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Measurement of amount of solid in suspension

Field

[0001] The invention relates to measurement of the amount of solid
matter dispersed in a suspension.

Background

[0002] In particular, in paper and pulp industry it is important to be
able to measure slush consistency, because the consistency indicates the pro-
portion of a solid in the slush. The amount and quality of the solid matter, in
turn, have a crucial effect on the properties and quality of paper or board ob-
tained as a final product.

[0003] The slush is a suspension the consistency of which may be
measured by means. of electromagnetic radiation, for instance. The consisten-
cy may be determined by means of the attenuation of the electromagnetic ra-
diation, the radiation being in interaction with the suspension. The electromag-
netic radiation may in that case be radio-frequency or optical radiation. The

- consistency may also be measured, for instance, by means of the propagation
time of radio-frequency radiation. In both measurements the radio-frequency
radiation or the optical radiation either goes through the suspension or reflects
therefrom. Corresponding suspension measurements may also be carried out
in other fields of industry. .

[0004] The measurement of the amount of solid in the suspension is
disturbed, however, by air or another gas present in the suspension, which
gets into, or possibly, is intentionally added to the suspension in industrial pro-
cesses. Hence, the measurement of the amount of solid in the suspension be-
comes inaccurate.

Brief description

[0005] it is the object of the invention to provide an improved solu-
tion for measuring the amount of solid in a suspension.

[0006] This is achieved by a device for measuring the amount of
solid in the suspension. The device comprises a measuring part, which is ar-
ranged to determine the amount of matter dispersed in the suspension on the
basis of a measurement, in which electromagnetic radiation is arranged to in-
teract with the suspension, and the proportional volume of a free gas contained
in the suspension on the basis of a measurement of electrical conductivity
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and/or impedance distribution for determining the- amount of dispersed solid
matter in the suspension.

[0007] The invention also relates to a method for measuring the
amount of solid in a suspension, characterized by measuring the amount of
solid in the suspension through a measurement in which electromagnetic radi-
ation interacts with the suspension; measuring a proportional volume of a free
gas contained in the suspension on the basis of the measurement of electrical
conductivity and/or impedance distribution in the suspension; and providing the
amount of the solid dispersed in the suspension on the basis of the amount of
the dispersed solid and the proportional volume of the free gas.

[0008] Preferred embodiments of the invention are disclosed in the
dependent claims. _

[0009] Several advaritages are achieved by each solution of the in-
vention. The amount of solid in the suspension may be measured accurately,
which enables improved quality in a final product.

List of figures

[0010] The invention will now be described in greater detail in con-
nection with preferred embodiments, with reference to the accompanying
drawings, in which: '

' Figure 1A shows measurement performed by radio-frequency elec-
tromagnetic radiation through a suspension,

Figure 1B shows reflection measurement in a suspension performed

. by radio-frequency electromagnetic radiation,

Figure 2A shows optical measurement through a suspension,

Figure 2B shows optical reflection measurement on a suspension,

Figure 3A shows impedance tomographic measurement on a sus-
pension, one feeding contact element being active,

Figuvre 3B shows impedance tomographic measurement on a sus-

| pension with a second contact element,
| Figure 3C shows a detected gas bubble,

Figure 4A shows a combination of the measurement of solid per-
formed by electromagnetic radiation through the suspension and the imped-
ance tomographic measurement of the amount of gas in the suspension,

Figure 4B shows a combination of the reflection measuremént of the
solid performed on the suspension by electromagnetic radiation and the im-
pedance tomographic measurement of the amount of gas in the suspension,
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Figure 5 shows a paper machine,

Figure 6 shows a recycled fibre proceésing apparatus,
Figure 7 shows a wastewater treatment plant, and
Figure 8 is a flow chart of the method.

Description of embodiments

[0011] The presented solution may be applied, for instance, to pulp
pfocessing, paper or board making, processes relating to recycled fibre pulps,
fields of industry associated with environmental management, such as purifica-
tion of waste water and/or the like, without restricting to said examples, how-
ever. ‘

[0012] A suspension comprises a liquid medium with solid particles
dispersed therein. In addition, the suspension in the embodiments of this appli-
cation may also contain dispersed gas, such as air. The medium is usually wa-
ter, but in a general case the medium may also consist of some other liquid.
Consistency of the suspension may vary from zero to tens of percent. In paper
industry, the consistency is often 0.1% to 20%. The amount of dispersed sub-
stance in a suspension may be measured in volumetric percent or mass per-
cent. When expressed in volumetric percent, the volume of the dispersed mat-
ter is divided by the total volume of the suspension and multiplied by 100%.
When expressed in mass percent, the mass of the dispersed matter is divided
by the total mass of the suspension and multiplied by 100%.

[0013] Especially in applications of paper and pulp industry the solid
in the suspension may consist of fibres, for instance. In paper and board indus-
try, the fibre is often wood fibre. However, the fibre may be any fibre, such as
animal fibre, plant fibre, cellulose-based fibre or artificial fibre. The slush used
in paper and board making is a suspension the medium of which is water and
the solid particles may be fibres, fines, fillers, retention agent, coating agent,
ink, etc. '

[0014] Solid ‘matter in waste water to be purified may be, for in-
stance, sand, paper, nutrients and various precipitates or sludge. '

[0015] The measurement of the amount of solid is based on the fact
that the measurement of electromagnetic radiation is affected by different pro-
portional dielectric constants of the solid particles and the medium. The more |

~ solids in the suspension, the more the ‘measurement result differs from the
measurement result of the medium alone. The measurement of the amount of
solid is disturbed by the fact that the medium and a gas may have mutually
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different proportional dielectric constants. Thus, both the medium and the gas
have a concurrent effect on the measurement result, and no accurate data on
the amount of solid will be obtained.

[0016] Figures 1A to 4B show a solution, which is based on the fact
that a measuring part 150, 152, 250, 252, 350 determines the amount of dis-
persed matter in a suspension 106 on the basis of the measurement where
electromagnetic radiation interacts with the suspension 106. In addition, the
measuring part 150, 152, 250, 252 determines a proportional volume of a free
gas 318 contained in the suspension on the basis of electrical conductivity
and/or impedance distribution in the suspensioh 106.

[0017] Figure 1A shows a measurement of the amount of solid,
such as consistency, by using radio-frequency electromagnetic radiation. Gen-
erally, the measurement of the amount of solid may refer to volumetric propor-
tion or weight proportion of the solid in a given volume. In a measuring ar-
rangement, a radio-frequency source 100, such as a radio-frequency oscillator,
may scan the frequency of a transmitting radio-frequency electromagnetic sig-
nal over a desired frequency band.

[0018] In the solution it is possible to use the FMCW (Frequency
Modulation Continuous Wave) method. The frequency of the electromagnetic
radiation generated by the radio-frequency source 100 may be 100 MHz to 100
GHz, for instance. The frequency band used in measuring may be a few hun-
dred megahertzes, for instance. Scanning may be performed, for instance,
such that the frequency of a transmitted radio-frequency signal increases from
initial frequency fo to highest frequehcy fmax and thereafter the frequency de-
creases from the highest frequency fmax back to the initial frequency fo. Fre-
quency scanning of this kind may be repeated throughout the measurement.
The frequency may increase or decrease continuously or discretely. The scan
length is not critical to the invention, but, in practice, the duration of a frequen-
¢y scan may be 1ms to 100ms, for instance.

[0019] A signal from the radio-frequency source 100 propagates to
a feed element 102, which may be attached to a pipe 104 or which may be, for
instance, an antenna, such as a slot antenna, a flat panel antenna or a patch
antenna. A feeding contact element 102 applies a signal through a suspénsion
106 flowing in the pipe 104 to a receiving contact element 108, whereby elec-
tromagnetic radiation interacts with the suspension 106. The signal that trav-
ersed the suspension 106 propagates through a detecting contact element 108
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to a signal processing unit 110, which compares the electromagnetic signal

directed to the suspension 106 with the signal that has interacted with the sus-
| pension 106. A measurement parameter may be a signal transit time, frequen-

cy or phase. The contact elements 102,‘108 may be attached to the pipe 104.

[0020] The signal processing unit 110 may, for instance, determine
the transit time of the signal traversed throUgh the suspension 106 and/or the
attenuation thereof in relation to the signal coming directly from the source:
100. Blocks 100, 102 and 108 thus constitute the measuring part 150 for
measurihg solid matter in the suspension 106.

[0021] The measurement may be performed as a direct transit time
measurement by means of a signal pulse by measuring the time between the
transmission and reception of a pulse. This is a commonly used measuring
technique, for instance, in level measurings, in which the distance of a reflec-
tive surface from a transceiver antenna is computed on the basis of a meas-
ured transit time.

[0022] The signal transit time through the suspension 106 may also
be determined by means of the phase difference between the signal applied to
the suspension 106 and the signal traversed through the suspension.

[0023] The difference in delay At between the signal traversed~
through the suspension and the signal applied to the suspension is expressed

At=f*T/B,

where f is frequency of signal, B is band width of frequency scanning (Hz) and -
T is duration (s) of frequency scanning.

[0024] The phase difference may also be determined by measuring
the phase of one or more dot frequencives passed through a measurement
path, when frequency scanning is not used. This may be implemented, for in-
stance, by a so-called heterodyne technique, which produces a value based
on the phaée difference between a signal applied to the suspension and a ra-
dio-frequency signal traversed through the suspension. Because a generator
100 may output a constantly unchanged signal, phase changes in the signal
traversed through the suspension 106 may be measured directly.

[0025] It is possible to determine the transit time also by a correla-
tion technique. The correlation measurement attempts to find the highest pos-
sible correlation by shifting the signal applied to the suspension 106 and the
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signal traversed throu'gh the suspension in relation to one another. How much
the signals are to be mutually shifted temporally in view of the measuring mo-
ment in order to provide the highest possible correlation , determines the dif-
ference in transit times between the signal applied to the suspension and the
signal traversed through the suspension. \

[0026] The signal processing unit or the signal processing part may
provide the correlation C(z) for instance as follows: ' -

C(r) = Ix(t)-y(t—r)dt
where x(t) is a first detected ‘'signal and y(t — 1) is a second detected signal that
has been delayed for the amount of t. The value of correlation is computed
with a plurality of delay values such that t € [to, ..., ta], where t; is the shortest
possible delay and t, is the longest possible delay.

[0027] Because the transit time and the phase are directly propor-
tional to one another, the amount of solid, such as consistency, may be com-
puted on the basis of either one of them. The connection between the transit
time At and the phase ¢ may be expressed, for instance, by equation

At=n*Ti+ @2 * Ty,

where Tt = period length of the frequency used, n = the number of full period
lengths on a measurement path, ¢ = signal phase and n = 3.14159265.

[0028] Because the phase depends on the transit time, hereinafter
only the transit time is referred to, even though the measurement could be
made per se using a phase.

[0029] A measurement parameter may also be signal strength, and -
therefore, instead of or in addition to the transit time, the signal processing unit
110 may determine a change in the strength of radio-frequency electromagnet-
ic radiation, i.e. attenuation, when the electromagnetic radiation is in interaction
with the suspension 106. Solid particles and gas bubbles present in the sus-
pension 106 attenuate the radio-frequency electromagnetic radiation in the
suspension 106. The higher the amount of solid particles and/or gas bubbles
the electromagnetic radiation collides- with in the suspension, the lower its
strength becomes. The strength of radiation may be measured, for instance, as
intensity (P/A, where P is power e.g. in watts and A refers to a detecting sur-
face area e.g. in square meftres).
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[0030] Figure 1B shows an embodiment, in which the radio-
frequency radiation generated by the source 100 is directed to the suspension
106 with a contact element 112, which also receives and detects the radiation
reflected from the suspension 106. The contact element 112 may be a trans-
ceiver antenna. Otherwise the comparison between the radiation interacted
with the suspénsion 106 -and the radiation applied to the suspension may be
performed in the signal processing unit 110 like in the case of Figure 1A.
Blocks 100 and 112 thus constitute the measuring part 152 for measuring solid
matter in the suspension 106.

[0031] In addition to or instead of radio-frequency measurement it is
possible to use optical electromagnetic radiation for measuring the amount of
solid in a suspension. Solid particles and gas bubbles present in the suspen-
sion 106 attenuate the optical radiation in the suspension 106. The higher the
amount of solid particles and/or gas bubbles the optical radiation collides with
in the suspension, the lower its strength becomes. In the same way as the
strength of radio-frequency radiation also the strength of optical radiation may
be measured, for instance, as intensity | (I = P/A, where P is power e.g. in
watts and A refers to a detecting surface area e.g. in square metres).

[0032] Figure 2A shows an embodiment, in which a source of opti-
cal radiation 200 applies optical radiation towards a feeding contact element
202, which is attached to a pipe 104, for instance. The contact element 202

.. directs the optical radiation to the suspension 106. Upon interacting with the |
suspension 106 on its way through the suspension 106 an input contact ele-
ment 208 receives the optical radiation and conveys it to a signal processing
part 210 to which it is also possible to apply a predetermined part of the optical
radiation of the optical radiation source 200. The signal processing unit 210
may thus determine the attenuation of the optical radiation in the suspension
106. The optical radiation source 200 may apply optical radiation to the contact
element 202 through an optical fibre. It is also possibie that the optical radia-
tion source 200 is located in the contact element 202, and consequently the
optical radiation source 200 directs optical radiation directly to the suspension
106. A detecting contact element 208 may be an end of the optical fibre, at
which there may be at least one optical component, such as a lens. The opti-
cal fibre may transfer the received optical radiation to the signal processing
unit 210. The input contact element 208 may also be a detector of optical radi-
ation which converts the optical radiation to an electric signal. The signal pro-
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cessing unit 210 may thus receive the electric signal provided by the detector,
which conveys information on the strength of the optical signal. Blocks 200,
202 and 208 thus constitute the measuring part 250 for measuring solid matter
in the suspension 106. |

[0033] Figure 2B shows the solution of Figure 1B implemented in an
optical manner. The optical radiation generated by the optical radiation source
200 is directed to the suspension 106 with a contact element 212, which also
receives and detects the radiation reflected from the suspension 106. Other-
wise the comparison between the radiation interacted with the suspension 106
and the radiation applied to the suspension may be performed in the signal
processing unit 110 like in the case of Figure 2A. Blocks 200 and 212 thus
constitute the measuring part 252 for measuring solid matter in the suspension
106.

[0034] Even though in Figures 1A to 2B the radiation is indicated to
travel transversely to the flow direction/pipe 104, the measurement of the
amount of solid may also be carried out in longitudinally to the flow direc-
tion/pipe 104 directly or obliquely.

[0035] By means of Figure 3A it is now examined measurement of
proportional volume of free gas in connection or integrated with the measure-
ment of the solid, which measurement measures distribution of impedance
and/or electrical conductivity. The measurement may be based on impedance
tomography, for instance. A signal source 300 may apply an electric signal to
each contact element 302 to 316 separately at a specific time instant. Each
two successive contact elements 302 to 316 may be at the same, or different,
distance AD from one another as the other successive contact elements. The
electric signal r‘hay be and an AC signal whose frequency may be lower than
that of the radio-frequency signal. In Figure 3A, the contact element 316 ap-
plies an electric signal to the suspension 106, and with other contact elements
302 to 314 the electric signal is received, and the signal, or a measurement
value measured on the signal, is transferred from the contact elements to the
signal processing part 320. While passing through the suspension, the electric
signal may come to interaction with one or more gas bubbles 318, each of.
which affects the electric signal. When receiving the electric signal, the contact
elements 302 to 314 may receive an electric signal that the signal processing
unit 320 may compare with the electric signalvapplied to the suspension 106 by
the contact element 316 and thus provide conductivity and/or impedance of the
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suspension 106 between each contact element 302 to 314 and 316. Conduc-
tivity and impedance are interdependent variables. In the measurement there
is often determined impedance, wherefrom conductivity will be'obta_ined. Con-
ductivity and impedance may be understood to be-inverse values of one an-
other, for instance. ,

[0036] The obtained conductivities and/or impedances represent the
distribution of electrical cbnductivity and/or impedance through the suspension
106. In the conductivity and/or impedance, it is possible to take into account
both a resistive component and a reactive component, either together or sepa-
rately. o

[0037] Figure 3B also shows an impedance tomographic measure-
ment. In this example the contact element 314 serves as an electric signal
transmitter. When different contact elements are employed to apply the signal,
the gas bubbles 318 present in the suspension appear in different gas bubble

- configurations in the measurement between the contact elements 302 to 316,
which enables determination of bubble properties. The signal processing part
320 may detect a change in i'nteractibn, resulting from the location of the gas
bubbles, in the impedance between the feeding contact element and each re-
ceiving contact element. All gas bubbles, and particularly their interfaces with
the suspension, the size, such as diameter, cross-sectional area and/or vol-

~ume, may change the impedance between the contact elements. After com-
pleting the impedance measurements between several or all contact elements
302 to 316, the shape, size and amount of gas bubbles 318 possibly present in
the measuring area, and the amount of bubble interfaces, may be estimated.
Estimation may be based, for instance, on a tomographic representation or the
like on the suspension 106 and at least one gas bubble possibly present there-
in. Even without a tomographic representation the signal processing unit 320
may provide a total volume of possible one or more gas bubbles 318 in a
measuring area which in the example of Figures 3A and 3B is the cross sec-
tion of the pipe 104. Namely, the determination of the proportional volume of
free gas contained in the suspension 106 may be based on the fact that the
signal processing unit 320 may detect impedance tomographically the distribu-
tion of electrical conductivity and/or impedance in the suspension 106, which
forms a kind of cross-sectional view of the measuring volume. The cross sec-
tion may be a predetermined or desired surface, in the direction of which the
measurements are performed in the suspension. The gas bubbles 318 repre-
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sent free, insoluble gas in the suspension, and the solution of Figures 3A and
3B allows measurement of the volumetric distribution of the suspension rela-
tive to the behaviour of electricity in the suspension, the electricity being con-
nected to the suspension through a galvanic coupling.

[0038] If the electric signals fed by each particular contact element
302 to 316 are modulated and/or encoded to be different, so that they can be
separated from one another also in the reception and/or signal processing, the
impedance measurements of several or all contact elements 302 to 316 may
be carried out simultaneously.

[0039] The contact elements 302 to 316 may be combined or inte-

| grated to form one whole with the contact elements 102, 108, 202, 208, 212.
Likewise, the signal processing unit 320 may be combined or integrated to
form one whole with the signal processing unit 110, 210. Further, the source
300 may be combined or integrated to form one whole with the source 100,
200.

[0040] The signal source 300, the contact elements 302 to 316 and
the signal processing part 320 may constitute a second measuring part 350
measuring the proportional volume of gas, which second measuring part is not
shown in the figures but which is referred to in the description of Figures 5, 6
and 7 and in the claims. In addition, the first measuring part and the second
measuring part may be combined with one another and/or integrated to form
one whole. Further, signal and/or data processing may be performed in sepa-
rate signal proceséing parts or in a controller common to the whole process.

[0041] The signal processing part, which is indicated in Figures 4A
and 4B by reference numeral 430 and which is common to both the determina-

. tion of the amount of solid and the determination of the proportional volume of
free gas, may determine the amount of solid dispersed in the suspension 106
on the basis of the electromagnetic radiation measured by the first measuring
part 150, 152, 250, 252 and the electrical conductivity and/or impedance distri-
bution in the suspension 106 brovided by the measurement with the second
measuring part 350. The first and the second measuring parts constitute the
pair of measuring parts 134, which appears in Figures 5, 6 and 7.

[0042] Figure 3C shows successive section views of a gas bubble
which propagates along with the suspension flow past the measuring point. At
a measuring time instant T1 the end of a bubble 370 hits the measuring point,

- when a first section view 372 is provided. The gas bubble 370 is indicated by a
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broken line. At a second measuring time instant T2 the gas bubble has piopa-
gated along with the flow, when a second section view 374 is provided. At a
third measuring time instant T3 there is provided a third section view 376,
which in this example coincides with the centre of the bubble 370. At a fourth
measuring time instant T4 there is provided a section view 378 which resem-
bles to a great extent to that of the measuring time instant T2. The last section
view 380 of the bubble 370 is provided at a measuring time instant T5. By
means of the section views 372 to 380 it is possible to provide a length esti-
mate of the bubble 370 in the flow direction. Thickness estimates, in turn, may
be provided directly from each section view 372 to 380. In this manner it is
possible to determine, in a general case, the dimensions, shapes and amount
of interfaces of the gas bubbles, in addition to the amount of the gas bubbles.
| [0043] In addition to the proportional volume, the measuring part
350 may determine the free gas 318 for at least one of the following: the
amount of bubbles, the amount of interfaces between the bubbles and the
suspension. Because the transit time and attenuation of the electromagnetic
radiation depend on the amount of gas bubbles in the suspension 106, the .
measurement result of the amount of solid may be modified also by means of
the amount of gas bubbles, in addition to the volumetric measurement of the
free gas. The amount of gas bubbles may indicate the proportional amount of
gas bubbles in a measured volume. Because the amount of interfaces be-
tween the gas bubbles and the suspension affects the propagation of the elec-
' tromagnetic radiation in the suspension, the measurement result of the amount
of solid may be modified also on the basis of the amount of said interfaces, in
addition to or instead of the amount of gas bubbles. As a rule, the more bub-
bles and/or interfaces, the more the measurement result needs to be modified.
However, the size of gas bubbles also affects the propagation of electromag-
netic radiation through the suspension. For instance scattering, which affects
both the transit time and the attenuation of the electromagnetic radiation, is
generally at its strongest when the diameter of the gas bubbles is in the order
of the wave length used in measuring. In general, scattering is lower when the
size of the gas bubbles is further from the magnitude of the wave length.
[0044] Figure 4A shows a combined measurement of solid and gas
in the suspension 106. A device measuring the amount of solid by electromag-
netic radiation may comprise a source 100 of electromagnetic radiation and a
signal processing part 430, which may physically locate in the same device
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‘box. The signal processing part 430 refers to, or a part of the signal processing

part 430 may be, the signal processing unit 320 (Figures 3A, 3B) and/or at
least one of the signal processing units 110 and 210 (Figures 1A to 2B). The
electromagnetic radiation may be applied by a cable, for instance, from the
radiation source 100 to the contact element 102 wherefrom the electromagnet-
ic radiation may proceed into the suspension 106. In the example of Figure 4A
the electromagnetic radiation does not pass transversely against the flow of
the suspension 106, but in parallel with the flow. After interaction with the sus-
pension 106, the electromagnetic radiation is received with the contact element
108 and the electromagnetic radiation, or a measurement parameter value
thereof, is transferred to the signal processing part 430 through a cable, for
instance. Also a signal applied to the contact element 102, a known part there-
of or information on the measurement parameter value of the signal, may be
inputted as a reference into the signal processing part 430 in order to deter-
mine a change in the electromagnetic signal caused by the effect of the sus-
pensibn 106. Alternatively, a measurement result obtained by the contact ele-
ment 108 may be used as reference for determining changes in other meas-
urement results.

[0045] In the interaction area of the electromagnetic radiation and
the suspension 106 it is simultaneously possible to carry out also an imped-
ance tomographic measurement of proportional volume of free gas. In prac-
tice, the interaction area covers a volume in the suspension 106, where both
measurements are carried out. The pipe 104 may be encircled with more than
one contact elements used for the measurement of the'proportional volume of

 the gas sgch that at least two contact elements are side by side. Figure 4B
shows as an example two circles 450, 452 of contact elements 302 to 316 and
402 to 416. It is not necessary, however, to use actual, separate circles, but
instead of the separate circles the contact elements may be placed spirally
round the pipe 104. Thus is provided a structure of contact elements, in which
there are contact elements both successively and adjacently. The use of a plu-
rality of adjacent contact elements round the pipe 104 makes it possible that
the signal processing part may form a kind of cross sectional view of the sus-
pension 106 in a space between the adjacent contact elements 302 to 316 and
402 to 416. The mutual distance L, between the adjacent contact elements
may be in the order of a distance AL between two immediately successive con-
tact elements, the distance between every second successive contact element,
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or more. The mutual distance L, between the adjacent contact elements may
also be shorter than the distance AL between two immediately successive con-
tact elements. |
| [0046] The signal processing part 430 may provide the amount of

solid dispersed in the suspension 106 accurately, for instance, such that when
measuring the total amount of both free gas and solid matter in the suspension
106 by electromagnetic radiation, the resulting representative value, measured
by means of electromagnetic radiation, is corrected by the proportional volume
of free gas, which is obtained by the measurement of impedance tomographic
electrical conductivity and/or impedance distribution. The correction may be
made by modifying the calculation of the amount of solid adaptively in the sig-
nal processing part 430 such that the end result produces an amount of solid in
the suspension 106, where the effect of free gas is reduced or removed. The
correction may also be made such that the signal processing part 430 produc-
es the total amount of solid matter and gas through measurement performed
by electromagnetic radiation. Likewise, the signal processing part 430 produc-
es the proportional volume of free gas through measurement of electrical con-
ductivity and impedance distribution. Thereafter the signal processing part 430
may modify, if necessary, the data relating to the amount of solid matter and"
the volume of free gas to be relative or absolute values. The signal processing
part 430 may subtract from the produced total amount of solid and gas the
produced amount of free gas, whereby there will remain the actual amount of
solid matter in the suspension 106.

[0047] The signal source 300, the contact elements 302 to 316, 402
to 416 and the signal processing part 320 may constitute a measuring part 350
measuring the proportional volume of gas, which measuring part is referred to
in the description of Figures 5, 6 and 7 and in the claims, but which is not
shown in the figures. | | |

[0048] Figure 4B shows a pair of measuring parts which is other-
wise similar to that of Figure 4A, but in the example of Figure 4B the meas-
urement to be performed by electromagnetic radiation is carried out as reflec-
tion measurement, which is presented in greater detail in Figures 1B and 2B.
In this example, the signal processing part 430 may comprise a signal pro-
cessing unit 110 or 210, or corresponding functions.

[0049] Next will be examined application fields of the presented so-
lution. Figure 5 shows the structure of a paper machine in principle. One or
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more stocks are fed onto a paper machine through a wire pit silo 506, which is
usually preceded by a blending chest 502 for partial stocks and a machine
chest 504. The machine stock is dispensed for a short circulation, for instance,
controlled by a basis weight control or a grade change program. The blending
chest 502 and the machine chest 504 may also be replaced by a separate mix-
ing reactor (not shown in Figure 5), and the dispensing of the machine stock is
controlled by feeding each partial stock separately by means of valves or an-
other flow control means 500. In the wire pit silo 506, water is mixed into the
machine stock to obtain a desired consistency for the short circulation (dashed
line from a former 520 to the wire pit silo 506). From the obtained stock it is
possible to remove sand (centrifugal cleaners), air (deculator) and other coarse
material (pressure filter) using cleaning devices 508, and the stock is pumped
with a pump 510 to a headbox 516. Prior to the headbox 516, for improving the
quality of the end product, it is possible to add to the stock, through valves 512,
514, afilling agent TA and/or a retention agent RA, which are solids and affect
the conS|stency

[0050] From the headbox 516 the stock is fed via a slice opening
518 to a former 520. In the former 520, water drains out of the web 10 and ad-
ditionally solids, such as ash, fines and fibres, are led to the short circulation.
In the former 520, the stock is fed as a web 10 onto a wire, and the web 10 is
preliminarily dried and pressed in a press 522.

[0051] Measurement of moisture content may be considered includ-
ed in the measurement principle of the amount of solid. Namely, the amount of
solid and the moisture content are directly interdependent variables. If the
moisture content is 45%, the amount of solid is 100% - 45% = 65%. '

.[0052] In this application, the web 10 is considered a suspension
until the water content in the web 10 has decreased excessively. Generally,
the web 10 is not actually a suspension after the press 522, and consequently
the measurement method presented in this application will no longer be appli-
cable after the press 522. _

[0053] The paper machine may comprise, before each partial pro-
cess 500 to 522, in each partial process 500 to 520 or after each partial pro-
cess 500 to 520, at least one pair of measuring parts 134 by which it is possi-
ble to determine the consistency by means of electromagnetic radiation and on
the basis of the electrical conductivity distribution of the proportional gas vol-
ume, in the above-described manner. The pair of meaSuring parts 134 com-
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prises both the measuring part 150, 152, 250, 252 measﬁring the amount of
solid by electromagnetic radiation and the measuring part 350 measuring the
distribution of electrical conductivity.

" [0054] Figure 5 also shows a control arrangement of a paper ma-
chine. Factors affecting the quality and grade change include, inter alia, the
amount and mutual proportion of partial stocks, the amount of filler, the amount
of retention agent, machine speed, the amount of white water and drying ca-
pacity. The controller 524, which may receive measurement data from the sig-
nal processing part 430 or the part of which the signal processing part 430 may
be, may control the dispensing of partial stocks by means of valves 500, the
dispensing of each filler TA by means of the valve 512, the dispensing of the

. retention agent RA by means of the valve 514, adjust the size of the slice
opening 518, control the machine speed, control the amount of white water
and the drying process. The controller 524 may utilize one or more measuring
part pairs 134 directly or through the signal processing part 430 so as to
measure the stock and/or the web 10. The controller 524 may receive data on
the stock and/or the web also from elsewhere (e.g. from the same points were
controls are performed).

[0055] In addition to this, it is clear that the operation of a paper ma-
chine is known per se to a person skilled in the art, and therefore, it need not
be presented in greater detail in this context. '

[0056] Next will be examined a recycled fibre process, in general,
by means of Figure 6. At first, waste paper raw material, such as newspapers,
advertising leaflets or periodicals, may be fed into a partial process of pulping
600, in a pulper of which the raw material is mixed with water such that the
consistency of recycled fibre pulp will be e.g. 5 to 18%, depending on the pulp-
ing method used. The purpose of the partial process of pulping is to disinte-
grate the solid raw material into separate particles in a suspension. The pulper
600 may be, for instance, a rotating pulper that disintegrates pulp mechanical-
ly. Various chemicals may also be introduced into the partial process of pulping
to detach particles from one another. Largest impurities and non-degradable
objects, such as staples, pieces of plastic etc., may be filtered out and shifted
onto a waste conveyor.

[0057] Next, the recycled fibre pulp may be washed in a partial pro-
cess of washing 602. At this stage the consistency of the recycled fibre pulp is
usually lowered to a level of about 1%, for instance. In washing it is possible to
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use foaming which removes small, free particles from the recycled fibre pulp.
Washing removes particles of all sizes, yet the most solid particles removed
are in a size category of about 10 um to 100 uym. ' |

[0058] The task of a partial process of dispersing 604 is to further
detach ink particles, still adhering to the fibres of the recycled fibre pulp, chem-
ically and mechanically. For a mechanical treatment a dispersion machine in
the partial process of dispersing includes a stator and a rotating rotor, the
blades of which work the pulp. While passing through the blades the speed of
the pulp changes fast, whereby the fibres are subjected to mechanical stress
which detaches ink from the fibres. At the same time also smudges are to be
removed and the particle size of ink particles is to be reduced.

[0059] Finally, the recycled fibre pulp may be washed once more in
a second partial process of washing 606. Also in this washing it is possible to
use foaming which removes smali, free particles from the recycled fibre pulp.

[0060] Before ’each process, in each process and after each pro-
cess there may be a pair of measuring parts 134, which comprises both a
measuring part 150, 152, 250, 252 for méasuring the amount of solid by elec-
tromagnetic radiation and a measuring part 350 measuring the amount of pro-
portional gas volume. Each different partial process 600 to 606 of the recycled
fibre process may be controlled by a controller 608, to which it is possible to
input measurement results from different points of the recycled fibre process.
The controller 608 may receive measurement data from each pair of measur-
ing parts 134. It is also possible that the signal processing part 430, which is
usually located in the pairs of measuring parts 134, is a part of the controller
608. The controller 608 may utilize one or more measuring part pairs 134 di-
rectly or through the signal processing part 430 placed in the controller 608 so
as to measure the stock in different processes and/or therebetween. The con-
troller 608 may utilize the measurement data on the partial processes when

' optimizihg the operation of each partial process separately or when optimizing
the cooperation of various partial processes in order to obtain a good end
- product.

[0061] Figure 7 shows a wastewater treatment plant. A wastewater
suspension may be fed along a pipe or the like to a mechanical purification
process 700, in which easily separable solids, such as sand and large solid
pieces, may be separated from the wastewater. The mechanical purification
process 700 may comprise screening and possibly pre-aeration, for instance.
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Next the mechanically purified wastewater suspension may be transferred to a
preliminary settling process 702, in which a sludge is allowed to deposit on the
bottom of a settling pool used in the preliminary settling process 702. The de-
posited sludge may be dried or composted, for instance. The wastewater sus-
pension may be transferred from the preliminary settling process 702 to an
intermediate settling process 704, in which the wastewater suspension may be
aerated, for instance, to reduce nitrogen in the wastewater. The aerated
wastewater suspension may be further transferred to a secondary settling pro-

" cess 706, whereto it is possible to feed a precipitant such as ferrous sulphate.
From the bottom of the pool included in the secondary settling process 706 the
precipitated sludge may be recycled back to the preliminary settling process
702, for instance. The purified wastewater suspension, which now contains
only little solid matter, may be conveyed to sea or further processing, for in-
stance.

[0062] With the pair of measuring parts 134 the wastewater sus-
pension may be measured, for instance, before the mechanical purification
process 700, between every process 700 to 706, after the secondary settling
procéss 706 and/or in each process 700 to 706. The pair of measuring parts
134 comprises both the measuring part 150, 152, 250, 252 measuring the
amount of solid by electromagnetic radiation and the measuring part 350
measuring the proportional volume of gas.

[0063] Each different partial process 700 to 706 of the wastewater

- purification plant may be controlled by a controller 708, to which it is possible
to input measurement results from various points of the wastewater treatment.
The controller 708 may receive measurement data from each pair of measur-
ing parts 134. It is also possible that the signal processing part 430, which is
usually located in the pairs of measuring parts 134, is a part of the controller
708. The controller 708 may utilize one or more measuring part pairs 134 di-
‘rectly or through the signal processing part 430 placed in the controller 708 so
as to measure the stock in different proceSses and/or therebetween. The con-
troller 708 may utilize the measurement data on the partial processes when
optimizing the operation of each partial process separately or when optimizing
the cooperation of various partial processes in order to obtain as good an end
product as possible.

[0064] It is described in the above that the suspension is transferred
in the pipe 104. Instead of the pipe 104, it is also possible, however, to use
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another suspension transfer means. The transfer means may be, for instance,
a channel having V- or U-shaped profile. In addition, the suspension 106 need
not necessarily be transferred anywhere, but instead of the pipe 104, there
may be a tank, in which the suspension is stored. In that case, in addition to
the measurement of the amount of solid and the proportional volume of gas, it
is possible to measure the suspension for convection currents or currents
caused by blending.

[0065] The signal processing units 110, 210 and 320 and the signal
processing part 430 as well as the controllers 524, 608 and 708 may comprise
a processor, memory and an appropriate computer program for implementing
the operations described to be carried out by these components.

[0066] Figure 8 is a flow chart of the method. In method step 800,
the amount of the matter dispersed in the suspension 106 is determined on the
basis of the measurement of the suspension 106, in which electromagnetic
radiation interacts with the suspension 106. In step 802, a proportional volume
of a free gas 318 contained in the suspension 106 is determined on the basis
of measurement of electrical conductivity and/or impedance distribution in the
suspension 106. In step 804, the amount of solid matter dispersed in the sus-
pension 106 is provided on the basis of the amount of the dispersed matter
and the proportional volume of the free gas 318.

[0067] The method shown in Figure 8 may be implemented as a

“ logic circuit solution or computer program. The computer program may be
placed on a computer program distribution means for the distribution thereof.
The computer program distribution means is readable by a data processing
device, and it encodes the computer program commands, carries out the
measurements and optionally controls the processes on the basis of the
measurements.

‘ [0068] The distribution medium, in turn, may be a medium readable
by a data processing device, a program storage medium, a memory readable
by a data processing device, a software distribution package readable by a
data processing device, a signal readable by a data processing device, a tele- |
communications signal readable by a data processing device, or a compressed
software package readable by a data processing device.

[0069] Even though the invention is described above with reference
to the examples of the attached drawings, it is clear that the invention is not
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restricted thereto, but it may be modified in a variety of ways within the scope
of the accompanying claims.
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Claims

1. A device for measuring the amount of solid in a suspension,
characte rlzed in that the device comprises: :

a measuring part (150, 152, 250, 252, 350), which is arranged to de-
termine the amount of matter dispersed in the suspension (106) on the basis of
a measurement, in which electromagnetic radiation is arranged to interact with
the suspension (106), and the proportional volume of a free gas (318) con-
tained in the suspension (106) on the basis of a measurement of electrical
conductivity and/or impedance distribution for determining the amount of dis-
persed solid in the suspension (106). '

‘2. The device of claim 1, characterized in that the device com-
prises a first measuring part (150, 152, 250, 252) to direct electromagnetic ra-
diation to the suspension (106) and to measure the 'electromagnetic radiation
interacted with the suspension (106) in order for measuring the amount of the
dispersed matter in the suspension (106), and

a second measuring part (350) to measure electrical conductivity
and/or impedance distribution in the suspension (106) in order for determining
a proportional volume of a free gas (318) contained in the suspension (1086).

3. The device of any one of the preceding claims, characterized
in that the second measuring part (350) is arranged to measure the electrical
conductivity and/or impedance distribution impedance tomographically.

4. The device of any one of the preceding claims, characterized
in that the device comprises a signal processing part (430) to provide the
amount of solid matter dispersed in the suspension (106) on the basis of the
amount of the dispersed matter and the proportional volume of the free gas
(318).

5. The device of any one of the preceding claims, characterized

- in that, in addition to the proportional volume, the measuring part (350) is ar-

ranged to determine on the free gas (318) at least one of the following: the

amount of bubbles, the amount of interfaces between the bubbles and the
suspension.
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6. The device of claim 4, characterized in that the signal pro-
cessing part (430) is arranged to determine the proportional total amount of the
solid matter and the gas on the basis of electromagnetic radiation measure-
ment; \

the signal processing part (430) is arranged to determine the pro-
portional volume of free gas in the suspension (106) by means of electrical
conductivity and/br impedance distribution; and

the signal processing part (430) is arranged to subtract the deter-
mined proportibnal volume of free gas from the determined proportional total
amount of the solid matter and the gas.

7. The device of claim 2, characterized in that the first measur-
ing part (150, 250) is arranged to measure the transit time of radio-frequency
electromagnetic radiation.

8. The device of claim 2, characterized in that the first measur-
ing part (152, 252) is arranged to measure attenuation of optical elec’tromag-
netic radiation.

9. A method for meaéuring the amount of solid in a suspension,
characterized by ‘ '

measuring (800) the amount of solid dispersed in the suspension
(106) in a measurement, in which electromagnetic radiation interacts with the
suspension (106);

measuring (802) a proportional volume of a free gas (318) contained
in the suspension (106) on the basis of measurement of electrical conductivity
and/or impedance distribution in the suspension (106); and

providing (804) the amount of solid matter dispersed in the suspen-
sion (106) on the basis of the amount of the dispersed matter and the propor-
tional volume of the free gas (318).

10. The method of claim 9, characterized by measuring the
electromagnetic radiation that has interacted with the suspension (106) and
determining the proportional total amount of the solid matter and the gas on
the basis of said electromagnetic radiation measurement;

determining the proportional volume of free gas in the suspension
(106) by means of electrical conductivity and/or impedance distribution; and
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subtracting the determined proportional volume of free gas from the
determined proportional total amount of the solid matter and the gas.

11. The method of any one of the preceding claims, character-
ized by measuring with the second measuring part (350) the electrical con-
ductivity and/or impedance distribution impedance tomographically.

12. The method of any one of the preceding claims, character-
ized by measuring the transit time of the radio-frequency electromagnetic
radiation in order for determin'ing the amount of the dispersed matter in the
suspension (106). '

13. The method of any one of the preceding claims, character-
ized by measuring the attenuation of the optical electromagnetic radiation in
order for determining the amount of the dispersed matter in the suspension
(108). ‘

14. The method of any one of the preceding claims, character-
ized by measuring a flow of the suspension (106) by comparing measure- -
ments performed at least at two different time instants with one another.
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