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Abstract 

In this study the impact of toner binder resin design, 
especially molecular weight and molecular weight 
distribution, on the fusing performance in oil-free hot roll 
fusing has been studied for the new class of environmentally 
friendly cyclic olefin copolymers (COC). The first results 
presented in this report indicate that the fusing latitude, or 
so-called anti-offset-window (AOW), in hot roll fusing is 
strongly influenced by the amount of longer chains in the 
underlying binder resins. Surprisingly, only the hot offset 
temperature increases with the amount of longer chains in 
the binder resin, whereas the cold offset temperature is not 
affected at all. In parallel with a larger AOW, the minimum 
temperature for acceptable fixing is increased slightly, and 
lower image gloss is obtained.  

More detailed studies on a variety of exemplary toner 
formulations are necessary to better understand the impact of 
binder resin design; Tg, Mn, Mw, molecular weight 
distribution, and elasticity effects on fusing performance 
need to be explored. 

Introduction 

Today electrophotographic toner materials offering low 
minimum fusing temperature, wide fusing latitudes, 
improved charging properties, excellent pigment and wax 
dispersion, high jettability, and low price are required in the 
market.1 Dry xerographic toner essentially consists of a 
binder, a colorant and various other ingredients like 
magnetite, charge control agents (CCA), waxes, surface 
additives and other components.2 The role of the polymer is 
to bind the pigment to the paper and form a permanent 
image. Toner fusing properties like minimum fusing 
temperature and fusing latitudes, are known to be dominated 
by the physical and chemical properties of the binder resin.3 
One approach to achieve the demanding goals set by printer 
manufactures is by optimizing the performance of the 
currently employed polyester or styrene-acrylic resins, e.g., 
by introducing crystalline polymers or waxes into the 
principal polyester binder, or by introducing new 
functionalized monomers into styrene acrylics, as described 

in recent publications.4,5 Another promising approach is 
offered by the use of cyclic olefin copolymers (COC), a new 
class of polyolefin resins developed and introduced under the 
Ticona trade name Topas® COC. According to recent 
publications, these materials offer benefits over traditional 
binder resins, especially when high printing speed, stable 
tribocharging and environmentally friendly materials are 
required.6-8 Today two COC grades for use as toner binders 
are commercially available, a low molecular weight polymer 
with narrow molecular weight distribution for non-contact 
fusing – Topas® COC TM, and a bimodal material for hot 
roll fusing called Topas® COC TB.9 

These two materials form completely homogenous 
mixtures by ordinary melt processing, thus providing a way 
to tailor and optimize the fusing properties of the toner to the 
requirements of the printer and fuser unit. In this study, the 
effect of toner binder resin design, especially molecular 
weight and molecular weight distribution, on the fusing 
properties like minimum fusing temperature, hot offset 
temperature and anti-offset-window was measured for model 
toners. Furthermore, basic image properties like fixing 
strength and gloss levels as a function of fusing temperature 
are reported and compared to other commercial toners. 

The goal of this study is to describe the impact of binder 
composition on physical properties and fusing performance, 
thus supporting printer and toner manufacturers in their 
development work and providing resin manufacturers 
direction for future improvements. It is not the goal of this 
study to supply a toner showing optimum performance in a 
particular printer and copier. That is usually best achieved in 
close collaboration between toner manufacturer and raw 
materials supplier. 

Experimental 

Figure 1 describes the applied toner preparation and testing 
procedure. 

A standard toner formulation comprising 7% pigment, 
2% CCA and 7% wax for 100% of binder resin was used 
within the present study to ensure that the observed effects 
are only caused by changes of the binder resin and not by 
changes of the other toner ingredients. 
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Figure 1. Applied toner preparation and testing procedure. 

At the beginning all ingredients were crushed and 
premixed to provide good homogenization. Binder mixtures 
were prepared in a pre-compounded form.  

The toners were prepared on a co-rotating twin-screw 
extruder under appropriate processing temperatures in the 
range of 120 – 200°C. The quality of the pigment dispersion 
was observed with an optical microscope. As necessary, 
quick adjustments of the processing conditions were made to 
optimize dispersion. The compounded mixture was then 
milled to a volume-averaged diameter of about 8.5 µm. 
Finally, the toner was classified to get rid of excess fines by 
using a standard Hosokawa Alpine 100AFG/50 ATP. The 
physical properties of these samples were then characterized. 

Afterwards the toner was transformed into a working 
toner by surface additivation with about 0.6 wt% of a 
standard fumed silica. This permitted adjustment of the 
tribocharge properties and improved the powder flow. To 
prepare unfused images, a Lexmark C720 non-magnetic 
monocomponent color laser printer with a disabled fusing 
unit was used. The toner was put into carefully cleaned toner 
cartridges, and the transferred toner mass/area of 
monochrome test targets was measured in comparison to the 
OEM toner. 

The fusing performance was studied with a test target 
composed of three monochrome squares in a row on a TFS 
1000 fusing rig available from Quality Engineering 
Associates, Inc. (qea). A roller speed of 125 mm/s, a paper 
feed rate of 120 mm/s, and a nip pressure of 15 psi were 
employed. The fusing tests were done on 80 g/m2 paper, 
without added fuser oil. In a standard test procedure, the 
fusing performance was measured for each temperature with 
three printed pages separated by two blank pages. During the 
experiments the real temperature of the fusing roll was 
measured, as it normally drops during fusing experiments. 
Fusing tests were performed in a set temperature range from 
130 to 240°C at increments of 5°C. 

Finally, the fixing ratio was measured by comparing the 
ratio of optical image density (OD) before and after folding 
with the Personal IAS of qea. Average values of at least 5 
measurements on every square are reported. In addition, 
gloss measurements at 85° observer angle are presented. 

For better clarity the following discussion is limited to 
only two exemplary Topas® COC-based toner formulations 
in comparison to the performance of Lexmark OEM toner. 

Results and Discussions 

Basic Physical Toner Properties 
The physical properties of the studied toner samples are 

shown in table 1. 
 

Table 1. Basic Physical Properties of Studied Toner 
Samples. 
Sample Basis Tg / °C T ½ / °C T 1/2 – T fb / °C 
1 OEM 64 124 22 
2 COC 58 127 20 
3 COC 59 154 28 
 

 
 
The glass transition temperature Tg was measured by 

DSC on a TA 2920 at 20 K/min in the second heat as the 
temperature where half of the step-change in heat flow 
occurred. The flow test was measured by using a Shimadzu 
CFT-100D flow tester at 8 kg load, a 1 x 10 mm die and 5 
K/min heating rate. 

According to Table 1, the OEM toner 1 shows high melt 
flowability and a standard Tg value for toner in the range of 
60°C. Additional IR and GPC (gel permeation 
chromatography) measurements reveal that a low molecular 
polyester binder resin is used. 

The other two toners are based on COC. Toner 3 is 
totally based on Topas® COC TB available from Ticona, 
while a 50/50 mixture of Topas® COC TB and TM was used 
for Toner 2. The Tg values of both toners are comparable, 
but the half-flow temperature T½ is significantly lower for 
Toner 2. By incorporating 50% of the high flow, low 
molecular weight Topas® COC TM material, melt flow is 
greatly enhanced. In parallel, the temperature difference 
between T½ and beginning-flow temperature Tfb is 
significantly smaller for Toner 2. This demonstrates a more 
pronounced temperature dependence of the melt viscosity, 
thus indicating a smaller fusing latitude. 

The difference in composition of Toners 2 and 3 also are 
demonstrated in their rheological behaviors. This was 
studied with so-called “frequencies sweeps” at different 
temperatures on a Physica MCR 300, plate-plate geometry 
rheometer, from low to high temperatures to better simulate 
the fusing condition in a printer. For a better comparison, 
universal master curves at an intermediate temperature of 
150°C were constructed by applying the time-temperature 
superposition principle. The master curves for the storage 
modulus G’ and the loss modulus G’’ as a function of 
reduced frequency are shown in Figure 2. 

According to Figure 2, the terminal flow region 
characterized by a slope of –1 for G’’ and –2 for G’ in this 
double logarithmic plot occurs at significantly higher 
reduced frequencies in the case of Toner 2. Simultaneously, 
the so-called rubbery plateau region with an almost constant 
value of G’ extends over a larger frequency range for Toner 
3, demonstrating a higher number of entangled chains, and 
consequently an elevated melt strength.  
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Figure 2. Viscoelastic properties of toner 2 and 3. 

 

Fusing Properties 
The transferred toner mass / area for the test pattern was 

3.9 µg/mm2 for the OEM toner and 3.4 µg/mm2 in the case of 
the COC toners. Taking into account the different mass 
densities of 1.25 g/cm3 for polyester and 1.00 for COC, this 
translates into a somewhat higher pile height of 4 µm for 
COC compared with 3 µm for the OEM toner. 

The temperature range where no visible offset under the 
employed test conditions occurred, the so-called anti-offset-
window (AOW), is given in Table 2. 

Table 2. Fusing Properties of Studied Toner Samples. 
Sample Basis  No cold / °C No hot / °C AOW / °C 
1 OEM no no 0 
2 COC 145 170 25 
3 COC 145 195 50 
 

 
As seen in Table 2, the Lexmark OEM toner shows 

offset whether cold or hot offset over the whole temperature 
range under the employed fusing conditions. Consequently 
the AOW is 0°C. In order to counterbalance the insufficient 
fusing properties of the pure toner, a high amount of fuser oil 
is used in the actual printer to achieve an acceptable fusing 
latitude. 

In the case of the COC-based toner, acceptable anti-
offset properties are observed starting at about 145°C. As 
estimated from the viscoelastic properties, a wider fusing 
latitude of 50°C in comparison to 25°C is observed for Toner 
3. Table 2 further demonstrates that the gain in AOW is 
entirely caused by changes of the hot offset temperature, 
reflecting the elevated melt strength of Toner 3. Surprisingly 
the cold offset temperature is not affected at all by the resin 
composition. This observation should be validated by 
additional experiments. 

Basic Image Quality 
With the present test target, an initial image density of 

1.05 was reached for the Lexmark OEM toner, while the 
COC toner showed a value of 0.8. This lower initial image 

density of the COC toner, in contrast to the comparable 
transferred mass, may be explained by higher pigment 
content and/or better pigment dispersion in the OEM toner. 

Figure 3 depicts how the fusing strength, determined as 
the optical density OD in the crease, compared to the initial 
OD before folding changes as a function of fusing 
temperature. The temperature where no cold-offset is 
observed is marked by a large symbol. 
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Figure 3. Fusing strength as a function of T for studied toner. 

 
 
As shown in Figure 3, all the toner samples exhibited 

comparable fusing strength as a function of temperature: 
• At low fusing temperature loose fusing is observed, 

while the fixing strength increases dramatically with 
increasing temperature. 

• At higher fusing temperature the fixing strength slowly 
reaches its limiting value of 1. 
 
As further indicated in Figure 3, fusing at low 

temperature is best for the OEM toner, and decreases from 
Toner 2 to 3. Yet the shift of the curves is less than 10°C in 
fusing temperature for these two extreme samples. 

If a fusing strength of 0.6 is set as the lower limit for 
acceptable fusing, such fusing is easily achieved if cold 
offset is avoided. 

The change of image gloss measured at 85° with real 
fusing temperature is presented in Figure 4. 

It is obvious from Figure 4 that image gloss is highest 
for the OEM toner and decreases from sample 2 to 3. 
Furthermore, the gloss for a given toner sample increases 
more or less linearly with respect to fusing temperature. 

High gloss levels are caused by a smooth toner surface 
after fusing. Consequently, high image gloss is expected for 
toner samples showing high melt flow or low melt viscosity. 
The observed gloss levels are thus easily explained from the 
melt flow data shown in Table 1 and the viscoelastic 
properties contained in Figure 2. As melt viscosity decreases 
strongly with increasing temperature, gloss increases as well. 
Still, it is quite surprising that the increase of gloss with 
temperature is less significant than with the decrease in melt 
viscosity. 
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Figure 4. Image gloss as a function of T for studied toner. 
 

Conclusion 

In this report, the impact of molecular weight design on 
fusing properties was studied for exemplary COC toner 
formulations. Compared with OEM toner based on low 
molecular weight polyester, the COC materials show a 
descending fusing latitude in oil-free hot roll fusing. The 
observed differences in fusing latitude can be explained by 
the molecular weight design of the binder resin system and 
their rheological behavior. Thus the test protocol used seems 
to deliver reliable results. Surprisingly, only the hot offset 
resistance, and not the cold offset temperature, is influenced 
by a higher amount of longer chains in the binder resin. 

More detailed studies on a variety of exemplary toner 
formulation are necessary to better understand the impact of 
binder resin design. Tg, Mn, Mw, molecular weight 
distribution and elasticity effects on fusing performance are 
all expected to play a role in binder performance, and will be 
explored. Such a study will then allow further optimization 
of the toner systems using COC resins. 

References 

1. T. Martin, Reprographic Polymers For Toner Based Printing 
Systems, in Proceedings of 5th Toner, Ink Jet & Imaging 
Chemicals Conference, Orlando, 2002. 

2. P. Julien, R. Gruber, Dry Toner Technology, 173-208, in 
Diamond, Weiss Handbook of Imaging Materials, New York 
(Marcel, Dekker), 2002, 2nd edition, 173-208. 

3. M. Nakamura, The Effect of Toner Rheological Properties on 
Fusing Performance, in G. Marshall Recent Progress in 
Toner Technology, IS&T, Springfield, VA, 1997, 404-407. 

4. M. Maruta, Polyester Resins – Novel Polymers and 
Applications in Proceedings of 7th Toner, Ink Jet & Imaging 
Chemicals Conference, Scottsdale, 2004. 

5. G. Hardy, Toner Resins: What’s New with Styrene Co-
Polymers in Toners & Photoreceptors. Santa Barbara, 2001. 

6. T. Hamanaka, M. Goto, N. Aoki, Toner having High 
Durability for Non-Magnetic Mono-Component Development, 
in Proceedings IS&T, NIP 19, New Orleans, 2003, 166-167. 

7. K. Berger, D. Hammond, T. Nakamura, Effect of Humidity on 
the Triboelectrification of Toner, in Proceedings IS&T, NIP 
19, New Orleans, 2003, 172-175. 

8. K. Berger, T. Nakamura, D. Hammond, Blue Angel Award 
Criteria for Electrophotographic Toner, in Proceedings Japan 
Hardcopy 2004, Tokyo, 2004, 37-40 (English Translation 
available on request). 

9. K. Berger, T. Nakamura, M. Bruch, Topas® COC: A New 
Binder Resin for Electrophotographic Printing, in 
Proceedings IS&T, NIP 16, Vancouver, 2003, 623-626. 

Biography 

Klaus Berger received his Ph.D. in Physical Chemistry from 
the university of Paderborn, Germany, in 1995. He then 
worked on biodegradable polymers at the Federal Institute 
for Cereal, Potato and Starch Research in Detmold, Germany 
and on the rheological properties of associating polymer 
solutions at the Laboratory for Ultrasounds and the 
Dynamics of Complex Fluids in Strasbourg, France. In 1997 
he joined the research and development group of Topas® 
COC within Hoechst and later Celanese/Ticona. He is 
currently working on Topas® COC toner binder resins for 
high quality printing in a fully equipped state-of-the-art 
polymer and toner lab. He is a member of IS&T. 

 

IS&T's NIP20: 2004 International Conference on Digital Printing Technologies

130


	31884
	31885
	31886
	31887
	31888
	31889
	31890
	31891
	31892
	31893
	31894
	31895
	31896
	31897
	31898
	31899
	31900
	31901
	31902
	31903
	31904
	31905
	31906
	31907
	31908
	31909
	31910
	31911
	31912
	31913
	31914
	31915
	31916
	31917
	31918
	31919
	31920
	31921
	31922
	31923
	31924
	31925
	31926
	31927
	31928
	31929
	31930
	31931
	31932
	31933
	31934
	31935
	31936
	31937
	31938
	31939
	31940
	31941
	31942
	31943
	31944
	31945
	31946
	31947
	31948
	31949
	31950
	31951
	31952
	31953
	31954
	31955
	31956
	31957
	31958
	31959
	31960
	31961
	31962
	31963
	31964
	31965
	31966
	31967
	31968
	31969
	31970
	31971
	31972
	31973
	31974
	31975
	31976
	31977
	31978
	31979
	31980
	31981
	31982
	31983
	31984
	31985
	31986
	31987
	31988
	31989
	31990
	31991
	31992
	31993
	31994
	31995
	31996
	31997
	31998
	31999
	32000
	32001
	32002
	32003
	32004
	32005
	32006
	32007
	32008
	32009
	32010
	32011
	32012
	32013
	32014
	32015
	32016
	32017
	32018
	32019
	32020
	32021
	32022
	32023
	32024
	32025
	32026
	32027
	32028
	32029
	32030
	32031
	32032
	32033
	32034
	32035
	32036
	32037
	32038
	32039
	32040
	32041
	32042
	32043
	32044
	32045
	32046
	32047
	32048
	32049
	32050
	32051
	32052
	32053
	32054
	32055
	32056
	32057
	32058
	32059
	32060
	32061
	32062
	32063
	32064
	32065
	32066
	32067
	32068
	32069
	32070
	32071
	32072
	32073
	32074
	32075
	32076
	32077
	32078
	32079
	32080
	32081
	32082
	32083
	32084
	32085
	32086
	32087
	32088
	32089
	32090
	32091
	32092
	32093
	32094
	32095
	32096
	32097
	32098
	32099
	32100
	32101
	32102
	32103
	32104
	32105
	32106
	32107
	32108
	32109



