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ABSTRACT OF THE DKSCLOSURE 

'Superior response for image development in electro 
static printing, using liquid developers, is achieved by dis 
solving in the carrier liquid an oil, such as a mineral oil, 
itself containing additions, inclusive of an oxidation in 
hibitor and a detergent-dispersant. 

This invention relates to electrophotography and more 
particularly to improved methods of and means for ren 
dering visible in the reverse sense latent images formed 
by negative electrostatic charges on electrophotographic 
and on insulating surfaces such as are known in electro 
static printing. 

In one type of electrophotography a relatively con 
ductive backing member such as metal or paper sheet hav 
ing deposited thereon a photoconductive material such 
as for instance vitreous selenium or an organic photo 
conductor or a particulate photoconductor such as zinc 
oxide in a resin binder commonly known as an electro 
photographic or Electrofax layer is ?rst subjected to a 
corona discharge whereby a uniform electrostatic charge 
is deposited on to the surface of the photoconductive layer. 
The charged surface is then exposed to a radiation pat 
tern whereby the irradiated areas become discharged in 
accordance with the intensity of radiation whereas the 
shielded areas remain charged and thus form a latent 
electrostatic image. Such latent image is then rendered 
visible by applying thereto a dry powder developer or 
toner material suspended in an insulating carrier liquid 
in order that such toner may be attracted and held elec 
trostatically to the charged areas. The thus developed 
image may be ?xed to the surface of the photoconductor 
or transferred to another surface and ?xed thereon. 

In the liquid developing process it is customary to pre 
pare a liquid developer by suspending a particulate pig 
ment wetted with an oil or resin in an insulating carrier 
liquid to the form the toner material to be deposited 
electrostatically. The polarity of the toner material with 
respect to the latent image to be developed is determined 
by the nature of the materials selected or by so-called 
polarity control agents as described for instance in US. 
Patents No. 2,907,674 of K. A. Metcalfe et al., and 
3,076,722 of H. G. Greig. 

In the prior art it is known to produce so-called posi 
tive and negative liquid developers. A positive developer 
contains toner material which can be attracted by nega 
tive charges and therefore it can be used for instance to 
develop a latent image formed by negative electrostatic 
charges. on a charged and exposed zinc oxide coated elec 
trophotographic paper, the resulting image being a fac 
simile reproduction of the original radiation pattern. A 
negative developer contains toner material which can be 
attracted by positive charges or repelled by negative 
charges. Electrophotographic coatings containing zinc 
oxide can be charged only negatively with the result that 
the latent image formed by exposure is negative in po~ 
larity. The negative developer can be app-lied to a zinc 
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oxide layer containing a negative latent image to produce 
a reversal reproduction of the original radiation pattern 
by toner repulsion from the image areas holding negative 
charges and by deposition on to the exposed areas in ac 
cordance with the charge level differences existing on the 
surface that is to say the rate of deposition of such nega 
tive toner material is inversely proportional to the magni 
tude of the negative surface charges retained on the sur 
face. 
One of the problems in producing in the reverse sense 

high density images on a background free of any toner 
deposit employing negative liquid developers is that the 
toner material is sensitive enough to detect even minute 
residual charges or charge level differences existing on 
the exposed surface and consequently such minute charges 
or charge level dilferences result in deposition of toner 

- material according to their intensity and thus give rise to 
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the formation of undesirable background staining and an 
overall reduction in contrast. Such minute charges and 
charge level differences are known to exist in particular 
on zinc oxide containing layers and they can be caused by 
uneven charging, inadequate exposure, areas of surface 
breakdown, coating artifacts and the like. Particularly in 
the process of micro?lm reproduction or in any other 
process where a negative light image is projected on to a 
zinc oxide containing electrophotographic sheet for the 
purpose of obtaining a reversal that is a positive reproduc 
tion of the original light image by developing with a nega 
tive toner, it has not been possible in the prior art proc 
esses to obtain a high density line image for instance of 
printed matter on a background completely free of toner 
deposit because in projection exposure it is unavoidable 
that the background areas on the surface of the photo 
conductor become exposed to some degree of illumination 
and this is particularly the case with low density negatives 
wherein the background areas are not fully opaque and 
the image areas are not fully transparent. Such exposure 
of the background areas results then in charge reduction 
and in charge level diiferences with consequent toner 
deposition on to such background areas forming undesired 
contamination and an overall loss in contrast. I 
An object of the present invention is to provide a liq 

uid developer for developing in the reverse sense latent 
images formed on a surface by negative electrostatic 
charges which developer contains negative toner material 
capable of depositing only on to such areas where the 
maximum magnitude of the original negative charges con 
tained on the surface has been reduced by exposure by at 
least a predetermined percentage. 
A further object is to provide an electrostatic liquid 

developer which is capable of forming high density image 
deposits without developing undesired charge reductions 
caused by processing defects. 
A still further object is to provide an electrostatic liq 

uid developer which is capable of producing high con— 
trast positive reproductions from low density negatives. 
The foregoing objects and other advantages will be ap 

parent from the following detailed description of this in 
vention. ' 

A developer in accordance with this invention consists 
of an insulating carrier liquid having an electrical volume 
resistivity in excess of 109 ohm cm. and a dielectric con 
stant of less than 3, toner particles of limited sensitivity 
suspended in ‘said carrier liquid which particles may com 
prise pigment particles or aggregates of pigment particles 
containing thereon an adsorbed layer of a wetting sub 
stance and a sensitizing agent dissolved in said carrier 
liquid capable of affecting the sensitivity of said toner 
particles without being capable of depositing electro 
statically. 
The above referred to toner particles are termed to be 

of limited sensitivity in that when suspended in the de 
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sired carrier liquid in absence of the sensitizing agent 
they are of insul?cient sensitivity to develop to any ap 
preciable density the unexposed areas containing a re 
sidual negative charge or the exposed areas when acting 
as negative toners. 

In order that the functioning of the liquid developer 
in accordance with this invention may be fully under 
stood it is necessary to ?rst describe the mechanism 
of developing a latent image. On a surface containing 
latent images formed by negative electrostatic charges 
of varying magnitude there is a flux of a density vary 
ing in proportion to the magnitude of the said negative 
charges. This ?ux can be imagined as issuing from the 
negative latent image areas in a density proportional to 
the surface charge magnitude in such areas and re-enter 
ing the surface in the exposed non-image areas contain 
ing lesser or no residual negative charges. The density 
of this re-entrant flux in any area is inversely propor 
tional to the magnitude of the residual negative charges 
present in the area. Positive toner particles deposit along 
the ?eld lines towards the negative charge and their 
rate of deposition is proportional to the magnitude of 
the negative charges or to the density of the flux issuing 
from the charge holding areas whereas negative toner 
particles deposit along the ?eld lines towards the point 
of re-entry and their rate of deposition is inversely pro 
portional to the magnitude of the residual negative elec 
trostatic charges existing in the exposed or partly exposed 
areas. 

It will be thus seen that prior art negative toner particles 
will not deposit on to the unexposed areas retaining nega 
tive charges of the maximum magnitude characteristic of 
a given surface but toner deposition will take place on to 
all other areas where the charge magnitude has been re 
duced by exposure or due to other causes to a magnitude 
lesser than the aforesaid maximum. The rate of deposi 
tion of the negative toner that is to say the image de 
posit in a given area is therefore proportional to the ex 
posure or to the percentage of reduction of the afore 
said maximum charge magnitude that is to say to the 
difference between the aforesaid maximum charge mag 
nitude in the unexposed areas, where no toner deposi 
tion takes place, and the lesser charge magnitude existing 
in the given area. The highest density image deposit can 
he thus attained in fully exposed areas approaching 100% 
reduction of the aforesaid maximum charge magnitude 
retained in the unexposed areas. 

In view of the foregoing it is apparent that there is 
need for a negative liquid developer as provided by this 
invention for the production of reversed or positive copies 
from negatives which developer contains toner material 
which is not capable of depositing on to areas where the 
maximum magnitude of the original surface charge con 
tained on the surface has not been reduced by at least 
a predetermined percentage in order to prevent render 
ing visible the aforesaid effects due to partial illumination 
of the non-image areas of the photoconductive surface 
in case of projection exposure from low density negatives, 
due to uneven charging, artifacts and the like. 
To further explain the functioning of the liquid de 

veloper in accordance with this invention reference is 
made to the accompanying drawings in which: 

FIGS. 1 and 2 show residual surface charges and cor 
responding charge di?erences that is percentages of charge 
reduction on the surface of an exposed electrophoto 
graphic layer, 
FIGS. 3 and 4 show toner deposition in accordance 

with this invention on to the surfaces shown in FIGS. 
1 and 2, and 
FIG. 5 is a diagram showing curves of toner charac 

teristics in accordance with the prior art and in accord 
ance with this invention. ' 

Referring now to FIG. 1, an electrophotographic 
printing element such as a zinc oxide coated paper is 
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4 
shown here the surface 1 of which has been charged to 
a negative potential of magnitude 2 and subsequently ex 
posed to a light pattern of varying intensity whereby 
the initial charge 2 has been reduced to various steps 
3 extending to a fully exposed area 4 with complete 
charge removal. Positive toner material as known in the 
prior art would deposit in proportion to the charge lev 
els —V. 

In FIG. 2 the various charge levels of FIG. 1 are 
shown as charge level differences that is charge reduc 
tion percentages in relation to the initial highest charge 
2 of FIG. 1. It will be noted that the highest percentage 
of charge reduction 7 is in the portion corresponding to 
the fully exposed area 4 of FIG. 1, no charge reduction 
exists in portion 6 corresponding to the area of FIG. 
1 where the initial charge 2 has been fully retained due 
to no illumination and intermediate step 5 corresponds 
to the partially exposed step 3 of FIG. 1. Toner depo 
sition from a negative liquid developer as shown in 
the prior art would be proportional to the percentage of 
charge reduction DV. 

In FIG. 3 is shown toner deposition according to the 
charge reductions of FIG. 2 using a negative liquid de~ 
veloper in accordance with this invention. It will be 
noted that there is a response cut-off at the charge re 
duction percentage DV2 of FIG. 2, in that no toner depo 
sition takes place on to areas where the charge reduc 
tion is below this critical percentage, but toner deposi 
tion 3 takes place at a uniform rate in all areas where 
the charge reduction percentage is equal to or higher 
than DVZ. Such response cut-off at a desired charge re 
duction percentage is attainable in accordance with this 
invention by employing the aforementioned sensitizing 
agent which agent in a developer system containing toner 
material of limited sensitivity may sensitize each toner ma— 
terial and may confer to the developer system a response 
cutoff at any desired charge reduction percentage depend 
ing on the quantity and type of such sensitizing agent 
employed. 

In FIG. 4 is shown toner deposition as in FIG. 3 ex 
cept that here less sensitizing agent was imployed and 
consequently the sensitivity of the toner material initially 
of limited sensitivity has been increased to a lesser degree 
than of that in FIG. 3. As a result the cut-off of the toner 
in FIG. 4 occurs at a greater percentage of charge reduc 
tion DV1. Toner deposition takes place at a uniform rate 
and only in areas 8 where the charge reduction is equal 
to or higher than DVl. 
The ‘functioning of the sensitizing agent can be now 

explained as follows: As stated previously the liquid de 
veloper according to this invention contains toner parti 
cles of limited sensitivity suspended in a carrier liquid 
and such toner particles can be of either polarity initially 
irrespective of their required ?nal negative polarity be 
cause their sensitivity is so limited that their capability of 
depositing in absence of the sensitizing agent is negligible. 
The sensitizing agent is a substance which is completely 
soluble in the carrier liquid in the form of macromole 
cules or molecular chains or micelles. When dissolved in 
the carrier liquid each macromolecule or micelle carries 
a small positive charge su?’icient in magnitude to create an 
environment of positive polarity around the toner parti 
cles in suspension but not sufficient in magnitude to be 
attracted by and deposited on to the negatively charged 
areas on the image bearing surface. The toner particles 
in the positive environment created by the sensitizing agent 
assume a negative polarity relative thereto and are thus 
urged by the sensitizing agent to deposit as apparently 
negatively charged particles on to the image bearing sur 
face in areas where the negative surface charge has been 
reduced by at least a certain percentage. 
The magnitude of the apparent negative charge ac 

quired by the toner particles depends on a particular sys 
tem on the type of the sensitizing agent and is proportion 
al to the concentration thereof in relation to the toner 
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particle concentration. Consequently, the capability of the 
thus sensitized toner particles to deposit is proportional 
to their aforesaid magnitude of apparent negative charge 
acquired relative to the sensitizing agent and this magni 
tude of charge determines the percentage of negative 
charge reduction required on the surface below which no 
toner deposition will take place that is to say where the 
cut-off occurs. 
The proportioning of the sensitizing agent for obtain 

ing a particular cut-off may vary from system to system 
depending on the mobility of the toner particles in the 
carrier liquid and on the type of sensitizing agent used. 
As will be shown in the examples following this disclosure 
one type of sensitizing agent may be more effective than 
another type in a given developer system. In each case 
however the quantity of the sensitizing agent present in 
the system is relatively small because a very small quanti 
ty of the agent is already sufficient to create a positive en 
vironment around the toner particles and variations of 
this small quantity can be made to adjust the toner sensi 
tivity to the required cut-off. In any case the quantity of 
the sensitizing agent employed must be insufficient to 
lower the volume resistivity of the carrier liquid in order 
that the electrostatic image contained on the surface to 
be developed may not be destroyed. 
The sensitizing agent must not have the tendency to 

adsorb preferentially on to the toner particles containing 
the absorbed layer of the wetting substance because a 
toner particle having the sensitizing agent adsorbed there— 
on to any substantial degree would assume the positive 
polarity thereof and thus function as a positive developer 
which is contrary to the provisions of this invention. 
The sensitizing agent can be incorporated either by ?rst 

dissolving it in the carrier liquid and then suspending the 
toner particles in the solution or by dissolving it in the 
carrier liquid containing the toner particles in suspension 
or by mixing it with toner material comprising pigment 
particles milled with a wetting substance and then suspend 
ing such mixture in the carrier liquid. 
We found that numerous substances such as vegetable 

oils, mineral oils, mineral greases, metallic soaps, var 
nishes, resins, waxes and bitumenous compounds provided 
that they are fully soluble in the desired carrier liquid 
in the form of macromolecules or micelles or molecular 
chains creating a positive environment around the toner 
particles can be used as sensitizing agents. In particular 
we found that mineral oils such as used in automotive 
lubrication, engine lubrication, internal combustion en 
gines, hydraulic equipment and the like can be used with 
advantage as sensitizing agents, the most effective of such 
being the mineral oils containing both the customary oxi 
dation inhibiting and detergent-dispersant additives. As 
will be seen in the examples the percentage of such addi 
tives in the mineral oil is related to the degree of effec 
tiveness of the oil as sensitizing agent. We also found that 
the mineral oil as the carrier of the said additives is per se 
essential in the sensitizing agent in that when dissolved in 
the carrier liquid in the form of macromolecules of mo 
lecular chains or micelles each of such having attached 
thereto the polar/non-polar molecules of the additives, it 
effects an even distribution in the carrier liquid of such 
molecular chains or micelles forming the positive environ 
ment around the suspended toner particles. 

Whilst not being bound to any theory it can be ex 
plained that the positive environment created in the afore 
said rnanner is due to the orientation of the polar/non 
polar molecules of the additives attached to the macro 
molecules or molecular chains or micelles .of the mineral 
oil dissolved in the carrier liquid of high volume resistiv 
ity. 
The dependence of the toner sensitivity on the sensitiz 

ing agent can be further explained with reference to FIG. 
5. Curves 9 and 10 represent the density of images ob 
tained by deposition of prior art negative toners, and it 
will be noted that the density is proportional to the per 
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6 
centage of charge reduction, curve 9 representing a toner 
with higher rate of deposition than the toner represented 
by curve 10. Curves 13 and 14 represent the density ob 
tained by deposition from the liquid developer in accord 
ance with this invention comprising a liquid carrier with 
suspended toner particles of limited sensitivity in absence 
of ‘the sensitizing agent. Deposition of toner represented 
by curve 13 commences only at a very high percentage 
of charge reduction and the density is negligible. The 
density of deposition of toner represented by curve 14 is 
somewhat higher but this toner is even less sensitive than 
the toner of curve 13. Curve 12 represents the characteris 
tics of a developer prepared by adding a proportion of the 
sensitizing agent to the toner suspension of curve 13. It 
will be noted that the sensitivity of the toner of curve 12 
has been increased over that of curve 13 in that deposi 
tion takes place at a much lower percentage of charge 
reduction, and the density of deposit is now high. Upon 
further addition of sensitizing agent the toner of curve 11 
was obtained, and it will be noted that the sensitivity has 
been further increased. Points DV1 and DV2 on curves 
11 and 12, respectively, correspond to the cut-off points 
in FIGS. .2, 3 and 4. It will be noted that the density of 
toner deposit according to curves 11 and 12 is not pro 
portional to DV to the extent as that .of curves 9 and 
10 in that deposition of toner represented by curves 11 
and 12 is relatively uniform for all values of DV above 
the cut-o? point that is above the critical minimum per 
centage of charge reduction. 
Such uniform toner deposition in accordance with this 

invention is also shown in FIGS, 3 and 4, and it can be 
explained by the nature of these developers wherein the 
toner particles having been sensitized by the sensitizing 
agent only to a restricted extent in order to avoid deposi 
tion below a certain percentage of charge reduction, the 
force .of attraction caused by the ?eld in the relevant areas 
has been also restricted to such extent that irrespective 
of the magnitude of the charge reduction above the criti 
cal value, only a toner deposit of a certain thickness can 
be held in position and further toner particles which 
move to areas where the charges have been further re 
duced can not be held in position at such areas due to 
the aforementioned restricted force of attraction, particu 
larly in view of their relatively greater distance from the 
surface than that of the toner particles already deposited. 
We found that on commercially available zinc oxide 

containing electrophotographic papers employed in this 
process of reversal reproduction by means of liquid de 
velopers provided by this invention it is necessary to sensi 
tize the toner particles in such manner that they will not 
deposit on to areas where the initial negative charge has 
not been reduced by at least 70% in order to prevent 
the visual reproduction of processing defects, whereas in 
projection reproduction from low density or low contrast 
micro?lm negatives we found that high contrast copies 
can be obtained if the toner particles are sensitized so 
that no deposition will take place on to areas where the 
initial negative charge has not been reduced by about 
85%. 

In preparing a liquid developer in accordance with this 
invention by one method pigment particles of high sensi 
tivity for a surface charge of one polarity are rendered 
of limited sensitivity by adsorbing on to them a wetting 
substance of high sensitivity for a surface charge of op 
posite polarity in such quantity that the resulting response 
of the thus coated particle to a negative or positive sur 
face. charge becomes limited to the desired degree. By 
another method the toner particles comprise two or more 
types of pigments wherein each pigment particle contains 
an adsorbed layer of one or more types of wetting sub 
stances or polarity control agents as known in the prior 
art and wherein such particles are arranged in the form of 
aggregates in such manner and in such proportion with 
regard to the sensitivity of the individual types of parti 
cles, wetting substances and control agents that the result 
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ing overall sensitivity of the aggregate as a Whole to a 
negative or positive surface charge becomes limited to the 
desired degree. 
The wetting substance referred to in the foregoing, 

which in method one acts as a dispersing aid only whereas 
in the second method it may also affect the polarity of 
the toner particles, can be an oil, a resin, a varnish or 
wax which can be adsorbed on to the particles by milling 
or other methods of dispersion and which also facilitates 
the suspension of the toner particles in the carrier liquid. 
Such wetting substance can be therefore soluble, partially 
soluble or insoluble in the carrier liquid but it must re 
main at least in part as a thin coating on the particles 
suspended in the carrier liquid to form coated toner par 
ticles on which such coating cannot become replaced by 
the sensitizing agent adsorbing from solution in the car— 
rier liquid on to the particles and therefore the wetting 
substance can also be incompatible with the sensitizing 
agent in order to prevent its adsorption on to the particles 
in a quantity su?icient to confer the polarity characteristics 
of the sensitizing agent to the coated particles. The pro 
portion in which such wetting substance may be used in 
relation to the pigment to form the toner particles may 
be determined by the wetting properties of the particles 
and by the wetting power of the wetting substance, but 
in the second method polarity characteristics of both of the 
particles and of the wetting substances may determine the 
necessary proportion to attain toner particles of limited 
sensitivity. 

It will be seen from the foregoing that in contrast to 
the prior art liquid developers wherein the response of 
toner particles is governed by a coating of a polarity con 
trol agent determining the magnitude and polarity of the 
charge contained on the particle and wherein such con 
trol agent contained as a coating on the particle co-deposits 
therewith on to the photoconductive surface, in the liq 
uid developers in accordance with this invention the agent 
governing the response of the toner particles with respect 
to polarity and degree of response or sensitivity is the 
sensitizing agent which is not present in the form of a 
coating on the toner particles but is in a dissolved state 
in the carrier liquid without lowering the volume resistiv 
ity thereof and furthermore such sensitizing agent is op 
posite in polarity to that which it confers to the toner 
particles and it does not co-deposit with the toner parti 
cles on to the areas to be developed nor does it deposit on 
to the non-image areas. 
The following examples of toner formulations will fur 

ther illustrate the manner in which liquid developers with 
varying cut-off response can be prepared in accordance 
with this invention and it will be realised that this inven 
tion is not restricted by the cited materials and combina‘ 
tions thereof as one skilled in the art of making electro 
static developers can utilise the teachings of this invention 
to select and proportion other materials in order to ob 
tain liquid developers with cut-off characteristics as may 
be desirable for particular applications. 

Example 1 

In these examples the cut-off characteristics are ex 
pressed as percentages of reduction of the negative charges 
of maximum magnitude retained on the image bearing 
surface after exposure to electromagnetic radiation, 100% 
charge reduction relating to fully exposed and discharged 
areas. 

The response cut-01f of this developer is at 80% of 
charge reduction that is to say at least 80% of the maxi— 
mum magnitude of the negative charge held on the sur 
face in any area is to be removed by exposure before 
toner deposition can take place. 
Toner particles of limited negative sensitivity are pre 

pared here by coating a strongly positive pigment par 
ticle with a strongly negative resin as the wetting sub 
stance. The toner concentrate is prepared by wetting the 
pigment. 
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8 
Irgalite Fast Brilliant Blue GLS—10 grams 

with the resin 

Pentacite P-423 (30% solution in toluene)——30 grams 

by milling or other methods. To the pigment dispersion 
is then added by stirring 

Mobilgrease No. 5-—10 grams 

as the sensitizing agent. This grease contains about 20% 
of a sodium stearate soap. 

The above toner concentrate can be suspended in the 
proportion ranging from 0.1 to 10% by weight in a car 
rier liquid such as for instance Shell X55 solvent, n-hep 
tane, n-hexane, Shellsol T solvent, Shell X4 solvent, tri 
chlorotri?uoroethane and the like. the Mobilgrease No. 
5 being fully soluble whereas the Pentacite 13-423 being 
substantially insoluble in these carrier liquids. The toner 
concentration may depend on the method of developing 
preferred. 

Example 2 

The response cut~off of the developer of Example 1 
was raised to 90% by decreasing the quantity of the Mo 
bilgrease No. 5 sensitizing agent to 5 grams. In this case 
the grease was ?rst dissolved in the carrier liquid in the 
proportion of 1 gram of the grease to 100 grams of the 
carrier liquid and then 8 grams of the pigment dispersion 
were suspended in the solution. 

Example 3 

The response cut-off of this developer is at 90%. 
The toner particles are of limited negative sensitivity 

and consist of coated particle aggregates which are pre 
pared as follows: 

Grams 
Microlith Bordeaux RT pigment _______________ __ 20 
Microlith Green GT pigment _________________ .._. 20 

are wetted with the resin 
Superbeckosol 1352 __________________________ __ 20 

by milling or other methods to form a pigment dispersion. 
Both the Bordeaux RT and the Green GT pigments 

contain a coating of Stay-belite Ester l0 resin on the par 
ticles. The pigments without such coating are negative 
but the strongly positive resin converts the Bordeaux pig 
ment to a toner of limited positive sensitivity and it also 
reduces the negativity of the Green pigment. When thus 
the two coated pigments form an aggregate in the above 
proportion, the response ‘of such aggregate is of limited 
negative sensitivity. To obtain adequate dispersion the 
Superbeckosol resin, which does not affect the response 
of the coated particles, has been used as a wetting sub 
stance which also prevents due to incompatibility adsorp 
tion of the sensitizing agent on to the coated particle ag 
gregates. 
To the above pigment dispersion is added and mixed 

by stirring 

Ampol automotive oil 20/ 20W—5 grams 

as the sensitizing agent to form the toner concentrate. 
This mineral oil contains 054.0% by volume of oxi 
dation inhibiting additives and l.0~2% of detergent-dis 
persant additives. 

According to the method of developing preferred, the 
above toner concentrate can be dispersed in the propor 
tion ranging from 0.1-10% by weight in a liquid carrier 
as disclosed in Erample 1 and in addition in Isopar H, 
mineral spirits, cyclohexane, perchlorethylene and car 
bon tetrachloride. 

Example 4 

The response cut-off of the developer of Example 3 
was reduced to 70% by increasing the quantity of the 
sensitizing agent Ampol automotive oil 20/20W in the 
toner concentrate from 5 grams to 15 grams. 
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Example 5 

The Arnpol automotive oil 20/20W of Example 4 was 
replaced with 

Shell X100, SAE 40 rating, automotive oil, 

having similar percentages of additives, as the sensitizing 
agent. 

Example 6 

The 15 grams of the Ampol 20/20W oil of Example 
4 were replaced with 7.5 grams of 

Valvoline Super HPO automotive oil, 

which mineral oil contains 05-15% of oxidation in 
hibiting additives and 3.0-5.0% of detergent-dispersant 
additives. 
The response cut-oil was maintained at 70% despite 

of halving the quantity of the sensitizing agent in view 
of the higher concentration of the additives therein. 

Example 7 

The 15 grams of the Ampol 20/20W oil of Example 4 
Were replaced with 2 grams of 

BP Energol HD-S3 Diesel engine oil 

which mineral oil contains 0.5—2.0% of oxidation in 
hibiting additives and 10~20% of detergent-dispersant 
additives. 
The response cut-off was at 75 %. 

Example 8 

Toner particles of limited positive sensitivity are pre 
pared hereby coating a negative pigment with a positive 
resin in the following manner: 

Grams 
Carbon black pigment _______________________ __ 10 
Staybelite Ester 10 resin (30% solution in toluene) __ 15 

are milled to form the toner particles of limited positive 
polarity. This dispersion is then further milled with 

Bodied linseed oil —l0 grams. 

to obtain a concentrate wherein the linseed oil forming 
the ?nal coating on the toner particles whilst not affect 
ing the sensitivity thereof protects the particles from ad 
sorbing the sensitizing agent from the carrier liquid. 

This toner concentrate was suspended in the carrier 
liquids of Example 3 in the proportion of 3.5 grams of 
toner concentrate to 100 grams of the carrier liquid. In 
the carrier liquids containing the toner suspension was 
then dissolved 

Parai?n oil as the sensitizing agent 

in various proportions up to 10 grams of paraffin oil to 100 
grams of the carrier liquid. At this high concentration 
toner sensitivity with a response cut-off at about 95% 
was noticed but rate of deposition was inadequate in view 
of the lowered volume resistivity of the carrier liquid and 
lessened mobility of particles due to the high oil concen 
tration. 
The sensitizing agent was then rendered more effective 

by the incorporation in 
Grams 

Para?in oil ________________________________ __ 100 
of the oxidation inhibiting additive 

Zinc alkyl dithiophosphate __________________ __ 1 
and of the detergent-dispersant additive 

Sodium naphtha sulphonate __________________ __ 4 

4 grams of this sensitizing agent were then dissolved in 
the carrier liquids containing 3.5 grams of the toner con 
centrate and a developer was obtained with a response 
cut-otf at 80% of charge reduction. 
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Example 9 

The para?in oil of Example ‘8 was replaced with the 
sensitizing agent 
Valvoline Crystal lubricating oil, 
which is a mixture of paraf?nic and naphthenic mineral 
oils and is free of additives. The response cut-off was at 
70% using the same additives in the same proportion as 
in Example 8. 

Example 10 
The oxidation inhibiting additive of Example 8 was re 

placed with 

phenyleb-naphthylamine. 
The response cut-off was at 60%. 

Example 11 

The oxidation inhibiting additive of Example 9 was re 
placed with 
phenyl-b-naphthylamine. 
The response cut-off was at 55%. 

Example 12 

The oxidation inhibiting additive of Example 8 was 
replaced with 

2,6-di-tert-butyl-alpha-dimethylamino-para-cresol. 
The response cut-0E was at 75% . 

Example 13 
The detergent-dispersant additive of Example 8 was 

replaced with 

Sodium alkyl benzene sulphonate. 
The response cut-off was at 75 %. 

Example 14 

The detergent-dispersant additive of Example 9 was re 
placed with 

Sodium alkyl benzene sulphonate. 
The response cut-off was at 70%. 
The materials referred to in the foregoing by their 

trade names or registered trademarks can be described as 
follows: 

Irgalite Fast Brilliant Blue GLS is a phthalocyanine pig 
ment made by Geigy, 

Microlith Bordeaux RT and 
Microlith Green GT are pigments coated with Staybelite 

Ester 10 resin, made by Ciba, 
Staybelite Ester 10 is the ester of a hydrogenated rosin 
made by Hercules Powder Co., 

Pentacite P-423 is a pentaerythritol resin made by Reich 
old Chemicals, 

Superbeckosol 1352 is an oil modi?ed isophthalic alkyd 
resin made by Reichold Chemicals, 

Shell X55 is a substantially aliphatic solvent, sp. gr. 0.72, 
boiling range 58°—l40° C., KB value 40, made by the 
Shell Co. 

Shell X4 is a substantially aliphatic solvent, sp. gr. 0.67, 
boiling range 58°—70° C., KB value 30, made by the 
Shell Co. 

Shellsol T is an aliphatic hydrocarbon solvent, sp. gr. 
0.76, boiling range -'l80°—207° 0, KB value 26, made 
by the Shell Co. 

Isopar H is an isopara?’inic hydrocarbon solvent, sp. gr. 
0.757, boiling range 340°—3'8‘0° F., KB value 26, made 
by Humble Oil and Re?ning Co. 

Mobilgrease No. 5 is a wheel bearing grease made by the 
Vacuum Oil Co. 

Ampol automative oil SAE raitng 20/20W is made by 
Ampol Oil, Australia. 

Shell X100 SAE rating 40 is made by the Shell Co. 
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Valvoline Super HPO SAE rating 30 is made by Valvoline 
Oil, Pennsylvania. 

BP Energol HD~S3, SAE rating 20 is made by BP Aus 
tralia. 

Valvoline Crystal is a pure mineral oil made by Valvo 
line Oil, Pennsylvania. 
What We claim is: 
1. A liquid developer for rendering visible in the re 

verse sense electrostatic patterns contained on a surface 
in the form of negative electrostatic charges of varying 
magnitude which developer consists of a hydrocarbon car 
rier liquid having a volume resistivity in excess of 109 
ohm cm. and a dielectric constant of less than 3 having 
suspended therein toner particles to be deposited electro 
statically and having dissolved therein a sensitizing agent 
incapable of being deposited electrostatically from said 
carrier liquid, characterized by said toner particles being 
substantially insensitive to attraction and repulsion by said 
electrostatic charges when suspended in said carrier liquid 
in absence of said sensitizing agent, further characterized 
by said sensitizing agent dissolved in said carrier liquid 
creating an environment of positive polarity around said 
toner particles suspended in said carrier liquid thereby 
sensitizing and urging said toner particles to be deposited 
electrostatically and further characterized by said toner 
particles being sensitized by said sensitizing agent to such 
degree that toner deposition takes place only onto such 
areas de?ned by said electrostatic pattern where the in 
tensity of said negative electrostatic charges has been re 
duced by exposure to electromagnetic radiation by at 
least 70% of the maximum magnitude of such charges 
present on said surface, wherein the proportion of said 
toner particles ranges from 0.1 to 10 parts by weight of 
said particles to 100 parts of said carrier liquid and where 
in said sensitizing agent is a mineral oil containing from 
0.5 to 2.0% by volume oxidation inhibiting additive and 
from 1.0 to 20.0% by volume detergent-dispersant addi 
tive, said sensitizing agent being dissolved in said carrier 
liquid in the proportion of at least 0.01 part by weight 
of said sensitizing agent to 100 parts of said carrier liquid 
but wherein the quantity of said sensitizing agent dis 
solved in said carrier liquid is not sui?cient to lower the 
volume resistivity thereof, said oxidation inhibiting addi 
tive being selected from the group consisting of phenyl 
b-napthylamine and 2,-6-di-tert-butyl-alpha-dimethylami 
no-para-cresol, and said detergent-dispersant additive being 
sodium naphtha sulphonate. 

2. A liquid developer according to claim 1 wherein the 
toner particles consist of pigment particles having ad 
sorbed thereon a layer of oleoresinous wetting substance, 
said wetting substance being selected from the group con 
sisting of pentaerythritol resin, oil modi?ed isophthalic 
alkyd resin and hydrogenated rosin ester. 

3. The method of rendering visible in the reverse sense 
electrostatic patterns contained on a surface in the form 
of negative electrostatic charges of varying magnitude 
comprising contacting said surface with a hydrocarbon 
liquid developer consisting of a carrier liquid having a 
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12 
volume resistivity in excess of 109 ohm cm. and a dielec 
tric constant of less than 3 having suspended therein toner 
particles to be deposited electrostatically and having dis 
solved therein a sensitizing agent incapable of being de 
posited electrostatieally from said carrier liquid, character 
ized by said toner particles being substantially insensitive 
to attraction and repulsion by said electrostatic charges 
when suspended in said carrier liquid in absence of said 
sensitizing agent, further characterized by said sensitizing 
agent dissolved in said carrier liquid creating an environ 
ment of positive polarity around said toner particles sus 
pended in said carrier liquid thereby sensitizing and urg 
ing said toner particles to be deposited electrostatically 
and further characterized by said toner particles being 
sensitized by said sensitizing agent to such degree that toner 
deposition takes place only on to such areas de?ned by 
said electrostatic pattern where the intensity of said nega 
tive electrostatic charges has been reduced by exposure 
to electromagnetic radiation by at least 70% of the maxi 
mum magnitude of such charges present on said surface, 
wherein the proportion of said toner particles ranges from 
0.1 to 10 parts by weight of said particles to 100 parts of 
said carrier liquid and wherein said sensitizing agent is a 
‘mineral oil containing from 0.5 to 2.0% by volume oxida 
tion inhibiting additive and from 1.0 to 20.0% by volume 
detergent-dispersant additive, said sensitizing agent being 
dissolved in said carrier liquid in the proportion of at 
least 0.01 part by weight of said sensitizing agent to 100 
parts of said carrier liquid but wherein the quantity of 
said sensitizing agent dissolved in said carrier liquid is not 
su?icient to lower the volume resistivity thereof, said 
oxidation inhibiting additive being selected from the group 
consisting of phenylJb-napthylamine and 2,6,-di-tert-butyl 
alpha-dimethylamino-para-cresol, and said detergent-dis 
persant additive being sodium naphtha sulphonate. 

4. The method of rendering visible in the reverse sense 
electrostatic patterns according to claim 3 wherein said 
toner particles consists of pigment particles having ad 
sorbed thereon a layer of oleoresinous wetting substance, 
said wetting substance being selected from the group con 
sisting of pentaerythritol resin, oil modi?ed isophthalic 
alkyd resin and hydrogenated rosin ester. 
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