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' SUMMARY :
Loblelly pine chips separated into 4levels of juvenility, and chips from yellow-poplar
peeler cores were refined and made into MDF panels in a 2-phase study, Phase I evaluated
the effect of juvenility and refining on MDF mechanical properties. phase I evaluated the
effect of resin molecular weight in conjunction with juvenility and refining |levels.

In Phase |, chips were refined from 2 to 18 bar a the BioComposites Centre and sent to the
Southern Research Station for the manufacture of MDF panels. The MDF panels with the
best mechanical properties were comprised of juvenile fibres, with the optimal refiner
pressure between 7 and 8 bar. The mechanical properties of the pands decreased with
increasing levels of maturity. The optimal refiner pressure with regards to the MDF
mechanical properties increased with increasing raw material maturity.

MDF panels comprised of juvenile fibres agan outperformed ther mature counterparts in
Phase II. Juwenility of the raw materid was especidly evident in the IB strength, with the
IB of juvenile MDF panels approximately 50 percent greater than their mature counterparts. .
The resin molecular weight did not have an effect on the MDF pandls in this potion of the
study. However, the effect of resin molecular weight may prove significant with a more
varied press schedule.

INTRODUCTION
The production of MDF is a simple process: disassemble solid wood into wood fibres via
refining and then reassemble the fibres into a structural composite, The primary factors that
govern the physical and mechanical properties of MDF are the fibre properties, fibre
‘orientation, density, profile, and fibre-to-fibre adhesion. This paper presents the results of an
on-going sudy that investigates the relationship between fibre generation, fibre-to-fibre
adhesion, and MDF panel properties.

In traditional wood-based composites such as plywood and laminated veneer lumber, the
structural performance of the composite is directly dependent on the mechanical properties of
the wood components. This axiom does not apply to wood fibre-based composites. The
mechanisms for transferring stresses amongst composite components are different. Clear
wood and veneer composites have a finite number of transfer points with adequate adhesion.
Wood strand composites have many more dress transfer locations with a lesser amount of
adhesve coating the surfaces. As a result, wood strand components have diminished
structural properties as compared to their clear wood and veneer-based counterparts.
However, the strand components are still planar and generaly oriented, resulting in a modulus
of elasticity {(MOE) that is less than half of the equivalent clear wood MOE.

The development of the mechanical properties of wood fibre-based composites differs from
the previously discussed composites, relying on a near infinite number of ‘spot welds. These
spot welds are dictated by the resin type, content, flow, and distribution on the fibre surfaces,
These variables are selected both by the composite manufacturer and the resin manufacturer
and are based on empirical observations. However, the choice of resin and its relationship
with the fibre surface has remained largdy unstudied because of the ingbility to adequately
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determine resin location on the fibre surface. Recent advancements in microscopy and
fluorescent staining techniques have allowed us to ascertain resin distribution on the fibre
surface, and these techniques are being empieyed in this study

The mechanical properties of individual wood ﬁbres are equal}y important in the development
of MDF structural properties. However, the relationship- differs from- clear wood, veneer. or
strand composites: structural performance of MDF increases ‘as the proportion of compliant
fibres increases. This is supported by previous studies that show: that the tiffness. and
drength of MDF pands increase with increasing proportions of compliant juvenile wood
fibres (Groom et d. 1999; Groom et al. 2000).

The long-term god of this on-going study is to ascertain the mechaniams that govern the
physical and mechanica properties of structural fibreboards. These goals are achieved by
sudying the primary factors governing MDF: fibre properties, fibre-to-fibre tress transfer,
dengty, dengity profile, and fibre orientation. Data presented in this paper are the compilation
of several studies that address these factors. Specifically, the objectives of this paper are to:
(1) determine the effect of refining on the mechanicd properties of individud fibres and
subsequently the properties of MDF; and (2) ascertain the resin. distribution on and
penetration of individual wood fibres during blending and pressing.

MATERIALS AND METHODS

The raw materid for the construction of MDF panels was mature loblolly pine (Pinus taeda
L.) harvested from a conventional plantation in southern Arkansas (USA) and yellow-poplar
(Liriodendron tulipifera L.) peder cores from North Carolina The yellow-poplar pecler
cores were chipped, dried and sent to the BioComposites Centre (Bangor, Gwynedd, UK) for
subsequent  refining.  The felled loblolly pine logs were further subdivided into 4 zones.
juvenile, juvenile-trangtion, mature-transition, ahd mature. The juvenile zone was the pith to
growth ring 8, juvenile-transition was represented by growth rings 9 to 16, mature trangtion
was from growth rings 17 to 24, and the mature zone was represented by growth rings 25 and
beyond. The loblolly pine logs were segregated into these 4 zones by a portable savmill as
well asaseries of rip saws at the Southern Research Station (SRS), Pineville, LA, USA. The
wood generated from the saws was chipped, dried, and sent to the BioComposites Centre for
refining.

The chipping and refining was done in two phases. In Phase |, dl 5 chip types (yelbw-poplar
and 4 loblolly pine zones) were sent the BioComposites Centre. Refining was done at the
following pressures: 2, 4, 5, 6, 7, 8, 10, 12, 14, and 18 bar. Fibres were dried, bagged, and
sent back to the SRS for analyss and MDF pand manufacture. Phase Il was to investigate
the effect of resn on pand properties, with al 5 chip types refined at 5.5, 7, 8.5, and 10 bar.
Full-sized pandls were made directly from the blowline using one of three different molecular
weight resns. Finished panes were sanded and sent back to the SRS fur property
determination.

Refining: Refining was conducted at the BioComposites Centre pilot plant usng an Andritz
Sprout-Bauer 12-inch pressurised refiner. The refiner conssted of an in-feed hopper leading
to a modular screw device (i.e. plug feeder}, which conveys the materid. from amospheric
pressure into the desired pressurised environment. Wood chips were fed through the modular
screw device viaa 2.6 meter long cooker to a 60 litre digester.
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The materid from the digester was fed by screw conveyor to the gentre
refiner dise, and hence into the refining zone. In order to maintain a ;
refiner feed screw settings and energy consumption were maintained fo
using nomind ‘refiner plate gaps that maintained the level of energy: ¢
refiner feed screw rate was set to 30% aximum revolitions and

consumption to 10 K Wihr. P

residence time for fibres in the drier of 4-6 seconds. The drier inlet temperature was varied in
order to achieve atarget furnish moisture content of §-10 percent.

MDF Panels - Phase |: 300-by 300- by 15-mm southern yelow pine and yelow-poplar
MDF panels were constructed at the Dynea research facility located in Winnfield, LA, USA.
Before blending, the moisture content was determined for each fibre type and refiner pressure.
The gppropriate quantity of water was then added with the resin to yleld a target unblended
fibre moisture content of 10%: The watet ‘was added to the resin prior to blending to ensure
uniform digribution, of moisture. The appropriate amount of 65% non-volatile solids urea-
formaldehyde resin (8% resin solids based on oven dry fibre) and the additiona water was
apphed via spray atomisation in a rotary drum blender. MDF miattresses were then formed
using a cyclone atached to a laboratory scale hammer mill with the screen removed. The
mattresses were hot-pressed to thickness at 160°C for 270 seconds. The hot-press cycle does
not reﬂect the 30 second close time and a 10 second decompress time. A target density of
780 kg/m” was used for thisstudy. A total of 220 test panels were manufactured.

MDF Panels - Phase Il: 600- by 600- by 13.5-mm MDF panels were constructed on-line a
the BioComposites Centre. Panels were constructed for each chip type (yellow-poplar and all
4 loblolly pine zones) and for fibres refined at 4 various pressures (5.5, 7; &5, and 10 bar).
‘Each of these panels were condructed in triplicate using one of 3 UF resins varying in
molecular weight and all with a solids content of 50%. The 3 resins varied in: molecular
weight and had viscosities of 233,325, and 589 centipoises. For al panels; resn was injected
into the blowline a a point 1 meter from the blow vave. The target resin addition level was
10% resin solids based on the oven-dry weight of the fibres. A wax emulsion was dso
injected into the refiner a an addition fevel of 0.5%. Formed mattresses were cold pre-
pressed and then transferred to the hot press. Panels were pressed at 160°C with a press cycle
time 0f250 seconds. The target dengity was 780 kg/m®.

Determination of Resin Distribution: Sdected panels from Phase [ and Phase Il were
congtructed with a fluorescent dye to investigate resin distribution and cdl wall penetration.
For selected pandls, a 1% by weight based on. resin solids of Rhodamine B was added to the
resn immediatdy prior to blending, The Rhodamine B enhanced resinated fibres were
formed and pressed in accordance with standard techniques and settings. These samples were
then observed with a confocal scanning laser microscope (CSLM).
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RESULTS AND DISCUSSION ' s ‘
Fxbre thsxcal Properties: The refining condition has a pronounced effect on ﬁ}e physxcai
appearance of individual wood fibres. Figure I shows a mentage of juvenile fibres refined in
Phase 1 ranging from 2 to 18 bar. :Shives were dominant in the furnish up to 4 bar and

diminished quickly thereafter. Fibres appeared to begin physma ly breaking down at or above

10 bar pressure in the refiner. Fibre quality was greaﬂy reduced at the extreme pressures
with significant damage present at 18 bar pressure. :

Figure 1. Juvenile loblolly pine fibres refined at various pressures.

Fibre damage is evident in the scanning electron microseope (SEM) images shown in Figures
2 - 4. Fibres refined a low pressures showed numerous interwall failures and often contained
remnants of adjacent cell walls. As refiner pressure increased to the more conventiona range
of 5to 1.0 bar, the cell wal. structure and features increased in complexity. In addition to
inter- and intrawall fatlures, these fibres generdly had surfaces smoother than the lower
pressure fibres. These relatively smooth surfaces often appeared coated, possibly the result of
redeposition of congtituents during the refining process. Fibres generated at 12 bar and above
were generaly fragmented resulting in predominantly fine fractions
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Figur 4. SEM microgfaphs of}a) jzb;ém}‘e and () mature ibbé@!y pine
pressure of 18 bar. <
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Panel Properties — Phase 1: The mechanica properties of MDF panels constructed in Phase |
are summarised in Fgure 5. The stiffness and strength of MDF panels made from loblolly
pine fibres vaidate earlier research that shows performance was increased with juvenile fibres
(Groom et al, 1999; Groom €t ai. 2000). Juvenile Ioblolly pine fibres generated a 7 to 8 bar
pressure produced the siffest and strongest MDF panels. The optima refiner pressure for
MDF panels made with juvenile-trangtion fibres appears to be between 8 and 9 bar, The
optimal refiner pressure for more mature ioblolly pine appears to be a or dightly above 10
ba; ,
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Figure 5. Product Of loblolly pine and yellow-poplar MOE and MOR, normalised against
MDF panel specific qravity, Us a function of refiner pressure.

The inverse correlation between fibre maurity and MDF performance appears to be
counterintuitive. ‘Mature fibres have been shown to be longer (Bendtsen and Senft 1986) and
mechanicaly superior (Mott et al. 2001) to their juvenile fibre counterpart. However, the
compliant behaviour af juvenile fibres dlows fiar maxtimum cotkebigbbate flexure, iMoERES
the fibre-to-fibre bonding and ultimately increases the dress trandfer mechanisms within the
fibre matrix.

Panel Properties - Phase 11: The relationships established in Phase | determined the refiner
settings for Phase 11. Mature-transition fibres were not produced at the various pressures due
to a lack of chips. Phase II was designed to investigate the relationship between fibre
generation and fibre adhesion.

Figure 6 shows that fibres generated from juvenile loblolly pine produce MDF panels that are
differ than panels made comparable mature fibres. The relationship is not as wel defined as
in Phase I due in part to the fewer number of panels congtructed. An unexpected dip in

stiffness occurred at approximately 7 -7.5 bar across all fibre maturity levds. An andyssis
currently underway to explain this dip.
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Figure 6. MOE of MDF panmelusuc'onstru&éd*ﬁ;;;nﬁbres varyrr?g in maturity and refining
pressure. Data points have been adjused For panel specific gravity

There was little if any effect of resn molecular weight on the mechanica properties of the
MDE panels constructed in this sudy. Figure 7 shows the effect of resn molecular weight on
pand gtiffness and Figure 8 demondrates a Smilar response with internal bond stress (IB).
These results do not mean that resin molecular weight does not play a sgnificant role in bond
development and thus stress transfer.  Differences in resn molecular weight are reflected in
the resin viscosity and thus should affect the distribution on and penetration of the ¢celf wall.
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Fi@re 7. MOE of MDF banel_s constructed using various molecular weight resins and
refining pressure. Data points have been adjusted for pand specific gravity.

5™ European Panels Products Symposium



20 1

1.5

10

Internal Bond Stress (MPa)

0.5

B R VR R e TR

Flgure8 Imernal Bond Stress of MDF panels constructed USiNg various molecular weight
resns and refining pressure. Data points have been adjusted for panel specific gravity.

The resin molecular weight will dter the cure rate.  This effect could have been investigated
by dtering the press schedules. This will most likely be .done in future Studies of this type.
Another factor may adso have been hydrolysis.  The press schedules chosen for this study
dlowed for ample polymerisation of the resin, but dso may have resulted in excessve bond
degradation. All of these variables may have combined to mask any molecular weight effect.

The relationship between refining pressures and. resn molecular weight on the mechanical
properties of MDF are shown in Figures 9 and 10. The refiner pressure had a greater effect
on MDF diffness than the corresponding IB values. Fibres refined at 7 bar resulted in pands
with the lowest MOE regardiess of the resin molecular weight.  The panels with the best
MOE vaues were constructed with fibres refined at higher pressures.  These trends were not
evident for the IB vaues with IB vaues independent of ether refiner pressure or resin
molecular weight.
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Figure 9. Moddlus OF  elasticity of MDF panels constructed using various molecular weight

resins and refining pressure. Data points have been adjusted for pamel specific gravity.
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Figure 0. Internal Bond Sress of MDF pands constructed uSng various molecular Weight
resins and refining pressure. Data points have been adjusted for panel specific gravity.

5™ European Panefs Products Sympesium



Resin Dlstnbutmn and Penetration: To evaluate the feasibility of the proposed method of
evaluating resin distribution and penetratlon several drum-blended MDF panels from Phase |
were observed with the CSLM. Figure 11 shows individual fibres removed from 2 finished

- MDF panel. The fibre located in the squeeze out zone durmg pressing and not subjected to
intense temperatures and pressures shows a spotty but even resin distribution. A similar fibre
located at the face of the panel in the mmxedlate vicinity of a platen shows the flow of the
resin aleng the fibre surface.

@ -
Fzgure z 1 Loblolly pine fibres with Rl?odamme B-enhance UF resin. The furmsh was drum-
blended and shows resin distribution on fibres (a) in the squeeze out portion of the pressed

panel and (b) in the face layer in the immediate vicinity of the pressed panel.

The technique can also be used to investigate 3-dimensional ditribution of resin on individua
fibres. Figures 12a & b show the peneration of resin into the lumen through pit gpertures.
Penetration of resin into the lumen is aso shown in Figure 13, but the resin travels through an
intrawall crack. This same technique will be used to. investigate the effect of various
molecular weight resins on didtribution patterns on the surface of fibres in this Sudy as well
as their penetration into the cdl wail and lumen.
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Fzgure 12. An individual loblolly pme f bre with Rhodamme B-enhance UF resz ' j
was dmm blended and removed from a pressed MDF parel. The images were taken t {a)

Jibre uppermost plane and (b) the fibre centre plane showing the Iumen. Nate the penetratzon
, of he resin in the 2 pits on the Iower rzghz portion of z‘he f bre ‘

zgure 13. An individual ?ob]oify pme fibre with Rhoa’amzfze B—enhance UF resin. This fibre
was-drum blended and removed from a pressed MDF panel. This image shows migration of
resin from the {ibre surface into the fumen by way of an intrawall crack.
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