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ABSTRACT OF THE DISCLOSURE 

Electrostaiically produced power images are ?xed in a 
vapor atmosphere of an azeotropic mixture formed from 
a two phase mixture of water and a substantially water 
insoluble solvent. 

This invention relates to image ?xing methods and 
more particularly to a method for effecting vapor ?xing 
of electrostatically produced powder images. 

In certain electrostatic printing processes, an image is 
developed by electrostatically depositing a powder on a 
surface to produce a powder image. The powder image 
is then affixed to the surface upon which it has been de 
posited or on another surface to which it has been trans 
ferred. One method of ?xing powder images is by con 
densing a liquid solvent onto the image surface'from a 
heated solvent vapor as described in U.S. Patent 2,624, 
652. In this method, a web of material supporting a pow 
der image is introduced into the atmosphere of vapor 
of a solvent for the powder. The powder image is rendered 
a tacky cohesive mass while the presence of the atmos 
phere of the solvent vapor and while still tacky is removed 
to ambient air for evaporation of the solvent, leaving the 
image bonded to the support member. 

This above described process is referred to in the art 
as vapor ?xing. It is recognized in the art that there is 
room for improvement in the vapor ?xing step wherein 
the electrostatic latent image is transformed into a visible 
image. For example, when a toner containing a black 
pigment is.vapor ?xed, the resultant print generally. has 
a yellowish appearance due to bleeding of the toner, which 
has an undesirable effect on the resolution of the image. 
Now in accordance with the present invention, a 

method is provided for substantially improved ?xing of 
the electrostatic image whereby yellowing or bleeding of 
the toner is essentialiy eliminated and the image repro 
duced with improved resolution and generally ?ner qual 
ity which comprises introducing the electrostatically pro 
duced powder image into an atmosphere of an azeotropic 
solvent vapor which is formed from a two phase mixture 
of water and a solvent substantially insoluble in water, 
said azeotrope having a boiling point lower than either 
component of the azeotropic mixture whereby the vapor 
concentration is maintained at an amount su?icient to 
effect absorption of the vaporized azeotropic solvent by 
the powdered image and consequent ?xing of the image. 
The process of the present invention provides intense 

dark or black reproduction of pictures, and sharp, clear 
and detailed images using conventional toner powder.‘ 

Azeotropic mixture, as the term is used herein, is meant 
to be a liquid solvent which forms a constant boiling mix 
ture with one or more components. ' 

A speci?c embodiment of the invention is disclosed in 
the accompanying drawing which constitutes a schematic 
representation of an apparatus which may be used for 
applying the vapors of the azeotropic mixture to a web 
supporting an electrostatically produced powder image 
in accordance with the process of the present invention. 
The apparatus illustrated in the drawing consists of a 
vapor tank 10 having closed bottom and sides and heated 
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at the bottom by a suitable heating element 11. Heating 
element 11 may be a heating plate, steam pipes or elec 
trically resistant element. A layer of liquid solvent desig 
nated by the numeral 12 is placed in the'bottom of the 
tank 10. The liquid solvent is a mixture of water and an 
organic solvent which will form a constant boiling aze 
otrope with water. A coil 13 carrying water or cooling 
?uid is located concentrically inside the ‘tank 10 at the 
top. The azeotropic solvent 12, heated by heating element 
11, forms a heavy vapor layer 14 above the liquid 12. 
Web guide roll 16 and take-up roll 17 are mounted above 
the tank 10 and a large roller or drum 18 is located inside 
the vapor zone of the tank. A web supporting an electro 
statically produced image is fed through the tank by 
passing it over roll 16 through the rings‘ of the coil 13 
into the vapor zone 14 around drum 18.: and over roller 
17. The stirrer 22 is employed to continually mix the res 
ervoir of the two-phase azeotropic mixture 12 contained 
in the bottom of the tank 10. ' 

In operation, web 20 carrying an un?xed powder image 
21 from a powder printing or copying machine (not 
shown) is drawn through the tank 10 in the path illus 
trated in the drawing. The powder image is located on 
the upper or outside face of the web 20 as it passes over 
roller 16 so as to avoid contact with the roller 17 and 
affect maximum exposure of the powder image to the 
vaporized solvent. As the web enters the vapor space 14, 
the powder image absorbs the azeotropic solvent vapor 
and becomes adhesive. The temperatureof the vapor is 
generally at the azeotropic boiling point of the liquid 
mixture. When the web 20 is passed again through the 
cooled coil and over take-up roll 17, the ‘vapor is immedi 
ately condensed on the coils 13 and any excess solvent 
is allowed to drain back into the tank 10. As soon as the 
web is removed from the vapor chamber, the solvent 
begins to evaporate from the image and'the image solidi 
?es and becomes permanently bonded or ?xed onto the 
web material in a fraction of a second. A concentrated 
vapor a!rnosphere is assured by providing the reservoir 
of liquid solvent 12 in contact with the vapor phase. 
The image powder should be composed of materials 

which contain a binder which is soluble in solvent con 
tained in the azeotropic vapor atmosphere. The various 
image materials which have been tried are the usual and 
commercially available toner materials. Such toners, for 
example, are available under trademark Xerox Copier 
Toner and are sold by the Xerox Corporation, Rochester, 
NY. Xerox 914 Toner, for example, consists of carbon 
black dispersed in a mixed poly(butylmethacrylate)poly 
styrene hinder, the carbon black having an average par 
ticle size of 850 to 1200 A. Other materials from which 
fusible powder images may be formed include dyed or 
pigmented phenol formaldehyde resins, rosin modi?ed 
phenol formaldehyde, and maleic glycerol resins, poly 
styrene and butadienestyrene copolymers, asphalts, chlori 
nated rubber, glycol and glycerol esters of hydrogenated 
rosin, polyamides, ethyl cellulose, polyvinyl butyral, co~ 
polymerized vinyl chloride and vinyl acetate resins, other 
vinyl resins, alkyd resins, acrylic resins and the like. 

It is apparent that a wide variety of powder images can 
be ?xed by use of the process of the present invention, 
it being only necessary to use an azeotropic mixture of 
water and a water insoluble solvent which dissolves or 
renders adhesive the particular binder material of which 
the image power is composed. Azeotropic mixtures which 
are useful in the vapor ?xing process of the present in 
vention include mixtures of water and water insoluble 
solvents such as halogenated hydrocarbons such as tri 
chloroethylene, chloroform, carbon tetrachloride and 
other chlorinated solvents, various freons, aromatic hy 
drocarbons such as benzene, toluene, xylene, ethyl ben 
zerie, and water immiscible esters such as ethyl acetate 
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and butyl acetate and mixtures thereof. It should be 
pointed out that the particular solvent/water azeotropic 
mixture employed depends upon the nature of the par~ 
ticular image powder material and/ or the web upon which 
the image is to be supported. In all cases, the particular 
solvent is appropriately selected for the particular com 
bination of material compositions employed. 
To illustrate the manner in which the invention may be 

carried out, the following examples are given. It is to be 
understood, however, that the examples are for the pur 
pose of illustration and the invention is not to be regarded 
as limited to any of the speci?c materials or conditions 
recited therein. 

EXAMPLE I 

Using an apparatus similar to that illustrated in the 
drawing, a paper web carrying an un?xed powder image 
electrostatically printed thereon was exposed to the hot 
vapors of an azeotropic mixture of trichloroethylene and 
water heated to the boiling point of the mixture. This 
azeotropic mixture had a constant boiling point of 73.1° 
C. (at standard atmospheric pressure) and a vapor com 
position of 6.8% water and 93.2% trichloroethylene by 
weight. The powder image was formed with Xerox 914 
Copier Toner having an average particle size of 17 
microns. The composition of this toner is approximately 
10% by weight carbon black, 25% by weight poly(butyl 
methacrylate) resin, and 65% by weight polystyrene 
resin. 

The un?xed halftone powder image was brought into 
contact with the hot saturated vapors of the azeotropic 
mixtures for less than 0.5 second to fuse the particles to 
the paper web. 
For the purpose of comparison, the procedure of Ex 

ample I was repeated with the exception that the paper 
web carrying the un?xed powder image was exposed to the 
boiling vapors of trichloroethylene (boiling point 87.2° 
C.) alone. 
A comparison of the prints ?xed by exposing the pow 

der image to the trichloroethylene/water azeotropic mix 
ture vapors with the prints ?xed by exposing the powder 
image to the vapors of trichloroethylene alone indicated 
that the prints ?xed by the trichloroethylene/water azeo 
trope were cleaner and showed greater contrast and less 
yellowing than the prints vapor ?xed in trichloroethylene 
alone. 

EXAMPLE II 

The procedure of Example I was repeated using the 
boiling vapors of the trichloroethylene/water azeotrope 
to vapor ?x a powder image, composed of toners having 
the following compositions: 90 parts polystyrene, 10 parts 
carbon black; 65 parts polystyrene, 25 parts isobutyl 
methacrylate, 10 parts carbon black; 60 parts of a poly 
amide resin, 40 parts carbon black; 95 parts of a rosin 
modi?ed phenol formaldehyde resin, 5 parts carbon black. 
With each toner composition, comparative runs were 

made using the vapors of trichloroethylene alone to vapor 
?x the powder image. 

Examination of the ?xed prints of these toners indicated 
that in each case, the prints ?xed in the vapors of the tri 
chloroethylene/water azeotropic mixture were superior 
in quality to those ?xed in the vapors of trichloroethylene 
alone. The halftone prints ?xed in the vapors of the azeo 
tropic mixture were clearer with less distortion of print 
details and had better half tone ?delity than the prints 
?xed in the vapors of the trichloroethylene alone. Also, 
the prints ?xed in vapors of the azeotropic mixture had 
less yellowing than prints ?xed in the vapors of trichloro 
ethylene alone. 

EXAMPLE III 

The procedure of Example I was repeated with the ex 
ception that the powder image was ?xed in the boiling 
vapors of an azeotropic mixture comprised of 85.7% 
perchloroethylene (B.P. 122° C.) and 14.3% water; the 
azeotrope having a boiling point of 365° C 

20 

30 

40 

50 

65 

70 

75 

4 
For purposes of comparison, the procedure of Example 

I was repeated with the exception that perchloroethylene 
alone was used as the vapor ?xing agent. 
The prints ?xed by the vapors of the azeotropic mixture 

when compared with the prints ?xed by the vapors of 
perchloroethylene alone indicated that the azeotrope 
?xed prints had less yellowing than the perchloroethylene 
?xed prints. 
The prints ?xed by the perchloroethylene/ water azeo 

tropic mixture vapors were further compared with prints 
?xed by trichloroethylene alone. Examination of the prints 
revealed that the perchloroethylene/water azeotropic mix 
ture produced less yellowing than the trichloroethylene 
alone, although the boiling points of the two vapors are 
approximately the same (i.e., 86.5“ C. versus 872° C.) 
indicating that the inclusion of water in the vapor ?xing 
solvent minimizes yellowing of the ?xed prints causing an 
improvement in print quality. 

EXAMPLE IV 

The procedure of Example I was repeated with the ex 
ception that the powder image was ?xed in the boiling 
vapors of an azeotropic mixture comprised of 91.1% ben 
zene and 8.9% water; the azeotrope having a boiling 
point of 69.4° C. at 760 mm. 
For purposes of comparison, the procedure of Example 

I was repeated with the exception that benzene alone was 
used as the vapor ?xing agent. 
The prints ?xed by the vapors of the azeotropic mixture 

when compared with the prints ?xed by the vapors of 
benzene alone indicated that the azeotrope-?xed prints 
had less yellowing than the benzene ?xed prints. 

EXAMPLE V 

The procedure of Example I was repeated with the ex— 
ception that the powder image was ?xed in the boiling 
vapors of an azeotropic mixture comprised of 79.8% 
toluene and 20.2% water, the azeotrope having a boiling 
point of 85° C. at 760 mm. 
For purposes of comparison, the procedure of Example 

I Was repeated with the exception that toluene alone was 
used as the vapor ?xing agent. 
The prints ?xed by the vapors of the azeotropic mix 

ture when compared with the prints ?xed by the vapors of 
toluene alone indicated that they azeotrope-?xed prints 
had less yellowing than the toluene ?xed prints. 

EXAMPLE VI 

The procedure of Example I was repeated with the ex 
ception that the boiling vapors of an azeotropic mixture 
comprised of 91.8% by weight ethylacetate and 8.2% 
by weight water; the azeotrope having a boiling point of 
70.4° C. at 760 mm. was used to vapor ?x a powder 
image composed of a toner having the following composi 
tion: 95 parts of a rosin modi?ed phenol formaldehyde 
resin and 5 parts carbon black. 
For purposes of comparison, this example was repeated 

with the exception that ethylacetate alone was used as the 
vapor ?xing agent. 
The prints ?xed by the vapors of the azeotropic mix 

ture when compared with the prints ?xed by the vapors of 
ethylacetate alone indicated that the azeotrope-?xed prints 
had less yellowing than the ethylacetate ?xed prints. 
What is claimed is: 
1. The method of ?xing a powder image containing 

a solvent soluble binder onto a backing web to which said 
powder image is loosely adhered, said method comprising 
the steps of exposing the web to a vapor atmosphere com 
prised of a constant boiling azeotropic mixture formed 
from .a two-phase mixture of water and a substantially 
Water-insoluble solvent for the binder for a time su?icient 
to allow the azeotropic vapor to soften said powder to the 
point of adhesiveness whereby the softened powder image 
is caused to adhere to the surface of the backing web and 
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then allowing the solvent to evaporate and leave a ?xed 
image on said web. 

2. The method of claim 1 wherein the organic solvent 
is a halogenated hydrocarbon. 

3. The method of claim 1 wherein the organic solvent 
is trichloroethylene. 

4. The method of claim 1 wherein the organic solvent 
is perchloroethylene. 

5. The method of claim 1 wherein the organic solvent 
is an aromatic hydrocarbon. 

6. The method of claim 1 wherein the organic solvent 
is benzene. 

7. The method of claim 1 wherein the organic solvent 
is toluene. 

8. The method of claim 1 wherein the organic solvent 
is an organic ester. 

9. The method of claim 1 wherein the organic solvent 
is ethylacetate. 

6 
10. The method of claim 1 wherein the solvent soluble 

binder is polystyrene. 
11. The method of claim 1 wherein the solvent soluble 

binder is isobutyl methacrylate. 
5 12. The method of claim 1 wherein the solvent soluble 

binder is a polyamide. 
13. The method of claim 1 wherein the solvent soluble 

binder is a rosin modi?ed phenol formaldehyde resin. 
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