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ABSTRACT

Thermomechanical pulp (TMP) has been fractionated into
different fines fractions using a Britt Dynamic Drainage
Jar (BDDJ). The different fractions have been measured
using laser difraction to estimate the fractionating
efficiency and reproducibility. The fines fractions have

There have been many investigations on the different
mechanical properties of the fines, but there has been very
little attention paid to chemical variations between
different fractions of the fines. The aim of the present
work is to separate fines in different fractions as a function
of their size and/or shape prior to measuring the chemical
composition. The chemical composition was measured as
the lignin/carbohydrate using FT-IR. In addition the
zetapotential as a function of pH was measured.

MATERIAL AND METHODS

Thermomechanical pulp was taken directly from the
grinder in a Norwegian integrated pulp and paper mill.
The dry content of the sample was measured to 23,5%,
before it was split up in batches of 213 g and stored in a

also been analysed using FTIR and dectroforetic mobility. ~ freezer (-18C).

213 g of pulp was mixed with 5 litres of distilled water,
and agitated at 150 rpm for three hours at’60in a
thermostated bath, the procedure developed by Thornton
(14). The pulp suspension then had a consistency of 1%.

INTRODUCTION

Thermomechanical pulp (TMP) can be divided into two
major fractions, namely fibres and fines. The fibres are
more or less whole woodcells, while the fines are

fragments of the same cells and/or the middle lamella. SuspEnion

These fragments are produced during the extensive

mechanical trestment in the refining process, and are | —> fibres
pecled off mainly from the outer parts of the fibre. The _

fines consist of band- and thread-like particles from the 76 micrometer Sm

ray cells, pores, and very small "microfines" which can’t — large fines
be separated from dissolved and colloidal substances by
ultra-centrifugation (as summarized in 12). The amount  3g rm';:mmeterscrem

and intensity of the refining has a deep impact on the

amount of fines produced, which again has an effect on the ‘ —5 mecium fines
quality of the paper. The most important effects that are

contributed to fines are the light scattering ability of the

pulp (8) and the tensile index of the paper (9). Different HsoEter seieen

TMP-paper qualities will therefore, among other | — small fines
properties, have different amount of fines.

Sndcmmterscrem
Britt Dynamic Drainage Jar (BDDJ). The two \—> ticrofines
fractionating methods work in different ways, and will_.

give different answers to both the size distribution and tgl%gure 1: Procedure for fractionating fines by size and/or

properties of the fines (12). As a result of the relative large'aP€:
amount of water used in the Bauer McNett fractionation

the fines will to a larger extent become washed compargae fibres and fines in the suspension were fractionated
to the BDDJ fractionation. One consequence is that th§iN9 @ Britt Dynamic Drainage JarBJ) with different
amount of colloidal extractives attached to the fines wific'€ens. The pores in the different screens varied, the pore
be reduced (12). Extractives attached to fines or fibr eters used were 76 pm, 38 pm, 20 pm and 5 pm. One

have an impact on the binding ability of the pulp, and m re at a time of the pulp suspension was poured into the
therefore reduce the strength of the paper (1). DDJ. Each filtering operation defined two fractions; the

fraction that passed and the fraction that did not. When
0.7-0.8 liters had passed each screen, the fractionation was

secondary wall, flake-like pieces from the middle lamélla, ‘

The fines fraction is normally defined as the fraction of the
pulp which passes a 200 mesh (76 pm) screen. The
separation can be done using either a Bauer McNett or ¢



stopped, and the two fractions were collected. The
procedure is schematically shown in Figure 1.

In order to wash remove any dissolved materia (such as
carbohydrates or dissolved lignin), the fractions were
washed with pure water using an Amicon membrane (cut-
off 100 kilodalton) equipped with a dirrer at constant
speed rotating just above the membrane. There was an
enhanced pressure (5 bar) across the membranein order to
speed up the filtering process. The fractions were washed
4 times by adding one litre of pure water, letting it agitate
for 15 minutes a room temperature, and then removing
the water. The filtrate (water) was collected and analysed
for COD.

When the amount of COD in the filtrate had stabilized, the

fines fraction was freeze dried for 48 hours in an Edwards
Freeze Dryer Moduloyo (T= -48 °C and P =0,1-1 mbar).

,OAfter freeze drying, the fractions were stored at T= -18
C.

Extractions were carried out a both pH 9.0 and pH 3.5
using methyl tert-butyl ether (MTBE) in order to remove
the colloids and lignans quantitatively (15, 16) from the
water-fines suspension. The extractives were not weighed
or analysed.

RESULTS

3.1 Fractionation and particle size distribution

The fractionation in the BDDJ and volume per cent
distribution measurements was done several times. This
was in order to make sure that there actually had been a
fractionation, and that the particle distribution
measurements were reproducible. The BDDJ was chosen
instead of the Bauer McNett fractionation method since
the latter easily changes the chemicd and physical
properties of the fines (12) as a result of the voluminous
consumption of fresh water.

The relative standard deviation (RSD) of the moda size
(the particle diameter which occupies the largest volume

The particle size distributions of the fines were conducted
using a Malvern Master-Sizer p+, which uses laser
diffraction to measure the volume percent distribution of

%) was 13.5 — 23.2% (table 1). This is considered to be
quite high, but there is probably uncertainty associated
with both the manual fractionation and the particle size

spherical particles in solution. The results from the
measurements of the unspherical mechanical fines in
solution were only used as a relative indication of the
particle size distribution, as used by RundI6f (12).
Approximately 0.5 litres of digtilled water was placed in
the particle analyser and alowed to circulate. Each fines
fraction was added to the circulating water until the
resulting signa was strong enough, determined by the
analyser.

For absorbance measurements of the fines in the infrared
area a Perkin Elmer FTIR, modd 1750 was applied. The
freeze-dried fines were manually grounded, mixed with
potassium bromide (KBr, stored at 105 °C) and pressed to
tablets. The background absorbance was subtracted from
the sampl e absorbance spectrum, prior to semi-quantitative
determination of lignin and carbohydrates. The aromatic
absorbance around 1510 cm™ was used to quantify the
relative amount of lignin (2, 11). To quantify the relative
amount of carbohydrates, the C-O stretch at around 1060
cm™* was used (4, 5, 6, 11).

A Malvern Zetasizer 2000 was used to measure the zeta-
potential of the fines as a function of pH. The pH of the
water-fines suspension was regulated by adding p.a. grade
HCI or NaOH diluted with distilled water, and the pH was
measured using a Radiometer Copenhagen PHM82
Standard pH meter. Prior to the pH regulations p.a. grade
MgSO4(s) was added to a concentration of 0.01 mole/L.
The pH regulated water-fines suspension was injected into
the Zetasizer where the dectrophoretic mobility was
measured and converted to the zeta-potential.

distribution measurements.

Table 1: Statistics on the relative volume size distributions

of the different fines fractions.

Fraction (sm) <5 5-20 |20-38 38-76
1 5.87 [15.45 [21.33]28.42
2 587 [152 [23.85
g 3 7.10 [11.85 [21.4227.78
S 4 6.08 |156 |23.79|31.71
& 5 293 |17.62 [28.23/38.05
* s 6.68 |18.14 [31.96|44.41
7 6.06 [17.49 [24.54|37.18
average|5.80 1591 |25.02|34.59
SD 135 [215 [3.83 6.45
RSD [23.20 | 13.50 | 15.32 18.64

The data in Table 1 should be treated with care since the
instrument assumes that the particles are spherica. This
assumption is not valid when measuring mechanical fines.
In this work, like in others (12), the size distribution
curves were considered useful to measure a change in the
particle distributions and the reproducibility of the
fractionation.

Figure 2 gives an example from the size distribution
measurements. It clearly shows how the modal sizes are
reduced with the pores in the screens in the BDDJ. In the
fraction with the smallest particles (<5 pum), the bimodal
shape of the size distribution is interpreted to be a mix of
small fines ("microfines') and colloides. This is in
agreement with earlier work by Nylund (10). In his work
the dissolved and colloidal materia was separated from



the fibre by centrifugation (750 G in 30 min), and the size
distribution was measured using dynamic light scattering.
Nylund found the bimodal shape of the size digtribution
curve consisted both of colloidal extractives and colloida
fibre fragment ("microfines’). Since the colloidal
extractives are spherica the measured size should be very
close to the correct size. The sizes of the colloids in TMP
white water have previoudy been measured to be in the
range 0.1-2 um (as referred in 13) which correlates well
with the measurementsin this work (Figure 2).
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Figure 2. Relative volume digtribution of the different
fines fractions

3.2 Measuring the lignin/carbohydrate ratio using
FTIR

Measuring the lignin/carbohydrate ratio using FTIR was
done both before and after washing the fines with distilled
water. After each washing, COD was measured in the
water in order to quantify the amount of water-soluble
material that was released into the washing water. After 2-
3 washings the release of water-soluble material from the
different fines fractions was stabilized (Figure 3).

The absorbance measurements of the different fines
fractions before and after the washing procedure are given
in Figures 4 and 5. The lignin/carbohydrate ratio given in
both figures is measured as the absorbance in the infrared
area at two different wavelengths (lignin 1510 cm™ and
carbohydrate 1060 cm™Y).

Since the measurements are done on freeze-dried fines
before washing (Figure 4), there is no distinction between
dissolved and particulate material. The trend may
therefore be an effect of the amount of dissolved material.
As a consequence the material was washed and the
absorbance was measured again (Figure 5).
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Figure 3: Development of COD in the washing water as a
function of the number of washings. After 2-3 washings
the release of water-soluble material from the fines was
stabilized. Each measurement was done twice, and the
pooled standard deviation of the COD measurements is
4.2,
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Figure 4. As the fines fractions become smaller the
lignin/carbohydrate ratio is reduced. The error bars show
the standard deviations (N=3, RSD=1.7 — 7.7 %).
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Figure 5: Measurements after washing the different
fractions with distilled water. As the fines fractions

become smaller the results indicate that the
lignin/carbohydrate ratio is reduced. The error bars show
the standard deviations (N=4, RSD=4,9 — 8,1 %).

The results shown in Figure 5 are more ambiguous than
the one shown in Figure 4, but nevertheless both figures
indicate the same trend. As the fines particles are reduced
in size the lignin/carbohydrate ration is reduced. This
means that smaller fines particles have a higher relative
amount of carbohydrates and a lower relative amount of
lignin, than the larger ones.



3.3 Zeta-potential asa function of pH

The zeta-potential is determined by measuring the
electrophoretic mobility:
C=mUe/¢€

where ( is the zeta-potential, , € is the permittivity, 1 is the
viscosity and U, the dectroforetic mobility. The
electroforetic mobility is dependent on the surface charge
density.

The charges on the fines particles come from the
hemicdllulose. Uronic acids, containing carboxylic groups
(-COOH) are parts of the hemicellulose (3). Native lignin
contains little or no carboxylic groups, thisis also the case
for cellulose (a linear-polymer, glucan). If the pH in the
fines water suspension is higher than the pK4 of the uronic
acids, the acid will be ionized and thus create charges on
to the fines. These charges will make the zeta potential
more negative. If substances containing carboxylic groups
are adsorbed on the surface of the fines they will be
responsible for part of the net surface charge density, and
therefore also for the zeta-potential.

In Figure 6 the zeta-potential measurements are shown for
different fines fractions where the colloidal material is not
removed. Between pH 3 and 4, the zeta-potential is
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Figure 7: The figure shows the standard deviation of each
point (N=4) of the largest and the smallest fines particles.

The absolute values of the zeta-potentials are low. This
can be because the fines particles are not ideal, in the
sense that they have no sharp surface. The theory behind
the zeta potential describes how the absolute value of the
potential drops from a sharp surface and goes towards zero
in the surrounding liquid. The further out from the patrticle,
the lower the absolute value of the potential. If it is more
correct to view the fines as gel particles with a large
relative volume of immobilized water, the immobilized
water phase may force the shear plane out into the
surrounding water solution. This may reduce the absolute
value of the zeta-potential measurements.

reduced from slightly over -2 to between -3 and —4. This
is interpreted as a result of that the ionization of the
carboxylic acid groups creates a lower zeta-potential. TR&ONCLUSION
pKg of one uronic acid (glucuronic acid) is reported to be

3.28 (as referred in 7) and is thus in agreement with t

results in Figure 6.
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Il1teis possible to fractionate the fines using a BDDJ. When
measuring the particle size distributions of the different
fractions using light diffraction the results are reproducible
(RSD = 13.5-23.2 %).

The dissolved material can be removed from different
fines fractions by washing with distilled water and
membrane filtration. 2-3 washings were needed.

FT-IR analysis of the fines fractions indicated that the
relative amount of carbohydrate to lignin increases with
reduced size.

The zeta-potential drops when the pH increases. This is

Figure 6: The zeta-potential of different fines fractions asiaterpreted as a result of an ionization process of the
function of pH. The fines fractions are not extracted witbarboxylic acids in the hemicellulose.
methyl tert-butyl ether in order to remove colloidal

substances.

The low values of the zeta-potential are interpreted as a
result of the fines not being a particle, but more a water
solvated gel with no sharp particle/water boundary. The
zeta-potential is therefore measured relatively far out in
the water solution.



Thermomechanical Pulp Suspensions”, Pap. Puu, vol 79,

n° 1, pp 50-54, 1997.

14. J. Thornton, R. Ekman, B. Holmbom and C.
ACKNOWLEDGEMENTS Eckerman "Release of Potential "Anionic Trash" in

Peroxide Bleaching of Mechanical Pulp". Pap. Puu vol 75
The author wishes to thank Norske Skog ASA, Hunsfoss n° 6, pp 426-431, 1993.

Fabrikker, Peterson Lineboard AS and the Research 15. R.H. Voss and A. Rapsomatiotis "An Improved
Council of Norway for financial support. Solvent-Extraction Based Procedure for the Gas
Chromatographic Analysis of Resin and Fatty Acids in
REFERENCES: Pulp Mill Effluents”, J. Chromatogr. 1346, pp 205-214,
1985.
1 J. Brandal and A. Lindheim "The Influence of 16. F. Orsé and B. Holmbom "A Convenient Method
Extractives in Groundwood Pulp on Fibre Bonding". Pulp for the Determination of Wood Extractives in
Paper Can., vol 67 n° 10, pp T431- T435, 1966. Papermaking Process Waters and Effluents", J. Pulp Paper
2. O. Faix "Fourier Transform Infrared  Sci., vol 20 A 12, pp J361-J366, 1994.

Spectroscopy in Solid State" in “Methods in Lignin
Chemistry”. Eds lin, y.s., Dence, C.W. Springer-verlag,
Berlin, pp 83-109, 1992.

3. D. Fengel and G. Wegener "Wood- Chemistry,
Ultrastructure, Reactions", Walt de Gruyer, Berlin, pp 27,
1989.

4, W. Kemp "Organic Spectroscopy"”, third edition,
The Macmillan Press Ltd, London, 1991.

5. F. Kimura, T. Kimura and D.G Gray "A Kinetic

Analysis of the Changes in Infra-Red Spectra Of
Mechanical Pulps During Irradiation”, Holzforschung, vol
49 P 2, pp 173-178, 1995.

6. F. Kimura, T Kimura and D.G Gray "FT-IR
Study of the Effect of Irridiation Wavelength on the
Colour Reversion of Thermomechanical Pulps".
Holzforschung vol 48 T, pp 343-348, 1994.

7. J. Laine, L. Lé&vgren, P. Stenius, S. Sj6berg:
"Potentiometric Titration of Unbleached Kraft Cellulose
Fibre Surfaces" Colloids Surf. vol 88 @-3, pp 277-28,
1994.

8. C.-A. Lindholm "Comparison of Some
Papermaking Properties of Groundwood, Pressure
Groundwood and Thermomechanical Pulp by means of
Artificial Blends of Pulp Fractions. Part 1. Primary
results”, Pap. Puu vol 62 00, pp 593-606,1980.

9. P. A. Moss and E. Retulainen: "The Effect of
Fines on Fibre Bonding: Cross-Sectional Dimensions of
TMP Fibres at Potential Bonding Sites", 1995
International paper physics conference, Niagara-on-the-
lake, Canada, pp 97-101, 1995.

10. J. Nylund, O. Lagus and C. Eckerman "Character
and Stability of Colloidal Substances in a Mechanical Pulp
Suspension”. Colloids and Surfaces A Physicochem. Eng.
Aspects, R85, pp 81-87, 1994.

11. J. Rodrigues, O. Faix and H. Pereira
"Determination of Lignin Content of Eucaluptus Globulus
Wood Using FTIR Spectroskopy”, Holzforschung, vol 52
n° 1, pp 46-50, 1992.

12. M. Rundléf "Quality of Fines of Mechanical
Pulp", Licentiate Degree of Engineering , Royal Institute
of Technology, Stocholm, Sweden, 1996.

13. K. Sundberg and B. Holmbom "Destabilisation of
Colloidal Wood Resin Caused by Cellulosic Fibres in



