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[5 7] ABSTRACT 
A combination of improved coatability plus better 
control of staticelectricity can result from using a 
mixture of (a) a certain type of cationic per?uorinated 
alkyl surfactant such as per?uorooctylsulfonamido 
(N-propyl-3-N,N,N-trimethyl) ammonium iodide plus 
(b) a certain type of alkylphenoxypoly-(propylene ox 
ide) such as p~nonylphenoxy decaglycidol as a coating 
aid in the application of fluid coatings upon the sur 
face(s) of radiation sensitive ?lm elements. The pres 
ence of a polymeric binder such as gelatin in the coat 
ing composition is desirable. Synergistic coating re 
sults are obtained when a coating composition con 
taining the mixture is applied to light sensitive layers 
that are troublesome to simultaneously overcoat be 
cause they contain materials that are extremely sur 
face active. 

19 Claims, No Drawings 
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LIGHT-SENSITIVE ELEMENT COMPRISING ‘A 
COATING LAYER CONTAINING A MIXTURE OF A 
CATIONIC PERFLUORINATED ALKYL AND AN 
ALKYLPIIENOXYPOLY(PROPYLENE OXIDE) 

This invention relates to coating processes used .in 
the manufacture of radiation sensitive ?lms ,and to 
coating compositions. useful in such processes. More 
particularly, the present invention relates to the use of 
coating compositions which can ‘be uniformly applied 
upon radiation sensitive films (and other types of 
films), the resulting coated surface(s)-of which have 
improved anti-static properties. - 

THE PROBLEM 

Many image-recording systems use image-forming 
materials comprising a support such as glass, metal, 
paper or plastic, overcoated with one or more layers 
comprising hydrophilic colloidal materials such as gela 
tin, at least some of which layers contain one or more 
materials that are sensitive to radiation. The. best 
known of the image-recording systems utilizes silver 
salt(s) as the sensitive material. However, a wide vari 
ety of other materials are sensitive to radiation (react 
ing in a desired manner upon exposure to radiation) in 
cluding certain unsaturated polymers and non-silver 
photographic systems. In image-recording systems, the 
layer containing the radiation sensitive material is fre— 
quently used in combination with several other layers 
which serve, for example, to provide re?ective pig 
ments, antihalation pigments or dyes, or ?lter dyes, or 
improved adhesion and/or abrasion resistance and the 
like. ‘ ‘ r , 

In the coating of such layers, particularly those con 
taining gelatin, it hasbeen customary to employ surface 
active agents as coating aids to improve the quality and 
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uniformity of the layers, and to improve the ease and ' 
reproducibility of their application. While the use of 
surfactants in this way can improve the properties of a 
particular coated layer, ‘the presence of certain surfac 
tants in‘ one layer can result in deleteriously affecting 
the surface characteristics of the coated layer, thereby 
making it extremely difficultto apply an outer coating 
upon the surface of the ?rst, even if a surfactant is pres 
ent in the outer coating composition. ’ 
An example of a particularly troublesome case is that 

which results when a conventional coating composition 
comprising water, a photographic dye, silver halide, 
gelatin and an anionic surfactant such as a sodium al~ 
kylaryl sulfonate (in appropriate amounts) is applied to 
a conventional gelatin-subbed cellulose acetate photo 
graphic ?lm support and one attempts to simulta 
neously overcoat a protective layer of gelatin, for ex 
ample, from an aqueous coating composition upon 
such a highly surface active surface, a coated vproduct 
having many surface defects results, even though one 
or more conventional surfactants are used in ‘the aque 
ous overcoating composition in an attempt to solve the 
coating difficulties. 

THE PRIOR ART 

One such conventional type of surfactant that is well I 
known for its surprisingly good ability as a coating aid 
is the nonionic type termed “alkylphenoxy poly(propy 
lene oxide)” materials having the formula 
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2 
R4 

@M 
where R4 is alkyl and contains from 6 to 12 carbon 
atoms and Q is a polyether group comprising an aver 
age of from about 3 to about 15 units derived from 
glycidol (hydroxypropylene oxide), and the polyether 
group comprises n-propenoxy and isopropenoxy moi 
eties. (Such nonionic materials are described in detail 
in U.S. Pat. No. 3,514,293 issued to Knox. The disclo 
sure of this Knoxpatent is hereby incorporated by ref 
erence into the present patent application.) However, 
on certain highly surface active layers, such as that de 
scribed above, even the use of the Knox invention has 
not provided to be entirely satisfactory. The same can 
be said, in terms of varying degrees of non-success, for 
many other surfactants that are ordinarily utilized as 
coating aids in the manufacture of radiation sensitive 
elements. 

THE PRESENT INVENTION 

A solution to the foregoing problems has been found 
to reside in an unexpected combination of surfactants 
that somehow perform synergistically as, coating aids 
when aqueous coatings are applied to highly surface ac 
tive layers. An additional valuable bene?t that can re 
sult from the practice of the present invention stems 
from the resulting overcoat(s)‘having improved resis 
tance to the development of undesirably high levels of 
static electricity. 
The present invention comprises aqueous coating 

compositions containing the special surfactant combi 
nations of the present invention (which coating compo 
sitions also preferably contain a compatible polymeric 
binder). This invention also includes coated elements 
(including radiation sensitive elements) on at least one 
of the outersurfaces of which appears one of the sur 
factant blends of the present invention. The presence 
of such blend at the surface of the element or substrate 
effectively reduces the propensity of that surface to 
generate undesirable static electricity when the surface 
is contacted by another surface. Such blend should ap 
pear in the surface layer in an amount equal to at least 
about 0.002, to about 2, and preferably from about 
0.005 to about 0.5, mg per dm2 of treated surface. 
The synergistically acting combination of surfactants 

of the present invention comprises a mixture of (A) a 
first material having the formula 

wherein P is a member selected from the group con 
sisting of per?u'orinated carbon chains containing from 
6 to‘ 10 carbon atoms per chain; 
n is an integer of from 1 to 6; 
wherein R‘, R2 and R3 are either hydrogen or lower 

alkyl containing 14 carbon atoms; and X is an anion; 
and (B) a second material; said second material being 
an alkyl-phenoxypoly(hydroxypropylene oxide) com 
pound having the structure 
(II) R4 
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wherein R.I is alkyl and contains from 6 to 12 carbon 
atoms and O is a polyether group comprising from 
about 3 to about 15 units of hydroxypropylene oxide; 
said polycther group comprising n-propenoxy and iso 
propenoxy moieties. 

Typical examples of cationic surfactants having the 
structure of formula “1,” above, include perfluorohept 
ylsul-fonamido-(N-propyl-3-N,N_dimethyl~N 
ethyl)ammonium bromide, perfluorononylsulfonamid 
o-(N-ethyl-Z-N,N,N-trimethyl)ammonium iodide, perf 
luoroheptylsulfonamido-(N-propyl-3-N,N,N-triethyl) 
ammonium iodide, perfluorooctylsulfonamido-(N 
propyl-3-N,N,N-trimethyl)ammonium iodide, per?uor 
ooctylsulfonamido-(N-propyl-3-N,N,N-trimethyl)am 
monium chloride, per?uorohexyl-sulfonamido-(N 
butyl-4-N,N-diethyl-N-propyl)ammonium iodide, and 
the like. Of these, perfluorooctylsulfonamido-(N 
propyl-3-N,N,N-trimethyl)ammonium iodide and perf 
luorooctylsulfonamido-(N-ethyl-N,N,N-trimethyl)am 
monium iodide are preferred. Typical examples of use 
ful nonionic surfactants having the structure of formula 
“11,” above, include the various products resulting from 
the conventional reaction of alkylphenols such as hex 
ylphenol, octylphenols, nonylphenols, and dodecyl 
phenols with an average of 3, 6, 8, 10, 12 and 15 moles 
of glycidol (per mole of the alkylphenol). Of these, oc 
tylphenoxy octaglycidol, octylphenoxy decaglycidol, 
octylphenoxy dodecaglycidol, nonylphenoxy octa 
glycidol, nonylphenoxy nonaglycidol, nonylphenoxy 
decaglycidol, and nonylphenoxy dodecaglycidol are 
preferred, particularly preferred products. having iso 
alkyl groups. 
A particularly preferred combination of surfactants 

useful in the practice of this invention is a combination 
of (a) per?uorooctylsulfonamido -(N-propyl-3,N,N,N 
trimethyl) ammonium iodide and (b) p-nonylphenoxy 
decaglycidol in a weight ratio of from about 2:1 to 
about 1:75, respectively. The use of such cationic ma 
terials as those designated “1,” above, as charge control 
agents has been described and claimed in United States 
patent application Ser. No. 163,450, filed July 16, 
1971, the disclosure of which is hereby incorporated by 
reference into the present patent application. Such ma 
terials can be readily prepared by conventional means. 
Similarly, the use of nonionic materials as those desig 
nated “[1," above, as coating aids has been described 
and claimed in the aforementioned Knox patent (U.S. 
Pat. No. 3,514,293). Such nonionic materials can be 
prepared by reacting an appropriate alkylphenol with 
an appropriate amount of glycidol via a known method 
as described by Knox. 

The valuable synergistic nature of the compositions 
of this invention can readily be illustrated by the fol 
lowing examples, wherein a simulated conventional 
photographic layer (which is extremely surface active) 
containing 0.86 mg. of sodium triisopropyl naphthalene 
sulfonate per dmz, 24.4 mg. gelatin per dm2 and 1.3 mg. 
per dm2 of a nonwandering magenta dye was coated on 
a conventional cellulose acetate ?lm support and si 
multaneously overcoated with a water dispersion con 
taining 10 weight percent of gelatin plus an appropriate 
amount of one or more surfactants, as set out in Table 
1, below. The coating was applied so that 10 mg. gelatin 
per dm2 were applied to the treated surface. 
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TABLE 1 

Surfactant 
Example Coating Aid Observations 

( mg/dm“) 
A. . 

l 0 0 ' Extremely bad rcpellency 
0 0.05 ‘ Very bad repellcncy and pulled in 

edges 
3 0 0.1 l Repelleney and pulled-in edges 
4 0 0.22 Crescents 
5 0.05 O Repellency and pulled-in edges 
6 0.1 l 0 Repellency and pulled-in edges 
7 0.05 0.05 No rcpellency, some contraction 

at edges 
8 0.05 0.1 1 Superior coating; no repelleney; 

edges ?ne 
A=per?uorooctylsulfonamido -(N-propyl-3-N,N,N-trimcthyl ammo 
nium iodide. 
B=panonylphenoxy decaglycidol. 

Whereas the valuable synergistic bene?ts described 
hereinbefore has been tested and detailed in the above 
examples with respect only to one particularly pre 
ferred embodiment of the present invention, it is be 
lieved that improved coatability can be observed throu 
gh the use of any of the combinations of “A" plus “8" 
materials, as set out hereinbefore, so long as the weight 
ratio of material “A” to material “13,” respectively, is 
within the range of from about 2:1 to about 1:75, and 
preferably from about 1.5:1 to about 1:50. 
The valuable bene?ts of the present invention can be 

obtained by application of the materials in admixture 
to the surface that is being treated, preferably by use of 
a coating composition containing at least water (prefer 
ably at least about 60 weight percent), at least about 
0.005 and up to about 0.5 percent (and preferably from 
about 0.01 to about 0.2) weight percent (combined 
weight if more than one is used) of one or more “1" 

(cationic) materials, and enough of one or more “ll“ 
(nonionic) materials to produce in the resulting aque 
ous coating composition the desired weight ratio of ma 
terials. Preferably, the aqueous coating compositions of 
this invention will contain a total of at least about 0.01 
up to about 2 (and preferably from about 0.05 to about 
0.5) weight percent of the nonionic surfactant material. 
It is also preferred that -the coating compositions of the 
present invention contain at least about 0.5 weight per 
cent of one or more of the aforementioned polymeric 
binders and that the compositions be readily coatable 
by conventional means. - 

Materials other than the cationic and nonionic sur 
factants described above (as materials “A" and “B” in 
Table I) can also be present in the coating composi 
tions of the present invention. For example, the coating 
compositions can contain dyes, lubricants, pigments, 
dispersing agents, matting agents, polymers, and the 
like, generally in minor amounts less than about 5 
weight percent. As a matter of fact, a preferred em 
bodiment of such composition includes an amount of 
at least one compatible polymeric binder material suffr 
cient to cause the resulting mixture to adhere together 
(and to the underlying layer) when the solvent portion 
of the coating composition has been removed there 
from (usually via evaporation). Useful compatible pol 
ymeric binder materials include all of those that can be 
dispersed or dissolved in the aqueous portion of the 
coating composition, which are film-formers when the 
coating is dried under conventional conditions, and 
which are compatible with the cationic and nonionic 
surfactants thereon. Typical non-limiting examples of 
such compatible polymeric binder materials are polyvi 
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nyl alcohol, polyacrylamide, polyvinylpyrrollidone and 
gelatin. Of these, gelatin is preferred because of the 
contemporary large scale use of gelatin ‘in radiation 
sensitive layers. The valuable coatings of the present 
invention can also be applied from non-aqueous coat 
ing compositionsif desired, the solvent portion of such 
compositions having to be readily volatile under con- ' 
ventional coating conditions. ‘ 
The preferred type of cationic material for use in the 

practice of this invention includes the per?uorinated 
sulfonamido materials having the sturcture . 

4. (III) 

wherein P is per?uorinated and contains from 6 to 10 
carbon atoms; n is an integer from'2 to 4, D is 

wherein R5, R6 and R7 are alkyl groups containing from 
1 to 3 carbon atoms; and X is an anion selected from 
the group consisting of, chloride,ibromide and iodide. 
Particularly preferred is per?uorooctyl-sulfonamido-N 
propyll-3-N,N,N_-trimethyl)ammonium iodide (pres 
ently commercially available from 3M Company under 
the trade designation “PC-134.” I 
The preferred type of nonionic material for use in the 

practice of this invention includes those having the for 
mula ' 

Ba 

wherein R8 is alkyl and contains from 8‘ to 10 carbon 
atoms and O1 is a poly(glycidol) group comprising an 
average of from about 6 to about 12 units, prepared by 
reacting together an appropriate alkylphenol with glyc 
idol. Of these, particularly preferred is the reaction 
product of p-nonylphenol with about 10 moles of glyci 
dol per mole of nonylphenol (presently available com 
mercially under the tradename “Surfactant 106” from 
Olin Corporation). _ 
As was mentioned hereinbefore, another of the bene 

?ts that can be attained by practicing this invention re 
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fit can be readily appreciated when it is realized that 
the triboelectric charge for a layer consisting essen 
tially of gelatin is +30 esu '(electro-static units per 
square centimeter) that of Example 3, above (contain 
ing the nonionic surfactant plus gelatin) is about +28 
esu, while that of Example 8 is only +2 esu. The signifi 
cance of this improvement becomes clear in view of the 
fact that dangerous, troublesome static discharge oc— 
curs when a net triboelectric charge of 8 to 10 esu ac 

cumulates at a given part of the gelatin coating. This is 
true particularly in the case of a polymeric ?lm such as 
cellulose acetate or poly(ethylene terephthalate) 
coated with a conventional, mainly gelatin-based pho 
tographic emulsion, although the particular “discharge 
level” will vary somewhat, depending upon materials, 
humidity conditions, and the like. 

It should also be noted that the particular type of sub 
strate or radiation sensitive layer(s) over which the 
present compositions are applied are generally not de 
terminative of the operability of the present invention. 
However, it is believed surprising that the present coat 
ing compositions can be successfully used (and can 
even exhibit the synergism demonstrated above) when 
applied over an extremely surface active layer such as 
that used in preparing the coatings of the above “Ex 

_ amples,” because of the anionic nature of the surface 
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lates to the protection of the resulting coated elements . 
from the excessive formation of static electricity during 
the subsequent handling of the elements. This protec 
tion is due to the peculiar ability of the per?uorinated 
cationic surfactant portion of the present compositions 
to function as a “charge control agent,” thereby reduc 
ing significantly the triboelectric charging characteris 
tics of that‘ surface of the product element treated 
therewith. ' 

An extended discussion of charge control agents, tri 
boelectric charging characteristics and methods for the 
measurement of the effect of such agents appears in 
US. Pat. application Ser. No. 163,450, ?led July 16, 
1971,‘ (referred to hereinbefore). Also equipment for 
the measurement of triboelectric static charges is de 
scribed in US. Pat. No. 3,501,653. This valuable bene 
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active layer (since one would ordinarily expect an un 
desirable reaction between the anionic surfactant in the 
underlayer and the cationic surfactant in the coating 
composition). Indeed, such a reaction could have 
helped ‘explain therelatively poor performance of the 
cationic surfactant alone in the above Examples 5 and 
6. ‘ 

This invention has been described in'detail with par 
ticular reference to preferred embodiments thereof, 
but it will be understood that variations- and modi?ca 
tions can be effected within the spirit and scope of the 
invention. ‘ 

What is claimed is: 
l. A radiation sensitive element comprising a sub 

strate, at least one radiation sensitive layer adhered to 
a'surface of said substrate, and contiguous to at least 
one surface of (a) said substrate or (b) one of said radi 
ation sensitive layers, a coating layer comprising a mix 
ture of (i) a ?rst material having the formula 

wherein P is a member selected from the group consist 
ing of per?uorinated carbon chains containing from 6 
to 10 carbon atoms per chain; 

In is an integer of from 1 to 6; I 
R1, R2, and R3 are either hydrogen or lower alkyl con 
taining 1 to 4 carbon atoms; 

and X is a halide anion; with - 
ii. a second material; said second material being an 
alkylphenoxypoly(hydroxypropylene oxide) com 
pound having the structure ' 
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wherein R, is alkyl and contains from 6 to 12 carbon 
atoms and Q is a polyether group containing an average 
of from about 3 to about 15 units of hydroxypropylene 
oxide; said polyether group comprising n-propeneoxy 
and isopropenoxy moieties; the weight ratio of said ?rst 
material to said second material in said mixture being 
from about 2:1 to about 1:75, respectively. 

2. A radiation sensitive element as in claim 1, 
wherein said mixture is in at least one external surface 
layer of said element. 

3. A radiation sensitive photographic element as in 
claim 2, wherein said external surface layer also con 

I tains a polymeric binder. 

4. An element as in claim 3, wherein said polymeric 
binder is gelatin. _ 

5. An element as in claim 4, wherein said second ma 
terial is a reaction product of nonylphenol and glycidol, 
respectively. 

6. An element as in claim 5, wherein said ?rst mate— 
rial is per?uorooctylsulfonamido (N-propyl-3-N,N,N 
trimethyl) ammonium iodide and said second material 
has the structure 

wherein Q is a polyether group comprising about 10 
propenoxy units, and said weight ratio is from about 
1.5:1 to about 1:50. 

7. An element as in claim 6, wherein the nonyl group 
in said second material is para with respect to the posi 
tion of the -—O—Q group on the benzene nucleus. 

8'. An element as in claim 7, wherein said surface of 
said polymeric substrate is a solid linear polyester, 
polyamide, polyole?n, or a lower alkyl ester of cellu‘ 
lose. 

9. A radiation sensitive photographic element com 
prising a solid transparent polymeric ?lm substrate 
containing over at least one surface at least one radia 
tion sensitive layer; said radiation sensitive layer being 
overcoated with a charge control layer comprising 
from about 0.01 to about 1 mg per dm2 of overcoated 
area of a blend of per?uorooctylsulfonamido 
(N-propyl-3-N,N,N-trimethyl) ammonium iodide, p 
isononylphenoxy decapropyleneoxide, and gelatin; the 
weight ratio of the cationic surfactant to nonionic sur 
factant in said blend being from about 1.5:1 to about 
1:50, respectively. ‘ 

10. A radiation sensitive element as in claim 1, 
wherein said mixture is contiguous to a radiation sensi 
tive layer which contains an alkylaryl sulfonate surfac 
tant. 

11. A radiation sensitive element as in claim 9, 
wherein said blend is contiguous with said radiation 
sensitive layer; said radiation sensitive layer also con 
taining an alkylaryl sulfonate surfactant. ' 

12. An aqueous coating composition comprising a 
‘fluid mixture comprising water, a first material having 
the formula 

Ra 

20 

8 
wherein P is a per?uorinated carbon chain containing 
from 6 to 10 carbon atoms; 
n is an integer from 1 to 6; 
R,, R2 and R3 are either hydrogen or lower alkyl con 

taining l to 4 carbon atoms; and X is a halide an 
ion; and (ii) a second material; said second mate 
rial being selected from the group consisting of alk 
ylphenoxypoly(hydroxypropylene oxide) com 
pounds having the structure 

wherein R4 is alkyl and contains from 6 to 12 carbon 
atoms and Q is a polyether group comprising an aver 
age of from about 3 to about 15 combined units of 
hydroxypropylene oxide; said polyether group compris 
ing n-propeneoxy and isopropenoxy moieties; said ?rst 
material and said second material being present in said 

I composition in respective proportions, by weight, of 
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from about 2:1 to about 1:75 and in an amount equal 
to at least about 0.005 weight percent of said composi 
tion. 

. 13. An aqueous coating composition as in claim 12, 
wherein said composition also contains at least about 
0.5 weight percent of a polymeric binder, based on the 
combined weights of said ?rst material, said second 
material and said polymeric binder. 

14. A coating composition as in claim 13, wherein 
said second material is a reaction product of nonylphe 
no] and glycidol. 

15. A coating composition as in claim 14, wherein 
said polymeric binder is gelatin. 

16. A coating composition as in claim 15, wherein 
said ?rst material is per?uorooctylsulfonamido 

. -(N-propyl-3-N,N,N-trimethyl ammonium iodide and 
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said second material 
glycidol. _ 

17. A coating composition consisting essentially of 
a. at least about 60 weight percent of water, 
b. at least about 0.5 weight percent of gelatin, 
0. at least about 0.005‘weight percent of per?uoro 
octylsulfonamido (-N-propyl-3-N,N,N-trimethyl) 
ammonium iodide, and 

(d) at least about 0.01 weight percent of a material 
having the structure 

wherein Q is a polyether group containing about 10 
propeneoxy units; the weight ratio of (c) to (d) in said 
composition being from about l.0:2.0 to about 1:50, 
respectively. 

18. A coating composition comprising of a blend of 
about 0.05 parts by weight of per?uorooctylsul 
fonamido (N-pr0pyl-3-N,N,N-trimethyl) ammonium 
iodide and from about 0.05 to about 22 parts by weight 
of p-isononylphenoxy decaglycidol dissolved in water; 
said blend being at least about 0.015 weight percent of 
said composition. 

19. A coating composition comprising a ?uid mixture 
of a ?rst material having the formula 

is p-isononylphenoxy deca 
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wherein P is a perfluorinated carbon chain containing 
from 6 to 10 carbon atoms; 
n is an integer of from 1 to 6; 
R1, R2 and R3‘ are lower alkyl containing 1 to 4 carbon 
atoms; and X is an anion; and 

ii. a second material; said second material being an 
alkylphenoxypoly(hydroxypropylene oxide) com 
pound having the structure 
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wherein R4 is alkyl and contains from 6 to 12 carbon 
atoms and Q is a polyether group comprising an aver 
age of from about 3 to about 15 units of hydroxypropy 
lene oxide; said polyether group > comprising n 
propeneoxy and isopropenoxy moieties; and a solvent 
for said ?rst and second material, the weight ratio of 
said ?rst material to said second material in said com 
position being from about 2:] to about 1:75, respec 
tively. 

* >l< * =l< * 


