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1. INTRODUCTION - HYDROTHERMAL TREATMENT (HTT)

« ADVANTAGES OF HTT

* balance colour differences

« improve dimensional stability

» Iimprove decay resistance and durability of wood
» useful tool in wood densification



1. INTRODUCTION - HYDROTHERMAL TREATMENT (HTT)

« DISADVANTAGES OF HTT

» darkening
» degradation of mechanical properties




1. INTRODUCTION - HYDROTHERMAL TREATMENT (HTT)

Parameters of HTT affecting properties

* Medium (steam saturation, vacuum, others?)
* Temperature

* Duration

» Moisture content of wood

e Other?

Properties affected

« Chemical composition, chemical properties

* Aesthetic properties (Color, ....)

» Mechanical properties (Hardness, Elastic recovery ....)
. etc



2. AIM

Attain relationships between HTT parameters
and properties of wood

*Tools for on-site control/proof of modification
degree



3. MATERIALS AND METHODS

SPECIMEN PREPARATION

European Beech
(Fagus sylvatica L.)
* Sapwood

* no defects

* not kiln dried

50mm

Thickness=22mm
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Specimens cut in pairs (Hansson and Antti, 2006) to facilitate comparison
between the treated and non treated ones
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3. MATERIALS AND METHODS

200 defect-free specimens (A+B)

20°C - 65%RH (until constant weight)

B Specimens

A Specimens

Measure hardness, L*, a* and b* color
coordinates (CIE Lab), NIR, MIR, FTIR,
Hyperspectral imaging.
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3. MATERIALS AND METHODS

200 defect-free specimens (A+B)

20°C - 65%RH (until constant weight)

Measure hardness, L*, a* and b* color
coordinates (CIE Lab), NIR, MIR, FTIR,
Hyperspectral imaging.

B Specimeng |A Specimens

110°C (1) 10min

HTT (saturated steam) Factorial 30min
Design 4x5 140°C (¥1)

60min
120min

20°C - 65%RH (until constant weight) 240min

Measure hardness, L*, a* and b* color coordinates,
spectra (Mass loss estimated)



3. MATERIALS AND METHODS

200 defect-free specimens (A+B)

20°C - 65%RH (until constant weight)

B Specimens

A Specimens

HTT (saturated steam)

20°C - 65%RH (until constant weight)

Measure hardness, L*, a* and b* color
coordinates (CIE Lab), NIR, MIR, FTIR,
Hyperspectral imaging.

\

Calculate changes for
each sample

;

Measure hardness, L*, a* and b* color coordinates,

spectra (Mass loss estimated)



3. MATERIALS AND METHODS

1,2l Lab Reactor (SS)

« thermal/hydrothermal e g )
AP
treatments at
temperatures up to
225°C (deviation<1°C)
e vacuum treatments up
to 120mbar (abs)

e pressure treatments up
to 25bar

« equipped with THM
treatment component




3. MATERIALS AND METHODS

Surface colour (L* a* .b* and AE¥)

BYK Gardner tristimulus colourimeter
» 45/0 measuring geometry,

* measuring area: 20 mm (diameter)
* D65 illuminant

» 10° standard observer

Brinell hardness - indentation depth

« EN1534:2000
* Niemz and Sttibi (2000)

Zwick 2020 Universal Testing Machine.



3. MATERIALS AND METHODS

© scan #1 ©
© scan #2 o
©) scan #3 ®)
O scan #4 ©)
5 © scan #5 ©

Modified probe for the
acquisition of UV-VIS spectra
acquisition using integration

sphere

Sample holder and measurement
scheme for the acquisition of the spectra



3. MATERIALS AND METHODS

FT_MIR spectra acquisition



3. MATERIALS AND METHODS

UV VIS spectra acquisition using a fiber optic probe



3. MATERIALS AND METHODS

e
900
o y = 0.5718x + 365.98
500 R®=0.9973 P
4] T 700 °/
§ 600 /
9 fg’ 500 /
400
300 T T T T T T T T
0 100 200 300 400 500 600 700 800 900
pixel position on the CCD camera
e (6]
Experimental set-up for hyperspectral Hyperspectral imaging wavelength
Imaging of wood samples, developed at calibration

CNR-IVALSA



3. MATERIALS AND METHODS

Preprocessing
extended multiplicative scatter correction
1st derivative

Chemometrics

Principal Components Analysis,
Partial Least Squares,

2D spectral correlation

Multiple Linear Regression



. RESULTS — Wood properties

3D Surface Plot of Mass loss (%) against Treatment temperature (°c) and Treatment duration (min)
Mass loss (%) = Distance Weighted Least Squares

Bl > 60
Bl <52
B <42
[1<32
[]<22
B <12




4. RESULTS — Wood properties
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Prediction of surface elasticity
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4. RESULTS — Wood properties

Regression coefficients

o

-0.02
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X-Variables (L, Factor-1, B0:86.48562)

Regression Coefficients (B)

Predicted vs. Reference

Slope Offset RMSE R-Square
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] a;é%%%g

<60 1% 2.b

146b

o 56 4 "

£ 4] ﬁﬁﬁfﬁ%ﬁbﬁ *148p 1459,
o

> %29 192b 1868 147b
% 50] 192b . 147b

40 151,

251b224b 22‘29
.
32 1 * 252 264b
. 530
53b

2] 28 -

28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
Reference Y (L, Factor-7)

prediction of CIE L on the base of MIR spectra (EMSC + 15t derivative)



4. RESULTS — Wood properties

Regression coefficients
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4. RESULTS — Wood properties

Y Predicted 1 mas loss

25 T 19

5 Latent Variables 00
RMSEC = 0.82358
RMSECV = 0.8433
RMSEP = 0.86249
20 Calibration Bias = 1.2967e-13 —
CV Bias = -0.00085124 °8

Prediction Bias = -0.0076759
RA2 (Cal,CV) = 0.981, 0.980
R”2 (Pred) = 0.979 g@
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Prediction of mass loss by means of NIR spectra



4. RESULTS — Wood properties

Hyperspectral imaging
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5. CONCLUSIONS

= Estimation of thermal modification degree of wood non-
destructively can be possible

= Estimation of properties of HT wood could be possible
= Data still needs to be processed, work is underway

= |Improve methodology (experimental/analysis) to reduce
errors of estimation
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