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Papermaking potential of Acacia dealbata

and Acacia melanoxylon
ANTONIO J. A. SANTOS!, OFELIA M. S. ANJOS2 AND ROGERIO M. S. SIMOES3*

SUMMARY

The puliping and papermaking potential of
Acacia dealbata and Acacia melanoxylon
were studied using Eucalyptus globulus
as a reference. Pulp yield, alkali con-
sumption and delignification in the kraft
process, of both species, compare very
well with the reference. Pulp yield can be
higher than that of E. globulus and the
residual lignin content lower after cooking,
which is in good agreement with the lower
lignin and extractives content of the wood
samples used.

Pulps produced from Acacia have slightly
lower fibre length and coarseness and
higher fibre width and wet fibre flexibility
than E. globulus pulps. As a consequence
of fibre characteristics, the paper pro-
duced from Acacia is denser and exhibits
higher tensile and burst strength, and
lower tear resistance than that from
E. globulus, at a given PFI revolution. For
the same sheet density E. globulus
displays higher strength properties, but
the consequence of achieving this is a
lower drainage rate and higher energy
consumption in refining.
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INTRODUCTION

Bleached Eucalyptus globulus kraft pulp
has a strong market position for the
production of writing and printing papers
due to its singular characteristics.
Strength, bulk, and opacity of E. globulus
paper are very good, and smoothness
acceptable. However, pulp produced from
Acacia species, namely Acacia mangium,
is emerging as a strong competitor in the
world market of hardwood. pulps. The
increasing number of commercial
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Table 1

Characteristics of the raw-material

Species Provenance Age
(years)

A. dealbata Mira- Portugal 18

A. melanoxylon  Camarido- Portugal 22

Diameter at Basic density, Basic density, top
BH (cm) bottom part (g/cm3) part (g/cm3)
16.8 0.490 (+0.010) 0.351 (£0.014)
14.1 0.387 (+0.012)

0.460 (0.011)

BH = Breast Height
plantations for industrial uses in Asia, good
ecological conditions of this region (/,2) and
fibre quality (3,4) are key factors promoting
the use of this wood for pulp production.
Very high light scattering potential of the
pulp fibres, due to a high number of fibres
per gram, and good smoothness and paper
formation are the key parameters (3,4).
Even though they are an introduced
species in Portugal, there are good
ecological conditions for some Acacia
species, and there are already stands of A.
dealbata  and A.  melanoxylon.
Nonetheless, information on the paper-
making potential of Acacia species
existing in Portugal is scarce. Furtado (5)
worked on the pulping potential of A.
melanoxylon and A. dealbata, using a
composite sample of three trees per
species, with mean basic wood density of
0.530 g/cm? and 0.500 g/cm3, respectively,
and observed that kraft cooking yield,
residual lignin content in the unbleached
pulp and alkali charge required in the
kraft process compare very well with
those exhibited by a E. globulus sample
used as a reference, which had a basic
wood density of 0.570g/cm3. Similar
conclusions were reported by Gil et al (6)
for other trees of the same species. The
pulping and papermaking potential of
other Acacia species have also been
studied by other researchers (3,7,8).
While Clark and co-workers (7,8)
reported data for young trees, the works
of Furtado (5) and Gil et al (6) concerns
very old trees. However, this kind of raw
material will not be available if commer-
cial exploitation of Acacia for pulp
becomes reality. So, this paper aims to
study the pulping behaviour of Acacia
wood younger than those used in previous
studies (5,6). To attain this objective the
material from the part of the stem above
the breast height (1.30m) was selected

from the same A. melanoxylon and
A. dealbata individual trees used in a
previous study by Gil et al (6). The fibre
characteristics, namely the wet fibre
flexibility, and the papermaking potential
of the bleached kraft Acacia pulps were
evaluated, using E. globulus grown in
Portugal as a reference.

Material and methods

Table 1 shows the provenance, age and
density (mean and standard deviation) of
the wood chips produced from the part of
the stem under (bottom part) and above
(top part) the breast height of two trees
being studied. This work was carried out
using the wood chips produced from the
top part of the trees. The trees came from
a sand-dune soil from two sites very close
to the Atlantic Ocean.

Industrial wood chips from E. globulus
grown in Portugal aged within the range
of 8—10 years and a mean basic density
of 0.536 g/cm3 were used as reference.
The three wood chip samples had been
previously screened. The chip basic
density was determined according to the
Tappi 258 om-94 standard procedure.
Representative materials were ground and
samples prepared for lignin and extrac-
tives content determination according to
Tappi 222 om-88 and Tappi 204 om-88
(successively with dichloremethane,
ethanol and water) standards, respectively.

The wood chips were submitted to a
conventional kraft cooking process under
the following reaction conditions: active
alkali charge - 22% (as NaOH); sulfidity
index- 30%; liquor/wood ratio - 4/1; time to
temperature ~ 90 min; time at temperature
(160°C) ~ 120 min. Experiments were
carried out with 1000-g o.d. of wood in a
forced circulation digester. The cooked chips
were disintegrated, washed, and screened on
a L&W screen with 0.3mm slot width.

Vol 59 No 1



Pee

&

r Reviewed

Table 2

Variance analysis of the different parameters, for three species (S) and four refining (R) levels.

Source F.D. Expected values of the average squares
Species (S) (s-1) T H

Refining (R) (1) o2+ efo?

SxR (s-1)(r-1) o?+10dm

Residual (t-1)rs o?

Where:

02— Estimated variance
€ — number of species (3)

The screened and total yields, kappa
number and pulp viscosity were deter-
mined according to the standard methods.
Residual alkali was determined in the
black liquor by acid titration until pH
10.5, after appropriate dilution and BaCl,
addition, in order to determine the corre-
sponding effective alkali consumption.
The morphological properties of pulp
fibres were determined by image analysis
of a diluted suspension in a flow chamber
in Morfi®. The pulps were beaten in a PFI
mill at 500, 2500 and 4500 revolutions
under a refining intensity of 3.33 N/mm.
Wet fibre flexibility (WFF) and relative
bonded area (RBA) were determined
according to Steadman and Luner (9)
procedure, using CyberMetrics® equipment.
The two parameters were measured in
fibres put on slides with and without
wires, respectively. Paper handsheets
were prepared according to the Scan stan-
dard, and tested regarding structural,
mechanical and optical properties.

The experimental data were analysed
by variance analysis, using commercial
software Statistics® and Statgraphics®. In
the study of variance components analysis,
each factor (after the first) is nested in the
one above. The goal of such an analysis
is usually to estimate the amount of
variability contributed by each of the
factors, called the variance components.
The model used for variance analysis
(with fixed effects) is provided in Table 2.

RESULTS AND DISCUSSION

Cooking

The basic chip density of the samples
obtained from the three species under
research is 0.351g/cm3, 0.387g/cm3 and
0.536g/cm3, respectively for A. dealbata,
A. melanoxylon and E. globulus. The
value for E. globulus is within the usual
range reported for this species (10). The
Acacia samples used in this work exhibit
values that are lower than those reported
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r - levels of refining (4)
f - number of handsheets (10)

in literature (0.460 to 0.530g/cm3) for
whole-trees of the same species in similar
ecological conditions (5) but in good
agreement with the data reported by Clark
(11) for A. melanoxylon. The low values
obtained for Acacia samples used in the
present study should be analysed consid-
ering they pertain to the top part of the
trees. Corresponding values for the bot-
tom part of the trees are significantly
higher (Table 1). Similar trends have been
reported for the effect of height level in
the tree on basic density for some hard-
wood and softwood species (12-14) and
for A. melanoxylon (11).

The three samples were submitted to
cooking under the reaction conditions
described previously (selected in order to
produce an E. globulus kraft pulp with
kappa number in the range 14 —16, which
is the usual range for this species). Table
3 presents the results for pulp yield,
rejects, effective alkali consumption (as
NaOH), kappa number and pulp viscosity.
According to our experience with other
samples cooked in the same equipment,
the standard deviation of the pulp yield is
close to 1 unit.

Regarding the yield, the present data
show Acacia species result in higher pulp
yield than the E. globulus sample used as
a reference. Furtado (5), using a composite
sample of three trees per species, and Gil
et al. (6), using only the part of the stem
under the breast height of one tree, report-
ed similar trends for the same species. In
addition, the pulp yields observed in the
present study are 1-2 points lower than
the corresponding yields obtained for the
same trees but with the material under the
breast height (6), which can be tentatively
attributed to the increase in extractive and
lignin contents with height level in the
tree. The higher pulp and total yields
exhibited by Acacia species are in
accordance with their lower lignin and
extractives content (Table 4). Despite the
lower performance of this E. globulus
wood sample regarding pulp yield, it
should be noted that other E.globulus
wood samples have pulp yields in the
range of 52% to 59% (10,15) and also
require milder cooking conditions.

Regarding kappa number, Acacia
species have lower residual lignin
content, for similar reaction conditions.
However, this does not mean that E. glob-
ulus exhibits lower delignification rate
than Acacia, because E. globulus wood
has higher lignin content and the amount
of lignin removed is higher.

Cooking selectivity (yield/kappa
number and pulp viscosity/kappa number)
is higher in the Acacia species investigated.
Despite these trends, variability of the
woods and their behaviour in the kraft
process preclude generalisation.

The unbleached kraft pulps were
submitted to a bleaching DoE,D,E,D,
sequence in order to evaluate the

Table 3
Cooking resuits
A. dealbata A. melanoxylon E. globulus
Pulp yield (%) 51.2 53.2 50.5
Rejects (%) 0.3 0.4 0.3
Alkali consumption (%) 15.6 1561 15.2
Kappa number 124 10.9 141
Pulp viscosity (cm3/g) 996 980 956
Table 4
Lignin and extractives content
Lignin content Extract Total

(%) Dichloremethane Ethanol Water extractives
A. dealbata 18.2 (+1.16) 0.42 (+0.08) 1.91 (20.15) 117 (£0.13) 3.5 (+0.08)
A. melanoxylon 17.5 (+1.59) 0.43 (£0.13) 1.81(x0.32) 093 (+0.08) 3.2 (z0.41)
E. globulus 20.0 (+0.91) 1.58 (+0.03) 1.78 (£0.18)  1.37 (x0.47) 4.7 (x0.60)
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papermaking potential of the bleached
pulp. Pulp viscosities were similar and
close to 800cm¥g and no differences
were detected regarding pulp bleachability.

Fibre properties

Table 5 shows the biometric characteris-
tics of the fibres of the three pulps, for
three refining levels and for the unrefined
pulps. Regarding the unrefined pulps, the
following conclusions can be drawn: (i)
E. globulus exhibits slightly higher fibre
length (0.72 mm) than A. dealbata and
A. melanoxylon (0.66 mm and 0.65 mm,
respectively); (ii) E. globulus has
narrower fibres than those of A. dealbata
and A. melanoxylon; (iii) E. globulus
fibres exhibit close to 20% higher fibre
coarseness than A. dealbata and
A. melanoxylon. This experimental data
suggests that in E. globulus fibres, lumens
are relatively narrow and cell walls
relatively thick. In accordance with their
lower coarseness, Acacia species have

higher number of fibres per gram of pulp;
33.4x106, 30.6x106, and 22.6x106 for
A.dealbata, A. melanoxylon, and E. glob-
ulus, respectively.

Considering the higher coarseness and
the lower fibre width of E. globulus fibres,
we can anticipate fibres with lower wet
fibre flexibility, and this in fact is shown in
Figure 1 throughout the refining period.

It seems that wet fibre flexibility also
influences initial fibre curl; E. globulus
with higher wet fibre rigidity exhibits
lower initial curl (Table 5). In addition,
for the Acacia pulps, straightening of
fibres with refining is obvious, when we
compare values for unbeaten pulp and the
corresponding pulp after 500 PFI revolu-
tions, and this is in agreement with other
authors (16). Fibre length increases and,
consequently, coarseness apparently
decreases slightly for this moderate
beating level. For higher beating
treatments, curl increases again.

Apa Peer Reviewed
Table 5 Papermaking potential
Fibre characteristics. Figure 2 presents the drainability resis-
- Fibre width (um) _ Length weighted G (59 tance data for the three pulps, revealing
VS iore wi Hmy en welghte oarseness u 0, . .
*F) in length {mm) (mg/m) Lhat E. globulus is harder to refine in the
initial phase, probably as a consequence
0 18.5 0.66 0.064 6.5 of higher fibre coarseness. Unexpectedly,
A. dealbata 25500% :g-g 8-27 gggg gg dewatering resistance of E. globulus pulp
: 66 : : at 4500 revolutions is higher than that of
4500 17.7 0.67 0.063 5.4 . .
Acacia species. On the other hand,
) 0 17.9 0.65 0.066 6.3 E. globulus pulp shows, in general, lower
500 17.9 0.66 0.063 5.2 water retention values than Acacia species
A. melanoxylon
iggg };-4 gg; 8-071 56  throughout the refining period.
2 : — 2 Consideration of both results, suggests
0 16.5 0.72 0.079 57 lower swelling and higher external fibril-
E. globulus 500 16.6 0.72 0.083 5.3 lation for E. globulus pulps. Seth (17),
2500 16.5 0.70 0.083 5.9 working with softwood pulps with very
4500 16.6 0.68 0.080 5.9

different coarseness, reported significantly
higher external fibrillation for the coarse
fibres at 6000 PFI revolutions.

The effect of refining on paper density
(Fig. 3) reveals that Acacia species exhibit
values about 20% higher than E. globulus
throughout the refining period. The high-
er wet fibre flexibility (Fig. 1) and higher
relative bonded area (Table 6) can justify
these results. Even for 4500 revolutions,
where drainability resistance of the
E. globulus pulp is the highest, paper
density remains significantly lower than
Acacia, which is a very interesting result.
This could be attributed to the different
refining behaviour of the two types of
fibres. The hard E. globulus fibres
develop mainly external fibrillation,
while internal fibrillation is dominant for
the soft Acacia fibres.

The variance analysis (Table 7) of all
the density data shows that close to 74%
of the variance is attributed to refining
process, while close to 25% is imputed to
the species in question.

As expected from the paper density
data (and corresponding paper porosity),

- 80n ~0— A, dealbata
—&— A. melanoxylon X
—X— E. globulus
60 1
3
£ T 40 — X
S /X —n— A. dealbata /A/
56 4 —o— A. melanoxylon 20:/>'<
—X~— E. globulus
51 y T T T T T T ] Y l T i
0 500 2500 4500 0 500 2500 4500
PFl Revs PFI Revs
Fig. 1 Evolution of wet fibre flexibility (WFF) index with Fig. 2 Evolution of the Schopper Riegler degree (°SR)

refining, for Acacia and E. globulus.
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with refining, for Acacia and E. globulus pulps.

Vol 59 No 1



Peer

&

Reviewed

1.00 a
Ll —o— A. dealbata
0.90 400 1 —a— A. melanoxylon
"é X —X— E. globulus
o /
S oso x 3 300 -
£ 3
2 070 % . —o— A.dealbata @ 200 4 %
]
a / —t— A. melanoxylon
0.60 100 4
X —x— E. globulus »
0.50 | — . 0 Ye—=ST ; .
0 500 2500 4500 0.50 0.60 0.70 0.80 0.90 1.00
PFl Revs Density, g/cm?

Fig. 3 Evolution of paper density with refining, for Acacia

and E. globulus pulps.

Fig. 4 Evolution of paper smoothness with paper density,

for Acacia and E. globulus.

Table 6

Relative bonded area for Acacia and Eucalypt. lobulus fibres

PFl, Revs A. dealbata A. melanoxylon E. globulus
0 38.6 39.0 334
500 54.2 53.1 42.4
2500 76.3 67.3 60.9
4500 76.8 70.6 65.5

E. globulus exhibits higher air permeabil-
ity than Acacia species at a given refining
energy. Within Acacia, A. dealbata has a
less permeable structure, which is related
to the higher density (lower porosity). For
similar fibre length and fibre length distri-
bution this can in turn be explained by the
higher relative bonded area (Table 6) and
expected from fibre biometrics. The high-
er collapsibility of A. dealbata respecting
to A. melanoxylon is in good agreement
with the mean values of coarseness
(6.3/6.8mg/100m) and fibre width
(18.1/17.6 ym). Variance analysis of air
permeability for the three species dis-
played the effect of refining (62%) and
species (11%) as expected, but also an

important interaction between these two
parameters. In fact, this interaction is
responsible for around 25% of total
variance. In physical terms, this means that
E. globulus and Acacia papers develop air
permeability resistance in different ways
during refining. In fact, while A. dealbata
exhibits a drastic increase in air resistance
between 2500 and 4500 PFI revolutions,
E. globulus shows a much lower change for
the same refining levels. These differences
are in accordance with fibre morphology.
As expected, paper smoothness is
higher for Acacia species, at a given refin-
ing level. A slight advantage of Acacia
species remains when the comparison is
made at a given paper density (Fig. 4).

Regarding mechanical properties,
Acacia species exhibit higher tepsile and
burst strengths and lower tearing
resistance than E. globulus, at given PFI
revolutions (Fig. 5 and 6). These results
are in very good agreement with the data
reported by Furtado (5), for the same
species. The results for tensile and burst
are justified by the higher density and the
higher internal cohesion of the papers
from Acacia and the lower tearing is
probably a consequence of lower fibre
length and lower intrinsic fibre strength
(Fig.10). Variance analysis shows tearing
resistance depends on refining and
species, as well as on the interaction
between them. Tensile and burst are both
dominated by refining (Table 7).

However, the representation of
strength properties as a function of
paper density (Fig. 7 and 8) and tear ver-
sus tensile (Fig. 9) reveals that E. globu-
lus has potential to produce stronger
papers than Acacia. The analysis of the
data by Furtado (5), obtained for a
composite wood sample of three trees
per species, support the same conclusion.

Burst index, KPa.m2/g
O = N W » OO N @

120 -
o 100 |
E
z 80
5
o 60
£ H
° RO / —0— A. dealbata
2 —a— A. melanoxylon
@ 20 —x— E. giobuius
0 : T —
0 500 2500
PFl Revs

/X

—o— A. dealbata
—o— A. melanoxylon
—X~— E. globulus

4500

500

2500 4500

PFl Revs

Fig. 5 Evolution of tensile index and burst index with refining, for Acacia and Eucalyptus globulus.
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Table 7 The results of our work can be explained
. \ .
Component variance analysis for the paper properties by the experimental data for fibre length
Paper properties Source FD. Q.M. Fcal Sig. Var(%) and zero-span tensile strength. In fact, the
Species (S) 2 0.2413 24358 252 dry zero-span (Flg. 19) tensile strength is
Density Reﬁsﬂil\% (R) g g-ggg 5?280.5 ?59 significantly higher in E. globulus. The
X . . i . 5 .
Residual 108 0.0001 0.4 differences are even higher (close to
Species (S) 2 8.40E406 240 11.00 12%), when the ‘comparison is based on
Resistance of air Refining (R) 3 3.54E+07 1011.8 62.03 the corresponding wet test. Before
il ! 7.4 ! . . . .
Lo Rssfdza, 188 432:,5;;%6 13747 2158143 discussing ic dlffercqces among species
Species (S) 5 e T e \ye would like to hlghhgljt the decrease in
Refining (R) 3 467942 216.83 57.74 fibre strength after wetting. The reasons
Smoothness SxR 6 22653.3 10.5 7.62 : .
Residual 108 2158.15 803 for t'hls behaviour were very well
Spocies (5) B e Te = o explained by Gurnagul and Page (/8).
Rgﬁning (R) 3 23265.4 1477.01 9050  E. globulus, with its high fibre-wall thick-
Tensile index SxR 6 284.146 " 18.04 3.13 ibit sioni :
Residual oe 157517 ‘ 164 ness, exhibit significantly higher fibre
Ee—— 2 py—— 78 Py strength when both dry and wet. At least
Rgf?:i:; ER)) 3 53,8804 560.42 82.69 two characteristics could explain this
Stretch SxR 6 1.92252 19.64 8.42 riority: (i) lower fibri le: (ii) less
Residual 108 0.097889 asp  Superiority: (i) lower fibril angle; (ii) le
S weak points in the fibre wall, such as
Species (S) 2 20.7826 214.25 6.43 :
: Refining (R) 3 218.137 2248.78 90.32 kinks E.md qodes. French et al ({9),
Burst index SxR 6 1.7414 17.95 2,04 comparing different Eucalyptus species,
Residual 108 0.097002 1.21 o
showed that the E. globulus exhibit lower
Species (S) 2 21.387 30.18 8.37 b
Refining (R) 3 94.725 133.66 50.77 fibril angle. On the ot'her h?md‘, Lfaopold
Tear Index SxR 6 18.8447 26.59 29.38 and Thorpe (20), working with individual
Eeciou il 0.708704 e fibres from summer-wood and spring-
Spedies (S) 2 185635 254.62 7.42
Refining (R) 3 216E+06  2067.35 sops  wood from Norway spruce, showed that
Intemal Cohesion SxR 6 41013.2 56.25 4.85 the latter (which has thin fibre walls) has
Residual UL 2508 os much lower tensile strength. The relative
Species (S) 2 3083.65 82.47 - 37.95  importance of both mechanisms is under
Dry zero-span Refining (R) 3 2069.63 55.35 33.75 . R 3 .
strength SxR 6 231.473 6.19 9.67 investigation. The variance analysis of
Residual 108 S-S5 883 zero-span tensile strength confirms the
Species (S) 2 5393.54 128.6 52.94 importance of species (Table 7). However,
Wet zero-span Refining (R) 3 1988.19 47.41 b 25.67 d ith q densi
Strength SxA 6 162.923 3.88 - 4.79 to produce a paper with a given density,
Residual 108 41.9392 16.60 E. globulus requires more energy in
Species (S) 2 112.278 1631.64 13.61 refining and the pulp refined to achieve this
Refining (R) 3 476.432 6923.58 76.49 & 0
Brightness SxR P4 20,1301 292.53 .66 densyty, drains at z‘a slower rate @g. 1']).
Residual 108 0.068813 0.33 Light scattering coefficient is an
Species (S) 2 60.3177 184.04 2.04 important characteristic of writing and
Refining (R) 3 2040.52 5549.35 9252 int ; ;
Opacity Sxh H 3,651 96,668 AT prmtmg papers. B3" representing hght
Residual 108 0.367705 0.50 scattering as a function of paper density,
Species (S) 2 27.7677 106.26 ane 0.42 figure 12 shows that light scattering is
Light Scattering Refining (R) 3 4704.7 18004.33 95.55 i i i ich i i
A s - 85760 S 87 hlgh?l' in Acau.a, which 1s'expected if we
Residual 108 0.261309 0.16 consider the higher specific surface of
10 110
@ o X /D\ 0
s = 1 A
& £ 90
E 8 .
2 2
» 70
b 3
8 E %
€ 2
E ) —o— A. dealbata E % / = —o—A. dealbata
e 4 —t— A. melanoxylon 2 30 = A. melanoxylon
X —x— E. globulus —x—E. globulus
> | io : .
0 500 2500 4500 0.50 0.60 0.70 0.80 0.90 1.00
PFl Revs Density, g/em?
Fig. 6 Evolution of the tear index with refining, for Acacia Fig. 7 Evolution of tensile index with density, for Acacia

and E. globulus.
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Acacia fibres. However, if the criterion
is both light scattering and strength,
by
J/Tensile Index x Tear Index, figure 13

and . we define  strength

shows that E. globulus compares well
with Acacia, which is explained by the
superior strength of E. globulus fibres at
a given paper density (Fig. 7 and 8).

Moreover, the same figures show that at
given paper strength, E. globulus produces
bulkier handsheets than Acacia.
According to the theory of bending
stiffness, it is expected that E. globulus
handsheets are stiffer than Acacia, which
is an important end-use property. On the
contrary, paper smoothness of E. globulus
is lower at a given strength.

CONCLUSIONS

The Acacia species studied (A. dealbata
and A. melanoxylon) exhibit slightly bet-
ter performance in pulping than the
E. globulus sample used as a comparison.
Pulp and total yields are 1-2 points high-
er; alkali consumption is similar and
residual lignin content lower, constituting
an advantage in the bleaching process.

10 ] 107 X
X\X T~y
s s g @
E S A —J:\: E « e
-3 X 4
[3 1 E 6 —~
g N i %
:E —o— A. dealbata £ —o— A, dealbata
§ 4] —&— A. melanoxylon § . ~—&— A. melanoxylon
e X —x— E. globulus L X —x— E. globulus
2 T . . , 2 . T . -
0.50 0.60 0.70 0.80 0.90 1.00 30 50 70 80 110
Density, g/cm?3 Tensile index, N.m/g
Fig. 8 Evolution of tear index with density, for Acacia and Fig. 9 Evolution of tear index as a function of tensile
E. globulus. index, for Acacia and E. globulus.
-0~ ~A b, -t A ~ =X~ — E. globulus
90 1 —— A. dealbata
——————————————— —o— A. melanoxylon
E’ SEzZszmo——- 70 —x— E. globulus X
2
§ G 50 9
& X
£ 30 /
N
x—K
10 ; : -
J 0.50 0.60 0.70 0.80 0.90 1.00
2500 4500
PFl Revs Density, g/cm?
Fig. 10 Evolution of zero-span tensile strength with Fig. 11 Evolution of the Schopper Riegler degree (°SR)
refining, for Acacia and E. globulus. with density, for Acacia and E. globulus.
g 55 1 4 A. dealbata g s o A. dealbata
o @ : o A. melanoxylon & & A. melanoxylon
5- 45 1 X E. globulus NE 45 4 * E. globulus
g E 3 - g X
3 e oghy 3 X oo
E 9 % 35 ] I
g 25 M = o X
£ g T g & ooy
g 15 % 15 4o
]
5 s r : 3 £ s '
q= 050 080 070 080 080  1.00 1.10 g 5 10 15 20 25 30 35
Density, g/cm? J/Tensile Index x Tear Index
Fig. 12 Light scattering coefficient vs density, for Acacia Fig. 13 Light scattering coefficient vs strength resistance,

and E. globulus.
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The unbleached and bleached pulp
viscosity is similar and no differences
were detected in the bleaching process
concerning bleachability. However, the
Tower digester production, due to the very
low wood basic density, is a very
important disadvantage.

Acacia species, with their relatively
short, flexible and collapsible fibres, have
potential to produce papers with good
tradeoffs between light scattering/tensile
strength and smoothness/tensile strength,
at low energy consumption in refining.
However, in applications where bulk and
tear and tensile strength are required, the
Acacia species we studied are less
competitive. In addition, according to our
experience with other samples of the
same species, variability within species is
high, which means that the relative
position of E. globulus and Acacia
depends strongly on the samples selected
for comparison. However, due to their
high specific surface, Acacia fibres show
great potential, at least for use in combi-
nation with E. globulus, in writing and
printing paper production.

ACKNOWLEDGEMENT

The authors are thankful to the Ministry
of Science and Superior Education,
through Program POCTI, Project
AGR/42594/2001 for the financial sup-
port of this project and for the scholarship
granted to Ant6nio J. A. Santos.

64 Appita Journal

REFERENCES

(1) Balodis, V. and Clark, N.B. — Tropical acacia —
the new pulpwood, Appita J. 51(19):179 (1998).

(2) Matheson, A. C., Harwood, C. E. and Michell,
A. J. - Tropical Australian Acacias, Appita J.
51(7):261 (1998).

(3) Paavilainen, L. — Quality-competitiveness of
Asian short-fibre raw materials in different
paper grades, Paperi ji Puu — Paper and
Timber, 82(3):156 (2000).

(4) Fuping, L. and Elias, R. — Suitability of Acacia
pulp for wood-free coating base papers, Proc.
57th Appita Ann. Gen. Conf., Melbourne, p.69,
(2003).

(5) Furtado, F. P. — Caracterizagio de Acicias ¢
Estudo da sua Incorporagéo na Produgdo de
Pasta, Internal Report of Raiz-Instituto de
Investigag@o da Floresta e Papel, Aveiro,
Portugal (1994).

(6) Gil, C., Amaral, M. E., Tavares, M. and
Simdes, R. - “Estudo do potencial papeleiro da
Acacia spp”. Proc. 1° Encontro sobre Invasoras
lenhosas, Gerés, Portugal, p.171 (1999).

(7) Clark, N.B., Balodis, V., Guigan, F. and
Jingxia, W. — Pulping properties of tropical
acacias, Proc. Int. Workshop on Advances in
tropical acacia research, Bangkok, p.138
(1991).

(8) Guigan, F,, Balodis, V., Jingxia, W. and Clark,
N.B - Kraft pulping properties of Acacia
mearnsii and A. silvestris, Proc. Int. Workshop
on Advances in tropical acacia research,
Bangkok, p.145 (1991).

(9) Steadman, R. K. and Luner, P. - An improved
test to measure the wet fiber flexibility of pulp
fibers, ESPRA report #79, Chapter V,
Syracuse, NY (1995).

(10) Valente, C. A., Mendes de Sousa, A. P,
Furtado, F. P. and Carvalho, A. P. -
Improvement program for Eucalyptus globulus
at Portucel: Technological component, Appita J.,
45(6):403 (1992).

(11) Clark, N. B. - Longitudinal density variation in
irrigated hardwoods, Appita J. 54(1):49 (2001).

(12) Kibblewhite, R.P,, Evans, R., Riddell, M. J. C.
and Shelbourne, C.J.A. - Changes in density
and wood-fibre properties with height position
in 15/16 year-old Eucalyptus nitens and E:
fastigata, Proc. 57th Appita Ann. Gen. Conf.,
Melbourne, p.111, (2003).

(13) Downes, G. M. and Raymond, C. A. —
Variation in wood density in plantation euca-
lypts, In Sampling plantation Eucalypts for
wood and fibre properties, Csiro Publishing,
Collingwood, Australia, p.88 (1997).

(14) Zobel, B. J. and Buijtenen, J.P. - Wood varia-
tion: its causes and control, Springer-Verlag,
Berlin, p.85 (1989).

(15) Miranda, 1., Tomé, M. and Pereira., H. — The
influence of spacing on wood properties for
Eucalyptus globulus Labill pulpwood. Appita J.
56(2):140 (2003).

(16) Seth, R.S. and Chan, B.K. — Measuring fiber
strength of papermaking pulps, Tappi J.,
82(11):115 (1999).

(17) Seth, R.S. — Beating and refining response of
some reinforcement pulps, Tappi J., 82(3):147
(1999).

(18) Gurnagul, N. and Page, D.H. - The difference
between dry and rewetted zero-span tensile
strength of paper, Tappi J., 72(12):164 (1989).

(19) French, J., Conn, A.B., Batchelor, W.J. and
Parker, I.H. — The effect of fibre fibril angle on
some handsheet mechanical properties, Appita J.,
53(3):200 (2000).

(20) Leopold, B. and Thorpe, J. — Effect of pulping
on strength properties of dry and wet pulp
fibres from Norway spruce, Tappi J., 51(7):304
(1968).

Original manuscript received 18 March 2004, revised version
accepted 3 March 2005.

Vol 59 No 1



