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quality evaluation and a spectrophotometer for measuring
Abstract both transmitted and reflected light quality, for the highest
level of toner fusing quantification. The toner fusing
Toner fusing is a critical step in determining orint apparatus is a powerful tool both for toner, media, and
litv in el tg hot h | I?[h fusi g p thfusmg system development and for quality control.
quality in electrophotography. — In the fusing process, the ;g paper discusses the design requirements, key

toner is melted and bonded to the media by the combingghqign considerations, test results obtained in evaluating the
influences of heat, pressure, and time. Not surprisingly, th rototype, and the experience gained in the process.
process is complex, and its success depends not only on the '

melting and viscous flow characteristics of the toner, but .
also on a wide range of variables such as machine design, Introduction
roller lubrication, and media characteristics. Because of its

complexity, it is generally impossible to predict how  gSyccessful toner  development requires  an
successful the process will be if traditional laboratoryynderstanding of the critical properties that contribute to
measurements, such as melt flow indices, alone are usgghage quality. Theoretical models of the fusing process can
Instead, the quality of a print from a given fusing systenhelp identify important factors; but such models must be
can best be evaluated in the printer itself, or, better yet, injidated and refined by experiment, and this requires
test apparatus that closely simulates the printer but placgppropriate test equipment. The ideal test apparatus
the process conditions under user control. _ duplicates field conditions, behaving just like the fusing
The apparatus described here provides just such aystem in a printer or copier but providing independent
environment. It is a computer-controlled hot-roll fusingcontrol over each process variable to facilitate
apparatus that provides a flexible, general-purpose test bestperimentation and simulate extreme conditions for quality
designed to accept a wide variety of fuser roller types angontrol.
sizes. It is suitable for testing a wide range of toners and |n printers and copiers that employ dry powder
substrates, including black and color toners and papers ghaging, the toner is fixed, or fused, to the substrate. Fixing
different basis weights and surface coatings, as well age toner powder involves liquification, coalescence or
transparencies. It allows the user to vary each of the procesgtering, spreading, penetration into capillaries, and
conditions independently, including roll temperature,resolidification (see Figure 1)? In hot-roll fusing, the
contact pressure, process speed, roller lubrication, anghage is fixed by the combined effects of time, temperature,
media type, and thus determine the fusing latitude of a givesnd pressure.
toner under different conditions or the range of a process The fixing temperature “window” is bounded above by
variable within which fusing quality is acceptable for anet offset (manifested by adhesion of the toner to the hot-
particular application. , o roll surface) and below by cold offset (manifested by the
Given the rapid evolution of printing technology andtransfer of unfused toner to the hot roll). Toner designers
the growing demand for high-performance color tonersaim to maximize the fusing latitude — that is, the
quantitative fusing measurement is becoming more angmperature range between hot offset and the minimum fix
more important. The toner fusing system described here Cad@mperature — so that desirable fixing quality can
be used in conjunction with other measurement tools, sucbnsistently be achieved (see Figure 2). The apparatus
as an automated image analysis system for quantitative prigéscribed here was developed to advance this goal.
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FUSE QUALITY:

ABRASION & CREASE RESISTANCE,
GLOSS, AND REFLECTIVE OR
COLOR QUALITY

 @F

Rate controlling quantities:

y = critical surface tension of toner on paper

n = toner viscosity

ro = toner particle radius

Ro = sintered mass radius

0 = contactangle

3, ¢ = capillary dimensions 1.
Ty = glass transition temperature of the toner

Figure 1: Processes involved in toner fusing on paper (after Lee 2.
and Primé)
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Figure 2: Schematic of fusing latitude.

Fusing Apparatus Design Requirements

Any test apparatus designed for controlled fusingl-
experiments must possess certain features. It must be
constructed to deliver unfused images on paper or other
media to a fusing system. (The unfused images are
typically generated by a printer with its fusing sub-system
disabled.) The apparatus must have a complete fusing
system in which roller speed, temperature, and pressure can
be independently adjusted. It must offer the researcher
control over both material and process variables. Fused
output from the apparatus must be conveniently collected
for evaluation by the investigators. Figure 3 shows a simple
schematic of a toner fusing apparatus. The specific
capabilities required of the apparatus are described below.
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Figure 3: Schematic of test apparatus.

Material Variables

Medium. The apparatus must be designed to
accept a range of media, including both papers of
different sizes and basis weights and transparencies,
without jamming.

Toner. Since an important application of the
apparatus is to compare different toners, its operation
must be independent of toner type.

Rollers. The apparatus must be designed for use
with rollers of different sizes and materials, to mimic the
wide variety of hardnesses and surface properties of
fuser and pressure rollers found in printers and copiers.
To facilitate experimentation, changing rollers must be
made easy.

Lubricant . Many printer and copier fusing systems
apply a lubricant to the fuser roller to prevent adhesion
of toner to the roller. The test apparatus must be
equipped to apply a lubricant selected by the operator.

Pattern. Since the experimenter may wish to test
fusing quality with a wide variety of test patterns, the
apparatus must be designed to maximize the printable
area of the media and minimize any disturbance of the
unfused image.

Process Variables

Feed Sequence and Ratélhe apparatus must be
designed for operator control over the rate at which
unfused images are fed into the fuser, as well as the
pause (if any) between images. Furthermore, since
experiments may involve exact sequencing of different
test patterns or intermittent blank pages, the apparatus
must afford control over the fusing sequence.

Fuser Roller Surface Speed Fundamental to
fusing quality is the speed at which the medium travels
through the nip between the rollers. Fusing “dwell time”
is a function of nip width (itself a function of roller
elasticity and pressure) and the surface speed of the
roller. The apparatus must provide accurate control over
roller surface speed to control dwell time.

Surface Temperature Another fundamental
parameter affecting fusing quality is temperature. The
apparatus must provide precise control over the fuser
roller surface temperature.

Pressure Roller pressure is another critical
variable affecting fusing quality, and the apparatus must



therefore afford control of the pressure between théest,” was performed on images fixed onto paper. The paper
rollers. was folded across a solid fill area of the image and
controlled pressure was applied to form a crease. The paper
was then unfolded, and a clean cotton swab was used to
ipe away loose toner along the crease. Finally, the optical
ensity in an area encompassing the crease was measured
using an automated image analysis systdine poorer the
. . . fusing quality of the image, the more toner was removed by
The toner fusing apparatus is designed to meet thesge cotton swab and the lower the measured optical density.
requirements. Placing all of the process variables under user The third method of quality evaluation, called the
control, the apparatus makes it possible to change any og@nsmission test, was performed on images fixed onto
variable or any combination of them while keeping thetransparencies. The fixed images were backlit with
others unchanged. The system provides computer contrbloadband (white) light, and the light energy transmitted
over the page feed rate, roller surface speed, and rolleras measured using a spectrophotom&fétis technique is
temperature.  Enhancing the system’s utility for bothespecially effective for color toners, which transmit less
research and quality control, the software also automaticalljght when poorly fixed.

logs fusing temperature statistics for each page. The toner fusing apparatus performed very well in these
experiments. No paper jamming occurred, regardless of

. media type or speed. Execution of the test plan was simple
System Evaluation and efficient, as the system proved to be very easy to use.

5. Lubrication Rate. The apparatus must be designed
to apply lubricant to the fuser roller evenly and
consistently, and the operator must be able to control t
rate of application.

The toner fusing apparatus was evaluated by examining Results
the full range of performance of each of its sub-systems. For
example, the system was tested at page feed rates between 1
page per minute (ppm) and 60 ppm, using a variety Ql?(ests, shown in Figure 4, demonstrates the effectiveness of
media. Similarly, performance was tested at roller surfacg,q apparatus in toner studies.
speeds between 4 ppm and 60 ppm. Temperature control
was verified from 30°C to 200°C with 1°C resolution. The

A representative sample of the results from the crease

system’s ability to fulfill each of the other design
requirements was likewise verified. 2
After the requirements were individually checked, a 18 PN
more practical evaluation was performed by running a series| § 16 o7 ® " ot
of toner fusing experiments. The experiments were designed ¢ ., Offset
to determine the fusing latitude of four different toners at | 5 - o’ e gy A
various speeds using two different types of media (white Z>1'2 /-/'
paper and clear transparency). The range of speeds| % ' 4
temperatures, media, and toner were selected to test th¢ & 08 - -® - Toner A; 30 ppm
versatility and ease of use of the apparatus. S os = =— Toner B; 10 ppm
g' O.7.f A" ---A--- Toner B; 30 ppm
Analysis and Quantification 02
3 0
Of Experlmental Results 80 90 100 110 120 130 140 150 160
Fusing Temperature (°C)
Experiments conducted with a toner fusing apparatus

are only useful if the fixing quality of its fused output can be

quantified. In this study, three methods were used t@igure 4: Representative crease test results. Visual inspection
determine fixing quality. o i i . indicates that the hot offset temperature of toner A is 111°C at 30
The first method was qualitative visual inspection.ppm No hot offset was observed for toner B.
Visual inspection is very effective for identifying clearly
unacceptable fixing quality. If the test print is properly  nqte that although both toner A and toner B are black
designed, one can easily detect severe cold offset and R@hers toner A is darker. From Figure 4 we see that the
offset without the aid of instrumentation. In addition, a¢ sing quality for toner A decreases rapidly below 100°C
piece of clear adhesive tape was used to test for poorly fixe\ﬁ \

= e “Misual inspection indicates that above 111°C, toner A
toner — when the fixing quality is good, almost no toner willgypihits hot offset. Therefore, under the selected test
be lifted off by the tape. '

. A . . : conditions for paper, pressure, speed, lubrication, etc., the
Although visual inspection is an important tool, haper, p b

; . . fusing latitude for toner A was found to be between 100°
especially for identifying unusual phenomena and extremg,4 111°C — a very narrow range.

conditions, its utility is limited since it is subjective and = e fusing latitude for toner B was shown to be much
qualitative. To analyze the subtle effects of small changes igaster. Above 110°C, fusing quality was quite stable, and
process parameters, quantitative measurement techniquys hot offset was observed. The study shows that better

are required, such as the second and third methods usedgifiing guality was achieved at lower temperatures when the

this study. ; ; ;
The second method of quality evaluation, the “creas%‘??heer sgsg?n\/\t/ﬁ: ;?Sg??ﬁe trgﬁgg_y increasing the dwell time



A representative sample of the transmission test results Clearly, toner B has the best fusing latitude, fixing well

is shown in Figure 5.

between 110°C and 160°C with almost no sensitivity to
speed. The color toners C and D exhibit much better fusing
latitude at lower speeds.

Discussion

Analysis and quantification of fixing quality is a crucial

aspect of any fusing study. The three techniques employed
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here for analyzing fused output reveal only some of the
many contributors to fixing quality. Other factors, including
gloss and resistance to abrasion, are also important
determinants of quality. The most dependable conclusions
will be achieved when experimenters employ a variety of
analytical techniques in assessing toner studies.

The experiments summarized here were very easy to
conduct with the toner fusing apparatus. Only four variables
(toner, media type, speed, and temperature) were adjusted in
these experiments, but the system provides a simple means
for controlling the six others (test pattern, roller type,
lubricant, lubrication rate, pressure, and page feed rate).

Figure 5: Representative transmission test results.

visual This flexibility makes the toner fusing apparatus a powerful

inspection indicates that the hot offset temperature of both toners'[OOI for a wide range of fusing studies.

is 119°C at 30 ppm. At 10 ppm, the hot offset temperature is
133°C for both toners.

Toners C and D are both color toners, and both behaved
very similarly in light energy transmission tests. With thel.
fusing speed at 30 ppm, both toners exhibited cold offset
below 100°C. Since cold offset removes some of the
deposited toner, the transmission energy was relatively high
below the cold offset temperature, even though the fixing
quality was very poor. From 100°C to 120°C, at 30 ppm th%
fixing quality of both toners was still very poor, as
evidenced by the low level of transmitted light energy. If a
transparency fused in this temperature range were projected
on a screen, the colors would appear very dull, or the
transparency might even appear black. From 124°C t8.
133°C, at 30 ppm, both of these toners fixed well, although
hot offset was reached above 133°C, meaning that at 30
ppm the fusing latitude for these toners is quite narrow
between 124°C and 133°C. At 10 ppm the fusing latitude
was much better. At this speed, good fixing quality was
achieved at 100°C for both toners, and hot offset was
reached at 119°C.

For the given rollers, pressure, and lubrication, all ofl.
which remained constant throughout the experiments, the
following fusing latitudes were identified: 2.

Speed | Minimum Maximum

Toner | Medium | (ppm) | Temp. (°C) | Temp. (°C) 3.

A paper 30 100 111

B paper 10 110 160 4.

B paper 30 110 160 5

C transp. 10 100 119 '

C transp. 30 124 133 6.

D transp. 10 100 119

D transp. 30 124 133
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Conclusions

Using the toner fusing apparatus, the fusing
latitude of a variety of toners under user-controlled
conditions was easily determined. The apparatus is able
to demonstrate clear differences between toners under
different process conditions.

The apparatus is a precise quantitative tool suitable

for use in a wide range of toner studies. Applications

include both development and manufacturing quality
control.

The highest standards of quantification can be
achieved when the toner fusing apparatus is used in
conjunction with other specialized measurement tools
such as an image analysis system and spectrophotometer.
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