
United States Patent O?ice 
1 

3,810,772 
FLUOROCHEMICAL COMPOSITIONS FOR 
ORGANOPHOBIC SIZING OF PAPER 
PRODUCTS 

Melville Willard U?ner, Media, Pa., assignor to Air 
Products and Chemicals, Inc., Allentown, Pa. 

No Drawing. Continuation-impart of application Ser. No. 
163,417, July 16, 1971, now Patent No. 3,736,164. This 
application July 21, 1972, Ser. No. 273,980 

Int. Cl. C09k 3/00, 3/18 
U.S. Cl. 106-287 R 22 Claims 

ABSTRACT OF THE DISCLOSURE 
Improved ?uorine-containing phosphate compositions 

provide enhanced oil and grease resistant properties to 
cellulosic substrates. Fluorochemicals like poly?uorocyclo 
alkyl phosphates when applied in combination with sol 
vents, surfactants, chelating agents and/or alkali produce 
a complexing of metallic ions and a wetting effect of cel 
lulosic ?brous bodies thereby enhancing their oleophobic 
properties. Such compositions are particularly adaptable 
for economical application to cellulosic stocks which have 
been previously sized. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of application 
Ser. No. 163,417 ?led July 16, 1971, now U.S. Pat. 
3,736,164. 

BACKGROUND OF THE INVENTION 

The invention relates to functional surface coating com 
positions having ?uorine-containing phosphate materials 
useful in treating paper and other cellulosic materials for 
improved oil and grease repellency. Compositions com 
prising such ?uorochemicals in combination with non 
?uorinated organic and inorganic wetting or swelling and 
sequestering agents demonstate enhanced oleophobic prop 
erties when applied to cellulosic materials. They are espe 
cially useful for application to paper stock which has been 
previously sized. 

Fluorine-containing monomeric and polymeric mate 
rials have been generally acknowledged as useful for appli 
cation to cellulosic substrates. However, it has been found 
that certain types of stocks treated with ?uorochemical 
sizing agents perform erratically in terms of imparting 
oleophobic properties thereto, and accordingly, have not 
received wide acceptance in industry. More speci?cally, 
it has been discovered the performance of ?uorochemicals 
employed in treating paper was unexpectedly diminished 
on certain base stocks. For example, in the case of rosin/ 
alum sized stock, papers treated with sulphite or in the 
case of stocks containing lignin and/or groundwood, ex 
cessive amounts of ?uorochemical sizing were necessary 
in order to impart satisfactory oleophobic properties. 

-In many instances, certain cellulosic stocks showed a 
tendency to preferentially absorb ?uorine-containing 
chemicals disproportionately to the size-tub concentration 
resulting in pre-mature exhaustion of the size bath, so 
that pickup at the end of the run was signi?cantly less 
than experienced at the beginning of the run. Conse 
quently, ?uorochemical sizing agents have not received 
universal acceptance, simply because they were too costly 
for economical use on all types of stock. That is to say, 
heretofore, the application of ?uorochemical agents has 
been restricted almost exclusively to waterleaf or unsized 
stock, and as a result, manufacturers customarily avoided 
their use on previously sized cellulosics. 
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One remedy suggested for more economical use was to 

employ dilute aqueous solutions of ?uorochemicals, since 
they were generally felt to offer better wetting of the 
stock. In spite of some improvement, dilute aqueous com 
positions of ?uorochemicals nevertheless failed to provide 
a total solution to the problem. Such compositions had a 
tendency to ?ock, and therefore, a loss of potency upon 
standing resulted. 

It has now been discovered that a group of ?uorine 
containing phosphate compositions when used in conjunc 
tion with a particular group of additives, either singly or 
in combination, are capable of inducing a cellulose swell 
ing or wetting effect or a sequestration of metal ions when 
in contact with cellulosic ?bers thereby providing en 
hanced ?uorochemical activity. This is demonstrated by 
the fact that ?uorochemical concentration of a bath at 
the beginning of a coating operation remains substan 
tially undiminished at the time of completion. By employ 
ing the foregoing additives in an aqueous ?uorochemical 
bath, the activity of the oleophobic ingredients is poten 
tiated over corresponding compositions used in the absence 
of such additives. The treated stock is also more uniform 
ly oleophobic, and therefore, all paper and paperboard 
stock, regardless of the type and source of pulp, method 
of making, particular pigment or binder content, will now 
respond economically to ?uorochemical application. 

Accordingly, it is a principal object of the present in 
vention to provide a series of novel ?uorine-containing 
phosphate sizing compositions which can be employed 
economically to virtually any type of cellulosic stock. 

It is a further object of the instant invention to provide 
potentiated ?uorochemical compositions having improved 
oil and grease repellent properties when applied to sized 
cellulosics. 
A still further object is to provide a series of cellulosic 

materials which have been coated with improved oleopho 
bic compositions. 

These and other objects, features and advantages of 
this invention will become apparent to those skilled in 
the art after a reading of the following more detailed 
description. 

PREFERRED EMBODIMENTS OF 
THE INVENTION 

In accordance with the present invention, functional sur 
face coating compositions are prepared by incorporating 
from 0.025 to about 2.0 percent by weight of an active 
?uorine-containing phosphate material with about 0.101 to 
about 20.0 percent by weight of non?uorinated organic 
and inorganic wetting or swelling agents either alone or 
in combination with sequestering agents which function 
to complex and/or chelate metal ions. With the presence 
of a su?icient amount of the nonfluorine containing addi 
tive, ?bers of a cellulosic substrate become more receptive 
to efiicient ?uorochemical distribution and deposition. The 
additive-potentiators include various sequestering agents, 
water miscible organic solvents, surfactants and alkalis, 
each serving to either complex, wet or swell ?bers of a 
cellulosic substrate for more favorable ?uorochemical ap 
plication. Though satisfactorily used individually, the addi 
tives are preferably employed in combinations, such as a 
plurality of»water miscible solvents, like mixtures con 
sisting of an aliphatic alcohol and dioxane or tetrahydro 
furan (THF) or a monohydric alcohol such as n-butanol 
with THF and a chelating agent, such as DEG (the sodium 
salt of diethanol glycine). 

Fluorochemicals found specially adaptable for use in 
the subject-compositions are ?uorine-containing linear, 
branched and cyclic structured phosphates consisting of 
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poly?uorocyclo'alkyl phosphates and poly?uoroalkyl phos 
phates of the formula (R,L)3_yZ where: ' 

R! IS: 
R2(CF2),,—, where R2 is F or H and a is an integer of 
from 1 to 20; 

(CF3)2CR3(CF2)b--, where R; is F or H and b is 0 and 
R3 is F when b is an integer of from 1 to 18; 

R4(c-C6Fm)—, where R; is F or CnFzmrl and n is an 
integer of from 1 to 4 and where c- designates an ali 
cyclic structure; 

where R5 is an alkyl group having 1 to 10 carbon atoms; 
or 

(CH2)nO—, where n is the integer l or 2; 
y is an integer of 1 or 2, and 

Z is: 

-—P (O) (OM)x, where x is an integer of 1, 2 or mix 
tures thereof and M is a water-solubilizing cation of 
the group consisting of alkali metal (sodium, potas 
sium or lithium), ammonium and substituted ammoni 
um when x is 1, and each M is independently selected 
from the group consisting of hydrogen, alkali metal, 
ammonium and substituted ammonium when x is 2. 

The following compounds illustrate only but a few of 
the ?uorine-containing phosphate materials falling within 
the purview of the above formula: 

1 c- designates an allcycllc structure. 

The foregoing poly?uoroalkyl phosphates are com 
pounds known in the art and are well documented in the 
literature. For example, alkali metal, ammonium and sub 
stituted ammonium salts of poly?uoroalkyl phosphates 
are taught in US. Pats. 2,559,749; 3,083,224; and 3,112, 
241. Per?uoroalkylsulfonamidoalkyl phosphate materials 
are disclosed in US. 3,094,547. The above compounds are 
also described in US. 3,664,987 as well as copending ap~ 
plications S.N. 222,329 and S.N. 222,360, both ?led On 
Jan. 31, 1972. The poly?uorocycloalkyl phosphates are 
disclosed in copending application S.N. 236,978, ?led 
Mar. 22, 1972. The foregoing patents, applications and 
their respective enabling disclosures are incorporated-by 
reference herein. 

Particular poly?uorocycloalkyl phosphates of special 
interest may also be represented by Formula I depicting 
mono and his type compounds and (II) as pyroesters: 

wherein K; is ?uorine or a C1 to C4 per?uoroalkyl group 
substituted on the 2, 3, or 4 position of the per?uorocy 
clohexane ring, n is an integer of from 1 to 4, a is an 
integer of from 1 to 2 and X in each occurrance is inde 
pendently selected from chlorine or any member of OM 
where M is a water-solubilizing cation of the group con 
sisting of hydrogen, alkali metal (sodium or potassium), 
ammonium or substituted ammonium. 
.. Monoesters wherein a is 1 and his esters when a is 2 
may be used independently of the other. Alternatively, 
because such products are prepared as reaction mixtures 
containing mono, bis and pyroesters, they can be con 
veniently used ‘without ?rst separating. Furthermore, 

10 

20 

25 

30 

50 

60 

65 

70 

75 

4 
?uorochemicals prepared with phosphorous pentoxide 
(P205) also include pyroesters (II), which in turn serve 
to further improve the oleophobic activity of the ?uoro 
chemical coating compositions: 

(II) 0 
II 

wherein the values of K‘, n and X for the pyrophosphates 
of (II) are the same as Formula I. Although a and m of 
(II) may be integers of one or more, in most instances 
their values will be preferably 1. 
From Formulas I and II, it can be seen that certain 

compounds will have only a single X, in which case they 
may have a value of chlorine or an OM radical where M 
is hydrogen, alkali metal, ammonium or substituted am 
monium derived from primary, secondary or tertiary 
amines. However, pyroesters (II) and bisesters (I) have 
at least two X’s present. In this instance, X may then be 
independently selected from chlorine or OM and any of 
the values for M. This naturally includes individual com 
pounds where each of the X’s have radicals which are the 
same as well as compounds having a plurality of X’s 
where each is different from the other. 
The following table illustrates other poly?uorocyclo 

hexanealkyl phosphates falling within the purview of 
Formulas I and II: 

Thus, oil and grease resistant poly?uorocycloalkyl 
phosphate compositions typically may contain, only by 
way of illustration, one or more of the following: mono 
undeca?uorocyclohexanemethyl phosphate (monoester), 
bis-undeca?uorocyclohexanemethyl phosphate (bis-ester) 
and/or his - undeca?uorocyclohexanemethyl pyrophos 
phate (pyrocster), either as the free acid or diethanol~ 
amine salt, e.g. 

o 

H 

Monoester 

(T) 
(QFn-CHz-Oh-P-OH 

Blsester 

<2 ? 
ClF11CH;—O—P—O—P—O—CH1—05F" 

H H 

Pyroester 

Other polyphosphate esters may also be present, out at 
lower concentrations (e.g. 3%) for products prepared 
with a molar ratio of 3 moles of per?uorocyclohexane 
alkanol to each mole of phosphorus pentoxide. 

Substituted ammonium salts of poly?uoroalkyl and 
poly?uorocycloalkyl phosphates are readily prepared 
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from commonly available, water soluble primary, 
secondary and tertiary amines which are inclusive only 
by way of example of organic amines, such as alkyl 
amines, alkanolamines, ‘nitrogen containing heterocyclics, 
cyclic amines, polyamines, and the like. Alkyl amines 
may be primary, secondary or tertiary and may have alkyl 
groups having 1 to 6 carbon atoms. The alkyl portion of 
the amines may be straight chain or branched like 
methylamine, ethylamine, diethylamine, triethylamine, tri 
propylamine, diisobutylamine. Alkyl amines also en 
compass mixed amines such as N-ethyl-dipropylamine, N 
ethyl-N-methyl propylamine, N,N-dimethyl butylamine, 
etc. Alkanolamines which form substituted ammonium 
salts with the taught compounds usually have from 1 to 
3 hydroxyl groups and may also be primary, secondary, 
or tertiary amines. Examples of suitable alkanolamines 
are monoethanolamine, diethanolamine, triethanolamine, 
bis(2-hydroxypropyl) amine and pentanolamine and re 
lated compounds having 2 and 3 hydroxy groups and in 
the range of from 2 to 10 carbon atoms. Substituted 
ammonium salts also may be prepared from nitrogen 
containing heterocyclic compounds including aromatic 
and non-aromatic types which may or may not be sub 
stituted, like imidazole, morpholine, piperidine and alkyl 
substituted heterocyclics having 1 to 6 carbon atoms like 
2-ethyl imidazole. Cyclic amines and especially bicyclic 
compounds like triethylenediamine are useful salt form 
ing agents. Suitable polyamines are ethylenediamine, 1,2 
propanediamine, diethylene triamine, etc. 

‘Preparation of the foregoing salts are described in co 
pending patent application S.N. 236,978, ?led Mar. 22, 
1972. The ?uorochemical compounds and salts disclosed 
therein and methods for their manufacture are hereby in 
corporated-by-reference into the present application. 

Functional surface coating compositions will generally 
contain from about 0.025 to about 2.0 percent by weight 
of the ?uorine-containing material, and most frequently, 
from about 0.05 to about 1.0 percent. However, more 
optimal quantities of ?uorochemical will range from about 
0.05 to about 0.5 percent by weight. 
The non-fluorinated materials used in combination with 

the aforementioned ?uorochemicals are mainly organic 
compounds providing wetting or swelling effect when in 
contact with cellulosic ?bers. Inorganic compounds may 
also be used for enhanced oleophobic properties, for ex 
ample, alkali metal hydroxides, carbonates and acids, 
such as boric acid and the like. In addition, certain of 
these non-?uorinated materials function as sequestering 
agents which form complexes when in contact with 
cations, such as those commonly found, for example, in 
clay and alum sizing. They also operate by sequestering 
or chelating these ions for more e?icient deposition, 
orientation and distribution of the ?uorochemical on the 
substrate. Particularly useful non-?uorinated materials 
falling within this de?nition are water-miscible organic 
solvents, chelating agents, non-ionic surfactants and alkali 
metal hydroxides. - 

A wide range of water-miscible organic solvents are 
recommended including readily available alcohols, such 
as methanol, ethanol, propanol, butanol, amyl alcohol 
and the like. The alcohols are preferably aliphatic, 
monohydric compounds having from about 1 to about 7 
carbon atoms. Other available water miscible solvents in 
clude inter alia dimethylformamide (DMF), tetrahydro~ 
furan (THF), dioxane, acetone, methyl ethyl ketone and 
the like. Generally, a cellulosic wetting amount of solvent 
or an amount su?icient to cause a swelling of cellulose 
?bers should be added to the ?uorochemical. Excessive 
quantities of solvent are neither required nor recom 
mended. More speci?cally, the water miscible organic 
solvents may be used in amounts from about 1 to about 
20 percent, and more preferably, from about 4 to about 
8 percent by weight. 

It is also specially advantageous to employ combina~ 
tions of such water miscible organic solvents with the 
?uorochemicals disclosed herein. For example, blended 
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6 
admixtures of n-butanol and THF, DMF or dioxane are 
particularly effective when employed with the oleophobic 
?uorochemicals. N-amyl-alcohol can also be satisfactorily 
used in combination with DMF for enhanced oleophobic 
ity. Other variations of organic solvent combinations too 
numerous to mention, provide acceptable results. How 
ever, in selecting a particular solvent or combination of 
solvents for use with the ?uorochemical ingredient prefer 
ably they should be readily miscible in aqueous solutions. 
The proportional range of each solvent used in a given 
combination of solvents is not critical, however, the 
combined quantities employed in a coating composition 
will not ordinarily exceed those amounts set-forth above 
for homogeneous solvent containing compositions. 
As previously mentioned, the sequestering agents oper 

ate by complexing or chelating cations commonly found 
in cellulosic sizing. For purposes of the present invention, 
sequestering agents are inclusive of complexing com 
pounds, such as chelating agents which include both or 
ganic and inorganic materials capable of reacting with 
metallic ions to form complex molecules. Typical exam 
ples include compounds and salts, such as sodium tetra 
borate decahydrate, ammonium pentaborate, disodium 
octaborate tetrahydrate, sodium salt of diethanol glycine 
(DEG), sodium citrate, potassium citrate, the alkali metal 
salts of ethylenediaminetetraacetic acid, diethylenetri 
aminepentacetic acid-pentasodium salt, nitrilotriacetic acid 
disodium salt (monohydrate), N-hydroxyethyl ethylene 
diaminetriacetic acid (trisodium salt), oxalic acid, citric 
acid, boric acid and sodium hexametaphosphate, sodium 
acid pyrophosphate, monosodium phosphate, sodium car 
bonate, and the like. Ordinarily, all that is needed is a 
complexing amount or an amount su?icient to bind or 
sequester the metallic ions on the cellulose ?bers. More 
particularly, sequestering agents of the present invention 
are used with ?uorochemicals in an amount ranging from 
about 0.1 to about 2.0 percent by weight, and most ad 
vantageously, from 0.25 to about 0.75 percent by weight. 

Enhanced oleophobic properties are also attainable 
using combinations of different sequestering agents or 
mixtures of sequestering agents and water miscible organic 
solvents. Representatives of this preferred combination, 
only by way of example include, n-butanol and diethylene 
triaminepentacetic acid pentasodium, n-butanol and ethyl 
enediaminetetraacetic acid disodium, diethanol glycine so 
dium salt, n-butanol and THF, sodium citrate and n-buta 
n01, sodium hexametaphosphate and n-butanol, etc. Com 
binations, such as boric acid and sodium tetraborate 
decahydrate are but one example of potentiating combina 
tions of chelate-sequestering compositions. Proportional 
amounts of each chelant, where a plurality of such mate 
rials are used, is not critical, however, the total quantity 
in compositions containing more than one of such agents 
or in blends with solvents should ‘be from about 0.25 to 
about 0.75 percent by weight. 

In addition to water soluble solvents and chelating 
agents, various surface active agents and alkali metal 
hydroxides like sodium and potassium hydroxides impart 
favorable properties in terms of enhanced oleophobic ac 
tivity to cellulosic ?bers. Various types, including anionic, 
cationic and amphoteric type surface active agents are 
satisfactory, however, non-ionic surfactants stand out as 
being specially preferred. Oleophobic properties of the 
?uorochemicals are further improved when such surfac 
tants are employed with water miscible organic solvents. 

Typical non-ionic types include a series of emulsi?ers 
known as “Surfynols” which are ethylene oxide adducts 
of acetylenic glycols of the formula: 

wherein R1 and R4 are alkyl radicals containing from 3 



3,810,772 
7 

to 10 carbon atoms, R2 and R3 are selected from the 
group consisting of methyl and ethyl, x and y have a sum 
in the range of 3 to 60. Representative “Surfynols” include 
among others “Surfynol 440” which is the ethylene oxide 
adduct 2,4,7,9-tetramethyl-5-decyne-4,7-diol. 

Nonionics also include the polyoxyethylene nonylphenyl 
ethers available under the trade name “Igepal.” “Igepal 
C0-630” is a polyoxyethylene nonylphenyl ether having a 
cloud point of between 126° and 133° F. Other repre 
sentative examples include esters of sulfonsuccinic acid, 
as for example, the sodium dioctyl ester available under 
the trade name “Aerosol OT” or “Monowet MO-70-E” 
and the sodium diisobutyl ester sold under the names 
“Aerosol IB” and “Monowet MB-70.” Other esters, such 
as di-tridecyl sodium, and di-hexyl sodium are well adapt 
able to the subject-compositions and are also commer 
cially available through ordinary channels of commerce. 

Surface-active agents are generally added to ?uoro 
chemicals in an amount su?icient to provide a wetting or 
swelling effect upon the cellulosic ?bers, and more speci? 
cally, in an amount from about 0.01 to about 1.0 percent 
by weight. However, as in the case of chelating agents 
they are most advantageously used in combination with 
the water miscible organic solvents for more optimal 
performance of the ?uorochemical. The ratio of surfactant 
to solvent should generally range from about 1:40 to 
about 1:400 and more preferably from about 1:40 to 
about 1:160. 
The functional surface coating compositions of the 

instant invention are well adapted for application to vir 
tually all types of cellulosic materials, such as paper and 
paperboard, sized and unsized stock prepared from sul 
phite, Kraft, soda, groundwood and other types of non 
chemical and semichemical grades. 

Although the aqueous compositions of the present in 
vention can be applied to paper or paperboard, either on 
machine or off-machine, most commonly they would be 
applied to at least one or perhaps both sides by means of 
an on~machine size press or at the calender stack. In these 
processes, the composition is sprayed, cascaded or trans 
fer rolled onto the web, or the web is immersed in the 
size bath, and the excess size is then metered off by either 
a wire wound rod or by nip rolls or both. 
The wet web then feeds through a circulating hot air 

oven, infrared bank or over a hot drum and/or hot 
calender to dry the treated paper at from 180° to 450° F., 
depending on the rate at which the web travels. The dried 
treated stock is roll wound or cut to size and stacked 
ready for use. 
Where it is convenient to add a known quantity of the 

?uorochemical composition directly to the furnish at the 
beater or repulper, cationic retention aids, known in the 
art, are added thereto. The stock is then sheeted and dried 
as above. 

In order to evaluate the effectiveness of the composi 
tions of the present invention in terms of their ability to 
impart enhanced oleophobic properties to cellulosic ma~ 
terials and to demonstrate their superiority over conven 
tional surface coating products, the following test pro 
cedure was adopted: 

OIL PENETRATION TEST 
Apparatus requirements: 

1. A tube of any rigid material, 2.5 cm. (1 in.) ID and 
at least 2.5 cm. (1 in.) in height, the ends of which 
have been smoothed. 

2. Al pipet or medicine dropper, calibrated to deliver 1.1 
m . 

3. Round-grained sand, Ottawa cement testing sand 
screened to pass a No. 20 and be retained on a No. 3 
sieve. 

4. Sheets of white coated and calendered 80 lb. book 
paper, 104 grams/m. exponent to, 70 lb. at least the 
same size as the test specimen, preferably much larger. 

5. A stop watch or laboratory timer. The reagents, peanut 
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oil, nujol, liquid lard and corn oil are separately placed 
in bottles (100 ml. in each bottle) with 1.0 gram of an 
oil soluble red dye. 
Each specimen is then placed on a sheet of book paper 

resting on a smooth ?at surface. An end of the tube is 
placed on the specimen and 5 grams of sand is placed in 
the tube. The purpose of the tube is solely to insure a uni 
form area of the sand pile. Using the pipet or a medicine 
dropper, 1.1 ml. of the colored oil or greases were added to 
the sand, the tube is removed, and the timing device is 
started. The test proceeds for 72 hours at 60° C. or until 
the stain strikes through the treated paper and stains the 
book paper beneath it. 
The following speci?c examples illustrate the composi 

tions and processes of the instant invention and their im 
proved oleophobic properties when applied to cellulosic 
substrates. It is to be understood, however, that these ex 
amples are for illustrative purposes only and do not pur 
port to be wholly de?nitive as to conditions and scope. 

EXAMPLE I 

A size bath composition having the following ingre 
dients was prepared: 

Parts by 
weight 

Water __________________________________ .__ 78.5 

Sodium tetraborate decahydrate _____________ .._ 0.5 
n-Butanol _ 4.0 
THF ____ 2.0 

1% solution diethanolamine salts of mono, bis and 
pyroesters of 1,1 dihydroper?uorocyclohexane 
methyl phosphate _______________________ .._ 15.0 

100.0 

The ingredients were blended together in a vessel in 
the order shown until a homogeneous mixture resulted. 
The bath had 0.15% ?uorochemical content. 

(A) A sheet of 50 lb. southern kraft having 0.6% 
rosin/alum sized was completely immersed in the bath 
containing 0.15 % ?uorochemical phosphate (FC). After 
removal, it was padded to drain off excess ?uid, dried for 
15 minutes at 180° F. in a circulating hot air oven, and 
found to contain 0.19% active PC on the weight of paper. 
The dried '?uorochemical treated sheet was tested in ac 
cordance with AST M Standard Method F87-68 outlined 
above using peanut oil. Average creased peanut oil hold 
out was 23 hours at 60° C. 

(B) For purposes of comparison, an aqueous bath was 
prepared with a 0.6% concentration of the same ?uoro 
chemical phosphate. However, no solvents or chelating 
agents were added. A sheet of 50 lb. southern kraft with 
0.6% rosin/alum sized was immersed and dried in ac 
cordance with the method of part A and found to contain 
0.46% active PC on the Weight of paper. Using the same 
method of testing the average creased peanut oil holdout 
was less than M; hour at ‘60° C. 

Part (A) which compositions contain both PC and 
additives of the present invention and those of part (B) 
which contain no additives demonstrate that in spite of 
higher FC concentrations on weight of paper for the lat 
ter, more efficient deposition, orientation and distribution 
of PC can be achieved for more enhanced oil repellency 
with the former. The results are especially dramatic when 
taken in light of part (A) which had a bath concentration 
of only 0.15% FC, whereas part (B) composition had a 
PC bath concentration of 0.6%. 

EXAMPLE II 

. A composition was prepared corresponding to that out 
llned in Example I (A), however, 0.5% diethanol glycine 
sodium salt was used in place of the sodium tetraborate 
decahydrate. Using 50# southern kraft (0.6% rosin/ 
alum sized), creased holdout was increased to 50 hours 
at 60° C. for paper found to contain 0.16% active FC. 
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I EXAMPLE n1 

A sizing bath having the following ingredients was 
prepared: 

Parts by 
weight 

Water ___ _____ _ 95.8 

n-Butanol ___- 4.0 

[F(CFz)qCH2O]2P(O)[0H2N(CH2CH2OH)2] .. 0.2 

100.0 

The above ingredients were combined and mixed in the 
order shown. A sheet of 50# southern kraft (0.6% 
rosin/alum sized) was entirely immersed in the composi 
tion, excess FC squeezed off and the sheet dried at 180° 
F. The average creased peanut oil holdout was 41 hours 
at ‘603 C. based upon 0.25% active ?uorochemical on 
weight of paper. In comparison, when n-butanol is ex 
cluded from the composition, 0.31% active F0 is picked 
up and average creased peanut oil holdout is less than 1A 
hour at 60° C. 

Compositions corresponding to those in Example III 
were also prepared, however, the quantity of ?uorochem» 
ical was gradually increased. Results are shown in the 
table below. 

TABLE I 

Percent Greased 
?uoro- peanut oil 

Percent chemical holdout. 
?uorochemical on weight (hours a 
in bath of paper 60° C.) 

0. 43 72+ 
0. 54 72+ 
0. 75 72+ 

Table I demonstrates the oleophobicity imparted to cel 
lulosic material by a given composition is not directly 
proportional to the concentration of ?uorochemical pres 
ent. Optimal oil repellency properties can be achieved 
with compositions having lower concentrations of ?uoro 
chemical, provided, a non?uorinated additive, is included, 
e.g. water-miscible organic solvent (n-butanol). 
To further demonstrate the effect of the additives, aque 

ous compositions of the same ?uorochemical of Exam~ 
ple III were prepared without non-?uorinated organic or 
inorganic additives, which is inclusive of water-miscible 
organic solvents, sequestering agents or surfactants. The 
results are found in the table below. 

TABLE II 

Percent Greased 
?uoro- peanut. oil 

Percent chemical holdout 
?uorochemical on weight (he 
in bath paper at 60° C ) 

0. 11 <0. 25 
0. 24 <0. 25 
0. 31 <0. 25 
0. 33 <0. 25 

Table II provides evidence that conventional aqueous 
?uorochemical coating compositions applied to sized 
stock, regardless of the ?uorochemical concentration, 
does not impart acceptable oil repellency properties to 
such cellulosics. In contradistinction, the compositions of 
Examples I(A), II and III all prepared with the non~ 
?uorinated additives of the subject invention for improved 
deposition, orientation and distribution of the F0 on cel 
lulose stock, provided a ?uorochemical on weight of pa 
per at a percentage well within the range shown in Table 
II, however, the average creased peanut oil holdout 
ranged from 23 to 50 hours rather than the % hour or 
less holdouts of Table II. 
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EXAMPLE IV 

Parts by 
weight 

Water _ 79.5 

Diethanol glycine sodium salt ______________ __ 0.5 
1% solution diethanolamine salts of mono, bis and 

pyroesters of 1,1 dihydroper?uorocyclohexane 
methyl phosphate _______________________ __ 20.0 

100.0 

The ingredients were mixed in the order shown until 
a homogeneous solution was prepared. A sheet of 41# 
Reg. waterleaf (bleached kraft) was immersed complete 
ly into the solution having a ?uorochemical concentra 
tion of 0.2%. Upon removal, excess ?uid was allowed to 
drain oil and the sheet dried at 180° F. in a circulating 
hot air oven. The sheet was tested for oil repellency ac 
cording to the above method. The percent ?uorochem 
ical on weight of paper was 0.23 and the creased peanut 
oil holdout was 72+ hours at 60° C. 
A control solution containing no diethanol glycine so 

dium salt had a creased peanut oil holdout of less than 
0.25 hour. 

EXAMPLE V 
Parts by 
weight 

Water ___ 65.95 

n-Butanol 4.00 
Surfynol 61 (3,5-dimethyl-1-hexyn-3-ol) ____ __ 0.05 
1% solution diethanolamine salts of mono, his 
and pyroesters of 1,1 dihydroper?uorocyclo 
hexane methyl phosphate _______________ __ 40.0 

100.0 

A composition was prepared by admixing the above in 
gredients in the order shown until a homogeneous solu 
tion having 0.4% ?uorochemicals resulted. In order to 
determine its oleophobic properties a sheet of 50 lb. nat 
ural southern kraft (0.6% rosin/alum sized) was im 
mersed, drained and oven dried at 180° F. The percent 
?uorochemical on weight of paper was 0.70% and the 
creased peanut oil holdout was 25 hours at 60° C. 
As a control, an aqueous composition was also pre 

pared with 0.4% active ?uorochemical in the bath along 
with 4% n-butanol and no surfactant. The percent ?uoro 
chemical on weight of paper was 0.72 and the creased 
peanut oil holdout was 7 hours at 60° C. 

While the invention has been described in conjunction 
with speci?c examples thereof, they are illustrative only. 
Accordingly, many alternatives, modi?cations and varia 
tions will be apparent to those skilled in the art in light 
of the foregoing description, and it is therefore intended 
to embrace all such alternatives, modi?cations and varia 
tions as to fall within the spirit and ‘broad scope of the 
appended claims. 

I claim: 
1. A functional surface coating composition consisting 

essentially of (1) from about 0.01 to about 20.0 percent 
by weight of noniluorinated material selected from mix 
tures consisting of alkali metal hydroxides and carbon 
ates, dimethylformamide and tetrahydrofuran and (2) 
from about 0.025 to about 2.0 percent by weight of a 
?uorine containing phosphate material consisting essen 
tially of poly?uoroalkyl and cycloalkyl phosphates of 
the formula (R,L)8_,Z where: 
R, is: 

R2(CF2),,—, where R; is H and a is an integer of from 
1 to 20; 

(CF3)2CR3(CF2)b-—, where R3 if For H and b is 0 
and R3 is F when b is an integer of from 1 to 18; 
or R4(c-C6Fm--, where ‘R, is F or Cn'FZOH and n is an 
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integer of from 1 to 4 and where c- designates an 
alicyclic structure; 

L is: 

where R5 is an alkyl group having 1 to 10 carbon 
atoms; or 

(CH2) nO—, where n is the integer 1 or 2; 
y is an integer of 1 or 2, and 
1s. 

—P(L)(OM)x where x is an integer of 1, 2 or mixtures 
thereof and M is a water-solubilizing cation of the 
group consisting of alkali metal, ammonium and 
substituted ammonium when x is 1, and each M is 
independently selected from the group consisting of 
hydrogen, alkali metal, ammonium and substituted 
ammonium when x is 2. 

2. The composition of claim 1 wherein the ?uorine 
containing phosphate is 

3. The composition of claim 1 wherein the ?uorine con 
taining phosphate is 

[F(CF2)7CH2OJ2P(O) [OH2N(CH2CH2OH)2] 
4. The composition of claim 1 wherein the ?uorine 

containing phosphate is 

5. The composition of claim 1 wherein the ?uorine 
containing phosphate is 

6. The composition of claim 1 wherein the solvent 
and chelating agents comprise a m'urture of n-butanol, 
diethanol glycine sodium salt and tetrahydrofuran. 

7. The composition of claim 1 wherein the solvents 
comprise a mixture of n-butanol and tetrahydrofuran. 

8. A functional surface coating composition compris 
ing (1) from about 0.01 to about 20.0 percent by weight 
of a non?uorinated material selected from the group 
consisting of alkali metal hydroxides and carbonates, che 
lating agents, nonionic, anionic and cationic surfactants, 
alcohols containing 1-7 carbon atoms, dimethylformam 
ide, tetrahydrofuran, dioxane, acetone, methyl ethyl 
ketone and mixtures thereof and (2) from about 0.025 
to about 2.0 percent by weight of a poly?uorocyclohexyl 
phosphate comprising a mixture of mono, his and pyro 
esters of the formula: 

wherein K, is ?uorine or a C1 to C4 per?uoroalkyl group 
substituted on the 2, 3 or 4 position of the cyclohexane 
ring, n is an integer of from 1 to 4, a is an integer of from 
1 to 2 and X in each occurance is independently selected 
from chlorine or any member of OM where M is a water 
solubilizing cation of the group consisting of hydrogen, 
alkali metal, ammonium and substituted ammonium. 

9. The composition of claim 8 wherein the poly?uoro 
cyclohexyl phosphate comprises mixtures of compounds 
in which X is OM, M is hydrogen, a is 1, n is, 2 and K, is 
F. 

10.‘ The composition of claim 8 wherein the poly?uoro 
cyclohexyl phosphate comprises mixtures of compounds 
in which X is OM, M is hydrogen, a is 1, n is 1 and K, 
is F. 
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11. The composition of claim 8 wherein the poly?uoro 

cyclohexyl phosphate comprises mixtures of compounds 
in which X is Cl, a is 1, n is 1 and K1 is F. 

12. The composition of claim 8 wherein the poly?uoro 
cyclohexyl phosphate comprises mixture of compounds 
in which X is Cl, a is 2, n is 1 and K; is F. 

13. The composition of claim 8 wherein the poly?uoro 
cyclohexyl phosphate comprises mixtures of compounds 
in which X is OM, M is diethanol ammonium, a is 2, n 
is 4 and K‘ is F. 

14-. The composition of claim 8 wherein the poly?uoro 
cyclohexyl phosphate comprises mixtures of compounds 
in which X is OM, M is diethanol ammonium, a is 1, n 
is 1 and K1 is F. 

15. The composition of claim 8 wherein the poly?uoro 
cyclohexyl phosphate comprises mixtures of compounds 
in which X is OM, M is diethanol ammonium, a is 1 and 
2, n is 1 and K; is F. 

16. A functional surface coating composition compris 
ing (1) from about 0.01 to about 20.0 percent by weight 
of water miscible organic solvents and sequestering agents 
selected from the group consisting essentially of n 
butanol, tetrahydrofuran, dioxane, diethanol glycine 
sodium salt, sodium tetraborate decahydrate, disodium 
octaborate tetrahydrate and mixtures thereof and (2) 
from about 0.025 to about 2.0 'percent by weight of a 
poly?uorocyclohexyl phosphate comprising a mixture of 
mono, bis and pyroesters of the formulas: 

wherein K; is ?uorine or a C1 to C4, per?uoroalkyl group 
substituted on the 2, 3 or 4 position of the cyclohexane 
ring, n is an integer of from 1 to 4, a is an integer of from 
1 to 2 and X in each occurrance is independently selected 
from chlorine or any member of OM where M is a water 
solubilizing cation of the group consisting of hydrogen, 
alkali metal, ammonium and substituted ammonium. 

17. The composition of claim 16 wherein the solvents 
comprise a mixture of n-butanol and tetrahydrofuran. 

18. The composition of claim 16 wherein the solvents 
comprise a mixture of n-butanol and dioxane. 

19. The composition of claim 16 wherein the solvent 
and complexing agents comprise a mixture of n-butanol 
and diethanol glycine sodium salt. 

20. The composition of claim 19 including tetrahydro 
furan. 

21.‘ The composition of claim 16 wherein the solvent 
and complexing agents comprise a mixture of n-butanol 
and sodium tetraborate decahydrate. 

22. The composition of claim 16 wherein the solvent 
and complexing agents comprise a mixture of n-butanol 
and disodium octaborate tetrahydrate. 
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It is certified that ‘error appears in the above-identified patent 
‘ and that said Letters Patent are hereby corrected as shown below: 

In the Specification: 

Column _4 , line 57, within the formula, after "C6" , "H11" 
3 should be=--Fll—- ' " ' ' -' " 

Column 9, line 17, "603C" should be—-~6O°C--— 

‘ _ In- the Claims: a H I ‘ I 

Claim 1 — Column, 10, line 75, within the formula, "'FZO" 

should be——F2n—-— ' _ 

Claim 2 — Column 11, line ~24: ,-~. in the formula, before "C'F3" 
Q . 

and after "[“ insert—-F- 

Claim 5 -‘Column ll, line 35, “OH2" should be—-CH2— 

Q r I . 
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