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SUMMARY: The contamination of paper machine press fabric
materials by alkenyl succinic anhydride (ASA) in different
environments was studied using a new deposition tester. X-ray
photoelectron spectroscopy (XPS), infrared spectroscopy and
contact angle measurements were performed to analyze clean
and contaminated press fabrics. The results showed that the use
of ASA or calcium carbonate filler alone did not result in
especially severe contamination. However, when both ASA and
calcium carbonate were present, fouling was drastically
increased. Also, introducing Ca2+-ions with ASA in weakly
alkaline solutions (pH 8.5) resulted in notable contamination,
whereas this was not clearly seen in acid solutions (pH 4.0).
Thus, the main mechanism behind the remarkable contamina-
tion by ASA at alkaline conditions could be associated with the
formation of metal soaps of ASA. The results obtained with the
new laboratory tester indicated trends similar to those observed
in more fundamental laboratory experiments. As the tester can
also be used to evaluate surface material performance on
production scale by performing mill trials using paper machine
by-pass flows, it provides a direct connection from fundamental
interactions to mill scale applications in contamination testing.
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Deposit formation on papermaking equipment can cause
considerable problems in manufacturing efficiency and
product quality. Therefore, numerous studies have been
recently carried out on this field (Abraham 1998, Carre
et al. 1998, Doshi et al. 1998, Fukui, Okagawa 1986,
Kallio, Kekkonen 2005, Kallio et al. 2003, Kallio et al.
2004, Klein, Grossmann 1995, Krauthauf, Putz 1999,
Krauthauf et al. 2000, Lindfors et al. 2005a, Lindfors et
al. 2005b, Ling et al. 1993, Monte et al. 2004, Negro et
al. 1999, Otero et al. 2000, Philippaerts 2000, Saarimaa
et al. 2006, Shetty et al. 1994, Sithole et al. 1999). These
studies include investigations of fundamental surface
chemical interactions that induce contamination as well
as the use of different deposition testers to simulate
contamination. It has also been demonstrated that
laboratory results with deposition testers correlate with
mill results, and thus can be applied to improve processes
effectiveness in production scale (Philippaerts 2000,
Vähäsalo, Holmbom 2005). However, there is a lack of

studies combining basic measurements of fundamental
interactions – such as spreading, adhesion and adsorption
– and more applied deposition tests. Linking these would
provide a direct connection of fundamental interactions
to mill scale applications.

In this study we present a new laboratory tester for
deposition measurement that endeavours to mimic
process conditions of paper machines. The tester is used
to study the contamination of press fabric materials
(transfer belts). We believe that results attained by means
of this device can be used both to verify theories derived
from fundamental laboratory experiments and to predict
behaviour in production scale, and thus to find measures
to improve paper machine runnability.

Experimental

Materials

Alkenyl succinic anhydride, ASA
ASA was supplied by Ciba Specialty Chemicals, Raisio,
Finland. We have used the same ASA earlier and it is
described in detail elsewhere (Lindfors et al. 2005b). A
1.5% emulsion of ASA was prepared using a highly char-
ged cationic polyacryl amide (C-PAM), whose molecular
weight was ca. 0.2-0.5 x106. The ratio of C-PAM to ASA
was 1:4. Emulsification was done by intense mixing,
using a Braun MX 2050 kitchen blender, for 3 min. A
mean ASA droplet size below 1 µm was achieved. Fresh,
newly prepared emulsions were used for each experiment.

Calcium carbonate, CaCO3

Precipitated calcium carbonate (PCC) supplied by J. M.
Huber, Kuusankoski, Finland, was used. The particle size
of the PCC particles given by the manufacturer was 2.4
µm and the zeta potential has been measured to be + 7.5
mV (Liimatainen et al. 2006). PCC was received as a
20% (w/v) slurry. In the experiments the slurry was dilut-
ed to 1.5% w/v.

Calcium chloride, CaCl2

When CaCl2 was used in experiments, its concentration
was adjusted to 100 mM.

Water
Milli-Q water was used throughout the investigation.

Polyurethanes
The polyurethane (PU) press fabrics were provided by
Albany International. Two materials, PU1 and PU2, of
types that are commonly used in paper machine transfer
belts (Slater et al. 2001) were used. The most significant
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difference between the used polyurethanes is that,
according to the manufacturer, “spacers” are used in the
PU2 polymer matrix. This generates different surface
energies of the materials. For contamination testing the
polyurethanes were cut into pieces of ca. 50 mm x 100
mm, suitable for the deposition tester, from real press
fabrics. In addition to real press fabrics, model surfaces
were prepared by spin coating using a Laurel
Technologies Corporation WS-400B-6NPP/LITE spin
coater (Laurell Technologies Corp., USA). Spin coating
was done at 3000 rpm (60 s) from 1% water dispersions
of polyurethanes on a SiO2 wafer. The dispersions used
for spin coating were made from exactly the same
polyurethanes that were used for the press fabrics. The
model surfaces were used for investigation of chemical
composition of clean surfaces. All contamination testing
was performed using the real press fabrics. It should be
noted that full coverage of the SiO2 was no attained by
spin coating.

Methods

Deposition tester
A deposition tester developed at Laboratory of Organic
Chemistry, Helsinki University of Technology (TKK) in
collaboration with Metso Paper was used. The device was
specially designed to mimic paper machine wet pressing;
enabling pressing, doctoring, addition of chemicals, and
the use of wash showers. The unit can also be immersed
into a thermostat bath, allowing the temperature to be
controlled. A schematic drawing of the deposition tester
is presented in Fig 1 and a photograph of the tester in
Fig 2. The sample surfaces are mounted on a sample hol-
der cylinder (ca. 150 mm in diameter) whose rotation
speed can be adjusted between 30 to 300 rpm; this cor-
responds to speeds of ca. 14-140 m/min. Thus, even
speeds relatively close to magnitudes present at paper
machines can be achieved. However, from the earlier
laboratory and mill testing, it was obvious that contami-
nation trends were very similar no matter what rotation
speed was used. Clearly, shear flow conditions close to
sample surface either do not vary much as a function of a
rotation speed or they do not have an observable effect on
contamination in these tests.

The test unit can be used in three different modes. The
inlet and outlet ports 11 and 12 can be closed, allowing
very simple constant-temperature deposition tests on the
belt samples using different additives and wash chemi-
cals. In this mode, the unit is filled ca. 1/3 full with test
solution. Alternatively, the unit can be used in circulation
flow mode or open flow mode. The open flow mode is
extremely useful for on-site paper mill experiments; the
test unit can easily be connected to by-pass flows.

Mill scale tests to evaluate the suitability of different
press fabric materials to the particular environment in
question were performed at several fine paper mills using
paper machine by-pass flows. These measurements
showed that the tester was very useful as a means to
detect changes in process conditions (pH, electrolyte

concentrations, etc.) that tended to result in the formation
of deposits. While these results qualitatively confirmed
the trends observed in the laboratory tests described
below, they were too mill-specific to allow a systematic
correlation with laboratory results. We therefore do not
present any results from mill tests here.

A circulating flow was chosen for the laboratory
testing, because of good controllability of essential
parameters. A total liquid volume of 4 l, with a
circulating flow of 1.5 l/min. was used. Rotation speed of
the cylinder was adjusted to ca. 30 rpm. Contamination
time was 30 min and temperature about. 40°C. pH was
adjusted using NaOH. Addition of chemicals and
showering, possible at locations 5 to 8 (see Fig 1), were
not in use in these tests. The chemical environments cho-
sen for deposition experiments are shown in Table 1.

Fig 1. Schematic drawing of the deposition tester. 1: fabric sample holder cylinder
(diameter ca. 150 mm); 2: sample surfaces; 3: press roll; 4: doctor blade; 5: che-
mical addition 1; 6: chemical addition 2, 7: high pressure shower; 8: low pressure
shower; 9: air fan (heating); 10: heating; 11: circulation flow inlet; 12: circulation
flow outlet.

Fig 2. Photograph of the deposition tester. 1: the axis of the sample holder cylin-
der; 2: the axis of the press roll; 3: chemical additions, 4: high pressure shower;
5: low pressure shower; 6: circulation flow inlet; 7: circulation flow outlet.
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X-ray photoelectron spectroscopy, XPS
An AXIS 165 electron spectrometer and monochromatic
Al Kα irradiation was used for acquisition of XPS data.
For these experiments, small pieces were sliced from
freshly prepared press fabric samples dried in ambient
air. The spin coated model surfaces were analysed
immediately after deposition. Before analysis, all
samples were pre-evacuated overnight in order to
stabilize vacuum conditions. A reference sample (ashfree,
pure cellulose filter paper by Schleicher & Schuell, see
Johansson, Campbell 2004), was used with each sample
batch, in order to verify that ultra high vacuum
conditions remained satisfactory and non-con-
taminating. No sample deterioration was detec-
ted during the experiments.

All samples were analysed at three locations
(analysis area ca. 1 mm2). Elemental surface
compositions were determined from low-reso-
lution scans recorded with 80 eV analyser pass
energy and 1 eV step. Carbon and oxygen high-
resolution spectra were recorded from O1s and
C1s regions using 20 eV analyser pass energy
and 0.1 eV step. As shown by the inserts in Figs
3-4, the high-resolution carbon signal can be
resolved into four different peaks (from right to
left in spectra): C1, originating from carbons
bonded only to other carbon atoms or to hydro-
gen and the C2, C3 and C4 peaks that originate
from carbon atoms with one, two (or one dou-
ble) and three oxygen bonds (carboxyl group),
respectively. In addition, for surfaces contai-
ning PCC, a peak due to carbon in the carbona-
te ion, CO2-

3, occurs. In the quantification of C1s
high-resolution data, curve fitting with
symmetric Gaussian components and a Shirley
background was used (Beamson, Briggs 1992,
Johansson et al. 1999).

Contact angles
A CAM 200 contact angle goniometer (KSV Instruments
Ltd, Helsinki, Finland) was used for determination of
contact angles of water on the clean and dry polyurethane
surfaces in ambient air. The size of the water drops was
about 10 µl. Contact angles were calculated by
Axisymmetric Drop Shape Analysis (ADSA) using soft-
ware delivered with the instrument. This analysis is based
on fitting experimentally determined drop profiles to the
full equations for drop profiles of sessile drops derived
from the Young-Laplace equation. The fitting method is
based on the principle described by Jennings and Pallas
(1988).

Infrared spectroscopy
FTIR-ATR measurements were performed with a Bio-
Rad FTS 6000 spectrometer using a diamond ATR
microcrystal. The method is described in more detail by
Vikman and Vuorinen (2004). The polyurethane samples
were allowed to dry in ambient air before the IR
measurements. Samples were analysed at three locations.

Results

Surface chemical composition of the polyurethanes
XPS survey spectra of material PU1 and of the
corresponding model surface are presented in Fig 3.
Similar data for material PU2 are presented in Fig 4.
Resemblance, verifying the similarities, can be found in
the spectra of the real press fabric materials and the
model surfaces.

Dynamic contact angles of water on both materials are
presented in Fig 5. The results reveal material PU2 to be
significantly more hydrophilic than material PU1.

Environment ASA emulsion Chemical addition pH

A 1.5% ASA - 8.5
B 1.5% ASA 1.5% dispersed PCC 8.5
C 1.5% ASA 100 mM CaCl2 8.5
D 1.5% ASA 100 mM CaCl2 4.0
E - 1.5% dispersed PCC 8.5

Table 1. Chemical environments used in contamination testing.

Fig 3. XPS spectra of material PU1. (A) real press fabric surface; (B) corresponding model surface. The
high resolution C1s peak is shown as an insert.

Fig 4. XPS spectra of material PU2. (A) real press fabric surface; (B) corresponding model surface. The
high resolution C1s peak is shown as an insert.

Fig 5. Contact angle of water on surfaces PU 1 and PU 2 as a function of time.
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Contamination of the polyurethane fabrics
Photographs of polyurethane press fabrics – clean and
contaminated, in different environments – are presented
in Fig 6. Figs 7A and 7B show photographs taken during
the contamination testing (after ca. 10 min of contamina-
tion), where deposition tester press roll and PU sample
surface can be seen; Fig 7A presents contamination in the
environment ASA & PCC at pH 8.5, whereas Fig 7B is
taken when only PCC at pH 8.5 was used. From all these
figures it is obvious that clear visible differences in
fouling tendencies can be observed, depending on the
chemical environment.

XPS spectra from contaminated PU2 surfaces are
presented in Fig 8 (similar results were attained for PU1,
not shown). The calculated relative atomic surface
concentrations for both the model and sample surfaces
measured, as well as the high-resolution component fits
for the carbon C1s region are in Table 2. The data given
are mean of three measurements for each sample.

Since overall contamination was not observable via
any one element or peak component, we also calculated a
set of several possible marker candidates from Table 2,
see Table 3. Of these, the carbon component with only
one oxygen bond (called C(CO)) and silicon were
addressed as “substrate markers”, while two others were
probing the amount of contamination:
carbon without oxygen neighbours, the
most common carbon contamination
species, was chosen for organic conta-
mination, and the sum of inorganic
metals (excluding Si) and carbonate
were summed up for the marker in
inorganic contamination. All the mar-
kers are given in atomic intensities
relative to the original, clean PU2 sur-
face.

From Fig 8 and Tables 2 and 3 it is
obvious that clear changes in surface
composition can be detected when
there is a calcium addition in the sys-
tem. Using ASA emulsion alone does
not result in as high surface
contamination.

IR spectra of PU2 in the wavenum-
ber range 4000-2500 in different conta-
minating environments are presented in
Fig 9. Peaks typical for ASA and PCC
were also detected outside the presen-
ted wavenumber area. However, we
choose to present only the other area of
the spectra, because we find the peaks
occurring at ca. 3500 cm-1 (when ASA
and PCC or ASA and CaCl2 were used
in pH 8.5) the most interesting ones. In
addition, spectra of the different “con-
taminants” on a substrate with no IR
absorbance were recorded (a model
contaminant was prepared by placing a
corresponding mixture on a non-absor-
bing substrate and allowing the water

Fig 6. Photographs of clean and contaminated polyurethane samples. Clean press
fabric materials are shown on the left and the ones contaminated in different
environments then from left to right. Some digital adjustment of photograph
brightness and contrast was done to improve visibility of different tones. Material
PU1 on the top, PU2 on the bottom.

Fig 7. Photographs shoving the deposition tester press roll and PU sample surface
after ca. 10 minutes of contamination. (A) ASA & PCC, pH 8.5 (B) PCC, pH 8.5.

Fig 8. XPS spectra of material PU2, recorded after
contamination experiments in different conditions, (A)
ASA, pH 8.5 (B) ASA & PCC, pH 8.5 (C) ASA & CaCl2,
pH 8.5 (D) ASA & CaCl2, pH 4.0 (E) PCC, pH 8.5.
Inserts show high resolution spectra of the C1s peak.
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to evaporate). These are shown in
Fig 10. Also, spectra of pure ASA
and PCC are presented in the same
figure.

Discussion

Surface chemical composition and
wetting of the polyurethanes
The XPS data (Figs 3 and 4 and
Table 2) show some differences
between the surface chemical com-
positions of materials PU1 and
PU2. Hearn et al. (1988) have
shown that it would be possible, for
example, to draw conclusions with
regard to the molecular mass ratios
of different constituents used.
However, our intention here was
mainly to obtain reference spectra
for evaluation of the contamination.
Detailed comparison of the spectra
of real press fabric surfaces with
those of corresponding model
surfaces is not sensible because full
coverage could not be attained for
the model surfaces. However, the
spectra of real and model surfaces
show similarities. The contact angles of water (Fig 5)
show that material PU2 is clearly more hydrophilic than
material PU1. This hydrophilicity can be associated to
the higher relative oxygen content on surface PU2, in
particular the clearly higher carboxyl content on PU2.
Furthermore, the higher content of silicon on surface
PU2, because of “spacers” used in fabric manufacturing,
is most likely to contribute to hydrophilicity. Actually, the
higher content of oxygen is probably partly related to the
silicon content, i.e. use of “spacers”. The dynamic nature
(spreading) of water contact angle on PU2 is most likely
because of surface structural aspects, also associated to
the use of “spacers”. Previous studies indicate that the
difference in the surface hydrophilicity of the two materi-
als can be expected to affect the contamination behaviour
(Lindfors et al. 2005a).

Contamination of the polyurethanes
While it is important to bear in mind that only a
qualitative evaluation can be done based on the photo-
graphs in Fig 6, some conclusions can be drawn. Thus, it
seems that notable contamination occurred whenever
PCC was used in the experiments. One reason is simply
that PCC is highlighted because of its white colour
(against that of the black polyurethane base). It can also
be inferred from the photographs that combination of
ASA and PCC formed more deposits than just using PCC
alone. This can be more obviously observed in Fig 7,
where distinct fouling, after only relatively short time of
contamination, can be seen when ASA and PCC were
used together, whereas almost no fouling is observed if

only PCC was used. It was actually found that using just
a light showering could almost totally prevent the
contamination by PCC alone, but had no significant
effect on fouling when both ASA and PCC were used

Sample and Sample composition from wide area spectra Relative amount of
environment (all detected atoms) different carbons

O C N Si Ca Cl Mg Na S C1 C2 C3 C4

PU 1
Model 23 73 3.7 63 25 3.6 8
Clean 15 82 2.0 1.1 78 20 0.7 1.9
ASA pH 8.5 18 78 4.3 0.1 0.3 75 15 6 4
ASA&PCC 15 82 0.7 0.2 2.0 85 6 5 4
pH 8.5
ASA&CaCl2 16 81 0.7 0.3 1.9 0.2 84 6.4 4.4 6.3
pH 8.5
ASA&CaCl2
pH 4.0
PCC pH 8.5 32 59 0.9 0,5 7 1.2 66 14 4.3 14

PU 2
Model 29 45 1.7 25 0.1 34 44 18 2.8
Clean 23 69 2.7 4.5 0.3 1.1 66 28 2 4.2
ASA pH 8.5 22 70 3.3 3.2 0.2 0.8 0.8 70 20 5.2 4.5
ASA&PCC 17 78 1.6 1.7 2.0 85 6.6 4.5 4.3
pH 8.5
ASA&CaCl2 20 72 1.8 3.1 0.7 0.2 1.0 0.7 80 9.5 4.7 5.4
pH 8.5
ASA&CaCl2 20 73 1.8 4.6 0.6 0.4 80 11 3.8 5.4
pH 4.0
PCC pH 8.5 30 58 1.0 1.9 3.7 1.1 3.2 1.1 68 16 7.7 6.3

Table 2. Atomic concentrations (in atom %) of different components on the press fabric surfaces obtained from wide area
and high resolution C1s XPS spectra. Amounts of O, C, N and Na from 1s peaks; amounts of Si, Ca, Mg, S from 2p
peaks. C1: carbons bound only to other carbon atoms or to hydrogen. C2, C3 and C4: carbon atoms with one, two (or one
double) and three oxygen bonds (carboxyl group).

Environment “Substrate markers” “Contamination markers”
C2 (C-O) in C1s Si C1 (C-C) in C1s Inorganic Me+CO3

Clean 1.00 1.00 1.00 1.00
ASA pH 8.5 0.72 0.72 1.09 1.52
ASA&PCC  pH 8.5 0.27 0.38 1.46 2.96
ASA&CaCl2 pH 8.5 0.35 0.70 1.28 2.42
ASA&CaCl2 pH 4.0 0.42 1.02 1.27 1.16
PCC pH 8.5 0.47 0.42 0.87 9.49

Table 3. Atomic concentrations (in atom % of total) of selected components in the
surface of sample PU2, indicating substrate and contamination, obtained from
wide area and high resolution C1s XPS spectra.

Fig 9. IR spectra of clean and contaminated PU 2. For clarity, the spectra have
been shifted with respect to one another on the transmittance scale.
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(results not shown here). From the photographs of Fig 6
it can be also clearly seen that adding CaCl2 and ASA
caused more contamination than using ASA alone. This
was especially the case at high pH (8.5). 

Contamination, in various environments, was further
examined with PU2. Fouling behaviour can be evaluated
from the relative concentrations of “Substrate markers”
and “Contamination markers” presented in Table 3. In the
presence of only PCC straightforward interpretation by
these means was not possible; there was a large amount
of deposited on the surface and from the substrate and
contamination markers it appears that the surface was
contaminated to a relatively high degree. However, the
nature of this contamination was very different from that
occurring when ASA was used and we do not see it as
particularly detrimental as it could be easily washed away
(see above). The environment where only PCC was used
is mainly included here to compare with the case of ASA
and PCC together. When using ASA and PCC the C/O
ratio calculated from XPS results increased to 4.7 (from
3.1 of clean PU2 surface), while using only PCC resulted
in C/O ratio of 1.9. This indicates that ASA is covering
PCC. It has been earlier illustrated by Colasurdo and
Thorn (1992) that remarkable amounts of alkyl ketene
dimer (AKD) can be found on PCC. It is, thus, reasona-
ble to assume that there, indeed, could be a significant
interaction between ASA and PCC as well.

It is clear that ASA alone did not cover the PU2
surface very much; the spectra of clean and ASA conta-
minated surfaces were rather similar (Fig 4A and Fig 8A)
and none of the markers used for contamination changed
very much (Table 3). When ASA and PCC were used the
amounts of C-O and Si, marking the clean surface, were
drastically decreased and an increase in C-C and metals
amount was observed (Fig 8B and Table 3). These
contamination trends could also be seen when ASA was
used in combination with CaCl2 (Figs 8C, 8D). Here, the
most interesting finding was that at pH 8.5 the total
amount of metals was clearly higher than at pH 4.0 and
the amount of Si on the surface was decreased, as well.
An obvious explanation is that these differences are
directly associated with the formation metal soaps that
occurred on the surface after hydrolysis of ASA to alke-

nyl succinic acid and covered the polyurethane. Thus our
earlier finding (Lindfors et al. 2005a) of the detrimental
combined effect of high pH and calcium is strongly
supported by these results.

From the photographs (Fig 6) it appears that at pH 8.5
when ASA and CaCl2 were used, a difference in
contamination between surfaces PU1 and PU2 was not
detectable. On the other hand it can be argued that, for
example, in the case of ASA and PCC material PU1
appears to be more contaminated than PU2. We have also
noted earlier that when there is CaCl2 present at high pH
the surface no longer determines the contamination beha-
viour (Lindfors et al. 2005a). Results obtained here also
support this finding.

The most interesting features of the IR data are the
peaks that occurred at ca. 3500 cm-1 when ASA & PCC
and ASA & CaCl2 were used at pH (Fig 9). These peaks
are most likely due to O-H stretching (note that in the
spectrum of the clean PU2 surface, there is a peak at ca.
3300 cm-1, which is characteristic for polyurethane; N-H
stretching). Under these conditions, one expects that
metal soaps of ASA will be formed, as already stated
earlier, and also that there will be some water bound to
these soaps. To verify that these peaks were really
associated with the used environments model
experiments were carried out. The IR spectra presented in
Fig 10, show features similar to the spectra of
contaminated polyurethanes and, thus, strongly support
the interpretation of the latter. Since IR techniques are
readily applicable for on-line measurements, it might be
possible to develop a measuring system forewarning
about detrimental contamination build-up before severe
runnability problems are encountered.

Conclusions
The results of measurements of the contamination of
press fabric materials with a new laboratory tester
developed to realistically mimic process conditions show
features similar to those observed in fundamental
laboratory experiments (Lindfors et al. 2005a). As the
tester can also be used to evaluate surface material
performance in production scale by performing mill trials
using paper machine by-pass flows, it offers the possi-
bility of direct connection of fundamental interaction
studies to mill scale applications in contamination
testing.  The formation of deposits seems to be
particularly troublesome when ASA is used concomitant-
ly with PCC (or CaCl2) at neutral or slightly alkaline pH.
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