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STUDIUM MORFOLOGIE POVRCHU DUBOVEHO DREVA PO
OPRACOVANI GRAVIROVACIM CO: LASEROM

Michal Andrejko — Jozef Kudela — OPga MiSikova — Richard Kminiak

Abstract

The paper reports on experiments investigating morphological modification of beech wood
surface engraved with a CO; laser performing at different power outputs and raster density
values. The changes in surface morphology were evaluated and quantified through
roughness parameters Ra and Rz, measured parallel with and perpendicular to the grain
course. These changes were also studied on micro-slides examined with light microscopy.
The results confirmed that, during CO; laser engraving, all the factors studied (power,
density, anatomic direction) had significant effects on roughness parameters. The major
influence on roughness variation was found for the raster density. Within the whole examined
raster density range, the increasing density induced increasing roughness parameters in both
directions: parallel and perpendicular to the grain. More pronounced roughness was
recorded perpendicular to the grain course than parallel with it. There has also been
confirmed that the oak wood surface roughness after a CO; laser irradiation also depended
on the heterogeneous oak wood structure on its own. The laser beam track was deeper in
the early wood with higher proportion of vessels than in the late wood in which the beam
contacted libriform fibres.

Key words: CO: laser, oak wood, surface morphology, roughness

UVOoD

Opracovanie CO; laserom sa dostdva do popredia kvoli mnozstvu vyhod, ktoré tato
technolégia ponuka (rychle bez trieskové opracovanie, nizke prevadzkové naklady, cielena
modifikécia farby na povrchu, atd’.). Laserovy 1u¢ nahradza vd’aka uzkej Sirke reznej Skary
technologie rezania a vitania. Prindsa vSak aj nové moznosti opracovania povrchu kovovych
aj nekovovych materidlov gravirovanim (Patel et al. 2017, Yang et al. 2019). Vyhodou pri
opracovani dreva laserom je, ze pri znamych koeficientoch absorpcie je mozné stanovit
mnozstvo dodanej energie privedenej na povrch dreva laserovym Iucom s cielenym dopadom
na jeho Struktaru a vlastnosti (Kacik a Kubovsky 2011, Vidholdova ef al 2017, Kudela et al.
2019, 2020).

Pri gravirovani dreva laserom dochddza k modifikacii povrchu dreva. Chemicko-
fyzikalne a morfologické zmeny vlastnosti povrchu zavisia od mnozstva energie dodavanej
na povrch dreva prostrednictvom laserového luca, ktora je mozné ovplyvnit’ vykonom lasera,
rychlostou pohybu laserovej hlavice, ohniskovou vzdialenost'ou, resp. hustotou rastrovania

Technical University in Zvolen, T. G. Masaryka 24, 960 01 Zvolen
e-mail: michalandrejko207@gmail.com, kudela@tuzvo.sk, misikova@tuzvo.sk,
richard.kminiak@tuzvo.sk
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(Lin et al. 2008, Kubovsky and Kacik 2013, Haller et al. 2014, Gurau et al. 2017, Gurau and
Petru 2018, Li et al. 2018, Sikora et al. 2018, Kudela et al. 2020).

Pri gravirovani dreva sa energia koncentrovana v laserovom lu¢i, dodana na konkrétne
miesto, meni na teplo. V dosledku vysokej teploty koncentrovanej v malom priemere
laserového luc¢a na rozhrani s povrchom dreva, dochadza k okamzitej sublimacii tenkej
povrchovej vrstvy dreva. Okrem velkosti dodanej energie a jej koncentracie, je hribka
sublimovanej vrstvy do velkej miery ovplyvnend tiez druhom dreva v dosledku ich
rozdielnej Struktiry a tvrdosti. (Arai and Kawasumi 1980, Barcikowski et al. 2006, Wust et
al. 2005, Haller et al. 2014, Dolan 2014).

Ako vyplyva z mikroskopickych pozorovani (Haller et al. 2014, Dolan 2014),
opracovanie povrchu dreva laserovym lu€om moéze znizit' jeho drsnost v dosledku
roztavenia buniek do hibky niekolkych mikrometrov bez ich karbonizacie. V praci Kudelu
et al. (2019) sa uvadza, ze k vyznamnym morfologickym zmenam, ktoré sa prejavili na
zvySeni drsnosti, dochddzalo az pri divke oZziarenia 75 J-cm™ a to hlavne v dosledku
karbonizacie povrchovej vrstvy dreva. Pri gravirovani povrchu dreva laserom sa v§ak moze
dosiahnut’ opacény efekt (Gurau ef al. 2017, Gurau and Petru 2018). Z posledne citovanych
prac ma na drsnost povrchu dreva vyznamny vplyv vykon lasera a rychlost pohybu
skenovacej hlavice.

Kudela et al. (2020) pouzitim CO, lasera aplikovaného na povrch bukového dreva
zistili pri nizSom vykone lasera (4 %) mierny pokles parametrov drsnosti v smere
vlakien. Merania ukazovali hodnoty niZsie, ako u brusenych referenénych vzoriek. Tato
skuto¢nost’ bola spdsobenad odstranenim uvolnenych bunkovych elementov po bruseni.
Pri vysSom vykone (8 %) posledne citovani autori uvadzaji narast drsnosti s rasticou
hustotou rastra. Hodnoty parametrov drsnosti boli vyznamne vysSie v porovnani s
brasenym povrchom. Morfoldgia povrchu po ozarovani CO; laserom je teda ovplyvnena
technickymi parametrami lasera, ako aj technolégiou a zvolenou metodikou oZarovania. To
znamena, ze vhodnou volbou parametrov ozarovania CO, laserom je mozné cielene menit’
morfologiu povrchu dreva.

Cielom tejto prace bolo experimentilne sledovat morfologické zmeny povrchu
dubového dreva prostrednictvom parametrov drsnosti, ktory bol opracovany gravirovacim
CO; laserom, pri roznych vykonoch lasera a pri réznej hustote rastrovania. Dalsim ciefom
prace bolo namerat’ e a vyhodnotit’ parametre drsnosti takto opracovanych povrchov dvomi
profilometrami pracujucimi s odlisSnymi technikami.

MATERIAL A METODIKA

Na gravirovanie dreva sa pouzil CO; laser CM-1309 od firmy EAGLE s maximalnym
vykonom 135 W (Obr. 1a, b). Ozarovanie laserom sa realizovalo na vzorkach z dubového
dreva (Quercus robur) rozmerov 100 mm x 50 mm x 15 mm (obr. 1c). Vzorky boli
umiestnené vo vzdialenosti 17 mm pod ohniskom fokusa¢nej SoSovky. Rychlost’ laserove;j
hlavice, ktora sa pohybovala nad povrchom vzorky v smere vlakien, bola konstantna (350
mm-s™). Intenzita oZarovania sa menila so zmenou vykonu lasera a hustotou rastrovania
(pocet rastrov na jeden milimeter §irky). Jedna sada telies bola gravirovana pri 8%, druha
pri 12% a tretia sada telies pri 16% vykone lasera. Gravirovanie prebiechalo kolmo na
priebeh vlakien, pricom pocet rastrov na jeden milimeter Sirky bol 1, 2 a 5. Spolu to
predstavovalo 9 kombinacii a kazda kombinacia bola zastipena tromi telesami, plus tri
referencné telesa. Kazda sada telies bola za zvolenych podmienok rovnomerne ozarovana
po celej dizke a sirke.
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Zmeny morfolégie povrchu dreva pri roznych sposoboch ozarovania CO, laserom sa
sledovali prostrednictvom parametrov drsnosti, ako aj sledovanim zmien Struktary
oziareného povrchu pomocou svetelnej mikroskopie. Drsnost’ sa merala dvomi rozdielnymi
metédami na oziarenych radialnych plochach dubovych telies rovnobezne s vldknami
a kolmo na priebeh vlakien na zaklade hodnot parametrov drsnosti Ra (stredna aritmeticka
odchylka a Rz (sucet vySky najvécsicho vystupku a hibky najnizsej ryhy v ramci zakladnej
dizky).

Obr. 1 Gravirovanie povrchu dubového dreva laserom CM-1309 (a), detail (b), skuSobné teleso (c)

Na meranie drsnosti bol v jednom pripade pouzity mechanicky profilometer Surfcom
130A (Carl Zeiss, Germany), ktory sa sklada z meracej a z vyhodnocovacej jednotky (obr.
2). Tento drsnomer umoziuje merat’ profil v rozmedzi od —400 pum do +400 pm od
stredovej Ciary (celkové mozné merané vyskové rozpitie profilu je 800 pum). Celkova
merana diZka profilu sa skladala z useku rozbehu hrota, z piatich zékladnych dizok I
(cutoff Ac) a dojazdu [,. Zakladné dizky sa volili v intervale 0,025-8 mm na zaklade
predbezne nameranych hodnét parametrov drsnosti Ra a Rz. Pri vyhodnocovani drsnosti
nameranej uvedenym profilometrom sa odfiltrovala zo zakladného profilu vinitost’ a krivka
drsnosti sa preniesla na zakladnu Ciaru.

Obr. 2 Mechanicky profilometer
Surfcom 130A

1 — meracia jednotka,
2 — vyhodnocovacia jednotka,
3 —pocitacé

V druhom pripade bola pouzitd opticka metodda (laserovy profilometer LPM 4, Kvant,
Slovakia) — obr. 3.. Laserovy profilometer slizi na optické bezkontaktné meranie 2D
profilu objektov pozdiz definovaného rezu (redukovanej roviny). Pre tento Gdel vyuZiva
tzv. triangulaény princip. Na merany povrch je najprv premietand laserova Ciara (jej
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zdrojom je laserova dioda ktora produkuje modré svetlo o vinovej dizke A = 450 nm a vykone
10 mW), ktora je nasledne snimand digitalnou kamerou (o rozliseni 1280 x 1024). Z kazdého
zosnimaného obrazu je mozné vyhodnotit’ aktudlny 2D profil povrchu telesa. Nanesend
laserova Ciara vytvara virtudlny rez povrchom v mieste vybranom pre hodnotenie
povrchu.

Laserovy profilometer umoziiuje tvorbu tzv. dlhych profilov do dizky 90 mm s vyskou
a hibkou profilu 3-1000 pm. Podstata tvorby dlhych profilov spo¢iva v tom Ze, laserovy
profilometer pri merani zosnima zakladnt dizku 4 mm a nasledne dojde k prestaveniu vzorky
04 mm v smere merania (presnost’ prestavenia vzorky 1pm). Softvér laserového profilometra
stotozni koncové body ¢iastkovych 2D profilov povrchu telesa a vysklada dlhy 2D profilov
povrchu (ktory v nasom pripade predstavoval 40 mm). Nasledné je dany profil virtualne
vyrovnany, aby sa eliminoval sklon plochy vzorky a vzniknuty profil je podrobeny analyze
podla metodiky uvedenej v norme ISO 4287.

Obr. 3 Laserovy profilometer LPM-4

1 — ramova konstrukcia umoziujuca
manualne nastavenie hlavy a systému
vozika,

2 — laserova hlavica profilometra,

3 — posuvny suradnicovy systém,

4 — ovladac radenia pracovnych stolov

Mikroskopické preparaty priecnych rezov sa robili zo vzoriek zmékéenych v glycerine
a modifikovanych transparentnym lakom. Mikrorezy boli potom zaliate v euparale.
Vzhladom na vel'mi nestabilnti zuholnatenti vrstvu vrchnych buniek, ktora sa odlupovala pri
uvedenej priprave mikrorezov, bola pouzitd eSte druha priprava mikrorezov. Mikrorezy sa
rezali zmalych hranolcekov dubového dreva modifikovanych syntetickou Zivicou
(Technovit). Mikrorezy boli nasledne zaliate v euparale.

VYSLEDKY A DISKUSIA

Pri merani geometrie povrchu dubového dreva mechanickym a optickym profilometrom boli
pozorované rozdiely v hodnotich parametrov drsnosti. Obidvomi metdédami merania
drsnosti sa potvrdila vyznamna zmena morfologie povrchu dreva pocas jeho gravirovania
CO; laserom. Sledované parametre drsnosti Ra a Rz sa so zvySujucim vykonom lasera
a rasticou hustotou rastrovania vyznamne zvySovali. Vyraznejsie zmeny parametrov drsnosti
boli zaznamenané pri optickej metode. Zakladné Statistické charakteristiky parametrov
drsnosti Ra a Rz vsmere vlakien akolmo na priebeh vlakien, zistované obidvomi
profilometrami, st uvedené v tab. 1.

Rozdiely vo vysledkoch drsnosti meranej mechanickym a optickym profilometrom sa
zvacSovali s rasticim vykonom gravirovacieho lasera ako aj s hustotou rastra. VyraznejSie
rozdiely boli pozorované v pripade parametra Rz a to hlavne pri merani drsnosti kolmo na
priebeh vlakien. Pric¢inou rozdielnych hodndt parametrov drsnosti, nameranych jednym
a druhym profilometrom je rozdielna technika snimania profilu povrchu a tiez rozdielne
nastavenie zakladnej a meranej dizky. Kvoli objektivnej§iemu hodnoteniu vplyvu
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sledovanych faktorov gravirovania na drsnost’ povrchu je preto vhodné pouzit’ len jeden
sposobom snimania profilu drsnosti. Kazdd z pouzitych metéd ma svoje vyhody
inevyhody. Pre viac obmedzeny rozsah snimania vertikdlneho profilu mechanicky
profilometer neumoziioval snimat’ profily drsnosti pri vy$Som vykone a vy$Sej hustote
rastra. Preto sa v naSom pripade ukazalo vhodnejsie pouzit’ opticky profilometer, pomocou
ktorého bolo mozné snimat’ aj najvysSie dosiahnuté profily gravirovaného povrchu
dubového dreva.

Tab. 1 Zakladné Statistické charakteristiky parametrov drsnosti rovnobezne s vlaknami a kolmo na
priebeh vlakien gravirovaného povrchu dubového dreva pri vykone lasera 8 a 12 %.

Parametre drsnosti pri vykone lasera 8 %

Hustot

a rastra : Rovnobezne s Vlékngmi : Kolmo na priebeh Vlé}kien
[mm"'] Mechanickd metoda Optickd metoda Mechanicka metoda Opticka metdda
Ra Rz Ra Rz Ra Rz Ra Rz
[um]
Refer X 4,23502 29,2968  4,48066  123,0870  9,8328 86,8475  8,0401 219,498
) s 2,85375 18,6659  1,4490 49,5980  2,7941 25,9783  0,9077 149,214
1 x 12,8811 87,7865  6,4870  206,2270 32,2210  225,7300 37,6302  522,1910
s 3,1896 20,0108 11,5752 72,4315 33134 19,5405  2,6264 76,5297
2 x  7,6978 53,7068  8,0784  292,4530 46,1406 249,174 62,9958  581,5280
s 43320 30,7587 32961  117,7140  1,7625 7,3165  5,0553 77,1163
5 X 14,1485 85,7063 10,8021  262,5120 42,9105  279,2280 53,6959  613,4590
s 27445 19,2821  2,8147 63,8087  5,4687 37,7454 10,4749 53,9510
Parametre drsnosti pri vykone 12 %
RovnobeZne s vlaknami Kolmo na priebeh vlakien
Refer X 423502 29,2968 44866  123,0870  9,8328 86,8475  8,0401 219,498
) s 285375 18,6659  1,4490 49,5980  2,7941 25,9783  0,9077 149,214
| X 8,3638 54,2989  7,8090  271,1250 34,6484 224,481 46,2007  711,0300
s 2,4301 15,5936 3,6329  188,8470  3,0507 9,7726  2,2380  119,9540
2 x 11,4016 68,8696 11,5110  288,4770 51,5137 259,642 75,5088 662,236
s 3,6284 19,9643  3,5358 93,7473 4,3090 19,4808  3,7295 53,2777
5 X 22,3629  111,1050 13,4381 262,6530 40,3751  269,0190 53,1402  589,1250
s 4,1936 16,5668  3,9408 95,6725 15,1150  100,2360 10,1854 74,3294
Parametre drsnosti pri vykone 16 %
Rovnobezne s vlaknami Kolmo na priebeh vlakien
Refer. X 4,23502 29,2968 44866  123,0870  9,8328 86,8475  8,0401 219,498
s 285375 18,6659  1,4490 49,5980  2,7941 25,9783  0,9077 149,214
| X 9,6640 68,9010  7,5430  262,2140 - - 65,8235 867,5200
s 5,8951 37,9037 3,0535  141,1540 - - 8,2964  123,3830
2 X 249843  141,0590  8,5765  303,1570 - - 96,7483  723,3900
s 3,2531 19,4747 2,7280 89,2026 - - 38,8894 54,6062
5 x 18,0873  102,6150 14,3972  277,5290 - - 115,100  810,3670
s 7,5397 37,1196 5,0935 62,9488 - - 6,5722 54,5425

Dosiahnuté vysledky parametrov drsnosti optickym profilometrom boli vyhodnotené
trojfaktorovou analyzou rozptylu. Pri gravirovani CO, laserom sa sledoval vplyv vykonu
lasera, hustoty rastra, ako aj vplyv anatomického smeru na uvedené parametre drsnosti.
Vysledky trojfaktorovej analyzy rozptylu potvrdili vyznamny vplyv vsetkych troch
testovanych faktorov na parametre drsnosti Ra a Rz.

Vplyv sledovanych faktorov na parametre drsnosti je zndzorneny na obr. 4. Ako vidiet
z obr. 4, hodnoty obidvoch sledovanych parametrov drsnosti sa s rastiicou hustotou rastra
zvySovali ato tak v smere vlakien ako aj kolmo na priebeh vlakien. Toto sa neda
jednoznacne povedat’ o vplyve vykonu lasera. Hoci sa potvrdil vyznamny vplyv aj vykonu
lasera na parametre drsnosti, neda sa jednoznaéne povedat’ (plati to najmi pre pozdizny
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smer), ze sa drsnost’ s rastucim vykonom lasera zvySuje. Kvalitativne podobné vysledky pri
rovnakych podmienkach ozarovania sa dosiahli aj v pripade bukového dreva (Kudela ef al.

2020).

a) b)
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Obr. 4 Vplyv hustoty rastra na parametre drsnosti Ra a Rz gravirovaného povrchu dubového dreva
meranych rovnobezne s vlaknami a kolmo na priebeh vlakien pri vykonoch lasera 8, 12 a 16 %

Vzhl'adom na kratku vzdialenost’ povrchu vzorky pod ohniskom fokusacnej SoSovky,
dochadzalo v priebehu gravirovania k odburavaniu a okamzitej sublimacii drevnej hmoty. To
znamena, ze teplota na povrchu vzoriek v kontakte so zviazkom laserového luc¢a musela byt
vyrazne nad 240 °C, ¢o potvrdili aj experimentalne merania teploty pomocou termokamery.
Uz pri vykone lasera 4 %, bola v mieste dopadajiiceho zvézku laserového lica namerana
teplota okolo 450 az 500 °C apri vykone 8 % to bola teplota na hranici, ktora mohla
termokamera s hornym rozsahom teploty do 1000 °C zaznamenat.

Sirka vygravirovanej stopy (0,14 mm) bola dana $irkou zvizku v mieste dopadu na
povrch, bez rozdielu vykonu lasera. Pri konstantnej hustote rastra so zvySujucim vykonom
hribka odstranenej vrstvy imerne rastla, ale na drsnost’ povrchu, ktory ostal po oZiareni sa
to vyznamne neprejavilo, ¢o je v sulade s vysledkami prac Haller et al. (2014), Dolan
(2014), Kadelu et al. (2019). Je vSak potrebné poznamenat’, ze podmienky ozarovania CO,
v pripade citovanych autorov boli iné. Urcité rozdiely v drsnosti pripisujeme rdéznemu
stupiiu zuhol'natenia vrchnych buniek ako aj heterogenite povrchu dubového dreva. Raster
na povrchu dreva zanechaval stopy v podobe ryh, ktoré sposobovali zvysenie drsnosti. Pri
hustote rastra 10 mm~'a vy$3ej, vzhl'adom na §irku rastra dochadzalo k prekryvaniu tychto
rastrov. To znamena, Ze tam, kde doslo k prekrytiu rastrov, bola na jedno miesto dodana
vi&sia davka energie, ktora bola pri¢inou prehibenia ryhy.
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Hibku a frekvenciu ryh kolmo na priebeh vlékien na povrchu dubového dreva pri
vykone lasera 8 % a hustote rastra 20 mm~! mozno vidiet na obr. 5. Z obrazka tiez vidiet’ ako
hibka ryh po gravirovani je ovplyvnena aj samotnou heterogénnou §trukturou dubového
dreva. Dubové drevo je kruhovito-porovité s velkymi limenmi najméa jarnych ciev s tenkou
bunkovou stenou, v porovnani s libriformnymi vlaknami, ktoré maja maly priemer limenu
a hrubtl bunkovu stenu (Pozgaj et al. 1997). Ked’Ze sa jednalo o gravirované radialne plochy,
tak sa na tychto plochach striedalo jarné aletné drevo. Ako vidiet' z obr. 5, laserovy lu¢
zanechdval v jarnom dreve hlbsiu stopu ako v letnom dreve. Tato skutocnost’ sa odrazila
najmé na hodnotach parametra Rz.

Obr. § Profil povrchu dubového dreva po gravirovani COz laserom kolmo na priebeh vlakien pri
vykone lasera 8 % a hustote rastrovania 20 mm-1.
1 — fragmenty zuhol'natenych buniek drevnych vlakien

Mnozstvo energie dodavanej na povrch dubového dreva prostrednictvom laserového
luca a jej premena na tepelnl energiu nespdsobilo len sublimaciu dreva a zuholnatenie
vrchnych drevnych buniek, ale teplo difundovalo strziiovymi la¢mi hlbsie do Struktary
dubového dreva, ¢o dokumentujii stmavnuté parenchamatické bunky strznovych lucov
(obr. 5).

Stiidium oziareného povrchu dubového dreva CO, laserom ukézalo, Ze interakcie , ktoré
prebiehaji na rozhrani drevo — laserovy 1u¢, su vel'mi zlozité. Na hlbsie pochopenie javov,
ktoré sa odohravaji na povrchu dreva pocas gravirovania pri dodani réznych davok energie,
je potrebna hlbsia analyza Struktiry dreva povrchovych vrstiev z anatomického

aj chemického hl'adiska.

ZAVERY

Z analyzy vysledkov vyhodnotenia drsnosti povrchu dubového dreva po gravirovani CO,
laserom na zaklade parametrov drsnosti nameranych optickym profilometrom, mozno
vyvodit’ nasledovné zavery.
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Potvrdil sa vyznamny vplyv vsetkych sledovanych faktorov pocas gravirovania (vykon
lasera, hustota rastra, vplyv anatomického smeru) na parametre drsnosti Ra a Rz.

Najvyznamnejsi vplyv na zmenu drsnosti mala hustota rastra. S rastiou hustotou rastra
v celom sledovanom rozsahu sa paramere drsnosti zvySovali vpozdiznom smere ako aj
kolmo na priebeh vlakien. Vysia drsnost’ bola zaznamenana kolmo na priebeh vlakien ako
rovnobezne s vlaknami.

Bolo tiez potvrdené, Ze na drsnost’ povrchu dubového dreva po jeho ozarovani CO,
laserom, ma vplyv aj samotna heterogénna Struktura dubového dreva. V jarnom dreve
s hlavnym podielom jarnych ciev, zvidzok laserového luca zanechaval hlbsiu stopu ako
v letnom dreve v kontakte s libriformnymi vldknami.

Pod’akovanie: Tato praca bola podporend Agentirou na podporu vyskumu vyvoja na
zaklade Zmluvy ¢. APVV-16-0177 a Internou projektovou agentirou TUZVO, €. projektu
IPA 15/2020.

LITERATURA

Arai, 1., Kawasumi, H. 1980: Thermal analysis of laser machining in wood III. Mokuzai
Gakkaishi, 26, 773—782.

Barcikowski, S., Koch, G., Odermatt, J. 2006: Characterisation and modification of the heat
affected zone during laser material processing of wood and wood composites. Holz als Roh
—u. Werkstoff, 64, 94-103.

Dolan, J. A. 2014: Characterization of Laser Modified Surfaces for Wood Adhesion.
(Thesis for the degree of Master of Science In: Macromolecular Science and Engineering).
The Faculty of Virginia Polytechnic Institute, Blacksburg, VA, 100 p.

Gurau, L., Petru, A. 2018: The influence of CO2 laser beam power output and scanning
speed on surface quality of Norway maple (Acer platanoides), BioResources, 13,
8168—8183.

Gurau, L., Petru, A., Varodi, A., Timar, M. C. 2017: The influence of CO, laser beam
power output and scanning speed on surface roughness and colour changes of beech (Fagus
sylvatica), BioResources, 12, 7395-7412.

Haller, P., Beyer, E., Wiedemann, G., Panzner, M., Wust, H. 2014: Experimental study of
the effect of a laser beam on the morphology of wood surfaces.
https://www.researchgate.net/publication/237543545

Kacik, F., Kubovsky, 1. 2011: Chemical changes of beech wood due to CO, laser
irradiation. J. Photochem. Photobiol. A, 222, 105-110.

Kubovsky, 1., Kacik, F. 2013: Changes of the wood surface colour induced by CO, laser
and its durability after the xenon lamp exposure. Wood Research. 58, 581-590.

Kudela, J., Kubovsky, 1., Andrejko, M. 2020: Surface properties of beech wood after CO»
laser engraving. Coatings, 10(1): 77.

Kudela, J., Reinprecht, L., Vidholdova, Z., Andrejko, M. 2019: Surface properties of beech
wood modified by CO, laser. Acta Facultatis Xylologiae Zvolen, 61, 5-18.


https://www.researchgate.net/publication/237543545

MICHAL ANDREJKO — JOZEF KUDELA — OLGA MISIKOVA — RICHARD KMINIAK 13

Li, R., Xu, W., Wang, X.A., Wang, C. 2018: Modelling and predicting of the color changes
of wood surface during CO, laser modification, J. Clean. Prod., 183, 818—823.

Lin, C. J,, Wang, Y. C,, Lin, L. D., Chiou, C. R., Wang, Y. N., Tsai, M. J. 2008: Effects of
feed speed ratio and laser power on engraved depth and color difference of Moso bamboo
lamina. J. Mater. Process. Technol., 198, 419-425.

Patel, Ch., Patel, A. J., Patel, R. C. 2017: A Review on Laser Marking Process for Different
Materials. IJSRD, 5(1): 147-150.

Pozgaj, A., Chovanec, D., Kurjatko, S., Babiak, M. 1997:. Struktira a vlastnosti dreva.
Bratislava: Priroda 1997, s. 269 — 276

Sikora, A., Kacik, F., Gaff, M., Vondrova, V., Bubenikova, T., Kubovsky, I. 2018: Impact
of thermal modification on color and chemical changes of spruce and oak wood. Inter. J.
Wood Sci., 64: 406—416.

Vidholdova, Z., Reinprecht, L., [gaz. R. 2017: Mold on laser-treated beech. BioResources,
12(2): 4177-4186.

Waust, H.. Haller, P., Wiedemann, G. 2005: Experimental study of the effect of a laser beam
on the morphology of wood surfaces. In Proceedings of the Second European Conference
on Wood Modification, Géttingen, Germany, 6-7 October 2005.

Yang, Ch., Jiang, T., Yu, Y., Bai, Y., Song, M., Miao, Q., Ma, Y., Liu, J. 2019: Water-jet
Assisted Nanosecond Laser Microcutting of Northeast China Ash Wood: Experimental
Study. BioResources, 14, 128—138.


https://is.tuzvo.sk/auth/lide/clovek.pl?id=513
https://is.tuzvo.sk/auth/lide/clovek.pl?id=6973
https://is.tuzvo.sk/auth/lide/clovek.pl?id=515
https://is.tuzvo.sk/auth/lide/clovek.pl?id=377
http://publica.fraunhofer.de/autoren/Wiedemann,%20G.




PAI=al CHIP AND CHIPLESS WOODWORKING PROCESSES, 12(1): 15-19,2020
Zvolen, Technical University in Zvolen, ISSN 1339-8350 (online), ISSN 2453-904X (print) 15

ENERGETHHQ&NAROCNOSTPROCESUTEPLOVZDpSNEHO
SUSENIA BREZOVYCH VLYSOV V KOMOROVYCH
SUSIARNACH BEZ ZMENY FARBY DREVA

Adrian Banski — Michal Dudiak

Abstract

The paper deals with the energy intensity of the process of hot air drying of birch friezes
with emphasis on preserving the original color of the wood. The proposed mode is longer
by At = 26 hours in comparison with the mode determined according to the ON 49 0651
standard. The prolongation of the drying time of the birch friezes is caused by the lower
temperature of the drying medium during the evaporation of the free water. The normative
of heat consumption of the proposed regime of drying of birch friezes has the value QTZN
= 264.85 kWh.m, which is 7.1 % more than the heat consumption during drying according
to the standard. The increase in heat consumption for drying I m? of birch friezes is caused
both by the extension of the actual drying time and by the consumption of heat to cover the
heat losses of the dryer during the process.

Key words: birch friezes, hot air drying, chamber dryers, energy intensity of wood drying

UVOoD

Susenie dreva patri k zakladnym technologickym operaciam spracovania drevnej
hmoty. Uvedena technologicka operacia je zna¢ne komplikovany hydrotermicky proces,
ktory je stale rieSeny vedecko-vyskumnymi pracovnikmi a technoléogmi, aby bol stale
efektivnejsi a dokonalejsi.

Susenie brezovych vlysov vykonavané v teplovzdusnych komorovych susiariiach podla
susiacich rezimov ON 49 0651, ¢i rezimov susenia odporacanych firmami: KATRES s.r.o.,
Hildebrand Holztechnik GmbH, Miihlbock Holztrocknungsanlagen GmbH a iné, je bezne
realizované pri teplotich #+ = 50 — 70 °C. Realizacia suSiaceho procesu pri uvedenych
teplotach vytvara v brezovom dreve podmienky nielen pre odstrafiovanie vody z dreva, ale
ipre priebeh chemickych reakcii akymi st hydrolyza polysacharidov, extrakcia
vodorozpustnych akcesorickych latok, depolymerizécia polysacharidov a chemické zmeny
v lignine vyvolavajuce modifikaciu chromoforneho systému dreva. (Bucko 1995, Trebula
a Bucko 1996, Kacik 2001, Laurova a kol. 2004, Geffert a kol. 2020), ktoré vyvolavaju
ireverzibilné zmeny brezového dreva. Jednou z takychto zmien je zmena farby brezového
dreva z povodnej bielo-Zltej farby na viac ¢i menej syte odtiene hnedo-Cervenej farby.
Mieru zmeny farby v procesoch hydrotermickej upravy dreva definoval (Deliiski 1991)
kritériom farebnej homogenizacie dreva Srm, ktoré je Ciselne rovné velkosti integralnej
plochy funkcie zmeny teploty dreva v procese hydrotermickej Upravy dreva. Jednotkou
uvedeného kritéria je termosekunda [K.s].

Technical University in Zvolen, T. G. Masaryka 24, 960 01 Zvolen
e-mail: banski@tuzvo.sk, xdudiak@jis.tuzvo.sk
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Cielom prace je stanovenie vplyvu navrhovanych zmien v procese teplovzdusného
susenia brezovych vlysov na energeticku narocnost’ procesu susenia.

MATERIAL A METODA

Navrh teplovzdusného rezimu pre suSenie brezovych vlysov s rozmermi 38x100x800
mm, z vlhkosti w, = 50 %, na vlhkost’ wy = 10 % (Dzurenda 2020) a rozpis podmienok
susenia vlysov dreviny Breza biela podla normovaného rezimu ON 49 0651
zohladnujiceho parené a neparené brezové vlysy, uvadza Tab. 1.

Tab. 1 Rozpis podmienok susenia brezovych vilysov

Rozmery brezovych vlysov 38x100x800
Fézy susSenia rezim navrhnuty ON 49 0651
t[°C] | At[°C] | t[hod] | %[°C] | Af[°C] | 7 [hod]
Ohrev 35 2 4 50 2 4
50-35 35 5 27 50 3 21
35-25 40 8 23 50 6 18
Kondicionovanie 50 3 6

25-20 60 8 16 60 8 16
20-15 70 12 17 70 12 17
15-10 70 18 25 70 18 25

Osetrenie 70 7 7 70 7 8

Ochladenie 30 7 4 30 7 4
2 - - 129 - - 113

Specificka spotreba tepla na vysuSenie 1m® brezovych vlysov v komorovej
teplovzdusnej susiarni KC 1/50 vyrabanej firmou SUSAR s.r.o navrhnutym reZimom
a reZimom podl'a ON 49 0651 je stanovena formou technicky zdovodnitelnej normy (Qrzv)
prostrednictvom technického vypodtu normativu spotreby tepla na vysuSenie reziva
v komorovych suSiariiach (Dzurenda a Deliiski 2010).

Normativ spotreby tepla na proces suSenia brezovych vlysov v komorovej suSiarni
kvantifikuje rovnica:

Orgy = Qw + Qv + Q4 ;‘DQL + Que + 0s [ kWh.m?] )

kde: Qu — teplo potrebné na ohrev vlysov v susiarni, [kWh.m3],

Qy - teplo potrebné na ohrev vlhkého vzduchu v komorovej suSiarni a zvlhéovanie
vo faze ohrevu a kone&ného osetrenia, [kWh.m3],

Qa — teplo potrebné na ohrev konstrukcie komorovej susiarne a prekladovych latiek,
[kWh.m3],

Q. — teplo potrebné na ohrev vzduchu v suSiarni za icelom odparenia vody z dreva,
[kWh.m3],

Quc — teplo na uvolnenie hydroskopicky viazanej vody z dreva, [kWh.m3],

Qs — teplo na krytie tepelnych strat suiarne, [kWh.m3],

Vp — objem suSeného dreva, [m3].
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VYSLEDKY A DISKUSIA

Priebeh procesu vlastného susenia brezovych vlysov podla navrhnutého rezimu a podla
ON 49 0651 je zobrazeny na obr. 1.

—e—niwrh —@—ON 49 0651
60
50
40
30
20

vlhkost vlysov [%]

10

0 30 60 90 120
éas vlastného sugenia [hod]

Obr. 1 Krivka viastného susenia brezovych vlysov

Podla rozpisu teplot a psychrometrickych diferencii suSiaceho prostredia uvedeného
rezimu teplovzdusného suSenia brezovych vlysov, sa uvedené rezimy suSenia radia medzi
tzv. rezim so stipajicou teplotou a klesajucou relativnou vlhkostou susiaceho prostredia
(Kollmann 1955, Trebula 1989).

Znizenie teploty suSiaceho prostredia pocas odparovania volnej vody z brezového
dreva sa premieta v spomaleni procesu susenia a prediZeni vlastného ¢asu susenia o 16 hod.
Uvedena skuto¢nost’ ma negativny dopad na kapacitné vyuzitie komorovej susiarne, ako
uvadzaju aj prace (Trebula a Klement 2002, Dzurenda a Deliiski 2010).

Hodnoty technicko-zddvodnitelnej normy spotreby tepla na vysusenie 1 m? brezovych
vlysov v stredno-kapacitnej komorovej susiarni KC 1/50, podla navrhnutého rezimu
a rezimu susenia v zmysle normy ON 49 0651, z vlhkosti w, = 50 % na vlhkost wx = 10 %,
pri pociatocnej teplote vlysov ¢ = 10 °C a pri priemernej teplote atmosférického vzduchu
v okoli komorovej susiarne ¢, = 10 °C uvadza tabul’ka 2.

Tab. 2 Polozky spotreby tepla na vysuSenie 1 m? brezovych vilysov v suSiarni dreva KC 1/50

ReZim su$enia brezovych vlysov

Polozky bilancie spotreby tepla komorovej susiarne dreva Navrhnuty | ON 49 0651
KC 1/50 Specificka spotreba tepla
kWh.m" % kWh.m" %

Teplo na ohrev suseného dreva Ow 31,56 | 11,92 33,20 | 13,49
Teplo na ohrev a zvlh¢ovanie. vzduchu v susiarni

, Or 0,26 0,10 0,86 0,35
vo faze ohrevu
Teplo na ohrev konstrukcie susiarne 04 8,22 3,11 8,22 3,34
Teplo na ohrev vzduchu pre odparenie vody
5 dreva (0] 208,35 | 78,66 186,52 | 75,80
Teplo na uvolnenie HG viazanej vody Qug 2,96 1,12 2,96 1,20
Teplo na krytie tepelnych strat susiarne Os 13,50 5,10 14,28 5,81

Normativ spotreby tepla Qrzn = 2Q; 264,85 100,0 246,04 100,0
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Teplovzdusné susenie brezovych vlysov podla navrhnutého rezimu v komorovej
susiarni je z aspektu spotreby tepla charakterizované normativom spotreby tepla Qrzv =
264,85 kWh.m a normativom spotreby tepla Orzy = 246,04 kWh.m™ pre rezim susenia
podla ON 49 0651. Z porovnania hodnot normativov spotreby tepla plynie, ze v priebehu
suSenia podl'a navrhnutého rezimu bez zmeny farby dreva sa spotrebuje o 18,81 kWh.m"
(7,1 %) viac tepla ako pri normovanom rezime.

Z analyzy jednotlivych poloziek vynalozeného tepla v procese suSenia plynie, ze
navrhovany rezim je sice Usporny: v spotrebe tepla na ohrev reziva o Qp = 1,64 kWh.m?
v spotrebe tepla na pociato¢ny ohrev a zvlhenie susiaceho média v susiarni o Qw = 0,6
kWh.m, v spotrebe tepla na krytie tepelnych strat susiarne o Qs = 0,78 kWh.m?, ale
zvysena spotreba tepla v polozke teplo na ohrev vzduchu pre odparenie vody z dreva o Qi
= 21,83 kWh.m™, ktora je niekol’ko nasobne vy3sia nez vyssie uvedené ispory rozhoduje
vyssej energetickej naro¢nosti navrhovaného rezimu nevyvolavajucom zmenu farby dreva.

ZAVER

Realizacia procesu odparovania volnej vody z brezovych vlysov pocas susenia
v komorovych teplovzdusnych suSiarnach pri nizSich teplotdch, ako pri klasickom
teplovzdusnom susSeni podl'a ON 49 0561 sa negativne prejavuje na predlzovani procesu
susenia brezovych vlysov o At = 16 hod.

Uvedené skutocnosti sa premietaju i na spotrebe tepla. Normativ $pecifickej spotreba
tepla na vysusenie 1m? brezovych vlysov v komorovej suSiarni KC 1/50 podl’a navrhnutého
rozpisu je QOrzv = 264,85 kWh.m™. V porovnani s normativom spotreby tepla na susenie
brezovych vlysov podla rezimu suSenia ON 49 0651 je normativ spotreby tepla o 18,81
kWh.m" vyssi.
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AN APPROACH FOR ESTIMATING OF THE NATURAL COLOR
CHANGE OF LOGS SUBJECTED TO THERMAL TREATMENT

Nencho Deliiski' — Ladislav Dzurenda® — Neno Trichkov'

Abstract

An approach for estimating of the degree of change in the natural color of logs during
their thermal treatment and subsequent conditioning in an air environment has been
suggested. The approach is based on the integration of the solutions of own mathematical
model for computing the 2D non-stationary temperature distribution in the longitudinal
section of the logs during their thermal treatment. A sofiware program has been prepared
in the calculation environment of Visual FORTRAN Professional for solving of the model.
With the help of the program, computations have been carried out for the determination of
the integral temperature-time area on the logs’ surface and also of 4 characteristic points
in two beech logs with a diameter of 240 mm, length of 480 mm during their autoclave
steaming and subsequent conditioning.The values of this area are used as a criterion for
estimation of the degree of change in the natural color of the separate layers of the logs.

Key words: beech logs, autoclave steaming, temperature-time area, color change

INTRODUCTION

In the accessible specialized literature there are limited reports about the temperature
distribution in subjected to thermal treatmen logs aimed at their plasticizing in the
production of rotary cut veneer (Chudinow 1968, Steinhagen 1986; Khattabi — Steinhagen
1993, Deliiski 2004, 2011; Deliiski — Dzurenda 2010; Hadjiski — Deliiski 2016) and there is
no information about the approaches for quantitative determination of the degree of change
in the natural color of the logs subjected to such treatment.

It is known that the market price of the plywood and other layered veneer products
depends on the color of thier surface layer. That is why the modeling and the study of the
influence of the thermal treatment regimes of logs on the degree of change in the natural
color of the veneer produced from them are of considerable scientific and practical interest.

The aim of this work is to suggest an approach for estimating the degree of change in
the natural color of logs during their steaming and subsequent conditioning. The approach
has to be based on the integration of the solutions of own non-linear model for calculation
of the non-stationary 2D temperature field in the longitudinal section of logs during
steaming.

! Faculty of Forest Industry, University of Forestry, Kliment Ohridski Bd. 10, 1797 Sofia, Bulgaria

2 Technical University in Zvolen, T. G. Masaryka 24, 960 01 Zvolen
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MATERIAL AND METHODS

Mathematical model of the 2D temperature distribution in non-frozen logs
during their steaming and subsequent conditioning

When the length of the logs, L, is larger then their diameter, D, by not more then 3 + 4
times, for comuting the change of the temperature in the logs’ longitudinal sections (i.e.
along the coordinates » and z of these sections) during their steaming the following 2D
mathematical model can be used (Deliiski 2004, 2011):

2 2
C.paT(r,z,t) :}L{a T(r,z,7) +l.8T(F’Z’T)J+ Ol {6T(r,z,r)} .

0 2 oT
T or r or or (1)
T (r,z,1) Oy [OT(r,2,0) |
thp— | —
822 oT 0z
with an initial condition
7(r,z,0)="T, )

and following boundary conditions:
a) During the staming process — at prescribed surface temperature of the logs:

7(r,0,7)=T(0,2,7) = T, (1) , 3)
b) During the conditioning process of the heated logs immideately after their
steaming — at convective heat exchange between the logs and surrounding air:
* Along the radial coordinate » on the logs’ frontal surface:

oT(r,0,1)  op(r,0,7)
or Ap(r,0,7)
* Along the longitudinal coordinate z on the logs’ cylindrical surface:
or(0,z,1) o (0,z,1) [T

oz A (0,2,7)
Equations (1) to (5) represent a common form of a mathematical model of the mutually

connected processes of steaming and subsequent conditioning of logs, i.e. of the 2D
temperature distribution in logs during these processes.

re0.0-7,,0) @)

0,z,7)-T, (‘c)]. 6))

air

Mathematical description of thermo-physical properties of non-frozen wood

The thermo-physical properties and the density of the non-frozen wood, which
participate in equations (1) + (5), above the hygroscopic range, can be calculated according
to following equations (Deliiski 2004, 2011):

- (28621 +2.95T +5.49 - T +0.0036T 2 +555) (6)
u

p=pp(l+u) @ u >ug,, (7)

A=hg-[1+B-(T-273.15)], (8)

where
Ao = Kogp - v-[0.165+(1.39+3.8u)-(3.3-107 pZ +1.015-10py.)], )
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B=3.65L?—0.124J.10‘3, (10)
b
v=0.1284—0.013u. (11)

In Deliiski (2011) the precise values of the coefficient Kuq. in eq. (9) for various wood
species have been determined. For the beech wood the following values of the coefficient
Kqdaa in eq. (9) have been obtained: in radial direction Kr» = 1.35 and in longitudinal
direction Ky, = 2.40.

The heat transfer coefficients a; in eq. (5) and o, in eq. (4) of the subjected to air cooling
beech logs after their autoclave steaming is equal to (Deliiski — Dzurenda 2010)

o, = 0.380-1,026l7 0 Tre) i 10,2, 000) - T )], (12)
o = 0.676.1,026-0%e) T ()], (100, 7o)~ Toin(®)) (13)

Mathematical description of temperature-time area of the wood of logs
subjected to thermal treatment and subsequent conditioning

For the determination of the change in the natural wood colour in the volume of logs
subjected to thermal treatment and subsequent conditioning the suggested in (Deliiski
1991) approach can be modified and used. The approach is based on the solutions of the
mathematical model (1) + (5) and it consists of the calculation of the integral temperature-
time area Sj(t) (in K's) of some characteristic points of the log according to the equation

T
s;=] (17~ Toeg i, (14)
0
where j is the successive number of the corresponding characteristic point in the subjected

to thermal treatment wood material; 7}, — current temperature in the j characteristic point

with coordinates i along the radius and & along the length of the log, K; Tue, — the
temperature at which the change in wood colour begins to take place, K, T — time, s.
According to the equation (14) as a criterion for evaluation of the degree of wood
colour change the integral area Si(t) is used. This area is found between the curves for the
change in the temperature in separate characteristic points j during the wood thermal
treatment process and a parallel line to the x-axis (axis measuring the time), corresponding
to the temperature Ti.,, at which the process of colour change from a natural colour begins.

RESULTS AND DISCUSSION
Computation of the 2D temperature distribution in logs during their freezing

The mathematical descriptions of Si(t) and of the thermo-physical characteristics of
non-frozen logs given above were introduced in the mathematical model (1) to (5).

The model has been solved with the help of explicit schemes of the finite difference
method in a way, equal to the one used and described in (Deliiski — Dzurenda 2010). For
the numerical solving of the model, a software program was prepared in the calculation
environment of Visual FORTRAN Professional developed by Microsoft.
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With the help of the program computations were made for the determination of the 2D
non-stationary change of the temperature in the longitudinal sections of two beech (Fagus
Sylvatica L.) logs named below as Log 1 and Log. 2. The calculation mesh has been built
on Y of the longitudinal section of the logs due to the circumstance that this % is mirror
symmetrical towards the remaining % of the same section.

The model was solved for logs with a diameter D = 240 mm, length L = 480 mm, basic
density p, = 560 kg-m™, moisture content u = 0.6 kg-kg'!, fiber saturation point

ugy'>=0.31 kg kg (Deliiski — Dzurenda 2010) and with the following values of the

log’s temperature in the beginning of the steaming process:

*to=0°C for Log 1,

* 1o =20 °C for Log 2.

The participating in eq. (14) temperature Tpeg, at which the change in wood colour
begins to take place, was accepted equal to 333.15 K, i.e. to 60 °C.

During the solving of the model, 3-stage regimes for autoclave steaming of the logs
were used. The typical temperature time profile of the processing medium temperature #y, in
a steaming autoclave and of the air medium for the subsequent conditioning of the heated
wood materials is shown in (Deliiski 2011, Deliiski — Dzurenda 2010).

During the first stage of the steaming regimes input of water steam is accomplished in
the autoclave, with situated inside logs, until the temperature of the processing medium #m =
132 °C at steam pressure of 0.2 MPa is reached. After reaching fm = 132 °C, this
temperature is maintained unchanged by reducing the input of steam flux inside the
autoclave until the calculated by the model average mass temperature of the wood, fayg,
reaches a value of 90 °C.

After reaching t.,, = 90 °C the input of steam in the autoclave is terminated and the
second stage of the steaming regime begins. During this stage, by using the accumulated
heat in the autoclave, the further heating and plasticizing of the logs is accomplished, thus
resulting in gradual reduction of the temperature #, for about 2 hours down to around 110
°C. Afterwards, the cranes directing the steam and condensed water out of the autoclave are
opened, which initiates the third stage of the steaming regime. This stage ends after about 2
hours, when #m, reaches approximate value of around 85 °C. After that a conditioning of the
logs under external aerial medium is realized. During the time of conditioning of the heated
logs a redistribution and equalization of the temperature in their volume takes place, which
is especially appropriate for the obtaining of quality rotary cut veneer.

Using the software program, computations were made for determination of the 2D non-
stationary temperature change in 4 characteristic points in the longitudinal section of the
logs during their autoclave steaming and subsequent conditioning. Point 1 was with
coordinates » = 30 mm and z = 120 mm; Point 2: with » = 60 mm and z = 120 mm; Point 3:
with » = 90 mm and z = 180 mm and Point 4: with » = 120 mm and z = 240 mm (center of
the log). These coordinates of the characteristic points allow for the determination of the 2D
temperature distribution in logs during their steaming and subsequent conditioning.

It is well known that for the obtaining of quality veneer from plasticized beech wood it
is needed that the temperature of all characteristic points of the logs during the veneer
cutting process stays between the optimal values of fnin = 62 °C and fmax = 90 °C (Deliiski
2004, Deliiski — Dzurenda 2010). The duration of the steaming regimes of the studied logs
was chosen taking into account of that requirement.

On Fig. 1 and Fig. 2 the calculated change in #n, , and ¢ of the pointed 4 characteristic
points of the Log 1 and Log 2 during their autoclave steaming and subsequent conditioning
at foir = 20 °C is presented. It can be seen that the duration of the steaming regimes are equal
to 10 h for Log 1 and to 9 h for Log 2 respectively.
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Figure 1. Change in fm, £, and 7 in 4 characteristic points of the Log 1 with 1o =0 °C
during its steaming in an autoclave and its subsequent conditioning at t.ir = 20 °C
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Figure 2. Change in fm, &, and ¢ in 4 characteristic points of the Log 2 with #o = 20 °C
during its steaming in an autoclave and its subsequent conditioning at t.ir = 20 °C

After approximately 1.5 h conditioning of the heated logs the temperature of all
characteristic points enter in the range from 62 °C and 90 °C. Due to the very large heat
transfer coefficient between the logs and condensed on their surfaces water steam, the
surface temperature of the logs, £, is equal to the processing medium temperature, ¢y, in the
autoclave. Significantly lower value of the convective heat transfer coefficient during the
conditioning of the logs causes difference between ¢ and #m = t,ir after the steaming.

On Fig. 3 and Fig. 4 the calculated change in the integral temperature-time area on the
logs’ surface, Ss, and also S of the 4 characteristic points of the Log 1 and Log 2 during
their autoclave steaming and subsequent conditioning is presented.

The analysis of the obtained results leads to the following statements:

1. The change in the integral temperature-time area on the logs’ surfaces, S, and in all
characteristic points, Si, Sz, S3, and Ss happens on complex curves.

2. At the end of the autoclave steaming of the logs the areas Ss and Si, S2, S3, and S
reach the following values:
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Figure 3. Change in Ss and S in 4 characteristic points of the Log 1 with z =0 °C
during its steaming in an autoclave and its subsequent conditioning at tair = 20 °C
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Figure 4. Change in Ss and S in 4 characteristic points of the Log 2 with #o =20 °C
during its steaming in an autoclave and its subsequent conditioning at fair = 20 °C

= For Log 1 after 10 h steaming: S = 1.993-10° K's*!, S} = 1.244-10° K5, S, =
0.426-10° K-s!, §3=0.027-10° K-s”!, and Ss = 0 K-s7!;

= For Log 2 after 9 h steaming: S, = 1.770-10° K-s™!, 81 = 1.140-10° K-s™!, $> = 0.426-10°
K-, 853=10.027-10° K-s'!, and S, = 0 K-s7!.

3. At the end of 2.5 h conditioning in an air environment of the heated logs the areas S;
and Si, S», S3, and Ss reach the following values:

= For Log 1: S = 2.007-10° K-s'!, S; = 1.372-10° K-s7!, & = 0.658:10° K-s!, S5 =
0.108:10° K-s™!, and S4 = 0.020 K-s';
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= For Log 2: S5 = 1.793-10° K-s',, §; = 1.280-10° K-s!, S» = 0.670-10° K-s!, S5 =
0.149-10°K-s”!, and S; = 0.044 K-s'.

4. The comparison of these results with the pointed in (Deliiski 1991) values of S for
pink, pink-red, and dark-red color of beech lumber after its steaming shows that:

= The surface layers of the steamed and conditioned logs have dark-red color;

= Part of the inner layers of the logs have red and part of them — pink color;

= The central layers do not change their natural color after the autoclave steaming.

This conclusion must be taken into consideration in the production of plywood and
layered wood products with desired surface color from rotary cut veneer, which is received
from logs after their steaming in an autoclave.

CONCLUSIONS

This paper describes an approach for estimation of the degree of change in the natural
color of logs during their thermal treatment and subsequent conditioning in an air
environment. The approach is based on the integration of the solutions of own
mathematical model for computing the 2D temperature distribution in the longitudinal
section of logs subjected to thermal treatment. For the numerical solution of the model and
for the applying of the suggested approach a software program has been prepared, which
has been input in the calculation environment of Visual FORTRAN Professional developed
by Microsoft.

With the help of the program, computations have been carried out for the determination
of the integral temperature-time area on the logs’ surface and also of 4 characteristic points
of two beech logs with a diameter of 240 mm and length of 480 mm during their autoclave
steaming and subsequent conditioning. The values of that area are used as a criterion for
estimation of the degree of change in the natural color of the separate layers of the logs.

The obtained results can be used for scientifically based determination of the change in
the color of different layers of subjected to thermal treatment logs from various wood
species and dimensions. They could be taken into consideration in the production of
plywood or layered wood products with desired color of their surface veneer layer, which is
received from logs, plasticized in an autoclave or in other equipment for thermal treatment.

Symbols:

¢ —specific heat capacity, J-kg!-K"!
D —diameter, m

L  —length,m

r —radial coordinate: 0 < r <D/2, m
S —aria, m?

T —temperature, K: T=1¢+273.15
u  — moisture content, kg.kg™! = %/100

z — longitudinal coordinate: 0 < z <L/2, m

o — heat transfer coefficients between log surfaces and the surrounding air, W-m2-K"!
L — thermal conductivity, W-m™-K"!

p  —density, kg'm

T —time,s



28 AN APPROACH FOR ESTIMATING OF THE NATURAL COLOR CHANGE OF LOGS SUBJECTED ...

Subscripts and superscripts:

avg

b

beg
fsp

i

k

m

N

0
p
T
s
2

— average (for logs’ mass temperature or for root square mean error)

— basic (for wood density)

— beginning

— fiber saturation point

— knot of the calculation mesh for solving of the mathematical model
in the direction along the logs’ radius: i =1, 2, 3,..., 21

— knot of the calculation mesh for solving of the model in longitudinal direction
ofthe logs: k=1,2,3, ...,41

— medium (for temperature of the processing medium in an autoclave)

— current number of the step At along the time coordinate for model’s solving:
n=0,1,2,...

— initial

— parallel to the wood fibers

—radial direction

— surface

93.15 —at293.15K, i.e. at 20 °C
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COMPUTING THE AVERAGE MASS TEMPERATURE OF LOGS
AND THE RATE OF ITS CHANGE DURING LOGS 'FREEZING

Nencho Deliiski — Neno Trichkov — Natalia Tumbarkova — Dimitar Angeski
— Zhivko Gochev

Abstract

An approach for computing the average mass temperature of logs subjected to freezing
and the rate of its change has been suggested. The approach is based on the use of the
solutions of own 2D non-linear model of the logs’ freezing process. A software program
has been prepared in the calculation environment of Visual FORTRAN Professional for
solving of the model. With the help of the program, the 2D non-stationary temperature field
in the longitudinal section of two poplar logs with a diameter of 240 mm, length of 480 mm,
and moisture content above the hygroscopic range during their 50 h freezing in a freezer at
approximately —30 °C has been calculated. After integration of the temperature fields, the
average mass temperatures total for the whole volume of the studied logs and separatly for
their non-frozen and frozen zones, and also the rate of the change in these average mass
temperatures have been calculated, vusualized, and analyzed.

Key words: poplar logs, freezing, average mass temperature, non-frozen zone, frozen zone

INTRODUCTION

It is known that the duration and the energy consumption of the thermal treatment of
frozen logs in the winter, aimed at their plasticizing for the production of veneer, depend on
the degree of the logs’ icing (Chudinov 1968; Shubin 1990; Pozgaj et al.1997; Trebula —
Klement 2002; Videlov 2003; Deliiski 2004; Pervan 2009; Deliiski — Dzurenda 2010).

In the accessible specialized literature there are limited reports about the temperature
distribution in subjected to defrosting frozen logs (Steinhagen 1986, 1991; Khattabi —
Steinhagen 1992, 1993, 1995; Deliiski 2004, 2011; Deliiski — Dzurenda 2010; Hadjiski —
Deliiski 2016) and there is very little information about research of the temperature
distribution in logs during their freezing (Deliiski — Tumbarkova 2016, 2017, 2019).

For different engineering and technological calculations it is necessary to be able to
determine some energy characteristics of subjected to freezing logs, depending on their
average mass temperature. In the available literature for hydrothermal treatment of frozen
wood materials, there is no information about the approaches for quantitative determination
of the logs’ average mass temperature during their freezing.

The aim of the present work is to suggest an approach for computing the average mass
temperature of logs subjected to freezing and the rate of its change. The approach have to
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e-mail: deliiski@netbg.com, ntrichkov@gmail.com, ntumbarkova@abv.bg, d.angelski@gmail.com,
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be based on the integration of the solutions of own non-linear model for calculation of the
non-stationary 2D temperature field in the longirudinal section of logs during their freezing.

MATERIAL AND METHODS

Mathematical model of the 2D temperature distribution in logs during their
freezing

When the length of the logs, L, is larger then their diameter, D, by not more then 3 +~ 4
times, for comuting the change of the temperature in the logs’ longitudinal sections (i.e.
along the coordinates » and z of these sections) during their freezing in air medium the
following 2D mathematical model can be used (Deliiski and Tumbarkova 2017):

2
oT(r,z,1) 62T(}’,Z,T) 1 oT(r,z,7) oA oT(r,z,7)
Cwe-ﬁ1,2,3 Pw —6‘5 = kwrl‘ +—. 4 Wr i

2 0 oT 0
arz r 7 7 0
2 O\
N kwp 0°T(r,z,7) LS oT(r,z,7) ‘q,
822 6T 62
with an initial condition
T(r,2,0) = Ty )

and boundary conditions for convective heat transfer:
+ along the radial coordinate » on the logs’ frontal surface during the freezing process:
oT(r0,1) _ %wp-t (r,0,7)
or kwp (r,0,7)
+ along the longitudinal coordinate z on the logs’ cylindrical surface during the
freezing:
OT(0,2,7) _ Oy (0:2,0)
Oz Awr(0,2,7)
Equations (1) to (4) represent a common form of a mathematical model of the logs’
freezing process, i.e. of the 2D temperature distribution in logs subjected to freezing.

[T(r,O, 0)-T (r)], )

ro.z0-1, ) )

Mathematical description of the average mass temperature of the logs and the
rate of its change

For the calculation of some energy characteristics of logs during their freezing it is
needed to have an infromation about the current values of the average mass temperature
separately for the non-frozen and frozen zones of the logs, and also for their entire volume.

The average mass temperature of the non-frozen zone of the logs’ volume during the
freezing can be calculated through integration of the 2D non-stationary temperature
distribution in the non-frozen part of the log’s longitudinal section using the following
equation:

T2yt =_S1 I I T/4dS, @ 27215 K<T <Ty, )
W
5

Analogously, the average mass temperature of the frozen zone of the logs’ volume
during the freezing can be calculated through integration of the 2D non-stationary
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temperature distribution in the frozen part of the log’s longitudinal section with the help of
the following equation:

1
T;lvg—ﬁ = S_IJ‘T;fldeW @ Ty fe -avg < Ti;?k <27215 K. (6)
w
SW

The average mass temperature of the entire volume of the logs during their freezing is
calculated through integration of the 2D non-stationary temperature distribution in the
whole log’s longitudinal section using the following equation (Deliiski 2011):

1
Tavg—total = S_ J'IT:dew @ Tw—ﬁe—avg < Tz?k <Tyo- (7N
w
Sw

It is needed strictly to take into account the temperature ranges in eqs. (5), (6), and (7)
for each step along the time coordinate t and for each knot of the calculation mesh used for
solving of the mathematical model (1) to (4).

During the solving of the model, simultaneously with the computation of the average

wood temperatures, T:Vg_nﬁ , T:Vg_ﬁ > and Tayg_total, it is possible to calculate the current

dT,, .. dT,... d7,,..
values of the rate of their change, avg-nft s avg-f , and —Tave-total

respectively.
dt dt dt P Y

RESULTS AND DISCUSSION
Computation of the 2D temperature distribution in logs during their freezing

The mathematical descriptions of the average mass temperature of the logs and the rate
of its change given avove, and also of the thermo-physical characteristics of the logs
subjected to freezing given in (Deliiski 2004, 2009, 2013; Deliiski — Dzurenda 2010;
Deliiski — Tumbarkova 2017, 2019) were introduced in the mathematical model (1) to (4).

The model has been solved with the help of explicit schemes of the finite difference
method in a way, equal to the one used and described in (Deliiski and Tumbarkova 2019).

For the numerical solving of the model, a software program was prepared in the
calculation environment of Visual FORTRAN Professional developed by Microsoft.

With the help of the program computations were made for the determination of the 2D
non-stationary change of the temperature in the longitudinal sections of two poplar
(Populus nigra L.) logs named below as Log 1 and Log. 2. The calculation mesh has been
built on % of the longitudinal section of the logs due to the circumstance that this Y4 is
mirror symmetrical towards the remaining % of the same section.

The model was solved with the same initial and boundary conditions, as they were
during the experimental research described in (Deliiski and Tumbarkova 2016, 2017,
2019). The logs were with a diameter D = 240 mm, length L = 480 mm, fiber saturation

point ué? 152035 kg‘kg_1 (Deliiski — Dzurenda 2010) and with the following values of

the initial conditions in the beginning of the freezing process:

« for Log 1: pp =359 kg'm?3, u = 1.44 kg-kg™!, and two = 19.8 °C;

« for Log 1: pp =364 kg'm=, u = 1.78 kg-kg™!, and #wo = 20.5 °C.

Using the software program, computations were made for determination of the 2D
temperature change in 4 characteristic points in the longitudinal section of the logs during
their 50 h freezing in a freezer at approximately —30 °C. Point 1 was with coordinates » =
30 mm and z = 120 mm; Point 2: with » = 60 mm and z = 120 mm; Point 3: with » = 90 mm
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and z = 180 mm and Point 4: with » = 120 mm and z = 240 mm (center of the log). These
coordinates of the characteristic points allow for the determination of the 2D temperature
distribution in logs during their freezing.

Figure 1 presents the calculated change in the freezing medium temperature fp.f, log’s
surface temperature ¢, and ¢ of 4 characteristic points in the studied poplar logs.

30 ; ; T T

T T T T 30 T T T T T T T T T

Poplar log: p, = 359 kg™, u = 1.44 kgkg', Gy, = 1.66 °C Poplar log: py = 364 kgm®, u =1.78 kg'kg™, G, = 2.14 °C
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Figure 1. Calculated change in tm, s, and ¢ in 4 points of the studied poplar logs
during their 50 h freezing

The comparison of the curves on Fig. 1 with analogical empirical curves of ¢ in the
characteristic points presented in (Deliiski and Tumbarkova 2017) show good qualitative
and quantitative conformity between the calculated and experimentally determined changes
in the very complicated temperature field of the studied logs during their freezing. Values
of Rooth Square Mean Error (RSME), equal to Gaye = 1.66 °C for Log 1 and Gay, = 2.14 °C
for Log 2 overall for the studied 4 characteristic points of the logs have been obtained.

During our wide simulations with the mathematical model, we observed good
compliance between computed and experimentally established temperature fields during the
freezing of logs from various wood species and different moisture content.

The overall RSME for the studied 4 characteristic points in the logs does not exceed
5% of the temperature ranges between the initial and the end temperatures of the logs
subjected to freezing. In general, the larger the unevenness of the moisture content in the
logs’ volume is the larger value of RSME is obtained.

Computation of the logs’ average mass temperatures and their rates of change

Simultaneously with the solution of the 2D model, calculations of Tavg-nfr, Tave-fr, and
Tavgnt , vt ,and Tavgtonl have been carried out.
dt dt dt

On Figure 2 the calculated change in the average mass temperatures favenfr, fave-fr, and
tave-total Of Log 1 and Log 2 during their 50 h freezing is presented.

On Figure 3 the calculated change in the rates of the average mass temperatures favg-nfr
tave-fr, aNd favg-1oral O the studied logs during their 50 h freezing is shown.

The obtained results show that through the freezing process of the logs the change of
all studied average mass temperatures and their raits of change go on according to complex
curves.

The average mass temperature favgnfr Starts from a value, which is equal to the initial
wood temperatue of the logs #wo. By increasing the freezing time the temperature faygnfr

Tavg-total, and also of the derivatives
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decreases and gradually approaches asymptotically to avalue of —1 °C, at which the
freezing of the free water in the logs ends (Deliiski — Tumbarkova 2016).

20 T T T T T T I 20 T — T T T
15 + Poplarlog 1: py, = 359 kg'm™, u =1.44 kgkg" 15 \ Poplar log 1: py, =359 kg'm™, u =1.44 kgkg™ |
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°U. 5 °. 5
@ O o 0
2 5 Q‘ ‘é -5 \ ~
©
g .10 N g .10 N N
E 15 H—tavg-nfr:Log 1 \\ \ g 15 \\ \\
F 0 I —tavg-fr]iIr II:OQ ; \‘ q o \ \\
— tavg-nfr: Log
25 — tavg-fr. Log 2 \ ~ 25 H ——tavg-total: Log 2 \\\\
i — i By B I — B—
-30 30
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Timet,h Time 1, h

Figure 2. Change in favgnfr and tave-tr (left) and fave-total (right) of the studied logs during their 50 h
freezing in a freezer at approximately —30 °C
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Figure 3. Change in dfavgnfr /dt and dtave-r /dt (left) and dtavg-total /dt (right) of the studied logs during
their 50 h freezing at approximately —30 °C

The average mass temperature fay.tr starts from a value of —1 °C, at which the freezing
of the bound water in the logs begins. By increasing the freezing time the temperature fayer
decreases, gradually approaching to the freezing medium temperature, which is equal to
approximately —30 °C.

The average mass temperature favg-wotal Starts from a value, which is equal to #wo. By
increasing the freezing time it decreases, gradually approaching to the freezing medium
tepmerature of about —30 °C.

At the beginning of the freezing process a sharply decreasing of avgent and avtota
de dt

is observed (Fig. 3). Two hours from the beginning of the logs’ freezing these derivatives
reach values, equal to —4.55 K-s™! for Log 1 and —4.80 K's!' for Log 2. This sharply
decreasing correspond to the initial very steep section of the dependences fave-nfr = f (1) and
tavg-total = f (1) (refer to Fig. 2).




34 COMPUTING THE AVERAGE MASS TEMPERATURE OF LOGS AND THE RATE OF ...

During the first 3.75 h of the freezing process the derivative Ylaves is equal to 0
dt

because of the circumstance that then fav,.t is constant and equal to —1 °C.

After 2" h of the freezing process the rate of change in favens sharply increases and
gradually approaches asymptotically to a value of 0 K-s™.

After 3.75" h the rate of change in e fluctuates between 1.6 K-s' and —1.9 K-s™! and
gradually decreases until reaching the minimal value of 2.0 K's. Such minimal value of

2.0 K-s! reaches also the derivative M. This is observed at 29" h of the freezing
dt

process for Log 1 and at 32" h for Log 2 when the inflexed points of the curves favg-t = f (1)

avg-fr

and Zavg-otal = f (7) are coming (refer to Fig. 2). The fluctuations of dr are caused by the

dt
uneven increase during the time of the number of knots of the calculation mesh, which
reflects the freezing of the bound water in the logs and determines an unevenness of the
derivative dfavef /dt.

After reaching the minimal value of —2.0 K-s™!, the derivatives Vavgt ong Yavesota
dt drt

increase gradually and reach a value of 0.06 K-s™! for Log 1 and of 0.16 K-s™! at the end of
50 h logs’ freezing.

CONCLUSIONS

This paper describes a numerical approach for the computation of the average mass
temperature of logs subjected to freezing and the rate of its change during the freezing
process. The approach is based on the integration of the solutions of own non-linear
mathematical model for calculation of the non-stationary 2D temperature distribution in the
longitudinal section of the logs. The average mass temperatures separatly for the non-frozen
and frozen zones of the logs and also of the rate of their change have been calculated too.

For the numerical solution of the model and for the applying of the suggested approach
a software program has been prepared, which has been input in the calculation environment
of Visual FORTRAN Professional developed by Microsoft. With the help of the program,
computations have been carried out for the determination of the mentioned above average
wood mass temperatures and of the rate of their change for two poplar logs with a diameter
of 240 mm, length of 480 mm, and moisture content above the hygroscopic range during
their 50 h freezing in a freezer at approximately —30 °C.

The obtained results can be used for scientifically based determination of different
energy characteristics of subjected to freezing and subsequent defrosting logs from various
wood species.

Symbols:

¢ —specific heat capacity, J-kg!-K'!
D —diameter, m

L  —length,m

g  —internal heat source, W-m™

r —radial coordinate: 0 < r <D/2, m
S —aria, m?

T  —temperature, K: T=1¢+273.15
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t  —temperature, °C: t=T-273.15

u  — moisture content, kg.kg! = %/100

z  —longitudinal coordinate: 0 < z <L/2, m

a - heat transfer coefficients between log surfaces and the surrounding air, W-m2-K"!
A —thermal conductivity, W-m!-K'!

p  —density, kg'm?

Y~ —root square mean error (RSME), °C

T —time,s

@ —at

Subscripts:

avg — average (for logs’ mass temperature or for root square mean error)

b  —basic (for wood density)

fr - frozen or freezing

fsp — fiber saturation point

i — knot of the calculation mesh in the direction along the logs’ radius: i =1, 2, ..., 21
k  —knot of the calculation mesh in longitudinal direction of the logs: k=1, 2, ..., 41
m — medium (for freezing air environment)

nfr —non-frozen

0  —initial

p  — parallel to the wood fibers

r  —radial direction

total — total (for average mass temperature of the logs)

w  —wood

we — wood effective (for specific heat capacity)
Superscripts:

293.15 —at293.15K,i.e. at 20 °C
n — current number of the step along the time coordinate during the solving
of the mathematical model: =0, 1, 2,...
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ACIDITA (pH) TERMICKY A HYDROTERMICKY
UPRAVOVANEHO BUKOVEHO DREVA

Michal Dudiak — Ladislav Dzurenda

Abstract

The paper presents the acidity values of beech wood in wet and dry state, without thermal
treatment and after thermal treatment by steaming with water saturation with temperature
t =125+ 2.5 °C during t = 7.5 hours. Wet beech wood in the fresh state is slightly acidic,
pH = 5.18 = 0.15. Through the process of technological treatment of beech wood by
steaming, due to the hydrolysis of mainly hemicelluloses and extraction of water-soluble
substances, the acidity of beech wood increases to the value of pH = 4.01 = 0.25. Hot air
drying of beech wood at temperatures t = 70 - 80 °C causes a decrease in pH. The acidity
of native beech wood decreased by ApH = 0.53 by drying and by drying of steamed beech
wood by ApH = 0.66.

Key words: beech wood, saturated water steam, acidity, tactile method of pH measurement

UVOoD

Hodnota pH je miera koncentracie ionov H + v roztoku a pouziva sa na stanovenie
kyslého, neutralneho alebo zésaditého spravania chemickej reakcie. Hodnoty pH st vel'mi
dolezitymi fyziologickymi parametrami pre rastliny, udi a zvieratd. Vo vyrobnych
procesoch sa zmena acidity vyuziva na riadenie technologickych procesov.

V limenoch buniek mokrého dreva sa nachadza zriedeny vodny roztok cukrov,
organickych kyselin a soli vapnika, hor¢ika, draslika, sodika anorganickych kyselin, ktoré
st korefiovym systémom dopravované do Zijuceho stromu (Cudinov 1968; Blazej a kol.
1975; Zevenhoven 2001, Piakovi¢ a Dzurenda 2015), v dosledku ¢oho ma tento roztok
urcitl aciditu. Acidita dreva listnatych, roztraseno-porovitych drevin s vlhkostou nad
bodom nasytenych vlaken (BNV) je v rozmedzi hodnét pH = 5,5 - 4,8 (Sandermann a
Rothkamm 1956; Irle 2012; Solar 2014; Geffert a kol. 2019).

Kysla reakcia dreva vicSiny drevin je sposobenda volnymi kyseliny a kyslymi
skupinami, ktoré sa lahko odStepuju, t.j. prevazne kyselinou octovou a acetylovymi
skupinami. Kyslost' dreva rastie pocas skladovania vo vlhkom prostredi a s rasticou
teplotou.

Cielom préce je stanovenie acidity vysuSeného a pareného bukového dreva na vlhkost’
w = 10 %, priamou metdédou merania pH - plosnou elektrodou SenTix Sur.

Technical University of Zvolen, T.G. Masaryka 24, 96001, Zvolen, SLOVAKIA
e-mail: dzurenda@tuzvo.sk, xdudiak@is.tuzvo.sk
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MATERIAL A METODA

Material

Z dreva dreviny (Fagus sylvatica L.) bezprostredne po tazbe boli vyrobené prirezy s
rozmermi: hrabkou h = 27 mm, $irkou § = 60 mm a dizkou d = 550 mm v pocte 45
kusov. Bukové prirezy mali vlhkost w = 60,5 %. Hustota bukového dreva v suchom stave
bola stanovena v zmysle STN 49 0108 (1993) Drevo — stanovenie hustoty.

Prirezy boli rozdelené do 3 skupin po 15 kusov v kazdej skupine. Prirezy prvej skupiny
neboli termicky upravované. Prirezy druhej atretej skupiny boli tepelne oSetrené
nasytenou vodnou parou pri teplote t = 125 + 2,5 °C v diZke trvania 7,5 hodin. Tepelna
uprava bukového dreva sytou vodnou parou bola vykonana v tlakovom autoklave APDZ
240 (Himmasch AD, Haskovo, Bulharsko) instalovanom v spolo¢nosti Sundermann s.r.o.
Banska Stiavnica (Slovensko). Termicky upravené bukové vlysy parenim sytou vodnou
parou, ako i termicky neupravené bukové prirezy prvej skupiny boli vysusené na vlhkost
w = 10 % v teplovzdusnej komorovej susiarni KC 1/50 vyrabanej firmou SUSAR s.r.o.
Susenie bukovych prirezov sa realizovalo teplovzdusnym rezimom podl'a ON 49 0651 pri
teplotach t =70 — 80 °C.

Meranie vlhkosti
Vlhkost’ nativneho, pareného ivysuSeného bukového dreva bola stanovena
gravimetrickou metdédou podl'a normy STN EN 13183-1 (2003).

Meranie acidity

Meranie acidity mokrého i vysuSeného termicky nativneho 1 termicky upravovaného
bukového dreva sa vykonavalo na ohoblovanom povrchu pomocou pH-metra pH7110 s
plosnou elektrodou SenTix Sur.

Meranie acidity mokrého bukového dreva sa vykonavalo priloZzenim plosnej elektrody
SenTix Sur pH-metra typ: pH7110 na povrch dreva. Hodnota acidity sa od¢itala po ustaleni
hodnoty pH na displeji pH-metra. V mieste merania pH suchého dreva plosnou elektrodou
SenTix Sur sa najprv pomocou kvapkadla kvapla jedna kvapka destilovanej vody na povrch
dreva a nasledne bola plosna dotykova elektroda pritlacena k povrchu dreva v mieste
kvapnutej kvapky, ¢im sa vytvoril kontakt elektrody z povrchom dreva. Hodnota pH sa
odcitala po cca 240 sekundach stabilizacie elektrody na pH-metri pH7110. Zaznam
priebehu merania acidity suchého bukového dreva je na obr. 1.
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Obr. 1 Meranie pH na povrchu suchého bukového dreva po jeho zvlhéeni kvapkou vody
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Namerané hodnoty acidity bukového dreva st uvadzané formou zdpisu y = Xts, tj.

priemernej nameranej hodnoty a smerodajnej odchylky.

VYSLEDKY A DISKUSIA

Hustota bukového dreva v suchom stave po = 683 + 36 kg.m™, stanovena meranim zo
vzoriek bukovych prirezov ¢o predstavuje priemernti hodnotu hustoty zdravého, hubami, ¢i
plesiiami neposkodeného bukového dreva. Obdobné hodnoty hustoty bukového dreva pre
uzemie Strednej Eurdpy uvadzaju prace: (Pozgaj a kol. 1997; Makoviny 2010; Kurjatko
a kol. 2010). Na zaklade uvedeného konStatovania je mozné aciditu bukového dreva, ako aj
jej zmeny dosiahnuté termickou, ¢i hydrotermickou upravou oznacit' privlastkom
reprezentativne (Standardné).

Vysledky merania acidity nativneho bukového dreva v Cerstvom stave, termicky
upravovaného sytou vodnou parou a vysusené¢ho nepareného a pareného bukového dreva su
v tab. 1.

Tab. 1 Namerané hodnoty pH mokrého a vysuseného bukového dreva, pareného a vysuseného
bukového dreva v teplovzdusnej susiarni

Bukové prirezy Vlhkost’ dreva Acidita bukového
dreva
Bukové drevo mokré 60,5+0,8 5,18+0,15
Bukové drevo po vysuseni 10,4 £ 0,6 4,65+0,12
Bukové drevo po termickej uprave - parenim 51,8+£1,2 4,01 £0,25
Parené bukové drevo po vysuseni 10,2 +0,5 3,35+0,15

Nami namerana hodnota acidity bukového dreva v cerstvom stave pH = 5,18 £ 0,15 je
obdobny udaj, ako uvadza (Geffert a kol. 2019) pre mokrého bukového dreva stanoveny pH
metrom SI 600 s vpichovou elektrédou LanceFET+H od firmy SENTRON.

Nizsia namerana hodnota acidity termicky upravované¢ho bukového dreva parenim pH =
4,01 £ 0,25 je potvrdenim znadmych poznatkov o priebehu hydrolyzy predovsetkym
hemiceluléz v mokrom dreve listnatych drevin pdsobenim tepla na mokré drevo, ako ich
uvadzaju prace: (Melcer a kol. 1989; Laurova a kol. 2004; Sundqvist a kol. 2006; SameSova
a kol. 2018; Geftert a kol. 2019).

Technologickym procesom suSenia bukového dreva nedochadza len k tbytku
hmotnosti z dovodu odparovania vody zdreva ale pdsobenim tepla na drevo pocas
odparovania volnej vody aj k miernej hydrolyze polysacharidov ato predovSetkym
hemiceluloz. Z odstiepenych acetylovych skupin sa tvori predovsetkym kyselina octova,
ako aj kyselina mravcia, ktoré zostavaju v dreve aj po odpareni vody. Zvlhcenim dreva sa
tieto kyseliny aktivuju, ¢o potvrdzuju imerania pH vysuSené¢ho pareného inepareného
bukového dreva. Acidita neparen¢ho bukového dreva susenim poklesla o ApH = 0,53
a suSenim pareného bukového dreva o ApH = 0,66.

ZAVER

V prispevku su prezentované hodnoty acidity mokrého bukového dreva v Cerstvom
stave, termicky upravovaného bukového dreva sytou vodnou parou a vysusené¢ho bukového
dreva na vlhkost’ w = 10 %.




40 ACIDITA (PH) TERMICKY A HYDROTERMICKY UPRAVOVANEHO BUKOVEHO DREVA

Namerané hodnoty acidity bukového dreva su pH = 5,18 — 4,01. Kym mokré drevo
v Cerstvom stave je mierne kyslé pH = 5,18 + 0,15, tak procesy termickej upravy
a hydrotermickej upravy kyslost’ dreva zvysuju. Termickou tpravou mokré bukové drevo
parenim - sytou vodnou parou s teplotou t = 125 £ 2,5 °C pocas T = 7,5 hod sa acidita
bukového dreva znizuje na tirovenn pH = 4,01 + 0,25.

Aj proces teplovzdusného suSenia bukového dreva sposobuje pokles hodnoty pH.
Acidita nepareného bukového dreva susenim poklesla o ApH = 0,53 a suSenim pareného
bukového dreva o ApH = 0,66.
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TEPLOVZDUSNE SUSENIE PARENYCH BREZOVYCH VLYSOV
V KOMOROVYCH SUSIARNACH PRI ZACHOVANI FARBY
NADOBUDNUTEJ PROCESOM PARENIA

Ladislav Dzurenda

Abstract

The paper presents a hot air regime for drying steamed birch friezes with dimensions:
38x100x800 mm from the initial moisture content W, = 50% to the final humidity Wy =
10%, while maintaining the color of wood obtained in the process of steaming with
saturated steam. The drying process is divided into two parts. Evaporation of free water
from wet wood at drying medium temperatures t; = 35 + 40 °C and relative air humidity ¢
=70 - 60 %, when there are no chemical changes in the lignin-saccharide complex of birch
wood manifested by a change in color. Evaporation of bound water from birch wood below
the hygroscopicity limit is performed at temperatures t; = 60 - 70 °C. The color coordinates
of steamed birch wood after drying by a given regime in the CIE color space L* a* b*
are: L* = 67.1 £ 1.6; a* =123+ 0.9; b* = 18.4 = 0.9. Total color difference AE* = 1.6.
According to the categorization of wood color changes in thermal processes of wood
(Cividini et al. (2007), this change belongs to small (insignificant) color changes.

Key words: steamed birch friezes, hot air drying, chamber dryers, wood color.

UvVOoD

Breza biela je roztrisenopdrovita drevina. Drevo je stredne tazké, mierne tvrdé, pruzné,

pevné v ohybe a tahu. Podl'a autorov Perelygin (1965), Makoviny (2010), Klement — Réh —
Detvaj (2010) brezové drevo ma svetlu bielo-hnedu farbu. Vo farebnom priestore CIE-
L*a"b", autori: Babiak — Kubovsky — Mamoiiova (2004), farbu brezového dreva popisuju
hodnotami suradnic: L* = 78,07; a* = 5,92; b" = 20,02. V praci: Wood colour of central
European wood species: CIELAB characterisation and colour intensification, autori:
Meints — Teischinger — Stingl — Hansmann (2016) farbu brezového dreva udavaju
hodnotami suradnic: L* = 80,7; a" = 7,8; b" = 25,3.
Parenim mokrého brezového dreva sa jeho farba meni. Drevo nadobuda hnedu farbu, ktorej
tmavost’ sa so zvySujucou teplotou procesu parenia a predlzovanim casu parenia zvySuje
Dzurenda (2019). Vyssie uvedené tvrdenie o zmene farby a poklese svetlosti dreva v
procese parenia je v sulade s poznatkami o pareni, ¢i inej termickej uprave mokrého dreva
listnatych drevin Tolvaj et al. (2009), Dzurenda (2014,2018), Barcik et al. (2015),
Hadjirski — Deliiski (2016), Baranski et al. (2017), Hrckova et al. (2018), Geffert et al.
(2020).

Technical University of Zvolen, T.G. Masaryka 24, 960 01, Zvolen, SLOVAKIA
e-mail: dzurenda@tuzvo.sk
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Susenie dreva je hydrotermicky proces v ktorom sa z dreva odstraniuje voda. SuSenie
reziva a vlysov v teplovzdu$nych komorovych suSiarfiach sa vykonava prostrednictvom
susiacich rezimov ON 49 0651, GOST, ¢i vlastnych rezimov susenia jednotlivych firiem
KATRES s.r.0., Hildebrand Holztechnik GmbH, Miihlbéck Holztrocknungsanlagen GmbH,
NARDI. Susenie brezového reziva a vlysov je bezne realizované pri teplotach ¢t = 50 +~ 70
°C. Realizacia procesu susenia pri uvedenych teplotach vytvara podmienky nielen pre
odstranovanie vody z dreva, ale v mokrom dreve ipodmienky pre priebeh chemickych
reakcii akymi su: hydrolyza hemiceluléoz dreva, depolymerizacia polysacharidov a
chemické zmeny v lignine vyvoldvajuce modifikaciu chromoforneho systému v lignin—
sacharidickom komplexe dreva Bucko (1995), Trebula — Bucko (1996), Cividini et al.
(2007), Dzurenda — Deliiski (2012), Dzurenda — Dudiak (2020), prejavujuce sa zmenou
farby dreva.

Cielom tejto prace je prezentdcia rezimu teplovzdus$ného susSenia parenych brezovych
vlysov s rozmermi: 38x100x800 mm z pociatocnej vlhkosti W, = 50 % na kone¢nu vlh-
kost” Wi = 10 % v komorovych susiariach reziva, z aspektu zmeny farby dreva a kvality
vysu$enych vlysov navrhnutym rezimom susenia.

MATERIAL A METODA

Parenia brezovych viysov

Brezové vlysy boli pred susenim parené. Proces parenia sytou vodnou parou za ti¢elom
zmeny povodnej svetlej bielo - hnedej farby na hnedu farbu bol realizovany v tlakovom
autoklave APDZ 240 (Chimmas AD, Haskovo, Bululharsko) vo firme Sundermann s.r.o.
Banska Stiavnica. Priebeh procesu parenia — termickej modifikacie farby brezovych vlysov
obr. 1. a technicko-technologické parametre rezimu parenia uvadza tabul’ka 1.

’mm

Teplota pary v autoklave [°C]

Obr. 1 Rezim pre modifikaciu farby brezovych Y T
VlySOV parem'm Cas termickej modifikdcie [hod.]

Tab. 1 Parametre rezimu pre modifikaciu farby dreva brezovych vlysov parenim

Rei Teplota sytej pary [°C] Cas technologickej operécie [hod]
caimy tmin tmax tg T -fdzal | 1, .faza Il | Celkovy cCas
Rezim parenia 122,5 | 127,5 100 6,0 1,5 7,5

Susenie parenych brezovych vlysov bez vplyvu na zmenu farby dreva

Pokles vlhkosti dreva parenych vlysov na vlhkost wz = 10 % bol vykonany dvoma
spdsobmi: - susenim v klimatizovanom priestore,
- suSenim v teplovzdus$nej suSiarni reziva, navrhnutym rezimom.
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Susenie v klimatizovanom priestore, 20 ks parenych brezovych vlysov bolo realizované
v klimatizovanom priestore pri teplote vzduchu t = 20°C a relativnej vlhkosti vzduchu z ¢ =
60 %. Hodnoty farebnych stiradnic L*, a*, b* na ohobl'ovanom povrchu vysusenych vlysov
vo farebnom priestore CIE L*a*b* su oznac¢ena privlastkom — referencnad hodnota.

SuSenie parenych brezovych vlysov navrhnutym reZimom bolo vykonané v teplovzdu-
s$nej komorovej susiarni KC 1/50 vyrabanej firmou SUSAR s.r.0. .
Rozpis vonkajSich podmienok pre susenie parenych brezovych vlysov s rozmermi:
38x100x800 mm z vlhkosti W}, = 50 % na vlhkost Wi = 10 % v komorovej suSiarni reziva
uvadza tabulka 2. Proces suSenie je rozdeleny na dva casti. Susenie pocas adiabatického
odparovania vol'nej vody z mokrého dreva je navrhované pri teplotach vlhkého vzduchu t =
35 + 40 °C a relativnej vlhkosti vzduchu ¢ = 70 — 60 %. Pri uvedenych teplotach nie st
vytvorené podmienky pre chemické reakcie ligninu v lignin-sacharidickom komplexe
prejavujuce sa zmenou chromoforneho systému vyvolavajuce zmenu farby brezového
dreva. Na konci uvedenej fazy je zaradené kondicionovanie za ucéelom ciastkovej
eliminacie vlhkostného spadu vytvoreného v dreve vlysov pocas odparovania vody
z limenov buniek. Kondicionovanie je realizované zvySenim relativnej vlhkosti vzduchu na
o = 84 % a teploty vzduchu t = 50 °C. SuSeniec brezového dreva pod medzou
hygroskopicity je realizované pri teplotach vlhkého vzduchu t= 60 — 70 °C.

Tab. 2 Rozpis vonkajSich podmienok suSenia pre parené brezové vlysy pri zachovani farby dreva
nadobudnutej procesom parenia

Féza suSenia Vlysov s rozmermi: 38x100x800 mm

ts [°C] At [°C] 7 [hod]

Ohrev 35 2 4

50 + 35 35 5 40

3525 40 8 25

Kondicionovanie 50 3 6

25+20 60 8 13

20+ 15 70 11 15

15+10 70 16 20

Osetrenie 70 7 7

Ochladzovanie 30 7 4

Miera tvrdosti rezimu susenia parenych brezovych vlysov vyjadrena formou susSiaceho
spadu (U = w/wyov) v jednotlivych vlihkostnych stupiioch je zobrazené na obr. 2.

4
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3 |
525 2,29
2% 2,18 2,08
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Obr. 2 Hodnoty suSiacich 05
spadov pre jednotlivé vlhkostné ’
stupne susenia parenych brezo- 0 1
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vych vlysov
Vlhkostné stupne [%]
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Kontrola farby a kvality vysuSenych parenych brezovych vlysov

Farba vysusenych vlysov na ohoblovanom povrchu sa merala kolorimetrom Color
Reader CR-10. Vplyv rezimu suSenia na zmenu farby brezového dreva bol vyhodnoco-
vany:

- Stanovenim hodnot L* a* b* farebného priestoru CIE L*a*b* pareného brezového

dreva. Hodnoty farebnych sturadnic su uvddzané formou zapisu: x=Xxz+s_ tj.

priemernej nameranej hodnoty a smerodajnej odchylky.

- Porovnavanim hodnét na stradniciach L* a* b* vysuSené¢ho dreva teplovzduSnym
rezimom susenia s referenénymi hodnotami suradnice L* a* b* brezového dreva
vysuseného v klimatizovanom priestore.

- Stanovenim celkovej farebnej diferencie AE kvantifikovanej vzt'ahom:

AE =L -L) +(a —a} +(; -b) (1)

kde: L", a", b" hodnoty na stiradniciach farebného priestoru brezového dreva vysuse-
ného v klimatizovanom priestore.
L*; a", b"; hodnoty na stiradniciach farebného priestoru brezového dreva vysuse-
ného navrhnutym rezimom susenia v susiarni KC 1/50.

Kontrola kvality vysuSenych vlysov bola po ukonéeni procesu susenia vykonana
stanovenim: odchylky koneénej vlhkosti od poZzadovanej vlhkosti wo, kolisanie koneénej
vlhkosti wio a vlhkostnym spadom Aw.

Odchylka konec¢nej vlhkosti od pozadovanej vlhkosti bola stanovovana prostrednictvom
vztahu:

wp =-"——-w  [%], 2

kde: n — pocet kontrolnych vzoriek [-],
wik — koneéna vlhkost vzoriek [%],
wi — pozadovana konecna vlhkost’ dreva [%].

Kolisanie kone¢nej vlhkosti sa hodnotilo rozdielom hodnét maximalnej a minimalnej
vlhkosti vzoriek podl'a vzt'ahu:

Wko = Wmax ~ Wmin [%]’ (3)

kde: Wmax — maximalna vlhkost’ v susiacich vzorkach [%],
Wmin — minimalna vlhkost’ v susiacich vzorkach [%)].

Vlhkostny spad v rezive bol stanoveny z rozdielu vlhkosti stredovej vrstvy a priemeru
oboch povrchovych vrstiev:

Aw =wy =W, [%], 4)

S

kde: ws — vlhkost’ stredovej vrstvy [%],
Wpov — Vlhkost’ povrchovych vrstiev [%].
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VYSLEDKY A DISKUSIA

Referenc¢né hodnoty suradnic farby vo farebnom priestore CIE L*a*b*, dreva parenych
brezovych vlysov vysusenych na vlhkost' w =~ 10 % v klimatizovanom priestore pri teplote
vzduchu t = 20 °C a relativnej vlhkosti vzduchu z ¢ = 60 %, na ohobl'ovanom povrchu
uvadza tabulka 3.

Tab. 3 Hodnoty stradnic farby pareného brezového dreva suSeného v klimatizovanom priestore
( Referen¢na hodnota )

Parené brezové vlysy suSené Farebné stradnice

v klimatizovanom priestore L* a* b*
pocet merani [-] 40 40 40
hodnota suradnice [-] 684+15 | 11,8+1,0 | 19.2+1,1

Po ukonceni procesu suSenia parenych brezovych vlysov v teplovzdusnej komorovej
susiarni KC 1/50 bola merana farba brezovych vlysov na ohoblovanom povrch 36 ks
vlysov a vykonana kontrola kvality na 12 ks vysuSenych vlysoch.

Hodnoty farebnych suradnic: L* a* b* vysuSeného brezového dreva meranych na
ohobl'ovanom povrchu oboch loznych ploch uvadza tabulka 4.

Tab. 4 Hodnoty suradnic farby parené¢ho brezového dreva suSen¢ho v komorovej suSiarni reziva,

navrhnutym rezimom susenia

Parené brezové vlysy suSené Farebné suradnice

v komorovej su$iarni reziva L* a* b*
pocet merani [-] 72 72 72
hodnota suradnice [-] 67,1+1,6 | 123+0,9 | 18,4+0,9

Rozdiely medzi farbou vysuSeného pareného brezového dreva v suSiarni a farbou
vysuSeného pareného brezového dreva v klimatizovanom priestore (referen¢na hodnota)

uvadza tabulka 5.

Tab. 5. Porovnanie hodn6t na stradniciach farebného priestoru CIE L*a*b* vysusené¢ho brezového
dreva s referencnou hodnotou a celkova farebna diferencia AE*

Sturadnice farebného priestoru CIE L*a*b* L* a* b* AE*
Drevo vysuSené v suSiarni 67,1 12,3 18,4 -
Referen¢nd hodnota — drevo susené v klimat. priestore 68,4 11,8 19,2 -
Diferencie na suradniciach AL*, Aa*, Ab* a AE* -1,3 | +0,5 | -0,8 1,6

Hodnoty na farebnych suradniciach vysuSeného brezového dreva v suSiarni v porovnani
s referenénymi hodnotami brezového dreva vysuSeného v klimatizovanom priestore sa
nepatrne liSia. Poklesla belost’ brezového dreva o AL* = -1,3, zvysila sa hodnota na su-
radnici Cervenej farby o Aa* = +0,5 a poklesla hodnota na suradnici zltej farby Ab* = -0,8.
Hodnota celkovej farebnej diferencie je AE* = 1,6. Podl'a kategorizacie zmien farieb dreva
v tepelnych procesoch uvadzanych autormi (Cividini et al. (2007), celkova farebna
diferencia zarad’'uje zmenu farby AE* = 1,6 paren¢ho brezového dreva do kategorie AE =
0,2 - 2,0 t.j. malé (nevyrazné) zmeny farby.

Vysledky analyz hodnotiacich kvality vysusenych parenych brezovych vlysov uvadza
tabul’ka 5.
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Tab. 6 Hodnotenie kvality vysuseného brezovych vlysov

Kvalitativny znak Namerana hodnota
Odchylka konec¢nej vlhkosti od pozadovanej vlhkosti dreva | wy 1,2 %
Kolisanie konec¢nej vlhkosti dreva Wiko 1,8 %
Vlhkostny spad v dreve vlysov Aw 1,4 %

Z porovnania nameranych hodnét kvality suseného dreva parenych brezovych vlysov
s hodnotami pre stanovenie kvality vysuSené¢ho reziva uvadzanymi v praci Trebula —
Klement [25] vyplyva, Ze vysusené parené brezové vlysy spliiaju poziadavky kvalitativnych
parametrov jednotlivych tried nasledovne:
- odchylka konecnej od pozadovanej vlhkosti, /1. trieda kvality (wo= 0,6 - 1,5%),
- kone¢na zmena obsahu vlhkosti, /. trieda kvality (wi < 2,0%),
- gradient vlhkosti, 1. trieda kvality (Aw < 1,5%,).

Negativnou strankou prezentovaného rezimu susSenia parenych brezovych vlysov bez
vplyvu na zmenu farby dreva dosiahnutd procesom parenia je cca 22 % predizenie ¢asu
susenia v porovnani s rezimom susenia neparenych brezovych vlysov podl'a ON 49 0651
pri teplotach t = 50 = 70 °C. PrediZenie ¢asu suSenia je spdsobené realizaciou procesu
susenia dreva parenych vlysov do BNV pri niz§ich teplotach.

ZAVER

V prispevku je prezentovany rezim pre suSenie dreva parenych brezovych vlysov
s rozmermi: 38x100x800 mm z vlhkosti Wy = 50 % na kone¢nt vlhkost” Wi = 10 %, bez
vplyvu na zmenu farby pareného brezového dreva.

Stradnice farby vysuseného pareného brezového dreva danym rezimom vo farebnom
priestore CIE L*a*b* su: L* = 67,1 + 1,6; a* = 12,3+ 0,9; b* =184 £ 0,9. Zmena farby
pareného brezového dreva vyvolana procesom suSenia vyjadrena formou celkovej farebne;j
diferencie AE* v porovnani s farbou pareného brezového dreva vysuSenom v klimatizova-
nom priestore je AE* =1,6. Uvedena zmena farby, podl'a kategorizacie zmien farby dreva
v tepelnych procesoch uvadzanych autormi (Cividini et al. (2007) zarad’uje zmenu farby
pareného brezového dreva vplyvom suSenia do kategérie AE* = 0,2 - 2, t.j. malé (nevyraz-
né) zmeny farby.

Negativnou strankou uvedeného rezimu susenia je cca 22 % predizenie ¢asu susenia
parenych brezovych vlysov v porovnani s rezimom susenia neparenych brezovych vlysov
podla ON 49 0651 pri teplotach t = 50 = 70 °C. PrediZenie Gasu susenia je sposobené
realizaciou procesu susenia dreva parenych vlysov do BNV pri niz§ich teplotach.
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INFLUENCE OF STEAMING TEMPERATURE ON CHEMICAL
CHARACTERISTICS AND COLOUR OF ALDER WOOD

Anton Geffert' — Jarmila Geffertova' — Michal Dudiak?— Eva Vybohova!

Abstract

The aim of the work was to evaluate changes of the chemical components in alder wood
(Alnus glutinosa L.) caused by steaming with saturated steam at three temperatures —
105 °C, 125 °C and 135 °C. Selected chemical characteristics were determined in the
samples of the original wood and wood after steaming, and the wood was analyzed by
ATR-FTIR spectroscopy. The greatest changes in the alder wood characteristics were
observed at 135 °C. The differential spectrum of the alder wood samples showed the
significant changes of extractives and also the degradation of hemicelluloses, what points
on the colour changes as well as deterioration of wood mechanical properties. A decrease
unconjugated and an increase conjugated carbonyls was seen at all steaming temperature.
The findings also confirmed the changes in the lignin of alder wood with elevated steaming
temperature, as well as the course of the thermal oxidation reactions and the formation of
new carbonyls. The changes of the hemicelluloses and extractive substances in alder wood
during steaming were well-correlated with the measured pH values and wood colour.

Key words: alder wood, saturated steam, chemical characteristics, pH, CIEL"a"b", ATR-
FTIR spectroscopy

INTRODUCTION

Hydrothermal treatment is method often applied to pretreat wood properties. During
hydrothermal treatment, wood is mostly treated with water vapor at different modes -
temperature, pressure, time, hydro module (Suty 1982). The presence of moisture in the
wood is a necessary condition for the course of chemical reactions. Saturated steam at
lower temperature and at higher humidity of wood was used for obvious discoloration with
no effect on polysaccharide components (Chen ef al. 2012). Goal-directed changes in
colour by hydrothermal treatment of full volumes of wood have practical importance,
especially in the production of furniture, decorative products and other wood products
(Dzurenda et al. 2020).

The basic chemical processes taking place in the hydrothermal treatment of wood
include catalytic hydrolytic reactions of polysaccharides, lignin—saccharide bond disruption
and the hydrolysis of lignin. Water-soluble extractives (inorganic salts, mono- and
oligosaccharides, various polysaccharides - e.g. starch and pectins, cyclic alcohols, dyes,
tannins and some low molecular weight phenols) are extracted from wood during
hydrothermal action (Melcer et al. 1989, Kacik 2001).
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At low steaming temperatures (below 100 °C), there are negligible chemical and
structural changes in the basic wood components. Increasing the temperature of the
hydrothermal reaction to 100 to 150 °C deepens the chemical and physicochemical changes
of all components of the wood substance (Solar 1997).

The hydrothermal treatment of wood is accompanied by changes in the colour, which
are caused by reactions of the wood substance degradation products, as well as chemical
changes in the extractives and lignin. The mechanism of colour change is complex and
involves a number of overlapping reactions of the basic wood components and their
degradation products (Fengel and Wegener 1983, Solar 2001).

Wood colour changes are believed to occur as a result of intramolecular dehydration
reactions and are associated with a conjugated system of multiple bonds and the free
electron pairs of oxygen in the phenolic hydroxyl group. Increasing the content of phenolic
hydroxyl groups in lignin may result in the formation of other chromophores, such as
carbonyl and carboxyl groups (Solar 1997).

An increased intensity of the degradation reactions in the wood is achieved by
increasing the temperature and the concentration of hydronium ions. The gradual increase
in acidity of the environment is caused by cleavage of the acetyl and formyl groups from
hemicelluloses.

The mechanism of the combined effect of heat and water on the properties of lignin in
wood is a complex, multifactor process in which changes in the polysaccharide fraction
play an important role too. At temperatures below 100 °C, the simultaneous course of
competitive depolymerization and condensation reactions of lignin have been
demonstrated. Assessing the effect of lignin condensation in the later stages of
hydrothermal action is complicated by the fact that at temperatures of 80 to 140 °C, the
degradation of the hemicellulose fraction also occurs. The amount of hemicellulose
degradation products is approximately twice that of the amount of lignin, suggesting a
higher rate of their degradation (Solar 1997).

The cellulose content of the wood increases relatively to the duration of the
hydrothermal treatment in the temperature range of 80 to 140 °C and is in proportion to the
decrease in the hemicellulose and lignin components. At temperatures above 100 °C, partial
depolymerization of the cellulose begins (Solar 1997).

The aim of this work was to evaluate changes in selected chemical characteristics of
alder wood caused by steaming with saturated steam under operating conditions for 12
hours at three different temperatures — 105 °C, 125 °C and 135 °C — and also to identify and
explain the changes of select chemical characteristics sing ATR-FTIR spectroscopy.

MATERIAL AND METHODS

The samples of alder wood (Alnus glutinosa L.) supplied from an industrial plant
Sundermann Ltd. Banska Stiavnica were used to investigate chemical changes that occurred
in different steaming treatments. Alder wood samples with dimensions of 32 x 90 x 600
mm and humidity w, > 45% were thermally treated with saturated steam in an APDZ 240
pressure autoclave (Dzurenda 2018). Alder wood was steamed for 12 hours at 105, 125 and
135+£2.5°C.

Disintegrated samples of the original alder wood and the wood after steaming were
used to monitor the chemical changes (0.5-1.0 mm fraction of sawdust prepared from
completely disintegrated boards including surface and centre part).
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In the samples of the original wood and the wood after steaming, the following
chemical characteristics were determined:

Extractives Standard Test Method for Ethanol-Toluene Solubility of Wood
(ASTM D 1107 — 96)

Polysaccharide fraction Chlorite isolation method of Wise et al. (Kacik and Solar 2000)

Cellulose Kiirschner-Hoffer method (Kacik and Solar 2000)

Lignin ASTM D 1106 — 96

(Note: The content of hemicelluloses was determined as the difference between the holocellulose and cellulose
content.)

The pH measurement of the original alder wood and the wood after steaming was
performed by the direct method according to Geffert et al. (2019).

The original and thermally treated alder wood samples were analyzed by ATR-FTIR
spectroscopy. The measurements were carried out using a Nicolet iS10 FTIR spectrometer
equipped with Smart iTR attenuated total reflectance (ATR). The resolution was set at 4
cm!, 32 scans were recorded for each analysis, and the wavenumber range was from 4000
cm™! to 650 cm™'. Six analyses were performed per sample. The spectra were evaluated
using the OMNIC 8.0 software.

Colour measurement was performed on the treated original alder wood and on the
wood after steaming using the Color Reader CR-10. Six measurements were performed on
each sample, where the lightness L" and the colour coordinates a* and b" were
evaluated.The total colour difference AE" was determined from the difference of the colour
coordinates (AL", Aa" and Ab”) according to the following equation (ISO/CIE 11664-4):

AE*= (L, ~ L) +(a; —a))* +(b; ~b; ) 1)

where (L2"-L1") change in value of black-white coordinate (specific lightness)
(a2"-a;") change in value of green-red coordinate
(b2"-b;") change in the value of blue-yellow coordinate

RESULTS AND DISCUSSION

The chemical analysis results of the original alder wood samples and wood samples
after steaming in each mode are shown in Figure 1.

The greatest changes in the alder wood after steaming were observed in the
polysaccharides content, with the greatest decrease at temperature of 135 °C. The cellulose
content was relatively stable and small changes was caused by the degradation of the more
labile wood components was apparent.

The lignin content increased slightly compared to the original alder wood sample, and

this increase was also attributable to the degradation of the more labile wood components.
The changes recorded in the content of extractives can be attributed to a large number

of parallel reactions, in addition to the degradation of existing substances and new

degradation products being formed. The overall increase in the content of extractives was
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predominantly due to the degradation and destruction of the hemicellulose portion of the
polysaccharide fraction in the wood.

The main role in hydrothermal action is played by nascent organic acids - acetic acid
and formic acid. These volatile organic acids mainly cause the destruction of
hemicelluloses and the amorphous cellulose too, dissolute the lignin and, in later phases,
degrade monosaccharides. Organic acids released from wood catalyze various hydrolytic,
dehydration and degradation reactions of carbohydrates and their products, but they also
participate in condensation reactions (Kacik 2001).
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Fig. 1 Chemical characteristics of original alder wood and after steaming

Figure 2 shows the changes in the polysaccharide fraction in alder wood in dependence
to the steaming temperature.
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Fig. 2 Changes in polysaccharide fraction of alder wood according to steaming temperature
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Total proportion of polysaccharides has decreased with elevated steaming temperature,
while the degradation of polysaccharides accelerated. An increase was first observed of
1.8% at 105 °C, then it was a decrease of 2.6% at 125 °C and up to 22.2% at 135 °C. The
results obtained are in good agreement with the conclusions of Kacik (1997), according to
which the loss of holocellulose in hydrothermally treated wood occurs mainly through the
degradation of non-cellulosic polysaccharides.

The process of releasing acidic components from wood and the associated change in
pH at individual steaming temperatures is illustrated in Figure 3. The weakly acidic pH
4.87 of the original wood shifted toward the acidic region with increasing steaming
temperature due to the more intense formation of acidic components, with the pH decreasing
to3.13 at 135 °C.
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Fig 3 Change in the pH value according to steaming temperature

The differences in ATR-FTIR absorption spectra were used to further elucidate the
changes in chemical substances of alder wood during steaming (Figure 4). The differential
spectra were normalized to the maximum band at 1373 cm™! (i.e., the band characterizing
stable C—H cellulose binding) according to Nemeth et al. (2016). In the spectra, there were
monitored the changes of the functional groups and bonds responsible for the colour change
of the steamed wood (Polleto et al. 2012, Zhang et al. 2018).
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Wavenumbers (cm-1)

Fig. 4 The absorption difference spectra of alder wood
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Positive bands at 3200 to 3500 cm™' suggest an increase of intermolecular hydrogen
bonds via devolatilization of original extractive substances and the changes in the
carbohydrate components of wood - mainly from the significant degradation of
hemicelluloses and the subsequent dehydration reactions. The decrease in absorption bands
at 2921 and 2856 cm™! is mainly attributed to carboxylic groups, whose contents decreased
with the increasing steaming temperature. The bands around 1700 cm ™', which characterize
the carbonyl groups, showed an interesting course. The content of conjugated carbonyls
increased and content of unconjugated carbonyls decreased partially. According to Chen et
al. (2014), the increase in conjugated C=0O groups and red colour is presumably due to
hydrolysis and oxidative transformation of polyphenols to dark colour polymers.

The positive bands at 1603 and 1513 cm! suggested the changes of the lignin and
forming of the quinone structures in alder wood with elevated steaming temperature.

Figure 5 illustrate the course of the colour changes of the wood expressed as the colour
coordinates L", a" and b" according to steaming condition.

The lightness L* decreased from 76.8 to 45.9 steadily with increasing steaming
temperature due to the dehydration reactions of hemicelluloses and formation of secondary
coloured substances (furfural and its condensation products). The value of the blue-yellow
coordinate b* decreased from 22.3 to 16.0. The value of the green-red coordinate a"
increased from the original value of 9.6 to 13.4. The change in a” can be attributed to the air
oxidation of water-insoluble polyaromatic structures (Chen et al. 2014).
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Fig. 5 Colour coordinates L*, a*, b" according to steaming condition

To evaluate the colour changes of wood, the total colour difference AE” is often used,
which involves changes of all three colour coordinates (L”, a", b"). Table 1 shows the strong
dependence of the total colour difference AE" on the content of hemicelluloses, extractives
and pH value.
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Table 1 Influence of steaming temperature on selected characteristics of alder wood

Steaming Extractives Hemicelluloses pH AE®
temperature (°C) (%) (%)
- 6.6 33.1 4.87 -
105 4.1 33.2 4.55 10.5
125 6.3 30.9 3.51 21.7
135 9.8 11.2 3.13 31.7

The original and secondary extractives play a significant role in the formation of
secondary colour compounds during hydrothermal treatment. According to previous
studies, colour changes of wood are due to the formation of new chromophore groups that
arise in hydrothermal treatment process of wood (Chen et al. 2014, Banadics and Tolvaj
2019).

CONCLUSION

The obtained results showed that the change in colour of the wood depends on the
steaming conditions and is closely related to changes in its chemical characteristics. The
greatest changes in alder wood steaming using saturated steam were observed at 135 °C,
which resulted in a significant decrease in polysaccharide content, a slight increase in lignin
content and an increase in extractive content.

The pH shift to the acidic region was accompanied by greater degradation of
hemicelluloses and an increased production of extractives. The dependence of the total
colour difference on the pH of wood is a suitable tool for evaluating the achieved colour
shade before further technological processing.

The differential spectrum of the alder wood samples showed the significant changes of
extractives and also the degradation of hemicelluloses, what points on the colour changes as
well as deterioration of the mechanical properties of the wood. A decrease unconjugated
and an increase conjugated carbonyls was seen at all steaming temperature. The findings
also confirmed the changes in the lignin of alder wood with elevated steaming temperature,
as well as the course of the thermal oxidation reactions and the formation of new carbonyls.
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COMPARISON OF THE INFLUENCE OF STEAMING TIME AND
TEMPERATURE ON SELECTED CHARACTERISTICS OF BIRCH
AND ALDER WOOD

Anton Geffert' — Jarmila Geffertova' — Michal Dudiak?

Abstract

The aim of this work was to compare changes in the wood properties of two deciduous trees
- birch and alder, caused by steaming with saturated steam under operating conditions for
6 and 12 hours at three different temperatures — 105 °C, 125 °C and 135 °C. In the samples
of the original wood and wood after steaming, selected chemical (extractives,
polysaccharides, cellulose, lignin and hemicelluloses) and physical characteristics (pH,
AE*) were determined. A comparison of the hydrothermal treated birch and alder wood
showed that the depth of the ongoing changes in the wood depends on specific conditions
(time, temperature) as well as on the chemical composition of the treated wood., The
changes in the colour of the wood take place during steaming simultaneously with chemical
changes. Compared woods - birch and alder are showing higher values of AE" in birch
recorded at 6 hours, while at 12 hours the changes of AE" in both trees were similar. The
increasing differences in the colour of the wood during steaming showed a very good
correlation with the content of extractives and especially hemicelluloses, but also with the
pH values.

Key words: alder, birch, saturated steam, chemical characteristics, pH, CIEL"a’b", AE”

INTRODUCTION

Possible expansion of using the domestic wood raw material base. by suitable
modification of the colour of less attractive wood species was studied.

Hydrothermal treatment is method often applied to pretreat wood properties, mainly for
adjusting the colour shade of wood. Goal-directed changes in colour by hydrothermal
treatment of full volumes of wood have great practical importance, especially in the
production of furniture, decorative products and other wood products (Dzurenda et al.
2020).

The hydrothermal treatment of wood is accompanied by changes in the colour, which
are caused by reactions of the wood substance degradation products, as well as chemical
changes in the extractives and lignin. The mechanism of colour change is complex and
involves a number of overlapping reactions of the basic wood components and their
degradation products (Fengel and Wegener 1989, Solar 2001).

The presence of moisture in the wood is a necessary condition for the course of
chemical reactions. Saturated steam at lower temperature and at higher humidity of wood
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was used for obvious discolouration with no effect on polysaccharide components (Chen et
al. 2012).

During the hydrothermal treatment of wood, several parallel processes take place, e.g.
extraction of water-soluble substances, hydrolysis of non-cellulosic polysaccharides
associated with the formation of acetic and formic acid, disruption of lignin-saccharide
bonds and also hydrolysis of lignin (Fengel and Wegener 1989, Melcer ef al. 1989, Kacik
2001, Sundqvist et al. 2006).

The aim of this work was to compare changes in the wood properties of two deciduous
trees - birch and alder, caused by steaming with saturated steam under operating conditions
for 6 and 12 hours at three different temperatures — 105 °C, 125 °C and 135 °C.

MATERIAL AND METHODS

The samples of birch wood (Betula pendula Roth) and alder wood (Alnus glutinosa L.)
supplied from an industrial plant Sundermann Ltd. Banska Stiavnica were used to
investigate chemical changes that occurred in different steaming treatments. The wood
samples with dimensions of 32 x 90 x 600 mm and humidity w, > 45% were thermally
treated with saturated steam in an APDZ 240 pressure autoclave during 6 and 12 hours at
105, 125 and 135 £ 2.5 °C (Dzurenda 2018).

To monitor the chemical changes, disintegrated samples of the original wood and the
wood after steaming were used (0.5—1.0 mm fraction of sawdust prepared from completely
disintegrated boards including surface and centre part).

In the wood samples, the following chemical characteristics were determined:
Extractives Standard Test Method for Ethanol-Toluene Solubility
of Wood (ASTM D 1107 — 96)
Polysaccharide fraction  Chlorite isolation method of Wise ef al. (Kacik and

Solar 2000)
Cellulose Kiirschner-Hoffer method (Kacik and Solar 2000)
Lignin Standard Test Method for Acid Soluble Lignin in

Wood (ASTM D 1106 — 96).
The pH measurement of the original wood and the wood after steaming was performed
by the direct method according to Geffert ez al. (2019).

Colour measurement was performed on the wood samples using the Color Reader CR-
10. Six measurements were performed on each sample and from the difference of the colour
coordinates (AL", Aa" and Ab"), the total colour difference AE* was determined according
to the following equation (ISO/CIE 11664-4):

AE*= (L, ~ L) +(a; —a) + () -5 f m

where (L2"-L1") change in value of black-white coordinate (specific lightness)
(a2"-a;") change in value of green-red coordinate
(b2"-b;") change in the value of blue-yellow coordinate
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RESULTS AND DISCUSSION

The monitored deciduous wood species - birch and alder, belong to the sapwood
species characterized by a one-coloured zone of wood, as well as an even distribution of

chemical components across the cross section.

The results of chemical analysis of the original birch and alder wood and wood samples
of the monitored wood species after steaming in individual modes are shown in the

following figures 1 and 2.
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Fig. 1 Chemical characteristics of original birch wood and after steaming
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Fig. 2 Chemical characteristics of original alder wood and after steaming
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The content of extractives showed an overall increase during steaming, although there
were small irregularities. However, such fluctuations occur relatively frequently for a
heterogeneous raw material as wood. The reason is the uneven distribution of the original
extractives in the wood, as well as the uneven formation of secondary extractables and their
entry into subsequent reactions.

The original and secondary extractives play a significant role in the formation of
secondary colour compounds during hydrothermal treatment. According to previous
studies, colour changes of wood are due to the formation of new chromophore groups that
arise in hydrothermal treatment process of wood (Chen et al. 2014, Banadics and Tolvaj
2019).

The hemicellulose content calculated from the difference between the polysaccharide
content and the cellulose content was showing a permanent decrease depending on the
steaming conditions. The decrease in hemicelluloses content was associated with the
formation of secondary extractables which are, able to participate in the formation of new
colour compounds.

An increased intensity of the degradation reactions in the wood is achieved by
increasing the temperature and the concentration of hydronium ions. The gradual increase
in acidity of the environment is caused by cleavage of the acetyl and formyl groups from
hemicelluloses.

The content of polysaccharides in wood during steaming showed a permanent decrease,
which according to the results of previous studies (Kacik 1997, Geftert et al. 2020a, Geffert
et al. 2020b) can be attributed mainly to the hydrolysis of hemicelluloses.

The content of cellulose, which is the most stable component of wood, changed only
minimally during steaming.

The lignin content showed a relatively small increase during steaming including the
removal of a small part of the water-soluble lignin in the initial stages of steaming.
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Fig 3 Change in the pH values according to steaming mode

The process of releasing acidic components from wood and the associated change in
pH at individual steaming temperatures is illustrated in Figure 3. The weakly acidic pH (5.2
of the original birch wood and 4.9 of the original alder wood) shifted toward the acidic
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region with increasing of steaming temperature due to more intense formation of acidic
components (acetic-acid and formic-acid), with the pH value decreased to 3.2 for birch or
3.1 for alder at 135 °C respectively.

The colour changes of the monitored wood species, expressed by the coordinates L*, a*
and b", are shown in Figure 4.
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Fig. 4 Changes of the coordinates L*, a* and b* according to steaming mode

The lightness L in both monitored wood species showed a clear decrease with
increasing temperature and prolonged steaming time. A slight increase of the value of the
green-red coordinate a* was observed and the value of the blue-yellow coordinate b*
decreased slightly, although small fluctuations were observed in this behavior.

The decrease in lightness L* is caused by the formation of coloured degradation
products from extractives and hemicelluloses. At the same time, these degradation products
are partially leached from the wood during steaming and leaching is more intense at
temperatures above 120 °C. The air oxidation of the water-soluble polyaromatic extractants
present (tannins, flavonols) is attributed to an increase in the a* coordinate causing redness,
but due to the low stability of the formed substances the value of a* passes through the
maximum. The observed slight increase in a* with increasing temperature can be attributed
to the degradation products of hemicelluloses and their subsequent reactions. The decrease
in the value of the b® coordinate is generally attributed to devolatilization or thermal
degradation of dioxane extractives (Chen ef al. 2014, Nemeth et al. 2016, Banadics and
Tolvaj 2019).

The total colour difference AE" is often used to evaluate the colour changes of wood.
Figure 5 shows the dependence of the total colour difference AE™ according to steaming
conditions - time and temperature.

Compared woods - birch and alder are showing higher values of AE" in birch recorded
at 6 hours, while at 12 hours the changes of AE" in both trees were similar and correlated
very well with changes in pH and hemicellulose content.

In addition, it can be deduced from the changes AE" that the desired colour shade of the
wood can be achieved by several steaming modes. Therefore, when choosing the modes, it
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would be appropriate to choose those resulting to as minimal as possible deterioration of
steam wood strength properties.
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Fig. 5 Change in the AE* values according to steaming mode

A demonstration of the change in the colour shades of birch and alder wood during
steaming is presented in Figure 6.

birch - 6 h (105, 125 and 135 °C alder - 6 h (105, 125 and 135 °C)

O)

Fig. 6 Change in the colour shades of birch and alder wood during steaming



ANTON GEFFERT — JARMILA GEFFERTOVA — MICHAL DUDIAK 63

CONCLUSION

A comparison of the hydrothermal treatment of birch and alder wood with saturated
water vapor showed that the depth of the ongoing changes in the birch and alder wood
depends not only on specific conditions (time, temperature), but also significantly depends
on the chemical composition of the treated wood.

The content of individual types of extractives and hemicelluloses plays a fundamental
role in changing the colour of wood. Lignin and the method of binding the lignin-
saccharide complex also play an important role.

The changes in physical properties as required change of wood colour are occurring
simultaneously with chemical changes during steaming. At the same time, the changes in
other physical and strength properties of the treated wood can be expected and significantly
influence the subsequent process of processing the hydrothermally treated wood and on the
quality of the final product.

The lightness L* in both monitored wood species showed a clear decrease with
increasing temperature and prolonged steaming time, the value of the green-red coordinate
a" increased slightly and the value of the blue-yellow coordinate b* decreased slightly.

Compared woods - birch and alder are showing higher values of AE" in birch recorded
at 6 hours, while at 12 hours the changes of AE” in both trees were similar.

The increasing differences in the colour of the wood during steaming showed a very
good correlation with the content of extractives and especially hemicelluloses, as well as
with the pH values. In the future, this knowledge could be used to control and manage the
steaming process.
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DETERMINATION OF PERFORMANCE INDICATORS OF PCD
ABRASIVE WHEELS FOR SHARPENING OF TUNGSTEN
CARBIDE TOOLS

Zhivko Gochev — Pavlin Vitchev

Abstract

The article presents some results of the research on the performance of various diamond
abrasive wheels. Diamond wheels with metal coated and aggregated grains with organic
bonds were used. The studies were performed at two levels of intensified, multi-pass
sharpening of TC (tungsten carbide) knives type K20, part of a cutter head for longitudinal
flat milling. The results obtained were analyzed and relevant conclusions and
recommendations made.

Key words: sharpening, diamond abrasive wheel, knives, tungsten carbide tipped

INTRODUCTION

The diamond sharpening of TC tools provides a significant increase in the productivity,
accuracy, quality of surfaces, reliability, and durability of their cutting elements. The cost
of maintaining them is significantly reduced. Due to their high hardness, diamond grains
penetrate the hard alloy relatively lightly, deforming the surface layer slightly and causing
no high stresses.

The performance of diamond wheels is an indicator that characterizes both the quality of
the abrasive tool itself and the results of its impact on the sharpened TC tools (Zaharenko,
1981).

This article aims to study the performance of diamond wheels under various sharpening
conditions.

MATERIAL AND METHODS

For the research, a cutter head with replaceable knives and TC edges was used for the
preliminary and fine longitudinal planing of solid wood and wood-based materials (Fig. 1)
(https://www.zmm-sm.com/zmmsm/english/wood.htm).

The basic parameters of the cutter head and the replaceable knives are given in Table 1. The
tool body is made of aluminum and planer knives are with TC edges type K20 and heat-
treated to hardness HRA 92.
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Table 1. Basic parameters of the cutter head and knives

D, mm d, mm L, mm B, mm s, mm Z, mm B° Type

120 30 120 30 3 4 45 TCT — K20

30

2 120 B

Figure 1 Assembled cutter head with insert knives and TC cutting edges, type K20

The indications in Table 1 correspond to:

D — Diameter of the cutter head;

d — Bore size;

L — Length of the knife;

B — Width of the knife;

s — Thickness of the knife;

z — Number of knives;

S — Angle of sharpening;

TCT — Tungsten carbide teeth.

The cutter head is designed for shaper machines and four-side processing machines. The
TC edges type K20 (ISO grade classifications) consists of 94% tungsten carbide (WC) and
6% cobalt (Co) with a tungsten grain size of 1.0-2.0 pm (http:/carbide.ultra-
met.com/viewitems/iso-grades/iso-grade-classifications-tungsten-carbide).

The abrasive PCD grinding wheel (Fig. 2) has 12A2-45 shapes (conical cup - CC) and
works with its front surface (manufacturing of Russia).
The characteristics of the experimental disks according to the FEPA (Federation of
European Producers of Abrasives) are given in Table 2 and Fig. 2.

D

| .
Fr% % m|

Figure 2 Abrasive grinding wheel shape 12A2-45 (conical cup)

H

Table 2. Characteristics of experimental diamond abrasive wheels

Shape and | Abrasive . Bond | Concentr Work
i : Mesh Size ; Hardness ..

dimensions type Type ation conditions
12A2-45

125x5x3x32 | SPC2 D126 B2-01 | K100 R s
12A2-45

125x53x32 | SPC2 D126 B1-13 | K100 R s
12A2-45

125x5x3x32 | SPC4 D126 B2-01 K100 R s
12A2-45

125x5x3x32 | SPC4 DI26 | BI-13 | K100 R s
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D Wx H
SDS212A2-45125x5x3x32D126 KlﬂﬂlRBZ—ﬂl s
SpS4—T1— T B1-13 Twithout cooling

abrasive material bond type
wheel shape bond hardness
M elor, m concentration

width of the working laver, mm
height of the working laver. mm
hole diameter, mm

mesh size

Figure 3 Abrasive wheel indication

The indications of Fig. 3 correspond to:

SDC 2 — Metal-coated synthetic diamond with aggregated grains and ordinary strength;
SDC 4 — Metal-coated synthetic diamond with aggregated grains and increased strength;
D126 — Mesh size 125/100;

K100 — Concentration of diamond grains 100%;

R — Hard bond;

B2-01 — Phenol-formaldehyde-based organic bond with boron carbide filler enhancing self-
sharpening process

B1-13 - Phenol-formaldehyde-based organic bond with barium sulphate filler and talc for
clean sharpening and smoothing

Metal-coated diamond grains are better retained by the organic bond due to the presence of
a metal film on their surface. This film protects the grains from shavings and ruptures,
increases their strength and improves the conditions of heat removal from the sharpening
zone. This results in a reduction in the specific diamond consumption and increases
sharpening performance.

Aggregated grains (up to 10 pieces in one aggregate) have a significantly larger unfolded
surface (regardless of the initial abrasive mesh size). Such diamond grain aggregates are
better retained by the organic bond and withstand much higher loads. Abrasive wheels have
better cutting abilities. (Kurdyukov, 2014).

The investigations were carried out with the intensified multi-pass sharpening of a
sharpening machine model HMS 700 of HOLZMANN - Austria, under the following
conditions:

- Cutting speed (V) — 18 m/s;

- Longitudinal feed speed (V1) — 2,0; 2,5 m/min;

- Cross feed speed (Vam) — 0,03; 0,05 mm/double motion.

The following indicators for evaluating the performance of diamond wheels in a multi-pass
sharpening of TC tools have been determined (Ostrovskii, 1981; Zaharenko, 1981; Gochev,
2008; Gochev, 2019):

- Relative consumption of SDC determined by the weight method - O,, mg/g;
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- Coefficient of cutting capacity - C;

- Effective sharpening power of direct motion - N, W;

- Relative power consumption of sharpening — E:., kWh/kg;
- Complex performance indicator — C¢;, mm?®.g/min kg.

The first four indicators were determined using the methodology set out in the Ohrid and
Zagreb publications (Gochev, 2019).

Some researchers determine the performance of diamond wheels using a Grinding Ratio
(Zaharenko, 1981; Rowe, 2009; Korotovskikh, 2012; Korotovskikh, 2017).

The complex performance indicator takes into account the diamond wheel's durability,
productivity, conditions, and sharpening mode and can be defined as:
B
Cos = 28 (1)
Where c is a coefficient dependent on the magnitude of the cross feed speed (¢ = 0,2 at W =
5 mm u Vg, < mm/double motion):

Py — Actual sharpening performance, mm?>/min;

RESULTS AND DISCUSSION

Table 3 shows the summary results of studies of synthetic diamond wheels with metal-
coated and aggregated grains with organic bond with intensified multi-pass sharpening
without cooling of TC edges type K20.

The study was conducted at two levels of sharpening modes. In mode 2, the theoretical
productivity (Pp.) was increased to the maximum possible - 1050 mm?/min.

The comparison of the results shows that the performance indicators of the studied diamond
wheels are comparable and practically are in the same confidence intervals. Diamond
wheels with metal-coated and aggregated abrasive grains have high cutting properties.

Table 3. Performance indicators for intensified multi-pass sharpening without cooling of TC edges

type K20
. Mode Performance indicators

Diamond wheels e 14 Vim Pun. G 0 Car ﬁe Eve
SDC 2 D126 B2-01 1 2,0 0,03 504 | 091 | 0,24 | 382 | 295 41
K100 s 2 2,5 0,05 1050 | 0,88 | 1,60 | 116 | 610 40
SDC 2 D126 B1-13 1 2,0 0,03 504 | 0,92 | 0,21 | 442 | 260 39
K100 s 2 2,5 0,05 1050 | 0,89 | 1,19 | 157 | 560 29
SDC 4 D126 B2-01 1 2,0 0,03 504 | 0,92 | 0,23 | 403 | 230 36
K100 s 2 2,5 0,05 1050 | 0,89 | 1,27 | 147 | 490 32
SDC 4 D126 B1-13 1 2,0 0,03 504 | 093 | 0,19 | 439 | 250 40
K100 s 2 2,5 0,05 1050 | 0,90 | 0,72 | 263 | 430 32

Organic bond, type B2-01 provides more efficient operation of diamond grains when
sharpening under mode 1. At the same time, this type of bonding does not allow us to take
advantage of metal-coated diamond grains (especially for the SDC 4 brand) as it does not
provide reliable grains retention under heavier mode 2.

The use of diamond wheels with bond type B1-13 results in lower relative consumption of
diamond, effective power of sharpening of direct motion and relative power consumption.
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Diamond wheels with this type of bond can operate in cross-feeding up to 0,03 mm/double
motion, below 1 mg/g relative consumption of SDC and large values of the complex
performance indicator.

CONCLUSIONS

The analysis shows that when sharpening TC knives type K20, the SDC wheels with
organic bond type B1-13 have a high coefficient of cutting capacity and the main work is
done in the direct motion of the longitudinal feeding. Diamond grains retain well from the
bond and do not fall out before they become blunt. This is confirmed by the relatively low
relative consumption of SDC. Analysis of the results also shows that:

- Sharpening processes by multi-pass grinding without cooling can be intensified to a
productivity greater than 500 mm3 / min using diamond discs with metal-coated and
aggregated grains type SDC 2 D126 B1-13 K100 s and SDC 4 D126 B1-13 K100 s.

- The sharpening performance, the type of bonding, the brand of diamond grains and their
coverage all have a significant impact on the productivity of diamond wheels when
sharpening TC tools. These indicators characterize the quantitative side of the process.

- Knowledge of the quality side of the process is also required, i.e., what phenomena occur
in diamond grains and bond when interacting with the surface layer of the polished hard
alloy. What is the reason for the higher or lower consumption of diamond, the higher or
lower the sharpening resistance, etc.?

- Joint analysis of the quantitative and qualitative sides of the process will allow the
optimization of the sharpening process of tungsten carbide tools.
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HIGH-TEMPERATURE DRYING OF SPRUCE REACTION WOOD

Ivan Klement — Miroslav Uhrin — Tatiana Vilkovska — Peter Vilkovsky

Abstract

Reaction wood is a type of wood, which is primarily a gravitropic response to an
exterior forces that moves a tree from an optimal, usually upright, position (for example:
strong wind, heavy snow, landslide...) (TIMELL 1986). Since reaction (compression) wood
has got different physical, mechanical and chemical properties it is a source of problems in
the woodworking industry. Because of thicker cell walls, narrower lumens and lesser
amount of bordered pits, it can also be a source of complications in the drying process. The
aim of this paper was to analyse the differences in drying behaviour between reaction and
opposite spruce wood, under the high-temperature drying process. Reaction wood samples
and corresponding samples from the opposite side of the log were dried at the temperature
of t = 120 °C. The desired final moisture content was 10 %. The differences in drying rate,
moisture content and oven-dry density were analysed. The differences in temperature
distribution across the thickness of the samples were monitored as well. Our results
revealed some differences between reaction wood and opposite wood. especially higher
density of reaction wood but also lower drying rate of reaction wood in the free water
removal domain and the differences in the temperature distribution as well.

Key words: reaction wood, compression wood, high temperature drying, spruce, drying
rate

INTRODUCTION

Spruce (Picea abies L. Karst) is the most economically important wood species in the
Slovakia, even though its amount decreased by 4,3 % since 2000. Its area in the Slovak
forests was 22,5 % in 2019 (Zelena sprava 2019). Spruce wood is irreplaceable raw
material in the construction industry. It is used for production of load-bearing parts of
structures, such as trusses, beams or formwork, etc. The common natural defect of spruce
wood is reaction (compression) wood. Strong wind, asymmetrical crown, heavy snow and
growth on unstable steep slope are factors that contribute to the reaction wood formation
(SCHWEINGRUBER 1993, TIMELL 1986, DOUDA 1948).

Reaction wood of gymnosperms is called compression wood. Compression wood is
darker in color than normal wood. The cross section of the tracheids is round shaped, what
results in intercellular spaces creation. They are also shorter than tracheids of normal wood.
The cell walls are thicker. This, together with a higher proportion of lignin in the cell walls,
causes the wood to have a higher density, be less permeable and have a higher compressive
strength. STRAZE and GORISEK (2006) reported the density of compression spruce wood
540 kg x m?3. Similarly, KLEMENT and HURAKOVA (2015) reported the value of 527 and
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560 kg x m>. The angle of the microfibrils in the S2 layer of the cell wall is bigger, which
reduces the tensile strength and modulus of elasticity. The larger angle of the microfibrils
also causes the compression wood to have higher longitudinal shrinkage but lower
transverse shrinkage. This explains the warping of lumber containing both compression and
normal wood (BARNETT et al. 2014).

The main properties of normal and reaction (compression) wood of spruce (Picea abies
L. Karst) are already well known. However, the drying behavior of compression wood is
still quite unknown. DAVIS et al. (2002) found a limited drying rate of Pinus radiata
compression wood compared to normal wood in the range of moisture content 100 — 40 %.
The author attributes the lower drying rate to a larger proportion of latewood, narrower
lumens and a lack of bordered pits on the radial walls of the longitudinal tracheids.
Nevertheless, the drying time may be similar due to the lower initial moisture content of the
compression wood. STRAZE and GORISEK (2006) also reported a lower drying rate of
spruce compression wood in the initial drying phase, but an insignificant difference in the
phase of bound water removal.

The aim of this paper was to analyze the differences in high-temperature drying of
reaction and opposite spruce wood. The partial goals of the paper were to analyze the
differences in oven-dry density, initial moisture content, moisture gradients and
temperature distribution.

MATERIAL AND METHODS

Material

Spruce (Picea abies L. Karst) log with clearly visible content of reaction wood on the
cross section was chosen for experimental measurements (Fig. 1 left). The diameter of the
log was 38 cm on the narrow end. The total length was 4 m.

Sample preparation

Based on the distribution of the reaction wood on the log cross section, two boards
were cut out from the sapwood according to sawing pattern (Fig. 1 right) — one board from
the reaction wood zone (CW) and the second one from the opposite side of the log (OW).
Four drying samples were subsequently cut out from these boards (CW1, CW2 and OW1,
OW?2). Also, samples for measuring of the chosen properties (density, moisture content and
moisture gradient) were cut out (Fig. 2 left). The dimensions of the drying samples were as
follows: 100 x 30 x 300 mm (thickness X width x length).

cw

@0

“eow
Figure 1 Spruce log with clearly visible zone of reaction wood on the cross section (left) and sawing
pattern (right)
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Drying mode

The process of drying was conducted using a laboratory kiln Memmert HCP 108
(Memmert GmbH + Co. KG, Schwabach, Germany) (Fig. 2 right). High temperature drying
mode was used. During the first stage of drying (from the beginning until the samples
reached approximately 30 % moisture content), the temperature of the dry bulb (t4) was set
to 90 °C and the relative humidity was set to ¢ = 94 %. After reaching of this moisture
content the temperature was set to 120 °C and the humidity of the ambient air was no
longer regulated. The desired moisture content of the samples was 10 %. The weight of
samples CW1 and OW1 was weighed every 24 hours in order to determine their actual
moisture content using the gravimetric method.

L _,IOQ.

Figure 2 Method of samples preparation (left) (1 — drying sample, 2 — density, moisture content and
moisture gradient sample) and placing of samples in drying chamber (right) (CW —
compression wood, OW — opposite wood, M — temperature measurement)

Density

The density of wood at 0 % moisture content was measured according to STN EN 49
0108.

Moisture content
The initial and final moisture content of wood was measured using the gravimetric
method according to STN EN 49 0103.

Moisture gradient

Moisture gradient was measured before and after the drying process. The samples were
cut into three layers according to Fig. 3. The moisture content of layers was measured using
gravimetric method according to STN EN 49 0103. Subsequently, the moisture gradient
was calculated using Eq. (1)

Iwg

AMC = wy, — == (%) (1

where wn, is moisture content of the middle layer and w; is moisture content of surface
layer.
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Figure 3 Moisture gradient sample (wm— moisture content of middle layer, ws — moisture content of
surface layer)

Temperature distribution

Type T (Cu-CuNi) thermocouples were used for CW2 and OW2 samples temperature
distribution measurement. Thermocouples were placed under the surface and in the middle
of sample thickness according to fig. 4. The Comet MS6R device (Comet system, Roznov
pod Radhostem, Czechia) was used for temperature measurement and recording.
Temperature measurement and recording was performed automatically every 60 seconds.

Figure 4 Position of thermocouples in the drying sample

RESULTS AND DISCUSSION

The measured values of density, moisture content and overall drying time are
summarized in Table 1. The values of oven-dry density confirm the statements of above-
cited authors. The average density of the reaction wood was 562,2 kg x m?, while it was
only 479,2 kg x m? for the opposite wood. The density is approximately 15 % higher due
to the thicker cell walls and the higher proportion of latewood in the reaction wood

samples.

Moisture content (%) Drying time t | Average density
sample (h) po (kg * m)
initial wi (%) final wr (%)
. 89,78 9,6
Reaction wood $3.89 9.71 150,5 562,2
. 87,59 9,59
Opposite wood 86.76 9.38 149 479,2

Table 1 Moisture content, density and drying time of samples
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When looking at the initial moisture content, only a slight (negligible) difference
between the reaction and opposite wood is visible. Thus, the lower initial moisture content
of the reaction wood was not confirmed in our case, despite the opinion that the reaction
wood reaches a lower value of the initial moisture content.

The values of moisture gradients representing the difference between moisture content
of middle layer and surface layers are summarized in Table 2. From the measured data it is
possible to see the initial variability of moisture content between the individual layers. In
our case, the negative effect of the reaction wood on the size of the moisture gradient could
not be proven. The negative moisture gradient that was measured before the drying process
was caused by freezing of the samples and subsequent condensation of water on the
surfaces of the samples after defreezing.

Table 2 Moisture gradient

Sample Moisture content (%) O w. Aw
Wi Wm ‘ Ws
before drying
Reaction wood 79,96 80,97 83,44 81,7 -0,73
91,61 86,16 84,55 88,08 -1,92
Opposite wood 88,25 84,51 77,92 83,09 1,42
93,8 95,66 97,717 95,78 -0,13
after dryin

Reaction wood 3,66 4,41 4,6 4,13 0,28
3,48 5,15 4,02 3,75 1,4
Opposite wood 4,49 3,22 4,5 4,49 -1,27
4,81 4,67 3,95 4,38 0,29

Drying curves of both wood modifications are presented in Figure 5. It is clear that
during the first 24 hours of drying, the reaction wood dried more slowly than the opposite
wood. Opposite wood achieved greater moisture losses from during the first 72 hours of
drying. After exceeding this limit, however, the greater moisture losses were achieved by
the reaction wood. This is especially visible in the phase below 30 % moisture content, i.e.
in the phase of bound water removing. Eventually, the reaction wood reached the required
final moisture content of 10 % at about the same time as the opposite wood. TARMIAN ef al.
(2009) and STRAZE and GORISEK (2006) also reported lower drying rate of reaction wood
above fibre saturation point. The different behaviour of reaction and normal wood in the
drying process is given by specific anatomical features influencing the moisture pathways
through which water escapes from the wood. Bordered pits on the radial walls of
longitudinal tracheids, the most effective moisture pathways in gymnosperms, are
unusually small in reaction wood. In addition, a smaller percentage of them occur in the
tracheids of the reaction wood. As a result, small and rare bordered pits appear in principle
to be responsible for the limited flow of water through the reaction wood. The above-
mentioned authors state that when removing bound water, the reaction wood dries at a
comparable rate as opposite wood. This is basically confirmed by our results.
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Figure 5 Drying curves

The results from the measurement of the temperature distribution in the reaction and
opposite wood are presented in Figure 6. From the beginning of drying to fibre saturation
point (FSP), the surface layer of the reaction wood reached a slightly higher temperature,
but the middle layer temperature was slightly higher in the opposite wood. The wood
temperature curves approximately copied the dry bulb temperature curve. In the
hygroscopic range (from FSP to 10 % moisture content), after increasing the temperature of
the dry bulb from 90 °C to 120 °C, the temperature increase was more rapid in the reaction
wood. This fact can be explained by the higher moisture content of the reaction wood when
changing the temperature parameters. At this point, the moisture content of the reaction
wood was 34.68 %, while the moisture content of the opposite wood was only 23.52 %. At
this phase, the reaction wood reached a higher temperature of the middle and surface layer
and it remained higher until the end of the drying process. The temperature of the samples
at this phase was significantly lower than the temperature of the dry bulb.
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Figure 6 Temperature of wood, dry-bulb temperature and ambient air humidity.
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CONCLUSIONS
The following conclusions can be drawn from our measurements:

* The average oven-dry density of the reaction wood was 15 % higher than the density of
the opposite wood. This may be due to thicker cell walls and a higher proportion of higher
density latewood in the reaction wood samples.

e No differences in initial moisture content were found. The reaction wood reached
approximately the same moisture content as the opposite wood.

» The negative effect of the reaction wood on the resulting values of moisture gradients
after the drying process has not been proven.

« Differences in the drying rate were visible especially at the beginning of the drying
process, when the opposite wood dried faster. As the moisture content approached the area
of bound water, the differences in drying rate decreased and the reaction wood finally
reached the desired moisture content at about the same time as the opposite wood.

* The temperature curves of the reaction and opposite wood approximately copied the
temperature curve of the dry bulb. Samples with the reaction wood had a slightly higher
surface layer temperature, while the middle layer temperature was higher for the opposite
wood. After changing the temperature of the dry bulb from 90 °C to 120 °C, the increase in
the temperature of the surface and middle layer was faster in the reaction wood. The
temperatures of the opposite and reaction wood samples at this phase did not reach the
temperature of the dry bulb.
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THE EFFECT OF DRYING INTENSITY ON THE COLOR
CHANGES OF PINE WOOD (PINUS SYLVESTRIS L.)

Aleksandra Konopka — Jacek Baranski — Kazimierz A. Orlowski —
— Daniel Chuchala

Abstract

The effect of the selection of drying process parameters on the color change of Scots pine
wood (Pinus Sylvestris L.) is presented. In this work the experimental studies have been
performed. The research focused on the influence of drying intensity on the changes of
color after drying process. Intensity of drying process was determined on the basis of the
average drying gradient. To determine the color of wood before and after drying process
the series of experiments have been performed, using color reader device. The wood
samples were dried according to three different drying modes, namely: mild, normal and
intense. Experiments were conducted in the laboratory dryer. The measurement of wood
samples was made using international standards: 1SO 11664-2 and ISO 11664-4 of total
color change after drying. As a result of the performed statistical tests, there were observed
statistically significant color changes of the wood surface for intensive drying mode.

Key words: drying process, pine wood, color changes, process intensity

INTRODUCTION

Wood color is one of the main criteria of assessing its quality and it affects how wood
product is percepted by clients. According to ABRAHAO (2005) homogenity of wood color
is relevant in assessing quality, since, it determines final appearance of wood product.
Objective color measurement is performed instrumentally in such a way that it corresponds
to visual assessment, using spectrophotometers or color readers devices and is defined in
numerical form based on a standardized colorimetric calculation developed by the
International Commission on Illumination (CIE - Comission Internationale de 1'Eclairage)
(KAZIMIERSKA, 2014). In the treatment processes, wood was mechanically processed, dried
or subjected to thermal modification, which significantly changes its natural color and
chemical composition (GONZALEZ DE CADEMARTORI ef al. 2013, BARCIK et al. 2015).
Significant changes in the structure of wood appear after exceeding 180 °C, while at the
temperature of 250 °C the carbonization process begins (KACIKOVA ef al. 2011).

Instrumental methods for determining colorimetric parameters of color and color difference
are subject to ISO standards. Standards contain basic definitions, requirements
for colorimetric systems, basics of colorimetric calculus, information for the correct
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implementation of instrumental color measurement. In the study, the color change of dried
wood was assessed using the three-axis system (Figure 1), measuring: brightness (L)
and chromaticity coordinates (a, b"), in accordance with 1ISO 11664-2 and ISO 11664-4.
The CIELAB system recommended by CIE consists of two axes with two parameters a"
and b*, which are at right angle to each other and define the color tone. Third axis
is brightness L" and it is perpendicular to the " - b* plane.

White White
Le

L*t1em

Yallow
+b*

e Red

+a"

Green -a* » +a' Rad Green
-a"*

-
l [

-b*
Blus

.Ltiﬂj
Black Black

Figure 1. Diagram of a three-axis color change measurement system (SEHLSTED-PERSSON, 2003)

Colorimetric measurment is useful in wood quality control process and in assessing the
color of final products of high-temperature drying (KLEMENT ef al. 2015). The mechanism
of color changes is a complicated process and depends on many differentiating and
degrading factors (MCCURDY et al. 2005, KUDRA et al. 2003, MCDONALD et al. 2010).
GLUER et al. 2005 determined the intensity of the drying process based on the drying
gradient, which is defined as follows:

MC

a=—[-] (1)

"~ EMC

where: MC — wood moisture content [%], EMC — equilibrium moisture content,
for the given temperature and relative humidity of drying medium [%].

The aim of the experimental research was to determine the color change of pine wood after
drying process using three modes with different levels of the process intensity.
MATERIAL AND METHODS

The drying process of pine wood on laboratory scale was carried out in the HCP108 dryer

manufactured by Memmert GmbH + Co.KG from Biichenbach, Germany. Three drying
modes were used in the work, the parameters of which are summarized in Table 1.
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Table 1. Drying medium parameters for modes: mild, normal and intense

Drying MC ts EMC At a RH
mode [%] [°C] [%] [°C] [“o/%0] [%]
mild > 24 (SP) 50 +1 11.3 6.3 146 70 £2

239-8 60 1 9.1 9.0 ) 62 £2

normal > 24 (FSP) 70 £1 9.0 9.0 177 65 +2
239-8 80 1 7.5 11.7 ' 60 £2

> 40 90 +1 14.1 2.8 90 £2

intense | 39.9-24 P | 90 %1 10.0 7.3 2.56 752

239-8 120 +1 4.0 20.0 342

Legend: FSP — Fiber Saturation Point, MC — moisture content, #, — temperature of drying

medium, EMC — equilibrium moisture content, A — psychrometric difference, @ — drying

gradient, RH — relative humidity

In order to perform a statistical analysis, for each drying mode, 30 pine wood samples
(Pinus sylvestris L.) with a tangential cross-section were selected. In the Figure 2 was
shown schematically the locations of boards to measure the color change of pine wood after
drying. Each of 10 boards dried in the process for each intensity mode had three color
measurment points before and after drying respectively.

Figure 2. The points position of color measurement on samples

The color space of the dried material was determined using Konica Minolta Color Reader
type CR10 device. It describes the output coordinates L”, a,” b* by the color change in the
color space (Figure 1) using the Equation 2. The color changes were obtained as
comparison of measured values of the parameters respectively L*, a*, b* before and after
drying (CIVIDINI et al. 2007).

AE = (L, — L? + (a3 —a))? + (by — b)?[-] @)

where L"), a"1, b"| are the values of color spectra before drying process, and L*, a™, b, are
the values of color spectra after drying process.

Parameters L", a*, and b" are coordinates of colorimetric space. The color change criteria
are presented below:
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AE <0.2: invisible color change
2> AE>0.2: slight change of color
3> AE>2 : color change visible in high filter
6> AE>3
12>AE>6 : high color change

: color changes visible with the average quality of the filter

AE > 12 : different color

Bar graphs were prepared and Duncan's test was performed to compare all possible pairs of
arithmetic means. If the probability value is greater than the assumed significance level
p > a, there is no reason to reject the so-called the null hypothesis which states that the
observed effect is due to chance. The analysis assumed a significance level of a = 0.05 and
the STATISTICA 13 (StatSoft, Inc., Tulsa OK Oklahoma, US) program was used
to determine the probability.

RESULTS AND DISCUSSION

The measurement data presented in Table 2 contain a summary of the results of the total
color change of the tested samples after drying with the use of three drying modes.

Table 2. Color change measurement results for: mild, normal and intense drying processes

Drying Statistic values L* a* bi* Ly* as* byo* AE*
mole HEESEREYEES NSNS0
mild average 70.6 9.1 29.9 74.6 6.7 26.5 6.4

standard deviation | 2.6 1.5 33 2.5 1.5 1.7 2.0

normal average 77.0 6.7 25.6 74.3 8.0 29.2 4.8

standard deviation | 0.5 0.8 1.7 1.3 0.7 1.4 1.1
intense average 74.2 6.6 24.9 65.2 12.0 333 13.9
standard deviation | 1.3 0.5 1.5 3.2 2.3 5.1 5.6

Table 3. Duncan's test for the complete color change of pine wood depending on the drying program

used
Mild Normal Intense
AE [-] AE> [-] AE5[-]
Mild AEq [-] - 0.083619 0.000114
Normal AE5 [-] 0.083619 - 0.000053
Intense AFE5 [-] 0.000114 0.000053 -
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Figure 4. Wood color changes after drying processes with the use of three modes

By analyzing the obtained results (Table 2, Figure 4), it was found that the color change of
pine wood after drying, determined by the value of AE, increases when the process takes
place at temperatures above 100 °C. The change in the color of pine wood turned out
to be the smallest for normal drying (the average value of the 4E parameter was 4.81 %,
with a standard deviation of 1.1 %). The greatest color change was achieved during
intensive drying (the mean value of the A4E parameter was 13.9 %, with a standard deviation
of 5.6 %).

Duncan's test (Table 3) confirmed a strong statistical difference in the total change
in the color of wood after drying between the intensive program and the other drying
programs (p < a). The drying program at a temperature # above 100 °C requires increased
relative air humidity RH in the initial stage of the process and its strong reduction when the
temperature of the drying agent exceeds 100 °C. This can increase the value of the AE
parameter, which explains a greater color change. The tendency to stronger discoloration
of the wood was also observed by ESTEVES et al. (2008), GONZALEZ DE CADEMARTORI ef
al. (2013), UNSAL ef al. (2003), who underwent thermal modification of eucalyptus and
pine wood, as well as the rectification process - MOURA ef al. (2011).

CONCLUSION
The conducted empirical investigations of pine wood kiln drying revealed that:
e the change of pine wood color depend on the drying mode only for the intensive
drying mode, when temperature of the process exceed 100°C;
e according to Duncan’s test drying modes mild and normal do not affect the surface
color of pine wood.
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MODIFIKACIA VYBRANYCH DRUHOV DREVA UCINKOM
NiZKOTEPLOTNEJ PLAZMY

Igor Novak' — Jan Sedliadik® — Ivan Chodak' — Angela Kleinova' —
Jan MatyaSovsky’ — Peter Jurkovié’

Abstrakt

Plazmova uprava zvysuje povrchovi energiu dreva naviazanim poldarnych funkénych
skupin. Povrch dreva sa takto stava hydrofilnejsim a dosahuje lepsiu adhéziu k adhezivam
a naterom na baze vodnych disperzii. Merania kontaktného uhla vody na povrchu dreva
modifikovaného radio-frekvencnou (RF) plazmou potvrdili jeho vyrazné zniZenie, ¢im sa
vytvorili vhodné podmienky jeho dalsieho spracovania lepenim alebo povrchovou upravou.

Kracové slova: modifikdacia dreva, nizkoteplotna plazma, hydrofilnost a hydrofobnost
dreva, lepenie a povrchova uprava dreva.

UVOoD

Vhodnou metdédou na zvySenie hydrofilnosti je modifikacia dreva G¢inkom nizkoteplotnej
plazmy. V dosledku plazmovej Gpravy sa povrchova energia dreva zvySuje naviazanim
polarnych funkénych skupin na upraveny povrch dreva, ktory sa stava hydrofilnej$im
(Kamdem a kol. 2000). Vysokofrekven¢na vybojova plazma pri znizenom tlaku predstavuje
»zeleni™  ekologicky akceptovatelni metdédu tGpravy povrchu dreva. Pre potreby
priemyselného vyuzitia musia rozne typy dreva disponovat Sirokou skalou réznych
povrchovych charakteristik vratane polarity, schopnosti farbenia, odolnosti proti
poskriabaniu, adhéznych vlastnosti na mieru a antibakterialnej odolnosti (Wolkenhauer a
kol. 2009; Acda a kol. 2012, Dzurenda a kol. 2020). ZvySene hydrofilnosti dreva je
nevyhnutnou podmienkou na dosiahnutie vyssej adhézie k polarnym adhezivam a naterom
na baze vodnych disperzii (Moghadamzadeh a kol. 2011; Novak a kol. 2012; Odraskova a
kol. 2008; Reinprecht a Somsak 2015).

Existuju dva dovody pouzitia nizkoteplotnej plazmy na povrchovi modifikaciu dreva
(Odraskova a kol. 2008), ktora v prostredi vzduchu vyznamne zvysuje jeho hydrofilnost’,
pricom vznikaji rozne polarne skupiny (hydroxylové, karbonylové, karboxylové).
Makromolekuly celulézy a hemiceluléz v dreve pdsobenim plazmy sietuju, ¢o ma za
nasledok zvysenie odolnosti proti poskriabaniu a k zlepSeniu bariérovych vlastnosti dreva.
Druhym doévodom pouzitia plazmy je zvySenie adhézie v adhéznom spoji medzi
polymérnym adhezivom a drevnym substratom v dosledku rastu hydrofilnosti dreva, ¢o je
velmi délezité pre priemyselné aplikdcie. ZvySenim hydrofilnosti, resp. zmacatelnosti
dreva modifikovaného plazmou sa zlepSuje kontakt adheziva s povrchom dreva v

! Ustav polymérov SAV, Dubravska cesta 9 845 41 Bratislava
2 Technick4 univerzita vo Zvolene, T.G. Masaryka 24, 960 01 Zvolen
3 VIPO a.s., Generala Svobodu 1069/4,958 01 Partizanske



86 MODIFIKACIA VYBRANYCH DRUHOV DREVA UCINKOM NIZKOTEPLOTNEJ PLAZMY

molekulovom meradle, priCom ide o rozhodujuci faktor na dosiahnutie vysokej adhézie na
rozhrani adhezivum — drevo (Kudela a kol. 2017).

EXPERIMENTALNA CAST

Vzorky drevin buk (Fagus Sylvatica), breza (Betula Alba) a javor (Acer Pseudoplatanus) s
rozmermi 50%15%5 mm (Drevarska fakulta TU vo Zvolene) s obsahom vlhkosti 8 % boli
modifikované t€inkom RF plazmy pri tlaku 100 Pa vo vzduchu. Modifikacia dreva
kapacitne viazanou RF plazmou sa uskuto¢iiovala v plazmovom generatore pracujucom pri
znizenom tlaku 100 Pa, napitie plazmového RF generatora bolo 2 kV, frekvencia 13,56
MHz, intenzita pridu bola max. 0,6 mA a maximalny vykon zdroja RF plazmy dosahoval
1200 W. Vzorky dreva boli modifikované RF plazmou pri vykone 350 W.

Volna povrchova energia dreva sa merala stanovenim kontaktnych uhlov (0) s re-
destilovanou vodou ako testovacou kvapalinou (Odraskova et al. 2008). Kvapky testovacej
kvapaliny (V = 20 pl) sa umiestnili na povrch dreva s mikropipetou (Biohit, Finsko) a
zavislost’ 0 = f (t) sa extrapolovala na t = 0. Uhly vody sa merali na zariadeni SEE (Surface
Energy Evaluation) (Advex, Ceska republika). Merania FTIR sa uskuto¢iiovali na
spektrometri FTIR NICOLET 8700 (Thermo Scientific, UK).

VYSLEDKY A DISKUSIA

Na obr. 1 je znazornena zavislost kontaktnych uhlov vody na povrchu réznych druhov
dreva (breza, buk, javor) od ¢asu aktivacie RF plazmou.
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Obr. 1 Kontaktné uhly vody na povrchu dreva v zavislosti od ¢asu aktivacie RF plazmou:
a—breza, b — buk, ¢ — javor

Kontaktné uhly vody na povrchu dreva v zavislosti od ¢asu aktivacie RF plazmou vykazuja
pokles suvisiaci s rastom hydrofilnosti povrchov dreva pri zvySovani ¢asu modifikacie RF
plazmou. Podla obr. 1 bol pokles kontaktnych uhlov vody a narast hydrofilnosti vzoriek
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dreva najvyssi v pripade javora upraveného RF plazmou, niz§i pokles bol pozorovany pre

v

drevo. Hydrofilnost RF plazmou upraveného dreva klesala po 60 s modifikdcie RF
plazmou vo vzduchu v postupnosti javor > buk > breza.
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Obr. 2 Starnutie RF plazmou upraveného dreva v zavislosti od ¢asu, ktory uplynul od modifikacie
(t=60s): a—breza, b—Dbuk, ¢ —javor

Obr. 2 znazoriiuje starnutiec RF plazmou upraveného dreva v zavislosti od Casu, ktory
uplynul od modifikacie plazmou. Kontaktny uhol vody na povrchu skumanych troch
druhov dreva (breza, buk, javor) rastie intenzivnejSie pocas prvych dvoch dni od
modifikacie RF plazmou a potom sa jeho hodnota stabilizuje. Najvyssi prirastok pocas
prvych dvoch dni od modifikacie RF plazmou bol pozorovany pre bukové drevo, nizsi bol
zisteny pre javorové a brezové drevo.

V tabul’kach 1, 2 a 3 st uvedené hodnoty prirastkov polarity skimanych troch druhov dreva
v zavislosti od modifikacie RF plazmou vo vzduchu. Koncentracia skupin COOH, C-O a
C=0 po uprave dreva uc¢inkom RF plazmy vo vzduchu vyznamne vzrastla a vzrastli aj
hodnoty koncentracie ~OH skupin vyjadrené integrovanymi pikmi P(3400 cm™, OH
stretch) a podielmi P(OH)/P(CH;) v dreve. Polarita dreva je vyjadrend podielmi
P(OH)/P(CH2) ziskanymi z vysledkov merani FTIR RF plazmou upraveného dreva. V
tabul’kdch 1 az 3 si uvedené integrované piky P(2895 ¢cm™', CH2 stretch) a P(3400 cm™,
OH stretch) zistené z merani FTIR pre bukové, brezové a javorové drevo modifikované RF
plazmou vo vzduchu.

Tabulkal
BUK P(2895 cm™, CH2 | P(3400 cm!, OH P(OH)/P(CH2)
stretch) stretch)
Nemodifikovany 0.496 4.203 8.474
20 s plazma 0.364 5.086 13.973
40 s plazma 0.306 6.311 20.624
60 s plazma 0.284 6.528 22.986
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Tabul’ka 2
BREZA P(2895 cm™, CH> | P(3400 cm™, OH P(OH)/P(CH>)
stretch) stretch)
Nemodifikovana 0.670 4.440 6.627
20 s plazma 0.614 6.223 10.135
40 s plazma 0.542 7.962 14.690
60 s plazma 0.495 9.223 18.632
Tabul’ka 3
JAVOR P(2895 cm™ , CH: | P(3400 cm™!, OH P(OH)/P(CH>)
stretch) stretch)
Nemodifikovany 0.763 4.538 5.948
20 s plazma 0.538 6.141 11.914
40 s plazma 0.483 6.784 14.046
60 s plazma 0.430 7.293 16.960
ZAVER

Kontaktny uhol vody na povrchu dreva sa po modifikacii RF plazmou vo vzduchu vyrazne
znizil pre brezové, bukové aj javorové drevo (kontaktny uhol bukového dreva sa zniZil zo
70° na 30°). Kontaktny uhol vody dreva modifikovaného RF plazmou vykazoval pri
starnuti intenzivny pokles najmé pocas prvych 2 dni. Koncentracia skupin OH, COOH, C—
0O a C=0 po uprave dreva uc¢inkom RF plazmy vo vzduchu vyznamne vzrastla ako potvrdili
FTIR merania, priCom sa zistilo zvySenie polarity najma ddosledku vzrastu koncentracie —
OH skupin. Povrch dreva modifikovaného RF plazmou by mal byt na zaklade uvedeného
zistenia do 2 dni upraveny d’al§imi technologickymi postupmi, napr. lepenim.
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QUALITY OF FINISH ON LIGHTWEIGHT PLYWOOD
Gabriela Slabejova — Maria Smidriakova

Abstract

Quality of finish on lightweight plywood. The article deals with quality of finish on
lightweight plywood made from beech veneers with spaces of air. The finish was formed of
water-based coating materials. The properties of the finish (gloss value, film hardness,
impact resistance and resistance to cold liquids) were evaluated according to the
standards. The coatings were formed of water-based coating materials suitable for
children's furniture: PAMLAK (with density of 1050 kg/m?), HOBBYLAK, and KIVA (with
density of 1000 kg/m?). Quality of water-based coating materials was different. The gloss of
the transparent surface finish was affected by direction of wood fibers in the substrate.
HOBBYLAK reached the highest surface hardness; and at the impact resistance testing, the
smallest intrusion was formed on this surface. The resistance of the finishes to some liquids
was significantly different.

Key words: beech veneer, lightweight plywood, water-based coating material, gloss value,
impact resistance, resistance to cold liquids

INTRODUCTION

Wood is an anisotropic material of relatively inhomogeneous structure, formed by
macromolecular substances (cellulose, hemicelluloses, lignin and extractives). Wood is
characterized by sufficient strength, flexibility, good heat insulating, and specific acoustic
performance (KACIK et al., 2010).

Wood has many positive characteristics, but also some deficiencies, e.g. insufficient
dimensional stability. To achieve better dimensional stability and improve mechanical
properties of wood, the composite materials are produced. The composite materials are
materials of large-scale dimensions, characterized by steadiness of mechanical properties,
and greater resistance to the environment (KING and HRAZSKY, 2005). The traditional
composite layered materials are plywood and laminated timber. Currently, in practice, the
composite materials having a layer of wood and a layer of wood with spaces of air (e.g.
lightweight plywood) are used. Variously modified veneers can be used to make plywood.
Veneers modified by pressing were researched by BEKHTA et al. (2016). Various
modifications of wood were dealt by FEKIAC et al. (2020), FEKIAC, GABORIK (2018),
FEKIAC et al. (2015), SHULGA (2015), ZEMIAR et al. (2014), LANGOVA and JOSCAK (2014),
and SLABEJOVA and SMIDRIAKOVA (2014). Just like the surface of solid wood, the surface
of lightweight plywood must be finished.

Technical University in Zvolen, T. G. Masaryka 24, 960 01 Zvolen
e-mail: slabejova@tuzvo.sk, smidriakova@tuzvo.sk
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The aim of this study was to determine the quality of coatings on the surface of
lightweight plywood. The gloss value of the surface finishes, film hardness of the coatings,
impact resistance, and resistance of coatings to cold liquids were assessed.

MATERIALS AND METHODS

In experiments, beech wood (Fagus sylvatica L.) veneer was used for production of a
lightweight plywood. The surface of the lightweight plywood was subsequently finished by
coating materials.

The dimensions of beech lightweight plywood were 300 mm % 300 mm x 14 mm,
wood moisture content of 8 £ 2 %. Before testing, the test specimens were conditioned at
room temperature of 23 + 2 °C and relative humidity of 60 + 5 % for 28 days. Then the
surface of the test pieces was finished by water-based coating materials applied by brush.
Selected coating materials were:

+ HOBBYLAK (density ca. 1000 kg/cm3, non-volatile components min. 37 % mass,
consistency F4 /23 °C min. 45 s, pH: 7-8).

+ PAMLAK (density ca.1050 kg/m3, non-volatile components min. 30 % mass,
consistency F4 /23 °C min. 25 s).

»  KIVA (density ca.1000 kg/cm3, non-volatile components min. 32 % mass).

All the chosen coating materials had to meet the following:

* water-based acrylic paint for wood,

* suitable for children's furniture and toys,

+ applied by brush, roller or spray.

After curing, the paint coatings had the thickness summarised in Tab. 1. Paint
coatings' thickness was measured using non-destructive method with the PosiTector 200.

Tab. 1 Thickness of cured paint coatings

Coating thickness on substrate [um]

Surface Finish HOBBYLAK KIVA PAMLAK

Beech veneer 34.8 42.8 40.6

Gloss value

Gloss value of the surface finishes was measured at geometries of 20°, 60° and 85°
according to the STN EN ISO 2813 (2016) using the BYK-Gardner gloss meter. The
evaluation was done according to Tab. 2.

Tab. 1 Gloss at 60 degrees

Gloss value Verbal description Gloss units
5 Matt Less than 10
4 Semi Matt 10-40
3 Semi Gloss 41-70
2 Gloss 71 -85
1 High Gloss More than 85

Film hardness

The film hardness was determined by the Pencil test according to the standard STN EN ISO
15184 (2012). The results of the test were evaluated according the pencil that scratched the
surface (Tab. 3). The test started with the softest pencil — number 1.
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Tab. 3 Degrees of film hardness

Pencil 2 3 4 5 6 7 8 9 10 11 12 13
number
Pencil 2B B HB F H 3H 4H 5H 6H 7H 8H 9H
hardness

Impact resistance

The impact resistance of the surface finishes was determined according to the standard STN
EN ISO 6272-2 (2011). The intrusion (diameter of the intrusion) was measured and the
surface finish was evaluated subjectively according to Tab. 4.

Tab. 4 Impact resistance: degree and evaluation

Degree Visual evaluation
1 No visible changes
2 No cracks on the surface and the intrusion was only slightly visible
3 Visible light cracks on the surface, typically one to two circular cracks
around the intrusion
4 Visible large cracks at the intrusion
5 Visible cracks were also off-site of intrusion, peeling of the coating

Resistance to cold liquids
Surface resistance to cold liquids was determined according to the standard STN EN
12720+A1 (2014) on all test specimens. Table 5 shows the selected cold liquids.

Tab. 5 Cold liquids used

Cold Liquid Characteristic

Acetic acid 10 % (m/m) aqueous solution

Citric acid 10 % (m/m) aqueous solution

Ethanol (p.a.) 96 % (V/V)

Sodium chloride

Olive oil

Ink

Condensed milk 10 % fat content

Coffee Dissolve 4 g of instant coffee, medium roasted,

freeze-dried, in 100 ml boiling water

After 2 hour exposure to a cold liquid, the surfaces was cleaned by gently wiping with
absorbent cloth, soaked first in a cleaning solution and then in water. Finally, the surfaces
were carefully dried with a dry cloth.

Tab. 6 Surface resistance to cold liquids: degree and evaluation

Degree Description of Quality
5 No visible changes (no damage)
4 Slight change in gloss — visible only in reflection of light source
3 Slight traces of damage (gloss) — visible from different directions
2 Strong traces of damage usually without changing the structure of varnish
1 Strong damage with change in varnish structure
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Damage to the surface, i.e. discoloration, changes in gloss and color and other defects
were evaluated in an observation box with direct light and graded according to Tab. 6. The
total resistance to cold liquids was evaluated as the average value of resistance to used eight
cold liquids.

RESULTS AND DISCUSSION

Gloss value

Tab. 7 shows that on all surface finishes, higher gloss was measured in the direction
longitudinal with wood fibers than in the transverse direction. PAMLAK and HOBBYLAK
were semi-matt in the longitudinal direction and matt in the transverse direction. The
measurements confirmed the conclusions by SLABEJOVA et al. (2016), BEKHTA et al. (2017)
that the gloss of the surface finish is non-negligibly impacted by direction of wood fibers.
The KIVA surface finish achieved a matte gloss in both the longitudinal and transverse
directions.

Tab. 7 Gloss value of the surface finishes

Wood Fibers Geometry PAMLAK HOBBYLAK KIVA
Il 20° 14.33 13.7 12.87
11 60° 13.47 14.87 9.27
Il 85° 12.63 16.93 11.53
L 20° 5.13 7.1 5.73
1 60° 8.47 7.5 4.57
L 85° 3.47 8.33 4.05

Film hardness

The degrees of surface hardness are summarized in Tab. 8. KIVA coating applied on beech
veneer reached the film hardness of 8, HOBBYLAK the film hardness of 9, and PAMLAK
veneer reached the film hardness of 7.

Tab. 8 shows that the surface finishes did not meet the requirement for surface hardness
for the work surfaces of furniture (film hardness of 10). The evaluated surface finishes
could be applied to the surfaces of lightweight boards used in furniture for other surfaces.
The priority for the chosen surface finishes was health safety (suitability for children's
furniture) not high surface hardness.

Tab. 8 Film hardness by pencil test

Coating Material PAMLAK HOBBYLAK KIVA
Film Hardness 7 9 8
Pencil hardness 3H SH 4H

Impact resistance

As shown in Tab. 9, the impact resistance (degree of surface damage) of all three tested
coating materials were the same. Differences were in size of the intrusion. The smallest
intrusion was measured for HOBBYLAK paint coating.

Comparing the results of surface hardness and impact resistance of the tested surface
finishes showed that HOBBYLAK reached the highest surface hardness; and at the impact
resistance testing, the smallest intrusion was formed on this surface. HAZIR and Koc (2019)
pointed out that harder surfaces can be more brittle. But in the case of the tested surface
finishes such assumption has not been confirmed. At the impact resistance testing, at drop
heights of 100, 200 and also 400 mm, the cracks appeared at the intrusions.
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Tab. 9 Diameter of intrusion and impact resistance on lightweight plywood

Surface PAMLAK HOBBYLAK KIVA
Finish
Diameter Impact Diameter Impact Diameter
Drop . .
. of resistance of resistance of Impact
height . . . .
Intrusion Intrusion Intrusion | resistance
[mm]
(mm) (mm) (mm)
10 - 1 - 1 - 1
25 2 2 - 2 3 2
50 3 2 2 2 4 2
100 4 3 3 3 5 3
200 5 3 5 3 6 3
400 7 3 6 3 8 3

Resistance to cold liquids
Tab. 10 shows that PAMLAK and HOBBYLAK had the lowest resistance to ethanol, while
KIVA achieved the excellent resistance to this liquid. All three surface finishes were less
resistant (grade 3) to ink and condensed milk. PAMLAK achieved resistance of grade 4 to
Acetic acid and coffee.

Tab. 10 Surface resistance to cold liquids

Cold Liquid

PAMLAK

HOBBYLAK

KIVA

Acetic acid
Citric acid
Ethanol (p.a.)
Sodium chloride
Olive oil

Ink

Condensed milk
Coffee

AW LK —= B

N W LW WL L — L

N W W WL L L L

CONCLUSIONS

Based on the results, we can make the following conclusions:
» The gloss of the transparent surface finish is affected by direction of wood fibers in the

substrate. Gloss value of the surface finish measured in the direction parallel with
wood fibers can be different from the gloss measured in the direction across the fibers.
» Surface hardness of the coating film determined by static stressing gives partial
information on the impact resistance of the surface finish, but it does not inform about

fragility of the coating film.
> Resistance of surface finishes to cold liquids is not a priority feature for surface
finishes intended for children's furniture; and therefore the resistance to some liquids
can be significantly different.
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COLOUR OF THERMALLY MODIFIED WOOD FINISHED WITH
TRANSPARENT COATINGS

Gabriela Slabejova — Maria Smidriakova

Abstract

Colour of Thermally Modified Wood Finished with Transparent Coatings. The article
evaluates the differences in the colour of maple wood after surface finishing. Native wood
and thermally modified wood were surface finished with transparent coating materials.
Two modes of heat treatment were performed. For the surface finishing, three types of
coating material were used: water-based, synthetic polyurethane, and oil-wax coating
material. The greatest difference in colour was noticed on native and also on thermally
modified wood after the synthetic polyurethane was applied; and the smallest difference in
colour after the oil-wax surface finishing. The polyurethane surface finish caused bigger
difference in colour on thermally modified wood than on native wood. This difference was
significant. The difference in wood colour caused by oil-wax surface finish was
insignificant, bigger difference in colour was noticed on native wood than on thermally
modified wood.

Key words: color, maple wood, native, thermally modified wood, transparent coating

INTRODUCTION

Thermally modified wood (TMW) is considered as an available, dimension stabile and
durable material. TMW products are commonly used as nonstructural material for various
indoor and above-ground outdoor applications, e.g. flooring, cladding or decking. The
surface of the TMW needs to be finished with transparent coating materials to preserve the
color and protect the surface. Surface finishing is necessary to protect an attractive
appearance and the color of thermally modified wood (VIDHOLDOVA et al. 2019).

Color is one of the aesthetic properties that can be identified subjectively with the
naked eye, or measured objectively using a spectrophotometer. Transparent coating
materials can change the colour of wood visibly. Transparent coating is designed to
enhance the light stability of wood surface and not to cover the wood texture. Change in
colour of wood surface after a transparent coating material was applied is an interaction of
the colour of coating film with the colour of wood surface.

Various transparent finishes cause different colour on wood surface. The impact of
transparent finish on emphasizing the aesthetic properties of root textures was dealt by
REINPRECHT and VIDHOLDOVA (2011). Colour stability of wood exposed to thermal
treatment were evaluated by LEE et al. (2018); SANDBERG et al. (2017); PONCSAK et al.
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(2011); KUCEROVA et al. (2019). DZURENDA and DUDIAK (2020) determined the effect of
the temperature of saturated water steam on the colour of wood of Acer pseudoplatanus L.

In the experiment, total colour difference AE*of wood surfaces on native wood and
TMW after coating with three transparent coating materials were monitored.

MATERIALS AND METHODS

Material
In the experiments, maple wood (Acer pseudoplatanus L.) was used. The test specimens
were made from tangential and radial boards:
* native wood (wood without any thermal modification),
*  wood thermally modified:
v" Mode I at 105 °C + 2.5 °C for 6 hours (TMW 105).
v" Mode IIT at 135 °C £ 2.5 °C for 6 hours (TMW 135).

Wood was thermally modified with saturated water steam in the pressure autoclave APDZ
240 (Himmasch AD, Haskovo, Bulgaria) in cooperation with Sundermann s.r.o. Banska
Stiavnica. The conditions of thermal treatment to achieve colour modification are described
in DZURENDA and DUDIAK (2020). The dimensions of the specimens made from thermally
modified wood were 1000 x 100 x 40 mm. The surface of test specimens was grinded with
sandpapers with grid numbers of 60 and 80.

Surface finishing process
The following surface finishes for interior use were made:
e Water-based surface finish: Transparent two components water-based polyurethane
top coat Natural Touch-05 + 15% CA507 (catalyst for water-based coat). Natural
Touch can be spray-applied as a single coat. It offers high levels of chemical
resistance and resistance to yellowing, as well as good scratch resistance.
e Synthetic polyurethane surface finish: Transparent polyurethane top coat OP 383-
01 + 50% C3764 (catalyst). It offers high levels of chemical resistance and
resistance to yellowing.
e Oil-wax surface finish: Water-based coat Balakryl with natural waxes and oils. It is
designed for protective and decorative coatings of wooden floors, furniture, stairs,
etc.

Colour analyse

Colours of the TMW surfaces were analysed according to the CIE L*a*b* colour system
using the colour Reader CR-10 (Konica Minolta, Japan). This device works with a D65
light source by simulating the daylight; its sensor head is 8 mm in a diameter. Colour of
wood before and after surface finishing was measured. The colour coordinates L*
(darkness: black (0) — white (100), a*(— green, + red), and b*(— blue, + yellow) of each
sample were measured in ten places. Measurements were performed on all samples
conditioned in room at the temperature of 20 + 2 °C and a relative air humidity of 60 + 5%
for 24 hours. The objective colour response assessment before (index 1) and after surface
finishes (index 2) was expressed through the total colour difference 4E* calculated
according to the following equations:
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AE* = |AL? + Aa™ + Ab™ )
where: AL"™=L" —L";; Aa*=a";—a";; Ab*™=b", - b
L*,, a*;, b*; coordinate values represent the colour of wood before surface
finishing,
L*;, a*; b*; coordinate values represent the colour of wood after surface finishing.

The magnitude of AE* can be classified according to the grading rules reported in Table 1.

Table 1 Colorimetric evaluation (CIVIDINI et al. 2007)

0,2>AF Not visible difference

0,2<AE<2 Small difference

2<AE<3 Colour difference visible with high quality screen
3<AE<6 Colour difference visible with medium quality screen
6<AE<12 High colour difference

AE>12 Different colours

The change in wood colour, besides changes in the chromatic coordinates in the CIE
L*a*b*colour space, was assessed also following the changes in the lightness AL*, chroma
AC* and hue angle 4° in the CIE L*C*h® colour space using cylindrical coordinates.
Chroma C* is an integration of the values of the coordinates of red colour a* and yellow
colour b* projected onto the chromatic plane of cylindrical colour space. Hue angle 4° is
expressed in positive degrees starting at the positive a* axis and progressing in a counter
clockwise direction and is described in DZURENDA and DUDIAK (2020).

RESULTS AND DISCUSSION

In Table 2 there are listed the coordinates L* a* b* C* and h° for the surface of native
wood and thermally modified wood before and after surface finishing.

The water-based surface finish resulted in: decreased coordinate L* increased
coordinates a*, b* C*, and slightly increased hue angle /°.

The synthetic polyurethane surface finish resulted in: decreased coordinate L*,
increased coordinates a*, b* C* and slightly increased hue angle /°.

The oil-wax surface finish resulted in various changes of coordinates: The coordinate
L* was only slightly decreased. The coordinate a* was decreased on native wood and
TMW 135; and increased on TMW 105. The coordinate b* was increased on native wood
and TMW 105; and decreased on TMW 135. The coordinate Chroma C* was increased on
native wood and TMW 105; and decreased on TMW 135. The hue angle /#° was increased.
The changes in coordinates were very small.

The total colour differences 4E* on surfaces of native wood and TMW after surface
finishing are shown in Fig. 1. The largest total colour difference was noticed when the
synthetic polyurethane surface finish was applied. The total colour difference on native
wood AE* = 4,98 was graded as “Colour difference visible with medium quality screen”.
The total colour difference on TMW 105 (4E*=7.37) and on TMW 135 (4E* = 6.80) were
graded as “High colour difference” if evaluated according to CIVIDINI ef al. (2007).
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Table 2 The chromatic coordinates in the CIE L*a*b*colour space and the CIE L*C*h° colour space
for the surface finishes

Thermal

Before surface finish Water-based surface finish
modification
wood L* a* b* C* h° L* a* b* C* h°
Native 84.01| 698 [16.59|17.98|67.1681.61| 7.72 [17.85]| 19.4 | 66.66

TMW 105 80.88 | 7.99 | 17.74]19.46|65.73178.56 | 8.97 |19.74|21.66 | 65.56

TMW 135 64.82|11.66|19.91]23.08]59.63 | 60.7 |13.16]22.15]25.75|59.27
Synthetic polyurethane surface

Before surface finish finish
L* a* b* C* hO L* a* b* C* ho
Native 82.57| 6.69 | 17.54| 18.8 |69.08 | 79.8 | 8.03 |21.46|22.94| 69.5

TMW 105 ]79.95| 8.21 |17.93]119.72]65.36 | 75.94 | 10.76 | 23.56 | 25.9 | 65.59

TMW 135 |67.53|11.09| 20.9 |23.66]62.09|62.45|13.55| 24.7 |28.17]61.23

Before surface finish il wax surface finish
L* a* b* C* h° L* a* b* C* h°
Native 86.15| 6.32 | 1598 |17.1368.42(85.05| 6.24 |16.24|17.87 | 69.55

TMW 105 | 78.98 | 8.77 | 19.52121.38|65.81|78.21 | 8.86 |19.74|21.63 | 65.86

TMW 135 6596 11.4 |19.89122.93]60.18]65.45[10.76|19.82]22.56 | 61.47

The water-based surface finish caused less colour differences than the synthetic
polyurethane surface finish. The total colour difference on native wood 4E* = 2.81 was
graded as “Colour difference visible with high quality screen”. The total colour difference
was increasing with increasing temperature of heat treatment. The total colour difference on
TMW 105 (4E* = 3.22) and on TMW 135 (4E* = 4.92) were graded as “Colour difference
visible with medium quality screen” if evaluated according to CIVIDINI et al. (2007).

The oil-wax surface finish caused less colour differences than the water-based surface
finish and also than the synthetic polyurethane surface finish. The total colour difference on
native wood (4E* = 1.13), on TMW 105 (4E*= 0.81), and also on TMW 135 (4E* = 0.82)
can be graded as “Small difference” (according to CIVIDINI ef al. 2007).

According to DZURENDA and DUDIAK (2020) the values of total colour difference for
maple wood AE* caused by the processes of thermal treatment with saturated water steam
at the temperature ranging from 105 °C to 135 °C were AE* = 6.5 + 21.5. Our experiment
showed that not only the thermal treatment changes the colour of wood, but also a
transparent surface finish can change the colour of wood surface. The colour differences
were significant and depended on the type of surface finish. The scanned surfaces are
shown in Fig. 2.

On thermally modified wood, the synthetic polyurethane surface finish caused the
“High colour difference”. The water-based surface finish caused the “Colour difference
visible with medium quality screen”. The oil-wax surface finish caused only the “Small
difference”.
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CONCLUSIONS

From the results of colour of the tested surface finishes, the following conclusions can be
drawn:

e The synthetic polyurethane surface finish caused bigger colour differences than the
water-based and oil-wax surface finishes.

e The synthetic polyurethane surface finish caused bigger colour difference on TMW
than on native wood. The total colour differences on TMW were graded as “High
colour difference”.

e The oil-wax surface finish caused the smallest colour differences. The total colour
differences caused by the oil-wax surface finish on native wood and also on TMW
were graded as “Small difference”.

e The transparent surface finishes have an impact on colour of wood surface; and the
level of colour difference depends mainly on type of coating material.
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THE EFFECT OF DRYING TEMPERATURES ON SIZE OF
LONGITUDINAL CONTRACTION DIFFERENT WOOD SPECIES
(FAGUS SYLVATICA L. AND PICEA ABIES L.)

Tatiana Vilkovska — Ivan Klement — Peter Vilkovsky — Miroslav Uhrin

Abstract

European beech (Fagus sylvatica L.) and Spruce (Picea abies L.) are an important tree
species with a rather large distribution in western and central Europe. The reaction wood
(tension and compression wood) has different anatomical and also chemical characteristics
from normal (opposite) wood. The zone of compression spruce wood is easily visible by the
naked eye and therefore there is no problem with its identification. On the other hand,
identification of tension wood is much difficult. One of many factors, to evaluate content of
the tension beech wood in lumber is longitudinal warping, the woolly appearance of
surface, eccentric pith and shiny appearance of reaction beech wood in wood rings calling
them “white rings were observed in the transverse plane. The length dimension of the
samples was measured before and during in different time of drying process to determine
longitudinal contraction. Based on results longitudinal contraction was remarkable in
reaction wood, where it was several times higher (FSP was found as boundary point in all
measurements), what could be expected considering the physical properties of reaction
beech wood Measurements confirmed that drying time and temperature has noticeable
effect on longitudinal contraction.

Key words: spruce, beech, longitudinal contraction, reaction wood, compression wood,
tension wood

INTRODUCTION

European beech (Fagus sylvatica L.) and Spruce (Picea abies L.) are an important tree
species with a rather large distribution in western and central Europe (Cunderlik et al.
2017). The reaction wood (tension and compression wood) has different anatomical and
also chemical characteristics from normal (opposite) wood. Kudela and Cunderlik (2012)
stated 14% up to 21% ratio of reaction beech wood in beech raw material. Tarmian ef al.
(2009) investigated wood of Picea abies containing a high proportion of well-developed
reaction wood. Tarmian et al. (2009) put forward that reaction wood had a much lower
drying rate than normal wood. Due to reaction beech wood occurrence, the consequences
are shown in form of deformations, increased portion of waste, and decreased quality of
final products (Vilkovska et al. 2016). Kudela and Cunderlik (2012), Yamamoto et al.
(2005) studied an influence of reaction wood on material. Authors stated that increased
portion of cellulose in reaction wood, where by weaker bonding between G—layer and S2
layer bigger swelling of other layers occurs and therefore, another sorption sites are created,
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as the main reason of its possible higher moisture content (MC). As also shown by
Cunderlik et al. (1995) their measurements prove that highest longitudinal contraction
occurred at temperatures above 100°C. Lower values of longitudinal contraction were
observed at lower temperatures. Longitudinal contraction is a very serious problem in
production of solid wood panels assembled of beech lamellae joined alternatively breadth
wise and longwise into large-sized blocks (Kudela ef al. 2014). The aim of this paper is to
identify sizes of longitudinal contraction between tension and opposite wood with use
different drying modes.

MATERIAL AND METHODS

Beech wood (Fagus sylvatica L.) and Spruce wood (Picea abies L.) were used for the
experimental measurements. Samples were chosen logs with a diameter of 48 cm and
length of 150 cm. Logs were selected from forests belonging to University Forest
Enterprise of the Technical University in Zvolen, Slovakia. The zone of compression
spruce wood is easily visible by the naked eye and therefore there is no problem with its
identification. On the other hand, identification of tension wood is much difficult. One of
many factors, to evaluate content of the tension beech wood in lumber is longitudinal
warping, the woolly appearance of surface, eccentric pith and shiny appearance of reaction
beech wood in wood rings calling them “white rings were observed in the transverse plane.
All mentioned methods were used for detection. In addition, for detailed observation we
provided detection of reaction beech wood. Based on the identification of the reaction zone
using the above methods, were prepared groups of samples containing the reaction beech
(BK) and spruce (SM) wood (R; and R,) and the group containing the opposite wood (O; a
0,) of beech and spruce. The sample had final dimensions of thickness 30 mm, width 100
mm and length 300 mm. The experiment was carried out in a Memmert HCP 108
laboratory dryer. The drying mode was divided into two phases restricted by the presence
of free water and bound water in the dried wood. Temperature were used 60, 80 and 120°C.
(Tab. 1)

Tab. 1 Parameters of drying mode

Drying Above FSP Under FSP
mode Temperature of At (0] Temperature of At )
surrounding air °C) (°C) (%) @ surrounding air °C) (°C) (%)
1 60 2 91 60 12 52
80 2 93 80 12 65
3 120 2 94 120 - -

The length dimension of the samples was measured before and during in different time
of drying process to determine longitudinal contraction. The measurement was carried out
every 24 hours using a sliding scale, always at the same location on the cross section of the
samples. Subsequently, longitudinal contraction, were evaluated using Eq. 3 based on the
quoted work Cunderlik ef al. (1995):

lbefore—lgfrer
o, —LETlarter 100 (9p) (1)

- lpefore

where: lpefore - length of sample before drying process (mm), laser - length of sample in
different time of drying process (mm).
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RESULTS AND DISCUSSION

Longitudinal contraction was analysed every 24 hours of drying process, recorded data
are presented in Tab. 2. Highlighted are values of samples reached a moisture content of
about 28 % (FSP), also changing the drying parameters. Graphical representation of the
longitudinal contraction reaction and opposite samples with use different drying modes 60,
80, 120 are shown in Fig. 1 - 3.

Tab. 2 Longitudinal contraction beech and spruce wood with different drying times and drying modes

Spruce (SM) Beech (BK)
Drying Drying Longitl.ldinaol Drying Longitl‘ldinaol
mode X contraction (%) X contraction (%)
time (h) time (h)
Reaction | Opposite Reaction | Opposite
0 0.00 0.00 0 0.00 0.00
24 0.06 0.03 7 0.18 0.02
48 0.07 0.04 31 0.29 0.04
72 0.08 0.04 52 0.64 0.12
60 96 0.10 0.08 76 0.81 0.14
121 0.13 0.11 100 0.91 0.15
145 0.38 0.15 124 0.96 0.25
169 0.42 0.18 148 0.98 0.30
172 1.40 0.33
0 0.00 0.00 0 0.00 0.00
18 0.27 0.00 12 0.21 0.00
43 0.26 0.00 28 0.44 0.00
80 67 0.28 0.04 52 0.69 0.01
91 0.62 0.05 76 0.80 0.02
115 0.62 0.07 100 0.85 0.02
122 0.67 0.07 120 0.90 0.02
0 0.00 0.00 0 0.00 0.00
24 0.15 0.13 8 0.87 0.08
48 0.15 0.13 28 1.11 0.08
74 0.17 0.13 54 1.35 0.11
120 98 0.17 0.14 76 1.40 0.11
122 0.18 0.14 100 1.56 0.11
144 0.18 0.14 124 1.67 0.14
149 0.22 0.16 148 1.98 0.14
152 0.36 0.18 165 2.26 0.14

Remarkable changes in longitudinal contraction occurred in reaction beech wood
samples. Opposite samples longitudinal contraction had almost 0%. In case of used drying
mode for beech wood at 60, the contraction of opposite wood is 0.33 %. The spruce wood
had this value longitudinal contraction almost about one-half decreased.

The temperature 60 °C were caused increased longitudinal contraction of spruce wood
about 0.2 % and beech wood about 1 %. he temperature 80 °C has increased longitudinal
contraction of beech wood about 0,9 % spruce wood about 0. 6%. The biggest longitudinal
contraction increased were discovered for beech wood and temperature 120 °C (about 2%).
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Our results were confirmed by articles Kudela and Cunderlik (2012), Yamamoto et al.
(2005) and Cunderlik e al. (1995) where authors discovered that highest longitudinal
contraction occur at temperatures about 100 °C. Spruce wood reached value only 0,2 %.
Given measurement can be affected by the fact that reaction beech wood could be found in
the opposite wood in small amount.

Drying time can also be the cause increased or decreased of longitudinal contraction
what confirmed our results presented in Tab. 2. Lower values of longitudinal contraction
were observed at shorter drying time.
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Fig. 2 Longitudinal contraction in temperature 80 °C
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Fig. 3 Longitudinal contraction in temperature 120 °C

Many authors analysed definition of longitudinal contraction and its evaluation (Kudela
and Cunderlik 2012; Mellerowicz et al. 2008; Kopen (1989,1991); Jourez 2001). The above
mentioned authors deal with problematic of increased contraction of reaction beech wood,
where they examined the differences at FSP values of reaction and normal beech wood.
Shrinkage and swelling of reaction beech wood is more pronounced in longitudinal
direction, what causes higher values of longitudinal warping.

The analyses confirmed that the main cause of samples deformation with reaction beech
wood content is 6 times higher longitudinal shrinkage of reaction beech wood compared to
normal (opposite) wood and microscopic structure as well.

CONCLUSIONS

e Longitudinal contraction was remarkable in reaction wood, where it was several
times higher (FSP was found as boundary point in all measurements), what could be
expected considering the physical properties of reaction beech wood

e Measurements confirmed that drying time and temperature has noticeable effect on
longitudinal contraction.

e Bigger longitudinal contraction was measured for beech wood in temperature 60 °C
(about 1 %) and 120 °C (about 2 %).

e In temperature 60°C and 120 °C had almost identical drying time.

e Bigger longitudinal contraction 0.6% was measured for spruce wood in temperature
80 °C.

e Drying time was for beech wood and spruce wood in temperature 80 °C shortened
about 40 hours in comparison with other temperature (60 °C and 120 °C)

e The result provide that longitudinal contraction are distinct showed for reaction
wood of beech wood. This fact is very important keep in mind for drying of beech
wood.
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e The longitudinal contraction spruce wood was remarkably lower with compare of
beech wood

e The Quantity and quality of reaction wood remarkable affected to size of
longitudinal contraction in a both types of wood.
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FORCED SPATIAL VIBRATIONS OF A WOOD SHAPER, CAUSED
BY THE CUTTING FORCES ON THE WORN CUTTING TOOL

Georgi Vukov — Valentin Slavov — Pavlin Vitchev — Zhivko Gochev

Abstract

This study presents the results of conducted investigations of the forced spatial vibrations
of a wood shaper, caused by the cutting forces on the worn cutting tool. The paper is based
on a specific mechanical - mathematical model, developed by the authors, which allows
studying of vibrations of this type of machinery. In this model the wood shaper is regarded
as a system of three rigid bodies, which are connected by elastic and damping elements
with each other and with the motionless floor. This study renders an account the mass,
inertia, elastic and damping properties and geometric parameters of the machine. It
considers forces on the cutting tool from its interaction with the processed material -
cutting force, tangential and radial components. A system of matrix differential equations is
compiled and analytical solutions are presented. The results of the numerical investigations
are presented. They are obtained through modern sofiware and by using parameters of a
particular machine. Machine data is used in a typical operating mode with a certain degree
of wearing of the cutting tool.

Key words: forced spatial vibrations, cutting tool, woodworking shaper

INTRODUCTION

Wear and damage of the cutting tools of woodworking shapers change the characteristics of
the forces of their interaction with the processing material. This affects performance of the
machines and impairs the accuracy and quality of their production (Gochev and Vukov
2017, Obreshkov 1996, Rousek et al. 2010). Uneven wear or damage of the tool and
accumulation of superposition in separate parts of the instrument have main influence.
Exactly the unbalance of the cutting tool most strongly affects the cutting force and creates
additional variable loads during the operation of the wood shapers. These loads are
transmitted to the spindle and by its two bearing units reach the other elements and the
machine’s body. Specific studies for investigating the effect of the uneven wear and the
damage of the cutting tool on the cutting forces and the machine’s work are required
(Beljo-Luci¢ and Goglia 2001, Keturakis and Juodeikiene 2007). The machine can be seen
as a mechanical vibrating system with known characteristics in this studies (Amirouche
2006; Veits 1971; Slavov and Vukov 2019).

The forced spatial vibrations of a woodworking shaper caused by the cutting forces from
uneven wear and damage of the cutting tool, leading to its unbalance, are investigated in the
proposed study. This study is a continuation of previous studies of the authors (Gochev and
Vukov 2017, Vukov et al. 2018, 2019).

Department of Woodworking Machines, University of Forestry, 10 K1. Ohridski Blvd., 1797 Sofia
e-mail: zhivkog@ltu.bg, givukov@ltu.bg, p_vichev@ltu.bg
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MATHERIALS AND METHODS

A mechanic - mathematical model of woodworking shapers with lower spindle is built for
studying its forced spatial vibrations. The model is shown in Figure 1.

F,
Fy '\\
22, byZZ my, I;
22, b2z
Cy32, 02 / ‘yZ
x32, by [~ \; 0.,
G ”
b [
| ma, I
]
ms, ]3 Cyi3
Cyi4 byiy b3
N =
Cyll Cx14 .13
Y z
byu bxlé.l‘,.‘ s Cyl2 b.13
Yo re byi2
=, 13, bais
Cxll Czi1 Cxi2 Cz12
buii b1 bxi2 b:12

Figure 1. Mechanic-mathematical model of the wood shaper

The following symbols are used:

my, mz, m3 — mass of the shaper’s body, the spindle and the rotor of the driving electric
motor;

I, I, Is — inertia moment tensors of the woodworking shaper’s body , the spindle and the
rotor of the driving electric motor;

Cxliy Cyliy Cz1i 5 1 = 1, 2, 3, 4— elastic coefficients of the vibroisolators between the machine’s
body and the floor;

byii, by, bzii 1 = 1, 2, 3, 4— damping coefficients of the vibroisolators between the
machine’s body and the floor;

Cx2i Cy2iy €22, 1 = 1, 2— elastic coefficients between the body of the machine and the spindle;

byai, bysi, booi , 1 = 1, 2, — damping coefficients between the body of the machine and the
spindle;

Cx3iy Cy3iy Cz3i 5 1 = 1, 2— elastic coefficients between the body of the machine and the rotor of
the driving electric motor;

bysi, bysi, bzsi, 1 = 1, 2, — damping coefficients between the body of the machine and the
rotor of the driving electric motor.
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The three bodies of the mechanical system perform spatial vibrations - three small
translations and three small rotations relative to the axes of the rectangular local coordinate
systems that are fixedly connected to the bodies. It is assumed that the axes of the local
coordinate systems are parallel to the axes of the reference coordinate system. The position
of the mechanical system in space is defined by the vector of the generalized coordinates,
which is

q:[xl »nz 6, gyl 0., x5,z gxz Hyz ‘9z2 Xy V3 zy 0,4 ‘9y} 0., ]T' Q)
The mechanical system has 18 degrees of freedom. The sequence of building of its
mechanic-mathematical model is presented in previous works of the authors (Vukov et al.
2019). In this work, the model is further developed for the study of forced vibrations,
caused by the cutting forces on the worn cutting tool.
The differential equations of the forced spatial vibrations are derived by using the

Lagrange’s method
i[ﬁ}—[ﬁ]+a—5+%=q @
drt\ oG ) \og ) o oq

where Ex and Ep are respectively the kinetic and the potential energy of the systems, and F}
is the dissipation energy or dissipative function. Q is the vector of generalized forces.
The obtained system of differential equations, which describes the forced spatial
vibrations of the mechanical system, is

Mg -Ghiea + Bieas - Gisa + Craae - iza = Quea 3
The matrix in these equations which characterizes the mass-inertial properties of the
mechanical system is M. B is the matrix that characterizes the damping properties of this
system and C — the elastic properties
The kinetic energy of the mechanical system is

3
E =2 E, @)
i=1

1 i i i i i
where g = 5.(mRR.VgiT.V£i +Q " 0o0.Q) mi =]p 1.V, =m,.I
[/I.
The elements of the matrix M of mass-inertial properties are defined by the expression
E,

m =
a4, .84,

(6))

i

Potential energy is defined by
Ep=Ep(@)n+Epc(q); (6)

8 1 3
where En(q), = ZEqT C@.qa>  Exg), = z_m['gT'R(()fi’
i

k=1
C(q) is amatrix of elastic properties;

g :[0 0 g o]T — vector of gravitational acceleration,
k is the number of the elastic element between two bodies of the mechanical system.
The elements of the matrix C of elastic properties are determined by the expression
_ O Erla) (7)
94,04,
Dissipative function is calculated by the formula:

1 . \2
F, :ZE'bk '(Brk) (8)

m,n
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where o, is the deformation velocity of the elastic elements.

The elements of matrix B are obtained by replacing the elements of matrix C — ¢;; with b;;.
The vector of the generalized external forces has the form

Q=[0 0000 0 Qu, Qu, 000000, ©
where Qr =Qpy +Qp. 5 QQzQQd+QQc'

F,
> 10
Q. =| F, (10)
0
where  F =F,.cos(wt); F, = F,.sin(wt)
QQ:I (}2‘)=tfmr-(i"12:r-Qrd) (11)
Where
1o 6,] o I%, I,
Ufsz 01 —6,[" E'g:T= _Igzz 0 Igix
06, 1 Iy, . O
ng} ‘Ffl +'|Falr2 +1pe ) Tpx2
rp, = ‘ngz = F31+!;2+!$2 Torpy = Uy
‘ngz ffl+"i.12+‘FP22 Ip.2

Cutting force is a distributed force acting on the cutting edge of the tool. This force is
replaced by its resultant force, whose application point S is in the middle of the cutting
edge. Resultant force’s two components - tangential and radial — are used in practice. Each
of these forces also creates a moment relative to the starting coordinate system. Thus the
generalized force includes the generated forces and moments from the cutting forces.

The generalized forces of the components of the cutting force are

£+£.cos(6.a).t)+ £, +£.cos(6.a).t)
2 2 2 2

, (12)
Q. = %+%.sin(6.a).t)+§’ +};’ .sin(6.0.1)

0

where: F;— tangential component of the cutting force;
F, — radial component of the cutting force.
The generalized moments of the components of the cutting force are

Q. (F) =07 (5, Qx): (13)
where:  M(F,)=15" Q'
1 0 6,1 0 I -,
UPT=l0 1 g, W= 0 I, |
06, 1 Iy, s O
‘F.grﬁ 331 + ‘Fiz +lgo Isr
Y5y = ‘F,%J = ffl‘*{iz*“?&l-z Ty =| g,

0 0 1
Ig, IS+, +1g, Is:2
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Obtaining the common solutions of the system (3) is related to the determination of the
initial conditions of movement q(O) u g (0) .

The general solutions of the system of differential equations in matrix form, with initial
conditions t=0, g(0)=q, q(0)=q,, are

18
q(t)= Z%[G,.M.Q(0)+(—a,.G,.M+,B, H, M +G,.B).q(0)].e “".cos B t+

2 -
7 (B, Mg(0)+ (-a,. H, M- 4G, M+H, B).g(0)] € “f cin Bt + (14)
gl' + r
"8 2 @G,+B.H +ikQ.G,
+R:{ZZ 2 2 2 2
Soe +h o kO +ilko,.o.Q
where

18
+2
r=1

Q . eiknf}

g =-2.a,(V.MV,-W MW,)-4.8 VI MW, +V' BV,-W .BW,:
h=2.8.(V/.MV,-W MW, )-4.0, V. MW +2V .BW,; (15)
G =g .L +h.R; L =V.VI-WW'"
H =/.L-g, .R; R=V.W +W.V'
The whole machine and the three bodies are modelled with software Solid Works. These
models are shown respectively in Figure 2, Figure 3, Figure 4 and Figure 5. Figure 2 shows

the local coordinate systems and the reference coordinate system that coincides with the
coordinate system of the body 1 and in which all the vectors are projected.

Figure 2. Model of the whole machine

It is assumed that the axes of the local coordinate systems are parallel to the axes of the
reference coordinate system. The elastic-damping elements are marked with points 1 to 8.
The application point of the disturbing force F, , which coincides with the mass center of
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the tool, is marked by point 9 (P). The application point of the cutting force F. is marked by
point 10 (S). It is in the middle of the cutting edge of the tool.

ording‘re Systern 3
Figure 3. Model of body1 Figure 4. Model of body2 Figure 5. Model of body3
Table 1. Technical characteristics of the machine
Mass, S 2 .
Body ke Mass inertia moments, kg.m Coordinates of the mass centers, m
Ne m Jxx Jyy Jzz ny Jyz Jxz le le lCz
1 [391,52149,2672(52,000[47,9480/0,0395| 0,4405 [0,2525| 0O 0 0
2 (11,123 0,2937 |0,29370,0052 | 0O 0 0 0,009 [0,066| -0,020
3 | 14,378 |0,0516 |0,0516| 0,0206 | 0O 0 0 0,019 |-0,115| -0,134
Coordinates of the supporting points of the elastic and damping elements
In the coordinate system of the body 1 In the coordinate system of the body 2
T. | Ly, m | L, m Li, m T. | Ly, m | [;,m L;, m
110309 0316 -0,654 5 0 0 -0,214
2 10,309 | -0,284 -0,654 6 0 0 0,096
3 1-0,291| 0,316 -0,654 9 [-0,005| 0,005 0,258
4 1-0,291 | -0,284 -0,654 10 | 0,0065 | 0,0631 0,2624
In the coordinate system of the body 3 In the coordinate system of the body 1
T. | Ly, m Li, m l;, m T. | Ly, m Li, m L, m
7 0 0 -0,076 5 10,009 | 0,066 -0,234
8 0 0 0,084 6 | 0,009 | 0,066 0,076
7 10,019 | -0,015 -0,210
8 10,019 | -0,015 -0,050
Damping coefficients
Between Bodies by, (N.s)/m by, (N.s)/m b.i, (N.s)/m
Oml 980 670 470
lu?2 980 670 470
lu3l 980 670 470
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Elasticity coefficients

Between Bodies ¢xi, N/m Cyi, N/m ¢z, N/m
Oml 1000000 1000000 1500000
lu2 2250000 2250000 2250000
1u3 2250000 2250000 2250000

Angular speed: 100 s' = 15,9 Hz.
Disturbing forces: Fy=19,62N; F;=29,44N; F;=39,24N
Disturbing forces: F., N

Feed, m/min

Tangential F; Radiol F;
2 3,5 1,9
6 8,1 4,9
10 11,9 7,1
RESULTS AND DISCUSSION

The vibrations on all 18 generalized coordinates of this mechanical system are obtained as a
result of the provided investigations. Due to the limited volume of the article, only a few of
them are illustrated here. The linear vibrations on the three coordinates of the machine’s
body, the rotor of the electric motor and the spindle are presented. The results are given at
angular speed 100 s , feed 10 m/min and disturbing force 39,24 N. The amplitudes of the
considered coordinates are

q1.m 4q2,m
000008
0000136
0000085
0000134
N 0000132
0000130
0000095
1,8 - 5
! 201 202 03 204 05 201 202 203 204 s
Figure 6. — Graph of qi(x1) Figure 7. — Graph of qa(y1)
4q3,m
0004387 a7.m
0000150
0004386
0004385
0000155
0004384
000633 0000160
000382
0004381 000165
! ts ts
201 202 203 204 205 1 202 3 ) 205

Figure 8. — Gréph of q5(21) Figure 9. — Graph of q7(x2)
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Figure 10. — Graph of qs(y2) Figure 11. — Graph of qo(z2)
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Figure 12. — Graph of qi3(x3) Figure 13. — Graph of qia(y3)
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Figure 14. — Graph of (115(23)

The analysis of the results shows that the cutting force of the woodworking shapers
generates spatial vibrations not only on the spindle (body 2) but also on the entire machine.
The amplitude of these vibrations increases substantially with the increase in the feed rate.
The amplitude on coordinates y, and y3 increases more pronounced. The specific values
depend on the machine's parameters and its operating conditions. This confirms the need
for precise preparation of the cutting tool, which is especially important for high speed
woodworking machines. The amplitudes of the forced vibrations increase slightly as the
unbalanced force rises. The cutting forces more influence on the amplitudes of the forced
vibrations.

CONCLUSION

The paper presents a study of the forced spatial vibrations of a woodworking shaper caused
by the cutting forces on the worn cutting tool. Some numerical calculations are carried out
with a developed machine's model and modern computer programs. The calculations use
the parameters of a woodworking machine used in the practice. The vibrations of the
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mechanical system on all generalized coordinates are obtained as a result of these
investigations. The results are analyzed and conclusions are drawn for the vibrations
amplitudes by the individual coordinates. The study clarifies the impact of wear of the
cutting tool in two aspects. The inevitable unbalance of the tool as a result of wear by itself
has little effect on the vibration of the machine and its components. However, the cutting
force of the worn tool generates considerable spatial vibration. They are obtained on the
spindle, but then spread over the entire machine. The amplitude of these vibrations
increases substantially with the increase in the feed rate and depends on the characteristics
of the process material. These findings confirm the need for precise preparation of the
cutting tool and careful monitoring of its state.

Acknowledgements: This paper is supported by the Scientific Research Sector at the
University of Forestry — Sofia, Bulgaria, under contract Ne HUC-b-1012/27.03.2019.
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