
KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF INDUSTRIAL ENGINEERING AND MANAGEMENT (ITM)

DOCTORAL THESIS IN PRODUCTION ENGINEERING
STOCKHOLM, SWEDEN 2016

Image-based quanti-
tative infrared analy-
sis and microparticle
characterisation for
pulp and paper appli-
cations

KARI HYLL

Academic Dissertation which, with due permission of the KTH Royal
Institute of Technology, is submitted for public defence for the Degree
of Doctor of Philosophy on Friday the 12th February 2016, at 10:00
a.m. in Innoversum, Innventia, Drottning Kristinas Väg 61, Solna.



ISBN: 978-91-7595-843-9 | TRITA-IIP 16:01 | ISSN 1650-1888
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-180722

Abstract

Measurements of process variations and particle morphology are widely
employed in the pulp and paper industry. Two techniques with high potential,
infrared thermography and microparticle characterisation, are mainly used
qualitatively. Quantitative thermography requires knowledge of the emittance,
a material property which has not been measured under many process-relevant
conditions. Quantitative characterisation of microparticles, e.g. pulp fines and
mineral fillers, requires the analysis of a large number of particles, which can
be accomplished using flow microscopes. Flow microscopes for pulp analysis
have had insufficient spatial resolution to resolve fines and fillers. Additionally,
there has been a lack of methods which can differentiate between fines and
fillers in a mixed suspension.

State-of-the-art instruments for particle image analysis were evaluated and
compared to laser diffractometry, a measurement method based on scattering
by diffraction. Laser diffractometry was found to be highly sensitive to the
complex refractive index of the particles, and especially to its change due to
moisture absorption. A high-resolution imaging flow cytometer and a high-
resolution fibre analyser were found to be complementary for characterisation
of pure fines and fines/filler mixtures, and superior to laser diffractometry.
A method for differentiating between fines and fillers in a suspension based
on their autofluorescence and side-scattering was proposed and qualitatively
evaluated.

Furthermore, a method for measuring the directional and integrated
emittance of paper was developed and its accuracy was determined.
Measurements on a wide range of samples showed that the emittance of fibre-
based materials vary significantly with wavelength, pulp type, observation
angle, and moisture content. By applying measured quantitative values of
the emittance, the thermal energy emitted by sack paper samples during
mechanical deformation could be quantitatively calculated. The increase in
thermal energy at the time of rupture was found to correlate well with the
elastic share of the mechanical energy that was stored in the sample during its
elongation.

In summary, the results of this work have facilitated the use of quantitative
microparticle analysis and infrared thermography for pulp and paper
applications. 
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