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SUMMARY

The behaviour in kraft cooking and papermaking of 6Acacia melanoxylon wood chip
samples, wilh basie densities of 449; 489; 493; 505; 514 and 616 k9/m3 is studied in lhis
work. The wood chip samples were screened and submitted to the kraft cooking process.
Experiments were carried out with 1000-9 od of wood in a torced circulation digester. The
cooked chips were disintegraled, sereened and washed. The sereened and total yields, kappa
number and pulp viseosily were determined aeeording to the standard melhods. The
morphologieal properties of pulp libres were determined by image analysis of a diluted
suspension in a fiow ehamber in Morfi®. The unbleaehed kraft pulps were submitted to a
bleaehing D,E,D,E,D, sequenee and their papermaking potential evaluated. The pulps were
beaten in a PFI mili at 500; 2500 and 4500 revolulions under a refining intensity 01 1.7 N/mm,
Paper handsheels were prepared aeeording to the Sean standard and lesled regarding
structural, mechanical and aplical properties.

Regarding lhe pulping potential, the pulp yield ranged between 47.7 and 57.7%. The
seleeled wood samples provided bleaehed kraft pulps with markedly different biomelries
charaeteristies. In faet, lhe mean values 01 fibre length, fibre width and eoarseness ranged
between 0.77 and 0.98 mm, 17.8 and 19.4 J.1m, 4.8 and 6.2 mg/100m, respeetively. As expeeted,
these biometrics characteristics ha va very high impact on paper structure, including
smoothness, and on mechanical and aplical properties, tor the unbeaten pulps. Al a given
beatan level, the differences between pulps remain very high. Moreover. tar a given paper
density, tensile and tear strength, and light scattering coefficient are significantty different. To
reaeh a given paper density, however, the differenl pulps required very different energy
consumptions in beating.
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EFECTO DE LA DENSIDAD DE LA MADERA EN Acacia melanoxylon
PARA LA FABRICACiÓN DE PAPEL

RESUMEN

Se estudia en este trabajo el comportamiento de seis muestras de astillas de madera
de Acacia melanoxylon, con densidades básicas de 449; 489; 493; 505; 514 Y616 k9/m', en
un proceso kraft de cocido y fabricación de papel. Las muestras de astillas fueron cribadas y
enviadas al poceso de cocimiento kraft. Los ensayos fueron desarrollados con 1000 g de
madera seca en horno puestas en un digestor de circulación forzada. Las astilllas cocidas
fueron desintegradas, cribadas y lavadas.Los rendimeintos cribados y totales, el numero
kappa y la viscosidad de la pulpa fueron derterminados de acuerdo a métodos estándares.
Las propiedades morfológicas de las fibras de la pulpa fueron determinadas mediante análisis
de imagen de una suspensión diluida en cámara de flujo Morfi®. Las pulpas kraft sin blanquear
fueron enviadas a una secuencia de blanqueo DoE,D,E2D2

y se evaluó su potencial para
fabricar papel. Las pulpas fueron batidas en un molino PFI a 500; 2500 Y4500 revoluciones
bajo una intensidad de refinado de 1,7 N/mm. Las láminas de papel fueron preparadas de
acuerdo al estándar sean y probadas según propiedades estructurales, mecánicas y ópticas.

Respecto del potencial de pulpaje, el rendimiento en pulpa varió entre 47,7 y 57,7 %.
La muestras de madera proporcionaron pulpa kraft blanqueada con características biométricas
marcadamente diferentes. De hecho, los valores medios de largo de fibra, ancho de fibra y
9rosor de grano variaron entre 0,77 y 0,98 mm, 17,8 y 19,4 ~m, y 4,8 and 6,2 mg/100m,
respectivamente. Como se esperaba, estas características biométricas tienen un alto impacto
en la estructura del papel, incluyendo suavidad, yen las propiedades ópticas y mecánicas,
para las pulpas no batidas. A un nivel de batido dado, las diferencias entre las pulpas
permanecen altas. Además, para una densidad dada del papel, la resistencia a la tensión y
al rasgado y el coeficiente de dispersión liviana son significativamente diferentes. Para
alcanzar una densidad dada de papel sin embargo, las diferentes pulpas requieren muy
diferentes consumos de energia de batido.

Palabras claves: Acacia melanoxylon, densidad básica de la Madera, fabricación de papel.
caracterlsticas de la fibra.
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INTROOUCTION

Acacia melanoxylon R. Sr., usually named Slaekwood, grows spontaneously in
Portugal. This speeies is well adapted to the Portuguese soil and climate and can grow in
pura or mixed stands with other species namely Pinus pinaster Aiton.

The A. melanoxylon timber has good eharacteristie to be used fer panelling, veneers,
fumiture, crattwood and it is universally regarded as an excellent interior feature timber. This
species can also be used far pulp production and present good performance in differenl
paper grades. Several authors have sludied their pulping and paper making potential (Clark
e/al., 1991; Guigan el aJ., 1991; Furtado, 1994; Gil el al., 1999; Paavilainen, 2000; Santos el
el., 2002; Santos el aJ., 2006a; Santos el al., 2006b). So, in Portugal Blackwood can be
considered as an alternative raw material fer sawmills and pulp industry. In addition, this
species has a good annual incremenl (0.89 cm.ano·') (Santos el al., 2006a), when compared
with the Maritime Pine (0.58 to 0.85 cm.ano·') (Tavares el al., 2004) and Eucalypt (0.84 to
0.96 cm.ano·') (Tomé el al.. 2001), that are lhe most representative species in Portugal.

For the paper industry the raw material has good potential; al a given drainage
resislance (30 ·SR), lhe papers produced with Acacia (A. dealbata and A. meJanoxylon)
present higher apparent densities lhan Eucalypt (0.80 lo 0.66 g/cm3 ) (Santos e/ aJ., 2004)
because their pulp fibres have lower coarseness and higher f1exibility and collapsibility.fibre
These fibres lead to papers wilh good reiationship between light scattering and tensile strength,
allow refining energy consumption (Santos el al., 2006b).

The relationships between papar properties and raw material properties, namely wood
chip densily, have been studied by several authors (Paavilainen 1989; Paavilainen, 2000;
Downes et al., 2003; Kibblewhite el al., 2003; Santos el al., 2006c). On the other hand, it is
very well documented lhal there is a quite high variability of the fibre morphology within trees,
between trees within a stand. and between trees from different stands (Evans et al., 1999;
Downes el al., 2003;), but no study for A. melanoxyJon were carried oul about this subjecl.

The objective of this werk is to evaluate the influence of wood density and fibre
morphology on beating developmenl and on paper structure and corresponding paper
properties.

MATERIAL ANO METHOOS

Six wood chip samples of A. melanoxylon were selected from a sel of 120 samples,
comprising 4 sites, 5 trees per site and 6 levels per tree. Considering both the wood density
and the height levels in the trees. six samples were seleeted. The chip basie density was
delermined accarding to the Tappi 258 om-94 standard procedure. The wood chips (1000-g
o.d.) were submitted to a conventional kraft eooking process, in a foreed eireulation digester,
under the following reaetion conditions: effeetive alkali eharge - variable; sulfidity index 
30%; liquor/wood ralio - 4/1; time to temperature - 90 min; time at temperature (160 ·C) 
variable. The eooked ehips were disintegrated, washed, and screened on a L&W sereen with
0.3 mm slot width. The aceepted material was eollected on a 200 mesh sereen. The sereened
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and total yields, kappa number and pulp viscosity were determined according to the standard
methods. The brown-stocks were bleached according to the lollowing bleaching sequence:
DoE,D1E2D2'

The morphological properties 01 pulp fibres were determined automatically by image
analysis 01 a diluted suspension (20 mg/L) in a Oow chamber in Morfi®. The pulps were
beaten in a PFi mili at 500, 2500 and 4500 revolutions under a relining inlensity 01 1.7 N/mm.

The water retention value (WRV) was determined according to the 5ilvy el al. procedure,
in the suspension with and without fines; these were removed in the Bauer-McNett® apparatus,
using a 100 mesh screen. Paper handsheets were prepared according to the Scan standard,
and tested regarding structural, mechanical and optical properties.

RESULTS

The cooking conditions required by the 6 samples to produce kraft pulp with kappa
number in the range 01 13 to 17 were slightly different (Table 1). In particular, the wood
sample with highest basic density exhibit the lowest alkali consumption and led to a pulp
yield which is 4 -10 poinls higher than those exhibited by the other wood sampies. This result
is consistent with very high cellulose content 01 the wood sample. In addition, the pulp yields
compare very well with those reported for E. globulus wood. The pulp viscosities are lower
lhen lhose reported by Santos el al. (2006) for the same species. These differences can be
tentatively attribuled to the higher alkali charge used in the cooking, but the effects 01 other
factors are possible.

TABLE 1
COOKING CONDITIONS AND RESULTS

Samples provenance
o 1 15 Pl 5 e5 Pl5 B Pl 1 5 e , • 03.

Chip basic densily (k cm3)... ... 493 SO, 51 • '"Effectlve alkali charge (Ofo. as 19.6 20A 20,4 21,3 19.6 20.4
NaOH)
Su! ldlly (%) 30 30 JO 30 JO JO

Ime lo 18m ralure mln 'O 90 'O 90
Time allemperature , I (mln) 80 80 'O 80 80 80.,' 'eld ( .00 wood 3.6 52.e 41.1 49.0 53.4 51.1
Re .{ . onwoodJ 16 0.7 O' 17 0.7 , 6
Effeclive ..Ikall consumption (%. as 18.9 16.4 16.9 11,4 16.4 15.8
NaOH)
Kappa number 15.7 16.8 15.1 '58 14.2 13.2
Viscosi . cm, .' (UP 76' 1065 "6 '20 828 795
VlSCOSlly cm .g-' (tJPI 656 782 80' "6 791 782
UP - unbI••cned PUIIK. el"· blNcl>lld pulpos.
o 1 IS __0I)d NmP'<I$ gelfrom 15"4 '*VIlt ..ve! ItIr...
PL_5 5S - ..000 ""'¡)les glllromM'lI. I'IIogl'It Ilvellhr..,
pL_ t S _ onlOd ....llIes 1111 rmm 5"4 heoll~t 1e...1'l1tI.....
PL_S 8 e t e o 3 B - ..ood umpI". Kql,lH"e lrg", lile bollO'" (Il t~e dill...nll"....s

Fibra Properties

Table 2 shows the biometric characteristics 01 the fibres lrom the six pulps lor the
three beating levels. The pulp libres obtained lrom the wood with the highest basic density
have highest coarseness, highest widlh and highest length (Ienglh-weighted).

Regarding to mean fibre length, the analysis 01 the values lor lhe PL_1 tree shows
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Ihal Ihis morphological property decrease significantly wilh Ihe heighl in Ihe Iree. On Ihe
other hand, the samples from the base of the trees exhibit in general significantly higher
coarseness than the samples from the higher levels in the tree height. The exception is the
sampte PL_5_B. which also shows an extremely low pulp yietd.

TABLE 2
FIBRE CHARACTERISTICS OF UNBEATEN PULPS

Oensity Provenance PFI. Fibreslg Fibre Length. length· Coarseness
kglm3 Rev x 10" width (Ilm) weighted (mm) (mg/m)

449 O 26.125 19.2 0.864 0052

° 1
15

500 25.922 19.1 0.867 0.052
- - 2500 26.950 19.1 0.861 0.050

4500 25.405 19.2 0.855 0.054
O 31.262 17.8 0.775 0.048

489 500 31.340 17.9 0.772 0.048
PL_5_65

2500 31.864 17.7 0.772 0.048
4500 31.927 17.7 0.771 0.048

O 26.846 18.5 0.828 0.053

493 PL_5_B
500 26.139 18.5 0.837 0.054

2500 26.217 18.5 0.832 0.054
4500 26.392 18.5 0.825 0.054

O 26.188 18.1 0.844 0.053

505 PL_1_5
500 26.703 18.0 0.847 0.052

2500 26644 18.2 0.845 0.053
4500 25738 18.5 0835 0.056

O 24190 18.8 0.823 0.059

C_1_B
500 23.085 18.6 0.825 0.062

514 2500 24.039 18.7 0.814 0.061
4500 23082 19.0 0.827 0.062

O 19.665 19.4 0.988 0.062

0_3_B
500 19.603 19.3 0.987 0.062

616 2500 19.841 19.3 0.979 0.062
4500 19.743 19.5 0.978 0.063

Papermaking Polenlial

The evolution of the drainability resistance of the pulp suspension is represented in
Fig. 1, for the six pulps studied. The different behaviors are clear even fer the unbeaten pulps
but are more impressive for the futl beaten pulps. The experimental results c1early show that
drainage resistance development decrease with wood density increase. Moreover. considering
lhe wood chip provenance in the tree, we can verify that the pulps with the lower drainage
resislance developmenl (493,514, and 616) are associaled wilh Ihe samples originaled from
Ihe Iree bottom. In addilion, lhe lowesl developmenl 01 lhis property is associaled wilh lhe
highest fibre coarseness.
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Figure 1
EVOLUTION OF THE SCHOPPER RIEGLER DEGREE rSR) WITH BEATING

FOR THE A. me/anoxylon PULPS.
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Figure 2
EVOLUTION OF PAPER DENSITY WITH BEATING FOR THE A me/anoxylon PULPS

The experimenlal resulls 01 paper density (Fig. 2) reveals thal lhe pulps produeed
lrom lhe wood chips wilh lhe lower basie density (449 and 489 kg/m') exhibil values markedly
higher lhan lhe pulps produced lrom wood samples wilh higher wood densily. The pulp
originaled lrom lhe sample with bolh lhe highesl wood basie densily and pulp yield densify
very hardly.

Regarding meehanical properties, A. me/anoxylon pulp produeed wilh lowesl density
wood (wood chip 449 kgim') exhibils lhe highesllensile index (Flg. 3) al a given PFI revolulions,
and Ihis perfonmanee remalns over Ihe beating periodo In addition, lhese results are consislenl
wilh lhose observed lor the paper densily. In lael, papers wilh higher density have slrong
slruelures and eonsequenlly higher resistanees. Bul il il is observed lhe relalion between Ihe
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lensile index and paper density can seen that the papers produeed wilh Ihe wood chip with
lhe highest density have the highesl lensile indexo but at the expense of higher energy
consumption in beating.
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Figure 3
evOLUTlON OF TENSILE INOEX AS A FUNCTION OF PFI REVOLUTIONS (A·LEFT) ANO PAPER

OENSITY (B·RIGHT) FOR THE A. me/anoxylon PULPS.

The paper strength given by the zero-span tensile strenglh test (dry and wel) was
represenled in Figure 4 and seem lo indicate a slightly deerease of lhis property for the wood
tibres from the tree base. The reasons behind these observations are yat under investigation.
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Figure 4
EVOLUTION OF ZERQ-SPAN TENSILE STRENGTH, ORY ANO WET, WITH PFI REVOLUTIONS.

The papers produced with fibres with lower coarseness (fibres from lower wood density
- 449 kg/m') have a higher internal resislanee. This eould be explained by higher abilily 01
Ihese fibres lor eollapsing in lhe paper slrueture and developing inler·fibre bonding.

Light seattering eoeffieienl is represenled versus apparent paper densily in Figure 5,
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where a very differenl behavior can be observed for lhe lesled wood samples. The lighl
scattering ability decreases with the coarseness, as expected, because these fibres have
lower specific surface area. Similar resulls where reported by Ludovina el al. (2005) with E.
globulus. The mechanical lrealmenl applied in lhe bealing process diminishes lhe Iighl
scattering coefficient due to the improved links between fibres, fibrils and fines.

--o- 406 ............ 489
-0- 4:ll -/'r-!:l::li
____ 514 ----6-616
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«lO
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250

200
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Figure 5
EVOLUTION OF L1GHT SCATTERING COEFFICIENT AS A FUNCTION OF PFI REVOLUTIONS

Al the beginning of the bealing process, the lear index values (Figure 6) increase
significanlly for all pulps, bul this effect is more evidenl for lhe pulp originated from lhe wood
samples with low density.

Thereafter, the tear index increases very slowly or level off. For low beating levels the
fibres are pulled oul from lhe paper slruclure and lhe inter-fibre bonding playa posilive role
on tear resistance development. For much higher beating levels, where in tense inter-fibre
bonding exists, the fibres are removed from the structure by fibre rupture, which can involve
lower energy than fibre pulled oul. On lhe olher hand, lhe pulps with lhe fibres in the range of
high coarseness exhibit lower tear resistance in consequence of the lower number of fibres
per gramo However, the coarse fibres can exhibit good performance if the apparent paper
density is considered as a reference (Fig. 6-b).
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Figure 6
EVOLUTION OF TEAR INOEX AS A FUNCTtON OF PFI REVOLUTIONS (A-LEFT) ANO PAPER

OENStTY (B-RIGHT
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The resulls of ANOVA analysis show that the eflect of wood densily on all paper
properties are significanI (P<0.001) and represent an importanl amounl of lhe total variance.
Forthe paper density the percentage of variance is higher than far the other studied properties.

Variance Explained by Principal Componen!s Analysls

In this work is used principal components analysis to investigate ~he differences in
fibre characterislics and paper properties, as well as lheir inleraclion for the papers produced
from wood chips wilh diflerenl densities. Three factors were chosen in this study because the
3" one explains 10.3% of lotal variation and lhere are one variable that is well explain by this
faclor.

In Fig. 7 each point represents the mean of a given property, for the six puip samples.
The first component explains 52.1% and the second explains 28.4% of total variation.

Prol8c1on 01 trie varlilblu on ¡he leC101-p1c1r>e ( 1" 3)

/
i

!

/
.,/

,
•
~•

." '-- ---.J

Figure 7
RELATIVE DISTRIBUTION OF PAPER CHARACTERISTICS ACCORDlNG TO THE FACTORS

RESULTING FORM MULTI-VARIED ANALYSIS COMPONENTS.

Factor 1, which defines the firsl componenl of paper properties, inciudes a series of
properties, which are significantly correlated amongst themselves: paper densily (D), Shopper
degree (SR), lensile index (T), tear index (Te) and dry zero-span (Zsd). The light scattering
coefficient (Ls) is also strongly correlated with the previous group but in inverse arder. In fact,
all the first variables showed a strong correlation with paper density and the way fibres connect
to form papers with higher mechanical resistance. Similar results are observed by Santos el
al. (2005) wilh acacia and eucalyptus papers. In Faclor 2, components coarseness (ML),
fibre widlh (W) and length (Iength-weighted) (L) have posilive coeflicients. The facIar 3 was
explained by the wel zero-span (Zsw), and this factor isn'l well correlaled with the olher
variables.
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Also are projected lhe cases onto the same system 01 vectors. Figure 8 shows how
the values 01 different wood chips density are correlated. The paper produced with wood chip
density 449 kg/m', 489 kg/m', 505 kg/m'and 616 kg/m' are c1early different between itsell
and the paper produced with wood chip density 493 kg/m' and 514 kg/m'don't represent a
higher differences between them but are different for the others.
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Figure 8
PROJECTION DIAGRAM OF THE CASES ON THE FACTOR PLANE.
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CONCLUSION

The experimental results obtained in this work have shown that wood density is an
importanI prediclor 01 Ihe fibre morphology and papermaking polential. The wood samples
wilh very high wood density provide coarse libres lhal develop bealing slowly and produce
bulky paper slruclures. Al a given paper densily, however, these pulp fibres can produce
papers wilh very good performance in terms of tensile strength but poor tear resistance.
Moreover, these fibras have relatively low specific surface area and provide papers with low
light scallering abilily. On Ihe contrary, lhe wood samples wilh moderale wood densily provide
pulp fibres with lower coarseness, which develop beating and densify more easily, and perform
better in papermaking.
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