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Abstract

The thermal properties of two conventional polyester-based toners and a chemically prepared styrene/acrylate toner with different thermal
histories were studied by scanning probe microscopy (SPM) and differential scanning calorimetry (DSC). The thermal transition temperatures
detected by SPM agreed with the results of the DSC measurements. The validity of SPM for detecting thermal transitions was further confirmed
by studying two amorphous reference polymers with different glass transition points (7) and three crystalline reference polymers with different
melting points (71,). When the toner sample was heated by the SPM probe above the glass transition temperature of the toner powder (Tprobe > Tg),
changes occurred in the surface topography and roughness causing different levels of local sintering of the particles. A set of roughness parameters
calculated from the SPM image data were used to quantify the most essential features of toner surfaces. Environmental scanning electron microscopy
(ESEM) was used to study the penetration depth of heat dissipated by the SPM probe. The probe-annealing was compared with oven-annealing in

order to establish the effect of thermal history on the thermal properties of the materials.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Toner melting, sintering, spreading or leveling and penetra-
tion are the main physical stages associated with the fusing
process in dry toner electrophotography [1,2]. The progress
of these stages has been illustrated with oven-fused samples
showing that melting and sintering of the toner particles occurs
before fixing to the substrate [3]. The initial phases of the
fusing process, i.e. melting and sintering are mainly dictated
by the toner properties and fusing conditions. The subsequent
spreading, leveling and penetration stage is a complex interplay
between fusing conditions, toner properties and the physical
and physico-chemical properties of the substrate. The spread-
ing and leveling of toners on different substrates and the effect
on print quality have been shown to be dependent not only
on the fusing conditions but also on the surface energy of the
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substrate [4—7]. The substrate or surface compressibility may
also affect the contact area, dwell time and fusing nip temper-
ature [8]. Different opinions have been presented concerning
the effect of surface roughness on the fusing fix [9,10]. The
toner penetration depth is in the range of micrometers in roll
fusing systems on uncoated paper [6,11], and this is obviously
strongly influenced by the thermo-rheological properties of the
toners.

The relationship between the rheological properties of ton-
ers and the fusing fix [12,13] suggests that toner leveling
and maximum substrate contact are essential for toner adhe-
sion. Since the surface roughness affects both toner packing
and heat absorption ability, surface (toner/air) and interface
(toner/substrate) temperatures should be optimal in order to
achieve proper conditions for particle sintering and coalescence
[14]. In addition, changes in fusing nip temperature in the print-
ing direction due to local differences in thermal diffusivity [15],
and cross-section temperature gradients caused by particle size
effects [16] make it difficult to achieve optimal fusing condi-
tions.
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Nevertheless, only a limited number of methods have been
developed to gain information about toner properties at elevated
temperatures related to their sintering, leveling and spreading
behavior. Rheological characterization is often used to describe
toner properties important for runnability and print quality. Dif-
ferential scanning calorimetry (DSC) and dynamic mechanical
analysis (DMA) have been used for the thermal analysis of
toners. The spreading of individual toner particles on differ-
ent glass substrates has been studied in a microscope [4] and
Lever and Price [17] have utilized micro-thermomechanical
analysis (WTMA) and micro-modulated differential thermal
analysis (WMDTA) to study the thermal properties of toner
particles. In addition, thermal properties and glass transition
temperatures of polymer and composite films have been stud-
ied by utilizing various modes of SPM, such as scanning
thermal microscopy (SThM) [18-24], local thermal analysis
(LTA) [25,26], friction (later) force microscopy [27-29], shear-
modulated scanning force microscopy (SM-SFM) [30,31],
scanning local acceleration microscopy (SLAM) [32], and
various spectroscopic modes including force—distance measure-
ments [33] and an SPM probe resonance frequency method
by utilizing an SPM probe as a sensor for detecting thermal
transitions [34-37].

A novel method for the thermal characterization of latex films
utilizing scanning probe microscopy (SPM) was recently pre-
sented [38—40]. In this non-contact approach, the SPM probe is
heated and the probe is utilized simultaneously as an actuator
and a sensor. The heated probe both dissipates heat and detects
the heat reflected from the sample. The resonance frequency (w)
of the probe oscillating above the sample surface is determined
for different probe temperatures (7). The Aw-Tp curves can
be used to detect thermal transitions in latex films as changes in
the heat capacity of the samples [38]. The direction of the tem-
perature gradient can be chosen, i.e. towards the sample (probe
heating) or from the sample (sample heating), so that migration
or evaporation from the bulk can be identified and taken into
account.

In the present study, the SPM probe frequency method
[38] has been used to determine thermal properties of dry
toner powder samples. Two conventional toners consisting
of a polyester binder and a chemically prepared toner con-
taining styrene-butyl acrylate binder were studied. The SPM
probe frequency method was validated by comparing thermal
transition temperatures obtained by SPM with those obtained
by DSC. In addition to the three toner samples, three crys-
talline polymers and two amorphous polymers were used as
references. The various toner powder samples were also oven-
annealed before SPM thermal analysis in order to establish
the effect of sintering, i.e. thermal history, on the thermal
properties of the materials. In addition to thermal analysis,
FTIR spectroscopy, and topography and phase contrast imag-
ing of toner tablet surfaces were studied. A set of roughness
parameters calculated from the SPM image data were used to
quantify the most essential features of toner surfaces. Envi-
ronmental scanning electron microscopy (ESEM) was used to
study the penetration depth of heat dissipated by the SPM
probe.

2. Experimental
2.1. Materials

Three types of commercial toners were collected directly as
powders from the cartridges of different electrophotographic
machines. Toner 1 was a conventional black toner with a
polyester type binder, toner 2 was a conventional cyan toner with
a polyester type of binder similar to that of sample 1, and toner 3
was a chemically prepared toner containing a styrene/butyl acry-
late binder. The toner powders were pressed to a tablet before
determining the thermal properties with SPM. In order to study
the effect of thermal history, the pressed toner tablets were heat-
treated or sintered as a film on mica in an oven at 160 °C for
10 min (referred to as oven-annealing).

Three crystalline reference polymers used for the thermal
study were; a copolymer of ethylene and methacrylic acid
(15wt%) (Nucrel® 925, Dupont™), a copolymer of ethylene
and methacrylic acid (11 wt%) (Nucrel® 699, Dupont™), and a
ethylene-vinyl acetate (28 wt%)/acid terpolymer resin (Elvax®
4260, DuPont™), denoted reference 1, 2, 3, respectively. Two
amorphous styrene/butadiene latex polymers with low and high-
glass transition temperatures were used. The first copolymer,
denoted reference 4, consisted of a mixture of styrene (82.6 wt%)
and butadiene (15.0 wt%) and the second copolymer, denoted
reference 5, consisted of a mixture of styrene and butadiene with
a ratio of 92.8:5.0wt% [38]. Both were supplied by Omnova
Solution Inc. (USA).

2.2. Methods

A Nanoscope Illa (Digital Instruments Veeco Metrology
Group, Santa Barbara, CA) SPM equipped with a MultiMode™
high temperature heater was used for imaging and thermal
analysis of the sample surfaces. Both the sample and the can-
tilever (probe) can be heated, either simultaneously or separately,
from ambient temperature up to 250 °C [41-43]. A specialized
AS-130VT scanner including a resistive type heater and a ther-
mocouple for sample temperature measurement was used. The
scanner contains a water—fluid cooling system to protect the
piezo elements from overheating. Uncoated 0.01-0.025 €2 cm
antimony (n)-doped silicon probes (model LTESP, Veeco) were
used for thermal analysis and imaging. The probes were installed
in a special probe holder with options for cantilever oscillation
and probe heating, gas purging and external sensor access. The
microscope was placed on an active vibration isolation table
(MOD-1M JRS Scientific Instruments, Switzerland) mounted
on a massive stone table to eliminate external vibrational noise.

All the images (512 x 512 pixels) were captured using inter-
mittent contact under ambient conditions (25+3°C, 35+ 5%
RH) without filtering. The free amplitude of the oscillating
cantilever (off contact) was set to 70 & 5nm. The engage pro-
cedure caused a shift in the resonance frequency, which was
taken into account. The new resonance frequency for the tip in
contact was determined and used as the operating frequency. A
damping ratio (measuring amplitude/free amplitude) of 0.5-0.6
was used for imaging. The scanning probe image processor
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Scheme 1. A schematic illustrating the set-up used for the SPM probe heating
and sample heating (not in scale). The schema also shows the approximated
distance between the tip and the sample (d:—s) during measurement.

(SPIP, Image Metrology, Denmark) software was used for the
roughness analysis. Roughness parameters were calculated from
25 pm x 25 pm topographic images. Before the roughness anal-
ysis, LMS polynomial plane fitting (1st order) was applied to the
unprocessed images.

The heating-by-the-sample and heating-by-the-probe meth-
ods have been described previously in detail [38]. In this
work, the heating-by-the-probe method was used. The sam-
ple was mounted on the heating element, but the element
was not heated (Scheme 1). The temperature of the probe
was adjusted by applying a voltage to the probe heater with
the Nanoscope™ heater controller. The voltage was increased
at a constant rate of 0.2V per5min (~0.2°C/min). The non-
contact measurement was made with a tip-sample distance of
about 5um. In probe-heating mode the probe is heated by
applying a voltage (U) to probe heater with the heater con-
troller. The temperature of the probe (7y) is determined by
an empirically obtained approximated polynomial function:
T, ~0.375U2 + 1.664U — 0.162 + Ty, where Ty is the ambient
(room) temperature measured simultaneously with the fre-
quency of the probe at each measuring point [41-43]. On the
other hand, in the sample-heating mode (not used here) the sam-
ple is heated by applying a voltage (U) to the heating element.
The temperature of the sample (7s) can be approximated to
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Table 1

The slope and Tc-values from Aw-T, curves for toners

Sample number Slope 1 (Hz/°C) Slope2 (Hz/°C) T: (°C)
Toner 1 (powder tablet) -101+£15 —6.2 £0.2 65.0
Toner 1 (oven-annealed) —-8.14+0.3 —6.1+0.3 65.7
Toner 2 (powder tablet) —13.6 £ 0.3 —-35+0.2 74.2
Toner 2 (oven-annealed) —-714+01 —6.2+0.1 71.8
Toner 3 (powder tablet) —-76 +0.1 —-55+0.1 73.4
Toner 3 (oven-annealed) —6.9+0.1 -58+0.1 63.7

Slopes 1 and 2 refer to the slopes below and above the transition temperature

be equal to temperature of the heating element (measured by
a thermocouple) when the sample is relative thin and small [41].

Differential scanning calorimetry (DSC) (Mettler Toledo
Stare System DSC 821e Module) was used to determine the
glass transition of the toner samples. The temperature scan
rate was 10°C per minute with the following scan sequence:
20-200-20-200°C. Glass transitions or melting points were
determined from the second run. Environmental scanning elec-
tron microscope (FEI quanta 200) was used to capture images
of the toner samples before and after thermal analysis with the
SPM. The images were captured in high vacuum using an ETD
detector with an accelerating voltage of 10.0 kV, and 400x and
3000x magnifications. FTIR spectroscopy was used to record
chemical fingerprints of the samples before and after the thermal
treatment.

3. Results and discussion
3.1. Thermal analysis of toner particles

The toner samples were studied with the heating-by-the-
probe method [38] before and after oven-annealing. Typical
Aw-Tpy-curves are shown in Figs. 1-3 and values obtained from
the curves are compiled in Table 1. The critical transition tem-
peratures (7;) were determined as intersection points of the
extrapolated lines obtained by a linear fit to the data points.
Slope 1 and slope 2 refer to the slopes below and above the
transition temperature. The relatively small standard deviation
(<5%) of the average slope values (three samplings) and the T;
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Fig. 1. Typical Aw-Ty curves for toner 1 tablet before (left) and after (right) oven-annealing. The solid lines represent a linear fit to the data points.
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Fig. 2. Typical Aw-Ty curves for toner 2 tablet before (left) and after (right) oven-annealing. The solid lines represent a linear fit to the data points.

values (Table 1) demonstrates the good reproducibility of the
measurements.

The change in the slope of the Aw-Tp-curve at T¢ has
been previously interpreted to correspond to a change in heat
capacity of the system [38]. The values of slope 1 of the conven-
tional toner powder (tablet) samples (toners 1 and 2) measured
before oven-annealing were clearly more negative than that of
toner 3 (Table 1), indicating that the toner samples containing
a polyester binder (toners 1 and 2) were less heat absorbing
than the toner with a styrene/butyl acrylate binder (toner 3). The
slope values of all the toner samples decreased as a result of
oven-annealing and the differences between the toners became
much smaller (Table 1). This indicates that the effective heat
capacity of the composite matrices were quite similar after oven-
annealing.

Only one transition was observed for each sample within
the measured temperature range (Figs. 1-3). The T¢ values for
the oven-annealed and non-annealed samples were found to be
the same only for toner 1. The T; of toner 3 had decreased
by almost 10°C as a result of oven-annealing (Table 1). The
sensitivity of the system for annealing was hence clearly char-
acteristic of the toner type. Possible reasons for the downward
shift of the T; point might be the change in particle packing and
a thermomechanical degradation of styrene—acrylate copolymer
[44] alternatively phase segregation of low volatile components
during annealing.
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Evaporation of water from the sample has been shown to
contribute to the slope values and to the magnitude of the tran-
sition [38]. Presence of moisture content can thus cause in high
evaporative cooling of the probe appearing as a distinct devia-
tion from linearity in the Aw-T, curve. Such phenomenon was
observed for toner 2 within a wide temperature range from 47.5
to 75.8 °C, which might indicate water evaporation causing an
increase of T¢, when comparing the value of 74.2 °C with that of
the corresponding oven-annealed sample (71.8 °C). The result
suggests that a glass transition involving a change of heat capac-
ity may occur only when a major fraction of water has evaporated
from the sample. Marked water evaporation has been reported to
involve structural rearrangements, an increase of glass-transition
temperature and a change of heat capacity [45], in agreement
with our findings.

The values of slope 2 were smaller than slope 1 values and
were very similar for all the samples whether or not they had been
oven-annealed. The effective heat capacity of the toner samples
after SPM probe annealing were thus almost the same. The only
exception was the non-annealed toner 2 sample, which exhibited
clearly the lowest slope 2 value and also the highest slope 1 value
(Table 1). In fact, the slope 2 value was lower than the estimated
background (limiting slope value) value of ~—5.0Hz/°C due
to the probe heating by the external voltage [43]. This indicates
that the probe was cooled by the extensive evaporation of water
from the sample during SPM probe annealing.
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Fig. 3. Typical Aw-T} curves for toner 3 tablet before (left) and after (right) oven-annealing. The solid lines represent a linear fit to the data points.
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Fig. 4. Glass transition temperatures measured for the studied toners with DSC
at a scan rate of 10 °C/min. The curves in the figure correspond to the second
heating cycle.

The results indicate that all the studied toner samples reach
their maximum thermal absorptivity (within the studied temper-
ature range) above T¢. Furthermore, the oven-annealed samples
had not reached the maximum thermal absorptivity as evidenced
by the transition still present during probe-annealing. Consid-
ering this, the slow heating (0.2°C/min) at low temperatures
(below T¢) with an SPM probe appeared to be more effective
than short-time oven-annealing (10 min) at high temperature
(clearly above T¢) in reaching the maximum thermal absorp-
tivity.

The thermal history of a sample could be concluded from the
transition temperature and the change in heat capacity. The value
of slope 1 decreased in the order toner 2, toner 1, toner 3. Since
the particle size and size distribution [16] as well as additives
such as waxes change the thermal response, in particular in the
initial phase of the sintering process, it is important to follow
the thermal behavior throughout the process until the immobile
sintered phase has been reached. The ability of the samples to
absorb heat is expected to increase as a result of sintering of the
particles and also as a result of increasing temperature which
increases the thermal conductivity [46].

Fig. 4 shows the DSC curves for the samples obtained with
a scan rate of 10 °C/min. It has been shown that the 7; detected
by the heating-by-the-probe method is not influence by possi-
ble volume relaxation occurring at the vicinity of T [38]. The
shown thermograms are those obtained after the second heating
run in order to minimize the magnitude of the kinetic component
and enable the detection of changes occurring in the thermody-
namic component. This makes the Ty values obtained with DSC
automatically more comparable to the 7, values obtained for
oven-annealed samples. Furthermore, Toners 1 and 2 exhibit a
T4 at approximately 67 and 65 °C, while toner 3 exhibits a glass
transition at 60 °C and a strong endothermic peak correspond-
ing to a melting point close to 100 °C. The melting point peak is
related to the polyethylene type of wax which was not present
in the polyester-based toners. FTIR bands observed at 1400,
2920 and 1840 cm~1 (data not shown) confirmed the presence
of the wax. However, no sign of the melting point was detected
in the corresponding Aw-Tp curve (Fig. 3, right). This indicates
that the melting point in this case was dominated by a volume
relaxation rather than a change in heat capacity.
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Fig.5. Thethermal transitions (glass transition temperatures and melting points)
observed for toners and model polymers by DSC and SPM.

Fig. 5 shows that there is a fairly good correlation between
the results obtained by DSC and SPM. Fig. 5 also includes val-
ues for several reference samples obtained either from the data
published by Ihalainen et al. [38] or from additional measure-
ments (data not shown). It should be noted that the reference
samples 1-3 are crystalline polymers which do not show Ty but
Tm. In general, the surface transition temperature observed by
SPM tends to be slightly higher than the bulk transition temper-
ature observed by DSC. This could be due to numerous reasons,
including differences in heating rate, bulk versus surface T, the
interference from the kinetic component, etc. However, the fairly
good correlation indicates that the heating-by-the-probe method
is able to detect the changes in the effective heat capacity even
in complex composite matrices.

3.2. Temperature-induced topographical and material
contrast differences

Typical SPM topographic and phase images of the toners
before oven-annealing reveal the shape characteristics of the par-
ticles (Fig. 6). The polyester toner samples consist of irregular
particles, while toner 3 consists of smoother particles with fused
structure typical of chemically prepared toners [47]. Respec-
tively, the smallest RMS roughness value (Sg) and the smallest
effective surface are (Syr) are found for toner 3 (Table 2).

The toner 1 particles appear homogeneous in the phase image
(Fig. 6D). The contrast differences visible at the particle—particle
interfacial boundaries are most probably due to topographic con-
tributions to phase shift and can be ignored [48]. The toner 2
particles appear slightly more heterogeneous than toner 1. The
clearly most heterogeneous surface was observed for toner 3

Table 2
Roughness parameters determined for toners tablets before and after oven-
annealing

Image Sg (nm) Ssk Sar (%)
Toner 1 (powder tablet) 593 + 82 —1.64 £ 0.24 54.1 + 8.7
Toner 1 (oven-annealed) 171+ 21 3.28 £ 143 01+01
Toner 2 (powder tablet) 755 + 196 —0.84 £ 0.22 76.6 + 17.0
Toner 2 (oven-annealed) 19.4 + 3.8 3.79 £ 0.78 25+ 04
Toner 3 (powder tablet) 445 £+ 10 —1.25 +£0.23 23.4 + 47
Toner 3 (oven-annealed) 269+ 1.1 0.22 +£ 0.23 0.6 +0.3
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sample (Fig. 6F). The phase contrast differences seen in the
image do not completely couple with topographic image and
thus the topographic contributions to phase shifts can be con-
cluded to negligible. The toner particles were partly covered by
a material which gives higher phase shift (most light-appearing)
compared to the toner itself. Phase images were captured in
repulsive region, indicating the dominance of repulsive forces
(i.e. indentation). Phase shifts are generally known to be insen-
sitive to variations in the elastic properties or adhesion forces
and in most cases reflect only the change in amount of energy
dissipated by the tip-sample forces due the viscous damping or
adhesion energy hysteresis [48-50]. Thus, whether the material
covering toner particles is stiffer or softer compared to the back-
ground can not be concluded from the phase image. However,
in this case the phase image (Fig. 6F) can be considered to be
more indicative compared to the topographic image (Fig. 6C)
for showing the presence of heterogeneities at the surface. It is
believed that the regions with higher phase shift represent inor-
ganic additives (e.g. silica particles) that have penetrated to the
toner surface; this interpretation agrees with results presented
by Voelkel et al. [51] and Mitsuya et al. [52]. It has also been
reported that fumed silica penetrated into the toner matrix are
weakly bound silicates that could be removed during a washing
sequence with ethanol under ultrasonic treatment [53].

The oven-annealed samples were more than a decade
smoother (regarding Sq and Sqr) than the non-annealed sam-
ples (Table 2). The oven-annealed polyester-based toner films
were slightly smoother than the film of the chemical toner
(Table 2). It was not possible to identify individual particles,
nor any remainders of particle—particle interfaces on the sample

1§

Fig. 6. SPM topography (A-C) and phase (D-F) images of toner samples before being oven-annealed. Topographic height scales: toner 1, 4500 nm; toner 2, 3500 nm;
toner 3, 3000 nm. Image size: 25 um x 25 wm and color contrast in phase images: 50°.

surfaces (Fig. 7). The change of porous surfaces to non-porous
structures as a result of oven-annealing is not only visualized in
Figs. 6 and 7, but also demonstrated as a change of skewness
values (Ssk) from strongly negative to clearly positive values
(Table 2). The film of oven-annealed toner 3 is closest to a
Gaussian surface (Ssk ~ 0).

All the oven-annealed samples appeared quite heterogeneous
as concluded from the phase contrast images (Fig. 7D-F). The
surface of the film of toner 1 clearly consist of two differ-
ent phases with very high phase angle difference (Fig. 7D).
The phases are quite well mixed not forming distinct areas.
In toner 2 film, the surface consisted of particles with darker
phase contrast embedded on the matrix giving lighter contrast
(Fig. 7E), whereas for toner 3 the film matrix appears very het-
erogeneous (Fig. 7F). On the contrary to the samples before
oven-annealing (Fig. 6), where the phase images were capture
in repulsive region (Fig. 6D-F), the phase images for the sample
after oven-annealing were forced to obtain in bistable imag-
ing states (attractive-repulsive). However, this did not result any
apparent artifacts in the topographs (Fig. 7A-C). Furthermore,
topographic coupling did not completely explain the relative
large changes in phase contrast. Sudden changes between two
imaging states during scanning have been stated to be an indica-
tive of charge interactions between the tip and the sample [54].

Fig. 8 compares the effect of local SPM probe annealing
(Fig. 8B) and oven-annealing (Fig. 8C) on the topography of
the toner 2 powder tablet (Fig. 8A). With both annealing meth-
ods, the surface changed from a rough and porous morphology
(Fig. 8A; Sq=755nm, Sk =—0.84) to a smooth, non-porous
surface (for Fig. 8B; Sq=15.9nm, S =3.9 and for Fig. 8C,
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Fig. 7. SPM topography (A-C) and phase (D-F) images of the toner samples after oven-annealing. Topographic height scales: toner 1, 200 nm; toner 2, 300 nm;
toner 3, 300 nm. Image size: 25 wm x 25 wm and color contrast in phase images: 50°.

Fig. 8. SPM topography images for toner 2 tablet (powder) (A) before and (B) after SPM probe annealing (100 °C) and (C) after oven-annealing (160 °C). The image
size is 25 wm x 25 um. The height scale in (A) is 4000 nm, and in (B) and (C) 200 nm.

Fig.9. Cross-section ESEM micrographs of toner samples after SPM probe annealing. Two different magnification were used: The left-hand image (350 um x 350 pm)
and the right-hand image (40 um x 40 pum).
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Fig. 10. Microscope image of toner sample after SPM probe analysis. Darker
area indicates melted toner particles due to heat radiated from probe tip. Sample
thickness is approximately 6 mm.

19.4nm, Ssx =3.79). The result shows that the thermal energy
emitted by the SPM probe is enough to cause surface sinter-
ing comparable with oven-annealing, even if differences in the
thermodynamic behavior were found (Figs. 1-3, Table 1). The
small magnification ESEM micrograph (Fig. 9) and the micro-
scope image (Fig. 10), further demonstrates that the heat emitted
from the probe has penetrated more than 500 wm into the sample
causing detectable changes in the bulk structure (Fig. 9, left).
The sealing of the very surface is demonstrated by the large
magnification micrograph (Fig. 9, right).

4. Conclusions

We have demonstrated that SPM is a useful method for
characterizing thermal properties of polymeric inks such as
toners and polymer films. Small changes in heat capacity can
be observed and the slow heating rate makes it possible to
eliminate the contribution of volumetric changes to the data.
This is an indication of a high sensitivity of SPM to detect
thermal transitions even though glass transitions are normally
associated with only a very small change in heat capacity.
Good agreement was found between SPM data and results
obtained by Differential scanning calorimetry (DSC). These
methods may, however, also be regarded as being complemen-
tary; DSC measures bulk properties whereas SPM is a more
surface-sensitive method. Besides thermodynamics, SPM pro-
vided information about the structural changes involved in a
thermal transition. When the thermal history of the samples was
considered, interesting results were obtained providing valuable
information about the progress of the particle sintering. For
the non-annealed toner samples, the heat capacity was found
to be characteristic for the toner and especially for the type of
binder in the toner. For the oven-annealed samples the differ-
ences in heat capacity were much more marginal. Annealing
did, however, have an influence on the transition temperature,
but also these changes were characteristic of the studied sam-
ple. The topographical data complemented the study by enabling
to conclude about the progress of the heating-induced sintering
process.
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