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57 ABSTRACT 
A process for fixing images by contact heating in a du 
plicator comprising passing a thermoplastic resin pow 
der image formed on a support between at least two 
heating rollers disposed in proximity to each other; 
heating the roller as disposed on the image side of the 
support to a temperature less than the temperature of 
the roller disposed on the side opposite the image side 
so that a temperature gradient is produced in the ther 
moplastic resin powder image to prevent said thermo 
plastic resin powder image from adhering to the roller 
disposed on the image side. 

9 Claims, 3 Drawing Figures 
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PROCESS FOR FIXENG MAGES BY CONTACT 
HEATING IN A DUPLICATOR 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 
The present invention relates to an image fixing pro 

cess in a duplicator for permanently fixing a conven 
tionally well known thermoplastic resin powder image 
(hereinafter referred to as a “toner image') formed on 
the surface of a support material and, more particu 
larly, to a process for fixing a toner image loosely 
formed on a support such as an electrostatic recording 
paper or transfer paper (hereinafter referred to as a 
“support') by using heating rollers. 2. Description Of 
The Prior Art 

In the process of electrostatic recording or electro 
photography, processes for fixing toner images on a 
support are roughly classified into two groups; one 
using a solvent and the other heat. In many systems, the 
heating process is employed. The heating process can 
further be classified into several groups: i.e., processes 
utilizing the radiant heat of nichrome wire, infrared 
lamp, etc.; processes utilizing heat transfer by convec 
tion in an oven; processes utilizing contact heating by 
heated rollers; and like processes. The process of 
contact heating by heating rollers has the excellent fea 
ture that it requires comparatively low electric power 
and causes no danger of fire or scorch. Apparatus of 
this type may comprise a heating roller containing a 
heater therein and a pressure roller having coated on 
the surface thereof a heat resistant rubber, etc. When 
a support having formed on the surface thereof a toner 
image is passed between these rollers with the image 
side facing the heating roller, heat is directly conducted 
from the heating roller to the toner image to complete 
the fixing. The pressure roller presses the support 
against the heating roller from the rear so as to effect 
sufficient contact therebetween. The term ' rear' as 
used hereinafter means the side opposite the toner 
image with respect to the support. Usually, a heating 
roller is coated with a release agent such as tetrafluor 
oethylene resin in order to make it difficult for the 
toner to adhere to the heating roller upon bringing 
them into contact with each other. However, when the 
toner is melted by the heat from the heating roller, 
toner particles at the contacted portion are melted 
which adhere to the roller. This phenomenon is called 
“offset'. The thus offset toner particles are carried on 
the periphery of the rotating heating roller, and are ap 
plied or again offset to another portion of the support 
resulting in staining of the copy. 
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In another of the contact heating processes using a . 
heating roller, image fixing is effected by heating from 
the rear of the support wherein no pressure roller is 
used and a heating roller is electrostatically brought 
into contact with the rear of the support having formed 
on the surface thereof the toner image. In this process, 
the problem of staining copies by the offset phenome 
non can be avoided. However, there has been a prob 
lem - that is, since static electricity is employed to ad 
here the support to the heating roller, the contact force 
between the support and the heating roller becomes 
weak when the humidity is high. This results in insuffi 
cient heat conduction. Further, when using a support 
having a high moisture content, some portions of the 
toner image will not be fixed due to the rise of the sup 
port by aqueous vapor. 
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2 
SUMMARY OF THE INVENTION 

A primary purpose of this invention is to eliminate 
the above-described problem of the prior art and to 
provide a process for image fixing by contact heating 
in a duplicator, where the probability of the toner 
image being offset to the heating roller is small and thus 
any reduction in image quality is small, and where the 
process is not influenced by environmental conditions 
such as temperature and humidity. 
Other objects and advantages of this invention will 

become apparent upon reading the appended claims in 
conjunction with the following detailed description and 
the attached drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. is a diagrammatic illustration of an illustrative 

embodiment of the present invention. 
FIGS. 2 and 3 are diagrammatic illustrations of other 

illustrative embodiments of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In each embodiment of the invention, a pair of heat 
ing rollers 1 as shown in FIGS. 1 to 3 is used. Image side 
roller a in FIG. 1 is heated from inside by heating ele 
ment 2, image side roller 1a in FIG. 2 is heated by a 
heating roller disposed outside the roller 1a, and image 
side roller in FIG. 3 is heated by heat conducted from 
rear roller 1b. In each figure are also illustrated a sup 
port A and a toner image a. 

In the course of studies on the fixing of images, the 
inventor has found that the offset phenomenon of toner 
particles to an image side roller a can almost be elimi 
nated by raising the temperature of a rear roller b 
while maintaining the temperature of an image side rol 
ler less than that of the rear roller when feeding a toner 
image bearing support between the two adjacent rollers 
- that is, by producing a suitable temperature gradient 
in the toner layer. This phenomenon is considered to 
result from the fact that the temperature of the melted 
particles becomes different in the region between the 
image side roller and the support depending upon the 
location of the particles because of the temperature 
gradient. Thus, the adhesion force between the image 
side roller 1a and the toner a becomes less than that be 
tween toner particles or between toner and the support 
where the property of the material constituting the sur 
face of the image side roller may also desirably affect 
the relative adhesion forces. 
This invention utilizes the above-described phenome 

non and, as a result of experiments, it has been found 
that an optimum temperature gradient can be pro 
duced in a toner layer by heating the rear roller 1b to 
a high enough temperature to melt the toner a through 
the support A and heating the image side roller a to 
a temperature less than that of the roller 1b but high 
enough to soften the toner a when in contact therewith. 

In practice, the application of material having a good 
release property to the surface of the image side roller 
further increases the desirable effects. Furthermore, in 
order to prevent to some extent the toner image from 
being crushed by the rollers, it is desirable to use a ma 
terial softer than metal on or near the surface of the rol 
ler on the image side. 
Furthermore, means for cleaning the image side rol 

ler and the rear roller such as silicone oil-impregnated 
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felt processed with tetrafluoroethylene may be used. 
Such means (not shown) would be positioned in 
contact with the rollers. The combined use of such 
cleaning means and the fixing process of the invention 
can further increase the desirable results of the inven 
tion. 
As is described above, according to the present in 

vention, the offset phenomenon of a toner image to a 
heating roller can be prevented by a simple device with 
no reduction in image quality of the resulting copy, by 
producing a difference in temperature between at least 
two adjacent rollers so that the temperature of the rol 
ler on the image side is lower than that of the rear rol 
ler, so that a temperature gradient is produced in the 
toner image adhered to the support. In addition, the 
process of this invention is not influenced by outside 
temperature or humidity, and hence stable duplication 
can be maintained over a long period of time without 
having to vary the duplicating conditions depending 
upon environmental conditions. 
Various experiments illustrating different aspects of 

the invention will now be described without in any way 
attempting to limit the scope thereof. 

EXAMPLE 1 

In heating rollers of FIG. 1, a roller 1a 30mm in di 
ameter having a 5 mm coating 5 of rubber (JIS hard 
ness: 60) and an aluminum roller 1630 mm in diame 
ter having a 100 pl. coating 6 of tetrafluoroethylene 
resin were used. 
As the toner, three toners, i.e., 914/.420 toner (here 

inafter referred to as "toner A'), 720 toner (hereinaf 
ter referred to as “toner B') and 660 toner (hereinafter 
referred to as "toner C') (all being made by Fuji Xerox 
Co., Ltd.) were used. As the support, M2 paper (made 
by Fuji Xerox Co., Ltd. for use in the Xerox Corpora 
tion Copier) was used. All of these toners are powders 
of styrene copolymer in which carbon black is dis 
persed and they are differentiated by melt temperature 
and melt viscosity. Duplication was conducted at a line 
speed for both rollers 1a and b of 90 mm/second and 
a copying rate of 900 sheets/hour. 

i. In the case of using toner A: 
When the temperature of the rear roller 1b and the 

temperature of the image side roller a were main 
tained at 200°C and 160°C, respectively, excellent fix 
ing could be achieved without the offset phenomenon 
and image detraction. However, when the temperature 
of the rear roller ib was decreased to less than 180°C 
or when the temperature of the image side roller 1a was 
decreased to less than 140°C, offset of toner a to the 
image side roller 1a occurred, resulting in staining of 
support A. Also, when the temperature of the rear rol 
ler 1b was raised to above 260°C or when the tempera 
ture of the image side roller a was raised to above 
200°C, the offset phenomenon took place. Tempera 
ture ranges to effect good fixing with toner A are 18O 
to 260°C and 150° to 195°C, with respect to the rear 
roller 1b and the image side roller 1a, respectively. 
However, it was necessary to adjust the temperature of 
the image side roller to a temperature lower than that 
of the rear roller b by greater than 1 O'C. 

ii. In the case of using toner B: 
The temperature of the rear roller b was adjusted to 

190°-270°C and the temperature of the image side rol 
ler 1a to 160-200°C, with the difference in tempera 
ture between rear roller 1b and image side roller 1a 
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4. 
being greater than 10°C to thereby effect good fixing. 
At temperatures outside the above-specified ranges, 
the offset phenomenon occurred. 

iii. In the case of using toner C: 
The temperature of the rear roller 1b was asjusted to 

155-22OC and the temperature of the image side rol 
ler 1a to 140 - 170°C, with the difference in tempera 
ture between rear roller 1b and image side roller 1a 
being greater than 10°C. Good fixing was thus 
achieved. At temperatures outside the above-specified 
ranges, the offset phenomenon occurred. 

EXAMPLE 2 

Referring to FIG. 2, a copper roller 325 mm in diam 
eter containing at the center thereof a heater was used 
to heat image side roller 1a. At the same temperature 
ranges as in Example 1, similar good fixing was 
achieved. 

EXAMPLE 3 

Referring to FIG. 3, when fixing was conducted at a 
line speed of rollers 1a and 1b of 90 mm/second and at 
a copying velocity of 900 sheets/hour using toner A 
while keeping the temperature of the rear roller 1b to 
190 to 200C, the image side roller 1a was maintained 
at about 160°C and good fixing was achieved. 

EXAMPLE 4 

Using the same heating rollers 1 as in Example 1, 
good fixing was achieved at a line speed of each of rol 
lers 1a and 1b of 150 mm/second and at a copying rate 
of 1200 sheets/hour using toner A while maintaining 
rear roller 1b at 250C and image side roller 1a at 
200°C. 
Additionally, in Examples 2 and 3, the same rear rol 

ler 1b as in Example 1 was used and, as the image side 
roller 1a, that used in Example 1 was used omitting 
heater 2 therefrom 
Numerous modifications of the invention will be 

come apparent to one of ordinary skill in the art upon 
reading the foregoing disclosure. During such a read 
ing, it will be evident that this invention provides a 
unique fixing process using contact heating for accom 
plishing the objects and advantages hereinstated. 
What is claimed is: 
1. A process for fixing images by contact heating in 

a duplicator comprising 
passing a thermoplastic resin powder image formed 
on a support between at least two heating rollers 
disposed in proximity to each other 

heating the roller disposed on the image side of said 
Support to a high enough temperature to soften said 
thermoplastic resin powder image when in contact 
therewith and heating the roller disposed on the side 
opposite the image side to a temperature high enough 
to melt said thermoplastic resin powder image through 
the Support so that a temperature gradient is produced 
in Said thermoplastic resin powder image to prevent 
Said thermoplastic resin powder image from adhering 
to the roller disposed on the image side. 

2. A process as in claim 1 where said roller disposed 
On the image side of said support is coated with a mate 
rial which readily releases said thermoplastic resin 
powder from the coating. 

3. A process as in claim 1 where roller disposed on 
the image side of said support is coated at or near the 
Surface thereof with a material softer than metal. 
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4. A process as in claim 1 including cleaning the rol 
ler disposed on the image side of said support with a 
material which readily releases said thermoplastic resin 
powder from said last-mentioned roller. 

5. A process as in claim 1 where heat is applied to 
both of said rollers. 

6. A process as in claim 1 where heat is applied to 
said roller and is disposed on the side opposite the 
image side and said roller on the image side of said sup 
port being heated from the first-mentioned roller. O 

15 

20 

25 

30 

40 

45 

50 

55 

60 

65 

6 
7. A process as in claim 1 where heat is applied to at 

least one of said rollers by a heating element centrally 
mounted with said one roller. 

8. A process as in claim 1 where heat is applied to at 
least one of said rollers by a heating element contacting 
the periphery of said one roller. 

9. A process as in claim 1 where the temperature dif 
ference between said rollers is at least 10°C. 
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