Doctoral Thesis

The effect of hydrothermal treatment on the
sorption properties of black locust wood

Németh Rébert

University of West Hungary
Faculty of Wood Sciences

Sopron

2002



1. THEAIM OF THE RESEARCH

Wood is a material of biological origin. It is prnackd by the vascular
cambium as a water-filled tissue. The walls of ttfesvly formed wood
cells remain saturated with water while there g-f#@aw between the roots
and the crown. As this flow stops, the cells |dssrtwater content and air
gets into the wood-water system. This will takecplavthen we cut a living
tree. From that point on the wood begins a ,new’lilepending on the
conditions of the physical environment, the woodl ehange its moisture
content and with that most of its physical propesti

The importance of the subject of this thesis is leasgsed by the area of
the black locust forests in Hungary (320 000 h&esk forests will insure
raw material supply to industry for several decaddse author of this
work hopes that his research will contribute to itheroved utilisation of
this very valuable raw material.

The effective utilisation of black locust wood isrtly imaginable
without steaming. The steaming of black locust wdsda common
procedure all over Europe. In addition to the laalue traditional products
(e.g. tool handles, agricultural implements), blatust wood is also used
for high value up-to date products (e.g. windownfes, structural
components in buildings). The new products andat®ompanying new
technologies give new tasks and challenges fornteah experts and
scientists.

Steaming improves both the colour uniformity and firocessing of
black locust wood. At the same time, steaming capeemanent changes
in the wood-water relationships. Presently the tsompcharacteristics of
the steam-treated wood are not well defined.



In my research work, | set the following objectives:

¢ The EMC of wood is very important for both arti€idrying and for
the various wood products in service. | designed a&onducted
experiments to determine the relationship betwden EMC of the
wood and the relative humidity of the air. In ordethis, | measure the
sorption isotherms at 23°C.

¢ In my study, | investigate the differences in thepsion behaviour
between sapwood, heartwood and juvenile wood akiiacust.

¢ | demonstrate the effects of steaming on the EM&how how steaming
of different duration influences the EMC of thed@rdifferent kinds of
wood.

¢ With several sorption cycles, | determine the muagi of the
hysteresis. Furthermore, | investigate the effaftsteaming, tissue
structure, and repeated wetting and drying cyatethe hysteresis.

¢ A further aim of my research work was to show, Wwieetthe positive
changes in the wood are stable; that is, whetherER C-decreasing
effect of steaming is permanent.

¢ | wish to emphasise the importance of my invesigeat on the juvenile
wood. Considering the short rotation time of blémust, it is clear that
juvenile wood represents a relatively high ratiahe harvested round
wood. This part of wood differs in its propertigsrh mature wood. Its
presence is an important problem in practice. Thisation of juvenile
wood was hindered by the fact that its sorptionpproes were not
investigated till the present time. dMNAR and FESzLEN have done
outstanding research on the anatomical structurgianile wood in
black locust.

¢ A further goal of my work was to apply several sanp models based
on different theories. In addition, to show whiclodrls are the most
applicable to black locust. Finally, to draw apptafe conclusions from
the work with respect to steaming practice. Ondteaming of black
locust wood, MOLNAR S., TOLVAJ L., NEMETH K., BALINT J.,BELDI F.,
HORVATH-SzOVATI E. have made significant contributions in their
previous research.

¢ My research will answer the important practical sjie whether the
three kinds of wood (i.e. sapwood, mature wood janenile wood),
and the steamed and un-steamed wood could be wgedher in the
industry.



2. PRELIMINARIES

Wood is one of our ancient raw materials, therefome of the most
studied substances. The first ,publication” canmarfrTheophrastus (372—
287 B.C.), who lived in ancient Greece and poirgatithe importance of
the role of the water in wood.

Regarding sorption phenomenon, a very extensiwzatiire came into
being during the last century. To lay the foundatidor my work, |
examined much of this literature. Among the extemsist of publications
on wood-water relationships, only a few were fromngarian authors. |
would like to mention some notable Hungarian regesrs who worked
on this field: NEMETH K., NEMETH J., SITKEI GY., MOLNAR S., WINKLER
A., ToLvAJ L., VARGANE H. F., TAMASINE BANO M., BELDI F., BALINT J.

Considering the evolution of sorption theories, th@del of LANGMUIR
(1918) was proposed first, followed byRBNAUER'S EMMET'S and
TELLER'S (BET, 1938) multi-layer sorption model. Awoob and
HORROBIN (1946) deduced a solid solution model. Classical
thermodynamics served also as a basis for severdélsy e.g. the model
of ANDERSONandMCCARTHY (1963). BARISKA, Pizzi andEATON (1987)
built up a so called conformational model, whictb&sed on the shape of
the 3D-shape of hemicelluloses and cellulose. Tlegvest theories
approach the phenomenon of sorption based on tretecland fraktal
theories (RTHERIA 1988,FAN et al.1999).



3. METHODSOF THE RESEARCH
3.1. Thematerial, preparation procedures, and number of specimen

The specimens were cut from black locust wooRohjnia
pseudoacacia The material was transported as 1 m long logh B0
annual rings to the Institute of Wood ScienceghatUniversity of West-
Hungary. Then from each round wood a 30 mm boaduding the pith,
was cut. The boards were separated into two grostesrmed and un-
steamed. The steamed material was separated mb@ifuhree groups: 3,
6, 14 days steamed material. For each treatmestntture, the sap- and
juvenile wood were tested separately. The maturedwand the juvenile
wood were separated on the basis of the annuda.ring

MOLNAR (1999) suggests to assign the boundary betweature and
juvenile wood in black locust at th& @nnual ring, based on average fibre
length, The sapwood of black locust contains ané/2-5 external annual
rings. As opposed to the mature wood, not all efwbssels are filled with
tyloses, and the wood has a light yellow colour.riby processing in
sawmills, this part of the wood is usually trimmeff from the boards,
therefore sapwood has no practical importance.eSine cells of sapwood
are also lignified, the differences (if any) in tkerption behaviour of
sapwood and heartwood can only be caused by tlregses of heartwood
formation (i.e. storage of extractives). Therefothe study of this
apparently “unimportant” tissue gives useful infatian to the science and
to the practice.

The number of the specimen (6 in each set) wasddby the capacity
of the sorption apparatus. Simultaneously 6 spatiomld be tested. In
accordance with the time-consuming measurementadsttihe relatively
low number of replications had to be acceptedhis way, the continuous
measurements required 36 months to complete.



The boards were steamed in a laboratory equipntettiteolnstitute of
Physics, at 98°C and atmospheric pressure. Thenstgaschedule was
built up according to the schedules used in thastrgt, and recommended
by MOLNAR (1994). As described in his work, for a 30 mm khiioard by
95°C temperature, 6 days steaming time was nedaednalyse the effect
of steaming more precisely, a shorter (3 days) andnger (14 days)
treatments were also chosen. The steadiness aénigerature ensured a
contact thermometer, with an accuracy0f3°C.

Because the measurements were aimed at the EM@siessential to
stabilise the initial moisture content, that is g@ption history of wood
(PERALTA, 1955). In order to do this, the boards were cedan plastic
bags and kept below freezing. This is a common qmoe for sorption
measurements, and ensures a controlled sorptitamnhis

3.2. Thedevices and methods of measurements

The sorption measurements were conducted in aigorgpparatus, which
was provided by Prof ARiskA M. from the Univ. of Stellenbosch.
Sorption measurements with such a precision were available in

Hungary yet. The unique feature of this devicetst it works under
vacuum. In that way the duration of the measuremeoiild be reduced to
1/10".

For each series of treatments, 5 isotherms weresuned The required
relative humidity conditions were produced by sated salt solutions.

The order of the investigations was as follows:

— first desorption,

— first adsorption :
P ' } 1.hyteresis loop
— second desorptioiy,

B se.cond adso'rptm} 2.hysteresis loop
— third desorption.



Each desorption process was followed by drying dastant mass in a
vacuum chamber.

The mass of the specimen could be computed fronelthregation of the
quartz glass springs. The accuracy we¥1g. The EMC could be
measured with an accuracy frat0,1%. The vacuum made possible the
measurement of the sapwood also, since in the absehoxygen no
fungal attack could affect the simple sugar compiswstored there.

4. THE THESISOF THE DISSERTATION

1. New reaults regarding the effect of steaming on the eguilibrium
moistur e content (EM C)

| was the first to determine the sorption isothemfighe sapwood, the
mature wood and the juvenile wood of black locust

| determined that steaming decreases the EMC ofdpe and the juvenile
wood in the whole relative humidity (RH) range, \wees for mature wood
an increase in EMC was found at the higher RH &evel

In environments with a high RH, the EMC of the sted mature wood is
higher, than that of the un-steamed wood. This mdawer durability

against fungal attack, and lower strength at higtters.

At lower RH-s, the steaming decreases the EMC ealily. This means,
that in low RH environments the strength valueshef wood are better.
(For example, a sample with 2% lower EMC has ar08e-higher strength
value.)



2 New results concerning the fibre saturation point (FSP)

| was the first to determine the FSP for black kiocuood with the Hunter-
model. According to my computations, the model dbss the sorption
isotherms of black locust wood well. The resulte aupported by the
observations, indicating that the EMC-s at 98% RHeaspond to the FSP,
which was predicted by the model.

3 New reaultsregarding the effect of thetissue structure on the EMC

| pointed out, that in all sorption cycles the sapd reached the highest
EMC-s, followed by the juvenile wood and the matwaod. According to
the EMC-differences, | showed that the juvenile d@nd the sapwood
reached similar values. The tissue structure atethe EMC only above
57% RH. The steaming decreased the EMC-differenties.longer was
the duration of the steaming treatment, the lowerevthe differences. The
practical importance of this is that the moistuomtent distribution of a
board — including juvenile wood — can be made nfaymogenous with
steaming. Furthermore, during the drying proceddfijevenile and mature
wood, similar values for the intensity of the diyi(DP) will be obtained.
Therefore, steamed boards will show a more homaggenwisture content
distribution after drying.

Sapwood contains the least amount of extractivesefore the highest
EMC could be observed in this type of wood. Regaydhe high EMC and
low durability of sapwood, the wood products whadntain sapwood are
expected to have a shorter lifetime. However, tifferénces in the EMC
can be reduced with steaming.



4.

New resultsregarding the effect of the repetition of the sorption
cycleon the EMC

With the repeated sorption cycles, | have shown the EMC decrease
does not change under the influence of the changimgronmental
conditions (i.e. wetting, drying). Following reped sorption cycles, the
EMC-s were lower than in the first cycle. This alvs¢ion can be
explained by the blockage of selected sorptiorssite

S.

New resultsregarding the sorption hysteresis

5.1. The effect of steaming on the sorption hystisr

Regarding the effects of steaming, it was showaf the treatment
decreased the value of the hysteresis signifigzafthe longer the
steaming period, the lower was the hysteresis vdlae increase of the
hysteresis of mature wood can be explained by thenge in the
capillary structure, likely caused by collapses amdro-cracks in the
cellular structure.

5.2. Effect of the tissue structure on the sorption énestis

Regarding tissue structure, | have shown thatenrRH range of 7-70%
the mature wood has the greatest hysteresis, fetldwy juvenile wood
and sapwood. At RH-s over 81%, the mature wood thaslowest

hysteresis value. In the case of steamed matetimsdifferences over
81% RH were not significant.

5.3. Effect of the repeating the sorption cycle on tiist@resis

For the RH range of 7-57(70)%, | have shown thatrépetition of the
cycle increased the hysteresis for all the 3 kinidgssues. Within each
type of tissue the steaming increases the diffeen&t RH=81%, the
decrease of the hysteresis value was observedl festmaterials. The
explanation of this is that the repeated cyclesarold the plasticity of
the material. Consequently the internal stress wartly relaxed.



6. New results deducted from the sor ption theories

With several theories, | was the first to determiihe coefficients of the
sorption isotherms for black locust wood. The faflog models were
used: BET, Dent, HH, Kollmann, Malmquist, Clustétunter, Fraktal,
Polanyi, Polarisation (Anderson & McCarthy). In fiedowing, | detail the
physical explanation of the coefficients, and Ivdrde conclusions from

them.

6.1.

6.2.

6.3.

6.4.

6.5.

Water content in the monomolecular layer, internal surface

Steaming causes a reduction in the water contentthef
monomolecular layer. A part of the sorption sites alocked
definitely, therefore the internal surface areaeases.

Poly-molecular water content

| have shown, that according to the Dent theorgarsing
increases the poly-molecular water content. Thdaggtion for
this phenomenon is the leaching of extractives #mel sub-
microscopic cracks in the cell wall.

| have pointed out, that regarding the tissue sire¢c sapwood
contains the most poly-molecular water. This is tué¢he lower
amount of extractives and the higher cell wall gaxo

With my measurements| have shown, that the repetition of the
sorption cycles (drying, wetting) alters the moisture content in

the wood. The content of the monomolecular bound water
increases, which indicates loose wood-wood relatio®. lower
strength. The last point is also supported by pralcbbservations.

It is well known, thatsteaming decreases the mechanical
strength of wood. According to my measurements and
computations, the two mechanical based models tdd@+ and
Malmquist k — produce the same results.
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6.6.

6.7.

6.8.

6.9.

| proved the linear relationship between the cohesion factor
(kc) and the steaming time. According to this relationship, the
sorption isotherm can be drawn for all 3 kinds abod with
steaming times in the range of 0—-14 days only bgsueng the
EMC at RH=98%.

| have shown, that the cluster size of the watdemues increases
with the steaming time, which represents the deecaffinity of
wood to water

| pointed out, that fractal dimension of the wadecreases with
the steaming time, which correlates with the desgdaMC. | was
the first to determine the fractal dimension ofckldocust wood,
and its value ranges from 2,3197 to 2,5434.

With the theory of Polanyi, | have shown the intéian between
the bound water molecules.

11



5. POSSIBLE APLICATIONSOF THE SCEINTIFIC RESULTS

In the analyses of my results, | explored the sonpbehaviour of the sap-,
the mature and the juvenile wood of black locusbavol compared the
various sorption theories and discussed the sorgiocess from several
points of view. | attempted to link the practicaldathe experimental
observations with appropriate theory.

The measured sorption isotherms can serve to estabew drying
schedules, and also provide information for prospecequilibrium
moisture content values under different end uselitions.

The EMC of the wood under usual climatic conditicas be reduced with
steaming, which by the given climatic conditionssulés in higher
mechanical strength and durability against fungidél conditions of high
RH, the steamed mature wood reaches higher EMi@an,the un-steamed
material. Therefore, for outdoor uses, specialnéitia should be paid to
the protection of steamed mature wood.

The steaming decreased the EMC primarily of the sayl the juvenile
wood. The EMC-s of the 3 kinds of wood are drawssel by steaming.
Due to the relatively small dimensions of blackusicsawn timber, the
wood often contains juvenile wood. Following sté&agm this kind of
timber will show a more homogenous MC-distributi@rmich reduces the
incidence of drying defects and improves dimenstaibility.

With the repeated the sorption cycles, the decredsEMC does not
change further.

The sapwood has the highest EMC, therefore (andusecof the high
amount of simple sugar molecules) this type of waedess durable
against fungi, for that reason the wooden prodstisuld not contain
sapwood.

Steaming decreased the hysteresis value. In the chghe steamed
materials, it is not important whether the woodcheal the EMC during
ad- or de-sorption.

For the sorption isotherms of black locust wood tmest suitable
equations are those of the Dent- and the Hunterelsod he last two
equations and their co-efficients are the most meuendable for
computer-controlled drying chambers.
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