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ABSTRACT OF THE DISCLOSURE 
An electroconductive layer for sheet material having 

a surface resistivity lower than 101 ohms/sq. cm. and 
formed of a copolymer of styrene and styrene sulphonic 
acid or acid salt having a styrene Sulphonic acid content 
within the range of about 17.5-35 mole percent. 

The invention relates to electroconductive layers for 
use in recording materials. 

Electroconductive products are used in all kinds of 
recording materials to carry off static charges. For in 
stance, it is known that in normal photographic silver 
halide emulsion materials the usual synthetic film Sup 
ports possess the property of being charged electrostati 
cally, whereby the charged films strongly attract the Sur 
rounding dust and thereby become soiled at their surface. 
Moreover, latent discharge images on silver halide emul 
sions which are applied to such film supports become 
visible upon development. Such an electrostatic charging 
is caused by quickly moving the film support or light 
sensitive photographic material during rolling or unroll 
ing in the coating, cutting, or packing machines and by 
making the film run through the camera and the pro 
jector. It is also known that the static charging can be 
decreased by coating the synthetic resin support with 
a conductive auxiliary layer. 

In other recording materials such as for use in electro 
static printing an electrostatic charge is imparted to paper 
or other dielectric supports in a predetermined pattern. 
The support is conductive or must be coated with a con 
ductive layer. For instance, in an electrophotographic 
recording element a photoconductive layer stands in con 
tact with an electroconductive layer or sheet, the latter 
being present for carrying of the electrostatic charges at 
the areas of the photoconductive layer undergoing an 
exposure to light rays. 

In electrographic materials comprising an insulating 
layer whereon an electrostatic charge pattern is built 
up by image-wise or record-wise charging, e.g. by means 
of a modulated electron beam, the conductive element 
(support or layer) serves to apply a voltage thereon, 
thus enabling the formation of the electrostatic charge 
pattern applied to the insulating top layer. 

Electroconductive layers for carrying off electrostatic 
charges may also be useful in recording elements wherein 
photosensitive semiconductor compounds are reversely 
activated by electromagnetic radiation and wherein the 
activated patterns provide irreversible images by an oxi 
dation-reduction chemical process. 

In the following description and claims the general 
term “recording material” is intended to include the 
materials used in all of the above described recording 
methods. In all these recording materials the Surface re 
sistivity of the electroconductive layer must not be higher 
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2 
than 10 ohms per sq. cm. at 15% of relative humidity. 

It would be very desirable to utilize in such recording 
materials products which are insoluble in water but 
Which are electroconductive. For instance in photographic 
silver halide materials the electroconductive layer would 
not dissolve in one of the processing baths, but would 
remain present in the finished photographic material to 
prevent static charging and e.g. the attraction of dust on 
finished photographic images. In the electrographic and 
electrophotographic processes this is also of great im 
portance. Indeed, in that case, the insulating layer or the 
photoconductive layer could be coated from an aqueous 
solution. This simplification would result in large econ 
'OS 
There has been found now a class of electroconductive 

polymers that are insoluble in water and that are capable 
of being used for antistatic layers in the above described 
light-sensitive photographic recording materials, in an 
electroconductive layer in an electrographic, or in an 
electrophotographic recording element. 

According to the invention a sheet or web-forming 
material of paper or synthetic polymers is provided, at 
least one side of which is coated with an electroconduc 
tive layer having a surface resistivity lower than 10 
ohms/sq. cm., said layer being formed mainly of a co 
polymer, which at normal temperatures is insoluble in 
water and comprises: 
(A) randomly distributed units deriving from at least 
one non-ionic hydrophobic monomer capable of yield 
ing homopolymers insoluble in water, and 

(B) randomly distributed units deriving from highly ion 
isable hydrophilic acid monomers or Salts thereof capa 
ble of forming water-soluble homopolymers. 
As non-ionic, hydrophobic monomers capable of being 

polymerized into homopolymers, which are insoluble in 
water, use can be made of vinylaryl compounds and 
derivatives thereof, such as styrene, vinylnaphthalene, 
vinyltoluene, 2,5-dimethylstyrene, p-, m-, and o-chloro 
styrene, nitrostyrene, m- and p-styrene sulphofluoride; 
further vinyl chloride, vinylidene chloride, vinylcarbazole; 
higher vinyl esters such as vinyl stearate; higher acrylic 
acid and methacrylic acid esters such as hexyl esters, octyl 
esters, stearyl esters; acrylonitrile, higher vinyl ethers 
such as vinyl nonyl ether, vinyl cetyl ether, vinyl trimeth 
ylnonyl ether and vinyl octadecyl ether. 
As strongly ionisable hydrophilic acid monomers and 

salts thereof capable of being polymerised into water 
soluble homopolymers use can be made of styrene n 
and p-sulphonic acid and salts, vinylsulphonic acid and 
salts, vinylphosphonic acid and salts, p-vinylbenzyl phos 
phonic acid and salts, the salts of acrylic acid, meth 
acrylic acid, and maleic acid. 
Very interesting conductive polymeric materials are 

formed from copolymers of styrene and styrene-Sulphonic 
acid or from copolymers of styrene Sulphofluorides and 
styrene-sulphonic acid, also from styrene and vinyl-Sul 
phonic acid. The first copolymer can be prepared by par 
tially sulphonating polystyrene, whereas the Second can 
be formed by partially hydrolysing polystyrene Sulpho 
fluorides. 
The invention will be described hereinafter with respect 

to the electroconductive copolymer of styrene and styrene 
sulphonic acid. The characteristic features of the inven 
tion may, however, be applied to every combination of a 
hydrophobic monomer and of a hydrophilic monomer as 
indicated above and a few tests suffice for a person skilled 
in the art to establish the proportion of recurring units 
deriving from hydrophobic and hydrophilic monomers 
needed respectively in the copolymer. 

It is known that the value of the surface resistivity of 
polystyrene-sulphonic acid is far below the limit indicated 
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above. However, since polystyrene-Sulphonic acid is 
soluble in water, it cannot be used e.g. in electrophoto 
graphic recording elements, wherein the photoconductive 
layer is to be deposited on the electroconductive inter 
layer from aqueous solution or dispersion. Indeed, when 
coating the photoconductive layer from aqueous solution 
or dispersion, the polystyrene sulphonic acid layer will 
be partly dissolved and mixed with the photoconductive 
material, so that it is not possible any longer to retain an 
electric charge in the photoconductive material. 
The copolymer of styrene and styrene sulphonic acid 

with a relatively low molar proportion of styrene-sul 
phonic acid can be prepared in different ways. For in 
stance, styrene can be copolymerized according to known 
methods with the desired amount of styrene-Sulphonic 
acid. Styrene can also be copolymerized with styrene sul 
phofluoride, whereupon the sulphofluoride groups of the 
resulting polymer can be hydrolysed to sulphonic acid 
groups. 
The desired copolymer can also be prepared by sulpho 

nation of polystyrene. The last method is particularly 
interesting because of its simplicity and cheaper feasi 
bility. Various sulphonation methods are described in 
the literature. For instance, polystyrene can be sulpho 
nated by using sulphuric acid, sulphur trioxide, or chloro 
sulphonic acid as the sulphonating agent. This method is 
quite successful for the preparation of sulphonated poly 
styrenes with a relatively high degree of sulphonation. 
However, when using free sulphur trioxide it is almost 
impossible to avoid cross-linking of polystyrene having a 
high molecular weight. Moreover, these water-soluble 
polystyrene sulphonic acids in their free acid form, will 
oxidize a paper support upon heating. Indeed, although 
the excess of sulphonating agent has been removed, e.g. 
by ion-exchange treatment, the resulting polymer solu 
tions when applied to a paper support, would give a 
dark-brown hue to the paper upon heating, thus render 
ing the latter inappropriate for use in electrophotographic 
image recording processes. 

Sulphonated polystyrenes can also be prepared by al 
lowing to react polymerized styrene in an organic solvent, 
which is inert to sulphur trioxide, with a complex of sul 
phur trioxide and an organic compound, which is capable 
of coordinating with the Sulphur trioxide without being 
chemically attacked thereby, the complex being capable 
of releasing sulphur trioxide at temperatures below 50° C. 
The organic compounds, which form the complex with the 
sulphur trioxide are typified by dioxan and bis (beta 
chloroethyl)-ether. In consequence of the use of these 
complexes, cross-linking of the polystyrene is prevented. 
Furthermore, this method of sulphonating polystyrene 
has the additional advantage of sulphonating more easily 
to a predetermined degree. 
The sulphonated polystyrenes used as electroconductive 

polymeric material according to the invention, though 
being insoluble in water, are soluble in alcohol. To a 
solution in alcohol very large quantities of water can be 
added without causing the dissolved polymer to precipi 
tate. The electroconductivity of the polymers is propor 
tional to the mole percent of styrene units, which have 
been sulphonated to styrene sulphonic acid units. The 
water-solubility and the electroconductivity of the poly 
mer decrease with decreasing content of styrene sulphonic 
acid. Surprisingly, however, it was found that the decrease 
of electroconductivity did not proceed as fast as the de 
crease of the water-solubility, so that but a very narrow 
range could be determined, wherein the polymer lost its 
solubility in pure water at room temperature, but where 
in the electroconductivity was still sufficiently high to 
permit the polymer to be used as electroconductive poly 
meric material in any image-recording element. 

In this range, which was found to reach from 17.5 mole 
percent to 35 mole percent of styrene sulphonic acid de 
pending on the molecular weight of the polystyrene used, 
the Sulphonated polystyrene is not (or only partially) 
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4. 
soluble in water, though it is still soluble in mixtures 
of alcohol and large quantities of water. 
The electroconductivity of the sulphonated polystyrenes 

is determined by measurement of their surface resistivity, 
A 10% solution of the polymer is applied therefor to a 
glass plate. The resulting layer is dried and conditioned 
at a specific relative humidity. The resistivity measure 
ments are performed by means of a cell, both poles of 
which have a width of 0.5 cm. and are placed at a distance 
of 1 cm. between each other. For having a sufficient con 
ductivity and allowing the use as an electroconductive 
layer in an image recording element, the surface resis 
tivity should not exceed well defined limits, which them 
Selves are influenced by the relative humidity degree. For 
instance, the surface resistivity at 15% of relative humidity 
must not be higher than 10 ohms./sq. cm., whereas at 
70% of relative humidity the surface resistivity must cer 
tainly not be higher than 108 ohms./sq. cm. 

Polystyrene itself is insoluble in water. When it possesses 
a low polymerization degree, which means that the poly 
styrene is of low molecular weight, it suffices to sulphon 
ate a relatively small number of recurring units to obtain 
a water-soluble polymer. With increasing molecular 
Weight higher ratios of sulphonated recurring units are 
needed to obtain the same degree of water-solubility. The 
Sulphonated polystyrenes, which are used as electrocon 
ductive polymers according to the invention, are neces 
Sarily insoluble in water. Accordingly, it is advisable to 
use Sulphonated polystyrenes having the highest possible 
molecular weight. With high molecular weights the sul 
phonation degree whereon the electroconductivity of the 
polymer depends directly, can also be increased without 
reaching water-solubility. 

Further, the sulphonated polystyrene must be soluble 
in some organic solvents or in mixtures of organic sol 
vents and water, thus enabling the application as a coating 
composition on a support by spray, brush, roller, doctor 
blade, air brush, or wiping techniques. Examples of sup 
ports are paper, films of synthetic polymers such as films 
of cellulose acetate, films of polystyrene, and films of 
polyesters or of polycarbonates. If needed, the different 
Supports may be provided previously with known subbing 
layers, whereon the electroconductive layer is coated 
afterwards. 
The electroconductive sulphonated polystyrene also im 

parts electroconductivity when the paper base used as 
Support is thoroughly soaked with a solution of the elec 
troconductive polymeric material according to the inven 
tion. In the dried paper the electroconductive sulphonated 
polystyrene remains dispersed throughout the entire paper 
base. Electroconductivity may also be conferred to the 
paper base by adding a sufficient quantity of sulphonated 
polystyrene solution to the papermaking pulp. 
When sulphonating polystyrene by making it react with 

a complex of sulphur trioxide and an organic compound 
Such as dioxan in such proportions that between 17.5 and 
35 mole percent of the styrene units in the polymer are 
converted into styrene sulphonic acid units, a copolymer 
is obtained, which is insoluble in water, but soluble in a 
mixture of alcohol and water. Upon coating an alcohol 
Water solution thereof on a paper or other support and 
drying, a layer of the sulphonated polystyrene is formed, 
which is also insoluble in water and remains undisturbed 
for instance when in the case of an electrographic record 
ing element the photoconductive material is deposited 
thereon from an aqueous solution or dispersion, even 
When the latter is alkaline. 
The insolubility in water of the copolymer is also of 

great importance in the case of photographic silver halide 
recording materials. Indeed, the electroconductive layer 
cannot be dissolved away in the processing baths and its 
antistatic properties are preserved in the finished photo 
graphic film material. The surrounding dust does not de 
posit any longer on such film material. 
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In an electroconductive layer according to the inven 
tion an amount of dry sulphonated polystyrene varying 
between 0.5 and 5 g./sq. m. of support will in general 
be sufficient. Also, when using paper as the support, care 
is to be taken that about 4% by weight of sulphonated 
polystyrene be present with respect to the dry solids 
weight of the paper support. 
The invention is not restricted to the use in electro 

conductive layers of sulphonated homopolymers of styrene 
having a 17.5 to 35 mole percent content of styrene sul 
phonic acid units. Indeed, it is generally known that when 
using pure polystyrene for coating on paper, a very brittle 
material is obtained, which breaks very easily. This can 
be remedied by introducing in the polystyrene molecule 
a small number of plasticizing units e.g. approximately 5 
mole percent of alkyl acrylate units. Practically speaking 
this results in the replacement of the original pure poly 
styrene by copolymers of styrene and alkyl acrylates. 
The same can be done in the present invention. Instead 
of sulphonating pure polystyrene, sulphonation is applied 
to a copolymer of styrene and alkyl acrylate or other 
plasticizing monomer. In this case there is also obtained a 
material, which is useful as electroconductive layer and 
which actually consists of a copolymer of styrene, styrene 
sulphonic acid, and alkyl acrylate or other plasticizing 
OnOne. 
The composition of the electroconductive layer may 

also include stabilizing agents, plasticizers, dispersing 
agents, pigments, and known binders such as gelatin. Due 
care must be taken to avoid mutual precipitation of the 
sulphonated polystyrene and of said binder. 
The invention has been described especially with respect 

to polystyrene, which has been sulphonated in a very 
narrow range. It is possible, however, to use other co 
polymers as well, provided that they are insoluble in 
water and that they can be rendered electroconductive 
by the introduction of a sufficient number of recurring 
units deriving from highly ionisable hydrophilic acid 
monomers or their salts as indicated above. Care must be 
taken, however, that the introduction in the copolymer 
of hydrophilic recurring units is only carried out to such 
a degree that the copolymer acquires a sufficient electro 
conductvity without losing its insolubility in pure water 
at room temperature. w 

Instead of partially sulphonating polystyrene, there 
can also be applied a partial hydrolysation to polystyrene 
sulphofluorides, wherein the sulphofluoride group is Sub 
stituted on the benzene ring of the styrene units in para 
or meta position, the sulphofluoride group being hydro 
lysed to a sulphonic acid group. Here also an increasing 
hydrolysation range will impart an increased electrocon 
ductivity to the copolymer obtained. A few tests indicate, 
at which moment the copolymer becomes sufficiently 
conductive and still remains insoluble in water at normal 
temperatures. 
When compared with many other copolymers as indi 

cated above, the sulphonated polystyrene has the great 
advantage of having the lowest cost-price. Polystyrene 
itself is commercially available in great quantities at very 
low prices. When sulphonating polystyrene, the low cost 
price only increases with approximately a factor 10. Other 
polymers are not prepared that easily and they are much 
more expensive. 
When the electroconductive layer of the invention is 

to be used as an antistatic layer in a photographic silver 
halide recording material, the electroconductive layer is 
generally applied to the backside of the photographic film. 
It can, however, also be applied as an interlayer between 
the support and the light-sensitive emulsion layer or layers. 

If the electroconductive layer is to be used in an elec 
trophotographic recording material, a photoconductive 
coating is applied on top thereof. This coating is prepared 
by dispersing or dissolving the photoconductive substance 
or substances in an aqueous or organic solution of an in 
sulating binder or in a solution of such insulating binder 
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6 
in a mixture of an organic solvent and water, and by 
applying the dispersion or solution in the form of a layer 
to the electroconductive surface. Even if the photocon 
ductive layer is applied from aqueous solution or disper 
Sion, there is no fear that the electroconductive polymeric 
material would wholly or partly dissolve. Indeed, since 
the sulphonated polystyrene is insoluble in water, at the 
most a relatively low swelling of the electroconductive 
layer would occur, thus leaving upon drying of the aque 
ous dispersion or solution of photoconductive material, 
a recording layer having a quick and high chargeability 
and a high sensitivity. 
The electrophotographic recording element prepared 

with the electroconductive copolymer of the present in 
vention is flexible and possesses a very good mechanical 
strength. A very good adhesion exists between the paper 
support and the electroconductive layer. 
The present invention makes an end to the difficulties 

in electrophotography, which hitherto were described in 
the literature with respect to the precise composition of 
a separation layer between a paper soaked with salts or 
a paper web covered with the formerly known electro 
conductive polymers and a photoconductive material ap 
plied from aqueous phase. Indeed, when using a copoly 
mer of styrene and styrene sulphonic acid according to 
the invention in such a separation layer all the favourable 
characteristics of the present invention are utilised. Elec 
trophotographic images are obtained, which only in re 
spect of quality are dependent on the composition of the 
photoconductive layer and which are not disturbed any 
more by unfavourable properties of formerly used elec 
troconductive substances. 
Another method related with the invention consists in 

applying a separation layer between the copolymer of 
styrene and styrene sulphonic acid and the photoconduc 
tive layer. Such separation layer consists of a binder and 
a photoconductive pigment layer, which cannot be at 
tacked by sulphonic acid groups. Obviously, this method of 
is particularly advantageous, when the inorganic photo 
conductors in the main layer are liable to attack by sul 
phonic acid groups. 
The sulphonation of polystyrene with complexes con 

taining sulphur trioxide is described in the following 
preparations. 

PREPARATIONS 
(A) In a reaction flask provided with a stirrer, reflux 

condenser sealed with a calcium chloride tube, two drop 
ping funnels, and a thermometer 2,250 ccs. of dichloro 
ethane dried on calcium chloride and 238 g. of dioxan are 
mixed. While stirring at room temperature 180 g. of fresh 
ly distilled sulphur trioxide and 100 ccs. of dichloroethane 
dried on calcium chloride were added dropwise. The exo 
thermic reaction is controlled by cooling on a water-bath 
so that a temperature of 25 C. is not exceeded. A disper 
sion of a complex of sulphur trioxide and dioxan (0.83/. 
molar) in dichloroethane is obtained. 
From a second funnel sealed with a calcium chloride 

tube a solution of 624 g. of polystyrene having a molec 
ular weight of 246,000 in 3,300 ccs. of anhydrous dichloro 
ethane is added in 5 minutes while stirring thoroughly. 
The sulphonation is weakly exothermic. The tempera 

ture of the reaction medium is kept at 25 C. Subse 
quently the homogeneous solution is gradually heated to 
30-35 C. At this temperature gelation occurs suddenly. 
The mixture is stirred thoroughly and heated to 45° C., 
thus yielding a white paste, which still needs stirring for 
30 minutes between 45 and 50 C. 

3 1. of n-hexane are added gradually whilst stirring. A 
white suspension forms, from which the sulphonated poly 
styrene can be isolated in a centrifugal drier. The brittle 
product is washed with distilled water, till the wash water 
contains no sulphuric acid any longer. Subsequently the 
product is dried. 
The sulphonated polystyrene contains 29.5 mole per 

cent of styrene sulphonic acid groups (product A). 
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(B)-(D) Polystyrene having a molecular weight of 
246,000 is sulphonated according to the method described 
under (A), with the proviso, however, that the amounts 
of dioxan, sulphur trioxide, and polystyrene are modi 
fied. The following results are obtained. 

Total Sulphonated 
amount polystyrene, 

of di- mole percent 
chloro- of styrene 

Dioxani Sulphur Polysty- ethane sulphonic 
Product ing. trioxide in g. rene ing. in . acid 

222 68 624 6 2.5 
264 92 624 6 23.3 
3. 240 624 6 32.6 

(E) In a reaction flask fitted with a stirrer, reflux con 
denser sealed with a calcium chloride tube, 2 dropping 
funnels, and a thermometer 2.250 ccs. of dichloroethane 
(dried on calcium chloride), and 349 g. of anhydrous 
dioxan are mixed. 264 g. of freshly distilled sulphur tri 
oxide and 150 ccs. of anhydrous dichloroethane are added 
whilst stirring at room temperature. The exothermic re 
action is controlled by cooling on a water-bath so that 
a temperature of 25 C. is not exceeded. A dispersion of 
a complex of sulphur trioxide and dioxan in dichloro 
ethane is obtained. 

In a second funnel sealed with a calcium chloride tube 
a solution of 624 g. of polystyrene having a molecular 
weight of 246,000 in 3,300 ccs. of anhydrous dichloro 
ethane is added in 5 minutes whilst thoroughly stirring. 
The sulphonation is weakly exothermic and the tem 

perature of the reaction medium is kept beneath 25 C. 
Subsequently, the mixture is heated gradually, till gelation 
occurs Suddenly at 32° C. The stirring rate is increased 
and heating continued to 40° C. Since the sulphonation 
is weakly exothermic, the temperature rises to 47 C. upon 
stirring for 30 minutes. 
An amount of 3 l. of n-hexane is added. The sulpho 

nated polystyrene is filtered off. A white powder of sul 
phonated polystyrene containing 33 mole percent of 
styrene Sulphonic acid (product E) is formed. 

(F) The process of E is repeated, with the proviso, 
however, that the following amounts of reagents are used: 
127 g. of dioxan, 96 g. of sulphur trioxide, 208 g. of 
polystyrene having a molecular weight of 246,000, and 
1.5 l. of dichloroethane. A sulphonated polystyrene con 
taining 34 mole percent of styrene sulphonic acid (prod 
uct F) is obtained. 

(G). In a 5 l, reaction flask fitted with a stirrer, a re 
flux condenser with calcium chloride tube, two dropping 
funnels and a thermometer, 415 ccs. of dichloroethane 
and 42.2 ccs, of dioxan are mixed. 

32 g. of freshly distilled sulphur trioxide mixed with 
25 ccs. of anhydrous dichloroethane are added to the 
homogeneous solution whilst stirring at room tempera 
ture. The reaction is exothermic but is controlled on a 
waterbath so that the temperature does not exceed 25 C. 
A dispersion of a complex of sulphur trioxide and 

dioxan in dichloroethane is obtained. 
From a second funnel sealed with a calcium chloride 

tube a solution in 560 ccs, of anhydrous dichloroethane 
of 104 g. of polystyrene having a molecular weight of 
40,000 is added whilst thoroughly stirring in 5 minutes. 
By cooling on a water-bath the temperature is kept at 
22 C., so that an homogeneous solution is obtained. 
This solution is gradually heated to 50° C., at which tem 
perature gelation occurs after 10 minutes. The stirring 
rate is increased and continued for approximately 20 
minutes. Whilst stirring 4.25 . of ether are added, so that 
a white powder is formed. This powder is washed 4 times 
with 250 ml. of ether subsequently sucked off and dried 
in vacuo at room temperature. 
The sulphonated polystyrene contains 18.9 mole per 

cent of styrene sulphonic acid (product G). 
In the first example hereinafter the surface resistivity 

of the different sulphonated polystyrenes according to 
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8 
preparations A to G are measured. Examples 2 to 6 de 
scribe the application of electroconductive polymeric 
materials according to the invention in electrophotographic 
recording elements. They may also be used, however, in 
other electrographic processes. A survey of these dif 
ferent processes has been given by C. J. Claus in Photo 
graphic Science and Engineering, 7 (1963), pp. 5-13. The 
electroconductive polymers may be used in combination 
with coatings of various inorganic as well as organic 
photoconductive substances such as those described in the 
Belgian patent specification 587,300, the United Kingdom 
patent specifications 964,871, 964,873, 964,874, 964,875, 
964,876,964,877, 964,879, 970,937,980,879 and 980,880, 
in the German patent specification 1,058,836, and in the 
Canadian patent specification 568,707. These photocon 
ductive substances may be combined with insulating binder 
agents, known i.a. from the United States patent specifi 
cations 2,197,552, 2,297,691, 2,485,589, 2,551,582, and 
2,599,542, from the United Kingdom patent specifica 
tions 566,278, 693,112 and 700,502, from the Belgian 
patent specifications 612,102, 711,376 and 714,257, the 
French patent specification 1,485,839, and the published 
Dutch patent application 6608814. 

Suitable dispersing agents for dispersing photoconduc 
tive materials in an aqueous medium are described in 
the published Dutch patent application 6712156 and as is 
generally known the photoconductive substances can be 
spectrally sensitized as described in the published Dutch 
patent application 6717400 and in the Belgian patent 
specification 714,258. 

Example 1 
A paper Web Weighing 70 g./sq. m. which did not suffer 

very much from dimensional alterations when coming 
into contact with water, was coated with a 6 to 10% solu 
tion of a sulphonated polystyrene according to one of the 
preparations A to G. The solvent therefor was a mixture 
of water and methanol in a proportion of 95:5 by vol 
lume. The coating rate was such that upon drying 2 g of 
Sulphonated polystyrene were present per sq. m. 
The resulting conductive paper web was preferably, 

though not necessarily, calendered at approximatively 50° 
C. and a few kg./sq., cm. 

Typical surface resistivities of such paper webs are 
given in the following table as a function of the sulphona 
tion degree and of the relative humidity. 

Sulpho 
Sipho- nation. Surface resistivity in 10 ohmsfsq. 
nated degree Cn. at a relative humidity of 
poly- Molecular in mole 
styrene weight percent 15% 50% 70% 

246,000 2.5 200,000 77 7 
246,000 23.3 42,500 23.6 1.37 
246,000 29.5 2,500 20 5, 2 
246,000 32,6 1,700 , 93 0.26 
246,000 37.7 670 33 0.25 
40,000 40.8 2,130 0.67 0.082 

In the description it is stated that the upper limit of the 
Sulphonation degree should be approximately 35 mole 
percent. From the above table it appears that the sul 
phonated polystyrenes E and G exceed this upper limit. 
The results prove that their surface resistivity is very low 
and that consequently their conductivity is very high. The 
disadvantage of these sulphonated polystyrenes E and G, 
however, is that they cannot be used as conductive poly. 
mer in a conductive layer according to the invention. In 
deed, the solubility of these polymers in water is already 
too high. When a layer formed from these sulphonated 
polystyrenes is coated with a layer of photoconductive 
material from aqueous solution or dispersion, the danger 
exists that the sulphonated polystyrene dissolves partially 
and mixes with the photoconductive material, so that the 
chargeability of the latter is lost completely. 

Example 2 
A paper web prepared according to Example 1 with a 

layer of Sulphonated polystyrene according to preparation 

  



3,681,070 
A (sulphonated up to 29.5 mole percent), was coated with 
the following composition: 
566 ccs. of a 20% solution of poly-1,2-dihydro-2,2,4- 

trimethylquinoline in methylene chloride 
266 ccs. of a 50% solution of a silicon resin in toluene 
858 ccs. of methylene chloride. 

This composition was coated on the electroconductive 
paper web, so that upon drying 2.5 g. remained per sq. m. 

After dark adaption the layer was charged by means of 
a negative corona discharge, exposed to an incandescent 
bulb through a 0.3 wedge, developed electrophoretically, 
thereby yielding an image of the Wedge with a maximum 
density, which was typical for highly conductive supports. 

Example 3 
The following composition was prepared: 

2,866 kg. of 1,2-dichloroethane, 
0.615 kg. of a 40% solution of a copolymer of vinyl ace 

tate and vinyl laurate (80:20 mole percent) in 1,2- 
dichloroethane 

0.375 kg. of a 20% solution of a copolymer of vinyl chlo 
ride, vinyl acetate, and vinyl alcohol (91:3:6 mole per 
cent) in 1,2-dichloroethane 

0.180 kg. of a 20% solution of a copolymer of vinyl chlo 
ride, vinyl acetate, and maleic anhydride (90:8:2 mole 
percent) in 1,2-dichloroethane, 

1 kg. of zinc oxide (French process). 
This composition was treated once in a homogeniser at 

250 kg./sq., cm. The following composition was then added 
thereto: 

34 ccs. of a 10% solution of tetrachlorophthalic anhydride 
in ethanol 

12 ccs. of a 10% solution of acid butyl phosphate in 
ethanol 

13 ccs. of a 0.5% solution in diacetone alcohol of a dye 
according to the following structural formula: 

?e-on-on-chi-6." 
l, 
(CI) t-so-NH-CO-CH 

Br 

44 ccs. of a 1% solution of bromophenol blue in methanol 
8 ccs, of a 1% solution in 1,2-dichloroethane of a com 
pounds corresponding to the following structural for 
mula: 

C O-NH-( >-Br 

CH 

C 

This composition was coated at a rate of 20 g. of Zinc 
oxide per sq. m. on a paper Web prepared according to 
Example 1 (sulphonated polystyrene A). The resulting 
layer was dried and upon dark adaptation fed in a common 
commercial development apparatus for electrophoto 
graphic material. A sharp image, which entirely meets the 
presently set commercial standards, was obtained. 

Example 4 
The following composition was prepared: 

750 ccs. of demineralised Water 

5 

O 

5 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

O 
37.5 ccs. of a 10% solution of a copolymer of maleic an 

hydride and N-vinylpyrrolidone (40:60 mole percent) 
in a mixture of water and ammonia (9:1 by volume) 

1000 g. of zinc oxide (French process). 
The resulting composition was pumped through a sand 

mill at a rate of approximately 301./h. A solution of 187 g. 
of copolymer of vinyl acetate and crotonic acid (94:6 
mole percent) in a mixture of 750 ccs. of water and 7 
ccs. of ammonia was added to the resulting dispersion. 
Then the following composition was added whilst stirring: 
117.5 ccs. of a 10% solution of tetrachlorophthalic anhy 

dride in a mixture of water and ammonia (750:7% by 
volume) 

100 ccs. of a 0.5% solution of CI mordant red 5 (C.I. 
14,290) in water 

75 ccs. of a 0.5% solution of CI direct green 59 (C.I. 
34,040) in water. 
Stirring was continued till complete mixture. The re 

sulting composition was coated on a paper web of Ex 
ample 1 (sulphonated polystyrene A) at a rate of 25 
g. of zinc oxide per sq. m. and dried. Upon dark adapta 
tion the layer was fed in a commercial apparatus for de 
velopment of electrophotographic recording material. An 
image with a high density and which was sharper than 
that on a paper not provided with such a conductive pre 
coat, was obtained. 

Example 5 
5 g. of copolymer of styrene and styrene sulphonic acid 

having a molecular weight of 46,000 and containing 35 
mole percent of styrene sulphonic acid was dissolved in 
a mixture of ethanol and water (90:10 by volume). This 
solution was neutralised with N/10 sodium hydroxide and 
diluted with acetone till concentrations of 0.5 and 1% 
by weight of copolymer were obtained. 
The resulting solutions were coated on a cellulose tri 

acetate film at a rate of 1 liter/40 sq. m. The dried films 
were cut in strips having a width of 35 mm. as is usual 
for photographic film. The other side of the film could be 
provided with one or more coatings and a gelatin silver 
halide emulsion layer according to known methods. 
The relative humidity at 30% and 60% was measured 

in part of the film strips. The other part of film strips was 
treated in common photographic baths, e.g. developed 
for 5 minutes, fixed for 10 minutes, and rinsed for 1 
hour. Upon drying the surface resistivity was measured at 
30% and 60% of relative humidity. 
The results of these measurements before and after 

treatment in the photographic baths, are listed in the 
following table. 

Surface resistivity (1010 ohmsfsq. cm.) 

30% RH 60% RH 
Before After Before After 

processing processing processing processing 

Concentration of 
polymer in the 
coating composition 
in weight percent: 

0.5--------------- .. 1.2 150 0.008 0.34 
1------------------- 0.083 32 0.002 0.09 

Triacetate film without 
antistatic layer ------- >500 >500 >500 >500 

Example 6 
Two copolymers of styrene and styrene sulphonic acid 

having a molecular weight of approximately 46,000 but 
having a styrene sulphonic acid content of 30 and 35 
mole percent respectively were dissolved in the same way 
as in Example 5. The solutions were also adjusted to a 
concentration of 1% by weight of copolymer with 
acetone. 
On a biaxially oriented polyethylene terephthalate film 

a subbing layer of a copolymer of vinylidene chloride, 
N-tert-butylacrylamide, n-butyl acrylate, and N-vinyl 
pyrrolidone (70:23:3:4% by weight) was coated as de 
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scribed in the Belgian patent specification 721,469. The 
solutions of the copolymer of styrene and styrenesul 
phonic acid were coated thereon at a rate of approxi 
mately 1 1. per sq.m. Analogously to Example 5 the sur 
face resistivity at 60% of relative humidity was measured 
before and after processing in photographic baths. The 
following results were attained: 

Surface resistivity (1010 
ohns/sq. cm.) at 60% RH 

Before After 
processing processing 

Copolymer styrene?styrene sulphonic acid 
in mole percent: 

7030-------------------------------- - - - - 0.002 0.085 
65:35.----------------------------------- 0, 0004 32 

Polyethylene terephthalate film without 
antistatic layer--------------------------- >500 >500 

We claim: 
1. Electrographic recording material comprising a Sup 

port of paper or synthetic polymer, an electroconductive 
layer coated on at least one side of said support and hav 
ing a maximum surface resistivity measured at 15% rela 
tive humidity lower than, 1011 ohms/sq. cm., said electro 
conductive layer being formed mainly of a copolymer 
of styrene and styrene sulphonic acid or acid salt having 
a styrene sulphonic acid content of at least about 17.5 
and up to about 35 mole percent and sufficient to impart 
said maximum surface resistivity to said layer but insuffi 
cient to render said copolymer substantially water-soluble 
at room temperature, said electroconductive layer being 
coated on said support from an aqueous alcoholic me 
dium, and an exterior photoconductive or insulating re 
cording layer coated from an aqueous or organic solvent 
medium in which said copolymer is insoluble. 

2. A sheet or web-forming material according to 
claim 1, wherein the copolymer of styrene and styrene 
sulphonic acid is formed by reacting polystyrene in an 
organic solvent, which is inert to sulphur trioxide, with 
a complex of sulphur trioxide and an organic compound 
capable of coordinating with the sulphur trioxide with 
out being chemically attacked thereby, said complex re 
leasing sulphur trioxide at temperatures below 50° C. 

3. A sheet or web-forming material according to 
claim 2, wherein the organic compound capable of co 
ordinating with sulphur trioxide is dioxan or bis(?3-chlo 
roethyl)ether. 

4. A sheet or web-forming material according to claim 
1, wherein a photoconductive layer is applied to the elec 
troconductive layer to form an electrographic recording 
element, 
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5. A sheet or web-forming material according to claim 

1, wherein an insulating layer is applied to the electro 
conductive layer to form an electrographic recording ma 
terial. 

6. A sheet or web-forming material according to claim 
1, wherein the electroconductive layer is formed from 0.5 
to 5 g. of said copolymer on a dry weight basis per sq. m. 

7. A sheet or web-forming material according to claim 
1, wherein the copolymer of styrene and styrene sulphonic 
acid also comprises up to 5 mole percent of recurring 
units deriving from alkyl acrylates. 

8. Photographic recording material comprising a sup 
port of paper or synthetic polymer, an electroconductive 
layer coated on at least one side of said support and hav 
ing a maximum surface resistivity measured at 15% rela 
tive humidity lower than 101 ohms/sq. cm., said electro 
conductive layer being formed mainly of a copolymer of 
styrene and styrene sulphonic acid or acid salt having a 
styrene sulphonic acid content of at least about 17.5 and 
up to about 35 mole percent and sufficient to impart said 
maximum surface resistivity to said layer but insufficient 
to render said copolymer substantially water-soluble at 
room temperature, said electroconductive layer being 
coated on said support from an aqueous alcoholic me 
dium, and an exterior light sensitive gelatin silver halide 
recording layer coated from an aqueous medium in which 
said copolymer is insoluble. 

9. A sheet or web-forming material according to 
claim 8, wherein a light-sensitive gelatin silver halide 
emulsion is applied to the side of the support opposite to 
the electroconductive layer to form a photographic re 
cording element. - - 
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