AR

I 9 (SHSe 9 (S SLaddl§e (Su 3 (e 93LT palgd 1 (Sl e I

Lo o S0l

Old (sladp g 8ol e mluo 05,8 Lkl

ol

ol Jgtme
asamariha@tvu.ac.ir

D RAVARVRA IR
VEANY/0 bl oy

oSy

by yo Blos (iaio o9y 4 w2 Sl o & bgye oMbl &S bl
(B Pl o JId 4 Baid ol Al e S pdige g sausS @
slaoyss Gl es pbsl g g Spowe e OF SSKe
g0 430l Joallygiws 3l (BIrCh) o ogr Jl pglate (it -adb oo (iato
WSt sl (ol Gl 3,5 e3litwl D (oS 39 905 Mg (gl LB dgg
(Lrarb*) 5, oo 5 (S2iSly (SapiSan Cogby 1Y 5 o
MOR MOE Jols (SilSe (ol < Swisdy cigefl 5 ol sloShs
dulie Wald 9o b g (gwpp S ilge ()lid Cunglin g 4y 4 Cueglie
JB Jladeds sald dged & Cund oddigey Lo () ob Ui @l Lud
o1b Gl sl o Cogby dop feg 0@ Gl 0dd Yoy (kg
o g Sl Al b i 1y Sials as s WYY sals digel 4 Coms
Sad Azl ol ol 1y Giliel asd VY sald dsel 4 Cuwd ol )l
S ol ) el e ofF seld W 4 Cuwd ()l el dm diged
Db i 1y Gill de s VY sald diges 4 Comd (Sl slewd 3 de dliwshd
9 Voo /B iy 4 anld gl & Cans 045 g0y diged (SuiSTly 5 (SaiSen
& Cos 008 Syl Jesd g il alae ans b ol 1) ials aop VO
Do odnlie JB o axdl bayud o gl Coyso g g Joue aals diges
Sloe i a4 Caglie 5 wps 4 Cuoglie ((SiBguS oo gtV e
9 YEV/AY XY FIVY oy 4 dald dsed 4 Cuws ol Sl Hles U
Sb ol ) el asp Y20

Plod ol (sl Sy (el dngly cuss 99 905 1535 B3l

(S el o Sujd

(S 9ler g (S wlaul OlS pac ez (SlodiiS sguze doddo

Jalse cplazci o aie il § ol (iay ol )sle
Fogame ol Gude yee g aBl melS Ggx CuaS
VAT ams 4 )l ol anld V] as salys
05U .l dnwgy VA9 dns o yinn 9 00,5 oy

sl 8L arwgs 3yl Mol (6l g, g5 (moix

Glidee mlio ) gwiige ool So (lpear oz

polie bs 9 odglasax w@iyse oS |5 g 00,
Sl anTd s 50 eS haw g5l anje g col
pirde ol @ anly slaesysld 5 g wlaslke
5 wothd el Ghls wijls a5 sy sl S



v Saed ool ol 2 > Sless 1

Sl ol g8 5l s sbaise Sl el
a0 YV g VPO ol mhe iy L oSS
Sl g Solns AVl Jgow o9 ol 5 ol
9> rdiges Alaild 5 (SPvw o o e Cuoglie
ua.z.w..a LQU}A)T GL».’ odliv L: LA L)?A)" ) 5.41).’
Y glales o (Silm jled g SO 51 A w0
S ool JalS 1) ez sladigel Sl sl S5
5 2s7 sleaiges 1 e b 4 e K08 9w
QS’)‘):’ )Lo.u os}LC LY w‘ W) l.@ui &Lsu‘ uLu QW
P& gl oleerd Slns o 4 Vb glales o
Iy soglio Glo S5g 0,5 ol Loz slaaiges (LSl
Dol s o Cox X, [a] sl 4,8 )_...L S
et Wlgiee Cox Ky el ox Sl
aS ol ‘5?)|)> Sles JLA-C‘ L onds C)Lo‘ e CadS
- Sie S e b o | o] el 95 A e
u—*S)—'“-’)B’LJ-’L“-"U*S)-‘)QrM&)LSL“
a0 Jb cwll sl Gi,.w c9x el olend
Ode 9 oo o).ajcb 5‘5.;)‘)9 CM‘ -‘a.s‘,w L s_ijj ).....u
oSea 3 BARCIK Vo] o)y s s ol
S5y et S el sles Jl sy 4 (V210)
Doz S SO ek (Regh (nl o WSy ooz
5\"\ A AP LgLQLm) )Q ‘5:)‘].>)L.ouu )l o L}"’y
CIELab i alws 4 o3 oSle ax 0 VY-
(L*) g, Hlaie aS o liad ol ol (5,505l
Sl bl ool goys laig> Ky g adly jialS
b* Jlade ol 5 cilwaz o Yo 4 VFe 5l Ly ou 08
S K e g a* Jlade Ll blae o el alS
el ams 9o, IV o5 s Il (AEY) lewss
obie 4 sz Gl el slean T8 gy, Dlidos
DY] cal sas abosl dasre com) sloon ol
ols UN\J.G‘ agsi;) C)LA 4 e g Ls'i)‘? C)Lo‘
Brich cucdSl ol b wgs e 50 [N Y] 052 o SilS
UL 5 (amg)) Loyl Jlod j3 0 0 (Jlod 0,0 )3
Sy ot S e 0yl vgzg Ll ) bl
b origy 005 S5y ol ap w9z g oo b 5y e

Lol (pgy e B (pgy Sloged (950 9z 9 Suhe

4
L 5l ol il 507 gidly caidlid 101 395 505 wiile
s Ten Txoslagts, LT e TEL e,
2 Sl el T3l 5 il )0 plStnSs
sy w9z Sl el layaS (S 0 b
plgs Rl Cuzr wor cule &) pslaear &5
SpSer Do g Sjler elst wlnl Sl anb
crge a5 col slais, 3l o o Pl Y]
oole o sz 5l goad sz calee (B p B Bk
I¥] sjle e ol oo )5 lp conlin owiige
Lo 4 at a5 o)y SSUS eyl Sl Ll
(i3 loo 5 Oy 0y w2l Jou w2 goole S
oo e ool ol as [F] sl sloizg b
ol T bl 6l g Cogh ) Lo T Caglie Sguge
Hlse 512U eas il el wsr sn S
Ao ooz JenSg 000 slreg 5 rals wile (o0t
ol Aol om0 g0 (Joho Jlpno DS 5 o 50
Lol JoSas (Sl (Sadipy eilshe ax by S
oy 5l (U Jsho Jlps (Fadpez> o)l 50
il 5 i 185 0] codl Jslo o lgy0 Silis
oo Sl el ey o Glidd glac Il
plosl WS 59285 55 S99 90 (Mol ozl Lawgs
S 00 Pl Cox Sl sl Sy el ool
Percin .[V] s )ls Sy Cox 55 g5 5 ol Lyl
2 Slrles b eyn p (V1F) liSen
aw 3 1) 2Ol (B Cor (SHle sl S
P gol S als ax Ve 5 IV0 N0 Sl mhaw
A Colys yoas wioly sl el O 5 ¥ OV slagls
D (e (S Ceaglie g il Jodo ralS
ol ot 5l oy esslcmssay (55 1alS 4 ol s
Sl SS9 oyl g jebay wilgs oo aS s cols e
5 Bortivka [A] sas ,,8 J..;l) o |y e Sl
wyr Se¥ly Seglie sla Sy (V2VA) ol S

or 1y s,S pwyp |y eal Sl e eg

" Thermowood

2plato

3 OHT -Oil Heat Treatment

4 Bois Perdure

5 Rectification

5 T hermo-vacuum modification



- an

alwsas ASTM D-2244 » ksl wlal 5 (),
oidu oBislej] 10 ux HeiS Cile e, oKiws
4 Coglae Juls beaiges Sl (ples als (5,u505lal
oKisle;l ;o EN 10045 o,lasbisl L golhe a,o
L wsLﬂA 9 ‘SAMAJJ‘ u)km‘ (5"'9 od..i...u‘d <9 s_iu&.o
o8y losl ;o ASTM D 143 o sl b gollae ¢ e
(Sle olez (g pSoslasl 5l LS el (g8 elal
oo 5 000 PO s Cusb, jo LadS 5U1 o badigal
el gl Jolee 4 ¥ e ol § il a0 V-
A eolatwl (g ylspaige lpy Bolai MlS #,b
o pae b6yl gime st lia lp S T 903
(SPSS) l33le i 51 eolaul L ool Sl (g b
ol ool

(ol slesd o g S Jobw yolie (o) sl
P U>_cLau.....: (2 c.la.&c dw )’l @55‘...;9)1».4» ko dlul

Srdisges 5l os5wg K ablas agi (IS jobbay o
Oy ks gladisel I gosew cal gyl e
2L oead o5 ‘5)56.'4&.‘7 e 0ol Jlowd sladiged
Cuss 1 og3 S8l el (g5l Sy Jolhe e
ged 3l odd dgd 095wy, ablio VS Laisls oo
00 ..\49] od..S‘).' u,uy ..\.QOLSA uLMAJ ‘) u,uy = aald
w5z > S sl Wil 5l ol Gissi lagetilly
SISl cgr il il s cug, BB L 5 3,
il oo (SHU slae sl as sas JSis a0 0]
S ,003e Ve BO- U goog oan adaie slils Lol
ol 0 sl e sleaz ;s Wb Sszs mipe el

Al oy g5 455

55 Gly slacgzr ple b awlie 0wy ooz
o d y3 1l oS ledlbl g azd 5 )18 G 950
o fl(gyp Baa b Gadod nl S0 (om0
sl g 09z Sl g (Sopd el 2 Sl

] 0L

L rg) g 9lge
o0F 97 B985l 090 sladiaed G (nl o
Sl el G 9 4t Olisls (L9 R0sr <ol ]
Sl P g 4 g b sy sladige
399 905 (Hellom (easil (b9, ulul »» (Thermo-D)
oo Slp b plsl b)] Cgz ke G515 8 widls
" dgei I SzeS S ¥ oslani 0oz (ogill sla Sy
A8 13 olaiwl 050 yie gle Vad ) olul o L
5 &Vl gy Gillae (Seogill slo Shy o &l
ollas D] was sl (VFA0) Ko
3 o Cnt 3l e 00l g ladiged (0959 S
Image J ld8lays L g)lop mSe g oKinle;l laoxe
slaSny St el paad (605 b
Hedlo ezl QB R0t plelid (595 Sn
w5z slaThs IAWA) Glr sz lacussl]
oo 5l oslinal b (Saigd 5 oygesl V0] i o)
Loy oud azls (Cam) wled agly (5803l
s plosil (531 5 Slge olStmghy ;5 (Fisd oSt loj
FYAUYYDFK ixio 55, Cpn s 3l oolisial by sl
ol 013 5l g ailoads 428,85 2X 1 S SS 4
WJoss Casb, Jlade el (Sond ol Sl
sall gladisal goz> (SoniSly 5 ol Qi wiils
Cugby wd SLI e 5 0D (T ol S9990 5
SLE 55 9 T(ASE) Sowssly ws SIS N(MEE)
Bl 399 9055 sladiges T(WRE) 0l Gi> (Saijbosb
Dl s acibee OYAY) oLKen 5 ol gws Lo,

s jlam g L) cor sladiges ST, Sleogas

" Moisture exclusion efficiency
2 Anti-swelling efficiency
3 Water repellent efficiency



VSV PN g e S NG

@

|

olan bl () ol alao () 056 oo () pogi WS iz (o295s Soom ablie ) S

doyd o)l co 55 9 S5 092 5 (297 andl w55
0)l300 55 o S 09 oo odaline laaigl o ,5 g
laaisl B oo ,o dilie )35 5 5 )5 399 daniy]
ssalin laaisl Sloyi amys cuysd 5 o5z a3l 5
S35 A0 0 B (97 andl 50 0 JSO b

ol oadlie aasgl olers o 50 g (gass!

s oz 5l oad Ad (58w See @blie ¥ JSCS

S aale angi ams o LIS ) o Doz el Sl
S8 09 Jediw oS cnloads Sl Jled Cox
B Lo yd 5 baassl IS5 (S ) oo &1 5 50 o]
g daasgl oyl o o S o el caslin
O g e Jeke o Y g lapd olns o )5S
@ S ool oanlie L loyd Jske (gloo o




oYY

VE ) ey F o lads eeid jons Jlo i)l 315 5 gz gylio alome

oo glaia (6) 3 oo ladh gblio (5 3 &) (o35 cbolin (o 3 ) gd o0 Yo 92 sgScwg Sra aolio ¥ S

5 FatSly Sle i sy aslh saige
boplye w4 all gaigel )0 o> (FoniSen
Cud S A dg950,0 (Gdiges 40 9 Joy 1 F/AR VP
e S el b Log we ) VIAD ADY L ply
Slade aS ol ylas (gygabee celw Y 5l o Ol Lis
3 S Glogine job a4 wgi Ogsses 0 ol Ll
Ghges 0 ol Liz (W She jlade ol Jsore o
L ply 0g950,5 (saig0s 10 93,3 VITIVO L ol salis
cle (YY) Lo 9 Mirzaei .og o, 0F/N)
oo o 55 | oad e s Ol Qi e als
a5 s e oyl wliiss VY] wsges ;53 ladsle
oal go i sz )0 ol Liz ke ooz sS4 Al
Tarmian ool aels Oz 5l min b eSS csl (Sew
ol Gds lade a5 audl e (Y VA) Mastouri 4
2 g ol wels Coz Sl i Sree 355 50y sz
oS ol Qi jlude bely 5 g5 059 905 0 a5 Jl>
Sl e Gl lial g baisS nl sals Gz
ol 6dydei i Salidl 4 1) 5ree 099 50y 50 o
ool IYYT sl cos Syl ol 5l e oo
oo ohlS e S sg990 5 peasl slas laslisl
Sl 02)3 B0 L ply bwgie jsb 4y 99905 Zugb,
ol o oael caws 4 e 4 amg b oonlplo VAl
o (2o FIA) (g 399 905 Sladiged sl o
rotlae oSl o 95 099 505 (AIges 45 CS

el 555 sy i e ialS Ll ay

sz Sl sl slaghy, Cuddse b)) sl

coz ol Ll sz » ol b b g el
5 Jokw o)l cops Jdsa DV el aee
gl 1o (oleand Slyeis 5l LIU gz LSl
Orzed 5 (95w ,See pglal 4y azgi b ooad le
B o5 4355 5 sy Sae abolie 38,5 ik
855 ol 63 @b e b a5 sase ol
oS e Jobw JLSle il o 5 e0g Jagad
So 5l om (Vo0 #) LS 5 Boonstra .ol oas
535 5B b SaasS ()b 099 505 (g5ledingy b9,
45 2y ool ax ST ess S 655l ooz JLSle
el SamSoly e e sy, e sl
a2 DAL 58 Sl s oo p0 (Swsca]
0% 999 305 Loz o Jold Cugby jlade aS by (lis
Conl Jgorn digei j0 ol Jlade doye VFO 5l S
a3l Cews alio ulis a4y 35 o ple () Jgo2)
Joles s, alS ol oanie bYs ¥ 4 14]
ol (Kol azpo G2alS ol sals (5155 99503
w225 Fl s JeeSenee Glees Sl RS
g ddlie 5,0 il 5 o9z Jobe o SlS S
Jolse 5 oS po (poe Slawien JSi5 Jeke
odd Sl el Cex jo Cusb, L coLl snsals
5 SawiSly Jlde a5 ol ol b V] asl s
@ ol )0 bt 5l ey 9950y ez (SoriSen
0 osleiel maw ;o 5l Jxe jebay celo Y o

o> ‘;\_.*( 2 g ‘;\"le )L,\_s_‘. )’l VO WP




v Saed ool ol 2 > Sless 1

Arf/

¥ P9z 099 g0y S b ol ) Jgu

Lo GB1 il oeSileo SR
Y/04 83/10 Cagby Wi J,l8
FIAA ov/aa <l Qis (Sw,lsb S
\ALd OYIVY ez (SuaiSly ws S

ol Csz pad p S0l saias lis salds diges o
aS aszdl o pdisre STl (SieS (Gpdups) o
I el ams oo 2alS 1) Gox (Swigdy 5l 5yl el
el g ladsluacon o 55 Cle 4y (Saish s rals
SE 5 Loz e 0 JeSe e slaeg S
I¥ o] sgi oo 00l s (i s

oo 4 Xie 5 (Y-14) | SKen 4 Durmaz
5 SoeiSly Jrall (S andb el (Y-V)
L R g wr oolal Ol v 5 (SariSen
sloog,S JoSis g (lojlglo o) o o5 o
Ivo s Y¥las s 25 )l e jlam 50

dod 5o o aS ob plid Jaee T g0l

2 o ez SaS anils sltulay (S el
Olbzobl w55 (5> slers jlas 5 (Gl sles
(Y Jgaz) o)l ez gyl o xe BT /AA
Cogby Ho aiiily (Slme anidls wls plas ¥ Jgas
G Comd 0dd )l jled gz eled aygly 5 VAT
Iy Glsdlas o FYIY o VIV VIV ooy 4 vald digad
5 (S eiSen (S alewils pl o oedle ol lis
god 4 S ()l Lo ) dmy (pez> (SuniSTy
Iy GolS aops VIO o Voo /d o fF oy 4 aals

S 00D goyd digad 4o (wlad aygly olial oly Las

(5310 xe gehauw 9 T jlado) Jiwwno T 53051 ¥ Jgur

615 o el T ,lade 39

ees VeIAV- @/em?) il ye dipandls

JJFY- <IA-9 (glem®) Slis asuundls

[oo¥ v/¥a0 @Iem®) 1AY Cagby 5o dipmils

ees YY/O)Y (1) oo (S oapisSon

e YY/+0- (1) gozxe Sowisly

-I¥ -IAS] (Mpa) &g Jgoko

s S I¥AA (Mpa) ( SKiseamS Jgoo

I /-y (KIIM?) a6 45 cangliie

1$9A -IYay (Mpa) SLJI (53190 )Lid 4 Caoglibe

59930, g waLh (ol ladigai (Syjud oles ¥ Jouz
. B 9 Wil
oled gl S STy PERW-X PV Sl adls (e apndls

] . 1Y WS“’) 3 3 tad éy

(42 y3) (1) o= (1) o> (g/cm®) (@/cm®)
(g/cm®)
L, V0/va \YISY “JEVD /oY AN
KV-Y0)
0N (-133) ¢IVF) (-1+0) S "
ASI vIY #IA AL AR /TR
R .

-/%9) I CIEN) Gl (/%) M i




\ATA/
Ky et (e d e AD g 35 4 bl )
ol sl a4 ol plid b el @J & bl
Al el diged 4 Cawd iz by, Glels cel

9 S5 OBl cxge mgi 099 g0y (il e
Wged 4 Comd 0oz (2l SO Gl g 60,8 4 bl

el 00l QL

CIE v ;0 w5, oiws 5l S0 b

3 e e o el LY ¥ D% els 5, (glaailie
Sl Lo 5l o s (Gald 550) Gab ge 5wl
S5z 45 slp o] Cawd A s 0l g pSelal
L ol j0 sials .cwl oo 00,5l T Jgam j0 g
S a4y Code AR Cesl digad (ad Jioyd (gae
SO e (e 3 e AR 5 a8 4y hleie ST,

Sl slesd 3l v gl Coz L dige 5598 rAdGe Ol puaii P Jgu

AE* Ab Aa AL

E3 e

b a L S EY

AL/of -FIYO YV Ox/YH
YV/#a AY/AD

YV YE/Q) VE£/8A AYANE[ D YX/ay
-0/YA -f-/0A

Yi/.f Y/gd +x/0F  FFN YE/AY

S
YFIFF r

b w0 b oo Sl el pals (o b
LYL sles o bajlola on ohigar ©oz lany Lo
o Ailg3 o 4T Cal olpen JT laosl oy
Osd olisS g Joke Sl o 51 Gladisn S
o33 Jsb )b 5t s 4 ogd T 0py Jsbo
S Joe Ll imgz o285 slacueglis ol
590 YA 5 VI el sl BB obS slajlas o
» Sl e Gl GBE Gmee S g CwSS
Sl ©oz (SHle ol n She el (Jsbos o)leao
SUSE 5 585 GRIPl com Sl Sl Y]
5 S Jode (RalS glp Jle 4 oad sz
b o> 2ol Y] el Lo digei 4,0 4 Conglie
ol 5o Fhe oo sz LSl GAbgy8 enny
INY] ol oz Sl ol 5l (S o kiiie e
BB a0l o Gl e (b o] L
Wgad g 995905 Sl (g5lge jLid Cunglie (o (gl sixe

Dval sl ansla sg>g wals

S5, Jolos 05z 688 PleF il e Jlesl L
Slosd Do azym 5 w8 e b5 i o sleddlie
o oy IVPL ag8 e iy sz (S il 2o
9 OgelaenST Sl ol olge JoSeis s 4 sl ooz
ST laiasly VY] cal Car sl o s
SYgame JS5 5 (2l Slpe (g oS
SeS gy dged ;0 08 SO, Dad Gl 4 (Sl
Slade GiulEl b S5y ol 0,0 o0l 0 egdle LS o
" AWl Ol bead jles e LSl 0 S
sl a5 ol plas Jies T eyl LYAD azsl
iVl Jodo (520ke o Sz p0 A Cuglie
csz S gilse JLid 4 Cuglie g o SKisenS Jo
Sz sl lam el b bl jled 51 S8 g
0525 Slel o gme IS VA0 lisebl maw o
(SaitnnS Jode iVl Jode (Y o) o)l
ez SU Glae JLid 4 Cuglie 5 a0 4 Caeglie
FEXIVY oy @ vald digel 4 Cos )l les

QY S8y ol olis |y j2als as,s Y40 5 VFV/AY



v Saed ool ol 2 > Sless 1

WFY

ATT
Y
ATT

AF

s

A

§

() Rrdansd Jgio

Y

BTT
’ FA
B
[
Y.
Y.
i
BTT

3

:i
3

]
3
9
3
J
4
d

2

S

] Jado

(Jly ) A

(g0 yoo 2 ) #l¥) du s s Coglie

617
\Foses FALYY VFFYYY

ATT

<l

Y

A i

c

(T « SumS Jgo (@ iV Jgoho (I i goy3 5l dar g Jud (gi (2292 SLodignd (Sillo Glaoguas aulio ¥ JSi
Sl (53190 HLid & Cunglibo (5 pd & Caoglite

doy VIF cals digedl 4 s odls Sl Jles
ol il e a4 Cwglie ol las 1y el
ol Hlas 1y mals s 0 YEV/AY vals diges 4 o
wpo 4 Cwglis p () el e I Sily 4
ol (il Jlewd BLI (silae Jlid 4y Ceaglis el

ol las 1y rals a0 VA0 aals diges 4y Cand

&l Sl

Coio 3 Sl o b B s i ol
S5 e Sopde 5l edtag (eal 43S el
sl g o pl 5l coles cqz 0 Ll g Wik
S e S5 e cos

& 25 4o
w9 3 oy Coz it (olst Gudod (nl o
w5, 85 IE een 09 Sl b
o5 (79 S ldeds ol aiged 4y Sl olige
b Gl e oz Gl adls Ll 0ad 3
ol plas 1y Giehdl wsye VY selds digel 4 Coud
4iged 42 Cad ()l Jlocd jl amy iged SiS azenily
Sl 5l o awils ol lis |y el s o - /7 aall
olas 1y Gialidlas 1o VIV vald diges 4 Cod J)l>
dald diged 4 Cod 00D 9oy Aigel (SaiSaen ol
g0y diged SawiSly wls las |y jrels asye Ve /0
olas 1y Lials oo o VIO/F wald digel a5 Cawd ol
Byl iy Cumd 00l ()2 Lot AtV Jooo 0l

SBrS Jode ol plis 1y yrals wejs YIVY wals



< A TV/

&L

[1] Khademibami, L., and Bobadilha, G. S. 2022. Recent developments studies on wood protection research in
academia: A review. Frontiers in Forests and Global Change, 5, 28.

[2] Militz, H. 2002. Thermal treatment of wood: European processes and their background. In: International
Research Group Wood Pre, Section 4-Processes, N° IRG/WP 02-40241

[3] Hill, C. A.2007. Wood modification: chemical, thermal and other processes.John Wiley & Sons.

[4] Talaei, A., Rezvani, M. H., and Doost Mohammadi, H. 2018. Investigation of adhesion strength of alkyd and
nitro cellulose transparent coatings in different heat-treated poplar wood. Journal of Color Science and
Technology, 12(3): 171-180. (In Persian).

[5] Tarmian, A., and Mastouri, A. 2019. Changes in moisture exclusion efficiency and crystallinity of thermally
modified wood with aging. iForest-Biogeosciences and Forestry, 12(1): 92-97.

[6] Wentzel, M., Altgen, M., and Militz, H. 2018. Analyzing reversible changes in hygroscopicity of thermally
modified eucalypt wood from open and closed reactor systems. Wood Science and Technology, 52(4): 889-
907.

[7] Dahmardeh Ghaleno, M., and Nazerian, M. 2013. The effects of heat treatment on the mechanical properties
of eucalyptus (Eucalyptus camaldulensis) wood and changes in physical properties. Journal of Wood and
Forest Science and Technology, 20(1): 1-17. (In Persian).

[8] Percin, O., Peker, H., and Atilgan, A. 2016. The effect of heat treatment on the some physical and
mechanical properties of beech (Fagus orientalis lipsky) wood. Wood Research, 61(3): 443-456.

[9] Bortivka, V., Dudik, R., Zeidler, A., and Holecek, T. 2019. Influence of site conditions and quality of birch
wood on its properties and utilization after heat treatment. Part |—Elastic and strength properties,
relationship to water and dimensional stability. Forests, 10(2): 189-210.

[10] Sikora, A., Kacik, F., Gaff, M., Vondrova, V., Bubenikova, T., and Kubovsky, I. 2018. Impact of thermal
modification on color and chemical changes of spruce and oak wood. Journal of Wood Science, 64(4): 406-
416.

[11] Barcik, S, GaSparik, M., and Razumov, E. Y. 2015. Effect of temperature on the color changes of wood
during thermal modification. Cellulose chemistry and technology, 49(9-10): 789-798.

[12] Ninane, M., Pollet, C.,, Hébert, J., and Jourez, B. 2021. Physical, mechanical, and decay resistance
properties of heat-treated wood by Besson® process of three European hardwood species. Biotechnologie,
Agronomie, Société et Environnement, 25(2): 129-139.

[13] Hajihassani, R., Zamani, S. M., Farzi, M., Mojerlou, S., and Ghahri, S. 2022. Effect of brown rot fungus on
the functional characteristics of heat treated wood. Iranian Journal of Wood and Paper Industries, 13(2):
161-170. (In Persian)

[14] Oladi, R., Gorgij, R., Emaminasab, M., and Nasiriani, S. 2017. Wood anatomy and physical and chemical
properties of fast growing Athel tamarisk (Tamarix aphylla L.). Iranian Journal of Wood and Paper
Industries, 7(4): 511-522. (In Persian)

[15] Wheeler, EA., Baas, P. and Gasson, P.E., 1989. IAWA list of microscopic features for hardwood
identification. IAWA Jornal, 10:219-332.

[16] Dastoorian, F., Farhadi, F., Hoseinzadeh, F., and Zabihzadeh, M. (2018). Effect of thermal modification on
chemical and physical properties of Iranian Beech (Fagus orientalis) and Velvet Maple (Acer Velutinum).
Iranian Journal of Wood and paper science research, 33(1): 142-154. (In Persian)



v Saed ool ol 2 > Sless 1

M’A/
[17] Dogu, D., Yilgér, N., Mantanis, G., and Tuncer, F. D. 2017. Structural evaluation of a timber construction
element originating from the great metéoron monastery in Greece. BioResources, 12(2): 2433-2451.

[18] Boonstra, M. J., Rijsdijk, J. F., Sander, C., Kegel, E., Tjeerdsma, B., Militz, H., ... and Stevens, M. 2006.
Microstructural and physical aspects of heat treated wood: Part 2. Hardwoods. Maderas. Ciencia y
tecnologia, 8(3): 209-218.

[19] Mohammadi Sardo, Gh. Tarmian, A., Azizi, M., Gholamian, H., Zare Hosseinabadi, H. 2022. Investigating
the possibility of using plane tree thermowood for use in knotted structures, The fourth national conference
of knowledge and innovation in the wood and paper industry, 4 August, Tehran, Iran, (In Persian)

[20] Mahmoud Kia, M., Tarmian, A., Karimi, A., Abdolkhani, A., and Mastri Farahani, M. 2017. Effect of Bene
gum on the physical and mechanical properties of oil-heat treated wood. Iranian Journal of Wood and Paper
Industries, 8(3): 361-373. (In Persian)

[21] Aydemir, D., Gunduz, G, and Onat, S. M. 2010. The impacts of heat treatment on lap joint shear strength of
black pine wood. The Journal of Adhesion, 86(9): 906-914.

[22] Mirzaei, G., Mohebby, B., and Tasooji, M. 2012. The effect of hydrothermal treatment on bond shear
strength of beech wood. European Journal of Wood and Wood Products, 70(5): 705-709.

[23] Tarmian, A. and Mastouri, A. 2018. Water-repellent efficiency of thermally modified wood as affected by
its permeability. Journal of Forestry Research, 29(3): 859-867.

[24] Xie, J., Chen, L. Shao, H., He, L, Jiang, Y., Lu, D., ... and Qi, J. 2020. Changes in Physical-Mechanical
Properties and Chemical Compositions of Toona Sinensis Wood Before and After Thermal Treatment.
Wood Research, 65(6): 877-884.

[25] Durmaz, E., Ucuncu, T., Karamanoglu, M., and Kaymakci, A. 2019. Effects of heat treatment on some
characteristics of Scots pine (Pinus sylvestris L.) wood. BioResources, 14(4): 9531-9543.

[26] Welzbacher, C. R., Brischke, C., and Otto Rapp, A. 2007. Influence of treatment temperature and duration
on selected biological, mechanical, physical and optical properties of thermally modified timber. Wood
Material Science and Engineering, 2(2): 66-76.

[27] Chen, Y., Gao, J., Fan, Y., Tshabalala, M. A., and Stark, N. M. 2012. Heat-induced chemical and color
changes of extractive-free black locust (Robinia pseudoacacia)wood. BioResources, 7(2): 2236-2248.

[28] Vybohova, E., Kucerova, V., Andor, T., Balazova, 7., and Velkova, V. 2018. The effect of heat treatment
on the chemical composition of ashwood. BioResources, 13(4): 8394-8408.

[29] Abe, K., and Yamamoto, H. 2005. Mechanical interaction between cellulose microfibril and matrix
substance inwood cell wall determined by X-ray diffraction. Journal of wood science, 51(4): 334-338.

[30] Birkinshaw, C., and Dolan, S. 2009. Mechanism of strength loss in heat treated softwoods. In Proceedings
of the Fourth European Conference on Wood Modification, Stockholm, Sweden (337-343).

[31] Sailer, M., Rapp, A. O., and Leithoff, H. 2000. Improved resistance of Scots pine and spruce by application
of an oil-heat treatment. International Research Group Wood Pre. IRG Document No. IRG/WP00-40162.



Iranian Journal of Wood and Paper Industries, Vol. 13, No. 4, Winter 2023

\,
N

529

/

The effect of heat treatment on anatomical, physical, color and mechanical

properties of birch wood

Abstract

Since the information related to heat treatment of wood by
industrial method is mainly related to coniferous wood, this
research seeks to investigate the physical and mechanical
properties of birch wood after heat treatment in the industrial
furnace. For this purpose, birch wood according to the
instructions of the Thermowood Association of Finland for
the production of Class D Thermowood was used. Water
absorption, dry and critical density and 12% Moisture,
shrinkage, swelling, and color components (L*a*b*),
anatomical features and wettability test, mechanical properties
of wooden samples including MOE, MOR, impact strength
and compression strength parallel to gain were evaluated and
compared to the control samples. The results showed that the
color of thermos-treated wood has become significantly
darker than the control one. In birch wood, the moisture
content of heat-treated wood showed a decrease of 117.7%
compared with the control sample. The critical density of
heat-treated wood showed an increase of 7.3% compared with
the control sample. The dry density of the sample after heat
treatment showed a decrease of 0.6% compared with the
control sample. The density after heat treatment showed an
increase of 2.3% compared with the control sample. The
shrinkage and swelling of the thermos-treated sample showed
a decrease of 100.5% and 115.4%, respectively, compared
with the control sample. It was more difficult to prepare the
section of the heat-treated wood than the control sample,
while destruction of vessels, fibers, and rays was visible. The
modulus of elasticity, modulus of rupture, impact strength and
compression strength parallel to gain of the heat-treated
samples showed a decrease of 3.22, 3.4, 147.97 and 2.95%,
respectively, compared with the control sample.

Keywords: Thermowood, Birch, Contact angle, Anatomical
properties, Physical properties, Mechanical properties.
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