
United States Patent 0 
1 

3,396,016 
DEVELOPMENT AND COATING OF NEW 
ZINC OXIDE PHOTOCONDUCTING RE 
CORDING SYSTEMS 

James R. Olson, Rochester, N.Y., assignor to Eastman 
Kodak Company, Rochester, N.Y., a corporation of 
New Jersey 
No Drawing. Filed Aug. 4, 1965, Ser. No. 477,307 

12 Claims. (Cl. 96—-1.8) 

This invention relates to electrophotography, particu~ 
larly to novel photoconductive insulating layers and elec 
trophotographic plates comprising such layers and their 
use in electrophotography. 

Electrophotographic plates comprising various particu 
late photoconductors dispersed in electrically insulating 
binders were described by Middleton in US. Patents No. 
2,663,636 patented Dec. 22, 1953 and No. 3,121,006 pat 
ented Feb. 11, 1964. Plates comprising photoconductive 
layers of zinc oxide dispersed in electrically insulating 
resin binders were described by Young and Greig in 
RCA Review, December 1954, .pp. 469-484 and in US. 
Patents No. 3,052,539‘ and 3,052,540, both patented Sept. 
4, 1962. Photoconductive insulating layers comprising a 
particulate photoconductor, as described in the prior art 
generally comprise, as an insulating binder for the photo 
conductor, an electrically insulating synthetic polymeric 
resin such as silicone resins, metha-crylate resins, various 
polyester resins, polystyrenes, and the like. While some 
nonpolymeric compounds have been suggested as binders 
for this use, generally the photoconductive insulating lay 
ers produced with vbinders of nonpolymeric materials have 
been less satisfactory for one or several of various rea 
sons such as poor electrical insulating quality, poor ad 
hesion, reduced photographic speed, incompatibility with 
photosensitizing dyes, discoloration, and the like. 
An object of the present invention is to provide photo 

conductive elements for use in electrophotography hav 
ing a novel photoconductive insulating layer comprising 
a particulate photoconductor such as zinc oxide in a non 
polymeric binder. Another object is to provide photocon 
ductive elements for use in electrophotography having 
especially favorable electrical and photographic proper 
ties. Electrophotographic elements in accordance with 
the present invention, in speci?c embodiments, will have 
one or more of the advantages of favorable photographic 
speed, favorable electrical dark resistivity, favorable dark 
decay properties, relatively favorable economy of manu 
facture, and favorable surface appearance. 
The present invention provides electrophotographic 

elements having a photoconductive insulating layer which 
comprises a particulate photoconductor such as zinc oxide 
dispersed in a nonpolymeric vehicle selected from sucrose 
esters, bisphenols, and mixtures of members of those re 
spective classes of compounds with each other and with 
certain other nonpolymeric materials. In addition to a 
particulate photoconductor and the ‘binder, the photocon 
ductive layers prefer-ably will contain sensitizing amounts 
of photographic sensitizing dyes to increase the photo 
graphic speed and to broaden the spectral sensitivity of 
the photoconductor. A particular advantage of certain 
photoconductive layers made with nonpolymeric binders 
of the present invention is that a variety of e?ective photo 
sensitizing dyes can be used compatibly in the photocon 
ductive layer without adverse effect upon their sensitiz 
ing function by the binder materials. Another advantage 
of certain preferred electrophotographic elements in ac 
cordance with the present invention is that the photocon 
ductive insulating surface retains its electrical resistivity 
at high relative humidities. Electrophotographic prints 
made on preferred elements in accordance with the pres 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

70 

1 3,396,016 
Patented Aug. 6, 1968 

. 2 

ent invention compare favorably in quality with photo 
conductive zinc oxide elements presently available com 
mercially for use in electrophotography. 
A ?rst class of compounds which may be used as 

'binders in accordance with the present invention is the 
class of organic compounds called bisphenols. This class 
of compounds can be characterized by the following for 
mula: 

wherein X represents a single bond, a single atom, or a 
bivalent organic radical, and R1 and R2 may represent 
hydrogen or radicals substituted for hydrogen at any of 
the carbon atoms on the respective rings. X may repre 
sent a bivalent organic radical having an ylidene carbon 
atom. Speci?c examples of bisphenols useful within the 
scope of the invention include: 

4,4’-sulfamyl diphenol 
1,3-(4-hydroxyphenol) propane 
p,p'-biphenol 
3,3’-dipropy1-(p,p’-diphenol) 
4,4'-oxydiphenol 
diresorcyl sul?de 
4,4’-sulfonyl diphenol 
2,2'-dihydroxy benzophenone 
2,2’-4,4’-tetrahydroxybenzophenone 
2,2’-dihydroxy-4-methoxybenzophenone 
2,2’-dihydroxy-4,4’-dimethoxy benzophenone 
2,2’-dihydroxy-4-n-octyloxybenzophenone 
4,4’-dihydroxy-3,3'-dinitrobenzophenone 
1,3-'(4-hydroxyphenyl)propane 
2,2'—( ethane diylidene d\initrilo)diphenol 
a,a’~(ethylene dinitrilo ) di-o-cresol 
bis (2-hydroxyphenyl ) methane 
bis (4-hydroxyphenyl)methane 
bis(2,6-di-t-butyl-4-hydroxyphenyl)methane 
1 , l-bis (4-hydroxyphenyl ) ethane 
1, l-bis (4-hydroxyphenyl ) -2-methyl propane 
1, l-‘bis (4-hydroxyphenyl ) -3 -methyl butane 
1 ,'1-bis(4-'hydroxyphenyl) -n-butane 
2,2-bis(4-hydr-oxyphenyl)propane 
2,2-‘bis(\4-hydroxyphenyl)butane 
2,2-bis (4-hydroxyphenyl) -3-methyl butane 
2,2-bis (4-hydroxyphenyl) pentane 
2,2-bis (4-hydroxyphenyl) -4-rnethyl pentane 
2,2-bis/(4-hydroxyphenyl)hexane 
2,2-bis (4-hydroxyphenyl) nonane 
2,2-bis(3-t-butyl-4-hydroxyphenyl)propane 
3,3’bis(4-hydroxyphenyl)pentane 
bis ( 4-hydroxyphenyl ) phenyl methane 
bis (4-hydroxyphenyl) naphthyl methane 
bis(4-hydroxyphenyl)-4-methylphenyl methane 
bis(4-hydroxyphenyl)~2-hydroxymethylphenyl methane 
bis (4-hydroxyphenyl) -2-chlorophenyl methane 
bis(4-hydroxyphenyl) -2,4-dichlorophenyl methane 
bis (4-hydroxyphenyl ) -4-chlorophenyl methane 
bis (4-hydroxyphenyl ) -3,4-dichlorophenyl methane 
bis(4-hydroxyphenyl) -2-carboxyphenyl methane 
bis ( 3-methyl-4-hydroxyphenyl) phenyl methane 
bis (4-hydroxyphenyl) diphenyl methane 
1,1-bis(4-hydroxyphenyl) -1-phenyl ethane 
1, 1-bis(4-hydroxyphenyl) -1-(4-methylphenyl) ethane 
1, l-bis(4-hydroxyphenyl)-l-naphthyl ethane 
1,l-bis(4-hydroxyphenyl)-1-(3-?uorophenyl) ethane 
1,1-bis(4-hydroxyphenyl) -1~(4-?uorophenyl)ethane 
1,1-bis(4-hydroxyphenyl)-1-(3,4,5-tri?uorophenyl) 

ethane 
1,1-bis(4-hydroxyphenyl)-1-(3 -chlorophenyl)ethane 
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1, 1-bis(4-hydroxyphenyl)-1-(4-chlorophenyl)ethane 
1, l-bis(4~hydroxyphenyl)~1-(3 ,4-dichlorophenyl) 
ethane 

1,1-bis ( 4-hydroxyphenyl ) - l -(2,5-dichlorophenyl ) ethane 
l, l-bis ( 4-hydroxyphenyl ) -1\- (4-bromophenyl ) ethane 
1, l-bis ( 3-methyl-4-hydroxyphenyl ) -1- (4-chlorophenyl) 

ethane 
1,1-bis(3~methyl-4-hydroxyphenyl)-1-(3,4-dichloro 

phenyl) ethane 
1,1-bis(3 ,5 -dichloro-4-hydroxyphenyl ) - 1- ( 3,4-dichloro 
phenyl ) ethane 

1, 1-bis(4-hydroxyphenyl)—1-phenyl pentane and the like. 
The class of bisphenols includes esters containing more 

than one bisphenol moiety, for example, the diester ob 
tained by condensing two moles of 4,4’-bis(4-hydroxy 
phenyl)-pentanoic acid with the glycol C36H72(OH)2. 
A preferred embodiment using a bisphenol singly as a 

binder for zinc oxide photoconductive coatings is de 
scribed in Example I. 

EXAMPLE I 

One gram of 2,2-bis (4-hydroxyphenyl)pentane was dis 
solved in 6.75 grams acetone and 3.5 grams of photo 
conductive zinc oxide (Type XX78, New Jersey Zinc 
Co.) sensitized with 1.O><10*7 mole Bromophenol blue 
and 0.84><lO—7 mole anhydro-3,3’-di-;3-carboxyethyloxa 
carbocyanine hydroxide per mole of zinc oxide was 
added to the solution. The mixture was milled by a steel 
roll inside a steel cylinder for 15 minutes and then the 
mixture was spread on a support with a scraper bar hav~ 
ing a .0O4-inch slit. The coating was dried by evapora 
tion in air overnight. A coherent coating was obtained 
which was ?exible and the surface had good resistance to 
chalking by abrasion. The ?nished coated element was 
tested to determine dark resistivity of the insulating layer 
as indicated by initial charge potential (V0), dark decay 
as indicated by the charge potential on the surface 1/2 
minute after charging (VH2), and photographic speed 
as determined by a standardized charging, exposing, and 
developing procedure. This sample showed the following 
test results: V0, 340 volts, VH2, 190 volts, speed, 204. 
By the procedure described in Example I, sample 

electrophotographic elements were made using other bis 
phenols listed above as binders. Test results varied among 
the various samples but all of the samples exhibited 
properties of some utility in electrophotography. 
A second class of compounds which may be used as 

binders in accordance with the present invention is su 
crose esters, for example, esters formed by condensation 
of sucrose with monocarboxylic organic acids. Examples 
of sucrose esters are sucrose octa-acetate, sucrose benzo 
ate, sucrose diacetate hexaisobutyrate, sucrose benzoate 
isobutyrate, and the like. 
A preferred embodiment having a sucrose ester used 

singly as a binder is described in Example II. 

EXAMPLE u 
A sample electrophotographic element was made by 

the procedure described in Example I but using one gram 
sucrose benzoate isobutyrate instead of the bisphenol. 
The ?nished sample had a relatively soft photoconductive 
insulating layer. The sample was tested for electrophoto 
graphic properties with the following results: V0, 415, 
VH2, 330, speed, 104. 

Samples were made as in Example II but using the 
other sucrose esters mentioned above, singly, as binders 
for the respective samples. All of the samples were tested 
and exhibited useful electrophotographic properties. 

Especially preferred binder compositions comprise a 
mixture of nonpolymeric compounds comprising a mix‘ 
ture of a bisphenol with a sucrose ester. We have found 
that as a binder for the photoconductive coating, the mix 
ture of a sucrose ester and a bisphenol produces a ?n 
ished photoconductive insulating coating having electrical 
properties superior to those made with either of the binder 
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A 
ingredients taken alone. We also found that sucrose 
esters combined with other nonpolymeric compounds 
such as rosin, a-phenol-p-cresol, guaiacol, eugenol, 2 
naphthyl benzoate, and 1,4-diphenyl-1,3-butadiene pro 
duce binders of excellent quality. 
When sample electrophotographic elements were made 

using a mixture of sucrose ester and bisphenol as the 
binder, surprising improvements in electrophotographic 
properties as well as improvements in mechanical prop 
erties resulted. Preferred embodiments using such mix 
tures are described in examples following. 

EXAMPLE III 

Twenty grams sucrose diacetate hexaisobutyrate and 
20 grams 1,1-bis(4-hydroxyphenyl)-l-(4-chlorophenyl) 
ethane were dissolved in 250 grams acetone. This solu 
tion was mixed with 140 grams Florence Green Seal 8 
zinc oxide sensitized as in Example I. The mixture was 
ballmilled for 21 hours, then coated by extrusion hop 
per on Riegel brand electrically conductive paper, Type 
KR39XE. The coating was dried by air heated to about 
62-68” C. Finished samples were dark adapted in air 
of 50 percent relative humidity at 74° F. overnight be 
fore testing. The samples were tested as in Example I. 
Results: V0, 370 volts, VH2, 275 volts, speed, 250. 
Two component binder mixtures consisting of a sucrose 

ester and a bis-phenol were made using various sucrose 
esters and various bisphenols in varied combinations. 
Electrophotographic elements were made using these 
binder mixtures. These elements were made by the meth 
od described in Example III. The proportion of sucrose 
ester in the respective binder mixes was varied from as 
little as 25 percent by Weight to as much as 95 percent 
by weight with the remaining proportion of the binder 
mix being a selected bisphenol. The weight ratio of zinc 
oxide to binder mix in various coatings was varied from 
3:1 to 4:1 in preferred embodiments and may be varied 
from about 1:1 to about 6:1 in some embodiments. Use 
ful electrophotographic elements were obtained in all 
cases and especially good results were obtained using su 
crose octa-acetate as the sucrose ester and using 4,4'-(2 
norbornylidene)-bis(2,6-dichlorophenol) as the bisphenol 
component. However, it should be emphasized that all 
of the two component sucrose ester-bisphenol binder 
mixtures tested produced elements having electrophoto 
graphic utility. 

Coatings were made using three and four component 
binder mixtures comprising a sucrose ester with two or 
three other components all selected from other sucrose 
esters, biphenols, and ‘rosin. Best results were obtained 
using sucrose octa-acetate as one of the components with 
a bisphenol as one of the other components. A preferred 
embodiment of a three component binder comprising 
sucrose octa-acetate, a bisphenol and rosin is described in 
the following example. 

EXAMPLE IV 

Thirty-two and one-half grams sucrose octa-acetate, 
5 grams rosin and 2.5 grams 1,1-bis(4-hydroxyphenyl) 
1-(4-chlorophenyl)ethane were dissolved in 250 grams 
acetone. The solution was added to 140 grams zinc oxide 
(Florence Green Seal 8), sensitized as in Example I. The 
mixture was ballmilled, coated, and dried and the elec 
trophotographic element was tested, all as described in 
Example III. Test results: V0, 450 volts, VH2, 380 volts, 
speed, 164. 
A four component binder was used in the following 

example. 
EXAMPLE V 

Thirty grams of sucrose octa-acetate with 2.5 grams 
rosin, 5 grams sucrose diacetate hexaisobutyrate and 2.5 
grams of 4,4’-(2-norbornylidene)bis(2,6-dichlorophenol) 
were dissolved in 250 grams acetone and the solution was 
added to 140 grams zinc oxide (Florence Green Seal 8, 
New Jersey Zinc Co.), sensitized as in Example I. The 
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dispersion was ballmilled, coated, dried and tested as de 
scribed in Example III. Test results were: V0, 440 volts, 
VH2, 355 volts, speed, 104. 
The foregoing examples describe particulate, sensitized 

zinc oxide as a preferred photoconductor but the present 
invention in its broader aspects contemplates elements 
having other particulate photoconductors similarly dis 
persed in the novel binders. For example, we might use 
other particulate photoconductors of the kinds described 
in the aforementioned US. patents. The examples above 
describe use of certain preferred spectra sensitizing dyes 
but this invention in its ‘broader aspects contemplates use 
of other suitable sensitizers in the novel photoductive 
coatings. For example, a photoconductive insulating layer 
in accordance with the invention ‘might incorporate other 
sensitizing compounds of the various kinds described in 
the aforementioned patents. Similarly, our novel photo 
conductive insulating layers may be coated on any sup 
ports suitable for making electrophotographic elements, 
for example, on supports 'of kinds described in the afore 
mentioned patents. 

In testing the plates for electrophotographic properties, 
we employed conventional corona discharge apparatus 
and methods for imposing a uniform charge on the insu 
lating surface, and employed standard densitometry ap 
paratus and methods for photographic exposure. Devel 
opment was 'by cascade development with commercial 
n-type electroscopic developer. 
A particular advantage with preferred embodiments 

of the invention is the considerable reduction in weight 
of the element which can be obtained by making coatings 
of about 2.0 gm. per sq. ft. and which will still have suit 
able electrophotographic properties. This coating is about 
1/3 lighter than many of the zinc oxide-resin coatings of 
prior art and the reduction in copy weight is appreciable. 
The invention has been described in considerable detail 

with particular reference to preferred embodiments there 
of, but it will be understood that variations and modi?ca 
tions can be effected within the spirit and scope of the 
invention as described hereinabove and as de?ned in the 
appended claims. 

I claim: 
1. An electroph-otographic element comprising a sup 

port and coated thereon a photoconductive electrically 
insulating layer comprising a particulate photoconductor 
dispersed in a non-polymeric binder, which binder com 
prises from 25 % to 100% 'by weight of sucrose ester, 
the remainder of said binder being non~polymeric or 
ganic material. 

2. An electrophotographic element comp-rising a sup 
port and coated thereon a photoconductive electrically 
insulating layer comprising a particulate ph'otoconductor 
dispersed in a non-polymeric binder, which binder con 
sists essentially of a sue-rose ester. 

3. An electrophotographic element comprising a sup 
port and coated thereon a photoconductive electrically 
insulating layer com-prising a particulate photoconductor 
dispersed in a non-polymeric binder, which binder con 
sists essentially of a bisphenol. 
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4. An electrophotographic element comprising a sup 

port and coated thereon a photoconductive electrically 
insulating layer comprising a particulate photoconductor 
dispersed in a non-polymeric binder, which binder com 
priies a mixture of a sucrose ester and a bisphenol. 

5. An electrophotographic element comprising a sup 
port and coated thereon a photoconductive electrically 
insulating layer comprising a particulate photoconductor 
dispersed in a non-polymeric binder consisting of at least 
25 percent by weight of sucrose octa-acetate, at least ?ve 
percent by weight of a bisphenol and the remainder of 
non-polymeric organic material. 

6. An electrophotographic element comprising a sup 
port and coated thereon a photoconductive electrically 
insulating layer comprising a particulate photoconductor 
dispersed in a non~polymeric binder which comprises at 
least 25% by weight of sucrose octa-acetate. 

7. An electrophotographic element comprising a sup 
port and coated thereon a photoconductive electrically 
insulating layer comprising a particulate photoconductor 
dispersed in a non-polymeric binder consisting of at least 
25 % by weight of sucrose octa-acetate, at least 5% by 
weight of 4,4’ - ('2 - norbornylidene)bis(2,6-dichlorophe 
nol) and the remainder of rosin. 

8. In an electrophotographic element comprising a 
support and coated thereon a photoconductive electrically 
insulating layer which comprises a particulate photocon 
ductor dispersed in an insulating ?lm-forming vehicle, 
the improvement wherein said insulating vehicle consists 
essentially of at least 25% of a sucrose ester and the 
remainder of at least one material selected from sucrose 
esters, bisphenols, and rosin. 

9. An electrophotographic element comprising a sup 
port and coated thereon a photoconductive electrically 
insulating layer comprising a particulate photoconduc-tor 
dispersed in a non-polymeric binder comprising at least 
25 % sucrose ester, the remainder of said binder consist 
ing essentially of at least one non-polymeric material 
selected from the group consisting of sucrose esters, bis 
phenols, and rosin. 

‘10. An electrophotographic element comprising a sup 
port and coated thereon a photoconductive electrically 
insulating layer comprising a particulate photoconductor 
dispersed in a non-polymeric binder comprising at least 
25% sucrose octa-acetate, the remainder of said binder 
consisting essentially of at least one material selected 
from the group consisting of sucrose esters, bisphenols, 
and rosin. 

11. The electrophotographic element de?ned in claim 
9, said particulate photoconductor being photoconductive 
zinc oxide. 

12. The electrophotographic element de?ned in claim 
10, said particulate photoconductor being photoconduc 
tive zinc oxide. 
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