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PREDICTION OF THE PROPERTIES OF BOARD BY USING A SPECTROSCOPIC

METHOD COMBINED WITH MULTIVARIATE CALIBRATION
Frkdk Aok A dcdo Atk ook ook g koo ok dkedeedee ok e ook

Field of e invention: The present invention is
directed to a wethod for qualitative and quantitative
determination of various parameters reflecting the properties
of particleboard and other wood based panels, more
particularly to a spectroscopic method combined with
multivariate calibration, performed on the raw wood material
fiow into a plant comprising a process for production of wood
based panels, especially on the dried surface and core
particles, for the instantaneous and continuous analysis of
the various parameters reflecting the quality of the wood
based panel and with the knowledge thereof, optionally
determine the process variables.

The invention especially relates to the use of NIR
{near-infrared) technique <combined with wultivariate
calibration as a tool for prediction of the properties of
particleboard and other wood based panels.

It also 1relates to method for determination of
paramneters of a wood based panel by analyzing the wood based
panel itself by means of a spectrometric method in combination
with multivariate analysis.

Background of the invention: Particleboard can be
produced from dry, fine wood particles that are mixed with
binders and formed into a mat, which is then pressed together
under high temperaturs and pressure into a densified board.

Wood raw material of almost any type of species may be
used. However, the properties of the finished board, such as,
for example, density, glueability etc are dependent upon the
properties of the wood.

Sawdust, shavings, chips and shavings from round wood,
in this specification and claims, referred to as "particles",
are used as wood raw material. Flaking of the round wocod takes
place in drum flakers, while chips are processed in knifering
flakers.

Subsequent to disintegration all wood material is dried
down to 2-4% wmoisture in high capacity dryers. After the
drying process the wood particles are screened to the
preferred size. Rejected material passes through hammer mills
and is fed back to the screening system.
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Both the form of the flakes/sawdust and their size
distribution are of importance for the board properties.

The wost commonly used binder for particleboard and
medium density fibre boards (MDF), is urea-formaldehyde resin
(OF}, but also melamine-urea resin (MUF), phenol resin (PF)
and isocyanate resin (MDI) are used to some extent, especially
for production of weather resistant board.

Regin, water, hardener and wax emulsion are
automatically dosed on weight base. Dosages of the chemicals
are calculated on the dry substance in percent of dry wood
material. The amounts of binder added varies depending upon
the resin type and the quality of board desired.

The dosage of UF resin is normally between 7-10%, MUF-
resin between 11-13%, PF resin between 6-8% and MDI resin
between 2-5%. The comparatively low dosages of PF and MDI
regins reflect the superior binding ability of these resins.

A normal particleboard consists of about 6% moisture, 9%
binding agent and other chemicals and 85% wood. In spite of
the fact that the totally dominating ingredient is wood, the
research and development (R&D} efforts within the particle-
board industry has, up to mid 80’s almost exclusively been
dealing with the binders and the role of the wood has been
neglected.

It is well known in the pulp and paper industry that the
wood must be stored for a certain time before the production
of puip takes place to aveid quality and process problems.
During storage wood undergoes important changes in the chemi-
cal composition. For instance, some volatile compounds dis-
appear, the amounts of free and bonded acids increase, un-
saturated bonds oxidize, hydrolysis of esters will occur, etc.

The particleboard industry has, however, not paid these
facts much attention, but instead concluded that process and
Qquality problems are more likely to stem from variations in
the binder quality.

Up to now it has not been possible to establish valid
correlations between the analysis result of the wood material
and the properties of the board, even though there would seem
to be a certain connection between acid content and the
proceésabiiity of wood.
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One object of the present invention is to accomplish an
on-line, in-line or at-line measuring of the raw wood material
flow into the plant, giving the possibility of sorting out
unsuitable material before it enters the process line.

Investigations of raw wood particles with the analysis
technique according to the present invention have now
surprisingly shown very high correlations between measured
analysis values of the wood and the board properties, e.g.
with the board’s content of free formaldehyde, which today is
extremely important, considering the very stringent
environmental stipulations as well as firmness, and water
resistance.

PCT/SE96/00892

Information on particleboard and the processes for the
manufacturing thereof is available in "Modern Particleboard &
dry-process fibreboard manufacturing” by Thomas M. Maloney
(1993), {(cf. especially Chapter 4 and 5}, which by reference
is incorporated herein in its entirety.

The principles of NIR spectroscopy are described by
Williams, P.; Norris,X. (1987): New-Infrared Technology in the
Agriculture and Food Industries. AACC, St. Paul/MIn. and
Stexk, E.; Luchter, X. (1986): Near Infrared Analyses (NIRA)
A Technology £for Quantitative and Qualitative Analyses.
(Applied Spectroscopy Revues 22:4.), all of which are hereby
incorporated by reference.

The use of multivariate data analysis in the
characterisation of multi-component systems is presently a
field of development. Applied generally to the field of
chemistry those statistic methods are also termed chemometrics
methods. The technique of chemometrics is more fully explained
in 8.D. Brown, "Chemometrics", Anal. Chem. 62, B84R-101R
(19%0), which by reference is incorporated herein in its
entirety.

The term "board" includes in this specification and
claims the following board types: particleboard, medium
density fibre board (MDF), waferboard, oriented strand board
{OSB) , hardboard and plywood.

Process variables which influence the gquality of the
board are e.g. the wood raw material, viz. sort of wood, the
maturing level, the composition of the particles as well as
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size and moisture content; the particle generation such as
Hombak/Mayer particles; the dryer, its inlet and outlet
temperatures, dried particle moisture; screening parameters
such ag surface and core particles, dust content, fractions,
moisture content, particle temperature; glueblender variables
such as surface and core particles, scale settings, particle
temperature, glue amounts, wax amounts, moisture content,
cooling water; Forming station variables such as volume
weight, thickness etc.; pre-press variables such as press time
and temperatures; hot-press variables such as press time,
pressure, temperature; cooling variables such as temperature;
and sanding variables such’ as surface fineness.

In an article in the scientific magazine "Holz als Roh-
und Werkstoff 50 (19%92) p 25-28" Niemz et al. states that the
quality of the board is influenced by the solid resin content
and the relation hardwood/softwood. Niemz et al. use NIR
spectroscopy for the quantifying of the portion of urea-
formaldehyde resin at chips and the mixing ratio of hardwood
to softwood. The aim of the tests as performed are to estab-
lish if the process is suitable to prove urea-formaldehyde on
glued sawdust and to obtain the mixing ratio hardwood/soft-
wood.

It is also stated in the said article that NIR-technique
can be used in combination with a linear multiple regression
for on-line and off-line control of wood moisture and for the
analysis of chemicals and agriculture products. It is
furthermore stated that Norris 1962 for the quantitative
analysis of foodstuff and fodder combined NIR with
mathematical-statistical methods {chemometrics) which later
was used for the quantitative analysis within classical
chemistry.

In another article in the same magazine at p 73-78 by
Kniest a sawdust-glue mixture is characterized by NIR-
spectroscopy in combination with linear multiple regression.
However, it is at p 77 item 3, 2nd paragraph stated that the
measuring of unglued samples is not possible due to the
requested data allocations for the process modelling of each
board. [Zur Durchfiihrung o.g. Industrieversuche ist die
Messung der zugehdrigen unbeleimten Probe aufgrund der fiir die
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Prozessmodellierung notwendigen Datenzuordnung zur jeweiligen
Spanplatte nicht mbglich.]

It is obvious from the said reference that the man
skilled in the art did not consider it possible to predict the
properties of the board from the unglued particles nor to
determine such properties in a non-destroying manner from the
produced board, and the problem to find an efficient on-line,
in-line or at-line method at the beginning of the process for
the determination of the parameters characterising the board
remained unsolved.

Relevant parameters defining the properties of board are
e.g. density and density profile, internal bond, thickness
swelling, absorption, permeability, perforator value, modulus
of rapture (MOR), parameters relating to volatile organic
compounds (VOC) and emission chamber values.

Density is in this connection the same as volume weight
and is normally determined by weighing strips of the board
with known volume and dividing the mass with the volume.
Values are expressed in kg/m>.

Internal bond (IB} is the property of a given board to
resist tension perpendicular to the plane of the board. The
result is depending on the resin content and the board
density; in both cases almost a linear function.

Thickness swelling is measured by placing a sample of a
certain size in water with a temperature of 20 or 23°C during
a period of 2-24h. Thickness of the sample is measured before
and after the soaking. The thickness difference is divided by
the original thickness and expressed in percent. Thickness
swelling is a measure of the board’s ability to withstand for
example unexpected rain or water based paint etc.

Abgorption value is normally performed with the same
sample that was used for measuring thickness swelling. The
sample is weighed before and after the water exposure. The
weight difference is divided by the original weight and
expressed in percent. The absorption value can be used to
predict the board behaviour under severe conditions.

Permeability value is obtained by sucking air through
the sample (the board edges are sealed with wax) and the
pressure drop across the board is measured along with the air
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fiow through the sample. The permeability varies over the
board surface depending on variations in board density but
normally there is a good correlation between average
permeability and the formaldehyde emission value. Permeability
measures the resistance the formaldehyde has in escaping from
the board. Values are expressed in cm/minute.

Perforator value expresses the formaldehyde content of
the board at a certain moisture content (6.5%). The
formaldehyde is obtained by extracting the board in toluene.
The released formaldehyde is absorbed in water and determined
photometrically. As could be expected there is a connection
between the perforator value and the formaldehyde emission
from the board and the perforator method is therefore an
approved method in many countries. Values are expressed in mg
HCHO/100 g ovendry board.

The Emission chamber method is now accepted all over the
world as the most accurate method for determination of
formaldehyde release from wood based panels or other
materials. The conditions in the chamber are set to simulate
the conditions in a normal home. The size of the chamber
varies between the countries from 1 m> to 40 m>. The
temperature varies from 23 to 25°C, the load varies from 0.3
mz/m3 to 1.0 m2/m3, the relative hunmidity from 45 to 50% and
the air rate exchange from 0.5 to 1.0/hour. The board samples
are placed vertically with a certain distance in racks in the
chamber. Air samples are taken until a steady state is
reached, which normally takes 3 to 10 days. Values are
expressed in ppm HCHO or in mg HCHO/m> .

Density profile is a measure of the mat forming function
and the function of the press and also of the geometry and mix
of the wood particles. The profile is today wmeasured by use of
apparatus with X-rays capable of measuring the density for
each 0.1 mm from surface to surface. A normal density profile
for particleboard shows surface densities of 1100 kg/m3 down
to 600 kg/m3 in the core.

Thus, much resgearch work has been done in the past to
find a solution to the said problem during the years but no
convenient solution has been available until by the present
invention.
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Summary of the invention: The invention is directed to
a method for qualitative and guantitative determination of the
various parameters reflecting the quality of board and other
wood based panels and the variables directing the process may
be determined, i.e. controlled, on the basis of said
parameters. The invention relates more particularly to a
spectroscopic method for the instantaneous and continuous
analysis of the various parameters reflecting the quality of
board performed on the raw wood material flow, especially
dried surface and core particles, or on the wood based panel
itself.

It has by the present invention been shown that the
properties of board can be predicted and through that,
optionally, the parameters directing the board process
variables determined by the simultaneous application of NIR
gspectroscopy and multivariate calibration on the raw wood
material flow into the plant, especially the dried surface and
core particles.

According to the invention the raw wood material is
analyzed while having a moisture content of below 10% by a
spectrometric method giving spectral data, whereupon said
spectral data are compared with reference spectral data
obtained by said spectrometric method from reference raw wood
material having a moisture content of below 10%, which
reference spectral data have been calibrated to known
parameters of wood based panels produced from said reference
raw wood material by means of multivariate analysis.

The properties of wocod based panels can also be
determined by a method according to the same inventive concept
comprising the steps of analyzing the wood based panel itself
while having a moisture content of below 10% by a
spectrometric method giving spectral data, and comparing said
spectral data with reference spectral data obtained by said
spectrometric method from reference wood based panels having
a moisture content of below 10%, which reference spectral data
have been calibrated to known parameters of said reference
wood based panels by means of multivariate analysis.

According to one embodiment a raw wood material or a
wood based panel is analyzed by a spectrometric method giving
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spectral data, which spectral data is then linked into a
combination with one or more process variables, which
combination is compared with reference combinations obtained
by 1linking reference spectral data, obtained by said
spectrometric method from reference raw wood material or
reference wood based panels, with reference process variables,
which reference combinations have been calibrated to known
parameters of wood based panels produced from said reference
raw wood material or to known parameters of said reference
wood based panel by means of multivariate analysis. In this
context "to link into a combination"™ means that the
combination represents a mathematical function of the spectral
data and one or more process variables, the latter thus
representing independent variables to the function; this
iwmplies that said independent variables usually are to be
inseri:ed in some mathematical expression or formula when the
dependent variable, i.e. "the combination" is to be
determined.

The present invention relates according to one
embodiment to the application of NIR-spectroscopy on dried
surface or core particles, or both, of board in combination
with multivariate analysis of the obtained spectxra for
calibration of the manufacturing of board.

Detailed 8C tion of the inven s+ According to the
invention it has been shown that it is possible to directly
and continuously determine various parameters of board and
other wood based panels, especially density, density profile,
internal bond, thickness swelling, absorption wvalue,
permeability value, perforator wvalue and emission chamber
value, by detecting spectra of the raw material of the panels
when having a moisture content of below 10%, and translating
these spectra into said parameters by means of multivariate
calibration technique. This method may be used in order to
determine, i.e. control, the process variables of a board
manufacturing process. The spectrometric method used may be
absorption, reflectance, emission or transmission
spectrometry, and is preferably applied within the so-called
near-infrared (NIR) wavelength range.

It has particularly been shown that it is possible to



e P ——

- o
e e i . YR

WO 97/64299 PCT/SE96/00892

10

1s

20

25

30

9

directly and continuously detect the absorption or
transmittance spectra of the dried surface and core wood
particles forming the base of board and by the use of said
values at discrete wavelengths from these spectra calculate
the various parameters of board.

The objects of the present invention are obtained by
analyzing a wood based panel or its raw material having a
moisture content of less than 10%, especially dry surface or
core particles in the process line by means of a spectrometric
method, particularly in a wavelength range within 180 - 2500
nm, suitably within 400 - 2500 nm, and especially 1000 nm to
2500 nm and applying chemometric evaluation of the spectrum.
The method allows the instantaneous and continuous analysis of
the various parameters reflecting the quality of board or
other wood based panels and through that, the variables
directing the process may be determined. .

The method is preferably applied on raw material, and
wood based panels made of such material, that have been dried
in a dryer, suitably within the board production plant;
preferably the wood based panel or the raw material,
particularly surface and core particles, have been dried under
circumstances known to the man skilled in the art down to a
moisture level below 8%, preferable below 4%.

The present invention is advantageous e.g. in that the
low moisture contents promotes reproducible measurement
results; moisture has otherwise a tendency to block or conceal
spectrometric information. It is furthermore belived that
volatile compounds of natural or synthetic origin in the raw
material or the panel, which could alsc be blocking or
concealing spectrometric information, evaporate from the raw
material or the panel as the moisture content is decreased.
Thus, by performing the analysis at a rather low moisture
content more spectrometric information is taken advantage of,
safeguarding more accurate and reproducible measurment
results. Regarding the raw material it is of course also a
great advantage to analyze the material when being in state as
close to the one it is supposed to be in when actually used in
the production process, i.e. when it is rather dry.

The wood based panel is preferably a board, suitably a
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particleboard .

The multivariate analysis performed according to the
present invention may be Principal Component Analysis (PCA),
Partial Least Squares Regression (PLS), Principal Component
Regression (PCR), Multilinear Regression Analysis (MLR) ox
Discriminant Analysis, preferably Partial Least Squares
Regression. '

The method according to the present invention may also
be applied in a method for controlling process variables
influencing parameters of a wood based panel produced from raw
wood material flowing into a process for production of wood
based panels; in that case.the present method may be used to
determine the board parameters, which information then is fed
into a system for controlling the process. It is also possible
to design a controlling system in which the obtained spectra,
optionally after having reduced noise or base line drift, are
put in directly into the system for setting the process
variables without having translated the spectra into board
parameters; this could suitably be accomplished by
establishing a calibration model in which process variables
are expressed as functions of panel parameters and the
spectral data, and then using the model in the actual
production, at which spectral data are obtained from the raw
material, i.e. feed-forward controlling, or the produced
panel, i.e. feed-back controlling, and linked with desired
panel parameters to give the required process variables.

According to one embodiment the wood based panel is
analyzed while having a moisture content of below 10% by a
spectrometric method giving spectral data, and the thus
obtained spectral data compared with reference spectral data
obtained by said spectrometric method from reference wood
based panels made in said process at known process variables,
sald reference panel having a moisture content of below 10%,
parameters of said reference wood based panels being known,
which reference spectral data have been calibrated to said
known process variables by means of multivariate analysis.

According to another embodiment the raw wood material or
the wood based panel is likewise analyzed while having a
moisture content of below 10% by a spectrometric method giving
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spectral data, and said spectral data compared with reference
spectral data obtained by said spectrometric method from
reference raw wood material used, or reference wood based
panels produced from said reference raw wood material, in a
reference process for production of wood based panels while
having a moisture content of below 10%, which reference
spectral data have been calibrated to process variables
applied in said reference process, by means of multivariate
analysis.

In yet another embodiment the raw wood material or the
wood based panel is analyzed, again while having a moisture
content of below 10%, by a spectrometric method giving
spectral data, the obtained spectral data linked into a
combination with at least one desired parameter, and said
combination compared with reference combinations obtained by
linking reference spectral data, obtained by said
spectrometric method from reference raw wood material or
reference wood based panels having a moisture content of below
10%, with known parameters of said reference raw wood material
or said reference wood based panels, which reference combina-
tions have been calibrated to known process variables by means
of multivariate analysis.

Technically, the spectrometric analysis can be performed
by on-line, in-line or at-line optical fibre probe, or by
taking individual samples for separate analysis. In both
cases, the spectra are subject to further data treatment using
values from several discrete wavelengths from each particular
spectrum. It is to be understood that the radiation used in
the spectrometric method impinges directly on raw material or
the wood based panel.

The spectral information reflects a variety of
properties. Depending on the parameter of interest relevant
and selected information is correlated to the specific
parameter,

An example of such a technique is the use of a device,
placed at a distance from the process, containing a light
source, detector, electronic components and other necessary
components to transmit a signal through an optical fibre to
the 'sample, where the 1light is transmitted through or
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reflected on or partly through the sample. The resulting
signals are returned to the detector in an accompanying
optical fibre cable, and recorded.

In the spectrometer, the light is converted into an
electric signal which is then conveyed to a computer where the
spectrum of a previously stored reference scan can be related
to, e.g. subtracted from, the -sample spectrum and a reference
corrected spectrum is calculated.

Another example is by manually or automatically taking
samples at relevant time intervals and submitting the samples
to analysis in an analytical instrument, containing the light

~ source, detector, electromic components and other necessary

components. The absorption or transmittance spectra are then
subjected to further data treatment, using values from several
discrete wavelengths from each particular spectrum.

It is preferred that the detector has a measuring
interval of at the most 10 nm, preferably 2 nm, and most
preferably 1 nm or less. The detection is performed in the
VIS-NIR wavelength range of 180 nm to 2500 nm.

This can be accomplished by the use of a scanning
instrument, a diocde array instrument, a Fourier transform
instrument or any other similar equipment, known to the man
skilled in the art.

An evaluation of wavelengths which contain absorption or
transmission provides features relevant for the analysis. By
the application of chemometrical methods to the obtained
spectra it is then possible to ignore wavelengths which do not
contain information that contribute to the chemical analysis,
even though the wmeasurement will include information from the
entire wavelength range. ’

The determination and control of the board parameters by
use of the spectrometric measurement comprise two main steps,
the first of which being the development of a calibration
model, involving the substeps of development of learning sets;
data processing; and data analysis by the use of surface and
core particles having known parameter values., The second main
step is the spectrometric analysis of the sample of having
unknown parameter values, spectral data processing, optionally
followed by data analysis; and application of the calibration
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model, developed in the first main step, to the thereby
obtained data.

One embodiment of the invention ies analyzing the near-
infrared spectra within a wavelength range of 400-2500 nm,
particularly 1000-2500 nm of dried surface and core particles
and applying chemometric evaluation to the spectra to
calculate the parameters of the particles such as e.g.
density, density profile, internal bond, adsorption,
permeability, perforator value, and emission chamber values.

The correlation between the board variables and the
results as obtained by the NIR measurements on the dried
surface and core particles are evident from the tables in
comparison to the result shown in figures 1 to 6.

According to a preferred embodiment the present method
comprises the steps of
(I) developing a calibration model by

(I.a) registering, by means of a spectrometric method,
reference spectral raw data of reference samples of the
reference raw wood material or the reference wood based panel;

(I.b) processing the reference spectral raw data, to
reduce noise and adjust for drift and diffuse light scatter;

(I.c} calibrating the processed reference spectral data
with the known parameters of the reference samples by perform-
ing a data analysis comprising multivariate analysis; and
(IT) registering, by means of said spectrometric method,

spectral raw data of a sample of raw wood material or a wood
based panel having unknown parameters;

processing the thereby obtained spectral raw data to reduce
noise and adjust for drift and diffuse light scatter; and
applying the developed calibration model on the processed
spectral data in order to determine the unknown parameters.
The multivariate analysis in sub-step (I.c) preferably
includes transferring the processed reference spectral data
into latent variables; and in sub-step (II) the processed
spectral data are preferably transferred into latent variables
as according to {I.c), and the developed calibration model
applied on the latent variables in order to determine the
unknown parameters. The transformation into latent variables
by means of Principal Component Analysis (PCA). This preferred
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embodiment is discussed in more detail below:

(I) DEVELOPMENT OF A CALIBRATION MODEL
The board parameters are measured in the traditional way for
a number of samples. The values are then used in the
development of a calibration model wherein the three substeps
discussed below are applied to the registered absorption,
reflectance or emission spectra of said samples.

(I.a) Development of learning sets
Model learning sets consist of a large number of absorption or
transmission spectra from samples with known values that
preferably should be representative of the production line.
The learning sets are used in the chemometric algorithms to
calculate the resulting model parameters.

(I.b) Data processing
To reduce noise and adjust for base line drift the spectral
raw data should be processed. This processing may also reveal
hidden information, such as identity of apparently dissimilar
spectra or non-identity of apparently very similar spectra.
Moreover, the assumptions leading to Beer‘s law (stating that,
for a given absorption coefficient and length of the optical
path in the absorptive media, the total amount of light absor-
bed is proportional to the molecular concentration of the
sample) are not always fulfilled in the complex system that

llll PCT/SES6/00892
14

“the samples constitutes. Thie is due to a number of factors,

often found in industrial and laboratory samples. Another
complicating factor is light scattering variations, depending
on particles in the sample. Various theories have been
developed to overcome this problem and the most used are: the
Kubelka-Munk transformation {(P. Kubelka, F. Munk, Z. Tech.
Physik 12, 593 (1931), incorporated herein by reference},
which takes account of absorption and scatter; and the
Multiplicative Scatter Correction (P. Geladi, D. MacDougall,
H. Martens, Appl. Spect. 39, 491-500 (1985), incorporated
herein by reference) where each spectrum is ‘corrected’ in
both offset and slope by comparing it to an ’‘ideal’ spectrum
(the mean spectrum). Another way of linearising the spectral
data also is by use of derivatives, e.g. up to the fourth
order derivatives (A, Savitzky, M.J.E. Golay, Anal. Chem. 36,
1627-1639 (1964), incorporated herein by reference). The
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derivative of the spectrum results in a transformed spectrum,
consisting only of the relative changes between the adjacent
wavelengths, and it has been shown that the peak intensities
of derived spectra tend to be more linear with concentration
(T.C. O’Haver, T. Begley, Anal. Chem. 53, 1876 {1981),
incorporated herein by reference). Linearisation can also be
accomplished by use of the Fourier transformation, or by use
of the Standard Normal Variate transformation as disclosed in
R. J. Barnes, M. S. Dhanoa and S. J. Lister, Appl. Spectrosc.,
Vol. 43, number 5, pp. 772-777 (1989), incorporated herein by
reference.
(I.c) Data analysis -

Data analysis using chemometric techniques then allows the
calibration model to be developed. There are several chemomet-
ric techniques which can be used, such as Principal Component
Analysis (PCA), Partial Least Squares Regression (PLS), Prin-
cipal Components Regression (PCR), Multilinear Regression
Analysis (MLR) and Discriminant Analysis. The preferxed chemo-
metric technique according to the invention is the PLS method.
(I.c.1) Principal Component Analysis (PCA)
By PCA, a set of correlated variables is compressed into a
smaller set of uncorrelated variables. This transformation
consists of a rotation of the coordinate system, resulting in
the alignment of information on a fewer number of axes than in
the original arrangement. Hereby, the wvariables that are
highly correlated with one another will be treated as a single
entity. By using PCA, it thus will be possible to obtain a
small set of uncorrelated variables still representing most of
the information which was present in the original set of
variables, but being far easier to use in models. In general,
2 to 15 principal components will account for 85% to 98% of
the variance of the variables.
(I.c.2) Partial lLeast Squares Regression (PLS)

PLS is a modelling and computational method by which quantita-
tive relations can be established between blocks of variables,
e.g. a block of descriptor data (spectrum) for a series of
samples and a block of response data measured on these sam-
ples. By the gquantitative relation between the blocks, it is
possible to enter spectral data for a new sample to the desc-
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riptor block and make predictions of the expected responses.
One great advantage of the method is that the results can be
evaluated graphically, by different plots. In most cases,
visual interpretations of the plot are sufficient to obtain a
good understanding of different relations between the var-
iables. The method is based upon projections, similar to PCA.
The PLS method is disclosed in detail in Carlsson R., Design
and optimization in organic synthesis, B.G.M., Vandeginste, O.
M. Kvalheim, Eds., Data handling in science and technology,
(Elsevier, 1982}, vol.8, incorporated herein by reference.

(I.¢.3) Principal Components Regression (PCR)
PCR is closely related to PCA and PLS. As in PCA, each object
in the descriptor block is projected onto a lower dimensional
space yielding in scores and loadings. The scores are then
regressed against the response block in a least squares pro-
cedure leading to a regression model which can be used to
predict unknown samples. The same model statistics as in PLS
and PCA can be used to validate the model. For an excellent
tutorial in PCA, PLS and PCR, see P. Geladi et al in "Partial
Least-Squares Regression: A Tutorial" in Anal. Chim. Acta,
185, 1-32 {1986), which is incorporated herein by reference in
its entirety.

(I.c.4) Multilinear Regression Analysis (MLR)
By MLR, the best fitting plane for the board parameters as a
function of the spectra is defined, using least squares tech-
niques to define each boundary of the plane. This plane is
then used to recognize and assign a predicted value to an
unknown board parameter value. This technique is generally
limited to relatively ‘clean’ systems where there is not a
significant amount of matrix interference and, in contrast to
PLS, it requires more objects than variables.

(I.c.5) Discriminant Analysis
This is a method whereby, by use of spectral data, the known
board parameter values are grouped into different clusters,
separated by linear decision boundaries. From its spectrum, a
sample of unknown board parameter values then can be matched
to a cluster, and the board parameter value can be assigned a
value, e.g. the average value of the.cluster. This is a very
useful technique for quality screening, but requires a very
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large data base to obtain statistically significant results.

(II) DETERMINATION BY APPLICATION OF THE CALIBRATION

MODEL.

Once a calibration model has been developed, the
determination of the unknown values can be performed by
registering the absorption or transmission spectrum, in
correspondence to (I.a). Processing the thereby obtained
spectral raw data as according to (I.b); optionally performing
a data analysis on the processed spectral data as according to
(I.c); and applying the developed calibration model to the
thereby obtained data.

The invention will now be illustrated by way of examples.

Five test boards were made at the laboratory having different
particle composition but the same glue recipe. Three different
kinds of raw particles of three different ages {old, 3 months,
and fresh) were used. They were dried and screened toc surface
and core particles at the laboratory. Each age represented one
test board and the forth test board represented a mixture of
the three other. The fifth test board is a reference sample
having surface and core particles from the commercial
production. The particle mixtures of the boards are set forth
in Table I below. The moisture content of each sample had been
analyzed according to standard methods. NIR measurements on
each type of particle was performed at AKZ0O NOBREL
Analyscentrum in Nacka, Sweden. The instrument used was a FT-
NIR instrument Bomem 160 with drift cell. The particles were
placed in a beaker and the samples were scanned 16
times/spectrum between 1000-2500 nm. In addition to the
measurements made according to known technique on complete
boards also emission measurement with desiccator lids (the
EXS-method, as reported below) were tested and also a method
wherein the board is placed in a box and air sucked through
the board (the BOX-method, as reported below). The results
were shown on monitor, Interscans direct instrument for
formaldehyde. The measurement, which closest represents an on-
line method in the plant was made on cooled raw board, when
the air in the desiccator lid had a temperature of 30 °C and
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should give information whether the formaldehyde measurement
on-line is well correlating to the chamber value. The results
of said measurements are set forth in Table II below. Sirius
program for multivariate data was used to extract further
information from the normalized NIR spectra. Response models
for the particle variables as well as the board variables were
built up with 6 PLS components. The response models could be
expressed as Y = KX + M, i.e. an equation describing a
straight line in a conventional X-Y coordinate system, where
Y is the predicted parameter, X is the actually measured
parameter, K is the correlation constant for the response
model (indicating the slope of the line), and M indicates the
interception of the line with the Y-axis, i.e. the value Y
assumes when X has the value of zero in the model. For an
ideal response model K igs 1 and M is 0. The values of K and M
for the different measurements are shown in Table III together
with the correlations of the models with the actual values,
which for an ideal model is 1, and the average predictive
errors. Multiwavelength spectroscopy, carried out on the
surface and core particles followed by 1linearisation of
spectral data and multivariate data evaluation (PLS algorithm)
were used to determine the board parameter values. The
reference samples consisted of in total 10 samples of
different origin as reported in the tables and thereby having
different parameters. The samples had been dried to a moisture
content between 0.9 and 2.3 % and screened to surface and core
particles.

Surface particle fraction: {(0.5-2 mm)
Core particle fraction: (2-8 mm)

One test comprising 2x4 three layer boards were
performed for each composition and in the same way a test was
made with a mixture of the three compositions in equal parts.
One test with surface and core reference particles was made.
Urea-formaldehyde resin UF 1155 from Casco Products AB was
used in all tests. Four of the boards were combined to a
chamber board. Emission measurements were made with desiccator
1id as well as air sucking of the board in a box. Complete
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board testing for each test was performed after the chamber
test.

The following abbreviations are used in the tables:

Dens. Density

px:) Internal bond

TSW 24 h Thickness swelling

ABS 24 h Absorption

BB Permeability, cm/min.

BV Perforator value photom., mg HCHO/100 g

REM Rapid emission method, mg HCHO/liter

En.kam Emission chamber, mg HCHO/m3

EXS 30°C Desiccator 1id 0.82 dm?, with tape as dis-

tances against the board. 3 liter air sucked over the board
per minute. Newly pressed raw board. Temp. 30°C

EXS 23°c Desiccator 1id 0.82 dm? with tape as distances
against the board. 3 liter air sucked over the board per
minute. Newly pressed raw board. Temp. 23°C

EXS 14 Desiccator 1id 0.82 dm? with tape as distances
against the board. 3 liter air sucked over the board per
minute. Rubbed board, 1 day.

Box 44 Air sucked through the board 4.8 dmz, 5 1/min,.
Rubbed board, taped edges, 4 days.
Box 124 Air sucked through the board 4.8 dm2, 5 1/min.
Rubbed board, taped edges, 12 days.
Box 274 Air sucked through the board 4.8 dw?, 5 1/min.
Rubbed board, taped edges, 27 days.
Box k-sk Air sucked through the board 4.8 dm?, 5 i/min.

Rubbed board, taped edges, measurement on board tested in a
chamber
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E I: PART
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S _FOR P

3 months

T Mixture

to NIR-measurements on

Dens. | IB TSW ABS PB PV REM | Em.kam u
24h 24h
746 1.01 8.5 24.7 1.0 5.312.4]0.112
756 0.82 ] 16.8 35.8 0.7 4.712.5]10.091
751 0.66 | 15.5 32,1 1.2 4.2 12.4]10.076
1.3 0.081 “
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TABLE TIT
e T —
EParameter X M Correlation Average
Predictive Errorxr
IMbisture 0.975 | 0.078 ] 0.987 0.226
Dens. 0,908 | 69.403 | 0.953 2.578 ﬂ
5 1B 0.998 | 0.002 0.999 0.034
TSW 24h 0.95%6 | 0.057 0.998 0.467
lABS 24h 0.9299 1 0.034 0.999 0.510
lPB 0.872 | 0.125 0.934 0.148
lEm.kam 0.984 1 0.001 0.992 0.003
10 nREM 0.99110.021 ' 0.996 0.013 fi
EPV 0.997 | 0.016 0.998 0.103
LEXS 30°C 0.996 | 0.000 0.998 0.008
EX8 23°C 0.966 | 0.002 0.983 0.004
EXS 1d 0.975 | 0.001 | 0.987 0.004
15 Box 4d 0.980 | 0.006 0.990 0.017
Box 12d 0.995 | 0.001 | 0.997 0.005 ]l
Box 27d 0.997 } 0.000 0.999 0.005
Box k-sek |0.889 |
As can be seen from Tz
20 tions are all wvery close to the ideal wvalue of 1. Most
intercepts M are very close to the ideal value of 0, the
parameter of density being the exception; in that case,
however, it should be noted that the actual values of the
measured board ranged from 745 to 760, indicating that the
25 divergence was in fact quite small seen in relation to the

actual values, which is also reflected by the small average
predictive exror in that case.
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CLAIMS

1. A method for qualitative or quantitative determina-
tion of parameters of a wood based panel produced from raw
wood material flowing into a process for production of wood
based panels, characterised in that the method
comprises:

- analyzing the raw wood material or the wood based
panel while having a moisture content of below 10% by a
spectrometric method giving spectral data, and

- comparing said spectral data with reference spectral
data obtained by said spectrometric method from reference raw
wood material or reference wood based panels having a moisture
content of below 10%, which reference spectral data have been
calibrated to known parameters of wood based panels produced
from said reference raw wood material or to known parameters
of said reference wood based panel by means of multivariate
analysis. . '
2. A method according to claim1l, character i-
sed in that the method comprises:

- analyzing the raw wood material or the wood based
panel while having a moisture content of below 10% by a
spectrometric method giving spectral data,

- linking said spectral data into a combination with a
process variable, and

- comparing said combination with reference combinations
obtained by linking reference spectral data, obtained by saiad
spectrometric method from reference raw wood material or
reference wood based panels having a moisture content of below
10%, with reference process variables, which reference
combinations have been calibrated to known parameters of wood
based panels produced from said reference raw wood material or
to known parameters of said reference wood based panel by
means of multivariate analysis.

3. A method according to claiml, characteri-
s ed in that the method comprises

- analyzing the raw wood material while having a
moisture content of below 10% by a spectrometric method giving
spectral data, and

" - comparing said spectral data with reference spectral
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data obtained by said spectrometric method from reference raw
wood material while having a moisture content of below 10%,
which reference spectral data have been calibrated to known
parameters of wood based panels produced from said reference
raw wood material by means of multivariate analysis.

4. A method according toclaiml, characteri-
sed in that the method comprises

- analyzing the wood based panel while having a moisture
content of below 10% by a spectrometric method giving spectral
data, and

- comparing said spectral data with reference spectral
data obtained by said spectrometric method from reference wood
based panels while having a moisture content of below 10%,
which reference spectral data have been calibrated to known
parameters of said reference wood based panels by means of
multivariate analysis.

5. A method according to any preceding claim, ¢ h a-
racterised inthat the wood based panel is a board.

6. A method according to claim 5, characterxr i-
s ed in that the board is a particleboard.

7. A method according toclaiml, characteri-
s ed i n (I) developing a calibration model by (I.a)
registering, by means of a spectrometric method, reference
spectral raw data of reference samples of the reference raw
wood material or the reference wood based panel; (I.b)
processing the reference spectral raw data, to reduce noise
and adjust for drift and diffuse light scatter; (I.c) calibra-
ting the processed reference spectral data with the known
parameters of the reference samples by performing a data
analysis comprising multivariate analysis; and (II) registe-
ring, by means of said spectrometric method, spectral raw data
of a sample of raw wood material or a wood based panel having
unknown parameters; processing the thereby obtained spectral
raw data to reduce noise and adjust for drift and diffuse
light scatter; and applying the developed calibration model on
the processed spectral data in order to determine the unknown
parameters.

8. A method accordingtoclaim?7, character i-
s ed in that in (I.c) the multivariate analysis includes
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transferring the processed reference spectral data into latent
variables; and that in (II) the processed spectral data are
transferred into latent variables as according to (I.c), and
the developed calibration model applied on the latent varia-
bles in order to determine the unknown parameters.

9. A method according toclaim7or 8, charact e-

r ised in that the spectrometric method is an absorption,
reflectance, emission or transmission spectrometric method.

10. A method accoxrding toclaim1l, characteri-
g e d in that the raw wood material or the wood based panel
and the reference raw wood material or reference wood based
panels are dried to a wmoisture content of below 8%, preferably
below 4%.

11. A method accoxrding to ¢laiml, characteri-
8 e d in that the raw wood material contains surface or core
particles, oxr both.

12. A method according toclaiml, characteri-
s e d in that the spectrometric method is a NIR spectrometric
method.

13. A method according to claim1l, character i-
s e 4 in that the board parameters to be determined are
selected from density, density profile, internal bond,
thickness swelling, absorption value, permeability wvalue,
perforator value, and emission chamber value.

14. A method according toclaiml, characteri-
8 e 4 in the multivariate analysis is selected from Principal
Component Analysis (PCA), Partial Least Squares Regression
(PL8), Principal Component Regression (PCR), Multilinear
Regression Analysis (MLR) and Discriminant Analysis.

15. A method according to Claim 14, characte-
r i 8 e 4 in the multivariate analysis as used is Partial
Least Squares Regression {PLS).

16. A method for controlling oprocess variables
influencing parameters of a wood based panel produced from raw
wood material flowing into a process for production of wood
based panels, c haracterised inthat it comprises
the steps of

- analyzing the wood based panel while having a moisture
content of below 10% by a spectrometric method giving spectral
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data, and

- comparing said spectral data with reference spectral
data obtained by said spectrometric method from reference wood
based panels made in said process at known process variables,
said reference panel having a moisture content of below 10%,
parameters of said reference wood based panels being known,
which reference spectral data have been calibrated to said
known process variables by means of multivariate analysis.

17. A method for controlling process variables
influencing parameters of a wood based panel produced from raw
wood material flowing intoc a process for production of wood
based panels, characterised inthat it comprises
the steps of:

- analyzing the raw wood material or the wood based
panel while having a moisture content of below 10% by a spec-
trometric method giving spectral data, and

-~ comparing said spectral data with reference spectral
data obtained by said spectrometric method from reference raw
wood material or reference wood based panels produced from
said reference raw wood material in a reference process for
production of wood based panels while having a moisture con-
tent of below 10%, which reference spectral data have been
calibrated to process variables applied in said reference
process, by means of multivariate analysis.

18. A method for controlling process variables
influencing parameters of a wood based panel produced from raw
wood material flowing into a process for production of wood
based panels, charactexrised inthat it comprises
the steps of

- analyzing the raw wood material or the wood based
panel while having a moisture content of below 10% by a spec-
trometric method giving spectral data,

- linking said spectral data into a combination with a
desired parameter, and

- comparing said combination with reference combinations
obtained by linking reference spectral data, obtained by said
spectrometric method from reference raw wood material or
reference wood based panels having a moisture content of below
10%, with known parameters of said reference raw wood material
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or said reference wood based panels, which reference combina-
tions have been calibrated to known process variables by means
of multivariate analysis.

19. A method for controlling process variables
influencing parameters of a wood based panel produced from raw
wood material flowing into a process for production of wood
based panels, characterised inthat it comprises
the steps of

- analyzing the raw wood material while having a
moisture content of below 10% by a spectrometric method giving
spectral data,

- linking said spectral data into a combination with a
desired parameter, and

- comparing said combination with reference combinations
obtained by linking reference spectral data, obtained by said
spectrometric method from reference raw wood material having
a moisture content of below 10%, with known parameters of said
reference raw wood material, which reference combinations have
been calibrated to known process variables by means of
multivariate analysis.

20. A method for controlling process variables influenc-
ing parameters of a wood based panel produced from raw wood
material flowing into a process for production of wood based
panels, characterised in that it comprises the
steps of

- analyzing the wood based panel while having a moisture
content of below 10% by a spectrometric method giving spectral
data,

- linking said spectral data into a combination with a
desired parameter, and

- comparing said combination with reference combinations
obtained by linking reference spectral data, obtained by said
spectrometric method from reference wood based panels having
a moisture content of below 10%, with known parameters of said
reference wood based panels, which reference combinations have
been calibrated to known process variables by means of
multivariate analysis.



