
Aldrich C6 Epoxide C6
Aldrich C8 Epoxide C8
Aldrich C10 Epoxide C10
Aldrich C12 Epoxide C12
Zonyl® TELA-N N
Foralkyl I10N I10N
Foralkyl I8N 18N
Zonyl® TE TE
Zonyl® TELA A
Zonyl® TELA-L L
Polyethyleneimine PEI
Alylglycidylether AGE
Diethylene Triamine DETA
Tetraethylenetetramine TETA
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[0244] Table II lists various compositions that were made to test and develop this invention. The Table entries are
indexed with the same labeling scheme as the synthetic examples which were described above. Those designated with
SS means that the exact synthetic description is not in the synthetic examples above, but the material was made with
minor changes to the mole ratios or other reaction conditions. Unless noted the letter references refer back to Structure
III. The headings on the column are:

Example: This index refers to examples described in the synthetic examples

RF Equiv: This indicates the number of moles of RF groups per monomer or polyamine unit. This is also the number
of J groups. The number of moles of RF groups per monomer unit is also designated as "r".

Epi Equiv: This indicates the number of moles relative to the polyamine.

n: Number of CH2 groups between the amine nitrogens

m: number of repeating amine groups in Structure I; the total number of amines will be m + 1.

RF type: The type of fluorochemical group. In the preferred reaction scheme it is the RF substituent on the fluorinated
epoxide.

A: The group in J, Structure III.

p: The number of A groups in J, Structure III.

r/N: Ratio of r groups to the total number of nitrogen atoms in the polyamine

epi/N: Ratio of epi groups to the total number of nitrogen

(continued)
Chemical abbreviations used in Table II and Specific Synthetic Examples
Allyl Alcohol AA
Hydroxyaminochlorohydrin or perfluoro(hydroxyl)alkyl, 
alkylamino halohydrin

HACH

Perfluorinated alkyl or fluorinated organic Rf
Poly amine, PEI with Linear chain with 423 Mw ave L423
CH2OCH2CHICH2 and CH2OCH2C=CH2 ALT1
Chemical group between RF and epoxide on Rf-epoxide 
after condensation with polyamine

A, shown in Structure III

Table II Synthetic Examples, Composition and Comments Keyed to Synthetic Examples Section

Example
RF 

Equiv.
Epi 

Equiv.
N m RF type A p r/N epi/N Notes

A1 1.75 0 2 3 C6 CH2 1 0.44 0.00

1.75 RF -EPOXIDE-
C6 to 
Triethylenetetramine 
(TETA), Rxn at 80°C

A1a 1.75 2.2 2 3 C6 CH2 1 0.44 0.55
1.75/2.2 RF-TETA-
C6 Chlorohydrin

B1 1.75 0 2 3 C8 CH2 1 0.44 0.00
1.75 RF -EPOXIDE-
C8 to TETA, RXN at 
80°C

B1a 1.75 2.25 2 3 C8 CH2 1 0.44 0.56
1.75/2.25 RF -TETA-
C8 Chlorohydrin
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(continued)

Example
RF 

Equiv.
Epi 

Equiv.
N m RF type A p r/N epi/N Notes

C1 0 0 2 3 C10 CH2 1 0.00 0.00
RF -EPOXIDE-C10 to 
TETA, RXN at 80°C

C1a 2.12 2.69 2 3 C10 CH2 1 0.53 0.67
1.75/2.25 RF -TETA-
C10 Chlorohydrin

D 0 0 2 3 C12 CH2 1 0.00 0.00
RF -TETA C12, RXN 
at 100°C

D1 1.75 0 2 3 C12 CH2 1 0.44 0.00
1.75 RF-EPOXIDE-
C12 to TETA

D1a 1.75 2.25 2 3 C12 CH2 1 0.44 0.56
1.75/2.25 RF-TETA-
C12 Chlorohydrin

E1 1.5 0 2 3 N CH2 1 0.38 0.00
1.5 RF -TETA-N, 
RXN at 100°C

E1a 1.5 1.75 2 3 N CH2 1 0.38 0.44
1.5/1.75 
Chlorohydrin

E1b 1.5 2.25 2 3 N CH2 1 0.38 0.56
1.5/2.25 
Chlorohydrin

E1c 1.5 3.78 2 3 N CH2 1 0.38 0.95
1.5/3.78 
Chlorohydrin

E2 1.75 0 2 3 N CH2 1 0.44 0.00
1.75 RF -TETA-N, 
RXN at 80°C

E2a 1.75 1.75 2 3 N CH2 1 0.44 0.44
1.75/1.75 
Chlorohydrin

E2b 1.75 2.25 2 3 N CH2 1 0.44 0.56
1.75/2.25 
Chlorohydrin

E2c 1.75 3.25 2 3 N CH2 1 0.44 0.81
1.75/3.25 
Chlorohydrin

E2d 1.75 4.25 2 3 N CH2 1 0.44 1.06
1.75/4.25 
Chlorohydrin

E3 2.5 0 2 3 N CH2 1 0.63 0.00
2.5 RF -TETA-N, 
RXN at 80°C

E3a 2.5 2.48 2 3 N CH2 1 0.63 0.62
2.5/2.48 
Chlorohydrin

E3b 2.5 3.58 2 3 N CH2 1 0.63 0.90
2.5/3.58 
Chlorohydrin

E3c 2.5 4.67 2 3 N CH2 1 0.63 1.17
2.5/4.67 
Chlorohydrin

E3d 2.5 5 2 3 N CH2 1 0.63 1.25 2.5/5.0 Chlorohydrin

E4 3 0 2 3 N CH2 1 0.75 0.00
3.0 RF -TETA-N, 
RXN at 80°C

E4a 3 2.25 2 3 N CH2 1 0.75 0.56
3.0/2.25 
Chlorohydrin

E4b 3 3.25 2 3 N CH2 1 0.75 0.81
3.0/3.25 
Chlorohydrin
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(continued)

Example
RF 

Equiv.
Epi 

Equiv.
N m RF type A p r/N epi/N Notes

E4c 3 4.25 2 3 N CH2 1 0.75 1.06
3.0/4.25 
Chlorohydrin

F 0 0 2 3 I10N CH2 1 0.00 0.00
RF-TETA-Foralkyl 
I10N, RXN at 80°C

F1 1.75 0 2 3 I10N CH2 1 0.44 0.00
1.75 RF -EPOXIDE-
Foralkyl I10N to 
TETA

F1a 1.75 2.2 2 3 I10N CH2 1 0.44 0.55
1.75/2.2 RF -TETA- 
Foralkyl I10N 
Chlorohydrin

G 0 0 2 3 8N CH2 1 0.00 0.00
Foralkyl 8N TETA, 
RXN at 80°C

G1 0 0 2 3 8N CH2 1 0.00 0.00
1.75-RF -EPOXIDE-
Foralkyl I8N to TETA

G1a 1.75 2.2 2 3 I8N CH2 1 0.44 0.55
1.75/2.2 RF -TETA- 
Foralkyl 18N 
Chlorohydrin

H1 1.75 0 2 2 N CH2 1 0.58 0.00
1.75 RF-EPOXIDE-N 
to Diethylenetriamine 
DETA

H1a 1.75 1 2 2 N CH2 1 0.58 0.33 1.75/1.0 RF-HACH-N

H1b 1.75 1.99 2 2 N CH2 1 0.58 0.66
1.75/1.99 RF-HACH-
N

H1c 1.75 2.25 2 2 N CH2 1 0.58 0.75
1.75/2.25 RF -HACH-
N

H1d 1.75 3.1 2 2 N CH2 1 0.58 1.03
1.75/3.10 RF -HACH-
N

H1e 1.75 3.25 2 2 N CH2 1 0.58 1.08
1.75/3.25 RF-HACH-
N

H1f 1.75 3.4 2 2 N CH2 1 0.58 1.13 1.75/3.4 RF-HACH-N

H1g 1.75 3.75 2 2 N CH2 1 0.58 1.25
1.75/3.75 RF -HACH-
N

H1h 1.75 5 2 2 N CH2 1 0.58 1.67 1.75/5.0 RF-HACH-N

H2 1.85 0 2 2 N CH2 1 0.62 0.00
1.85 RF -DETA-N, 
RXN at 80°C

H2a 1.85 3.25 2 2 N CH2 1 0.62 1.08
1.85/3.25 RF-DETA-
N Chlorohydrin

H2c 1.85 3.4 2 2 N CH2 1 0.62 1.13
1.85/3.4 RF-DETA-N 
Chlorohydrin

H3 2 0 2 2 N CH2 1 0.67 0.00
2.0/1.0 RF -DETA-N 
Chlorohydrin, Rxn at 
80°C

H3a 2 1 2 2 N CH2 1 0.67 0.33
2.0/1.0 RF -DETA-N 
Chlorohydrin
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(continued)

Example
RF 

Equiv.
Epi 

Equiv.
N m RF type A p r/N epi/N Notes

H3b 2 2.85 2 2 N CH2 1 0.67 0.95
2.0/2.85 RF -DETA-N 
Chlorohydrin

H3c 2 3.1 2 2 N CH2 1 0.67 1.03
2.0/3.1 RF -DETA-N 
Chlorohydrin

H3d 2 3.25 2 2 N CH2 1 0.67 1.08
2.0/3.25 RF -DETA-N 
Chlorohydrin

H3e 2 3.4 2 2 N CH2 1 0.67 1.13
2.0/3.4 RF DETA-N 
Chlorohydrin

H3f 2 3.75 2 2 N CH2 1 0.67 1.25
2.0/3.75 RF -DETA-N 
Chlorohydrin

H3g 2 5 2 2 N CH2 1 0.67 1.67
2.0/5.0 RF -DETA-N 
Chlorohydrin

H3h 2 6.32 2 2 N CH2 1 0.67 2.11
2.0/6.32 RF -DETA-N 
Chlorohydrin

H4 2.25 0 2 2 N CH2 1 0.75 0.00
2.0/1.0 R -DETA-N 
Chlorohydrin, Rxn at 
80°C

H4a 2.25 1 2 2 N CH2 1 0.75 0.33
2.25/1.0 RF-DETA-N 
Chlorohydrin

H4b 2.25 3.25 2 2 N CH2 1 0.75 1.08
2.25/3.25 RF -DETA-
N Chlorohydrin

H4c 2.25 3.75 2 2 N CH2 1 0.75 1.25
2.25/3.75 RF -DETA-
N Chlorohydrin

H4d 2.25 5 2 2 N CH2 1 0.75 1.67
2.25/5.0 RF -DETA-N 
Chlorohydrin

H4e 2.25 7.93 2 2 N CH2 1 0.75 2.64
2.25/7.93 RF -DETA-
N Chlorohydrin

H5 2.5 0 2 2 N CH2 1 0.83 0.00
2.5/1.0 R -DETA-N 
Chlorohydrin, Rxn at 
80°C

H5a 2.5 1 2 2 N CH2 1 0.83 0.33
2.5/1.0 RF -DETA-N 
Chlorohydrin

H5b 2.5 3.25 2 2 N CH2 1 0.83 1.08
2.5/3.25 RF-DETA-N 
Chlorohydrin

H5c 2.5 3.75 2 2 N CH2 1 0.83 1.25
2.5/3.75 RF -DETA-N 
Chlorohydrin

H5d 2.5 6.16 2 2 N CH2 1 0.83 2.05
2.5/6.16 RF -DETA-N 
Chlorohydrin

I1 1.5 0 2 2 A CH2 1 0.50 0.00
1.5 RF -DETA-TELA, 
RXN at 80°C

I1a 1.5 1.5 2 2 A CH2 1 0.50 0.50 1.5/1.5 RF -HACH

I1b 1.5 2.5 2 2 A CH2 1 0.50 0.83 1.5/2.5 RF - HACH

I1c 1.5 5 2 2 A CH2 1 0.50 1.67 1.5/5.0 RF - HACH



EP 1 495 186 B1

41

5

10

15

20

25

30

35

40

45

50

55

(continued)

Example
RF 

Equiv.
Epi 

Equiv.
N m RF type A p r/N epi/N Notes

I2 2 0 2 2 A CH2 1 0.67 0.00
2. RF-DETA -TELA, 
RXN at 80°C

I2b 2 0.5 2 2 A CH2 1 0.67 0.17 2.0/0.5 RF-AA/DETA

I2c 2 0.75 2 2 A CH2 1 0.67 0.25
2.0-0.75 RF-AA/
DETA

I2d 2 0.91 2 2 A CH2 1 0.67 0.30 2/0.91 RF - AA/DETA

I2e 2 1.37 2 2 A CH2 1 0.67 0.46 2/1.37 RF - AA/DETA

I2f 2 1.5 2 2 A CH2 1 0.67 0.50
2.0/1.5 RF -HACH 1 
@50 2@80

I2g 2 1.5 2 2 A CH2 1 0.67 0.50
2/1.5 RF -HACH 1 
@50 1@80

I2h 2 1.5 2 2 A CH2 1 0.67 0.50
2/1.5 RF - AA/DETA 
1@50

I2i 2 2.28 2 2 A CH2 1 0.67 0.76
2/2.28 AA/DETA 
Chlorohydrin

I2j 2 5 2 2 A CH2 1 0.67 1.67 2.0/5.0 RF - HACH

I3 2.5 0 2 2 A CH2 1 0.83 0.00
2.5 RF -DETA-TELA, 
RXN at 80°C

I3a 2.5 1.5 2 2 A CH2 1 0.83 0.50

2.5/1.5 RF -HACH 
see specific example 
description for rxn 
conditions

I3c 2.5 1.5 2 2 A CH2 1 0.83 0.50

2.5/1.5 RF-HACH 
2.5/1.5 RF-HACH see 
specific example RF-
HACH see specific 
description for rxn 
conditions

I3d 2.5 3 2 2 A CH2 1 0.83 1.00 2.5/3.0 RF -HACH

I3e 2.5 3 2 2 A CH2 1 0.83 1.00 2.5/3.0 RF -HACH

I3f 2.5 3 2 2 A CH2 1 0.83 1.00 2.5/3.0 RF -HACH

I3g 2.5 3 2 2 A CH2 1 0.83 1.00
2.5/3.0 RF -HACH 
(condition 1/0.5)

I3h 2.5 3 2 2 A CH2 1 0.83 1.00
2.5/3.0 RF -HACH 
(1@50°C /2@80°C)

I3i 2.5 5 2 2 A CH2 1 0.83 1.67
2.5/5.0 RF -HACH (1 
hr @ 50°C)

I3j 2.5 5 2 2 A CH2 1 0.83 1.67
2.5/5.0 RF -HACH 
(1hr @ 50°C, 0.5hr @ 
80°C)

I3k 2.5 5 2 2 A CH2 1 0.83 1.67
2.5/5.0 RF -HACH (1 
hr @ 50°C, 2.0hr @ 
80°C)
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(continued)

Example
RF 

Equiv.
Epi 

Equiv.
N m RF type A p r/N epi/N Notes

J1 2 0 2 2 L CH2 1 0.67 0.00
2.0 RF -AA-L/DETA, 
RXN at 80°C

J1a 2 0.5 2 2 L CH2 1 0.67 0.17
2.0/0.5 RF -AA-L/
DETA

J1b 2 0.91 2 2 L CH2 1 0.67 0.30
2/0.91 RF -AA-L/
DETA

J1c 2 1.36 2 2 L CH2 1 0.67 0.45
2/1.36 RF -AA-L/
DETA

K 0 0 2 2 TE CH2 1 0.00 0.00
RF -DETA-Zonyl TE, 
RXN at 80°C

K1 2 0 2 2 TE CH2 1 0.67 0.00
2.0 Zonyl TE / DETA, 
RXN at 80°C

K1a 2 0.25 2 2 TE CH2 1 0.67 0.08
2.0/0.25 Zonyl TE/
DETA

K1b 2 0.5 2 2 TE CH2 1 0.67 0.17
2.0/0.5 Zonyl TE/
DETA

K1c 2 0.75 2 2 TE CH2 1 0.67 0.25
2.0/0.75 Zonyl TE/
DETA

K1d 2 0.75 2 2 TE CH2 1 0.67 0.25
2.0/0.75 Zonyl TE/
DETA

K1e 2 0.91 2 2 TE CH2 1 0.67 0.30
2.0/0.91 Zonyl TE / 
DETA

K1g 2 1 2 2 TE CH2 1 0.67 0.33
2.0/1.0 Zonyl TE/
DETA

K1h 2 1.37 2 2 TE CH2 1 0.67 0.46
2.0/1.37 Zonyl TE/
DETA

K1j 2 7 2 2 TE CH2 1 0.67 2.33
2.0/7.0 Zonyl TE/
DETA

K1k 2 7 2 2 TE CH2 1 0.67 2.33
2.0/7.0 Zonyl TE/
DETA

M 0 0 2 3 TE CH2 1 0.00 0.00
Zonyl TE/TETA 
Material

M1a 2 1 2 3 TE CH2 1 0.50 0.25 2/1 Zonyl TE/TETA

M1b 2 2 2 3 TE CH2 1 0.50 0.50 2/2 Zonyl TE/TETA

M1c 2 7 2 3 TE CH2 1 0.50 1.75 2/7 Zonyl TE/TETA

Q1 2 0 2 2 A ALT1 1 0.67 0.00 2.0 RF -AGE/DETA.

Q1a 2 0.62 2 2 A ALT1 1 0.67 0.21
2.0/0.62 RF-AGE/
DETA

Q1b 2 0.75 2 2 A ALT1 1 0.67 0.25
2.0/0.75 RF-AGE/
DETA

Q1c 2 1.22 2 2 A ALT1 1 0.67 0.41
2.0/1.22 RF-AGE/
DETA
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TESTING OF PAPER AND TEXTILES TREATED WITH perfluoro(hydroxyl)alkyl, alkyl polyamino halohydrin or organo 
sulfonate polymeric composition AND OTHER OIL-WATER SIZING AGENTS

[0245] Except for the tests described below as Table VII all of the paper was treated using a surface application
(external sizing). Standard conditions were used to prepare the sheets unless otherwise noted. Sheets of paper (no
previous surface treatment), cut from rolls of paper prepared on commercial pilot paper machines were used for all
testing unless specified otherwise. Paper strips were passed through a solution with the additives. The solution temper-
ature is about 60° C. Then the paper is immediately dried between the felt and stainless steel of a rotating drum-type
drier at 104°C for 50 seconds. Two-weight percent ethylated starch (Penford 270) was co-applied to the paper samples
from the same aqueous dilutions containing the oil/grease-sizing agents. The amount of chemical additive on the paper
was routinely calculated based on the weight of the aqueous solution/emulsion/dispersion picked up by the paper strip.
The weight of chemical additive on the paper was periodically confirmed by determining the weight percent fluorine
contained in the paper by combusting the paper and analyzing the combustion product by ion chromatography. The oil-
and water-sizing properties of the paper were determined using the test methods described.
[0246] In all of the examples listed below, A, see Structure III is CH2 and the RF-spacer group and is -CH2CH (OH)
CH2- unless otherwise indicated. Unless otherwise specified the conditions for the reaction of the epihalohydrin to the
fluoroalkyl-hydroxyl-polyamine is the two-step reaction of ∼ 2 hours at 50°C followed by ∼ 2 hours at 80°C.
[0247] All water dispersible oil/grease-sizing and water-sizing agents can be described via listing the mole ratios of
the combined fluorochemical and spacer group, the polyamine and the cellulose reactive component. This is expressed
as 1.0/1.0/1.0 if each component is in a 1.0-to-1.0-to-1.0-mole ratio. For simplicity the moles of the polyamine is assigned
a mole ratio value of 1.0. The number of moles per polyamine is at least 3 nitrogens/polyamine. For instance diethylen-

(continued)

Example
RF 

Equiv.
Epi 

Equiv.
N m RF type A p r/N epi/N Notes

S1 4.7 0 2 9.44 N CH2 1 0.45 0.00
4.7 RF -PEI-L423, 
RXN at 80°C

S1a 4.7 5.96 2 9.44 N CH2 1 0.45 0.57
4.7/5.96 RF -PEI 
L423 HACH-N

S1b 4.7 4.75 2 9.44 N CH2 1 0.45 0.45 4.7/4.75 RF -PEI 
L423 HACH-N

S2 5.5 0 2 9.44 N CH2 1 0.53 0.00 5.5 RF -PEI-L423, 
RXN at 80°C

S2a 5.5 10.22 2 9.44 N CH2 1 0.53 0.98 5.5/10.22 RF -PEI 
L423 HACH-N

S2b 5.5 5.96 2 9.44 N CH2 1 0.53 0.57 5.5/5.96 RF -PEI 
L423 HACH-N

S2c 5.5 7.07 2 9.44 N CH2 1 0.53 0.68 5.5/7.07 RF -PEI 
L423 HACH-N

S2d 5.5 5.96 2 9.44 N CH2 1 0.53 0.57 5.5/5.96 RF -PEI 
L423 HACH-N

S2e 5.5 4.75 2 9.44 N CH2 1 0.53 0.45 5.5/4.75 RF -PEI 
L423 HACH-N

S3 7.46 0 2 9.44 N CH2 1 0.71 0.00 7.46 RF -PEI-L423, 
RXN at 80°C

S3a 7.46 8.08 2 9.44 N CH2 1 0.71 0.77 7.46/8.08 RF -PEI 
L423 HACH-N

S3b 7.46 9.59 2 9.44 N CH2 1 0.71 0.92 7.46/9.59 RF -PEI 
L423 HACH-N

S3c 7.46 13.87 2 9.44 N CH2 1 0.71 1.33 7.46113.87 RF -PEI 
L423 HACH-N



EP 1 495 186 B1

44

5

10

15

20

25

30

35

40

45

50

55

etriamine has 3 nitrogen atoms/mole of polyamine and tetraethylenetriamine has 4 nitrogens atoms/mole of polyamine.
[0248] For each of the tested papers the method of synthesizing the agent is listed and refers to the synthetic examples
listed above. The synthetic example compositions are also listed in Table II. If the synthetic example is not explictly listed
above, a reference is given to a similar synthetic example. The agent tested could be made by the similar synthetic
example by adjustment of the move ratios to obtain the listed composition. The similar synthetic experiment will be listed
as the example number followed by a "ss" to indicate a Similar Synthetic example is used.
[0249] In most tests conducted comparison tests were done with starch only or commercially available oil-sizing
compounds. The compounds tested were 3M’s Scotchban® FC845 and Ciba’s Lodyne® ® PS14, and/or P208E. In the
tables these are not explicitly labeled as comparisons to the invention, but are intended to be comparative examples.
[0250] The tests used to evaluate paper and textile performance were 1. Kit Test, 2. Boiling Boat Test, 3. Hot Oil Test
(Oleic Acid Float), 4. RP2 Test, 5. Molded Board Oil Size Test, 6. Hercules Size Test, 7. Molded Board Water Sizing
Test, and 8 Soil Release Testing.

Different papers tested.

[0251] A broad spectrum of papers were used to test the water-dispersible oil/grease-sizing and water-sizing agent.
The base sheet characterization is listed in Table II. As a control, papers treated with only starch were tested using the
Hot Oil/Grease Test 2: Pet Food and Hot Oil/Grease Test 1: Oleic Boat and the Kit Test. Aqueous sizing was tested
using the Hercules Size Test. Note that the papers tested for oil- and water sizing with starch treatment only, have
virtually no oil/grease- or water sizing.
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TABLE III

Paper Description

Commercial 
Mill Paper

Base Sheet Characterization Treated with Penford 270 
Starch Only (2 wt% pick up)

Wet 
Wt. 
Pick 
Up 

(Wt%)

Basis 
Wt 

g/m2

Hot 
Extract 

pH

Wt% 
Ash

Gurley 
Porosity 

(sec/
100 ml)

Caliper 
(mills)

Formation 
(Ambertec 

Beta, v 
g/m)

Furnish 
Ratio of 

Bleached 
Hardwood/
Softwood

Previous 
Size Press 
Treatment

Other Aggressiv
e Pet Food 

Test (% 
Stain)

Kit # HST 
(80% 
refl., 

#2 ink)

A 67 57 7.1 1.0 15 2.9 0.49 70/30 None 100 0 0

B 53 57 7.1 2.0 34 3.3 0.53 73/27 None 100 0 0

C 53 50 8.2 11 25 2.5 0.55 81/19 None 100 0 0

D 45 57 6.2 0 34 3.2 0.53 73/27 None 100 0 0

T 29 70 9.0 8 20 3.7 0.53 85/15 None 100 0 86

U 41 42 6.2 1.0 42 2.2 0.57 74/26 None 100 0 2

Pilot Machine Paper

E 72 60 6.0 0 20 4.4 0.66 70/30 None 100 ppm 
Hardness

100 0 0

F 81 59 6.3 4.0 15 4.5 0.64 70/30 None 100 0 0

G 84 59 6.5 8.0 13 4.6 0.63 50/50 None 100 0 0

H 72 60 6.9 0 14 4.5 0.71 50/50 None 0.25% 
Papermaker’s 

Alum

100 0 0

I 72 60 6.6 0 12 4.6 0.71 50/50 None 0.50% 
Papermaker’s 

Alum

100 0 0

J 71 60 6.7 0 12 4.5 0.70 50/50 None 0.75% 
Papermaker’s 

Alum

100 0 0
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(continued)

Paper Description

Commercial 
Mill Paper

Base Sheet Characterization Treated with Penford 270 
Starch Only (2 wt% pick up)

Wet 
Wt. 
Pick 
Up 

(Wt%)

Basis 
Wt 

g/m2

Hot 
Extract 

pH

Wt% 
Ash

Gurley 
Porosity 

(sec/
100 ml)

Caliper 
(mills)

Formation 
(Ambertec 

Beta, v 
g/m)

Furnish 
Ratio of 

Bleached 
Hardwood/
Softwood

Previous 
Size Press 
Treatment

Other Aggressiv
e Pet Food 

Test (% 
Stain)

Kit # HST 
(80% 
refl., 

#2 ink)

K 68 60 6.2 0 18 4.4 0.61 50/50 None <10 ppm 
Hardness

100 0 0

L 72 57 0 23 4.4 0.61 50/50 None 100 ppm 
Hardness

100 0 0

M 69 59 6.5 0 18 4.4 0.64 50/50 None 350 ppm 
Hardness

100 0 0

N 71 60 6.2 0 22 4.5 0.61 50/50 None <10 ppm 
alkalinity

100 0 0

O 72 60 6.7 0 22 4.5 0.68 50/50 None 300 ppm 
alkalinity

100 0 0

P 68 60 5.8 0 22 4.6 0.67 50/50 None pH 4.5 100 0 0

Q 72 60 6.3 0 21 4.4 0.68 50/50 None pH 9.0 100 0 0

R 69 59 6.1 0 26 4.3 0.69 50/50 None 100 0 0

S 75 55 6.6 0 7 4.4 0.62 50/50 None 100 0 0

V 280 456 
g/m2

73/27 None Molded Board NA NA NA
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(continued)

Paper Description

Commercial 
Mill Paper

Base Sheet Characterization Treated with Penford 270 
Starch Only (2 wt% pick up)

Wet 
Wt. 
Pick 
Up 

(Wt%)

Basis 
Wt 

g/m2

Hot 
Extract 

pH

Wt% 
Ash

Gurley 
Porosity 

(sec/
100 ml)

Caliper 
(mills)

Formation 
(Ambertec 

Beta, v 
g/m)

Furnish 
Ratio of 

Bleached 
Hardwood/
Softwood

Previous 
Size Press 
Treatment

Other Aggressiv
e Pet Food 

Test (% 
Stain)

Kit # HST 
(80% 
refl., 

#2 ink)

X NA 65 Mfg at 
7.2

0 400 CSF, 
90/10 

Bleached 
Kraft 

hardwood/
softwood

NA 0.5 wt % Sta-
Lok® 400 
Cationic 

Starch, 0.01 % 
Cationic 

polyacrylamide 
retention aid

0

NA = Not applicable test for molded board.
Tests on diverse selection of paper types



EP 1 495 186 B1

48

5

10

15

20

25

30

35

40

45

50

55

[0252] The water dispersible oil/grease-sizing and water-sizing agent was tested with a diverse selection of paper
types which are derived from different paper preparation conditions. Standard paper prepared on pilot paper machines
utilized 100 ppm hardness water (CaCl2); 50 ppm alkalinity (NaHCO3 ); papermaking pH of 7.2 and no fillers. The tests
of the sizing agents are by the hot oil- Test 2 and the Kit Test. In each case a single type of sizing agent was used. The
polymer formulation used TELA-N as the fluorochemical source and TETA as the polyamine and the Rf /amine/epi mole
ratio was 1.75/1.0/2.25. The polymer agent was made by the process described in Synthetic Example E2b. Scotchban®
FC845 was also used as a comparative example in each paper type. The "Starch Only" entry shows the results of paper
testing with no oil/grease- or water-sizing agent added. Items in parenthesis ( ) after each paper type in Table IV refer
to variations in the paper preparation conditions that are different than the standard condition described above.

TABLE IV: TEST OF OIL- SIZING WITH DIVERSE SELECTION OF PAPER TYPES

Oil- Sizing Results

Hot Oil- Test 2: Pet Food (% Stain, ave. of 3) Kit Test (ave. of 5)

Oil- Size (Mole Ratio) RF/
polyamine/Epi

0.125 0.150 0.175 0.125 0.150 0.175

Paper: E (No Filler)

Starch Only 99 0

Scotchban® FC845 100 100 100 4- 5 6

1.75/1.0/2.25 68 2 0 6- 7+ 9+

Paper: F (5% Precipitated Calcium Carbonate)

Starch Only 99 0

Scotchban® FC845 100 100 100 4- 5 6

1.75/1.0/2.25 65 9 0 5- 6 7-

Paper: G (10% Precipitated Calcium Carbonate)

Starch Only 99 0

Scotchban® FC845 100 98 92 2+ 3 4

1.75/1.0/2.25 61 20 3 4- 5 6-

Paper: H (0.25% Alum)

Starch Only 99 0

Scotchban® FC845 100 93 11 5 5+ 6

1.75/1.0/2.25 17 3 0 6- 8- 10-

Paper: I (0.50% Alum)

Starch Only 99 0

Scotchban® FC845 100 92 0 4- 5 5+

1.75/1.0/2.25 10 0 0 5+ 7+ 9

Paper: J (0.75% Alum)

Starch Only 99 0

Scotchban® FC845 100 74 2 7 5- 6

1.75/1.0/2.25 52 3 0 5+ 8- 9+

Paper: K (<10 ppm Hardness)

Starch Only 99 0

Scotchban® FC845 100 100 76 5 6- 7-

1.75/1.0/2.25 23 0 0 6 8+ 10-
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These tests demonstrate that a wide variety of papers treated with water dispersible oil/grease- sizing and water-sizing
agent have much improved oil/grease sizing. The agents of the invention permit broad ranges of paper types which are
based on variation of the inorganic fillers, alum, water hardness, alkalinity, pH and porosity.

Preparation of treated paper with different size press and drying conditions.

[0253] The water dispersible oil/grease-sizing and water-sizing agent is effective over a wide range of size press

(continued)

Oil- Size (Mole Ratio) RF/
polyamine/Epi

0.125 0.150 0.175 0.125 0.150 0.175

Paper: L (100 ppm Hardness)

Starch Only 99 0

Scotchban® FC845 100 100 99 4+ 5+ 6+

1.75/1.0/2.25 29 2 0 7- 9- 10

Paper: M (350 ppm Hardness)

Starch Only 99 0

Scotchban® FC845 100 93 0 5+ 6+ 7

1.75/1.0/2.25 25 0 0 6 9 9+

Paper: N (<10 ppm alkalinity)

Starch Only 99 0

Scotchban® FC845 100 100 36 100 5- 5+ 6

1.75/1.0/2.25 73 1 6+ 8- 10-

Paper: O (300 ppm alkalinity)

Starch Only 99 0

Scotchban® FC845 100 100 100 4 5- 6

1.75/1.0/2.25 83 31 0 6 8- 10-

Paper: P (pH4.5)

Starch Only 99 0

Scotchban® FC845 100 100 95 5 6- 9+

1.75/1.0/2.25 2 1 0 9 12 13

Paper: Q (pH 9.0)

Starch Only 99 0

Scotchban® FC845 100 100 100 4 5- 6

1.75/1.0/2.25 93 8 2 7 10 10

Paper: R (29 Gurley Porosity)

Starch Only 99 0

Scotchban® FC845 1.75/1.0/2.25 100 100 1 5- 5- 7-

70 19 2 7 10 11-

Paper: S (8 Gurley Porosity)

Starch Only 99 0

Scotchban® FC845 100 100 100 4 5 6

1.75/1.0/2.25 98 88 4 7 8- 11
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papermaking conditions. Four different synthetic formulations of the invention were used and are indicated in Table V.
In each case the polyamine used was DETA. The 1.85/1.0/3.4 agent was prepared by process described in Synthetic
Example H2c. The 1.75/1.0/3.25 was prepared by process described in Synthetic Example H1e. The 2.0/1.0/5.0 was
prepared by process described in Synthetic Example I2j. The 2.0/1.0/3.25 was prepared by process described in Synthetic
Example H3d. Poly vinyl alcohol is abbreviated PVA. PVA amd was obtained from Air Products as Airvol(R) 203 Air
Products and Chemicals, Inc., Allentown, PA 18195. The Cationic Starch used was Cargil Charge +39, Cargill, Cedar
Rapids, IA 52406

TABLE V: TESTS OVER WIDE RANGE OF SIZE PRESS PAPERMAKING CONDITIONS

Oil- Sizing Results

Hot Oil- Test 2: Pet Food (% Stain ave. of 
3)

Kit Test (ave. of 5)

Oil-Size 
(Mole Ratio) 
RF/
polyamine 
/Epi

Synthetic 
Example 

No.

Size Press 
Condition 
Variation 

from 
Standard

Addition Level (% wt size / wt dry fiber)

0.250 0.325 0.400 0.250 0.325 0.400

Paper A

Starch Only 100 0

1.85/1.0/3.4 H2c Standard 0 0 11- 13-

1.85/1.0/3.4 H2c 1-min Hold 
Time

0 0 11- 13-

1.85/1.0/3.4 H2c 300-min 
Hold Time

1 0 10 12

1.85/1.03.4 H2c 2% PVA, 
no 
Ethylated 
Starch

0 1 11 12

1.85/1.0/3.4 H2c 50C 1 0 10 13-

1.85/1.0/3.4 H2c 75C 0 0 11 13

1.75/1/3.25 H1e 250ppm 
hardness

2 0 11- 13

1.75/1/3.25 H1e 2% 
Cationic 
Starch, no 
Ethylated 
Starch N

1 0 11- 13

Lodyne® 
P208E

Standard
0 12

Lodyne® 
P208E

2 % PVA, 
no 
ethylated 
stardh

100 5+

250 ppm 
Hardness 
(CaCl2)

85 10

Paper: B

2.0/1.0/3.25 H3d PH 7.5 2 1 8 9+ 10-

2.0/1.0/3.25 H3d PH 5.5 5 1 9- 9 10
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The water dispersible oil/grease-sizing and water-sizing agent can effectively be used under a variety of size press
papermaking conditions including varied solution temperatures, solution hardness, solution alkalinity, solutionpH, paper
drying temperature and time and carrier (starch type and PVA). At higher addition levels the agent are more effective.
When compared to Lodyne® P208E, the oil/grease- and water-sizing agent of this invention gives better hot oil- sizing
when tested with 2 % PVA (no ethylated starch) and at 250 ppm hardness. These comparisons are based on the Hot
Oil- Test 2, the pet food test which measures the % stain and the Kit Test. Using the Hot Oil- Test 1, the oleic acid boat
test, the agent of this invention outperforms the Scotchban® treated paper. In Hot Oil- Test 1 the time in seconds to
observe 100 % stain is reported.

The agent of this invention is effective at various addition rates.

[0254] The water dispersible oil/grease-sizing and water-sizing agent’s effectiveness increases with higher addition
rates as measured by the Hot Oil-Test 2: Pet Food and the Kit Test. The material has a 1.75/1/2.25 ratio and was made
by process similar to Synthetic Example E2b.

(continued)

Hot Oil- Test 1: 75°C Oleic 
Boat (sec to 100% Stain, 

Ave. of 3)
Kit # (ave. of 5) HST Test (ave. of 3)

0.2% Additional Level (% wt size /wt dry fiber)

Starch Only 0 0 0

Scotchban® 
FC845

Drum Dry 
65 C, 17 
sec

11 3+ 2

Scotchban® 
FC845

Drum Dry 
105 C, 50 
sec

31 6+ 136

2.0/1.0/5.0 I2j Drum Dry 
65 C, 
17sec

600+ 6+ 328

2.0/1.0/5.0 I2j Drum Dry 
105 C, 50 
sec

600+ 7 432

2.0/1.0/5.0 I2j 250 ppm 
Hardness 
(CaCl2)

600+ 5+ 307

2.0/1.0/5.0 I2j 250ppm 
Alkalinity 
(NaHCO3)

600+ 6- 373
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TABLE VI: EFFECTIVENESS INCREASES WITH INCREASED ADDITION RATE

Oil-Sizing Results

Hot Oil-Test 2: Pet Food (% Stain, ave. of 3) Kit Test (ave. of 5)

Oil- Size (Mole Ratio TELA-N/TETA/Epi) Addition Level (% wt size / wt dry fiber)

0.150 10.175 10.20 0.25 0.30 0.35 0.40 0.15 0.175 0.20 0.25 0.30 0.35 0.40

Paper: E (Pet food batch A)

Starch Only 100 0

1.75/1.0/2.25 21 1 0 0 0 0 0 8+ 10 11 12 13 14 15
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The 0.15 % size/dry fiber (wt/wt) produces good results. Above 0.20 % the sizing is even more effective. Above 0.20%
the hot oil- test does not differentiate among the papers with more oil/grease- and water-sizing agent, since the test
results are all as good as the test can measure. For the Kit Test improvement is proportional to the amount of agent added.

The agent can be added internally to the pulp.

[0255] The water dispersible oil/grease-sizing and water-sizing agent can be used by adding it internally to the paper
machine. The polymer of the invention used in the test shown in Table VII had a Rf/amine/epi mole ratio of 1.75/1.0/2.25.
TELA N is the fluorocarbon source, TETA the polyamine and its synthesis is described in Synthetic Example E2b. The
2.00/1.0/0.75 compound had TELA as the fluorocarbon source, DETA as the polyamine and its synthesis is described
in Synthetic Example I2c.
[0256] INTERNAL ADDITION METHOD: Chemical additives, including fluoroalkyl-hydroxyl-alkylpolyamine.-3-hy-
droxyazetidinium polymers or , were added to the furnish while 65 g/m2 basis weight paper was being made using a
pilot Fourdrinier papermachine. The type of furnish, chemical additives, and addition points are listed with each example
described below. All chemical additions are expressed as a weight percent of the dry weight of furnish. The sizing
property of the paper was determined using the test methods described.

The agent is effective when it is added internally.

The agent performs well at high oil- and high water temperatures; agent incorporation in the paper.

[0257] The water dispersible oil/grease-sizing and water-sizing agent performance was measured using hot oil- and
hot water and ambient water sizing tests. Different oil- sizing tests were done at 70 and 75°C. For water sizing the Boiling
Boat Test at 99 °C was used.
[0258] The incorporation of agent was measured on the paper by measuring the amount of fluorine detected in the
combustion product of the paper sample. The measurement technique was ion chromatography.
[0259] The 1.75/1.0/2.25 compound had TELA N as the fluorocarbon source, TETA as the polyamine and its synthesis
is described in Synthetic Example E2b.

Table VII: Invention can also be added internally to the paper machine

Oil- Sizing and Water Sizing Results

Kit Test (ave. of 5) HST (s) (ave. of 3)

Oil-Size (Mole Ratio) RF/polyamine/Epi Internal Addition Level (% wt size / wt dry fiber)

0.210 0.275 0.210 0.275

Paper: X

Scotchban® FC845 5- 7

1.75/1.0/2.25 5 492

2.0/1.0/0.75 6 28

TABLE VIIIA: EFFECTIVENESS WHEN TESTED WITH HOT OIL

Oil- Sizing Results 70C Hot Oil- Test 2: Pet Food 
(% Stain, ave. of 3)

Hot Oil- Test 1: 75C Oleic Acid Float (sec to 
100% Stain

Oil-Size (Mole 
Ratio) RF/
polyamine/Epi

Addition Level (% wt size / wt dry fiber)

0.175 0.200 0.225 0.250 0.275 0.175 0.200 0.225 0.250 0.275

Paper B: (Pet food batch A)

Starch Only 100 0

Scotchban® 
FC845

100 100 100 100 100 45 51 67 85 142
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(continued)

Oil- Sizing Results 70C Hot Oil- Test 2: Pet Food 
(% Stain, ave. of 3)

Hot Oil- Test 1: 75C Oleic Acid Float (sec to 
100% Stain

Lodyne® 
P208E

100 90 87 70 36 600+ 600+ 600+ 600+ 600+

1.75/1.0/2.25 94 78 28 13 2 600+ 600+ 600+ 600+ 600+

Paper: A (Pet food batch A0

Starch Only 100 0

Scotchban® 
FC845

100 100 100 100 100 5 13 25 32 41

Lodyne® 
P208E

100 100 100 79 63 600+ 600+ 600+ 600+ 600+

1.75/1.0/2.25 100 24 6 1 0 600+ 600+ 600+ 600+ 600+
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TABLE VIIIB: EFFECTIVENESS WHEN TESTED WITH AMBIENT WATER, HOT WATER AND FLOURIDE INCORPORATION

Water Sizing Results

HST (sec) Boiling- Boat (sec to 100% stain)

Addition Level (% wt size / wt dry fiber)

Oil-Size (Mole Ratio) RF/polyamine/Epi 0.175 0.200 0.225 0.250 0.275 0.175 0.200 0.225 0.250 0.275 0.175 0.250 0.300

Paper: B (Pet food batch A) Measured wt/% F in paper

Starch Only 0 0 0.00

Scotchban® FC845 101 123 154 201 292 2 4 5 6 7 0.08 0.12 0.12

Lodyne® P208E 2 3 4 4 7 - - - - - 0.10 0.13 0.15

1.75/1.0/2.25 282 307 398 125 142 160 300+ 300+ 0.07 0.10 0.12

Paper: A (Pet food batch A)

Starch Only 0 0 0.00

Scotchban® FC845 44 47 106 147 247 0 0 1 2 2 0.07 0.09 0.11

Lodyne® P208E 1 2 2 3 3 0 0 2 3 4 0.09 0.11 0.15

1.75/1.0/2.25 453 583 535 656 695 55 78 104 149 215 0.07 0.09 0.11
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For both Hot Oil- Test 2 and Hot Oil- Test 1, with pet food and oleic acid, respectively, the water dispersible oil/grease-
sizing and water-sizing agent performance was very good. The studies reported in Table VIII reinforce the need to match
the final use performance requirements of the treated paper. Based on the Hot Oil- Test 1, Lodyne® P208E and the
agent of the invention behave similarly, however, under the Hot Oil- Test 2 conditions the agent described by this invention
is superior. The Scotchban® FC845-treated paper performs poorly in both oil- sizing tests.
[0260] The water dispersible oil/grease-sizing and water-sizing agent demonstrated excellent oil sizing at 70°C and
75°C by the Hot Oil Test 2 and Test 1 respectively. The agent also had excellent hot water and ambient water sizing as
measured by the Boiling - Boat Test and by the Hercules Sizing Test, respectively. The Lodyne® 208E failed both the
Hercules Size Test and the Boiling - boat test, while Scotchban® FC845 has some water sizing based on the Hercules
Size Test, but it did not pass the boiling - boat test. Thus, in contrast to readily available commercial oil/grease-size
agents, the agent of this invention is capable of both oil/grease- and water sizing, especially when hot oil and hot water
conditions are tested. The agent of this invention has excellent breadth of performance.
[0261] The incorporation of the agent as measured by its fluoride content is similar to the incorporation, Scotchban®
FC845 and lower than the Lodyne® 208E, indicating that the performance of the invention agent is even better relative
to Lodyne 208E when compared on a weight % fluoride basis.

Oil- Sizing Test of treated paper at two different temperatures.

[0262] The water dispersible oil/grease-sizing and water-sizing agent was tested at 60° and 70°C. The 1.75/1.0/2.25
compound had TELA N as the fluorocarbon source, TETA as the polyamine and its synthesis is described in Synthetic
Example E2b. The agent was compared to commercially available oil- size agents.

Tests at higher temperature show that more oil- sizing functionality is needed at higher temperature to achieve the same
level of sizing achieved at lower temperatures. In all tests, the agent performs better than commercially available products.
The difference in the efficiency of the invention versus commercial materials becomes even greater when the test
temperature increases.

The agent is tested in a creased paper application test.

[0263] The water dispersible oil/grease-sizing and water-sizing agent is tested in a hot oil-, creased-paper-type ap-
plications, industry-standard RP2 Test, and by the Kit Test. The retention of the agent is tested by measuring amount
of fluorine retained in the paper by ion chromatography. The 1.75/1.0/2.25 compound had TELA N as the fluorocarbon
source, TETA as the polyamine and its synthesis is described in Synthetic Example E2b. The agent was 49% (wt/wt)

TABLE IX: TEST OF AGENT AT TWO DIFFERENT TEMPERATURES

Oil- Sizing Results

Hot Oil- Test 2: Pet Food (% Stain, ave. of 3)
Kit Test (ave. of 5)

60C 70C

Oil- Size (Mole Ratio TELA-N/
TETA/Epi)

Addition Level (% wt size / wt dry fiber)

0.200 0.250 0.325 0.200 0.250 0.325 0.200 0.250 0.325

Paper: B (Pet food batch A)

Starch Only 100 100 0

Scotchban® FC845 3 0 0 - 100 100 8 9- 11

Lodyne® P208E 8 2 - 95 39 7 10 11+ 13

1.75/1.0/2.25 2 0 - 36 2 0 10 12- 12+

Paper: A (Pet food batch A)

Starch Only 100 100 0

Scotchban® FC845 99 0 - - 100 100 5 6 10

Lodyne® P208E 34 31 14 - 100 - 7 10 13

1.75/1.0/2.25 0 0 0 - 11 0 10 11- 13-
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fluorine. The commercial Scotchban® FC845 was 40%(wt/wt) fluorine.
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TABLE X: TESTS USING THE CREASED PAPER TEST AND FLUORIDE INCORPORATION

Oil- Size (Mole Ratio TELA-N/TETA/Epi Addition Level (% wt size / wt dry fiber)

0.175 0.200 0.225 0.250 0.175 0.200 0.225 0.250 0.175 0.200 0.225 0.250

24 hr, 60°C, Creased RP2 Test (% Stain, ave. of 2) Kit test (ave. of 5) Measured Wt% F in paper

Starch Only 100 0 0.000

Scotchban® FC845 100 99 1 0 4 5- 6- 6 0.074 0.080 0.091 0.101

1.75/1.0/2.25 0 0 0 0 6- 6+ 6+ 7 0.069 0.080 0.091 0.100

Measured Wt % F Theoretical Wt % F

FC845 40 0.070 0.080 0.090 0.100

1.75/1.0/25 49 0.086 0.098 0.110 0.123
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The sizing agent of this invention performs well in the creased paper test, especially when compared to a commercial
product, Scotchban® FC 845. The retention of fluorine shows that the sizing agent is retained on the paper. While the
Scotchban® FC 845’s retention on the paper is nearly equal to the theoretical weight percent, the sizing agent of this
invention retention on paper is somewhat less than theoretical.

The agent can be prepared from different Rf sources, and spacer groups.

[0264] Water dispersible oil/grease-sizing and water-sizing agents derived from different fluorocarbon and spacer
groups were tested. The fluorocarbons used in the preparation were derived from relatively pure isomeric compositions
and a mixture. Also, the temperature of the polyamine with fluoroalkyl-epoxide reaction is 130°C instead of the standard
80°C for entries 1 and 2, Table XI. For entry XI-8 the spacer group is CH2CH2OCH2CH(OH)CH2 not the standard CH2CH
(OH)CH2. The 1.75/1.0/2.25 mole ratio was maintained throughout the set and TETA was the polyamine used.
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TABLE XI: VARIATION OF RF GROUP AND THE SPACER GROUP

Oil-Sizing Results

Hot Oil-Test 2: Pet Food Kit Test (ave.of 5)

Oil-Size (Mole Ratio) 
RF/poly amine/Epi

Synthetic Ex. No. Rf Tail Structure
Spacer Group; 

Group between Rf 
and Polyamine and

Addition Level (% wt size / wt dry fiber)

0.175 0.200 0.250 0.325 0.175 0.200 0.250 0.325

Paper: A (Pet food batch A)

Starch Only 100 0

1.75/1.0/2.25 E2b SS TELA-N CH2CH(OH)CH2 0 0 8- 9

1.75/1.0/2.25 A1a SS C6 CH2CH(OH)CH2 96 92 9- 10

1.75/1.0/2.25 A1a SS C7 CH2CH(OH)CH2 93 57 7 8

1.75/1.0/2.25 B1a C8 CH2CH(OH)CH2 73 23 7 9 10 12

1.75/1.0/2.25 C1a SS C10 CH2CH(OH)CH2 44 0 0 6 6 8

1.75/1.0/2.25 C1a SS
CF3CF(CF3)(CF2)6 

Branched
CH2CH(OH)CH2 19 12 10- 11-

1.75/1.0/2.25 C1a SS C6
CH2CH2OCH2CH

(OH)CH2
91 95 9- 10-
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Based on these Hot Oil- Test 2: Pet Food Test results the performance of the invention increases as the length of the
Rf increases. The preferred formulations are based on the mixed isomer fluorocarbon, TELA N. The different spacer
group has no effect on performance. The branched isomer fluorocarbon gave adequate performance.
[0265] The data in Table XI also serve to demonstrate that the relative performance as measured by the Kit Test does
not necessarily correspond to hot oil sizing performance. Additionally, the Kit Test results show improvement as more
agent is added.

The agent can be prepared with different RF and halohydrin to nitrogen mole ratios.

[0266] The water dispersible oil/grease-sizing and water-sizing agent can have a wide range of the combined RF and
spacer group - to - polyamine rations. Additionally, the agents of this invention can have wide ranges of epihalohydrin
or epiorganosulfonate to polyamine ratios. The combined RF spacer group while normally is CH2CH(OH)CH2 is CH2CH
(OH)CHOCH2CHlCH2 in example listed in Table XII, Part F.
[0267] The cellulose reactive component is necessary for an effective agent described in this invention. Tests of the
agent precursor, fluoroalkyl-hydroxyl-alkylpolyamine were done for comparison and these are listed in Table XII part
A2, B, C, D1, D2, and F. See Structure VI and Analogues, Reaction 2 for the conversion of the fluoroalkyl-hydroxyl-
alkylpolyamine to the agents of this invention.

TABLE XII: PERFORMANCE WITH VARYING POLYAMINE AND EPIHALOHYDRIN RATIOS - Part A1

Oil- Sizing Results

Hot Oil- Test 2: Pet Food (% Stain, ave. 
of 3)

Kit Test (ave. of 5)

Addition Level (% wt size / wt dry fiber) Addition Level (% wt size / wt dry fiber)

0.06 0.075 0.09 0.105 0.06 0.075 0.09 0.105

Paper: C (Pet food 
batch B)

Oil-Size 
(Mole 
Ratio) RF/
polyamine
/ Epi

Syntheti
c Ex. No.

Starch 
Only

99 0

Ciba 
Lodyne® 
P208E

- 55 42 24 - 5 6 6

1.5/1.0/1.6
2

E1a SS 10 3 - - 6- 6 - -

1.5/1.0/1.7
4

E1a SS 39 7 - - - -

1.5/1.0/1.8
8

E1a SS 6 1 - - 6- 6 - -

1.5/1.0/2.0 E1b SS 5 6 - - 5- 6- - -

1.5/1.0/2.1
5

E1b SS 14 4 - - 5 5 - -

Part A compounds have TELA N as the fluorocarbon source, TETA as the polyamine and the ratios are the Rf:
polyamine:epi ratio and the temperature of the RF epoxide/TETA reaction was 130°C.
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TABLE XII: PERFORMANCE WITH VARYING POLYAMINE AND EPIHALOHYDRIN RATIOS - Part A2

Oil- Sizing Results

Hot Oil- Test 2: Pet Food (% Stain, ave. of 3) Kit Test (ave. of 5)

Paper: A (Pet food batch B) Addition Level (% wt size / wt dry fiber) Addition Level (% wt size / 
wt dry fiber)

Oil-Size 
(Mole Ratio) 
RF/
polyamine/ 
Epi

Synthetic 
Example 

No. 0.125 0.15 0.175 0.2 0.175 0.2

1.75/1.0/0.0 E2 100 for 0.4 add’n

1.75/1.0/1.75 E2a 47 20 0 1 10- 10

1.75/1.0/1.95 E2a SS 66 33 0 0 10- 11-

1.75/1.0./
2.05

E2a SS 64 1 0 0 10- 10

1.75/1.0/2.15 E2a SS 78 24 0 0 9- 10

1.75/1.0/2.25 E2b 81 21 1 0 9 10-

1.75/1.0/4.0 E2c SS 96 6

2.0/1.0/1.85 E2b SS 0 0 9- 10

Part A2 The compounds have TELA N as the fluorocarbon source, TETA as the polyamine and the ratios are the Rf:
polyamine:epi ratio and the temperature of the RF epoxide/TETA reaction was 130°C.

TABLE XII: PERFORMANCE WITH VARYING POLYAMINE AND EPIHALOHYDRIN RATIOS - PART A3

Oil-Sizing Results

Hot Oil- Test 2: Pet Food (% Stain, 
ave. of 3)

Kit Test (ave. of 5)

Paper: A (Pet food batch B) Addition Level (% wt size / wt dry fiber) Addition Level (% wt size / wt dry fiber)

Oil-Size (Mole 
Ratio) RF/
polyamine/Epi

Synthetic 
Example No. 0.325 0.4 0.325 0.4

1.75/1/2.25 E2b 0 0 12- 13

1.75/1/3.25 E2c 1 1 11- 12

1.75/1/4.25 E2d 94 85 10 11

2.5/1/2.5 E3a 0 0 12- 13

2.5/1/3.6 E3b 1 1 11 13

3/1/2.25 E4a 1 0 11+ 12

3/1/4 E4c 2 1 10+ 13-

Part A3 The compounds have TELA N as the fluorocarbon source, TETA as the polyamine and the ratios are the 
RF : polyamine:epi ratio and the temperature of the epi addition was 80°C.
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TABLE XII: PERFORMANCE WITH VARYING POLYAMINE AND EPIHALOHYDRIN RATIOS - Part B

Oil-Size 
(Mole Ratio) 
RF/
polyamine/ 
Epi

Synthetic Ex. 
No.

Addition Level (% wt size / wt 
dry fiber)

Addition Level (% wt size / wt dry fiber)

0.2 0.2

2.0/1.0/0.0 H3 100

2.0/1.0/0.5 H3a SS 0 10

Paper: A (Pet food batch B) Addition Level (% wt size / wt 
dry fiber)

Addition Level (% wt size / wt dry fiber)

0.325 0.4 0.25 0.325 0.4

1.75/1/3.1 H1d 11 22 9 10

1.85/1/3.1 H1d SS 4 0 11- 11

1.85/1/3.4 H2c 1 4 10 11-

2/1/3.1 H3c 25 9 9 10-

2/1/3.4 H3e 16 12 9 10

1.75/1/1 H1a 9 10 11+

1.75/1/1.99 H1b 10 12 14-

1.75/1/3.25 H1e 10 11 12

1.75/1/3.75 H1g 7+ 10- 10

1.75/1/5 H1h 7- 9- 10

2/1/1 H3a 8 12+ 13+

2/1/2.85 H3b 9 11- 13-

2/1/3.25 H3d 10- 11 12

2/1/3.75 H3f 11- 12- 13

2/1 /5 H3g 8- 10 10-

2/1/6.32 H3h 8 10 12-

2.25/1/3.25 H4b 8 10 12

2.25/1/3.75 H4c 9 10- 12

2.25/1/5 H4d 7- 9- 11

2.25/1/7.93 H4e 7+ 10- 11-

2.5/1/1 H5b SS 5- 6 7

2.5/1/3.25 H5b 7+ 10- 12-

2.5/1/3.75 H5c 7- 10- 11-

2.5/1/5 H5c SS 6- 7+ 8-

2.5/1/6.16 H5d 7 10 12-

Part B The compounds have TELA N as the fluorocarbon source, DETA as the polyamine and the ratios are the Rf:
polyamine:epi ratio and the temperature of the RF epoxide/DETA reaction was 80 °C.
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TABLE XII: PERFORMANCE WITH VARYING POLYAMINE AND EPIHALOHYDRIN RATIOS - PART C

Paper: A (Petfood batch A)

Oil-Size (Mole 
Ratio) RF/
polyamine/Epi

Synthetic Ex. No. Hot Oil- Test 1: 
75°C Oleic Boat 

(sec to 100% 
Stain, ave. of 3)

Oleic Acid Drop 
Test (0=no stain, 

5=total stain)

Kit Test (ave. of 
5)

HST (Ave. of 3)

0.25 Addition Level (% wt size / wt dry 
fiber)

Starch Only 0 5 0 0

Scotchban® 
FC845

18 0 7+ 248

Lodyne® P514 12 1 10 402

1.5/1/1.5 I1a 6 2 9 341

1.5/1/5 I1c 300+ 1 461

2/1/0 12 8 4 8 78

2/1/1.5 I2f 10 0 10- 429

2/1 /5 I2j 300+ 0 8+ 467

2.5/1/1.5 I3a 25 1 9 407

2.5/1/3 I3g 300+ 0 9- 500

2.5/1/5 131 300+ 0 10- 475

2/1 /0.25 I2b SS 10 166

2/1 /0.5 I2b 9+ 208

2/1 /0.75 I2c 10 243

2/1/0.91 I2d 10 174

2/1/1.37 I2E 10- 312

Part C The compounds have TELA as the fluorocarbon source, DETA as the polyamine and the ratios are the Rf:
polyamine:epi ratio and the temperature of the RF epoxide/DETA reaction was 80 °C.

TABLE XII: PERFORMANCE WITH VARYING POLYAMINE AND EPIHALOHYDRIN RATIOS - PART D1

Paper: A (Pet food batch A)

Hot Oil- Test 1: 75 
C Oleic Boat (sec to 
100% Stain, ave. of 

3)

Kit Test (ave. of 5) HST (ave of 3)

Oil-Size (Mole 
Ratio) RF/
polyamine/ Epi

Synthetic Ex. No. 0.25 Addition Level (% wt size / wt dry fiber)

2/1/0 J1 9- 72

2/1/0.5 J1a 10- 195

2/1 /0.91 J1b 10+ 231

2/1/1.36 J1c 10 293

Part D1 The compounds have TELA L as the fluorocarbon source, DETA as the polyamine and the ratios are the Rf:
polyamine:epi ratio and the temperature of the RF epoxide/DETA reaction was 80 °C.
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Examples from Table XII show a wide range of flurocarbon sources, polyamines, RF epoxide/polyamine, ratios of RF
/polyamine and ratios of epi/polyamine reaction conditions can lead to high performance water dispersible oil/grease-

TABLE XII: PERFORMANCE WITH VARYING POLYAMINE AND EPIHALOHYDRIN RATIOS - PART D2

Hot Oil- Test 1: 75 
C Oleic Boat (sec to 
100% Stain, ave. of 

3)

Kit Test (ave. of 5) HST (ave of 3)

Oil-Size (Mole 
Ratio) RF/
polyamine/Epi

Synthetic Ex. No.

2/1/0 H3 SS 4 8- 13

2/1 /0.5 H3a SS 10 140

Part D2 The compounds have TELA N as the fluorocarbon source, DETA as the polyamine and the ratios are the 
Rf:polyamine:epi ratio and the temperature of the RF epoxide/DETA reaction was 80 °C.

TABLE XII: PERFORMANCE WITH VARYING POLYAMINE AND EPIHALOHYDRIN RATIOS - PART E

Paper: A (Pet food batch A)

Oil-Size 
(Mole Ratio) 
RF/poly 
amine/ Epi

Synthetic Ex. 
No.

Rf Source Hot Oil- Test 
1: 75 C Oleic 
Boat (sec to 
100% Stain, 

ave. of 3)

Oleic Acid 
Drop Test 

(0=no stain, 
5=total stain)

Kit Test (ave. 
of 5)

HST (ave of 3)

0.15 Addition Level(% wt size / 
wt dry fiber)

2/1/5 J1c SS TELA-L 32 3 5- 224

2/1/5 I2j SS TELA 40 3 5+ 187

2/1/5 H3g SS TELA-N 300+ 2 5+ 218

Part E The compounds have different fluorocarbon sources, DETA as the polyamine and the ratios are the Rf:
polyamine:epi ratio and the temperature of the RF epoxide/DETA reaction was 80 °C.

TABLE XII: PERFORMANCE WITH VARYING POLYAMINE AND EPIHALOHYDRIN RATIOS - PART F

Paper: A (Pet food batch A)

Oil-Size (Mole 
Ratio) RF/
polyamine/ Epi

Synthetic Ex. No. Oleic Acid Drop Test 
(0=no stain, 5=total 

stain)

Kit Test (ave. of 5) HST (ave of 3)

0.25 Addition Level 
(% wt size / wt dry 

fiber)

2/1/0 12 7- 8

2/1/0.75 I2c 0 8 7

Part F The compounds have TELA for the fluorocarbon sources, DETA as the polyamine and the ratios are the Rf:
polyamine:epi ratio and the temperature of the RF epoxide/DETA reaction was 80°C and the spacer group is CH2CH
(OH)CHOCH2CHlCH2

Pet Food batch "A" contained higher levels of aggressive fat than pet food "B".
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sizing and water-sizing agent. Higher carbon chain lengths of fluorocarbon, are preferred based on the hot oil- test based
on the hot/oil boat test. More epihalohydrin or epiorganosulfonates are preferred for hot oil/grease- sizing.
In contrast using the hot oil Test @ pet Food, there is an optimum epi to polyamine ratio. For instance, Table XII A2,
Synthetic examples it appears that the optimum is 1.95 or 2.05 moles epi/mole of polyamine for this set of conditions.
[0268] More epihalohydrin or epiorganosulfonates are preferred for water sizing.
[0269] In addition, the intermediate fluoroalkyl-hydroxyl-polyamine which has not been reacted with epihalohydrin or
epiorganosulfonates performs poorly in both the Hot Oil- Boat Test and the Hercules Size Test. These are shown in
examples in Table XII parts A2, B, C, D1, D2, and F. The cellulose reactive component is an essential part of the
performance of the water dispersible oil/grease-sizing and water-sizing agent. Based on the Kit Test compounds that
do not have the cellulose reactive component, specifically in the examples described here, epi, do have Kit Test per-
formance, but little hot oil nor water-sizing performance. Without the cellulose reactive component these fluoroalkyl-
hydroxyl-polyamine lack the balance of performance that the agents of this invention provide.

The addition of epihalohydrin or epiorganosulfonate is preferably done in a two step process.

[0270] The water dispersible oil/grease-sizing and water-sizing agent can be produced with a breadth of reaction
conditions during the reaction of epihalohydrin or epiorganosulfonates with fluoroalkyl-hydroxyl-polyamine. The normal
reaction conditions for the addition of the epihalohydrin to the fluoroalkyl-hydroxyl-polyamine is the two step addition of
~ 2 hours at 50°C followed by ~ 2 hours at 80°C. In this series of test one of the key variables tested is whether this two
step, two temperature strategy leads to an agent with better performance. A key property of the agent is the molecular
weight that is measured by SEC with a refractive index detector or a UV photo diode array detector, and by SEC with
a light scattering detector. Also determined is the viscosity which is an indirect measure of molecular weight.
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TABLE XIII: VARY EPI RXN TIME & TEMP., MW Part A1

Oil- Sizing Results

Hot Oil- Test 2: Pet Food (% Stain, 
ave. of 3)

Oil-Size 
(Mole Ratio) 

RF/
polyamine/ 

Epi

Syntheti
c Ex. No.

Epi Reaction/ 
Conditions

Total Epi 
by 

product
s (ppm 

dry 
basis)

Paper treated 1 
day after mfg of 

agent

Paper treated 3 
weeks after mfg 

of the agent
Product Viscosity 
(15% Solids, 22°C, 

cps)

Molecular Weight 
by SEC (Daltons x 
103) vs PMMA Std

Molecular Weight 
by SEC (Daltons 

X103) Light 
Scattering

Step 
One

Step 
Two

Addition Level (% wt size/wt dry 
fiber)

Initial 3 wk Mn Mw Mn Mw

Paper: A (Petfood batch A) 0.200 0.250 0.200

1/75/1.0/2.2
5

E2b SS 50 C, 2 
h

No 9754 75 34 10 167 140 82 6993 915 1599

1/75/1.0/2.2
5

E2b SS 50 C, 6 
h

No 9460 39 5 2 78 60 99 14902 1155 2147

1/75/1.0/2.2
5

E2b SS 50 C, 2 
h

80 C, 2 
h

7680 2 0 1 233 275 82 7454 454 1077

1/75/1.0/2.2
5

E2b SS No 80 C, 2 
h

19840 56 1 29 408 370 92 20667 1661 7091

1/75/1.0/2.2
5

E2b SS No 80 C, 4 
h

17326 43 0 57 1760 1800 52 6767 5271 6641

Part A The compounds have TELA-N for a fluorocarbon source, TETA as the polyamine and the ratios are the Rf:polyamine:epi ratio listed and the temperature of the RF 
epoxide/TETA reaction was 80 °C. The temperature conditions for Reaction 2 are shown in the table.
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Part C The compounds have TELA N for the fluorocarbon sources, TETA as the polyamine and the ratios are the Rf:
polyamine:epi ratio listed and the temperature of the RF epoxide/TETA reaction was 80°C.
[0271] The results listed in Table XIII shows that (1) invention is effective when produced over a range of epi reaction
times and temperatures. The two-step process where the epi reaction is conducted at 50°C for 2 hours followed by 2
hours at 80°C is preferred to minimize epi by-products and time required to cure.
[0272] These results demonstrate that the invention is effective over preparation conditions that lead to a wide range
of MW, as shown by the range of viscosities and the SEC MW measurements. Long reaction time at lower temperature
will give satisfactory results. The oil-sizing performance by the Hot Oil Test 2, was tested initially and after 3 weeks of
storage.
[0273] The results listed in Table XIII, demonstrate that in general the oil- size efficiency improves as the agent of the
invention ages. It reaches its maximum effect on treated paper in about 3 weeks. A test 3 weeks after manufacture

TABLE XIII - VARY EPI RXN TIME & TEMP., MW - PART B

Paper: A (Petfood batch B)

Oil-Size (Mole 
Ratio) RF/

polyamine/Ep
i

Syntheti
c Ex. No.

Hot Oil- Test 1: 
(75C, % Stain, 

ave. of 3)

Hot Oil- Test 2; Pet Food (% 
Stain, ave. of 3)

Kit Test (ave. of 
5)

Molecular Weight 
by SEC (Daltons x 
103) vs. PMMA 
Std (UV-PDA 

detector)
Addition Level (% wt siz/wt dry fiber)

0.175 0.200 0.175 0.200 0.175 0.200 Mn Mw

Starch Only 0 100

2.0/1.0/1.85, 
C6

A1a SS 600+ 600+ - - - 10 10 55

1.75/1.0/1/75 
TELA N

E2a SS 600+ 600+ 3 0 9 10 18 203

2.25/1.0/2.25 
C6

A1a SS 360 600+ - - - 9- 21 721

1.75/1.0/2.20 
TELA N

E2b SS 600+ 600+ 0 0 9- 9 27 1087

1.75/1.0/2.20 
TELA N

E2b SS 600+ 600+ - 0 - 8 109 8211

Part B The compounds have various fluorocarbon sources, TETA as the polyamine and the ratios are the Rf:polyamine:
epi ratio listed and the temperature of the Rf addition to the DETA polyamine was 130 C, except for the 2.25/1.0/2.25 
entry which was at 80 C.

TABLE XIII: VARY EPI RXN TIME & TEMP., MW - PART C

Paper: D (Petfood batch B)

Hot Oil- Test 2: Pet Food Kit Test (ave. of 5) Product Viscosity 
(17.5% Solids 22 C, 

cps)
Oil-Size (Mole Ratio) 
RF/polyamine/ Epi

Synthetic Ex. No.
Addition Level (% wt size/wt dry fiber)

0.125 0.150 0.125 0.150

1.5/1.0/2.00 E2b SS 62 14 6- 8 600

1.5/1.0/2.00 E2b SS 33 4 7 8- 900

1.5/1.0/1.88 E2b SS 33 6 6 7 2600

1.5/1.0/2.00 E2b SS 26 16 7 7 4100

1.5/1.0/2.15 E2b SS 51 1 7 8- 6000
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shows this marked improvement. The material that was made with a one-step epi addition at 80°C did not show im-
provement as the product aged.
[0274] Note the last two entries in Table XIII part B had the same approximate composition and reaction conditions.
The conditions were apparently different enough to lead to differences in molecular weight, but little difference in the kit
test performance.

Under batch-conditions addition of polyamine to Rf leads to an unstable product and under batch conditions a solvent 
is needed for the reaction of the epi group with the polyamine

[0275] Reaction conditions for formation of fluoroalkyl-hydroxyl-amine and the subsequent reaction with epihalohydrin
or epiorganosulfonates can produce a poor sizing agent. The reaction conditions that produced poor products were
tested under batch conditions. The two strategies tested were 1) addition of the polyamine to the fluorochemical and 2)
adding epi to TETA without a solvent.

In a batch-processing mode there are reaction strategies that lead to unusable final products. When the TETA is added
to fluorocarbon epoxide obvious sediment developed, and led to an unusable product.
[0276] Under batch processing conditions when no solvent was used in the epihalohydrin reaction with the fluoroalkyl-
hydroxyl-amine it appeared that the material was totally cross-linked and resulted in a product that could not be dispersed
in the water.
The Rf spacer group can react with polyamine over a range of temperatures.
[0277] The reaction of fluorinated epoxides with the polyamine to make perfluoro(hydroxyl)alkyl, alkyl polyamino halo-
hydrin or organo sulfonate polymeric composition the can be done over a range of temperatures. Under batch conditions
the preferred sequence is the addition of the Rf epoxide to the polyamine.

TABLE XIV: STABILITY

Oil- Size (Mote Ratio i) Comments Stability

Oil-Size (Mole 
Ratio) RF/

polyamine/ Epi
Synthetic Ex. No.

1.75/1.0/2.25 E2b SS Addition of TETA to Rf

Portion of TETA 
expected to be totally 
substituted with Rf

Obvious heavy 
Sediment; unusable 
product

1.75/1.0/2.25 E2b SS
Epi rxn with TETA 
neat

Expect heavy cross-
linking

Totally cross-linked, 
Will not disperse; 
unusable product

The reactions tested used have TELA N for the fluorocarbon sources, TETA as the polyamine and the ratios
are the Rf:polyamine:epi ratio listed and the temperature of the RF epoxide/TETA reaction was 80 °C.

TABLE XV: REACTION CONDITIONS FOR ADDITION OF Rf EPOXIDE TO POLYAMINE

Oil- Sizing Results

Hot Oil- Test 2: Pet Food (% Stain, 
ave. of 3)

Kit Test 
(ave. of 5)

Oil-Size 
(Mole Ratio) 

RF/
polyamine/ 

Epi

Synthetic 
Example 

No.

Reaction 
Temperature, 

°C

Addition Level (% wt size / wt dry fiber)

0.150 0.175 0.200 0.300 0.175 0.200

Lodyne® 
P208E

41 18 1

1.75/1.0/2.25 T1 a 80 1 0 0

1.75/1.0/2.25 T1 a 130 8 1 0 9 10-

1.75/1.0/2.25 T1 a 147 25 8 1
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[0278] The product produced from the fluoroalkyl-hydroxyl-polyamine which was made from an 80 C reaction of
fluorinated epoxides with the polyamine produced the best result of this set of tests. As in the example listed in Table
XIII, the order of addition in batch processing is important - - the RF epoxide must be added to the polyamine.

The polyamine can vary from 3 to 1000 or more nitrogen atoms.

[0279] The polyamine building block for the water dispersible oil/grease-sizing and water-sizing agent can vary between
3 nitrogen atoms and 1000 nitrogen atoms. To demonstrate the range of polyamines TETA and polyalkyleneimines were
used to prepare agents. The specific example of the polyalkyleneimine used has a number average molecular weight
of 423 and was predominately in the linear form. This means there are 423 - NHCH2CH2 - units and the molecular weight
would be ~18000 Daltons. The total amine in the polyalkleneimine was determined by titration, a certificate of analysis
of the amine content, or other vendor certification.
[0280] Also, a broad range of ratios of epihalohydrin to polyamine is demonstrated in the examples shown in Table XVI.

(continued)

Oil- Sizing Results

Hot Oil- Test 2: Pet Food (% Stain, 
ave. of 3)

Kit Test 
(ave. of 5)

Oil-Size 
(Mole Ratio) 

RF/
polyamine/ 

Epi

Synthetic 
Example 

No.

Reaction 
Temperature, 

°C

Addition Level (% wt size / wt dry fiber)

0.150 0.175 0.200 0.300 0.175 0.200

1.75/1.0/2.25 T1 a 130; TETA added to the 
epoxide

100 100 1- 2-

The compounds have TELA N for the fluorocarbon sources, and the TETA as the polyamine.
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TABLE XVI: DIFFERENT POLYAMINE STRUCTURES USED

Oil-Sizing Results

Hot Oil- Test 2: Pet Food (% 
Stain, ave. of 3)

Kit Test (ave. of 5)

Oil-Size 
(Mole Ratio) 
RF/poly 
amine/Epi

Addition Level (% wt size / wt dry fiber)

RF Tail Amine Epi0.200 0.250 0.325 0.200 0.250 0.325

Synthetic 
Example

Paper: A (Petfood batch A) No.
Mole 
Ratio

Structure
Rf/Mole 

Ratio

Epi/N 
Mole 
Ratio

(Rf+ Epi)
/N Mole 
Ratio

Mole 
Ratio

Starch Only 100 0

3.00/1.0/3.25 E4b 83 5 1 9- 10- 10 3.00 TETA 0.75 0.81 1.56 3.25

1.75/1.0/2.25 E2b 1 0 0 10- 12 12 1.75 TETA 0.44 0.56 1.00 2.25

4.7/1.0/5.9 S1a SS 100 13 0 6 7 8 4.70 423 MW 
Linear PEI

0.48 0.60 1.08 5.90

7.46/1/8.08 S3a 100 100 86 5 6 9 7.46 423 MW 
Linear PEI

0.76 0.82 1.58 8.08

7.46/1/9.59 S3b 100 96 80 5 6 7 7.46 423 MW 
Linear PEI

0.76 0.97 1.73 9.59

7.46/1/13.87 S3b 100 99 91 5 6- 7- 7.46 423 MW 
Linear PEI

0.76 1.41 2.17 13.87

5.5/1/10.22 S2a 100 1 0 7+ 9 10+ 5.50 423 MW 
Linear PEI

0.56 1.04 1.60 10.22

5.5/1/7.07 S2c 73 5 0 7+ 9 11- 5.50 423 MW 
Linear PEI

0.56 0.72 1.28 7.07

5.5/1/5.96 S3d 3 0 0 8- 9 11 5.50 423 MW 
Linear PEI

0.56 0.61 1.16 5.96

5.5/1/4.75 S2e 89 3 0 7 10- 10 5.50 423 MW 
Linear PEI

0.56 0.48 1.04 4.75
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(continued)

Synthetic 
Example

Paper: A (Petfood batch A) No.
Mole 
Ratio

Structure
Rf/Mole 

Ratio

Epi/N 
Mole 
Ratio

(Rf+ Epi)
/N Mole 
Ratio

Mole 
Ratio

4.7/1/5.96 S1a 99 51 1 6 7 10 4.70 423 MW 
Linear PEI

0.48 0.61 1.08 5.96

4.7/1/4.75 99 57 1 6- 7+ 10- 4.70 423 MW 
Linear PEI

0.48 0.48 0.96 4.75
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The compounds have TELA N for the fluorocarbon sources, and TETA as the polyamine and the amine RF
epoxide was done at 80 C.
[0281] The examples shown in Table XVI demonstrate the breadth of polyamine that can be used in the preparation
of the oil/grease-sizing and water-sizing agent.

The preferred cellulose reactive and cross-linking group is 3-hydroxyazetidinium or other highly reactive, undetected, 
intermediate.

[0282] Purpose: Demonstrates that presence of azetidinium functionality improves hot oil sizing performance. Condi-
tions that are epected to destroy azetidinium functionality are detrimental to the hot oil sizing performance of the invention.
The specific reaction conditions are shown in column one of Table XVII.
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Oil Sizing Results

Hot Oil Test 2: Pet Food (% Stain, ave. of 3)

Oil Size (Mole 
Ratio TELA-N/

TETA/Epi) 
Reaction 
conditons

Addition Level (% Wt)

0.200 0.250 0.325 Amine Epi

Paper A (Petfood batch A) 2-hr Amine / 
Epoxide 

Reaction #1 
Temp. (C)

Mole Ratio Reaction #2 
Conditions 

(2h temp/2 hr 
temp/solids)

Comments Azetidinium 
Content by 

NMR (Mol % 
Azet relative 
to moles Rf)

Azetidinium 
Content by 

NMR (Mol % 
Azet relative to 
moles TETA)

Performance 
Comments

Starch Only

1.75/1.0/2.25, 
heated at 40C 
overnight at pH 
10, adj. PH back 

to 3.5 
(dispersed well)

96 92 80.0 2.25 50/80/30 Destroyed 
azetidinium by 

NMR, 
physically well 

dispersed

0-7** 0-12** Extremely 
bad. 

Conditions 
designed to 
destroy all 
azetidinium

1.75/1.0/2.25 
epi rxn at rt & 5% 
concentration

72 45 130.0 2.25 22C, 5 d, at 
5%

Epi reacted by 
GC but 

conditions do 
not favor 

azetidinium

0-10** 0-17.5** Very poor Hot 
Oil. Rxn 

designed for 
low level 

azetidinium 
formation

1.75/1.0/1.75 
material

3 0 130.0 1.75 50/80/30 7-11 12-19 Good

1.75/1.0/2.25 0 0 80.0 2.25 50/80/30 13-18 23-32 Excellent
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(continued)

Paper A (Petfood batch A) 2-hr Amine / 
Epoxide 

Reaction #1 
Temp. (C)

Mole Ratio Reaction #2 
Conditions 

(2h temp/2 hr 
temp/solids)

Comments Azetidinium 
Content by 

NMR (Mol % 
Azet relative 
to moles Rf)

Azetidinium 
Content by 

NMR (Mol % 
Azet relative to 
moles TETA)

Performance 
Comments

1.75/1.0/2.25, 
heated at 40C 
overnight at pH 

4.5

0 0 80.0 2.25 50/80/30 Control to show 
pH was what 

was impacting 
the product. 
Azetidinium 

intact by NMR.

13-18 23-32 Excellent

1.75/1.0/1.95 
material

0 0 130.0 1.95 50/80/30 15-23 26-40 Excellent

D1085; 
1.75/1.0/2.25 by 
std procedure

0 0 130.0 2.25 50/80/30 22-28 39-49 Excellent
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(continued)

Paper A (Petfood batch A) 2-hr Amine / 
Epoxide 

Reaction #1 
Temp. (C)

Mole Ratio Reaction #2 
Conditions 

(2h temp/2 hr 
temp/solids)

Comments Azetidinium 
Content by 

NMR (Mol % 
Azet relative 
to moles Rf)

Azetidinium 
Content by 

NMR (Mol % 
Azet relative to 
moles TETA)

Performance 
Comments

1.75/1.0/2.25 
treated with 
0.25 wt eq. 

Caustic (d.b.) 20 
min

51 4 80.0 2.25 50/80/30 Treated with 
0.25 wt 

equivalent of 
caustic (dry 

basis) 20 min 
before use. 

Caustic 
degrades 

azetidinium 
groups

Not 
Determined

Not 
Determined

Performance 
got worse as 

caustic 
treatment level 

increased 
consistent with 

poorer 
performance 

as azetidinium 
content 

decreased1.75/1.0/2.25 
reated with 0.5 
wt eq. Caustic 
(d.b.) 20 min

43 13 80.0 2.25 50/80/30 Treated with 0.5 
wt equivalent of 

caustic (dry 
basis) 20 min 
before use. 

Caustic 
degrades 

azetidinium 
groups

Not 
Determined

Not 
Determined

1.75/1.0/2.25 
treated with 1.0 
wt eq. Caustic 
(d.b.) 20 min

85 44 80.0 2.25 50/80/30 Treated with 1.0 
wt equivalent of 

caustic (dry 
basis) 20 min 
before use. 

Caustic 
degrades 

azetidinium 
groups

Not 
Determined

Not 
Determined

**baseline noise gyration/no distinct signal
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The agent can also be used to size textile fibers.

[0283] The water dispersible oil/grease-sizing and water-sizing agent can also be used to treat textiles to impart
improved stain release properties.

The example shown in Table XVIII demonstrates that the agent can size cellulose based textiles.

Contact angle is an indirect measurement of oil/grease- sizing.

[0284] The contact angle of the water dispersible oil/grease-sizing and water-sizing agent shows a higher contact
angle than commercial formulations, thus indicating superior performance in oil- sizing of treated paper.

The higher the contact angle the better the better oil-sizing performance.
[0285] The agent has the highest contact angle as measured in this test.

Claims

1. A water-dispersible oil/grease-sizing and water-sizing agent for cellulosic materials comprising repeating units that
are comprised of a polyamine with at least 3 nitrogen atoms in each recurring monomer unit wherein the amino
groups are partially or completely substituted by:

TABLE XVIII - TEST OF TEXTILES

Oil- Sizing Results

Textile Soil- Release Test (AATCC Test Method 130)

Oil- Size (Mole Ratio 
TELA-N/TETA/Epi)

Addition Level (% wt size / wt dry fiber)

0.025 0.075 0.200

#400 Bleached Cotton Print Cloth

Water Only 2.5

1.75/1.0/2.25 4.0 5.0 5.0

Ratings: 5 - negligible or no stain, 4 - slight stain, 3 - noticeable stain, 2 - considerable stain, 1 - severe stain. The 
compound tested had TELA N for the fluorocarbon sources, and TETA as the polyamine.

TABLE XX

Oil- Sizing Results

Contact Angle measured after 20 s (deg., ave. of 3)

Oil- Size (Mole Ratio TELA-
N/TETA/Epi)

Synthetic Example No. Addition Level (% wt size / wt dry fiber)

0.020 0.030 0.040 0.050 0.10 0.15 0.25

Paper: T

Water Only 36

Lodyne® P514 44 47

Scotchban® FC807 44 52

Ciba Lodyne® P208E 70 66 83 83

Scotchban® FC845 83 84 92 94

Hercon 70 (AKD) 64 70 78

1.75/1.0/2.25 95 96 98 106 114

The compound of the invention have TELA N for the fluorocarbon sources and TETA as the polyamine.
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a. a cellulose-reactive group which is formed by reaction of the polyamine and at least one reactive chemical
which is selected from the group consisting of epi halohydrin, epi organosulfonates, and oxiranes, where the
cellulose reactivity is present after reaction with the polyamine or is formed by subsequent reactivation;
b. an oleophobic and hydrophobic fluorochemical group, which is substituted with an alkyl chain which has a
hydrophillic group;

wherein additionally, the cellulose-reactive group cross-links the polyamino groups and the Mw molecular weight of
the agent is 10,000 to 35,000,000 Daltons as measured by Size Exclusion Chromatography relative to a poly
(methylmethacrylate) standard.

2. The agent of claim 1 where the polyamine has the structure:

n=1-6,
m = 2 - 1,000,
R2, R3, R5 = H, -(CH2)1-4H, -(CH2CH2O)1-10H, -CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CO2

- Met+ (Met = group
1 or 2 metal),
R4 = H, -(CH2)1-4H, -(CH2CH2O)1-10H, -CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CO2

- Met+ (Met = group 1 or 2
metal), -(CH2)1-6NH2,1,0(R2)0,1,2,
where at least two of the R2, R3, R4, or R5 are H, and
where any two of R2, R4, and R5 could be the same carbon chain.

3. The agent of claim 1 where the polyamine is a straight chain, branched or alkylated polyalkyleneimine with primary,
secondary, and tertiary amine groups and the molecular weight of the polyamine is from 75 to 32,000 Daltons.

4. The agent of claim 3 where the polyalkyleneimine is selected from a group consisting of diethylenetriamine, trieth-
ylenetetraamine, tetraethylenepentamine, dihexamethylenetriamine, and their branched and /or alkylated deriva-
tives.

5. The agent of claim 1 where the reactive chemical is an epihalohydrin or epiorganosulfonate, having the structure:

6. The agent of claim 5 having a ratio of epihalohydrins or epiorganosulfonates to nitrogen atoms on the polyamine of
0.05 to 2.0.

7. The agent of claim 1 where the cellulose-reactive group is a 3-hydroxyazetidinium group.

8. The agent of claim 7 where the 3-hydroxyazetidinium is present in at least 10 mole % relative to the moles of the
polyamine as measured by nuclear magnetic resonance spectroscopy.

9. The agent of claim 1 where at least one of the cellulose reactive groups is bound to the polyamine at a nitrogen
which was secondary prior to reaction with the reactive chemical.

10. The agent of claim 1 where the fluorochemical portion of the fluorochemical group is further characterized as a
monovalent, perfluorinated, alkyl or alkenyl, straight, branched or cyclic organic radical having three to twenty
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fluorinated carbon atoms, which can be interrupted by divalent oxygen or sulfur atoms.

11. The agent of claim 1 which comprises a polymeric composition having a Mw molecular weight of the agent is 10,000
to 35,000,000 Daltons as measured by Size Exclusion Chromatography relative to a poly(methylmethacrylate)
standard and having the structure III:

wherein
R8, R9, R10, R11, R12=J, H, -(CH2)1-6H, -(CH2CH2O)1-10H,
-CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CH(OH)CH2Cl,

-CH2CH(OH)CH2OH, -CH2CO2
- M+

(M = group 1 or 2 metal), -(CH2)1-6NH2,1,0(R8)0,1,2, where any two of R8,
R10, R11, or R12 could be the same carbon chain,
R7 = H, -CH2CH(OH)CH2, which can be cross-linked to nitrogen on K or L or M on a different fluoro(hydroxyl)alkyl,
polyalkyl amino halohydrin or organo sulfonate, where at least one of R8, R9, R10, R11, R12 must be a fluorochemical
as denoted by J, and J is selected from
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wherein

A = -(CH2)1-9-, -CH2CHI(CH2)1-9BCH2-, -CH=CH(CH2)1-9BCH2-, -(CH2)1-11BCH2-, -(CH2)1-2B(CH2)1-10BCH2-,
where B = O, CO2, CO2[(CH2)1-2O]1-10, OCH2CO2, OCH2CO2[(CH2)1-2O]1-10, O[(CH2)1-2O]1-10 S, SO2,
SCH2CO2, C(O)S, SCH2C2O[(CH2)1-2O]1-10, S[(CH2)1-2O]1-10, S(O)NR’, C(S)NR’, S(O)NR’CH2CH2O, C(O)
NR’, OCH2C(O)NR’, OPO3, NR’, SCH2C(O)NR’, -N(R)CH2CO2, where R’ = H, (CH2)1-6;
R = H, -(CH2)1-6H;
RF = F(CF2)4-18, CF3CF(CF3)(CF2)3-5, CF3CF2CF(CF3)(CF2)3-5, H(CF2)4-18, HCF2CF(CF3)(CF2)3-5,
HCF2CF2CF(CF3)(CF2)3-5, cycloperfluoroalky radicals of the formula CzF(2z-1) where z is an integer having a
value of from 4-6 inclusive;

n, p, q, s, t, v, and w are integers,
p=0, 1,
n=1 1 - 6,
v+q+w+s=3-1000,
q, w, s each may be zero,
t=w+s,
Q = Cl-, Br-, I-, CH3C6H4SO2

-, CH3SO2
-,

and K, L and M are randomly distributed along the polyamine and
T is a amine on the end of the polyamine chain.

12. The agent of claim 11 wherein the polymeric composition comprises the reaction product of a fluorocarbon substituted
polyamine of Structure IV, and the epihalohydrin or epiorganosulfonate:

R13, R14, R15, R16, R17 = J, H, -(CH2)1-6H, -(CH2CH2O)1-10H, -CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CO2
- M+
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(M = group 1 or 2 metal), -(CH2)1-6NH2,1,0(R13)0,1,2,
where any two of R13, R15, R16, or R17 could be the same carbon chain, and J is selected from

Wherein
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RF = F(CF2)4-18, CF3CF(CF3)(CF2)3-5, CF3CF2CF(CF3)(CF2)3-5, H(CF2)4-18, HCF2CF(CF3)(CF2)3-5,
HCF2CF2CF(CF3)(CF2)3-5, Cycloperfluoroalky radicals of the formula CZF(2Z-1) wherein z is an integer having
a value of from 4-6 inclusive;
R = H, -(CH2)1-6H;

n, q, s, v, and w are integers,
n=1-6,
v+q+w+s=3-1000
q, w, s each may be zero,
and V, W and Y are randomly distributed along the fluorcheicals-substituted polyamine and U is an amine on the
end of the polyamine chain.
where v, n, q, w, and s have the same meaning as in claim 11.

13. The agent of claim 12 wherein the fluorocarbon substituted polyamine is a fluoroalkyl-hydroxyl-alkylpolyamine.

14. The agent of claim 11 wherein a cellulose reactive group is chemically bound to the fluorocarbon substituted
polyamine.

15. The agent of claim 14 wherein the cellulose reactive group is a 3-hydroxyazetidnium and is a chemical reaction
product of epihalohydrin or epiorganosulfonate and the fluorocarbon substituted polyamine.

16. The agent of claim 15 where the 3-hydroxyazetidinium is present in at least 10 mole % relative to the moles of the
polyamine as measured by nuclear magnetic resonance spectroscopy.

17. The agent of claim 11 where the epihalohydrin is epichlorohydrin.

18. The agent of claim 11 where the Mw molecular weight of the agent is from 20,000 to 25,000,000 Daltons as measured
by Size Exclusion Chromatography relative to a poly(methylmethacrylate) standard.

19. The agent of claim 11, wherein A = -CH2-,-CH2CHI(CH2)1-9OCH2-, -CH=CH(CH2)1-9OCH2-, -CH2CHI
(CH2)1-8CO2CH2-, -CH=CH(CH2)1-8CO2CH2-, -(CH2)1-11OCH2-, -(CH2)1-11SCH2-, p = 0 or 1, RF = a mixture pre-
dominantly consisting of -(CF2)4-18F, the number of J groups on a repeating unit -to-nitrogen-atoms on the polyamine
has a molar ratio = 0.05-0.75, R = CH3, H, n = 2, 3, 4, or 6, the sum of v, q, w, and s is 3 to 100, R8-12 = H or a mix
of H and CH3, and the ratio of epihalohydrins or epiorganosulfonates to nitrogen atoms on the polyamine of 0.05-2.0.

20. The agent of claim 11 wherein A = -CH2- p = 1, RF = mixture of consisting predominantly of (CF2)6-12F, the number
of J groups on a repeating unit -to-nitrogen-atoms on the polyamine has a molar ratio = 0.3-0.55, R = H, n = 2, the
sum of v, q, w, and s is 3 to 6, R8-12 = H, with the ratio of epihalohydrins or epiorganosulfonates -nitrogen atoms on
the polyamine of 0.33-0.75.

21. A method of preparing the agent of claim 11 comprising reacting a polyamine with one or more fluorinated epoxides
or fluorinated halohydrins and one or more epihalohydrins or epiorganosulfonates .

22. The method of claim 21 which comprises reacting sequentially the polyamine with one or more fluorinated epoxides
or fluorinated halohydrins resulting in an intermediate product, the fluoroalkyl-hydroxyl alkylpolyamine compound,
followed by reacting in a solvent the intermediate product with one or more of epihalohydrin or epiorganosulfonate.

23. The method of claim 22 where the solvent is selected from the group C1-6 alcohols and diols, acetonitrile, C3-6
ketones, water and mixtures thereof.

24. The method of claim 22 wherein the solvent has a concentration of solids of from 2 to 75% by weight.

25. The method of claim 22 where the fluoroalkyl-hydroxyl alkylpolyamine compound is dispersed in the solvent prior
to reaction.

26. The method of claim 22 where the fluoroalkyl-hydroxyl alkylpolyamine compound is dispersed in solvent at 40 to
110°C.
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27. The method of claim 22 comprising reacting the fluoroalkyl-hydroxyl-alkylpolyamine with the epihalohydrins or epi-
organosulfonates in a two stage process, where stage one is at less than 70 C for greater than 30 minutes and
stage two is greater than 70 C for more than 30 minutes.

28. The method of claim 22 comprising reacting the fluoroalkyl-hydroxyl-alkylpolyamine with the epihalohydrins or epi-
organosulfonates at a pH of 2.5 to 10.5.

29. An oil/grease- and water-sized paper containing agent of Claim 1.

30. An oil/grease- and water-sized paper containing agent of Claim 11.

31. A method of making paper which comprises treating paper with the agent of claim 1.

32. A method of making paper which comprises treating paper with agent of claim 11.

33. A method of making paper which comprises treating paper furnish with the agent of claim 1.

34. A method of making paper which comprises treating paper furnish with the agent of claim 11.

35. An aqueous dispersion comprising the agent of claim 1 or 11 in water.

Patentansprüche

1. Wasserdispergierbares Öl/Fett-Festigkeit und Wasserfestigkeit vermittelndes Leimungsmittel für cellulosehaltige
Materialien, umfassend Wiederholungseinheiten, die aus einem Polyamin mit mindestens 3 SLickstoffatomen in
jeder sich wiederholenden Monomereinheit bestehen, wobei die Aminogruppen teilweise oder ganz durch:

a. eine gegenüber Cellulose reaktive Gruppe, die durch Reaktion des Polyamins und mindestens einer reaktiven
Chemikalie, die aus der Gruppe bestehend aus Epihalogenhydrinen, Epiorganosulfonaten und Oxiranen aus-
gewählt ist, gebildet wird, wobei die Cellulosereaktivität nach Reaktion mit dem Polyamin vorliegt oder durch
nachfolgende Reaktivierung gebildet wird;
b. eine oleophobe und hydrophobe fluorchemische Gruppe, die durch eine Alkylkette mit einer hydrophilen
Gruppe substituiert ist;

substituiert sind;
wobei zusätzlich die gegenüber Cellulose reaktive Gruppe die Polyaminogruppen vernetzt und das durch Größon-
ausschlußchromatographie gegenüber einem Poly(methylmethacrylat)-Standard bestimmte Molekulargewicht Mw
des Mittels 10.000 bis 35.000.000 Dalton beträgt.

2. Mittel nach Anspruch 1, wobei das Polyamin die folgende Struktur aufweist:

n=1-6,
m = 2-1000,
R2, R3, R5 =H, -(CH2)1-4H, -(CH2CH2O)1-10H, -CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CO2

- Met+ (Met = Metall
der Gruppe 1 oder 2),
R4=H, -(CH2)1-4H, -(CH2CH2O)1-10H, -CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CO2

- Met+ (Met = Metall der Gruppe
1 oder 2), -(CH2)1-6NH2,1,0(R2)0,1,2,
wobei mindestens zwei der Gruppen R2, R3, R4 oder R5 für H stehen und
wobei zwei der Gruppen R2 , R4 und R5 die gleiche Kohlenstoffkette sein könnten.
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3. Mittel nach Anspruch 1, wobei es sich bei dem Polyamin um ein geradkettiges, verzweigtes oder alkyliertes Poly-
alkylenimin mit primären, sekundären oder tertiären Amingruppen handelt und das Molekulargewicht des Polyamins
75 bis 32.000 Dalton beträgt.

4. Mittel nach Anspruch 3, wobei das Polyalkylenimin aus der Gruppe bestehend aus Diethylentriamin, Triethylente-
traainin, Tetraethylenpentamin, Dihexamethylentriamin und ihren verzweigten und/oder alkylierten Derivaten aus-
gewählt ist.

5. Mittel nach Anspruch 1, wobei es sich bei der reaktiven Chemikalie um ein Epihalogenhydrin oder Epiorganosulfat
mit der Struktur:

Q=Cl, Br, I,CH3C6H4SO2, CH3SO2
Struktur II handelt.

6. Mittel nach Anspruch 5 mit einem Verhältnis von Epihalogenhydrinen oder Epiorganosulfaten zu Stickstoffatomen
an dem Polyamin von 0,05 bis 2,0.

7. Mittel nach Anspruch 1, wobei es sich bei der gegenüber Cellulose reaktiven Gruppe um eine 3-Hydroxyazetidini-
umgruppe handelt.

8. Mittel nach Anspruch 7, wobei das 3-Hydroxy-azetidinium in einer Menge von mindestens 10 Mol-%, bezogen auf
die Mole des Polyamins, gemessen durch kernmagnetische Resonanzspektroskopie, vorliegt.

9. Mittel nach Anspruch 1, wobei mindestens eine der gegenüber Cellulose reaktiven Gruppen an einem Stickstoff,
der vor der Reaktion mit der reaktiven Chemikalie sekundär war, an das Polyamin gebunden ist.

10. Mittel nach Anspruch 1, wobei der fluorchemische Teil der fluorchemischen Gruppe ferner als ein einwertiger,
perfluorierter, geradkettiger, verzweigter oder cyclischer organischer Alkyl- oder alkenylrest mit drei bis zwanzig
fluorierten Kohlenstoffatomen, der durch zweiwertige Sauerstoff- oder Schwefelatome unterbrochen sein kann,
gekennzeichnet ist.

11. Mittel nach Anspruch 1, das eine Polymerzusammensetzung mit einem durch Größenausschlußchromatographie
gegenüber einem Poly(methylmethacrylat)-Standard bestimmten Molekulargewicht Mw des Mittels von 10.000 bis
35.000.000 Dalton und der Struktur III:

umfaßt, worin
R6, R9, R10, R11, R12 = J, H, -(CH2)1-6H, -(CH2CH2O)1-10H, -CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CH(OH)
CH2Cl,

-CH2CH(OH)CH2OH, -CH2CO2
- M+ (M = Metall der Gruppe 1 oder 2), -(CH2)1-6NH2,1,0(R8)0,1,2, wobei zwei der

Gruppen R8, R10, R11 oder R12 die gleiche Kohlenstoffkette sein könnten,
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R7=H, -CH2CH(OH)CH2, das an Stickstoff an K oder L oder M an einem anderen Fluor(hydroxy)alkyl, Polyalky-
laminohalogenhydrin oder Organosulfonat vernetzt sein kann, wobei mindestens eine der Gruppen R8, R9, R10,
R11, R12 eine Fluorchemikalie gemäß J sein muß und J unter

ausgewählt ist, worin
A =-(CH2)1-9-, -CH2CHI(CH2)1-9BCH2-, -CH=CH (CH2)1-9BCH2-, -(CH2)1-11BCH2-, -(CH2)1-2B(CH2)1-10BCH2-, wo-
bei B - O, CO2, CO2[(CH2)1-2O]1-10, OCH2CO2, OCH2CO2[(CH2)1-2O]1-10, O[(CH2)1-2O]1-10, S, SO2, SCH2CO2, C
(O)S, SCH2C2O [(CH2)1-20]1-10, S[(CH2)1-2O]1-10, S(O)NR’, C (S) NR’ , S(O)NR’CH2CH2O, C(O)NR’, OCH2C(O)
NR’, OPO3, NR’, SCH2C(O)NR’, -N(R)CH2CO2, wobei R’=H, (CH2)1-6;
R = H, (CH2)1-6H;
RF = F(CF2)1-18, CF3CF(CF3) (CF2)3-5, CF3CF2CF(CF3) (CF2)3-5, H(CF2)4-18, HCF2CF(CE3) (CF2)3-5, HCF2CF2CF
(CF3) (CF2)3-5, Cycloperfluoralkylreste der Formel CzF(2z-1), wnbei z für eine ganze Zahl mit einem Wert von 4-6
einschließlich steht;
n, p, q, s, t, v und w für ganze Zahlen stehen,
p=0, 1,
n = 1-6,
v+q+w+s=3-1000,
q, w, s jeweils für null stehen können,
t=w+s,
Q=Cl-, Br-, I-, CH3C6H4SO2

-, CH3SO2
-,

und K, L und M entlang dem Polyamin statistisch verteilt sind und
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T für ein Amin am Ende der Polyaminkette steht.

12. Mittel nach Anspruch 11, wobei die Polymerzusammensetzung das Reaktionsprodukt eines fluorkohlenstoffsubsti-
tuierten Polyamins der Struktur IV und des Epihalogenhydrins oder Epiorganosulfonats umfaßt:

R13, R14, R15, R16, R17= J, H, -(CH2)1-6H, -(CH2CH2O)1-10H, -CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CO2
- M+

(M - Metall der Gruppe 1 oder 2), -(CH2)1-6NH2,1,0(R13)0,1,2, wobei zwei der Gruppen R13, R15, R16 oder R17 die
gleiche Kohlenstoffkette sein können,
und J unter

RF= F(CE2)4-18, CF3CF(CF3) (CF2)3-5, CF3CF2CF(CF3) (CF2)3-5, H(CF2)1-18, HCF2CF(CF3) (CF2)3-5, HCF2CF2CF
(CF3) (CF2)3-5, Cycloperfluoralkylreste der Formel CzF(2z-1), wobei z für eine ganze Zahl mit einem Wert von 4-6
einschließlich steht;
R-H, -(CH2)1-6H;
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n, q, s, v und w für ganze Zahlen stehen,
n=1-6,
v+q+w+s=3-1000,
q, w, s jeweils für null stehen können,
und V, W und Y entlang dem fluorchemikaliensubstituierten Polyamin statistisch verteilt sind und U für ein Amin am
Ende der Polyaminkette steht;
wobei v, n, q, w und s die gleiche Bedeutung wie in Anspruch 11 besitzen.

13. Mittel nach Anspruch 12, wobei es sich bei dem fluorkohlenstoff substituierten Polyamin um ein Fluor-hydroxyl-
alkylpolyamin handelt.

14. Mittel nach Anspruch 11, wobei die gegenüber Cellulose reaktive Gruppen chemisch an das fluorkohlenstoffsub-
stituierte Polyamin gebunden ist.

15. Mittel nach Anspruch 14, wobei es sich bei der gegenüber Cellulose reaktiven Gruppe um ein 3-Hydroxyazetidinium
handelt und es sich um ein Produkt der chemischen Reaktion von Epihalogenhydrin oder Epiorganosulfonat und
dem fluorkohlenstoffsubstituierten Polyamin handelt.

16. Mittel nach Anspruch 15, wobei das 3-Hydroxy-azetidinium in einer Menge von mindestens 10 Mol-%, bezogen auf
die Mole des Polyamins, gemessen durch kernmagnetische Resonanzspektroskopie, vorliegt.

17. Mittel nach Anspruch 11, wobei es sich bei dem Epihalogenhydrin um Epichlorhydrin handelt.

18. Mittel nach Anspruch 11, wobei das durch Größenausschlußchromatographie gegenüber einem Poly(methylme-
thacrylat)-Standard bestimmte Molekulargewicht Mw des Mittels 20.000 bis 25.000.000 Dalton beträgt.

19. Mittel nach Anspruch 11, wobei A=-CH2-, -CH2CHI (CH2) 1-9OCH2-, -CH-CH (CH2) 1-9OCH2-, -CH2CHI
(CH2)1-8CO2CH2-, -CH=CH (CH2) 1-8CO2CH2-, -(CH2)1-11OCH2-, (CH2)1-11SCH2, p = 0 oder 1, RF= ein Gemisch,
das überwiegend aus -(CF2)4-18F besteht, die Zahl der Gruppen J an einer Widerholungseinheit zu Stickstoffatomen
an dem Polyamin ein Molverhältnis =0,05-0,75 aufweist, R=CH3, H, n=2, 3, 4 oder 6, die Summe von v, q, w und
s 3 bis 100 beträgt, R8-12=H oder eine Mischung von H und CH3, und das Verhältnis von Epihalogenhydrinen oder
Epiorganosulfonaten zu Stickstoffatomen an dem Polyamin 0,05-2,0 beträgt.

20. Mittel nach Anspruch 11, wobei A = -CH2-, p=1, RF = Gemisch, das überwiegend aus -(CF2)6-12F besteht, die Zahl
der Gruppen J an einer Wiederholungseinheit zu Stickstoffatomen an dem Polyamin ein Molverhältnis =0,3-0,55
aufweist, R =H, n = 2, die Summe von v, q, w und s 3 bis 6 beträgt, R8-12 =H, wobei das Verhältnis von Epihalo-
genhydrinen oder Epiorganosulfonaten zu Stickstoffatomen an dem Polyamin 0,33-0,75 beträgt.

21. Verfahren zur Herstellung des Mittels nach Anspruch 11, bei dem man ein Polyamin mit einem oder mehreren
fluorierten Epoxiden oder fluorierten Halogenhydrinen und einem oder mehreren Epihalogenhydrinen oder Epior-
ganosulfonaten umsetzt.

22. Verfahren nach Anspruch 21, bei dem man nacheinander das Polyamin mit einem oder mehreren fluorierten Epo-
xiden oder fluorierten Halogenhydriden umsetzt, wobei man ein Zwischenprodukt, die Fluoralkyl-hydroxyl-alkylpo-
lyamin-Verbindung, erhält, und dann das Zwischenprodukt in einem Lösungsmittel mit einem oder mehreren Epi-
halogenhydrinen oder Epiorganosulfonaten umsetzt.

23. Verfahren nach Anspruch 22, bei dem man das Lösungsmittel aus der Gruppe bestehend aus C1-6-Alkoholen und
Diolen, Acetonitril, C3-6-Ketonen, Wasser und Mischungen davon auswählt.

24. Verfahren nach Anspruch 22, bei dem das Lösungsmittel eine Feststoffkonzentration von 2 bis 75 Gew.-% aufweist.

25. Verfahren nach Anspruch 22, bei dem man die Fluoralkyl-hydroxyl-alkylpolyamin-Verbindung vor der Reaktion in
dem Lösungsmittel dispergiert.

26. Verfahren nach Anspruch 22, bei dem man die Fluoralkyl-hydroxyl-alkylpolyamin-Verbindung bei 40 bis 110°C in
Lösungsmittel dispergiert.
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27. Verfahren nach Anspruch 22, bei dem man das Fluoralkyl-hydroxyl-alkylpolyamin in einem zweistufigen Verfahren
mit den Epihalogenhydrinen oder Epiorganosulfonaten umsetzt, wobei Stufe eins bei weniger als 70°C über einen
Zeitraum von mehr als 30 Minuten und Stufe zwei bei mehr als 70°C über einen Zeitraum von mehr als 30 Minuten
erfolgt.

28. Verfahren nach Anspruch 22, bei dem man das Fluoralkyl-hydroxyl-alkylpolyamin bei einem pH-Wert von 2,5 bis
10,5 mit den Epihalogenhydrinen oder Epiorganosulfonaten umsetzt.

29. Öl/Fettfest und wasserfest ausgerüstetes Papier, enthaltend das Mittel nach Anspruch 1.

30. Öl/Fettfest und wasserfest ausgerüstetes Papier, enthaltend das Mittel nach Anspruch 11.

31. Verfahren zur Herstellung von Papier, bei dem man Papier mit dem Mittel nach Anspruch 1 behandelt.

32. Verfahren zur Herstellung von Papier, bei dem man Papier mit dem Mittel nach Anspruch 11 behandelt.

33. Verfahren zur Herstellung von Papier, bei dem man Papierstoff mit dem Mittel nach Anspruch 1 behandelt.

34. Verfahren zur Herstellung von Papier, bei dem man Papierstoff mit dem Mittel nach Anspruch 11 behandelt.

35. wäßrige Dispersion, umfassend das Mittel nach Anspruch 1 oder 11 in Wasser.

Revendications

1. Agent d’encollage oléofuge et hydrofuge dispersible dans l’eau pour matériaux cellulosiques, comprenant des unités
de répétition qui comprennent une polyamine contenant au moins 3 atomes d’azote dans chaque unité de répétition
monomère, les groupes amino étant partiellement ou complètement substitués par :

a. un groupe réactif avec la cellulose qui est formé par réaction de la polyamine et d’au moins un produit chimique
réactif choisi dans le groupe constitué par l’épihalohydrine, les épiorganosulfonates et les oxiranes, la réactivité
avec la cellulose étant présente après la réaction avec la polyamine ou étant formée par une réactivation
ultérieure;
b. un groupe fluorochimique oléophobe et hydrophobie, qui est substitué par une chaîne alkyle qui contient un
groupe hydrophile ;

le groupe réactif avec la cellulose réticulant également les groupes polyamino et le poids moléculaire Mw de l’agent
étant de 10 000 à 35 000 000 daltons tel que mesuré par chromatographie d’exclusion par rapport à un étalon
polyméthacrylate de méthyle.

2. Agent selon la revendication 1, dans lequel la polyamine a la structure :

n=1 à 6,
m=2 à 1 000,
R2, R3, R5= H, -(CH2)1-4H, -(CH2CH2O)1-10H, -CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CO2

- Met+ (Met = métal
du groupe 1 ou 2),
R4=H, -(CH2)1-4H, -(CH2CH2O)1-10H, -CH2CH(OH)CH3, - CH(CH3)CH2OH, -CH2CO2

- Met1 (Met=métal du groupe
1 ou 2), (CH2)1-6NH2,1,0(R2)0,1,2,
au moins deux radicaux parmi R2, R3, R4 et R5 étant H, et deux radicaux quelconques parmi R2, R4 et R5 pouvant
être la même chaîne carbonée.

3. Agent selon la revendication 1, dans lequel la polyamine est une polyalkyleneimine linéaire, ramifiée ou alkylée
contenant des groupes amine primaires, secondaires et tertiaires, et le poids moléculaire de la polyamine est de
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75 à 32 000 daltons.

4. Agent selon la revendication 3, dans lequel la polyalkylèneimine est choisie dans un groupe constitué par la diethy-
lènetriamine, la triéthylènetétraamine, la tétraéthylènepentamine, la dihexaméthylènetriamine et leurs dérivés ra-
mifiés et/ou alkylés.

5. Agent selon la revendication 1, dans lequel le produit chimique réactif est une épihalohydrine ou un épiorganosul-
fonate, ayant la structure :

Q=Cl, Br, I, CM3C6H4SO2, CH3SO2.

6. Agent selon la revendication 5, ayant un rapport entre les épihalohydrines ou épiorganosulfonates et les atomes
d’azote de la polyamine de 0,05 à 2,0.

7. Agent selon la revendication 1, dans lequel le groupe réactif avec la cellulose est un groupe 3-hydroxyazétidinium.

8. Agent selon la revendication 7, dans lequel le 3-hydroxyazétidinium est présent à hauteur d’au moins 10 % en moles
par rapport aux moles de la polyamine, tel que mesuré par spectroscopie de résonance magnétique nucléaire.

9. Agent selon la revendication 1, dans lequel au moins un des groupes réactifs avec la cellulose est relié à la polyamine
au niveau d’un azote qui était secondaire avant la réaction avec le produit chimique réactif.

10. Agent selon la revendication 1, dans lequel la partie fluorochimique du groupe fluorochimique est également ca-
ractérisée comme étant un radical organique monovalent, perfluoré, alkyle ou alcényle, linéaire, ramifié ou cyclique
qui contient trois à vingt atomes de carbone fluorés, qui peut être interrompu par des atomes de soufre ou d’oxygène
bivalents.

11. Agent selon la revendication 1, qui comprend une composition polymère ayant un poids moléculaire Mw de l’agent
de 10 000 à 35 000 000 daltons tel que mesuré par chromatographie d’exclusion par rapport à un étalon polymé-
thacrylate de méthyle et ayant la structure III:

dans laquelle
R8, R9, R10, R11, R12=J, H, -(CH2)1-6H, -(CH2CH2O)1-10H, - CH2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CH(OH)
CH2Cl,

-CH2CH(OH)CH2OH, -CH2CO2 M1 (M = métal du groupe 1 ou 2), -(CH2)1-6NH2,1,0(R6)0,1,2, deux radicaux quel-
conques parmi R8, R10, R11 et R12 pouvant être la même chaîne carbonée,
R7=H, -CH2CH(OH)CH2, qui peut être réticulé avec l’azote de K ou L ou M d’un fluoro(hydroxy)alkyle, d’une po-
lyalkylaminohalchydrine ou d’un organosulfonate différent, au moins un radical parmi R8, R9, R10, R11, R12 devant
être un radical fluorochimique tel que représenté par J, et J étant choisi parmi
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dans lesquelles
A = -(CH2)1-9-, -CH2CHI(CH2)1-9BCH2-, -CH=CH(CH2)1-9BCH2-, -(CH2)1-11BCH2-, -(CH2)1-2B(CH2) 1-10BCH2-,
avec B = 0, CO2, CO2[(CH2)1-2O]1-10, OCH2CO2, OCH2CO2[(CH2)1-2O]1-10, O[(CH2)1-2O]1-10, S, SO2, SCH2CO2,
C(O)S, SCH2C2O[(CH2)1-2O]1-10, S[(CH2)1-2O]1-10, S(O)NR’, C(S)NR’, S(O)NR’CH2CH2O, C(O)NR’, OCH2C(O)
NR’, OPO3, NR’, SCH2C(O)NR’, - N(R)CH2CO2, avec R’ = H, (CH2)1-6;
R - H, (CH2)1-6H;
RF =F(CF2)4-18, CF3CF(CF3) (CF2)3-5, CF3CF2CF(CF3) (CF2)3-5, H(CF2)4-18, HCF2CF(CF3) (CF2)3-5, HCF2CF2CF
(CF3) (CF2)3-5, radicaux cycloperfluoroalkyle de formule C2F(2z-1),z étant un entier qui a une valeur de 4 à 6 inclus;
n, p, q, s, t, v et w sont des entiers,
p = 0, 1,
n = 1 à 6,
v+q+w+s=3 à 1000,
q, w, s peuvent chacun être zéro,
t = w +s,
Q=Cl-, Br-, I-, CH3C6H4SO2

-, CH3SO2
-,

et K, L et M sont distribués aléatoirement le long de la polyamine et T est une amine à l’extrémité de la chaîne
polyamine.

12. Agent selon la revendication 11, dans lequel la composition polymère comprend le produit de réaction d’une poly-
amine substituée par des fluorocarbures de structure IV et de l’épihalohydrine ou épiorganosulfonate :
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R13, R14, R15, R16, R=J, H, -(CH2)1-6H, -(CH2CH2O)1-10H, - CF2CH(OH)CH3, -CH(CH3)CH2OH, -CH2CO2
- M+ (M

= métal du groupe 1 ou 2), -(CH2)1-6NH2,1,0(R13)0,1,2, deux radicaux quelconques parmi R13, R15, R16 et R17 pouvant
être la même chaîne carbonée,
et J étant choisi parmi

dans lesquelles
RF=F(CF2)4-18, CF3CF(CF3) (CF2)3-5, CF3CF2CF(CF3) (CF2)3-5, H(CF2)4-18, HCF2CF(CF3) (CF2)3-5, HCF2CF2CF
(CF3) (CF2)3-5, radicaux cycloperfluoroalkyle de formule CzF(2z-1), Z étant un entier ayant une valeur de 4 à 6 inclus;
R=H, (CH2)1-6H;
n, q, s, v et w sont des entiers,
n=1 à 6,
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v+q+w+s=3 à 1000
q, w, s peuvent chacun être zéro,
et v, W et Y sont distribués aléatoirement le long de la polyamine substituée par des radicaux fluorochimiques et U
est une amine à l’extrémité de la chaîne polyamine ;
v, n, q, w et s ayant la même signification que dans la revendication 11.

13. Agent selon la revendication 12, dans lequel la polyamine substituée par des fluorocarbures est une fluoroalkyl-
hydroxyl-alkylpolyamine.

14. Agent selon la revendication 11, dans lequel un groupe réactif avec la cellulose est relié chimiquement à la polyamine
substituée par des fluorocarbures.

15. Agent selon la revendication 11, dans lequel le groupe réactif avec la cellulose est un 3-hydroxyazétidinium et est
un produit de réaction chimique d’épihalohydrine ou épiorganosulfonate et de la polyamine substituée par des
fluorocarbures.

16. Agent selon la revendication 15, dans lequel le 3-hydroxyazétidinium est présent à hauteur d’au moins 10 % en
moles par rapport aux moles de la polyamine, tel que mesuré par spectroscopie de résonance magnétique nucléaire.

17. Agent selon la revendication 11, dans lequel l’épihalohydrine est l’épichlorohydrine.

18. Agent selon la revendication 11, dans lequel le poids moléculaire Mw de l’agent est de 20 000 à 25 000 000 daltons
tel que mesuré par chromatographie d’exclusion par rapport à un étalon polyméthacrylate de méthyle.

19. Agent selon la revendication 11, dans lequel A = - CH2-, -CH2CHI(CH2)1-9OCH2-, -CH=CH(CH2)1-9OCH2-, - CH2CHI
(CH2) 1-8CO2CH2-, -CH=CH (CH2) 1-8CO2CH2-, -(CH2) 1-11OCH2-, -(CH2)1-11SCH2-, p = 0 ou 1, RF = un mélange
principalement constitué par -(CF2)4-16F, le nombre de groupes J dans une unité de répétition par rapport aux
atomes d’azote dans la polyamine a un rapport molaire = 0,05 à 0,75, R = CH3, H, n =2, 3, 4 ou 6, la somme de v,
q, w et s est de 3 à 100, R8-12= H ou un mélange de H et CH3, et le rapport entre les épihalohydrines ou épiorga-
nosulfonates et les atomes d’azote de la polyamine est de 0,05 à 2,0.

20. Agent selon la revendication 11, dans lequel A = - CH2-, p = 1, RF = mélange principalement constitué par (CF2)6-12F,
le nombre de groupes J dans une unité de répétition par rapport aux atomes d’azote dans la polyamine a un rapport
molaire = 0,3 à 0,55, R =H, n= 2, la somme de v, q, w et s est de 3 à 6, R8-12=H, et le rapport entre les épihalohydrines
ou épiorganosulfonates et les atomes d’azote de la polyamine est de 0,33 à 0,75.

21. Procédé de préparation de l’agent selon la revendication 11, comprenant la mise en réaction d’une polyamine avec
un ou plusieurs époxydes fluorés ou une ou plusieurs halohydrines fluorées et une ou plusieurs épihalohydrines ou
un ou plusieurs épiorganosulfonates.

22. Procédé selon la revendication 21, qui comprend la mise en réaction séquentielle de la polyamine avec un ou
plusieurs époxydes fluorés ou une ou plusieurs halohydrines fluorées résultant en un produit intermédiaire, le
composé de fluoroalkyl-hydroxyl-alkylpolyamine, suivie par la mise en réaction dans un solvant du produit intermé-
diaire avec une ou plusieurs épihalohydrines ou un ou plusieurs épiorganosulfonates.

23. Procédé selon la revendication 22, dans lequel le solvant est choisi dans le groupe constitué par les alcools et diols
en C1-6, l’acétonitrile, les cétones en C3-6, l’eau et leurs mélanges.

24. Procédé selon la revendication 22, dans lequel le solvant a une concentration en solides de 2 à 75 % en poids.

25. Procédé selon la revendication 22, dans lequel le composé de fluoroalkyl-hydroxyl-alkylpolyamine est dispersé dans
le solvant avant la réaction.

26. Procédé selon la revendication 22, dans lequel le composé de fluoroalkyl-hydroxyl-alkylpolyamine est dispersé dans
le solvant à 40 à 110°C.

27. Procédé selon la revendication 22, comprenant la mise en réaction de la fluoroalkyl-hydroxyl-alkylpolyamine avec
les épihalohydrines ou épiorganosulfonates selon un procédé à deux étapes, la première étape s’effectuant à moins
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de 70°C pendant plus de 30 minutes et la seconde étape s’effectuant à plus de 70°C pendant plus de 30 minutes.

28. Procédé selon la revendication 22, comprenant la mise en réaction de la fluoroalkyl-hydroxyl-alkylpolyamine avec
les épihalohydrines ou épiorganosulfonates à un pH de 2,5 à 10,5.

29. Papier oléofugé et hydrofugé contenant l’agent selon la revendication 1.

30. Papier oléofugé et hydrofugé contenant l’agent selon la revendication 11.

31. Procédé de fabrication de papier qui comprend le traitement du papier avec l’agent selon la revendication 1.

32. Procédé de fabrication de papier qui comprend le traitement du papier avec l’agent selon la revendication 11.

33. Procédé de fabrication de papier qui comprend le traitement de la composition de fabrication du papier avec l’agent
selon la revendication 1.

34. Procédé de fabrication de papier qui comprend le traitement de la composition de fabrication du papier avec l’agent
selon la revendication 11.

35. Dispersion aqueuse comprenant l’agent selon la revendication 1 ou 11 dans de l’eau.
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