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Abstract

In dry toner electrophotography, hot-roll fusing is t
method most commonly used to fix the toner to the me
In hot-roll fusing, the combined effects of time, temperat
and pressure determine the fusing quality with respect to
degree of toner fixing and gloss level.  Acceptable fus
quality can only be achieved when the process param
are within the fusing latitude, or “fusing window.”  In th
paper, the effect of the fusing process parameters on glo
studied experimentally using a computer-controlled hot-
test apparatus.  The roles of media and coating are 
examined for insight into the mechanisms of glo
development.  The importance of lubrication, fuser ro
design, and other practical considerations for minimiz
hot-offset and extending the fusing window are also touc
on.

Introduction

The rapid growth of digital photography has crea
increasing demands on the consumables market to pro
glossy, electrophotographic dry toner images on opa
substrates.  To meet these demands, however, a signi
technical problem in color electrophotography — name
differential gloss — has to be solved.1,2  Differential gloss
refers to the varying levels of gloss in different areas o
halftone image. The presence of differential gloss in dig
photographic images is considered aesthetically unplea
and not up to the traditional “photo-quality” standard lo
established by silver halide imaging.

The primary purpose of this paper is to study 
impact of media design and fusing conditions on gl
development. It is well known that even fusing syste
designed specifically to produce glossy images o
produce images exhibiting non-uniform gloss. From t
observation, it would appear that not all the elements wi
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such images have equal gloss-producing capabilities.  T
able to minimize and ultimately eliminate differential glos
it is important to understand the mechanisms underlying
formation and the image elements in halftone images 
control it. In this investigation, using two substrates w
different coatings and a set of commercially availa
polyester-based color toners, we explore the relation
between specific image building blocks and gloss. 
evaluate the effectiveness of a “toner receiver layer” 
enhancing gloss uniformity. We also attempt to underst
the “cost” of gloss by monitoring quality attributes that m
be adversely affected when high gloss levels are achieve

The development of gloss in color electrophotograp
is a process involving complex interactions between 
toner, the substrate, and the fusing method. To optimize
fusing process in general, and to fully assess the g
potential of a given substrate/printer system in particu
investigative tools must be developed to facilitate 
development process.  The common practice of perform
a fusing study in a printer or copier is both cumbersome
limited in flexibility.  What is needed for fusing technolog
and material development is a general-purpose test bed
affords the investigator a high level of flexibility i
controlling the process and material parameters.

Experimental Method

The experimental study was set up to look at f
aspects of gloss development:

1) The effect of fusing temperatures
2) The effect of toner coverage (i.e., mass per u

area)
3) The effect of paper type
4) The trade-off, if any, between high gloss and ot

image quality attributes
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Fusing
To conduct the fusing experiments in a controlled w

we decided to separate image generation and image tra
to the paper from the actual fusing process. Im
generation and transfer were accomplished with
commercially available 600 dpi color laser printer with t
OEM polyester CMYK toner set. The fusing section of 
printer was modified to achieve only minimal fixing of th
toner to the paper. The minimal fix allowed for ea
handling of the paper in the subsequent fusing experime

To perform the fusing experiments, a commercia
available toner fusing test system (QEA TFS-1000) w
used.  The TFS-1000 allows independent adjustmen
fuser pressure, temperature, paper feed rate, and lubric
of the fuser roller. The design of the system and 
application to determining fusing latitude and the effects
media thickness on fusing have been reported previousl3,4

A significant advantage of the TFS-1000 over 
modified printer as a fusing tool is that it greatly increa
the range of fusing conditions that can be examin
Another important advantage of this system is that all 
critical process parameters are accessible to the 
making it possible to perform a comprehensive parame
study that would be impossible or impractical with a print

Capitalizing on these capabilities, a prelimina
experiment was performed with the TFS-1000 to quic
determine a range of process conditions for produc
reasonable gloss with the toners and papers used.
results of this experiment determined that the follow
conditions would be used in the rest of the study: 10 ps
cylinder pressure, 3 ppm (pages per minute) paper feed
and a fusing temperature between 100°C and 130°C.  With
this fusing system, the applied pressure and chosen feed
result in an average nip pressure of 0.4 MPa, a nip widt
6 mm, and a residence time of 430 ms.

Paper
In designing the experiments, two questions guided

selection of materials: 1) how critical is the gloss of 
substrate to the gloss of the finished print, and 2) 
differential gloss be minimized or eliminated by the use
specially formulated coatings. With these questions in m
the following two media were chosen for this study:

1) “Uncoated” paper stock. This is a highly calender
100 lb. glossy paper with a 6:1 pigment (CaCO3) to
binder ratio. This paper was chosen as a typical glo
laser printer substrate.

2) “Coated” paper stock. This is the same as 
“uncoated” paper stock, but with an addition
phenoxy/PEG receiver-layer coating. This paper w
selected to get a better understanding of the effec
the so-called “toner receiver layer.” This layer 
thought by some in the industry to reduce differen
gloss.
457
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Image Quality Measurement
A test target developed for this study contained a se

cyan, magenta, yellow, and black step density wedges. 
area of each step was 40 × 15 mm. The gloss in these 
was measured with a BYK-Gardner 4630 glossmeter.

The test target also contained a series of fine line
both horizontal and vertical orientations.  The lines were1/8,
¼, and ½ point wide (44 µm, 88 µm, and 176 µ
respectively), printed in cyan, magenta, yellow, and bla
These lines were included to examine the effect of 
fusing process on line quality, including line widt
sharpness and edge quality.  Line quality was meas
with an automated print quality analysis system (QEA IA
1000).6 Using the same system, the optical densities of
color patches were also obtained.

Results and Discussion

Gloss on Samples with Minimal Fusing
The gloss of the samples minimally fused with 

modified printer was measured as a benchmark for the 
experiment. The results are shown in Figure 1.

In this figure, the measured gloss decreases as the
level or toner coverage increases. Since the samples 
only minimally fused, we concluded that at low gray leve
gloss is controlled primarily by the substrate and tha
higher gray levels, the under-fused, non-glossy to
covering the substrate reduces the contribution of 
substrate to gloss. That the gloss of the substrate i
important contributing factor to the overall gloss of 
image is further demonstrated by the main fus
experiment described below.
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Figure 1:  Gloss versus gray scale for under-fused paper sam
(Data is the average of all CMYK measurements)

Effect of Gray Level on Gloss of Fused Samples
In the main experiment, the under-fused samples w

subjected to further fusing under controlled conditions
the TFS-1000 Toner Fusing Test System.  After furt
fusing, the gloss on the test targets underwent signifi
change, as shown in Figure 2. Comparing these results
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the data in Figure 1, one unexpected difference is tha
gloss levels are reversed for the uncoated and co
samples: the uncoated paper decreases in glossiness fro
to 43 gloss units, and the coated paper increases from 
54. This is probably due to the difference in the pap
response to the lubricating oil on the fuser rollers.

The data in Figure 2 can be viewed in two parts.  
the left-hand side of the graph, gloss decreases 
increasing gray levels, a behavior very similar to the res
shown in Figure 1 for the under-fused samples. At g
levels below the mid-tones, fusing temperature has
noticeable effect on gloss in either coated or uncoa
papers, suggesting that the gloss is controlled by the glo
the paper substrate. For the coated paper, gloss decr
quite substantially (close to 50%) as gray levels incre
from 0% to the mid-tones. Compared to the uncoated pa
gloss levels in the coated paper are higher but also m
dependent on gray level, as shown by the steeper ra
gloss reduction in these samples. In the uncoated pa
gloss drops significantly, though not as steeply as in 
coated paper.

On the right-hand side of the graph, gloss increa
with increasing gray levels, suggesting that a differ
mechanism is at work in this range. The effects of fus
temperature and paper coating here are contrary to
observations at low gray levels.  First, the gloss
substantially higher at the higher fusing temperat
(124°C), indicating that at this temperature there must
appreciable melting and coalescing of the toner, formin
more or less continuous, flat surface with a specul
reflective surface.

Second, comparing the “uncoated” and “coated” res
in Figure 2, it can be concluded that the differential glo
which amounts to approximately 15-25 gloss units, is v
similar in these two paper types. The presence of the “t
receiver layer” in the coated paper did not achieve 
intended uniformity of gloss and conferred no appar
benefit as compared with the uncoated paper.

Mechanistically, we can summarize the dependenc
gloss on gray scale as follows.  At very low gray levels
low levels of toner coverage, gloss is controlled by the g
on the paper, as long as this gloss is not degraded b
fusing process. More specifically, we can describe g
development in this range as coating controlled. At v
high gray levels and at a sufficiently high fusin
temperature, gloss is controlled by the melting, coalesce
flow and smoothing of the toner, which forms a specula
reflective surface.  Therefore, we will generally describe 
gloss development in this range as fusing-controlled, wi
whole host of parameters such as the physical propertie
the toner, the surface roughness of the paper substrate
smoothness of the fuser roller, and the pressure at the n
affecting the resultant gloss level. In the mid-tones (ab
45% to 65% gray), it appears that neither media gloss
toner gloss has an appreciable effect.  In this range, 
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evident that there is a sufficient quantity of toner to blo
the reflectance of the media, but insufficient toner 
produce continuous and complete coverage of the surf
This range is characterized by significant light scatter
and reduced  gloss.
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Figure 2:  Gloss versus gray scale value after fusing.
(Data is the average of all CMYK.measurements)

Effect of Fusing Temperature on Gloss
The data in Figure 2 can be graphed differently, 

shown in Figure 3, to develop an understanding of the ef
of fusing temperature on gloss.  In Figure 3, we see tha
gloss in white areas is unaffected by fusing temperature
is controlled by the media type.  At the mid-tones (50
gray), gloss is only slightly affected by fusing temperatu
and there is little difference between the two media typ
At a high gray level (100%), the gloss increases to
maximum of about 60 gloss units as the temperature r
above 120°C.  The uncoated paper reaches its maxim
gloss at a slightly lower temperature (120°C) than the
coated paper (128°C). A possible explanation of this will b
discussed below.

Image Quality: Line Width
Does achieving high gloss cause degradation of o

image quality attributes? In an attempt to answer 
question, line quality and solid-fill optical density we
measured on the samples studied in the main fu
experiments. The results are shown in Figures 4 and 5.

We looked first at how line width might be affected b
high gloss. Figure 4 shows line width gain as a function
fusing temperature. Line width gain is defined here as 
difference between the line width requested in the input 
and the actual line width on the print.  The data in Figur
show the average line width gains for cyan, magenta, 
black lines.  Yellow lines were not measured due 
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difficulties in getting reliable thresholding in the line wid
measurement.
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Figure 3: Gloss as a function of fuser temperature. Data is th
average of CMYK.

Prior to fusing, the line width gain averaged 47 µm 
the uncoated and 53 µm for the coated under-fused sam
This 6 µm difference between the uncoated and co
samples and similar differences in sharpness and 
raggedness indicate some influence of media type in
transfer process prior to fusing.

After fusing, the line width gain increased. At 128°C,
the average line width gain reached 63 µm for the unco
paper (a 34% increase over the level prior to fusing) an
µm for the coated paper (a 43% increase).  Although line
all colors studied became wider as fusing tempera
increased, black lines exhibited the greatest incre
Additionally, wider lines had larger width gains th
narrower lines.

The increase in line width after fusing is simply
consequence of the heating and melting of the toner, w
cause it to flow.  Some of the toner undoubtedly flows i
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the paper fibers, but some of it spreads along the surfac
the paper causing the lines to grow in width.
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Figure 4:  Line width gain as a function of temperature.  Data 
the average of black, magenta, and cyan lines.

Image Quality: Optical Density
We also looked at how optical density of solid fil

might be affected by high gloss. These results are show
Figure 5.  As fusing temperature increased, the opt
density of the solid-fill area also increased.  The opti
density ultimately reached a level of about 2.4, which
very high for electrophotographic printing. The uncoat
samples reached this density at about 120°C, while the
coated samples reached the same density at 128°C.  This is
very similar to the gloss measurement data in the lower 
of Figure 3.  It is not too surprising that the two are relat
because in measuring optical density, the diffused li
reflected off the surface enters into the calculation as d
the specular reflection from the same surface in measu
gloss. As the toner surface becomes increasingly sm
with increasing fusing temperature, the optical dens
increases (due to lower diffuse reflection) and the gl
increases (due to higher specular reflection).

Effect of Paper Type
Focusing on the differences between the “uncoat

and “coated” media, we observed that:
1) The line width gain was higher on the coat

paper, even in the under-fused condition
2) The line raggedness and sharpness were also w

on the coated paper, even in the under-fu
condition

3) Higher fuser temperatures were required to achi
maximum gloss and optical density levels on t
coated paper.

To better understand the source of these differen
particle size and distribution analyses were performed
unfused coated and uncoated samples using the IAS-1
Print Quality Analysis System. A typical result of the
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analyses is shown in Figure 6. In general, the par
analysis showed a greater number of large particles a
less uniform distribution of particles on the coated sam
than on the uncoated samples.  This may explain why
lines are wider and more ragged on the coated media
may also explain why the coated paper requires a hi
fusing temperature to achieve maximum gloss and op
density. If the toner is less uniformly distributed on 
coated media, it may take a higher fusing temperatur
cause the toner to flow and form a smooth and hig
reflective surface.

1.0

1.5

2.0

2.5

3.0

100 105 110 115 120 125 130

Temperature (C)

O
pt

ic
al

 D
e

ns
ity

Coated

Uncoated

Figure 5: Optical Density as a function of temperature.  Data 
for black area. The cyan, magenta, and yellow areas do not ex
a significant increase in optical density with fusing temperatur

But why should there be more toner and less unif
distribution on the coated paper?  After all, the sam
were printed with the same printer.  The answer may c
from the difference in the electrical properties of the t
paper types. The surface potential decay curves obta
using the ECD technique5,6 and shown in Figure 7 indica
that there is a clear difference in the dielectric relaxa
properties of the two media types.  The coated pa
exhibits slower potential decay than the uncoated pa
resulting in a higher field across the media dur
electrostatic charging, more efficient toner transfer, 
more toner deposited on the media surface. Although 
explanation is somewhat speculative, it would account
the differences observed between the two paper types.

Effectiveness of the Toner Fusing Test System
The toner fusing test system has proven to be a 

powerful tool for this type of developmental study.  In t
study, the flexibility and convenience with which the fus
parameters could be controlled and the openness o
system contributed to the high efficiency with which 
were able to perform the experiments and gather the
results.
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Figure 6:  Particle size measurement shows the coated pape
have more large particles and hence less uniformity.  Data is 

10% gray areas on unfused samples
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Figure 7:  Surface potential decay measurement on two pap
samples

Although the test system was designed to accept a 
range of fuser rollers, availability issues prevented us f
using the same fuser rollers in the toner fusing test sy
as in the printer that generated the under-fused sam
Ideally, the same roller types should be used so that the
results can be applied directly and without ambiguity.

Conclusions

This study has offered new insight into the mechanism
gloss and differential gloss development, proces
involving complex interactions between the media, to
fusing system, and process conditions, The m
observations of the study include:
0
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1) Gloss at low gray levels (low toner coverage) 
controlled predominantly by the substrate. As g
levels increase from zero to about 50%, glo
decreases. In this range, the rate of decrease in glo
gray levels rise is independent of fusing temperatu
but dependent on the coating on the media.

2) Gloss at high gray levels is controlled predominantly
the fusing of the toner.  As gray levels increase fr
about 50% to 100%, gloss increases. In this range
rate of increase in gloss as gray levels rise is stron
dependent on fusing temperature, but much less s
the media coating.

3) The key to minimizing or eliminating differential glos
without sacrificing overall gloss is to raise the glo
level of the mid-tones, thereby reducing over
variation.

4) The specific “toner receiver layer” studied in this wo
did not show any significant advantage over 
“uncoated” media surface with respect to overall gl
level or reduction in differential gloss. However, 
should not be concluded from this work that “ton
receiver layers” can’t work. In fact, recognizing th
importance of raising the gloss level in the mid-ton
may point to new directions for development of mo
effective “toner receiver layers.”

5) There is a penalty for high gloss. Our data on l
width, edge raggedness, and sharpness suggest th
fusing temperature is raised to increase gloss, b
image quality attributes such as line quality m
degrade. This trade-off between gloss and ot
attributes must be considered in developing pho
quality images in electrophotographic printing.

6) Preliminary data based on image analysis 
measurement of dielectric relaxation characteris
suggest that the process of image transfer to the m
is also critical to gloss development. The trans
process controls the manner in which the toner
distributed on the paper and is an important facto
optimizing gloss and minimizing differential gloss.

7) The experience gained in this work clearly highligh
the value of a stand-alone toner fusing test system
461
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R&D on toner and media, and for the design of fus
systems. The test system used not only provides
means for experimenting with a broad range of proc
variables, it also allows a critical mass of data to
gathered systematically and efficiently.
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