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Abstract differ from “fully” crosslinked polymers is melt processing.
Few “fully” crosslinked resins would be considered for melt

Many toners use resins which are crosslinked to somprocessing. The ability to melt process the partially
degree. These resins are used in toners due to the fusiogsslinked resins used in toners is unique. This paper was
latitude they impart to the toner. These partially crosslinkedhopes to explore these properties.
or “gel” type resins are relaxed in the melt mixing step used
to prepare the toner, thus their properties are different from Experimental
the “as manufactured material”. We have studied the
relaxation of the polymeric structure in a gel resin using a The polymer chosen for this study was a commercial
Haake batch mixer to simulate the melt mixing step. Resiresin - Acrybase 1405 which is a styrene / n-butyl acrylate
samples were compared using a Shimadzu CFT-500C floaopolymer produced by Polytribo Inc.
tester and a Rheometrics RMS Rheometer. Our data show The polymer samples were melt kneaded using a Haake
that the properties of the resulting polymer are a function oBystem 90 drive unit and a Rheomix 600 batch mixing
the shear experienced by the polymer during the mehlttachment. The Rheomix 600 employs two counter rotating
mixing step. The temperature at which the melt mixing stepotors turning at a 3:2 ratio. The Rheomix 600 was equipped
is performed appears to be the dominant variablevith roller type blades for high shear mixing.

influencing the shearing of the polymer. The polymer samples were analyzed for melt index
) using a Tinius Olsen Extrusion Plastometer operated at
Introduction 150°C using a 2160 gram test load.

Polymer flow properties were determined using a

The polymers used as binders in toners have evolved ®himadzu CFT-500C Flow Tester. The flow tests were run
meet changing needs. The original resins used wengsing 20 kilograms of applied force. The test samples were
materials developed for other purposes i.e. paint bindefseld at 80C for 5 minutes then the temperature was
(Paraloid B-66") which were pressed into service in tonersincreased at 0°%6 per minute until the polymer was
due to their availability. These materials were able to attacbompletely extruded.
the toner to the paper but offered little else. As the industry  Parallel plate rheology was determined using a
grew, specialized polymers were designed which wer&heometrics RMS 800. Samples were melt formed in place
aimed at improving toner performance by tailoring thebetween 25 mm plates. Temperature (125 to’@p@nd
polymer properties to meet specific needs. One such nedédaquency (0.1 to 100 radians/second) sweeps were then run
was to offer better performance by increasing the fusinat 10% strain in the dynamic mode. This data is pending.
latitude of the toner. Partially crosslinked polymers were  Polymer molecular weights were determined using a
quickly developed which had good fixing and improved hotWaters liquid chromatograph equipped with a refractive
offset. US patent 3,938,992 assigned to Kodak detailed thadex detector. Tetrahydrofuran was the mobile phase and
use of crosslinked polymers. the instrument was calibrated with polystyrene standards.

These partially crosslinked polymers can beThe amount of insoluble material in a polymer sample was
distinguished from “fully” crosslinked polymers, such asdetermined using a cold extraction technique. A sample of
those used in ion exchange resins, by the large portion gblymer was mixed with filter aide and toluene, and then
soluble material they contain. Amberlite XAD"4is a  shaken for 3 hours. The slurry was then filtered and the cake
product of Rohm and Haas Co. which is a “fully” was dried to determine the amount of polymer retained.
crosslinked resin. Solvent extraction of XAD-4 yields very ) )
little or no soluble polymer. Performing the same test on Experimental Design
Acrybase 1405 from Polytribo Inc. yields 75% soluble
material. Further depending on the conditions of the The experimental program was designed as a statistical
extraction (temperature/solvent) more or less solubl@xperiment using a software package (Design Expert) from
material is extracted. Design-Ease Inc. Three factors were chosen for the design:

Melt blending is another area where the differencgotor rpm, temperature, and time. Next a range was set for
between the partially crosslinked polymers used for tonergsach factor.
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Table 1 Design Variables and Ranges

Variable

Low

High

Rotor RPM

70

150

Temperature

15C

200C

Time 3 minutes 11 minutes

The software was then used to generate a series of
random experiments in which all possible combinations of
the factors were tested. Each combination was run in
duplicate to gain a measure of the variability. The software
then was used to determine which factors produced
statistically significant changes in the response chosen. The
values of the responses were compared with the inherent
error or noise in the system. If the value of the response was
greater than the error then it was chosen as a significant
point.

Plots of the design values on half normal probability
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Figure 1. Melt Index as a Function of Design Variables

paper illustrates the significance of the results relative tdable 3 Melt Index as a Function of Design Variables

random error. The results of the experimental design

Variable

Low

High

indicated that several of the responses tested do indped

Rotor RPM

3.4

4.9

show values that were smaller than the noise level. Since

Temperature

5.6

2.8

these responses produced values for the measured proy

erty Time

3.2

5.1

that could not be distinguished from the noise they were
dropped from further analysis. The responses that were
eliminated from further consideration were: % toluene
insoluble and the Shimadzu viscosity, Eta* (25melt
viscosity). The remaining responses were analyzed further.

The analysis of the remaining responses showed that
there were no multiple factor interactions observed for any
parameters in the design.

Results

There were two responses (melt index, and Shimadzu
T,,) that showed a dependency on all three design factors.
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Figure 2. Molecular Weight Distribution as a Function of Design
Variables

Molecular weight distribution is related to temperature and
rpom. The Shimadzu Tis related to temperature alone.
These relations are tabulated in Table 2 below.

Table 2 Correlation of Variables and Responses Table 4 Molecular Welght Distribution as a Function of

Response RPM Temperatufe Time | _Design Variables _
Melt Index yes yes yes Variable Low High
MWD yes yes no Temperature 20.9 10.9
T, yes yes yes
Viscosity no no no
145 143
Since this is a three factor design, the results for any
response could be plotted three dimensionally on the faces 4
of a cube to give a visual presentation of the data (see 200C 147 14p
Figures 1-4). The following tables present the data as thﬁ\.em erature
average value for each face of these cubic plots. peratu 142 14D
The melt index response is related to all three factors as 11
stated above. One way to highlight the relationships is to Minutes
compare the averages of the opposite faces of the cubes as 150C 44 14 3
seen in Tables 3-6. Temperature exhibits the largest spread 0 RPM 150

in averages indicating that it is a major factor.
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Examining the responses determined for the moleculagxtraction. My picture of polymers represented by Acrybase
weight distribution, one sees two important factors :1405 is a mixture of some crosslinked polymer along with
temperature and RPM. Temperature is again the primaigome branched polymer dispersed in a large amount of
variable. linear polymer.

As stated earlier Shimadzy,,Is dependent on all three The chromatograms from the GPC analysis (see slide)
design factors. In this case temperature still appears to llustrate the change occurring due to melt blending. In the
the major factor but the difference in effect is smaller tharchromatograph of the unprocessed polymer one peak is
seen in the two examples above. observed which contains a high molecular weight shoulder.

This would represent the linear and branched portions which
were extracted by the THF. After melt processing, a third

Table 5 Shimadzu T, as a Function of Design Variables  peak appears at very high molecular weight, which

Variable Low High
Rotor RPM 14.5 17.0
Temperature 20.9 10.9
Time 15.8 15.8

represents the fragments of the crosslinked polymer. The
fragments are pieces of the “gel” which have undergone
scission of covalent bonds from the melt blending. The
mechanism of bond breaking reactions has been described
in the literatur&”and our results appear to be in agreement.
The breakage of bonds below the polymer ceiling

The final response is Shimadzy, The significant v Jlyme .
factor related to this response is temperature by thé€emperature can occur by chemical reaction i.e. radical
software. This is somewhat questionable since the poiiduced scission by oxygen, or by mechanical reaction. The

representing the temperature is still along the line derivegonditions for mechanical breakage have been described by
from the normal errors (see slide). Bueché to favor breakage of chains longer than some

200C
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Figure 4 - Shimadzu,Tas a Function of Design Variables

Table 6 Shimadzu T, as a Function of Design Variables

118

115

117

117

12

11b

12

70

RPM

1

11
Minutes
3

critical length which is a function of the shear in the system.
Chains smaller than this length remain unbroken.
Overlaying the chromatograph (see slide) of the un-melted
polymer with one of the melt processed samples clearly
shows no change in the low molecular weight portion which
suggests that 1405 melt processing is breaking the longest
chains as indicated in Bueche’s paper

Temperature exhibits such as strong influence on the
melt processing of these polymers due to the relationship
between melt viscosity and the shear rate. Low temperatures
increase the melt viscosity which increases the shear rate.
As the shear rate increases the molecular weight of the
largest molecules becomes greater then the critical length
and the chains break. High temperatures reduces the shear
rate and less chains are broken mechanically. Of course very
high temperatures will lead to depolymerization of the
chains as well.

The rotor RPM influences the chain scission, since it

Variable Low High also contributes to the shear in the system. Higher rotor
Rotor RPM 14.5 17.0 RPM lead to higher shear rates. Along these same lines one
Temperature 20.9 10.9 would predict that using different rollers, such as the sigma
Time 15.8 15.8 blades, in place of the roller blades would result in less
change in the measured responses, since the sigma blades
Discussion impart lower shear to the polymer when mixing.

For a system at a high enough shear rate to be above the

The experimental analysis of the data clearly shows thaitical value of the system, increased time of processing
temperature is the major factor in the melt relaxation of théncreases the probability that all chains above the critical
partially crosslinked polymer studied. The rotor RPM andength will be broken. Basically increased time allows the
time are also factors but of lower impact. system to come to a steady state.

The effects of these factors can be explained after one
understands the structure of the polymer. As stated earlier,
Acrybase 1405 is a partially crosslinked resin. By cold ) ) .
extraction in toluene 75% of the sample is soluble material. We have studied the melt processing of a partially
The remaining insoluble portion we call “gel”. Using hot crosslinked polymer in a batch mixer. We see that the
toluene in a soxhlet extraction, we can extract <85% of thtemperature, rotor speed and time of mixing all influence
polymer as soluble material. Thus, a large portion of thi$he responses measured. These observations seem to agree
“ge|” is not apparenﬂy from covalent crosslinks otherwiseW|th the theoretical calculations of BeUéhmO described

the soxhlet results would be similar to those of the coldhe mechanical chain breaking of entangled polymers as

Conclusion
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dependent on the shear rate in the system and a critical Biography

molecular weight.
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