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The invention relates to a method and a measurement device for measuring a suspension which contains wood fibres, the
method comprising directing optical radiation at pulp and measuring optical radiation emitted by the pulp. The solution
comprises measuring at least one of the following two properties: kappa number and brightness. The solution comprises
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(57) Abstract: The invention relates to a method and a measurement device for measuring a suspension which contains wood fi-
bres, the method comprising directing optical radiation at pulp and measuring optical radiation emitted by the pulp. The solution
comprises measuring at least one of the following two properties: kappa number and brightness. The solution comprises changing
the pulp consistency in a desired range of consistency extending from a desired initial consistency to a desired final consistency.
The pulp consistency and the strength of a desired wavelength from the optical radiation are measured in the desired consistency
range. Measurement points are modelled with a function of the desired type by fitting the parameters of the function according to
the measurement points. Finally at least one of the following two properties of the pulp is determined by means of the modelling

function: kappa number and brightness.
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METHOD AND MEASUREMENT DEVICE FOR MEASURING SUSPENSION

FIELD OF THE INVENTION

The invention relates to measurement of a wood fibre suspension,
and particularly to optical measurement of kappa number and brightness.

BACKGROUND OF THE INVENTION

The purpose of paper and pulp measurements is to ensure an end
product of good quality. In the pulp industry, measurement of the pulp lignin
content is one of the most important basic variables of pulp quality. The lignin
content can be measured in the laboratory gravimetrically by hydrolysing car-
bon hydrates with an acid, or using a ‘kappa number'. In the standard the
kappa number is defined as the amount of potassium permanganate solution
with a concentration of 20 mmol/l in millilitres which one gram of dry pulp con-
sumes in the conditions defined in the standard. This measurement is defined
in greater detail in standard SCAN-C 1:77, which is incorporated herein by ref-
erence. The lignin content is about 0.15 to 0.2 times the kappa number, de-
pending on the pulp. In the manufacture of pulp it is important o obtain real-
time information on the different process stages, which enables quick control
of the process. So fast measurement and control of the process cannot, how-
ever, be implemented by means of the laboratory measurement of kappa
number. :

Instead of laboratory measurements, it is nowadays common to use
optical on-line kappa analysers which measure lignin by means of ultraviolet
radiation. In general, the measurement is based on the Lambert-Beer Law, l.e.
the measurement is performed by measuring absorbance A of the suspension
by means of consistency c, the distance L travelled by radiation in the suspen-
sion and an absorption constant. Mathematically the absorbance A can be
expressed as follows A = c*L*a. In other words, the measurement determines
absorption of ultraviolet radiation from a pulp with a desired consistency. One
particular problem related to such optical measurement is that the accuracy of
the lignin content measurement depends on the relative number of fibres,
which is expressed as the consistency c. It is difficult to set the consistence to
a certain value as well as to measure it accurately because the consistency
fluctuates in the fibre suspension measurement. This leads to an inaccurate
measurement result of the kappa number.

The brightness of pulp or paper is often measured by means of the
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ISO brightness. This measurement is explained more closely in standard
SCAN-P 3:93, which is incorporated herein by reference. In the laboratory
measurement of brightness defined in the standard the brightness is deter-
mined from a dry pulp sheet. The measurement of pulp brightness is also
based on the Lambert-Beer Law in the same way as the optical measurement
of the kappa number, except for that the paper or pulp brightness is measured
with optical radiation having a wavelength of 457 nm. The problems are similar
to those related to the kappa number measurement. The measurement accu-
racy of brightness depends on the measurement accuracy of consistency, and
since it Is difficult to set the consistency to a certain value, the measurement
result of brightness is inaccurate. The information provided by the brightness
sighal also has a certain optimum, which depends on the consistency.

BRIEF DESCRIPTION OF THE INVENTION

An object of the invention is to provide an improved method and an
apparatus implementing the method to reduce or avoid the above-mentioned
problems. This is achieved with a method of measuring a suspension which
contains wood fibres, the method comprising directing optical radiation at pulp
and measuring optical radiation emitted by the pulp. The method is character-
ized by measuring at least one of the following two properties: kappa number
and brightness; and the method comprises changing the pulp consistency in a
desired range of consistency extending from a desired initial consistency to a
desired final consistency; measuring the pulp consistency; measuring the
strength of a desired wave length from the optical radiation at different consis-
tencies in the desired consistency range; modelling measurement points with
a function of the desired type by fitting the parameters of the function accord-
ing to the measurement points; and determining at least one of the following
two properties of the pulp by means of the modelling function: kappa number
and brightness.

The invention also relates to a measurement device for measuring a
suspension which contains wood fibres, the measurement device comprising
an optical power source for directing optical radiation at the suspension and at
least one detector for measuring optical radiation emitted by the suspension.
The measurement device according to the invention is characterized in that
the measurement device is arranged to measure at least one of the following
two properties: kappa number and brightness; and the measurement device is
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arranged to change the pulp consistency in a desired range of consistency
extending from a desired initial consistency 1o a desired final consistency; and
the measurement device is arranged to measure the puip consistency; meas-
ure the strength of a desired wave length from the optical radiation at different
consistencies in the desired consistency range; model measurement points
with a function of the desired type by fitting the parameters of the function ac-
cording to the measurement points; and determine at least one of the following
two properties of the pulp by means of the modelling function: kappa number
and brightness.

The preferred embodiments of the invention are disclosed in the
dependent claims.

The invention is based on changing the suspension consistency
and on continuous and simultaneous measurement of the strength of optical
radiation, which provides a set of measurement points for the strength of opti-
cal radiation in the desired consistency range. A continuous function is fitted to
the set of measurement points, which provides continuous dependency be-
tween the consistency and the strength of optical radiation in the desired con-
sistency range. Finally, the desired pulp property, such as kappa number and
brightness, is determined from the behaviour of the continuous function.

The method and arrangement according to the invention provide
several advantages. The measurement is fast because the consistency is not
set to a certain value for the measurement, but optical measurements are per-
formed by sliding the consistency. This improves the reproducibility and accu-
racy of the measurement. The fact that the measurement is performed from
flowing pulp also improves it.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in greater detail by means of pre-
ferred embodiments with reference to the accompanying drawings, in which

Figure 1A is a block diagram illustrating a measurement arrange-
ment,

Figure 1B illustrates a measurement arrangement,

Figure 2A illustrates measurement results and a fitted function,

Figure 2B illustrates forming of measurement points,

Figure 3 illustrates optical measurement of kappa number,

Figure 4 illustrates optical measurement of brightness, and
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Figure 5 illustrates measurement of consistency.

DETAILED DESCRIPTION OF THE INVENTION

The solution according to the invention is particularly suitable for
measuring the kappa number and brighiness of a suspension which contalns
wood fibres, but it is by no means limited to this.

In this application ‘optical radiation’ means electromagnetic radia-
tion with a wavelength of approximately 40 nm to 1 mm, and ‘ultraviolet radia-
tion’ means electromagnetic radiation with a wavelength of approximately 40
nm to 400 nm.

First the measurement arrangement will be described with refer-
ence to Figures 1A and 1B, which show application of the invention in the pulp
and paper industry. A sample is taken with a sampler 102 from a pipe 100,
inside of which a suspension containing wood fibres, i.e. wood fibre pulp,
flows. The sampler 102 may be a solution known per se, e.g. based on a pis-
ton and a cylinder. Since the pulp consistency in the pipe 100 is often too high
for the measurement according to the invention (usually about 10%), the pulp
consistency is decreased by adding water to the pulp in block 104, in which
case the desired pulp consistency is e.g. 1%. After this, the actual sample
processing is performed in block 106, where solid particles larger than fibres
are removed from the sample, such as shives, chips, metal pieces, stones,
etc. Samples can be taken from more than one location, and thus one sample
at a time is chosen from several samples for this sample processing stage (the
arrows show inputs of different samples). This is followed by washing of the
sample in a washing block 108, where e.g. chemical residues and lignin dis-
solved in water are removed from the sample. The washed sample is circu-
lated between the washing block 108 and measurement blocks 110, 112 and
114. Optical measurement of the kappa number is performed in block 110, the
consistency of the sample is measured in block 112, and the brightness of the
sample is measured optically in block 114. The solution according to the
invention always includes the consistency measurement block 112. Further-
more, either one of measurement blocks 110 and 114, i.e. either the meas-
urement block 110 for kappa number or the measurement block 114 for
brightness or both are always involved in the solution according to the inven-
tion. During the measurement the pressure is increased with compressed air
so high that air bubbles in the sample dissolve in water.
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Figure 1B is a more detailed view of the washing section of the
wood fibre suspension, but its structure as such is not relevant to the inven-
tion. The sample enters the washing section from a pipe 154 via a valve 152.
Large solid particles are removed from the sample by a screen or a wire 156
and sucked into an exhaust pipe 158. The actual sample travels to a filter 160,
which is so dense that it does not let the fibres of the sample through to the
wire 160. The sample is washed by directing a pressurized water spray at the
sample from a pipe 162. A compressed air blow can also be used for mixing
the sample. Fibres that have flocculated during the washing are separated
from one another. During the washing, chemical residues and substances dis-
solved in water can exit through the wire 160 and via a pipe 164. For perform-
ing the measurement, the washing and measuring sections 150, 110 to 114
are pressurized with compressed air. The sample to be measured is circulated
in a pipe 168. The kappa number and/or the brightness are measured several
times from the sample, and as the sample circulates, its consistency is
changed by adding or removing water. After the measurement has been per-
formed, the sample is removed through an exhaust pipe 170. The information
collected by the measurement blocks 110 to 114 are transferred into a proc-
essing block 172 for measurement results, in which the measurement results
are processed according to the method of the invention. The functions of the
processing block 172 for measurement results are connected to an automatic
process control computer used in the manufacture of pulp.

The features of the inventive method will be described with refer-
ence to Figures 1A, 1B and 2A. Optical radiation is directed at the pulp to be
measured and the strength of optical radiation emitted by the pulp is meas-
ured. The method of the invention employs optical radiation for measuring at
least one of the following two properties: kappa number and brightness.
Brightness is preferably measured as the ISO brightness. By means of the
solution according to the invention, the kappa number can be measured at
least between 2 and 130, and the brightness at least between 30 and 95. In
the method the pulp to be measured is circulated in a pipe 168 through the
measurement blocks 110 to 114, in which the kappa number and the bright-
ness are measured in addition to the consistency. During circulation the pulp
consistence is changed, and the measurement of the kappa number and
brightness is started when the consistency measured in block 112 is at a de-
sired initial value SA. The measurement of the kappa number and brightness
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continues until the consistency measured in block 112 reaches a desired final
value SL. The pulp consistency is changed so that it continuously goes
through all consistencies in the desired consistency range. The consistency is
changed by adding or removing water. Water can be added or removed as a
constant flow. The measurement can be performed e.g. by setting the consis-
tency to the initial value SA = 0.7% and by reducing the consistency to the fi-
nal value SL = 0.3% by adding water. The measurement range can also differ
from this, provided that the final consistency is so high that the effect of the
suspension compared to pure water is clear, and the initial consistency has to
be so low that the suspension emits a measurable amount of optical radiation
towards the detector. The consistency range of the measurement thus extends
from the desired initial value SA of consistency to the desired final value SL of
consistency. To measure both the kappa number and the brightness, the
strength of optical radiation is measured continuously at the desired wave-
length at the consistencies of the desired consistency range.

In Figure 2A each measurement point has been formed e.g. accord-
ing to the table shown in Figure 2B. Column S represents the consistency,
column P the measured strength of radiation, Sk1 the averaged consistency,
Pk1 the averaged strength of radiation, Sk2 the average of the averaged con-
sistencies Sk1, Pk2 the average of the averaged strengths Pk1 of radiation. At
first, five values of the measured consistency (e.g. x1 to x5) and five values of
the strength of optical radiation (e.g. y1 to y5) are averaged. After this, ten av-
eraged results (e.g. X1 to X10 and Y1 to Y10) are further averaged to obtain a
value of consistency and a value of the strength of optical radiation for one
measurement point (e.g. (S1, P1)) shown in Figure 2A. The next point (S2, P2)
is formed from the results X2 to X11 and Y2 to Y11, i.e. the measurement re-
sults are formed as a sliding average. If the consistency is changed by adding
water as a consistent flow, the real consistency changes even during the form-
ing of one measurement point.

The measurement points formed are modelled with a function 200
of the desired type, in which case the measurement points are fitted to this
function 200. Fitting can be performed in a manner known per se, e.g. by us-
ing the least squares fitting. If the correlation of the fitted function with the
measurement points is below a predetermined threshold value (i.e. the square
of the difference between the function values and the measurement points is
too high), the measurement is interpreted as incorrect and rejected. The de-
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sired function 200 may be an elementary function or a higher order function.
Polynomial functions, for example, are suitable as functions of the desired
type, in particular the second order polynomial function. In the inventive solu-
tion, the polynomial function is fitted to the measurement points, which pro-
vides a continuous function from the consistency to the strength of optical ra-
diation, i.e. P = f(S) = aS* + bS + ¢, where P is the strength of optical radiation,
S is the consistency, f(S) is the desired function of consistency, a is the coeffi-
cient of the second order, b is the coefficient of the first order and c¢ Is the con-
stant term. In fitting the coefficients a, b and ¢ are selected so that the function
best describes the behaviour of the measured set of points as the function of
consistency. After the suitable function has been modelled, the kappa number
and/or brightness are determined from the pulp on the basis of the modelled
function.

In the following, the determination of the kappa number will be de-
scribed more closely. According to the invention, in the determination of the
kappa number two measurement points 202 and 204 are preferably chosen
from the continuous function formed. The measurement points are used for
calculating the kappa number K, i.e. K = O (value 202, value 204), where O Is
an operation which maps the measurement points to the kappa number. The
operation O, produces a result from two measurement points which Is in linear
relation to the kappa number. This result is then mapped to the actual kappa
number by the operation O. The operation O, is based on the theory of scat-
tering and experience. According to the invention, in the measurement of
brighthess only one measurement point 206 from which the brightness is cal-
culated, i.e. B = Og(value 206), is preferably selected. The operation O; maps
the measurement point to brightness by means of linear dependency. The op-
erations Oy and O are selected by means of calibration measurements, In
which pulp with known properties iIs measured.

The optical measurement arrangement according to the invention
will be described more closely particularly in respect of the measurement of
the kappa number by means of Figure 3. In the measurement arrangement the
pulp to be measured flows in the vertical direction in a measurement cell 300,
which is round in the solution shown in the figure; however, the shape of the
measurement cell is irrelevant to the invention. Neither are the dimensions of
the measurement cell relevant to the invention. However, the larger the diame-
ter of the measurement cell, the greater the optical power needed in the
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measurement is because scattering and absorption decrease the optical
power that arrives at the detector. On the other hand, the thinner the meas-
urement cell, the less the pulp to be measured affects the optical radiation.
Thus the diameter of the measurement cell is optimised according to the sub-
stance to be measured. The kappa number is usually measured In the ultravio-
let light, for which reason the source 302 of optical radiation has to emit at
least ultraviolet light. The source 302 of optical radiation may be a Xenon
lamp, for example. According to the invention, the radiation source 302 does
not preferably illuminate the measurement cell continuously, but the radiation
source 302 is pulsed. To measure the pulp, the measurement cell is shot with
optical power pulses. The optical radiation Is preferably collimated in the radia-
tion source 302. The collimated radiation hits a semi-retlective mirror 304 pro-
vided for reference measurement. From the reflective mirror 304 the optical
radiation is reflected to a reference detector 308. The reference detector 308
preferably comprises an optical filter 3080, which lets only the desired uliravio-
let radiation onto the detecting surface of the detector. The reference detector
308 is used for monitoring changes in the optical power of the source 302 of
optical radiation so that changes in the radiation power caused by the optical
radiation source 302 would not be interpreted as changes of the kappa num-
ber. The collimated optical radiation is further directed at the measurement cell
300 and at the pulp flowing inside the measurement cell. The optical radiation
scatters and absorbs into the pulp. Detectors 310, 312, 314 and 316 are pref-
erably provided on the different sides of the measurement cell for measuring
optical radiation that has scattered from the pulp and optical radiation that has
passed through the pulp without scattering. Each detector 310, 312, 314 and
316 comprises an optical filter 3100, 3120, 3140 and 3160 which lets the de-
sired ultraviolet light through.

The detector 314 is used for measuring a ‘water equivalent’. This
means that pure water is supplied into the measurement cell 300 and the ef-
fect of the pure water and the measurement cell 300 on the measurement is
measured (e.g. effect of scattering caused by dirtying, absorption, etc.) This
information can be used for correcting and specifying the kappa measurement.
The detector 312 and 314 can also be used for measuring a high kappa num-
ber. The filters in the front of different detectors may let a wavelength band
with the same or a different average wavelength onto the detecting surface of
the detector. Three different wavelengths, for example, can be employed in
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the solution according to the invention. In that case the high kappa number is
measured e.g. with a long wavelength and the small kappa number with a
short wavelength. The kappa number between these two numbers Is meas-
ured with the wavelength between the short and the long wavelength. In the
solution according to the invention the wavelength of the ultraviolet radiation to
be used is selected preferably from among a range of 200 nm to 400 nm.
Typical wavelengths of ultraviolet light that are used for measuring the kappa
humber are 205 nm and 280 nm, but the invention is not limited to these val-
ues. The kappa number can also be measured using other wavelengths of
optical radiation, such as IR radiation.

The solution of the invention can be used so that test measure-
ments are performed on the pulp to be measured with all detectors 310 to 316.
Since the kappa number does not usually change much in the process, unless
the pulp quality is changed, only one detector can be used in the actual kappa
number measurements after the test measurements. The detector whose
measurements indicate best the kappa number of the process stage con-
cerned is chosen as the detector to be used.

The measurement of brightness will be described in greater detalil
with reference to Figure 4. The measurement of brightness is rather similar to
that of the kappa number. An optical power source 402, which is preferably a
Xenon lamp in this case, too, emits unidirectional and preferably pulsed radia-
tion towards a measurement cell 400. Before the measurement cell 400, refer-
ence power is measured from the optical radiation using a semi-reflective mir-
ror 404 and a detector 408, which comprises an optical filter 4080 which lets
the desired wavelength at the desired optical band to the detector. Detectors
410 and 412 measure the radiation emitted by the pulp to be measured in the
measurement cell 400 to determine the brighthess and comprise optical filters
4100 and 4120. The filters 4100 and 4120 are selected so that brighthess can
be measured according to the standardized |ISO brightness preferably at a
wavelength of 457 nm. The detector 410 is used for measuring the water
equivalent. This means that pure water is supplied into the measurement cell
400, preferably deionised water, and the effect of the pure water and the
measurement cell 400 on the measurements is measured (e.g. effect of scat-
tering caused by dirtying, absorption, etc.). This information can be used for
correcting and specifying the brightness measurement.



10

15

20

25

30

WO 01/53810

CA 02398232 2002-07-19
PCT/F101/00046

10

Figure 5 illustrates one way of measuring consistency. This meas-
urement is known per se. An optical radiation source 502 emits radiation to-
wards a measurement cell 500. Before the measurement cell 500, the optical
radiation is polarized with a polarizer 504. The pulp in the measurement cell
500 mixes polarization, and as the optical radiation exits the measurement
cell, it is divided into two parts with a polarizing beam splitter 506. In that case
the detector 508 receives radiation which is polarized only in one direction,
and the detector 510 receives only radiation the polarization of which is or-
thogonal to the radiation arriving at the detector 508. The pulp consistency in
the measurement cell 500 can be determined in a known manner on the basis
of the difference between the radiation strengths detected by the detectors
508 and 510.

In the solution according to the invention the measurement device
is calibrated to function correctly by performing calibration measurements on
reference pulp. Calibration is necessary before the measurement device is
actually used and needs to be performed from time to time because the route
of optical radiation, for example, may change or the detector responses may
change in the course of time. The reference pulp is wood fibre pulp whose
properties have been measured in the laboratory and stabilized with respect to
time. There is reference pulp commercially available for calibration of the
measurement device according to the invention, e.g. Paprican standard refer-
ence pulp 5-96 from a Canadian manufacturer.

The following tables compare the capacity of the measurement de-
vice according to the invention with laboratory measurements. The table below
compares the measurement of the kappa number with laboratory measure-
ments, which correspond to the standard measurement.

W‘ o

Measurement | <2 2.8 [|8-20 |20-40 |40 -60
| area | | | |

(as kappaunits) | | _l ] | o
'_a__(}_guracy o, |103+0, |03+06 |0.7+0c T’I O+g |10+0 I2.O_+ o,
| reproducibility (o) [0.1 0.1 - 10.25 _|_1 .0 1.2

The table below compares the brighthess measurement with laboratory meas-
urements, which correspond to the standard measurement.
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h

e P—— — el l

Measurement |40-60 |60-85 |85 - 90+

—

Re

(o) | |

area f’{g, L ___' | ]
accuracy o, 1.0+¢c |08+c [04+c

035 |03 |

eproducibility 0.4

In the tables o, is the standard laboratory error and ¢ Is the stan-
dard deviation. It can be seen in the tables that the solution according to the

invention corresponds well to the measurements according to the standard.
Even though the invention has been described with reference to an

example according to the accompanying drawings, it is by no means limited
thereto, but the invention can be modified in various ways within the scope of

the inventive concept disclosed in the appended claims.
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CLAIMS

1. A method of measuring a suspension which contains wood fi-
bres, the method comprising directing optical radiation at pulp and measuring
optical radiation emitted by the pulp, characterized In that the method
comprises measuring at least one of the following two properties: kappa num-
ber and brightness; and the method comprises

changing the pulp consistency in a desired consistency range ex-
tending from a desired initial consistency to a desired final consistency;

measuring the pulp consistency;

measuring the strength of a desired wavelength from the optical ra-
diation at different consistencies in the desired consistency range;

modelling measurement points with a function (200) of the desired
type by fitting the parameters of the function according to the measurement
points; and

determining at least one of the following two properties of the pulp
by means of the modelling function: kappa number and brightness.

2. A method according to claim 1, characterized in that in
the method the kappa number of pulp Is measured by determining two meas-
urement points corresponding to the predetermined consistency by means of
the modelling function (200), and determining the kappa number of pulp by
means of the measurement points.

3. A method according to claim 1, characterized in that the
kKappa number is measured by means of ultraviolet radiation.

4. A method according to claim 1, characterized in that in
the method the brightness of pulp is measured by determining a measurement
point corresponding to a predetermined consistency value by means of the
modelling function (200), and determining the brightness of pulp by means of
the measuring point.

5. A method according to claim 1, characterized in that the
brightness is measured at a wavelength band having an average wavelength
of 457 nm.

6. A method according to clam 1, characterized in that the
method is used for measuring reference pulp with predetermined properties to
calibrate the measurement results.
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7. A method according to claim 1, characterized in that the
pulp consistency is changed so that the pulp consistency continuously goes
through all consistencies in the desired consistency range.

8. A method according to claim 1, characterized in that the
measurement points are modelled with a continuous function (200).

9. A method according to claim 1, characterized in that the
measurement points are modelled with a second order polynomial function.

10. A measurement device for measuring a suspension which con-
tains wood fibres, the measurement device comprising an optical power
source (302, 402) for directing optical radiation at the suspension and at least
one detector (308 to 316, 408 to 412) for measuring optical radiation emitted
by the suspension, characterized in that the measurement device Is
arranged to measure at least one of the following two properties: kappa num-
ber and brightness; and the measurement device is arranged to

change the pulp consistency in a desired consistency range extend-
ing from a desired initial consistency to a desired final consistency;

measure the pulp consistency;

measure the strength of a desired wavelength from the optical ra-
diation at different consistencies in the desired consistency range;

model measurement points with a function (200) of the desired
type by fitting the parameters of the function according to the measurement
points; and |

determine at least one of the following two properties of the pulp by
means of the modelling function: kappa number and brightness.

11. A measurement device according to claim 10, character-
ized in that to measure the kappa number, the measurement device is ar-
ranged to determine two measurement points corresponding to the predeter-
mined consistency by means of the modelling function (200), and determine
the kappa number of pulp by means of the measurement points.

12. A measurement device according to claim 10, character-
ized in that the measurement device is arranged to measure the kappa
number by means of ultraviolet radiation.

13. A measurement device according to claim 10, character-
ized in that to measure the brightness, the measurement device Is arranged
to determine a measurement point corresponding to a predetermined consis-
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tency value by means of the modelling function, and determine the brightness
of pulp by means of the measuring point.

14. A measurement device according to claim 10, character-
ized in that the measurement device is arranged t0 measure the brightness
at a wavelength band having an average wavelength of 457 nm.

15. A measurement device according to claim 10, character -
i ze d in that the measurement device is arranged to measure reference pulp
with predetermined properties to calibrate the measurement results.

16. A measurement device according to claim 10, character-
i zed in that the measurement device is arranged to change the pulp consis-
tency so that the pulp consistency continuously goes through all consistencies
in the desired consistency range.

17. A measurement device according to claim 10, character-
ized in that the measurement device is arranged to model measurement
points with a continuous function.

18. A measurement device according to claim 10, character-
ized in that the measurement device is arranged to model measurement
points with a second order polynomial function.
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