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Abstract Defibration conditions and raw material proper-
ties affect wood fiber characteristics, and thereby the
properties of fiber-based panels such as high-density
fiberboard (HDF), medium-density fiberboard (MDF) and
wood fiber insulation board. This study investigates the
influence of steaming conditions (time and temperature),
grinding disc distance, wood species (pine, beech, birch
and poplar), method of refiner discharging (radial and
tangential stock outlet) and wood chip size on fiber length
and fiber length distribution, and further the influence of
fiber size on MDF properties. Fiber lengths were deter-
mined applying the recently developed image analysis-
based fiber size measuring system FibreCube. This system
enables an automated and nearly complete mechanical
separation of woolly-felted fiber samples prior to image
acquisition, software-supported post-separation of over-
lapped-lying fibers at the beginning of image analysis, and
flow line tracing-based length measurement. It was found
that grinding disc distance and wood species are the most
influential parameters on fiber length characteristics.
Especially the content of undefibrated fiber bundles
(shives) was found to strongly correlate with the grinding
disc distance. Wood anatomical differences between
hardwood and softwood were reflected clearly by the fiber
length characteristics. Fiber size was found to be one of the
parameters influencing panel properties. However, other
fiber characteristics—in particular the chemical nature of
the fiber, which is responsible for its wettability with water
(thickness swelling) and glue (mechanical properties)—
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have to be considered as important influencing parameters
on panel properties.

1 Introduction

With a share of 23 % (11.7 mio m3) of the European wood-
based panel production (51.1 mio m®) in 2010 (excluding
Russia and Turkey), medium-density fiberbord (MDF) is
the second most important wood-based panel after parti-
cleboard (Dory 2012). The worldwide production of MDF
was 70 mio m’ in 2010 (FAO 2010).

The main feedstock for MDF manufacturing—thermo
mechanical pulp (TMP)—is usually obtained from a defi-
bration process. After softening the wood matrix substance
lignin in a digester, wood chips or sawmill residues (saw-
dust) are milled into fibers by the grinding discs of a refi-
ner. With an increased degree of breakdown of the natural
structure of wood, and, in consequence, a simultaneously
increased degree of energy consumption (e.g., refiner
engine power which again corresponds to the grinding disc
distance), wood-based panels made of this raw material
become more homogenous and isotropic, while strength
properties decrease (Wagenfiihr et al. 2008). Steaming
temperature, respectively wood chip temperature after
steaming, determines how the natural wood structure is
processed into fibers. At temperatures below lignin soft-
ening, the fibers are pulled out of the wood structure and
consequently damaged, while at temperatures above lignin
softening, the wood substance is separated into single fibers
at the middle lamella (Wessbladh and Mohr 1999).
Accordingly, the parameters of the defibration process
determine the fiber quality achieved (Deppe and Ernst
1996).
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Besides hot pressing and the amount and type of resin
used, fiber quality (fiber size and morphology, surface
characteristics, chemical properties, mechanical behaviors)
is the most important variable affecting the manufacturing
process and panel properties. For instance, fine-grained
TMP is used to meet profiling requirements (deep router
grade MDF), while coarser soft wood fibers are required to
realize a low bulk density after mat forming in order to
manufacture wood fiber insulation board. Aiming to man-
ufacture thin MDF for direct lacquering or furniture-grade
MDF, a low shive-content TMP is required in order to
achieve a homogeneous panel surface.

Irrespective of the importance of fiber size-based char-
acteristics for fiberboard production, manual fiber inspection
has been performed for evaluation for a long time (Wess-
bladh and Mohr 1999) because no adequate measuring sys-
tem was available on the market (Benthien et al. 2013).
Today, shive control can reliably be conducted with the mat
surface inspection system FiberView (Fagus-GreCon Greten
GmbH & Co. KG (Grecon), Alfeld, Germany) as shown by
its increasing application in the MDF industry (Hasener
2013a, b). Its high measuring frequency and automated
feedback to the press control station in the form of charac-
teristic values—e.g., number of shives per mat area—allows
a quick adjustment of the digester and refiner settings.
However, the FiberView is focused on shive detection on the
mat surface and does not provide information on the com-
position of the fiber size and fiber size distribution in total. A
more detailed fiber analysis is required to optimize the
defibration process in sum (raw material composition,
steaming parameters and refiner settings)—in particular with
a view to optimizing panel properties.

As no system for the size characterization of fiberboard
TMP was available in the market, the Thiinen Institute of
Wood Research (Hamburg, Germany), Hamburg Univer-
sity (Hamburg, Germany)—in particular Department of
Wood Science and The Cognitive Systems Laboratory
(KOGS)—and GreCon commenced development of the
image analysis-based fiber size measuring system Fibre-
Cube in 2009. The aim of the last of three research pro-
jects was to finalize and apply the system to the
investigation of considerable interrelations between defi-
bration conditions, fiber size and fiberboard properties
(Benthien et al. 2014a).

The intention of this paper is to present the results of the
laboratory investigations conducted in the framework of
the above-mentioned research project. In this regard, dif-
ferent fiber types were produced and analyzed as well as
fiberboard manufactured and properties of these panels
determined. The fiber size, the raw material source and
defibration conditions were varied as influencing
parameters.
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2 State of the art
2.1 Fiber size characterization

To be consistent with the change from the wet to dry MDF
production process, also in raw material characterization,
Jensen and Seltmann (1969) focused on the development of
dry fiber fractionation methods. In addition to the well-
known sieve sorting technique in particleboard production,
a vertical air stream classifier and the use of an air-jet sieve
for fiber characterization were proposed. However, con-
ventional sieve analysis has recently appeared to be
unsuitable because fibers tend to agglomerate (formation of
felted fiber balls) during sieving (Plinke et al. 2012). Air-jet
sieving was found to be inadequate to determine the dust
content (Wenderdel et al. 2014) and consequently inade-
quate for fiber analysis.

In the early stages of electronic data processing, Quirk
(1981), Micko et al. (1982) and Myers (1983) began
measuring fiber sizes with a handheld cursor on the basis of
dry-scattered, optically magnified and projected fibers by
tracing the fiber image from end to end. An in principal
similar test setup, however with a digital camera for fiber
imaging and a software-supported technique to trace each
individual fiber manually, has been described by Lu et al.
(2007). Although this approach is time-consuming and
ineffective with regard to the amount of measured fibers,
this procedure is still performed in practice. Nonetheless,
the principles of this procedure form the basis of modern
image analysis-based particle and fiber size measuring
systems, while size measurement of the imaged fibers is
arranged by automated software routines.

As is the case for sieving methods from the particle-
board industry, measuring systems from the pulp and paper
industry—based on aqueous fiber suspensions—seem to be
inapplicable for the characterization of MDF fibers, too.
This applies, in particular, to unadjusted image analysis-
based fiber size measuring systems (as will be discussed
below) and to wet sieve fractionation systems like the
Bauer McNett (Frank-PTT GmbH, Birkenau, Germany) and
the Master Screen/Shive-Analyser (Pulmac Inc.; Pointe-
Claire, Canada). In the case of the two wet sieving tech-
niques, undifferentiated information regarding fiber length
and width is obtained, similar to wood particle sieve
fractionation. Experiments from Roffael et al. (1994a)
applying the image analysis-based measuring system
Kajaani FS 200 (Metso Automation INC, Helsinki, Fin-
land) showed that coarse fibers and fiber bundles tend to
block the flow-cell. Funk (2013) conducted promising
experiments applying the measuring system PulpVision
(Andritz AG, Graz, Austria) from the pulp and paper
industry, but with adjusted flow-cell for MDF fiber
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measurement. Experiments conducted by Weber et al.
(2014) using a combination of the QualScans (Pulmac)
dissolver unit and a Camsizer (Retsch GmbH, Haan, Ger-
many) as photo unit showed again that MDF fibers tend to
cause flow-cell blockages.

The major limitation of measuring systems with dry
fiber preparation is to attain an adequate fiber separation
prior to imaging. Basically, promising systems like the
Camsizer and the QIC-PIC (Sympatec GmbH, Clausthal-
Zellerfeld, Germany) are optimized on free-flowing parti-
cles but are unfortunately unable to separate fibers passing
through a vibrating feeder channel. This applies as well
when the vibrating feeder channel is combined with a dry
air-flow disintegrator as in the case of the QIC-PIC. Sample
preparation (manual disintegration of fiber lumps) in the
case of the FibreShape (Innovative Sintering Technologies
Ltd., Vilters, Switzerland) is laborious and time-consuming
and surpasses microscopic measurements only by com-
puter-assisted image analysis, as can be seen from a first
attempt to apply FibreShape to fiber size measurement by
Ohlmeyer et al. (2006). Attempts to solve limitations of
these systems have not yet brought a breakthrough. Schmid
(2013) proposed disintegrating fiber lumps with liquid
solvents by placing the solution on a glass plate, evapo-
rating the solvent and finally characterizing the fibers with
the FibreShape system. This procedure may be useful for
specific problems but will not help to speed up the mea-
suring technique. Sympatec developed the so-called sepa-
ration unit “Fibros”, which aims to separate fibers with a
brush head rotating on an air jet sieve prior to image
capture. However, experiments by Benthien et al. (2014b)
showed that fiber bundles remain in the brush and cannot
be measured.

Weber et al. (2014) reported on a promising newly
developed pneumatic short fiber rotation disperser, which
separates dry fibers with different compressed air nozzles.
While this system was successfully tested for wood flour
within an industrial trial, MDF fiber analysis was subjected
to various restrictions during first laboratory experiments.

Subsequent to adequate fiber separation prior to imag-
ing, software-supported post-separation of overlapped-ly-
ing fibers at the beginning of image analysis is a further
requirement. This serves to avoid incorrect fiber size
measurements due to the interpretation of fiber agglomer-
ates as undefibrated fiber bundles or the systematic exclu-
sion of defibrated but just agglomerated (touching) fibers
on the image. Since adequate fiber separation is one of the
major challenges in image-based fiber characterization, in
practice the number of excluded particles is quite high. Up
to now, only few tools are known for post-separating fibers.
One is offered as a feature for the glass fiber measuring
system FASEP (xyz high precision, Darmstadt, Germany),
a second—FiVer—was introduced by Popp (2013),

applicable to straight shaped glass fibers without any cur-
vature. The post-separation approach utilized from the
FibreCube system has recently been introduced by Seppke
et al. (2015).

Following mechanical fiber separation, image acquisi-
tion and, if possible, software-supported fiber post-sepa-
ration, image analysis is the last step of image analysis-
based fiber size measurement which can potentially be
more or less suitable for fiber measurement. In the case of
fibrous particles, fiber-tracing models should be preferred
while models like the minimum area bounding rectangle
model or the Feret diameters should be reserved for the
analysis of rod-shaped particles like wood chips or
splinters.

Based on this situation, the present paper applies the
recently introduced image-based analysis system Fibre-
Cube, which was found to fulfill the requirements for MDF
fiber size determination (Ohlmeyer et al. 2014).

2.2 Interrelations between refining parameters,
fiber characteristics and fiberboard properties

Investigations on the interrelations between refining
parameters, fiber characteristics and fiberboard properties
were undertaken within various studies. As refining
parameters, steaming temperature, steaming time, grinding
disc distance and raw material were primarily varied. In the
case of fiber characteristics, morphological properties like
fiber size and fiber size distribution (e.g., wet sieve frac-
tionation, air-jet-sieve analysis, microscopic measurements
and image analysis) or fiber surface furnish (e.g., surface
roughness), chemical properties (e.g., pH-value) and
mechanical properties (e.g., strength and stiffness of indi-
vidual fiber) were usually varied. As board properties,
bending properties, internal bond strength and moisture
related properties (e.g., thickness swelling) were normally
measured.

As early as at the beginning of the 1970s the influence of
refining pressure and steaming time on the moisture-related
properties of UF-bonded MDF were investigated by Kehr
and Jensen (1971), Gran and Bystedt (1973) and Kehr
(1977) as was reported by Krug (2010). It was found that
the steaming temperature influences the panel properties to
a greater extent than the steaming time.

Myers (1983) investigated the influence of refining
intensity (grinding disc distance, type of grinding disc) on
fiber characteristics (drainage rate, Bauer-McNett screen
analysis, microscopic length measurement). It was found
that the fiber length decreased with increasing refining
intensity.

Roffael et al. (1994a, b, 1995) reported about the suit-
ability of TMP and CTMP (chemo-thermo-mechanical
pulp) of beech and pine as a raw material for MDF
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manufacture. Among other fiber characteristics, fiber
length and the pH-value were determined for differently
defibrated (variation of the digester temperature) wood
chips. It was found for beech-TMP that an increase of
steaming temperature led to decreased panel properties.
This was explained by presumed lignin condensations on
the fiber surface and consequently lowered glue
accessibility.

Roffael et al. (2001) investigated the influence of
pulping technique (TMP vs. CTMP) and pulping temper-
ature on the fiber properties (e.g., pH-value, buffering
capacity, pentosane content) and further the influence of
pulping conditions and fiber properties on the MDF prop-
erties. It was found that the pentosane content decreases
with increasing pulping temperature which was explained
by the increased hemicellulose degradation. Lower pH-
values were found for increased refining temperatures and
were assumed to precure urea-formaldehyde resins during
panel manufacture. Thickness swelling, water absorption
and internal bond strength were found to improve with
increasing pulping temperature. Similar findings have
already been presented by Schneider and Roffael (2000).
Schneider (1999) additionally mentioned decreasing
bending strength with increasing refining temperature.

Roffael et al. (2009) investigated the effect of pulping
temperature on the morphological properties of pine TMP.
It was found that the fines content increased and fiber
length and diameter decreased with increasing pulping
temperatures.

Groom et al. (1997) investigated the effect of the indi-
vidual wood fibers properties on the bending properties of
MDF. It was found that the panels’ stiffness and strength
are inversely related to fiber stiffness and strength. Dif-
ferent micro fibril angles between juvenile and mature
wood were assumed as explanation. Increasing panel
properties at increasing refining levels (feed pressures of 10
and 40 psi) were explained by differences occurring in the
surface morphology and consequently altered fiber-to-fiber
stress transfer mechanism.

Groom et al. (1999) investigated the effect of fiber ori-
entation, fines loading (varying portions of sieve fractions)
and refining levels (feed pressures of 4, 8 and 12 bar) on
the structural performance of MDF. It was again concluded
that the different micro fibril angles of juvenile (45°) and
mature wood (5-10°) are causal for the inverse relationship
found between panel and individual fiber properties. The
fact that the panel properties improved when oriented
juvenile fibers served as raw materials for panel manu-
facture, was attributed to the higher micro fibril angle, thus
higher fiber flexibility and consequently higher number of
fiber-to-fiber contacts, which means stress can be trans-
ferred among the fibers. Increased fines contents were
found to decrease the panel properties. This was explained
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by the lack of long fibers, resulting in low aspect ratios and
ultimately poor physical interlocking and fiber-to-fiber
contact.

Groom et al. (2000) investigated the effects of varying
refiner pressure on the appearance of the fiber surface,
chemical fiber composition, surface energy and mechanical
fiber properties of TMP fibers. With increasing refiner
pressure the hemicellulose content was found to decrease,
the fiber surface to become torn and irregular (increased
fiber surface roughness) and mechanical properties of
especially juvenile fibers decreased. Mechanical MDF
properties were found to be best in the range of 8—12 bar
refining pressure, which was explained by low structural
damages due to lignin softening in case of bending prop-
erties, and the better accessibility of the fibefs cellulose
network. The number of intimate fiber-to-fiber contacts in
case of internal bond strength was thus increased. Fiber
roughness was found to be most closely related to MDF
properties.

Findings from previous research on the influence of
refining pressure on MDF properties (Groom et al.
1999, 2000) were validated by Groom et al. (2001). The
additionally investigated influence of resin molecular
weight on panel properties was found to be of minor
relevance.

Groom et al. (2002) investigated the relationships
between wood quality, refiner pressure and resin distribu-
tion and their influence on MDF panel properties. It was
concluded from the findings that the refining pressure is the
most important variable influencing the stiffness and
strength of MDF. However, the conclusions drawn have to
be treated with caution, since the refiner feed screw settings
(throughput) and energy consumption were maintained at a
constant level which means as a consequence grinding disc
distance variation.

Shi et al. (2006) used multivariate modeling to study the
MDF properties in relation to fiber characteristics. Fiber
morphology was investigated with a HiRes Fiber Quality
Analyzer (FQA) (OpTest, Hawkesburg, Canada) and a
Bauer-McNett classifier. Although, for example the arith-
metic mean fiber length, the arithmetic fine fiber percent-
age or pH-value, were found to significantly affect various
panel properties, the presence of dummy variables in the
model suggests that fiber characteristics, other than those
measured in that study, had significant effects.

Xing et al. (2006) investigated the effect of retention
time of preheating and steam pressure of thermo-mechan-
ical refining process on the MDF properties. Both were
found to affect panel properties, but at varying degrees
with regard to the investigated property.

Xing et al. (2008) investigated the effect of refining
pressure on fiber properties by nanoindentation and atomic
force microscopy. It was found that the size of cracks in the
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cell wall (no cracks, nano-cracks, micro-cracks) increased
with increasing refining pressure. With increasing refining
pressure, nano-mechanical fiber properties were found to
decrease in the case of the elastic modulus and hardness
and increased in the case of creepage. Nanoindentation
experiments were more precisely described by Xing et al.
(2009).

Ohlmeyer et al. (2006) characterized the morphology
(fiber length and width) of TMP with FibreShape. It was
found that fibers from different manufacturers could be
clearly distinguished from each other.

Lu et al. (2007) measured the length of fibers from
different sources by microscopy analysis.

Wenderdel and Krug (2012) used air-jet-sieve analysis
to investigate the influence of pulping pressure and grind-
ing disc distance on the morphological characteristics of
TMP. It was found that the fines and distribution of the
fiber cross-sections are independent from the pulping
pressure.

Wenderdel et al. (2013) investigated the influence of
defibration temperature caused fiber surface roughness on
MDF properties and proved the assumption of a previous
publication by Wenderdel and Krug (2012) that not fiber
size is causal for worsened panel properties at increased
pulping pressure, but rather more likely the interrelation
between fiber and resin (fiber surface characteristic) is
hampered.

Ibrahim et al. (2013) investigated the effect of refining
pressure and preheating time on MDF properties from oil
palm trunk. Best panel properties were found at refining
conditions of 6 bar refining pressure and 300 s preheating
time.

Benthien et al. (2014c) investigated the influence of
fiber size distribution on MDF properties caused by varied
steaming time and temperature. It was shown that all
measured property values increased with increasing fiber
length.

Sliseris et al. (2016) introduced two methods for esti-
mating the fiber orientation and fiber bundles in MDF as
fiber orientation and fiber bundles are assumed to signifi-
cantly affect the strength and stiffness of fiberboards.

Although a variety of aspects were investigated in the
above-mentioned studies, in summary no comprehensive
picture can be drawn as each investigation has its weak-
nesses. One of the main problems is that defibration con-
ditions are not comparable with each other. This is because
different machines or machinery settings are applied and
also due to unintended variations of, for example, the
grinding disc distance. Within an introductory literature
review on the influence of defibration conditions on the
morphological characteristics of pine wood fibers, Wen-
derdel and Krug (2012) hypothesized changes in the
grinding disc distance to be a side effect of defibration

pressure. Further on, the applied techniques for fiber
characteristic-measurement were inadequate (e.g., sieve
analysis for fiber size measurement as discussed in the
previous chapter) or the range of measured characteristics
was insufficiently comprehensive. The present study will
not solve this problem, as it focuses on the accuracy of
fiber length measurement. However, it provides a partial
contribution to the understanding of the complex interre-
lations of fiber manufacture, fiber characteristics and
fiberboard properties.

3 Materials and methods
3.1 Materials

Scots pine (Pinus sylvestris), beech (Fagus sylvatica), birch
(Betula spp.), poplar (Populus spp.) and a mixture of pine
and beech (50/50 wt) were chipped and afterwards defi-
brated using a laboratory thermo-mechanical refining pro-
cess at the Institut fiir Holztechnologie Dresden gGmbH
(IHD), Dresden, Germany.

Liquid urea—formaldehyde (UF) resin (Kaurit 350,
BASF, Ludwigshafen, Germany) was used as an adhesive
in the manufacture of experimental MDF panels. Ammo-
nium nitrate (NH4NO3) solution with 40 % solid content
was used as a hardener for the UF resin.

3.2 Wood chip size characterization

Wood chip size distribution was determined in accordance
with a characterization method which was initiated by the
Haindl Papier GmbH & Co. KG (Augsburg, Germany),
taken over by UPM-Kymmene Corporation (Helsinki,
Finland) in 2001. This so called Haindl-method has a high
degree of similarity to the test procedure of SCAN-CM
40:01. Deviations from this standard (SCAN-CM 40:01)
are due to the fact that the investigator has to characterize
by-products exclusively from sawmills as raw materials for
pulp and paper manufacturing and the classification with
slots instead of holes provided more useful results with a
high significance on the final product.

For wood chip size distribution a portion of about
10 liter of air-dried wood chips was used. Deviations
between the applied test details and the standard speci-
fications (SCAN-CM 40:01) were: Tray 3 was performed
as a 4 mm slot instead of a 13 mm hole, Tray 4 as a
2 mm slot instead of a 7 mm hole and Tray 5 as a 5 mm
hole instead of a 3 mm hole. Shaking time (10 min),
stroke (120 mm) and frequency (160 cycles per min)
were in accordance with SCAN-CM 40:01. Prior to
testing, the wood chips were spread to dry at ambient
conditions.
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3.3 Fiber manufacturing

With the intention of manufacturing TMP of different
qualities, the defibration parameters as well as the wood
species used were varied. Due to different availability,
chipping and defibration were arranged in two series.
Within the first test series (Chipping series A), pine and
beech fibers were manufactured in order to investigate
the influence of steaming temperature and time as well
as the influence of stock outlet on fiber size. The vari-
ation of wood species and grinding disc distance (GDD)
were arranged within Chipping series B. This procedure
required the manufacture of a reference fiber (wood
species: pine, steaming temperature: 170 °C, steaming
time: 4 min, GDD: 0.15 mm, stock outlet: radial) for
each chipping, respectively, defibration series. As a
positive side effect, the influence of a newly adjusted
chipping, respectively, defibration process can be studied
at similar target settings.

In order to determine the influence of steaming time and
steaming temperature on the fiber size, five combinations
of differently defibrated fibers (a—e) were compiled:

(a) GDD (0.15 mm), stock outlet (radial) and wood
species (pine) constant; steaming temperature and
time were varied simultaneously (200 °C, 8 min;
170 °C, 4 min; 143 °C, 1 min);

(b) steaming temperature (170 °C), GDD (0.15 mm),
stock outlet (radial) and wood species (pine) constant;
steaming time were varied (1, 4, 8 min);

(c) steaming temperature (200 °C), GDD (0.15 mm),
stock outlet (radial) and wood species (pine) constant;
steaming time were varied (4, 8 min);

(d) steaming time (4 min), GDD (0.15 mm), stock outlet
(radial) and wood species (pine) constant; steaming
temperature were varied (170, 200 °C);

(e) steaming time (4 min), GDD (0.15 mm), stock outlet
(radial) and wood species (beech) constant; steaming
temperature were varied (164, 170 °C).

The influence of stock outlet (radial, tangential) was
determined on fibers where steaming temperature (170 °C),
steaming time (4 min), wood species (pine) and GDD
(0.15 mm) were kept constant. The influence of GDD (0.06,
0.15, 0.6 mm) was determined on fibers where steaming
temperature (170 °C), steaming time (4 min), stock outlet
(radial) and wood species (pine) were kept constant. The
influence of wood species (pine, beech, birch, poplar and a
mixture of pine and beech) was determined on fibers where
steaming temperature (170 °C), steaming time (4 min),
GDD (0.15 mm) and stock outlet (radial) were kept con-
stant. Subsequent to the refining process the fibers were
dried by a flash tube dryer (blow-line) and collected in
plastic bags. Table 1 lists name, chipping series and man-
ufacturing details of the investigated fibers.

3.4 Fiber size characterization

Fiber lengths were determined applying the image analy-
sis-based fiber size measuring system FibreCube which

Table 1 List of name, chipping series and manufacturing details (wood species, steaming time and temperature, grinding disc distance and stock

outlet) of the investigated fibers

Fiber Chipping Wood Steaming Steaming Grinding gap Stock outlet
name series species temperature (°C) time (min) distance (mm)

Al A Pine 143 1 0.15 Radial

A2 A Pine 170 4 0.15 Radial

A3 A Pine 200 8 0.15 Radial

A4 A Pine 170 1 0.15 Radial

A5 A Pine 170 8 0.15 Radial

A6 A Pine 200 4 0.15 Radial

A7 A Beech 164 4 0.15 Radial

A8 A Beech 170 4 0.15 Radial

A9 A Pine 170 4 0.20 Tangential
Bl B Pine 170 4 0.06 Radial

B2 B Pine 170 4 0.15 Radial

B3 B Pine 170 4 0.6 Radial

B4 B Beech 170 4 0.15 Radial

BS5 B Pine/beech 170 4 0.15 Radial

B6 B Birch 170 4 0.15 Radial

B7 B Poplar 170 4 0.15 Radial
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was developed by the Thiinen Institute of Wood Research,
Department of Wood Science, KOGS, and Grecon during
the past years. According to Benthien et al. (2014c), the
FibreCube can be classified as a dry fiber image analysis-
based system: fiber separation is arranged in an air-borne
state and image acquisition is done as soon as the fibers are
placed onto a glass plate. Subsequent to image recording,
the length, width and intensity (grey scale value) of each
captured fiber was determined by a fiber flow line tracing-
algorithm. Detailed descriptions of the soft- and hardware
design of this fully automatic operating measuring system
can be found in previous publications (Benthien et al.2013,
Benthien et al. 2014c; Ohlmeyer et al. 2014, 2015a, b;
Seppke et al. 2015).

During fiber size measurement, approximately 530
images are captured within one run of three replicate
measurements and analyzed. The result of each image
analysis is a table of fiber statistics, which is exported to a
CSV-file for further analysis by means of MatLab (Math-
Works, Natick, Massachusetts, USA).

Within a first data processing step, MatLab extracts all
information necessary for the determination of fiber length
and fiber length distribution from the CSV-files and generates
a mat-file. This step paves the way for a quick data treatment
and result output afterwards. The characteristic values used
for fiber characterization in this study are based on:

e the number of detected fibers and the initial sample
weight,

e the fiber length and

e the smoothed double
distribution.

length-weighted frequency

3.4.1 Normalized number of fiber

The normalized number of fibers is defined as the quotient
of the number of fibers and the initial sample weight in mg.
This value does not correspond to the real number of fibers
per sample weight, because only a small part of the sepa-
rated fibers is photographed and detected by the software.
Consequently, the normalized number of fibers can be used
as a characteristic value describing the fineness, but the
fibers are not counted quantitatively.

3.4.2 Double length-weighted fiber length

The double length-weighted fiber length is calculated in
accordance with ISO 22314 by dividing the sum of the
cubed fiber length (I°) by the sum of the squared fiber
length (12). In comparison to the mean (un-weighted) fiber
length, this characteristic value is much more useful,

because small dust particles are taken out of the focus by
over-representing the more significant fibrous objects
(weighting principle).

3.4.3 Double length-weighted relative frequency
distribution

The double length-weighted relative frequency distribution
is displayed in the form of five characteristic values (0-0.3,
0.3-1, 1-3, 3-6, >6 mm), indicating the composition (dust,
fines, fibers, coarse particles and fiber bundles) of the fiber
sample, and graphical plot. For this, each detected and
length-measured fiber is assigned to one of 656 length
classes (width of each class is 0.05 mm). For each length
class, the number of fibers and mean squared fiber length,
and further on, the double length-weighted frequency is
calculated. Fitted on this data set, a polygonal function
equation is set up smoothing the histogram and transferring
the frequency distribution into a mathematically manage-
able description.

3.5 Fiberboard preparation and property
determination

The fibers to be glued were arranged in a rotary drum
blender equipped with an air-atomizing spray system. Prior
to application, 1 % hardener (based on the resin solid
content) and additional water was added to the resin
solution. The amount of water was calculated in respect to
fiber moisture content, so that 12 % target moisture content
was reached after pressing. Resin content was 12 % based
on dry fiber mass. Fibers were weighed according to target
density and manually formed into mats on an aluminum
caul plate using a 500 x 500 mm? forming box. A second
such plate was laid on the top while both were covered with
siliconized paper to prevent adherence between the panel
and plates. After cold pre-pressing at a specific pressure of
16 N/cm?® for approximately 2 min, the mats were trans-
ferred to a computer-controlled hot press, operated in
plate position control mode. Hot pressing temperature,
maximal specific pressure and press time factor were
190 °C, 716 N/cm? and 12 s/mm (192 s), respectively.
Target panel thickness was 16 mm.

A total of 16 MDF test panel types were manufactured;
three panels for each fiber type. The target density was
650 kg/m>. Panels were allowed to cool and edges were
trimmed prior to sample cutting. The number of test
specimens for each panel type was 12 for modulus of
elasticity (MOE) and modulus of rupture (MOR), and 18
for internal bond strength (IB), thickness swelling (TS),
water absorption (WA) and surface soundness (SS). Test
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specimens were conditioned in a climatic chamber at 20 °C
and 65 % relative humidity (RH) for two weeks before
testing.

MOE and MOR were determined according to EN 310
applying sample dimensions of 370 x 50 x 16 mm>. IB
tests were conducted according to EN 319 applying sample
dimensions of 50 x 50 x 16 mm’. By applying sample
dimensions of 50 x 50 x 16 mm3, TS and WA were
determined after 2 and 24 h of immersion in water
according to EN 317. With the same sample dimensions of
50 x 50 x 16 mm> SS were tested according to EN 311.

3.6 Statistical analysis

A single factor analysis of variance (ANOVA) and a Tukey
HSD test were conducted using the analysis tool of SAS
JMP in order to evaluate the significance of differences
among fiber length and fiber length distribution and mean
property values of MDF test panels. The null hypothesis
(no effect) was accepted if the p value exceeded the
o = 0.05 significance level.

4 Results and discussion
4.1 Wood chip characterization

The homogeneity of wood chip heating and soaking in the
digester is influenced by the wood chip size distribution. In
the case of a narrow size distribution it can be assumed that
the wood chips reached a consistent level of temperature
and moisture penetration. Exceeding a certain level of
temperature or exposure time, the wood substance (hemi-
celluloses) is degraded, while too low temperature and
inconsistent moisture penetration inhibit the lignin soften-
ing. In consequence, defibration is incomplete and results
in fibers with an increased amount of splinters and shives.

For Chipping series A, 1.7 kg pine and 2.6 kg beech
were applied. In the case of Chipping series B 1.8 kg pine,
3.0 kg beech, 2.4 kg birch, 1.6 kg poplar and 2.0 kg of a
pine/beech mixture were applied. Because wood chip
volume and moisture were not measured, no information
about the bulk density is available.

As can be seen in Table 2, a narrow size distribution
was achieved for both Chipping series A and B.

Fifty or more percent of the wood chips were found on
Tray number 3. The major part of the remaining chips was
found on Trays number 2 and 4. The share of oversize
chips (Tray number 1), pin chips (Tray number 5) and fines
(final/bottom) can be neglected. The wood chip charac-
terization indicates that differences in fibers result from
varied defibration conditions, respectively wood species,
and is not to be attributed to an insufficient chipping

@ Springer

process. However, comparing fibers defibrated at nomi-
nally equal defibration conditions, but manufactured within
different chipping and defibration series, differences have
to be attributed to differences in wood chip size.

4.2 Influence of steaming time and temperature

Five groups (a—e) of fibers were formed to study the
influence of steaming time and temperature on fiber size
and further that of fiber size on panel properties:

(a) Influence of simultaneous increase of steaming time
and temperature (Al, A2, A3).

(b) Influence of steaming time at a steaming temperature
of 170 °C (A4, A2, AS).

(¢c) Influence of steaming time at a steaming temperature
of 200 °C (A6, A3).

(d) Influence of steaming temperature at a steaming time
of 4 min (pine) (A2, A6).

(e) Influence of steaming temperature at a steaming time
of 4 min (beech) (A7, A8).

4.2.1 a: Influence of simultaneous increase of steaming
time and temperature

For those fibers combined in Group a) optical fiber
appearance and fiber size characteristics were found to
indicate that the intensification of steaming conditions—
from 143 °C, 1 min (A1) to 170 °C, 4 min (A2) and further
to 200 °C, 8 min (A3)—causes a decrease of fiber size.
The amount of fine fibers (0-0.3 mm) increases while the
share of coarse particles (3—> 6 mm) decreases. With
intensifying steaming conditions the mean fiber length was
found to decrease while the normalized number of fibers
increased. This finding fits well with findings by Roffael
et al. (2009), who found a decreased fiber length and
increasing fines content for pine wood TMP at increased
steaming temperature from 140 to 180 °C. Decreased
coarseness of fibers defibrated at higher temperatures can
be explained by reaching, respectively exceeding the glass
transition temperature of the lignin (approximately 170 °C
for softwood and 155 °C for hardwood) which causes
softening and consequently easier and more intense defi-
bration of the wood substance. This effect can be under-
stood by a paper from Asplund (1939) giving the electric
energy consumption of hard- and softwood as a function of
defibration temperature. Groom et al. (2000) and Groom
et al. (2001) mentioned a physical breakdown (fragmen-
tation) in fiber length at or above 10 bar pressure in the
refiner.

In addition to coarseness, darkening of the fiber color
was visually noticed under intensified steaming conditions.
This indicates a modification of the chemical fiber structure
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Table 2 Wood chip size distribution according to SCAN-CM 40:01, determined applying a portion of approximately 8—10 L air-dried wood

chips each

Tray number Fraction class Screen specifications

Relative mass per fraction (%)

Chipping series A

Chipping series B

Pine Beech Pine Beech Pine/Beech Birch Poplar
mixture
1 Oversize chips 45 mm hole 0.0 0.6 0.7 0.0 0.0 0.0 0.0
2 Overthick chips 8 mm slot 17.5 35.0 30.1 20.2 29.0 18.0 2.7
3 Large accept chips 4 mm slot 56.5 49.9 50.5 53.8 49.9 66.6 66.2
4 Small accept chips 2 mm slot 19.7 11.0 13.4 15.2 13.3 13.4 22.0
5 Pin chips 5 mm hole 4.0 2.5 4.0 7.5 4.8 1.6 7.4
Final Fines Tray 23 1.0 1.3 33 3.0 0.3 1.7

Deviations to standard specifications (Tray 3: 13 mm hole, Tray 4: 7 mm hole, Tray 5: 3 mm hole): Tray 3 was performed as 4 mm slot, Tray 4

as 2 mm slot and Tray 5 as 5 mm hole

(lignin condensation and hemicellulose degradation), as it
is well known for wood as a result of heat treatment
(Esteves and Pereira 2009). Groom*s description (Groom
et al. 2002) of the visual appearance (color and coarseness)
of fibers defibrated at different refining temperatures
coincides with the observation made for the fibers in this
chapter. Schiegl (2004) explained the color change of the
fibers with the oxidative split of lignin and the quicker
darkening of those lignin fragments by their photochemical
properties. Roffael et al. (2001) and Schneider et al. (2004)
proved the increasing degradation of hemicelluloses at
increased steaming temperature for fibers defibrated at
intensified steaming conditions.

Aside from increased steaming temperature and time,
the higher degree of defibration may be the result of
unintended changes (reduction) of the grinding disc dis-
tance at intensified steaming conditions. Thermal expan-
sion of machinery parts (grinding discs, drive shaft, etc.) at
increased steaming temperatures may be the reason for
that, as hypothesized by Wenderdel et al. (2012) in the
framework of an introductory literature review on the
influence of defibration conditions on the morphological
characteristics of pine wood fibers.

With the exception of the MOR of test panels made of
Fiber Al, all properties were found to increase with
increasing fiber length (combined examination of Tables 3,
4). That means an improvement of mechanical properties
and worsening of TS and WA. These findings correspond
with results from Schneider (1999), who found improved
bending strength and worsened TS and WA at decreased
steaming temperature from 180 to 140 °C. Combining
Schneider‘s findings with those of Roffael et al. (2009)
mentioned before (increased fiber length at decreased
steaming temperature), findings of the present study are
confirmed. Groom et al. (2002) found as well increased

bending properties for MDF made of long fibers. However,
the highest mean fiber length was found for fibers refined at
pressures between 6.3 and 8 bars (approximately 165 °C)
investigating a range between 2 and 12 bars. Rofaell et al.
(2001) investigated the influence of defibration temperature
and steaming time on the chemical fiber properties (hemi-
cellulose content, pH-value) and panel properties as IB, TS
and WA. It can be concluded from given results that the
degradation of hemicellulose at increased steaming tem-
perature is responsible for the decrease of TS and WA due
to the decrease of hydrophilic components in the wood fiber
material. This fits well with the current findings on the
evolution of TS and WA with increasing steaming intensity.
Just as was found in this investigation, Rofaell et al. (2001)
found decreased IB with intensified steaming conditions.
Combining this finding with that of pH-value determina-
tion, not only the fiber size has to be assumed as an influ-
encing parameter on the IB but rather more the decreasing
pH-value at increasing steaming conditions which may lead
to premature curing of the resin and consequently weak-
ening of the bonding between the fibers. Schneider (1999)
further claimed decreased pH-value to be responsible for
simultaneous embrittling of the glue joints and consequent
weakening of the strength properties. This does apply as
well to TS, which was found to decrease with increasing
steaming intensity in the present study. A further explana-
tion for worsened mechanical panel properties and
improved physical panel properties with intensified steam-
ing conditions may be the decreased wettability of the fibers
with glue due to the decreased amount of hemicellulose and
consequently increased lignin content as mentioned by
Roffael et al. (1995). The increased fiber surface due to the
increasing number of fibers and consequently increased
surface to be glued with the same amount of glue may also
be a reason for mechanical property weakening. Improved

@ Springer
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bending properties at decreased steaming time and tem-
perature may be explained by increased fiber length as loads
in panel plane direction may thus be transferred more
sufficiently.

4.2.2 b: Influence of steaming time at a steaming
temperature of 170 °C

With the intention of determining the pure influence of
steaming time on fiber size and further that of fiber size on
panel properties, Fibers A4 (1 min), A2 (4 min) and AS
(8 min) were combined in a Group b). However, fiber
length and fiber length distribution and panel properties
were not as clearly graduated as could have been expected
following the graduation of steaming time and the results
obtained from Group a). Except for the dust content (0 to
0.3 mm), the characteristic values of the fibers steamed for
1 and 8 min were assigned to the same homogeneous group
while the fibers steamed for 4 min were found to be sig-
nificantly different. This result is hard to explain, because
an extension of steaming time should (up to a certain
degree) result in a more uniform heat penetration of the
wood chips. In consequence, coarser particles have to be
expected for lower steaming times and finer fibers for
longer steaming times. Accordingly, differences between
short time (A4: 1 min) and longer time steamed fibers (A2:
4 min; AS5: 8 min) could have been expected.

Deviating from the intended aim, this trial demonstrates
that the variation of defibration parameters (here steaming
time) has to be changed carefully and stepwise succes-
sively. In the course of sample manufacture, fiber A4
(1 min) was produced first, followed by fiber AS (8 min)
and finally fiber A2 (4 min). Maybe the order of sample
manufacture is the reason for the lack of fiber size and
panel property graduation.

4.2.3 c: Influence of steaming time at a steaming
temperature of 200 °C

In contrast to the experiment described earlier, the influence
of steaming time on fiber size and further that of fiber size on
panel properties can be understood at a steaming temperature
of 200 °C, varying the steaming time from 4 min (A6) to
8 min (A3). Except for occasionally lacking significance, the
increase of steaming time resulted in an increase of measured
fibers per mg sample, decrease of fiber length, increase of
short fibers and decrease of coarse fibers.

The reduction of TS and WA (both 24 h) can be well
explained as for Group a) with an increased hydrophobic
character of the fibers. The increase of surface soundness
and MOE with increased steaming time indicates a denser
surface layer, which may be the result of finer and pre-
sumably more easily compactable particles.

@ Springer

4.2.4 d: Influence of steaming temperature at a steaming
time of 4 min (pine)

The influence of steaming temperature on fiber size and
further that of fiber size on panel properties was investi-
gated on Fiber A2 (170 °C) and A6 (200 °C), both steamed
for 4 min regardless of lacking statistical significance, mean
values of fiber size characteristics indicate that wood defi-
bration intensifies with increased steaming temperature.
Panel properties coincide as well with the findings of Group
a): intensified defibration conditions (here steaming tem-
perature only) result in decreased mechanical properties but
improved TS and WA. Based on panel properties and the
visual impression of the fibers, more differences in fiber
characteristics would have been expected. However, due to
the fact that color and non- morphological properties like
stiffness are not covered by image-based fiber size analysis,
lacking differences between fibers are understandable.

4.2.5 e: Influence of steaming temperature at a steaming
time of 4 min (beech)

The results of this test set-up (beech, 4 min, 164 and
170 °C) reflect the results of Group d), while steaming
temperature was at a lower level. As beech was applied
instead of pine as raw material here, fiber sizes were found
to be much smaller than for fibers from pine because of
their wood anatomical differences.

The influence of steaming time were found as could be
expected from the results of Group a): with intensified
steaming conditions the number of fibers increased, the
fiber length decreased, the frequency of short fibers
increased and the frequency of coarse fibers decreased.
This finding stands in opposition to Roffael et al. (1994a),
who found shorter beech fibers when defibrated at 150 °C
than those defibrated at 170 °C. Also in contrast to findings
of the present research, Roffael et al. (1995) found panel
properties decreased at increased steaming temperature.

4.3 Influence of stock outlet

The influence of stock outlet (radial vs. tangential) on the
fiber size and further that of fiber size on panel properties
was addressed by Fiber A2 (radial) and Fiber A9 (tan-
gential). The results from fiber size analysis fit well with
the results of Mébert and Krug (2009) who investigated the
influence of radial and tangential refiner discharging and
found radially discharged fibers significantly finer than
tangentially discharged fibers. However, knowing of the
major influence of grinding disc distance on the fiber size
(see next chapter) it is difficult to attribute the measured
differences in fiber size to only the applied stock outlet
(radial and tangential) because the grinding disc distance
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was not able to stay consistent for both fibers. The nominal
grinding disc distance was 0.15 mm in the case of radial
discharging, and 0.2 mm for tangential discharging and
surely overlaps the effect of stock outlet.

The nearly overall significantly superior properties of
test panels made from radially discharged fibers are at the
first moment not conclusive because tangential discharging
was assessed to be more gentle and fiber-protecting by
Mibert and Krug (2009). However, higher fiber surface
roughness for radially discharged fibers—as concluded by
Maibert and Krug (2009) on the basis of dewatering
behaviors of differently discharged fibers—may be the
reason for superior panel properties.

4.4 Influence of grinding disc distance

The influence of the grinding disc distance on the fiber size
and further that of fiber size on panel properties were
studied on Fibers B1 (0.06 mm), B2 (0.15 mm) and B3
(0.6 mm), manufactured at successively adapted grinding
disc distances within defibration Series B. Except for the
double length-weighted relative frequency of the fine fibers
(0-3 mm) and occasionally lacking significance, a clear
increase of fiber coarseness was found for increasing
grinding disc distances (Table 3). This finding confirms the
common experience from haptic and visual fiber charac-
terization of industrial process optimization trying to keep

refining energy as low as possible and at the same time the
shive content below a maximum acceptable level.

The panel properties made of fibers B1, B2 and B3 do
not follow a graduation that would be expected from fiber
size distribution when anticipating improved properties
with increasing fiber length. It seems like the middle of the
chosen grinding disc distances (0.15 mm) is optimal in
respect to panel properties, while fiber size cannot be set
out as a reason for such an assumption. Maybe there is an
optimal ratio of fines and fibers where the fines fill the
voids between the fibers and thus provide a greater degree
of bonding and, consequently, increasing strength proper-
ties as mentioned by Groom et al. (2002). Obviously, fiber
size alone is not responsible for high mechanical proper-
ties. The grinding disc distance seems to be of more
importance, aiming at low shive content for the panels’
surface quality in case of coating and direct lacquering or a
high content of coarse fibers in order to achieve low bulk
densities intending to produce wood fiber insulation board.

4.5 Influence of wood species

The influence of wood species on the fiber size and further
that of fiber size on panel properties were studied on Fibers
B2 (pine), B4 (beech), BS (mixture of pine and beech), B6
(birch) and B7 (poplar), manufactured within defibration
series B. As can be seen from Table 3 and Fig. 1c, fibers
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from pine were found to be coarser (highest normalized
number of fibers, longest double length-weighted fiber
length, lowest double length-weighted relative frequency
of short fibers) than fibers from hardwoods defibrated at
equal process parameters. The fiber length and fiber length
distribution of the hardwood fibers were found to be quite
similar, while the double length-weighted fiber lengths of
beech were found to be significantly shorter, followed by
poplar. The extra fineness of beech fibers continues for the
double length-weighted relative frequency, made obvious
by significantly higher fine fibers and fines contents. The
characteristics of fibers made of a pine and beech wood
chip mixture were found to be a blending of pure pine and
beech fibers.

A relationship between fiber length-based characteristic
values and panel properties was not evident. The biggest
differences were found between panels made of pine and
poplar, and not between the most different fibers of pine
and beech. However, it becomes obvious in sum that the
variation of wood species results in changed fiber size,
which affects panel properties.

Similar findings were made by Krug and Mébert (2008)
and Mibert (2009), who investigated the usability of
hardwoods as an alternative raw material source for MDF
manufacturing. In this context, various wood species were
defibrated, fiber size determined applying an air-jet sieve
and test panels produced. It was found that the uses of
different wood species for MDF manufacture result in
different fiber sizes and in consequence different panel
properties. The properties of panels made of fiber mixtures
of different wood species were found to be a blend of the
properties of panels made of fibers manufactured of only
one wood species. This relationship fits well to the findings
of fiber size determination in this study.

In addition to the finding that the fiber length distribu-
tion of fibers made of a pine and beech wood chip mixture
were found to be a blending of pure pine and beech fibers,
Ohlmeyer et al. (2014) showed that the combined analysis
of measurement data from pure pine and pure beech fibers
analysis results in nearly congruent curves displaying the
double length-weighted relative frequency of fiber length.

4.6 Reproducibility of the same fiber quality

Because chipping and fiber manufacturing has to be
arranged in two series (A and B), two fibers of identical
quality were intended to be produced in order to serve as
reference. Both fibers—A2 and B2—were manufactured at
the same nominal defibration conditions: pine wood chips
were steamed for 4 min at 170 °C and defibrated with a
grinding disc distance of 0.15 mm.

Although the two fibers would have to be identical given
the defibration conditions, Fiber B2 was found to be much

@ Springer

coarser than Fiber A2 as can be seen from Table 3 and
Fig. 1d. Accepting that defibration conditions were care-
fully set and that an insufficiently adjusted grinding disc
distance can be excluded as influencing parameter, differ-
ences in raw material characteristics can be suspected as a
reason for differences in fiber size characteristics.

During wood chip size characterization, unintended
differences between the two defibration series were found.
Wood chips for the first defibration series (Fiber A2) were
found to be finer than those of the second defibration series
(Fiber B2). Looking further at fiber size, Fiber A2 was
found to be finer than Fiber B2. It seems reasonable to
conclude that the wood chip size influences the fiber size
because in case of smaller wood chips the structural ele-
ments of wood (fibers) are cut statistically more often. This
assumption is confirmed by the fact that identically defi-
brated wood chips from beech—the one manufactured in
chipping and defibration series A and the other in chipping
and defibration series B—are in accordance with this
interrelation. Fiber B4 was found to be finer than Fiber A8
(Table 3 and Fig. 2f), while at the same time the wood
chips from Chipping series B were finer than those of
Chipping series A (Table 2). An apparent influence on the
panel properties was not observed.

5 Conclusion

The major aim of this study was to investigate the influence
of defibration parameters on fiber size. Until now, fiber size
evaluation had to be done by visual and manual fiber
inspection because no adequate measuring system was
available on the market. The use of the fiber size measuring
system FibreCube enables an automated analysis of wood
fiber samples, and thus a fiber size characterization by key
figures and graphical representation. As a secondary
objective of this study, the potential influences of fiber size
on MDF properties were investigated.

It was found that wood species and grinding disc dis-
tance are the most influential parameters on fiber size. As
can be expected from anatomical differences between
hardwood and softwood, the fibers made of hardwoods
were found to be much shorter than fiber made of wood
chips from pine. Differences between fibers from various
hardwoods (beech, birch, poplar) have been identified by
fiber size analysis. In addition, wood species as well as the
size distribution of the wood chips affect the resulting fiber
size. Further grinding disc distance was found to strongly
influence fiber size. The smaller the distance between the
refiner discs, the finer the resulting fibers. Especially the
content of fiber bundles (shives) was found to correlate
with the grinding disc distance. This corresponds with
common knowledge from haptic and visual fiber
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characterization in industrial practice according to which
fiber quality is regulated by adjusting the grinding disc
distance in order to achieve coarser or finer fibers and is
now proven by numbers. In the case of an extreme
simultaneous variation in steaming conditions, time and
temperature, the visual fiber inspection suggests an effect
of temperature exposure, as can be seen from fiber dark-
ening with increased temperature and time. Further on,
fiber length decreased with increasing steaming tempera-
ture and time. It became obvious from this investigation
that the manufacture of test fibers has to be done with
particular care in order to avoid unintended changes of the
grinding disc distance due to thermal material expansion as
a result of varied steaming parameters. Such unintended
changes of the defibration parameters may superpose the

6 9 1 3 6 9
Fibre length (mm)

effects of varied parameters which should initially have
been investigated.

The influence of fiber size on the physical and
mechanical panel properties was most dominant when
steaming temperature and time were varied simultane-
ously. Panel properties worsen with intensified steaming
conditions. Although fiber length was likewise found to
decrease with intensified steaming conditions, fiber length
cannot be assumed to be the only influencing parameter on
panel properties. This becomes obvious when taking panel
properties made of fibers at varied grinding disc distances
into consideration. A comparably close correlation
between fiber length and panel properties was not
observed in this case. This implies that not only fiber size
affects panel properties, but rather, it is more the chemical
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nature of the fiber which is responsible for its wettability
with water (thickness swelling) and glue (mechanical
properties). This relationship is also implied by decreased
thickness swelling with increased steaming temperature
for all test panels.

This study showed that fiber lengths could automatically
be determined without restrictions regarding the wood fiber
sample character by applying the image analysis-based
fiber size measuring system FibreCube. Fiber size charac-
teristics can be specified as numerical key figures and thus
used for the investigation of the influence of defibration
conditions on fiber size, and further, fiber size on fiber-
board properties.
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