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OPPORTUNITIES FOR MARKET PULP DIFFERENTIATION VIA FRACTIONATION

Braz José Demuner
ARACRUZ CELULOSE S.A. - Brazil

ABSTRACT

. This study has focused on the different responses of three fractionation technologies, named
as “Radiclone”, “Radiscreen” and “Spraydisc”, of an eucalypt market ECF pulp. Pilot trials were
carried out to verify the real possibility to differentiate the narrow morphology of eucalypt pulps

into two fractions (fines and coarse ones), and thus to modify significant combinations of
important paper properties.

The results from the three fractionation set-ups showed different trends of paper properties

development with refining, and additionally demonstrated that the “Radiclone” fractionation
introduced the most significant differentiation in the paper properties.

It is believed that the specific surface area and also the fiber swelling, enhanced by the amount
of fines, number of fibres per gram, pentosans, and carboxyl content, may provide a more
fundamental explanation for the behaviours of properties development. It was confirmed that
fractionation may be able to modify these fundamental properties of eucalypt pulp fractions,
relatively to the original pulp, hence increasing the potential to optimize refining and allowing

the production of unique paper properties, such as stronger paper with much higher opacity
and surface smoothness. ‘

INTRODUCTION

The development of altematives to introduce changes in fiber morphology at the market pulp
end are very interesting because: a) fiber size distribution is of a particular interest as a basic
descriptor of fiber source for papermakers (1,2); and b) fiber morphology clearly impacts paper
properties, as has been demonstrated by several studies (3-15). Changes in fiber morphology
can be obtained through different strategies, such as tree breeding, chip quality, a number of
processes throughout pulpmaking, as well as fiber fractionation. The decision to use one or

another or a combination of them depends on an evaluation of several aspects, including
timing and economics.



While tree breeding / forest management is a much longer term strategy, and could involve
lower costs, process modification seems to allow faster changes, although apparently being
more expensive. Some pulp producers are dealing with both strategies, aiming to differentiate

the pulp properties. In this study the results from one process alternative are highlighted.

Extensive research has already demonstrated that fiber fractionation introduces significant
changes in fiber morphology. As the market has been increasingly demanding better quality,
pulpmakers and papermakers have been considering fractionation as one important alternative
to obtain fiber differentiation. This paper presents results of an eucalypt market pulp
fractionated in pilot trials, using three different equipment set-ups.

BACKGROUND
Market Demands

Reduced process energy consumption and improved fiber quality continue to be demanded by

papermakers. Market pressures for higher quality grades, and trends to produce thinner sheets
are clearly noticeable (16).

It is well recognized that eucalypt pulps have short and thin fibers, which translate into a large
number of fibers per gram. They are also very uniform and stiff. As a consequence of these
unique properties, papermakers have preferred eucalypt fibres in their fumnishes, in order to
reach uniform paper properties in those paper grades where good formation and printability,
high bulk, opacity, and even softness are required.

Despite the fact that eucalypt pulp fibres are short and uniform, it was expected that a cost-
effective fractionation could produce additional altemnatives, via two different fibre fractions

(fines and coarse), which might meet some market requirements more easily.

Fractionation and Fibre Morphology

The separation of pulp fibers into two or more fractions with different properties by fractionation
allows the selective processing of these fractions. This idea has been used for many years.
Many different purposes have motivated fractionation studies, such as: strength improvement;
refining energy savings; the refining of long and short fibres separately, using long and short



fibres for different end-uses: improving brightness, etc. as presented by several works (16-30).

Many studies on fractionation have been carried out on softwoods, including chemical,
mechanical and thermo-mechanical pulps (17-22) and also for wastepaper (20,23-26).
However, few fractionation works have been performed on hardwoods, including eucalypts
(1,20). Thus, while much information about required fractionation configurations, optimized
process variables, and process efficiency are well defined for softwoods and wastepaper
(1,17,21,23-25,30-33), there is a gap of such information for eucalypts. As a consequence,
many important questions on eucalypt fractionation are still to be answered, such as: Can
fractionation really differentiate the narrow eucalypt fibre morphology in two fractions? If so,
how significant are the differences? Can the differences really impact the refining of eucalypts
pulps? Could a cost-effective fractionation help pulpmakers to meet some market requirements
more easily, in terms of paper properties combinations? The present study is an attempt to
bring more information, which may help to clarify this matter.

EXPERIMENTAL

An eucalypt ECF market pulp was fractionated in three different pilot systems:

A) Trade name “Spraydisc”, by GL&V / Celleco AB Company (Former Celleco Hedemora AB)
B) Trade name “Radiscreen”, by Noss Company
C) Trade name “Radiclone”, by Noss Company

These systems are described in more detail, below:

A) “Spraydisc” technology principle: The pulp slurry is fed centrally to the stator housing, from
where it is sprayed against two rotatiﬁg mesh discs, through a number of spray nozzles. The
coarse fraction is retained on the discs, while the fines fraction passes through it. As the discs
rotate, the centrifugal forces causes the retained fibres to move radially on the discs and to be
thrown off at the periphery. Continuous sprays of clean water keep the discs clean. The coarse
fraction is drained by gravity. The fines fraction, which has passed through the discs, is
collected in two separate chambers and is discharged from the filter, also by gravity.

Trials in the “Spraydisc” filter, equipped with 5 nozzles, were performed in different process
conditions, however the pulps considered for analysis were obtained with the following process
parameters: filter clothes openings of 290 micra, flow rate of 537 L/min., pressure of 180 kPa,



filter speed of 60 rpm, and suspension consistency of 0.78%. Around 50 kg o.d. of pulp were
used, each time. The trial configurations are presented in the figure 1.

B) “Radiscreen” technology principle: According to the manufacture, it is based on fiber length.
The stiff undeveloped fibers are rejected by the screen and the developed fibers are accepted.
The test equipment used was a full size commercial type “Radiscreen 1000D". Fractionation
was performed at 1,3% of feed consistency, and in two steps, where the coarse fraction from
step one was forwarded to step two, while the fines fractions from both stages were combined.

The test arrangement is presented in the figure 2. Around 150 kg o.d. of pulp were used, in
each repetition.

C) “Radiclone” fractionation principle: According to the manufacture, it is based on the fiber
characteristic, mainly the specific area of the fiber. The stiff undeveloped fibers are rejected by
the hydrocyclone and the developed fibers are accepted. The test equipment used was full size

commercial type “Radiclone AMS0” system equipped with special “AM80-F” fractionation
hydrocyclones.

Fractionation was made at 0,5% of consistency, and in a two-stage system, where the coarse
fraction from the stage one was fed to stage two, while the fines fractions from both stages
were combined. The test arrangement is presented in figure 3. Around 150 kg o.d. of pulp
were used, in each repetition.

Pulps Considered for Analysis:

Original pulp; “Spraydisc” fines fraction (30% flow); “Spraydisc” coarse fraction (70% flow);
“Radiscreen” fines fraction (30% flow): “Radiscreen” coarse fraction (70% flow); “Radiclone”
fines fraction (30% flow); and “Radiclone” coarse fraction (70% flow).

At least 3 samples from each trial were taken. Handsheets and tests were performed using
SCAN standards. The following measurements were also performed, with the corresponding
methodology: Fines content (Britt Jar)-Tappi T261 cm-94. Water retention value-Tappi UM 256.
Dynamic Drainage Time (8). Weighted Average Fiber length-Tappi T233 cm-95, Fiber
coarseness (Kajaani FS-100)-Tappi T234 cm 84. Pentosans Content-Tappi T223 ts-84.
Carboxyl content-Tappi 237 om-93. At least 2 repetitions were performed for each analysis.



Figure 1 -"Spraydisc” trial Diagram
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RESULTS AND DISCUSSION

a) Impact of Fractionation on Fibre Characteristics - Unbeaten Pulp

The results presented in tables 1 to 3 show that all pilot trials introduced significant (although
not so big) changes in fiber morphology, which were expected to impact important paper
properties. As anticipated, a larger number of fibres per gram (because of lower fiber length)
and higher fines content were observed for the fractions named as “fines fraction”, for all types
of technologies tested. Conversely, the “coarse fractions” always showed a lower number of

fibres per gram (larger fiber length) and lower fines content than the whole pulp.

The “Radiclone” technology introduced the most significant impact on the number of fibres per
gram and also on the fines content when compared to “Radiscreen”. These results seem to be
in accordance with those obtained by MAKKONEN et al (20), who observed that the
centricleaner principle has a considerable potential for separation of the eucalypt pulp.

The results presented in tables 1 and 2 also show that fractionation has a tendency to impact
the chemical characteristics of the fractions. Although the differences are small, the amount of
pentosans and carboxyl content tend to be higher for the fines fractions from the “Radiclone”
set-up, as compared to the coarse ones.

Table 1 - Fibre Characteristics for Original and Pulps Fractionated by “Radiscreen”

Fiber Original Fines Coarse
Characteristics Pulp Fraction Fraction
Weighted Av. Fiber length, mm 0.67 0.66 0.68
Fiber Coarseness, mg/100m 7.8 7.9 8.0

N° Fibers per Gram, Million 227 23.2 217
Fines Content (Britt Jar), % 10.9 14.6 8.9
Pentosans content, % 16.6 16.6 16.4
Carboxyl Content, meq/100g 58 5.9 2.5




Table 2 - Fibre Characteristics for Original and Pulps Fractionated by “Radiclone”

Fiber Original Fines Coarse
Characteristics Pulp Fraction Fraction
Weighted Av. Fiber length, mm 0.67 0.64 0.69
Fiber Coarseness, mg/100m 7.8 7.8 7.9

N° Fibers per Gram, Million 22,7 24.2 21.6
Fines Content (Britt Jar), % 10.9 18.5 7.1
Pentosans content, % 16.6 16.8 15.3
Carboxyl Content, meq/100g 58 5.9 5.7

Table 3 - Results of Bauer McNett Classification for Original and Pulps Fractionated by
“Spraydisc”

Bauer McNett Original Fines Coarse
Screen Pulp Fraction Fraction
(Mesh) % % %

30 10 Nil 14

50 65 30 67
100 12 22 11
200 2 3 1
<200 11 45 7

b) Impacts of Fractionation Technologies on Refining and on Paper Properties

As indicated in Figure 4, the fractionation technologies had pronounced effects on the rate of
tensile strength development (when beaten in the PFI Mill). The “Radiclone” fractions presented
the largest change in tensile (Figure 4a), when compared to the other fractionation
technologies. Differently of “Radiclone” results observed for the fines fractions, the coarse
fractions obtained from “Radiscreen” and “Spraydisc” were shown to follow the same curve of
the original pulp, as visualized in Figure 4b. These results indicate a great potential to optimize

the refining energy consumption to reach a tensile strength target, specially when applying
“Radiclone” fractionation.



Figure 4 - Impact of Fractionation on Tensile Index
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In Figures 5 and 6, it can be observed that while the fines fractions obtained from the
“Radiclone” set-up produced paper with lower porosity (5a) and bulk (6a) than the original pulp,
at a given tensile strength, the same fraction obtained from the “Radiscreen” set-up presented
a very similar bulk/strength relationship as to the original pulp. This has been interpreted as an
indication that strength development has been obtained through different combinations of
effects.

Other important paper properties, such light scattering (Figure 7) and smoothness (Figure 8),
apparently follow the same tendencies that were showed for the porosity (Figure 5). In all
cases, “Radiclone” fines fractions presented the highest light scattering coefficient (7a) and
paper smoothness (8a) at a given tensile index. The opposite tendencies can be observed for
the coarse fractions (7b and 8b).



Figure 5 - Air Resistance vs. Tensile Index
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Figure 6 - Sheet Apparent Density vs. Tensile Index
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Figure 7 - Light Scattering Coefficient vs Tensile Index
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It somewhat unexpected that such smali differences in the eucalypt fiber characteristics, as
introduced by fractionation, could express a big impact on paper properties, as earlier
presented. At this point, it is very important to rise the following questions: Why did
fractionation, specifically the “Radiclone” set-up, introduce such a big impact on important
paper properties development? Is there a possible explanation for such behaviour?

In this discussion it is important to consider that the development of different combinations of
paper properties through beating/refining can usually be better interpreted by examining the
fundamental effects of the treatment. It is well known that fines formation and the interal and
external fiber fibrillation are among the most important effects of refining. Both fines and
fibrillation have a tremendous impact on pulp drainage resistance, and also on fibre swelling
(here estimated by the water retention value).

In Figures 9 and 10 it is shown that among the three configurations tested, the “Radiclone”
fractionation introduced much higher differentiation on the dynamic drainage time and also on
the water retention value, than the two other set-ups. These results were, to a certain extent,
expected, since it is known that dynamic drainage time presents a straight-line relationship with
specific surface area of pulp slurries, which in turn is well correlated with fines content (8).
Certainly the number of fibers per gram also impacts the specific surface area, and the larger
number of fibers per gram (because the small particle size), the higher is the value of specific
surface area. These results corroborate the indication that “Radiclone” fractionation showed the
highest performance in separating fines and short fibers (Table 2).

In addition to all the possible morphology-related explanations, other phenomena were
analyzed as possible explanations for the results obtained in this study. It is also well known
that fibre surface chemistry may impact fibre swelling, and thus, it is possible that the changes
in pentosans and carboxyl content introduced by fractionation (mostly by the “Radiclone” set-
up), may have helped to enhance the effects of fibre swelling. However, the relative
contributions of morphology and chemical mechanismis were not possible to measure, and
could not be estimated in this investigation.
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Figure 9 - Dynamic Drainage Time vs. Tensile Index
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Figure 10 - Water Retention Value vs. Tensile Index
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Obviously the results obtained through this study are far from being able to answer all
questions related to eucalypt pulp fractionation. Further investigation seems to be necessary,
aiming to provide both the pulp and papermakers with additional knowledge over this matter.
The real impact of the pulp fractions on the paper machine, including refining, runnability,

retention, and sizing to meet some paper grade specifications, appears to be a important step
in this development.

CONCLUSIONS

This paper presents results of an eucalypt market ECF pulp, fractionated at pilot scale. The

trials were carried out aiming at differentiating the original pulp in two fractions, named as “fines
fraction” and “coarse fraction”.

The results demonstrated that fractionation was able to separate the narrow eucalypt fibre
morphology in two different fractions, which presented significant impatt on the paper
properties development. The most significant changes on fiber characteristics (morphology and
surface chemistry) were introduced by the “Radiclone” fractionation technology.

It was confirmed that fractionation may be able to modify the specific surface area and also the
fiber swelling of eucalypt pulp fractions, relatively to the original pulp, hence increasing the
potential to optimize refining and also allowing the production of unique paper properties, such
as stronger paper with much higher opacity and surface smoothness.

ACKNOWLEDGMENTS
The author would like to thank Aracruz Celulose S.A., for the permission to disclose these

results on fractionation, and also for the opportunity to present this paper in this Conference.
Thanks are also due to Dr. Ergilio Claudio-da-Silva Jr. for the linguistic review. This work was
developed having the N3ss Company and GL&V / Celleco AB as partners. They are also
gratefully acknowledged for the opportunity to run the trials in their facilities, and also for their

permission to disclose these data. Finally, appreciation is extended to Ms. Silvia Pasquali and
all technicians, who contributed to this study.

REFERENCES

01.JOHNSTON, R.E.; LI, M. and WASCHL, R. Appita 50(4):307.1997.
02.JAAKKO POYRY. Which is the Best Fibre for Papermaking ? 1994. 293p.
03.DEMUNER, B.J.: VIANNA DORIA, E.L.: CLAUDIO-DA-SILVA JR, E. and MANFREDI, V.

13



The Influence of Eucalypt Fiber Characteristics on Paper Properties. IN.: 1991
International Paper Physics Conference-Tappi. Kona - Hawaii. p185.

04.SETH, R.S. Fibre Quality Factors In Papermaking. | - The Importance of Fibre Length.
IN.: Material Research Symposium. 1990. PA. Vol. 197.. p125.

05.SETH, R.S. Fibre Quality Factors In Papermaking. | - The Importance of Fibre
Coarseness. IN.: Material Research Symposium. 1990. PA. Vol. 197.. p143.

06.SETH, R.S.; JANG, H.F.: CHAN, B.K.; and WU, C.B. Transverse Dimension of Wood Pulp

Fibres and Their Implications for End Use. IN.- 11th Fundamental Research Symposium.
1997. Cambridge. Book 1. p473.

07.KIBBLEWHITE, R.P. and SHELBOURNE, C.JA. Genetic Selection of Trees With
Designer Fibres for Different Paper and Pulp Grades. IN.: 11th Fundamental Research
Symposium. 1997. Cambridge. Book 1. p439.

08.CLAUDIO-DA-SILVA JR, E. Chemical Pulp Beating Related to Fibre Structure. Ph.D.
Thesis. State Univ. of NY. 1981. 286p.

08.CARPIN, M.A.; BARRICHELO, LE.G.: CLAUDIO-DA-SILVA JR, E; and VASCONCELOS
IAS, R. “A Influéncia do Numero de Fibras por Grama nas Propriedades Oticas do Papel”.
IN.: XX° “Congresso Anual de Celulose e Papel”. ABTCP. Sao Paulo. Brasil. 1987. p183.

10.WATSON, A.J. and DADSWELL. H.E. Appita 14(5):168. 1961.

11.BRITT, KW. and UNBEHEND, J.E. Tappi 68(9):114. 1985.
12.KARENLAMPI, P. Journal of Pulp and Paper Science 21(4):J138. 1995.
13.KARENLAMPI, P.; and YU, Y. Fiber Properties and Paper Fracture - Fibre Length and

Fibre Strength. IN.: 11th Fundamental Research Symposium. 1997. Cambridge. Book 1.
p521.

14.PAAVILAINEN, L. Papperi Ja Puu 72(5):516. 1990.

15.KORTSCHOT, M.T. The Role of the Fibre in the Structural Hierarchy of Paper. IN.: 11th
Fundamental Research Symposium. 1997. Cambridge. Book 1. p351.

16.WILLIAMSON, P.N. Pulp and Paper Canada 95(4):9.1994.

17.WAKELIN, R.F. and CORSON, S.R. Pulp and Paper Canada 98(12):179.1997.

18.CORSON, S.R.; WALELIN, RF. and LLOYD, M.D. Pulp and Paper Canada
97(12):129.1996.

19.REPO, K. and SUNDHOLM, J. Pulp and Paper Canada 97(7):67. 1996.

20.MAKKONEN, H.P.; SCHROEDER, L.R. and GRANZOW. S.G. Separation of Chemical and
Mechanical Pulps from Mixture. ESPRI Research Report N° 100. 1994. p121.

21.KARNIS, A. Papperi Ja Puu 79(7):480. 1997.

22.0RA, M.; HAUTALA, J.; PAULOPURO, H. and SAARINEN, A. Papperi Ja Puu 75(5):330.
1993.

23.KOHRS, M. Paper Technology 33 (3):10. 1992.

24.SELDER, H. Paper Technology 33 (3):13. 1992.

25.YU, CY.; DeFOE, R.J. and CROSSLEY, B.R. Fractionation Technology and its
Applications. IN.: 1994 Pulping Conference. p451.

26.HAGGBLOM-AHNGER, U. and HAUTALA, J. Papperi Ja Puu 78(6):386. 1996.

27.ECKERT, W.F.; MASLIYAH, J.H. and AFACAN, A. Tappi 80(5):210. 1997.

28.FLOCCIA, L. and VOILLOT, C. Paper Technology 37(3):45.1996.

29.CORSON, S.R. Pulp and Paper International 39(5): 61. 1997.

30.PIMLEY, J.J. and MARQUAT, X. Pulp and Paper International 34(10):67. 1992.

31.WAKELIN, R.F. Appita 50(4):295.1997.

32.GAURILESCU, D. and MATEESCU, R. Celuloz3 Si Hirtie 42(1):2. 1993.

33.MELTZER, F.P. Prog. Paper Recycling 7(3):60. 1998.

14



