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Welcome Message

JAMES OLSON

Chair of the IMPC 2022 Organizing Committee

Dear Colleagues,

After 4 long years without a major in-person conference in the field, it is my honour, privilege and pleasure
to be able to welcome everyone to beautiful Vancouver, BC, Canada, to reunite as a community, to meet
with old friends and to make new ones, and to share the latest research and developments in mechanical
pulping and bioproducts.

The tremendous impact of the COVID pandemic cannot be understated. We have all had to make the
pivot to adjust to conducting teaching, learning, research, and working online and from home. We also
had to work hard to develop extensive COVID safety plans to be able to return to our workplaces, our
research labs, and our classrooms. Throughout all of this we were able to not only continue to operate
but we were able to continue to develop new understanding, new processes and to bring new innovations
to the industry.

I know it has not been an easy time. We have all been tremendously impacted by this global pandemic
both personally and professionally, but | hope that as we move into the final phase, we are able to reflect
on what we have learned and use that learning to improve our ability to collaborate at a distance, to
expand on the opportunities for collaboration that we will gain during this conference, and to accelerate
our impact by more frequent and easier online meetings and discussions.

| can’t thank the organizing committee enough. They signed on to help organize this conference but had
no idea that it would lead to 4 years of meetings to plan, then extend, then pivot and re-plan. Throughout
all of that time, they remained committed to putting on an in-person conference as soon as was practi-
cally possible because they knew the importance of the personal interactions, the insights we gain over
coffee or dinner, and the friendships that emerge at the breaks that only occur in person. So, as a com-
mittee, we encourage all of you to spend time with each other, to learn from each other and to seek out
opportunities for future collaborations during your time here in person.

I would like to make a special thank you to Kelley Oh and Titichai Navessin who have been doing all of the
work of the committee and really made this event happen. | also want to thank the sponsors of this event
for their financial support, without which this event would simply not be possible.

On behalf of the committee, | wish everyone a productive, insightful and enjoyable conference. | look
forward to seeing the impact that will come from the insights shared here this week.

Sincerely,

James Olson

Dean, Faculty of Applied Science
University of British Columbia
Chair, IMPC 2022 Organizing Committe
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ABSTRACT

An underestimated problem in the rapidly growing
CTMP industry is uneven sulphonation. Optimizing the unit
operations before chip refining, chip washing, steaming, im-
pregnation, and preheating improves efficiency, provides
smoother fiber properties, and reduces the cost to a certain
property in the final product. Impregnation is crucial to the
CTMP quality, and further improvement in its smoothness
requires a careful study of the optimization of pulpwood
chipping and the chipping process with reduction technol-
ogy at sawmills. The CTMP system, however, is difficult to
optimize due to the lack of rapid measurement methods for
determining the smoothness of the impregnation at the fiber
level. The ability to study how the process system can be
optimized requires a robust method of measuring degree of
sulphonation at the fiber level. It is possible to study CTMP's
degree of sulphonation at the fiber level by measuring the
distribution of elemental sulphur and counterions of the sul-
phonate groups, such as sodium or calcium. Thus, we are
developing an XRF (x-ray fluorescence) technology based
on scanning imaging and energy-resolved X-ray spectrum
from a collimated X-ray source. The measurement technol-
ogy is developed so that it can be used in pulp industry la-
boratories.

Keywords: CTMP, Impregnation, Single fiber, Sulphona-
tion and X-ray fluorescence.

INTRODUCTION

There is a growing concern about the environmental im-
pact of plastic packaging. As a replacement, the use of wood
fiber-based materials could significantly reduce the problem
since wood fiber-based materials break down. In the future,
we see High Yield Pulps (HYP), like Chemimechanical Pulp
(CMP/CTMP/ HTCTMP), as key components of sustainable
packaging materials. There is an increasing demand for a
fundamental scientific understanding of the CTMP process,
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in which lignin (28% coniferous wood) plays an important
role. The CTMP's key unit operation is to treat wood chips
prior to defibration. The minimum amount of electric energy
required for lignin softening is closely related to the separa-
tion of wood into individual fibers. Several approaches can
be used to reduce the lignin softening temperature, including
sulphonation and carboxylation. The efficacy of impregna-
tion is known to be crucial [Ferritsius and Moldenius 1985,
Gorski et al. 2010] and it is difficult to achieve an even dis-
tribution of sulphite (SO3>") ions in wood chips, which leads
to inhomogeneous wood fiber properties [Bengtsson et al.
1988]. Now the challenge is to understand how to achieve
homogeneous sulphonation in wood chips. Previously sug-
gested improvements to impregnation have always been dif-
ficult to evaluate for their effectiveness [Heinter et al. 1982,
Kokta et al. 1991, Malkov et al. 2001, Robinson et al. 2002
and Malkov ef al. 2003].

At the impregnation stage, it likes that the inner parts of
wood chips accept significantly less sulphonation compared
to their outer parts. An even distribution of sulphonation will
most likely reduce the shive content. Earlier research that
used traditional sulphonation measurements showed that
shives had a much lower degree of sulphonation than whole
pulp. Thus, a more evenly distributed degree of sulphonation
at the fiber level would be very likely to improve final prod-
uct properties a lot. However, the degree of unevenness, i.c.,
the sulphonation degree and softening of each fiber in the
chip refiner before being defibrated, is largely unknown at a
micro-scale level due to too robust or complex methods. We
aim to improve impregnation technology to ensure the even
distribution of sulphonate among wood chips and minimize
variations in sulphonate content between different fibers.
Therefore, it is necessary to measure the sulphonate group
distribution in wood chips and in individual fibers, i.e., on a
micro-scale. There is currently no easy method to measure
the distribution of sulphonate groups in wood chips or indi-
vidual fibers. If there were, it would provide a better under-
standing of sulphonation before defibration.



METHODS AND MATERIALS

Laboratory X-ray fluorescence imaging measurements
was conducted at STC (Sensible Things that Communicate)
of Mid Sweden University, Sweden, using a handmade tung-
sten carbide (WC) 50pum pinhole at XRF in helium and air
environments. We also established a collaboration with the
2-1D-D beamline at APS (Advance Photon Source) USA in
order to study a single fiber sulphonate distribution of CTMP
paper sheet.

An energy-dispersive X-ray fluorescence (ED-XRF)
scanner has been built-in a laboratory scale, using a colli-
mated X-ray source and utilizing the energy-dispersive X-
ray spectroscopy method to demonstrate the capability of
imaging the distribution of sulphur (S) to find an answer to
the question of sulphonation degree during CTMP impreg-
nation. Figure 1 illustrates the process of placing the im-
pregnated wood or paper samples in titanium boxes in air or
helium gas environments. A simple scan with some steps of
the sample surface (impregnated wood chips or paper

sample) produces an elemental distribution image of the sub-
stances as photon counts, which is sufficient to illustrate the
primary spectrum of sulphonation.

The CTMP-712 reference pulp from Valmet pilot plant
was selected to investigate sulphur distribution. CTMP was
diluted at different percentages with SCA reference K44
bleached softwood kraft pulp (BSWK). Due to the thorough
washing of the pulps, it was assumed that unbleached kraft
pulps (UBK) with lignin would contain no rest sulphur, re-
sulting in BSWK without rest sulphur. A 20g/m? handsheet
by mixing CTMP and BSWK (50/50) was measured with
this setup. For single fiber analysis at APS, 8g/m? handsheet
(CTMP/Kraft 50/50) was selected. Using a conventional
sheet former with a surface area of 0.021m?, a low gram-
mage handsheet of 20g/m? was made in accordance with ISO
5269-2:2004 at SCA R&D Centre, Sundsvall, Sweden [Rah-
man ef al. 2017].

Resolved spectrum

Thin Paper sheet

]
=
Titanium sample holder
d

(f)

Figure 1. Image of ED-XRF measurement setup with Helium gas atmosphere in Ti box [ Redrawn from Rahman 2021].

In the figure, (a) Moxtek X-ray Source (b) Spectrometer for analyzing the spectrum of elements (c¢) 10x10x2.5 cm titanium
shield box for sample at helium gas atmosphere, (d) Connection of helium gas, (e) Stepper motor 2D (XY directional movement

and (f) CTMP/kraft (50/50) handsheet inside at Ti box.

The specific challenge here was that low-energy fluores-
cence photons from sodium (Na) and sulphur (S) are easily
absorbed by air, making imaging in another atmosphere nec-
essary. To validate the setup and select the proper atmos-
phere for measurements, Monte Carlo N- Particle radiation
transport code (MCNP) was used to simulate the measure-
ment setup [Werner 2017]. From the simulation spectra at
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helium, air, and vacuum environment, a 2cm thickness of air
completely absorbed the Na signal and 50% of the S signal,
thus resulting in a low signal on the XRF-spectrum [Rahman
et al. 2021]. Even though a vacuum atmosphere is a com-
pletely airless atmosphere, the difficulties associated with
maintaining moving parts in a vacuum have significant im-
plications for the design of the instrument at a laboratory



scale. Helium gas chambers are sufficient for measuring sul-
phonate level in this application. For this reason, a titanium
(Ti) box filled with helium was used to minimize the

RESULTS AND DISCUSSION

Using an XRF lab setup, a 20g/m?> CTMP/Kraft (50/50)
paper sheet was analyzed at one spot in a single line in he-
lium and air environments at 8keV for 7 hours. In compari-
son to air, sulphur (S) exhibits an enhanced peak (higher S

absorption of fluorescence photons and shield from scattered
photons that could affect the measurement.

photon Counts) at 2.31 keV in helium environment, (see Fig-
ure 2). Moving to a spot point at single line scanning how-
ever caused the variation of S photon counts, causing incon-
sistent sulphur distribution, (see Figure 3) [Rahman 2021].
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Figure 2. CTMP/Kraft (50/50) 20g/m? paper sheet XRF
analysis using a 50um pinhole in helium and air environ-
ment.

Figure 3. CTMP/Kraft (50/50) 20g/m? paper sheet XRF
analysis at 3 different points in single line using a SOum pin-
hole in helium environment.

Figure 4. Measurement of sulphonation in single fibers of CTMP at 2-ID-D beamline at APS, USA.

The figure shows S, CI, Ca, Fe, Cu and Zn on 8g/m> CTMP/ kraft (50/50) paper. Throughout the preliminary figures, the color
scales) represent the concentration range from zero to the highest concentration measured for each element. The color map
is "jet", where "red" represents the maximum concentration in the actual photo where the resolution of the image is 1um.

times to generate enough signals to detect the characteristics
lines of light elements at 1pm steps. We observed here sig-
nificant differences in fiber sulphonate content at 8g/m?

Furthermore, in our recent investigation, the synchrotron
radiation beam intensity at APS, USA allowed a trade-off
between better spatial resolution and shorter measurement
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CTMP/kraft (50/50) at 2-ID-D beamline. It showed that sul-
phonated lignin surfaces can be distinguished down to the
sub-fiber level. In Figure 4, sulphonated lignin is unevenly
distributed within each fiber as well as on each fiber surface.

Since increasing the even sulphonation distribution sig-
nificantly decrease the specific energy demand in chip refin-
ing for certain shives contents. Our hypothesis is that the ef-
ficiency and evenness of fiber separation in the chip refiner

CONCLUSION

In the pulping industry, the XRF measurement method can
be used to improve the impregnation technology of
CTMP/CMP/ HTCTMP in order to improve process effi-
ciency, and product properties, and find solutions to pro-
cess problems in the manufacture of advanced fiber mate-
rials. By ensuring a uniform distribution of sulphonates, the
XRF technique can improve the uniformity of a fiber's
properties by determining its impregnation depth. On the
other hand, polycapillary X-ray optics can be used more
effectively in preparing the next lab step than using XRF
pinholes to encapsulate between 10-20um for single fiber
analysis. Polycapillary gain generates 150 times more X-
ray flux than our handmade pinhole, which will also result
in a substantial reduction in measurement time.
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is highly dependent on how evenly the preheated chips have
been sulphonated. By minimizing the differences in sulpho-
nate content between fibers, we can minimize the require-
ment for sulphite dosage to a certain degree of fiber separa-
tion, thereby reducing the total amount of electricity used in
chip refining. It has been studied the feasibility of softening
chips in order to produce CTMP that has well-preserved fi-
bers with yields above 95%, shives content less than 1% be-
fore the screening, and energy consumption less than 200
kWh/h [Persson et al. 2019].
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