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(57) Abréegée/Abstract:

The Invention relates to a method and an apparatus for measuring the amount of silicone coating on a moving paper or board web.
In the Invention, the characteristics of the coating (4a) are measured by means of reflection measurement or transmission
measurement. The amount of the silicone In the coating Is measured by measuring an absorption peak that is characteristic of the

silicone In the mid-infrated range.
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(§7) Abstract

The invention relates to a method and an apparatus for measuring the amount of silicone coating on a moving paper or board web. In
the invention, the characteristics of the coating (4a) are measured by means of reflection measurement or transmission measurement. The

| amount of the silicone in the coating 1s measured by measuring an absorption peak that is characteristic of the silicone in the mid-infrated
range.
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MEASURING-AMOUNT-OF SHICONE-COATING ON-PAPER-WEB:

The invention relates to a method of measuring the amount of

silicone coating on a moving paper or cardboard web, wherein the amount of
the coating is measured substantially continuously.

S The invention further relates to an apparatus for measuring the
amount of silicone coating on a moving paper or cardboard web, the
apparatus comprising a radiation source for producing a beam, means for
directing the beam at a material to be measured, a detector for measuring the
beam arriving from the material to be measured, and means for processing a

10  signal from the detector, the apparatus being arranged to measure the amount
of the coating substantially continuously.

When silicone-coated products are being manufactured, it is
important to monitor the amount of the silicone coating on a moving substrate,
such as a paper or cardboard web. Silicone coating is used for paper grades

15  that require small release strength. An example Is release paper for adhesive
paper. The amount of the silicone coating in a particular paper grade shouid
be kept constant. A typical amount of silicone varies from 0.5 to 1.5 g/m*.
Silicone is one of the most expensive materials in the manufacture of paper,
and therefore measuring the amount of silicone accurately reduces costs
20 considerably and provides products that are more uniform in quality.

The amount of & coating on a moving web can be measured, for
example, with a method based on the difference between dry weights. In this
method the basis weight of the web is measured by means of beta radiation
absorption, and moisture is measured by infrared measurement. Both

25 measurements are carried out before and after a coating station. The wet
weight is subtracted from the basis weight to obtain the ary weight, and the
difference between the dry weights determines the amount of the coating. The
equipment is rather complicated and the accuracy of the final result depends
on the accuracies of four meters. In practice, the accuracy of the

30 measurement based on the difference between dry weights varies
approximately from 0.5 to 1 g/m*. Therefore, the arrangement is not at all
suitable for measuring the amount of silicone coating, where the accuracy
should be about 0.1 g/mz. Also, the arrangement is expensive since it
comprises four meters and two measuring frames.

35 The amount of the silicone coating is also measured by an X-ray
fluorescence method, where the target of measurement is subjected to X-
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amount of the silicone coating is determined on the basis thereof. However,

the fluorescence includes both the effect of the silicon atoms In the silicone
coating and the effect of, for example, silicon atoms contained in clay used as
5 g filler in the base paper. Therefore the measurement result 1s not accurate.
US Patent 4,639,942 discloses an X-ray fluorescence method where the
accuracy is improved by the geometry of the equipment and by calculation.
However, the arrangement is highly complicated and rather slow due to the
required calculation. Further, the use of X-radiation in ‘the measuring
10  apparatus is hazardous to those working near the apparatus.

The prior art also teaches measurement of the amount of the
silicone coating in the near-infrared range, where a weak absorption peak can
be located in the coating on a wavelength of about 2.3 micrometers. However,
due to the weakness of the absorption it is difficult to achieve sufficient

15 accuracy of measurement. Another probiem is that binders, such as latex,
used in the paper and the coating absorb in this range, which makes the
measurement inaccurate if the effect of the interfering component is not
measured before the siliconization.

EP 0.268,029 discloses a continuous method of measuring the

20 amount of silicone coating on a moving paper web. The method comprises

measuring the gloss of the web surface before and after the coating process.
The difference between the measured gloss values is then used to determine
the amount of the silicone coating. The arrangement requires two devices for
measuring the gloss, which makes the measuring equipment cumbersome,

25 complicated and expensive. Further, the resuits of gloss measurements are

rather unreliable and not very accurate. Therefore, the amount of the silicone
coating calculated on the basis of the gloss measurements is often
erroneous and misleading.

The purpose of the present invention is to provide a method which

30 avoids the aforementioned drawbacks.

The method according to the invention is characterized by directing
an infrared beam at the moving paper or cardboard web and measuring an
absorption peak that is characteristic of the silicone coating in the middie
infrared range on a wavelength of from 2.5 to 5 micrometers.

35 Further, the apparatus according to the invention is characterized in
that the radiation source produces an infrared beam, and that the apparatus 1S
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arranged to measure the amount of the silicone coating by measuring 2

absorption peak that is characteristic of the coating in the middle infrared

range on a wavelength of from 2.510 5 micrometers.
The invention is based on the idea of directing an infrared beam at
5 a moving paper or cardboard web, measuring an absorption peak that Is
characteristic of the silicone coating in the middle infrared range on a
wavelength of 2.5 to 5 micrometers, and determining the amount of the
silicone coating on the basis of the measurement. The idea of a preferred
embodiment is to measure an absorption peak that is characteristic of a

10 methyl group in the silicone coating In a wavelength range of about 3.4
micrometers.

An advantage of the invention is that the amount of the silicone
coating can be measured very accurately and reliably. Measurement can be
carried out by one meter and, in the case of reflection measurement, by half a

15 measuring frame.

The invention will be described in greater detail in the
accompanying drawings, in which

Figure 1 shows schematically a measuring apparatus according 1o
the invention, and

20 Figure 2 shows spectra of base paper and silicone-coated paper.

Figure 1 shows a measuring arrangement where radiation reflected
from a target is measured. In other words, the source of the radiation and the
receiver are on the same side of the target to be measured. This type of
measurement is called reflection measurement.

25 Figure 1 shows a measuring apparatus 10 comprising a radiation
source 1. which produces an infrared beam 2. The radiation source 1 can be,
for example, a halogen lamp or some other suitable source for producing an
.~frared beam. The infrared beam 2 is passed through a filter 3. The filter 3
filters light in such a way that only the light that is essential for the

30 measurement and that is on the correct wavelength band is able to propagate
all the way to the target of the measurement. The filter 3 can be, for example,
a rotary filter disc comprising several interference filters, or some other filter
arrangement known per se. The structure of the filter 3 is known per se to
those skilled in the art, wherefore it will not be described in greater detail

35  herein. After the filter 3 the infrared beam 2 is directed through a window 5 at a
paper or cardboard web 4 moving oOn the paper machine. The distance
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between the measuring apparatus 10-and the'pa res

typically from 0 to 50 mm. The measuring apparatus 10 can be arranged to

measure a moving paper or cardboard web in a continuous manner by
mounting the apparatus In a measuring frame placed transversely across the
5 web. The measuring devices measuring different paper properties are
arranged to traverse the measuring frame. If the measuring frame comprises

only one beam to which the measuring devices are fastened, the distance
between the measuring apparatus 10 according to the invention and the paper

or cardboard web 4 varies between 0 and 50 mm. On the other hand, if the

10 measuring frame is an O frame comprising two measuring beams, one above
and the other one below the paper, the distance between the measuring
apparatus 10 and the paper or cardboard web 4 varies between 0 and 6 mm.
The window 5 can be made of silica glass or sapphire, for example. The paper
or cardboard web 4 travels in the direction of arrow A. The surface of the

15 paper or cardboard web 4 i3 orovided with a silicone coating 4a. Insteaa of a
moving paper or cardboard web 4, the moving substrate which carries the
coatings to be measured can also be for example a roll of a paper-coating
machine. a roll of a paper machine and/or, generally, the surface of a metal
sheet. The equipment may also comprise a reference sample 6, which is

20 moved at certain intervals to the point of measurement, as shown by arrow B.
The sample 6 is used as a reflection reference and the measurement result it
provides indicates the condition of the radiation source 1, a detector 7 and the
window 5. Reference measurement can also be used to correct the actual
measurement result, if desired.

25 The reflected infrared beam 2 is supplied to the detector 7. The
signals are supplied from the detector 7 via preamplifiers 8 to a computer 9
which processes the measured data in a manner known per se. For the sake
of clarity, Figure 1 does not show optics that is possibly required to align and
direct the infrared beam 2. The light can be guided/directed by means of

30 focusing optics, an optical fibre or an optical fibre bundle, for example.

The amount of the silicone coating 4a is measured substantially
continuously during the papermaking process. This means that the
measurement is an on-line measurement of the papermaking process.
Naturally, even if the measurement were interrupted for a rather short period

35 due to calibration or some other reason, it is still considered to be continuous.
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i—thesiticone usedas a coating,asilicon-atom-is_surrounded by
methy! groups that bond together. The silicone coating thus contains methyl

groups (CH,).
In Figure 2, curve C shows the reflection spectrum of base paper,
5 and curve D. which is denoted by a broken line, shows the reflection spectrum
of silicone-coated paper. The horizontal axis shows the wavelength A iIn
micrometers. and the vertical axis shows the absorbency. When the spectra
were measured, an absorption peak E was found in the silicone-coated paper
on a wavelength of 3.4 micrometers. This absorption peak is characteristic of

10 the methyl group (CH,) of the silicone coating 4a and it can be found in the
coating. However, such a methyi group formed around silicon cannot be found
in the base paper, wherefore the measurement result is specifically
oroportional to the amount of the silicone coating. Thus, silicon atoms that
possibly exist in the base paper do not affect the accuracy of the

15 measurement. The response on the wavelength of 3.4 micrometers is rather
significant, which facilitates  the measurement. Furthermore, the
aforementioned wavelength range does not really exhibit any absorption
bands. resulting from other materials used In the papermaking, that would
nterfere with the measurement of the silicone coating. By arranging the

20 apparatus of Figure 1 to measure an absorption peak on a wavelength of
about 3.4 micrometers, it is possible to measure the amount of the silicone
coating.

Reference wavelengths suitable for measuring the amount of the
silicone coating include 3.3 and 3.7 micrometers or some other suitable

75  reference wavelength which does not absorb the methyl group (CHj). The
wavelength of 3.7 micrometers is particularly advantageous since it can also
be used as a reference in measuring the amount of water. The amount of
water is preferably measured on a wavelength of about 3.175 micrometers, for
example.

30 The drawing and the reiated description are only intended to
ilustrate the inventive idea. The details of the invention may vary within the
scope of the claims. Therefore the invention can be applied not only In
-eflection measurement but also in transmission measurement.
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The embodiments of the invention in which an exclusive property or privilege

IS claimed are defined as follows:

1. A method for measuring the amount of silicone coating on a moving paper
or cardboard web during a papermaking process, comprising: directing a
beam of infrared light at the moving web; receiving light emanating from the
moving web; and analyzing the received light so as to measure an absorption
peak that is characteristic of the silicone coating in the mid-infrared range at a
wavelength of from 2.5 to 5 micrometres, wherein the amount of silicone
coating Is measured by measuring an absorption peak that is characteristic of

a methyl group in the silicone coating.

2. The method according to claim 1, wherein the absorption peak of the

silicone coating is measured at a wavelength of about 3.4 micrometres.

3. The method according to claim 1 or 2, wherein the steps of directing the
light onto the web and receiving the light emanating from the web are
performed by a measuring apparatus arranged at a distance of less than 50
millimetres from the web.

4. The method according to claim 3, wherein the measuring apparatus is
disposed at a distance of less than 6 millimetres from the substrate.

5. A method for measuring the amount of silicone coating on a moving
substrate, comprising: directing a beam of infrared light at the moving
substrate; receiving light emanating from the moving substrate; and analyzing
the received light so as to measure an absorption peak that is characteristic of
the silicone coating in the mid-infrared range at a wavelength of from 2.5 to 5
micrometres, wherein the received light is analyzed so as to measure a

reference value for the measurement of the absorption peak of the silicone
coating at a wavelength of about 3.7 micrometres.

6. A method for measuring the amount of silicone coating on a moving

substrate, comprising: directing a beam of infrared light at the moving
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substrate; receiving light emanating from the moving substrate; and analyzing
the received light so as to measure an absorption peak that is characteristic of
the silicone coating in the mid-infrared range at a wavelength of from 2.5 to 5
micrometres, wherein the substrate contains water, and further comprising
simultaneously measuring the amount of water in the substrate at a
wavelength of about 3.175 micrometres.

/. The method according to claim 6, further comprising measuring a reference
value for the measurement of the amount of water at a wavelength of about
3.7 micrometres.

8. An apparatus for measuring the amount of a silicone coating on at moving
substrate, comprising: a radiation source operable to produce infrared
radiation and direct a beam of said radiation onto the moving substrate; a
detector configured to detect an absorption peak of the silicone coating at a
wavelength of about 3.4 micrometres, the detector being further configured to
receive the beam after the beam has impinged oil on the moving substrate
and to produce a signal in response thereto, the signal being indicative of the
absorption peak of the silicone coating; and a processor connected to the
detector and operable to process the signal therefrom so as to substantially

continuously measure the amount of silicone coating on the moving substrate.

9. The apparatus of claim 8, wherein the substrate contains water and the
detector and processor are further structured and arranged to simultaneously

measure the amount of water in the moving substrate at a wavelength of
about 3.175 micrometres.

10. An apparatus for measuring the amount of a silicone coating on a moving
paper or cardboard web during a papermaking process, comprising: a
radiation source operable to produce infrared radiation and direct a beam of
said radiation onto the moving web; a detector configured to detect an
absorption peak characteristic of a methyl group in the silicone coating in the
mid-infrared range at a wavelength of between about 2.5 micrometres and
about 5 micrometres, the detector being further configured to receive the
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beam after the beam has impinged on the moving web and to produce a
signal in response thereto, the signal being indicative of the absorption peak
characteristic of the methyl group in the silicone coating; and a processor
connected to the detector and operable to process the signal therefrom so as
to substantially continuously measure the amount of silicone coating on the

moving web.

11. The apparatus according to claim 10, wherein the apparatus is operable to
measure the absorption peak of the silicone coating at a wavelength of about

3.4 micrometres.

12. The apparatus according to claim 10 or 11, wherein the apparatus is

disposed a distance of less than 50 millimetres from the web.

13. The apparatus according to claim 10 or 11, wherein the apparatus is

disposed a distance of less than 6 millimetres from the web.
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