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ABSTRACT

The basic density is the main technical property of the wood due to the fact of the easy determination and
correlation with the others wood properties. In this article, it was evaluated wood chips from a five-years-old
Eucalyptus grandis in three different silvicultural treatments for pulp and paper production. First, a conven-
tional kraft pulping was executed in the same conditions and then submitted to some elemental chlorine free
(ECF) bleaching process to achieve the target brightness of 88 + 1% ISO. The bleached pulps were refined in
a Jokro Mill at 0, 2250, 4500 and 6750 revolutions and their physical, mechanical and optical properties were
analyzed. The statistical analysis indicated a difference in the wood basic density from the different silvicul-
tural treatments. The yield of the pulping process was not affected by the variation of the wood basic density.
The denser wood had the advantage of a lower specific wood consumption while the disadvantage was a
greater difficulty in the delignification and a decrease in the selectivity of the pulping process. The denser
wood was the one with the best bleachability and the one that most consumed chlorine in the bleaching pro-
cess. The increase of the wood density caused gains in the fisical and optical properties of the bleached pulp
and losses in the mechanical properties.The optical properties of the pulps from denser woods are more re-
sistant than the negative effects of mechanical properties.
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1. INTRODUCTION

Brazil is the world's largest producer of bleached eucalyptus pulp, the production of this type of cellulose
pulp is intended for production of writing and printing papers besides the production of absorbent paper for
hygienic purposes [1]. The production processes of these types of papers are distinct and require cellulosic
pulps with different technical properties.

SANTOS and SANSIGOLO [2] distinguish the ideal types of cellulose pulps for printing and writing
paper and absorbent paper. In the first case, the most required demands are lower energy consumption in the
mechanical refining, greater specific volume and greater opacity. In the case of absorbent papers manufactur-
ing, the high capacity of water absorption and the increase of softness are important. Pulps from wood with
lower basic densities are ideal for production of printing and writing paper, since they have fibers with small-
er thickness and smaller mass per length. Pulps from denser hardwoods are ideal for absorbent paper, be-
cause they present fibers with greater thickness, therefore a greater potential of liquid absorption, and greater
mass per length of fibers [2, 3].

The wood basic density is considered one of the most important parameters in the wood quality evalu-
ation because of a strong relationship with others wood properties [4, 5, 6]. It is a physical property defined
as the ratio between the absolutely dry wood weight and the saturated wood volume [7].

Variations in the wood basic density depend on the changes of the proportion of the vessels and cell
wall thickness of the fibers. The density growth may result from the increase of the cell wall thickness in the
fibers or an increase in the proportion of the fibers related to the proportion of vessels. On the other hand, an
increase in the proportion of vessels, with or without cell wall thickness decrease, leads to a density reduction

[8].
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Considering the chemical composition of the wood DIAS and SILVA JUNIOR [9], studying Eucalyp-
tus grandis trees, found that the denser woods chemically showed an increase in the lignin content and a de-
crease in the polyses content, compared to the wood with lower densities.

Due to the strong effect in the variables of the pulping process and the characteristics of cellulose pulp
and paper [2, 10], the wood basic density is directly applied in the pulp production. It is considered easy to
determine and influence the process in the wood chipping; the impregnation of white cooking liquor, the rea-
gents consumption and the rejects generation, creating a universal index to evaluate wood quality. However,
it should be analyzed with discernment in order to not commit errors or exaggerations [11]. It may contain
varieties in the radial and longitudinal directions in the shaft between the trees, the species, age, space and
site [12].

There are several papers stating that the quality of pulp depends on the quality of the wood and the
characteristics of the pulping process, however there are few papers evaluating this influence on young wood,
that is, harvested before the traditional cutting age in the pulp and paper industry. In view of this the present
work caracterizes the young wood of Eucalyptus grandis with different densities for pulp and paper produc-
tion, for this the influence of the wood basic density in the pulping process, in the bleaching and in the paper
properties was evaluated.

2. MATERIALS AND METHODS

It was used to carry out the present study, the wood of Eucalyptus grandis specie with five years old, in three
different silvicultural treatments from The Pampas in Rio Grande do Sul, Brazil.

The three trees were removed from each treatment and it was obtained tree disks with 30% of the
commercial height. These disks were reduced in chips that were used to determine the wood basic density
and in the kraft pulping process. The wood chips were submitted to a thickness control between 4 and 6 mm,
different values of these impede the circulation of the chemical reagents as also the impregnation in the pulp-
ing process [13].

The wood basic density was determined by the mass weighing method and the indirect volume meas-
urement according to the TAPPI T 258 om-16 [14] standard in 12 replicates.

The kraft cooking was carried out in a rotary autoclave containing individualized stainless steel capsules with
a capacity of 1600 mL each. The assays were performed in three replicates according to the cooking condi-
tions in Table 1.

Table 1: The kraft conditions in the pulping process.

Parameters Conditions
Alkali charge (NaOH base), % 22
Sulfidity, % 25
Maximum temperature, °C 170
Heating time, min 90
Cooking time, min 60

Liquor / wood ratio, L kg™ 4

H factor 1100

Dry mass of chips, g 250

After cooking, the pulps were disintegrated, washed and screened in a laboratory scrubber, with a 0.5
mm slit. The screened yield, the kappa number and the selectivity for each pulp were determined according
to Table 2.
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Table 2: Determined parameters in the kraft pulping process.

Parameters Standards / Procedures

Difference between the dry weight of screened
cellulose and dry weight of wood

Kappa number TAPPI T 236 om-13 [15]
Selectivity Ratio of screened yield and kappa number

Pulping screened yield

The specific wood consumption was determined by the relationship between the wood basic density
and the pulping screened yield. It was calculated according to the Equation 1:

swc=( ! ) 1)

BD-SY

Note: SWC is the Specific Wood Consumption, BD is the Wood Basic Density and SY is the pulping
screened yield.

Approximately 33g of unbleached cellulose pulp was used for bleaching in each treatment of density.
A four-stage bleaching sequence: D(EP)DP, aiming at 88 + 1% ISO as final brightness, are detailed in Table
3. All bleaching stages were performed in thermostated bath and the reactants were manually mixed with the
cellullose pulp in polyethylene bag. The material was transferred to the thermostatized bath, the temperature
controlled according to each stage and maintained in preset time. Among each stage, the pulps were washed
in a ratio of nine cubic meters of water per ton of pulp.

Table 3: Conditions in the bleaching stages.

Bleaching Stages

Conditions

D EP D P
Consistency, % 10 10 10 10
Temperature, °C 90 90 90 90
Time, min 60 60 60 60
ClO,, kg adt™ kf=0.2* - 20 -
NaOH, kg adt™ - 10 - 6
H,0,, kg adt™ - 5 - 2
MgSO,, kg adt™ - - - 3

D = chlorine dioxide; PE = alkaline extraction with hydrogen peroxide; P = hydrogen peroxide; * kappa
factor: ClO, loading (kg tsa-1) = (previous kappa-kf-10) / 2.63; adt = air dry ton.

The total of active chlorine and the pulp bleachability were calculated according to the equation 2 and

Total Active Chlorine =D -2.63 +P-2.09 (2)

Bleachability _ Brown pulp kappa number (3)

Total Active Chlorine

Note: D is the total consumption of chlorine dioxide (ClO,) on bleaching (kg adt™); P is the total con-
sumption of hydrogen peroxide (H,0,) on bleaching (kg adt™).

The refining of the bleached pulps was carried out in a Jokro Mill according to 1SO 5267-3: 1979 [16],
using the equivalent of 16 dry grains, 6% consistency, pH 7 = 0.5, in a temperature of 30°C and refining de-
grees of 0, 2250, 4500 and 6750 revolutions.

After the refining process, handsheets weighting 60 g m™ were formed in Rapid-Kéethen papermaker
according to I1SO 5269-2: 2004 [17]. The leaves were kept in an air-conditioned environment in a tempera-
ture of 23 ° C £ 2 ° C and 50% = 2% relative humidity [18]. Achieved the equilibrium with the environment,
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the leaves were destined to the physical-mechanical property tests. It was performed 10 repetitions for each
test. The standards used for the tests are present in Table 4.

Table 4: Determined Parameters in bleached and refined pulps.

Parameters Standards

Thickness TAPPI T220 sp-01 [19]
Specific volume (bulk) TAPPI T220 sp-16[19]
Tensile index TAPPI T494 om-13[20]
Burst index TAPPI T403 om-15 [21]
Tear index TAPPI T414 om-12 [22]
Brightness 1SO 2470-1:2016 [23]

Opacity ISO 2471:2008 [24]

The resulting data were analyzed in the statistical software Statgraphics, where the tests of homogenei-
ty and analysis of variance were realized and when significant difference was detected between treatments
the Tukey test was used, at 5% of significance.

3. RESULTS AND DISCUSSION

3.1 Wood basic density and pulping

The average values obtained by the wood basic density of the Eucalyptus grandis from the three sites as also
the cooking results are presented in Table 5.

Table 5: Wood basic density studies and cooking results from different densities.

Wood basic density Screened yield Specific wood consumption

Kappa number Selectivity

gem? % m3t?
0.381 (4.93) a 4571(642)a  6.00(2.93)a 5.76 (6.34) b 7.61 (3.90) ¢
0.407 (2.99) b 46.38(0.88)a  10.93(1.90) b 5.30 (0.93) ab 4.24 (1.93) b
0.436 (3.04) ¢ 4808 (421)a  14.00 (3.87) ¢ 479 (4.18) a 3.44 (3.20) a

The values in parentheses correspond to the variant coefficients in percentage; the averages are fol-
lowed by equal letters considering that the columns do not differ among themselves in the Tukey test with
5% probability.

The average values of the wood basic density presented statistical differences among the sites of origin.
According to RIGATO et al. [25], it is possible to predict certain properties in the cellulose pulp through the
analysis of the wood properties, which in turn are the result of site quality. This analysis can be reiterated by
GOUVEA et al. [26] that determined basic densities with statistical differences for different sites, resulting in
variations in the properties of the cellulose pulp from Eucalyptus grandis wood. The average values of the
basic density found in the present study correspond with the literature. JESUS et al. [27] found in his studies
from Eucaliptus grandis, values between 0.374 and 0.466 g cm™ and BAROTO et al. [28] found an average
value of 0.421 g cm™,

The advances in the Brazilian silviculture and biotechnology allowed obtaining good quality wood that
provide 50 to 54% pulp yield for densities varying from 0.500 to 0.520 g cm™ [29]. In the present study the
values of screened yield varied from 45 to 48%. These results are lower than those found in the literature due
to the fact that the wood used was considered of medium density, not exceeding 0.450 g cm™.

No significant influence of basic wood density in the pulping yield was found, sustaining SANTOS
and SANSIGOLO [2], whose results were close in the present study. However, when QUEIROZ et al. [30]
compared woods of Eucalyptus spp. with a broader difference in the density, found a significant influence on

pulping yield.
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Aggregating the screened yield and the wood basic density, there is the specific wood consumption
which expresses the necessary volume of wood for the production of determined cellulose pulp mass. In this
study, the higher basic wood densities and the respective pulping screened yield resulted in a lower specific
wood consumption. The same situation occurs with SEGURA and SILVA JUNIOR [10] when they com-
pared the pulping of a higher basic density wood with a lower basic density wood.

On the other hand, higher densities increased the kappa number, which expresses the degree of delig-
nification of the pulp cellulose [15], as also seen by SEVERO et al. [31], and reduced the selectivity, consid-
ering that this parameter expresses the capacity to remove the lignin without attacking the wood carbohy-
drates, when the higher basic wood density, the greater is the degradation of carbohydrates.

3.2 The bleaching of pulp

The average results in the end of the bleaching are presented in Table 6. The kappa factor used in the first
stage of the chlorine dioxide equalized the pulps in the subsequent stages at the cost of a greater application
of active chlorine in the pulps originated from denser woods.

Table 6: Bleaching results in different densities.

Wood basic density Brightness, % 1SO TAC, kg.tsa™ Bleachability
D1 87.50 89.67 0.07
D2 88.20 99.53 011
D3 88.40 105.69 0.13

D1 =0.389 g cm™; D2 = 0.407 g cm™; D3 = 0,436 g cm™; TAC = total active chlorine.

The bleachability is the ability of the pulp to respond the chemical bleaching treatments [32]. Consid-
ering this definition, it was observed in the present study that pulps with higher kappa numbers, originated
from denser woods, presented a better response to the bleaching. At the cost of higher consumption of total
active chlorine, that means a expensive and more polluting bleaching for denser woods pulps.

3.3 Paper properties

According to TEIXEIRA et al. [33], refining is a mechanical treatment which the pulp fibers are ruptured in
fibrils, increasing in the fiber surface area. Consequently, when the paper is formed, a larger contact surface
area and a greater interlacement among the fibrils are obtained. The energy used in the refining causes
changes in the fibers and leaves them more susceptible to collapse in the paper forming process as also de-
creases sheet thickness and specific volume.

In the present study the thickness of the leaves in all densities decreased more intensely, up to 2250
revolutions (Figure 1). From that point on, stabilization in this parameter was observed and the specific vol-
ume also had an accentuated decrease initially followed by stabilization (Figure 2).
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Figure 1: Variation in handsheet thickness.
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Figure 2: Variation in Handsheet specific volume (bulk).

In both figures it is possible to observe that the leaves from denser wood presented a greater thickness
and specific volume. Considering the positive relation between basic density and fiber thickness [34], the
fibers of the higher density wood have a larger wall fraction [35] and this promoted greater resistance to the
effect of refining and, therefore, greater resistance to collapse, increasing the thickness of the sheet and its
specific volume.

The table 7 shows the influence of the wood basic density into the effect of refining in the mechanical
properties of the paper. The results of tensile index didn't show a clear trend of the effect the wood basic den-
sity. On the other hand in the tear index and burst index D2 had grater values with increasing refining intensi-
ty, therefore D2 pulps require a lower number of revolutions to reach the same tear index or burst index than
the pulps D1 and D3, evidencing lower energy consumption in the refining and, consequently, cheaper paper
production.

The main purpose of refining is to increase the interlacement capacity among the fibers in such a way
that they can create a strong network [36]. Refining improves the paper mechanical properties but it should
not be in excess because it can damage the fibers and reduce the mechanical properties of the paper.

The three mechanical properties analyzed led to an increase in the number of revolutions, up to 2250
revolutions. This increase was more accentuated than those that occurred in the following stages (Figure 3,
Figure 4 and Figure 5). The influence of the refining in the mechanical properties of the paper obtained in
this study was the same as the one found by CARVALHO et al. [31] and ZANUNCIO et al. [37].

Table 7: Mechanical properties of the paper in different densities and revolutions.

Wood basic density Revolutions TEI TEAR BUI

0 31.61d 6.27 f 212 f

D1 2250 50.36 bc 8.70 cde 3.62¢e
4500 50.46 bc 8.32 de 3.99 de

6750 59.79 a 10.58 b 4.56 bc

0 21.60e 3.81lg 1689

D2 2250 4955 ¢ 1.77¢ 4.00 de
4500 55.72 abc 9.50 bcd 4.97 ab

6750 59.65 a 12.96 a 5.10 a

0 23.90 de 3.25¢g 1689

D3 2250 51.36 abc 8.82 cde 3.96 de
4500 56.46 abc 9.07 cde 424 cd

6750 58.33 ab 9.37 bc 447c
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TEI = tensile index, Nm g*; TEAR = tear index, mNm? g*; BUI = burst index, kPam? g, the averag-
es are followed by equal letters considering that the columns do not differ among themselves in the Tukey
test with 5% probability.
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Figure 3: Variation in tensile index.
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Figure 4: Variation in tear index.
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Figure 5: Variation in burst index.

The Table 8 presents the results of the optical properties: the brightness and the opacity, in three dis-
tinct densities and in four refining levels. MACDONALD [38] recommend that when looking for pulps of
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high brightnes is necessary to avoid exaggerations in the mechanical refining, because it causes a decrease in

the brightness and in the opacity.

Table 8: Optical properties of the paper in different densities and revolutions.
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Wood basic density Revolutions Brightness, %ISO Opacity, %

0 87.49 bc 90.43a

D1 2250 86.05d 88.13 ¢
4500 84.56 f 87.22¢

6750 83.56 g 87.35de

0 88.16 ab 90.38 a

D2 2250 86.37d 87.81 cd
4500 85.33 ¢ 86.68 fg

6750 85.73 de 86.14 g

0 88.42 a 90.79 a

D3 2250 87.38 ¢ 88.73b
4500 86.20d 88.19¢

6750 85.76 de 87.10 ef

The averages are followed by equal letters considering that the columns do not differ among them-
selves in the Tukey test with 5% probability.

In the present study, the pulps originated from denser wood maintained a better brightness after the
mechanical refining. It is possible to observe it in Figure 6.

Opacity can be explained by the ability of the material to prevent the passage of light and indicates
how well a sheet can hide an impression that is made on its backside [39]. The unrefined pulps have a high
fraction of empty spaces in the interior. Since the light needs to pass through two ways, the air and the fiber
wall tend to be diffracted and dissipated [40]. In the refined pulps there is practically only the cellular wall
from the internal fibers. The light needs to pass through only one way, it becomes easier and therefore the
opacity decreases [37].

Figure 7 shows the trend found in this work. The opacity did not present any statistical diference
among the densities before the refining process.The result agreed with SANTOS and SANSIGOLO [2].

However, a higher wood density pulp kept a better opacity in front of the mechanical refining, followed by a
lower basic wood density pulp.
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Figure 6: Decrease in the paper brightness in the mechanical refining.
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Figure 7: Decrease in the paper opacity in front of the mechanical refining.

The opacity did not present any statistical difference among the densities before the refining process.
The result agrees with SANTOS and SANSIGOLO [2].

4. CONCLUSIONS

Considering the same cooking conditions, the increase of the wood basic density did not promote variations
in the pulp yield, however, the denser wood presented a lower specific consumption, made it difficult to del-
ignify and harmed the selectivity of the pulping process.

In the bleaching process, the pulp from the denser wood presented greater bleachability, on the other
hand, it consumed more chlorine to reach the predetermined brightness.

In the mechanical paper properties the best results were found in the pulp from medium wood basic
density.

The increase in the basic density of wood resulted in increases in paper thickness, specific volume,
brightness and opacity.

The pulp from the denser wood was the one that suffered lesser losses in the brightness after the me-
chanical refining.
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