%&lu’;ﬁ‘%"s&’
IR 9 wea (65518 9 pole (S iy 1 pds
YEoo ‘pjbb)WcM5M.\l?
04-vy

http://jwfst.gau.ac.ir
DOI: 10.22069/jwfst.2021.18478.1894

s Sl 35 b bz N olinis (53U Lw 3 5 g (Ilwowi— (S 3 ST 39

¥ . . ‘ - Y . Lﬁ . s Y .L‘ “ \ L\S‘ .
G o) (e 9 (adale A9 (SRS as e oulas A
‘olﬂlwu‘@u&?»cujéwusr,l;&:;\;J;\s)gﬁwaa);m)\wu)\sbyiu;u‘
Ol ol ol b e 5 (5355158 ke olKls S 5 g ki 05,5 SLdls
‘A)b-j‘ ‘éjb‘éjbﬁcu)éjjjm(}b ab{ﬁﬁd‘)‘.ﬁ\S}gﬁ Jﬂ.&ya)ﬁj\i)\:‘a\r
Ol i Ol S o825 (gt 03 8 lyslend
VTV iy ROl BTN il s

LRV
sl yagige b0 fLil o SO 5 ael ool s claiss flel 5 S Gue ) ale
oy a8 g s Slos 2S5 5,8 oS il s Slapsige cp Sdsle 51 SS ol S fe
I.ej.‘,a o &SJ)J:A ého)ﬁ DSl JS‘ Q)Ju 5 L &.E_;J.& (.L-;Lﬁ;.i} LSLAJA}:}A f}" Lol ’:J)\.S
pion ol hosr Glle WS e (S Sosen b oosr I slelad S s Jsbeol e
LSLQ°.5J§}L;‘]G';)‘:9 LSLAf}J}AwJJJﬁJ&::;JJLﬂ&G L$.§L: C,..w)bui OL";“-VA LUI u.l;— g;&jm U,L.Als
b S ST sne o leed Sl WU S5 Sl bl b Sl o LS
B QM&,S):\\J:J) L;’M—:-w CJL\:SJJ L: L5\°)\j'i> Cw‘ﬁ‘ WS s_eJ\.AL).,pb- JA}}{ J)N .,\A\j} J;U”'jw
B Skedte o b eddpdol s Ul s pland Sl (s ol (O oS Sl 5 s
EPES|

gz Gilate 5 P oS 5 L ot (gl o JLiba0 Wyl S s s sz gLl ey 5 5l e
L sdkiglal slawiged clolss POl sy i bl LSy dSs5y SHET el 53 O Sk fs
Lol (loyle C‘)Lp\ Sladisad e A S :\ﬁ&:.}u ax,s W gl s O S SIS
s s 5 S S5 L el (a0 sl Gladised s s LS gLl OO ST fa
0505l b wsiia ol o sl 5 oled b olul Ol s 5 of Gl s plosil Olajes
ot e JeeS sy S @S S 5 FTIR) a8 oS 50 355 ommih (Ol s 5554k 52

=

s S

r.abedini@sanru.ac.ir a5 J ytes *

o4



YEve (V) ojlol (TA) dla Ko g g2 (5)9U8 g pole (sl idg sy 4 puid

Phol ap O DS 5w g O Jike el ol Wge s LS e85 i Sl i ilaadl
05,8 S Dk 3 Sl ot 4 O S Lt O (oS 1 5 e o/ O S SIS G L s
el oz bl s OF Jlde il 5 Jhe Sl 53 O Se e ek gl bl L S
@ S S5 L el s Lb Gl oS sy S s Son uslal bty skislesl s
Thw 2 Sy O iy S5 L ol 03 ap nl 6 delndl el 4 agipe b 25 o
L Lse olBr 5 ol O sa (508 @ ady Sty oo de ODhw S5l 5 dens sl
Gl Sases 3 ST IS s DL il ol wsed 3 ) 8ok 035 sl (ot Sk e
A 568 Slelges Pl b Gl 53 I35 nl 8 3L 5alS O s (sosebse Ol Jhal L oSk St fne
N Ses Jime /O oS 518 5 Jein s /OB oS 1,5 S Dol (Sl gl 3 (SIS0l Sl St

el s &

Ol e O S e b sk Sld gLl 5 S SLS 5L lelns Dol Gudls i(g 8 o
Lol a8 ey by Sz Jb gbalas 5 ol i Uil iores 5 Jobe o)l0 b ey (8500
oS bl o (S GShs 0 L s et SN Sedme ek e S50 e
ol iz ol 3 ol S a4 Do S ST L aglie 53 Bl oS Sl S s

ool

SN Sbe fie e S5l (D LS 5o Pl ikl (slae 15

(1) D Slie e diils Juo s (gls o g go ilisis dodke
Gl A oz b ST V) Sl i s (V) O plad S Joa (b el S Olsen o
ol oA 4 S S b 03515 4 5 Sl s jltle g 4 eslie (YL
Gl oz p idsle SISO oo Sle Lute Sl o5t 5 e Sladsl o3l SLs Sl alb
Vo hds g5 olis s a4 oSl s wEo e s o3l p opl () Sl ey i
Sy j5lS 4 53 (Slod 28 3 )8 s 4 e gige 355k plie 5o sdate dBle Slls (Bsb sl
G whbs ol s e () 3l b 53 OblE JeSoods laes S 5 (5% S
Aok 5 Lzen b pe ey sl jesipe 3 sl 4 8 Ll ol ol S 5

uﬂ oy JeSooda sl S 4 e geses 05,5 ssdas (V) Wbl o O slal oss Lilese

WS oy Sugd Dosen |y s b glalas Blo 035 5 ez AS oot L2S1y glaey S
dal Slopim Glasads Cr s 4 (T) 5SS G Shs Cughs ol S 5 o
o s SVsb Sde 81 ol as s 5 s NS () Ws e s b o b el
Osae G 31 oy Sl S 03,8 13 b Lol ghdl o ol s st gl
35,8 o sles glacsr oslbl 4 o Sauisly gl (00 d) cul ahiom Cole 5 sasise

T



OlySed g (b 1)25

Loodhol G alis Gua L ol ey

SSHEF 5 PSS SleeiSir
Sloi=  asgse Logalh s OO fis
Sl 5 Spb sl Shs o ok Sk e

A3 S el pso S sl s alent

g, 9 dlge
S5 5 el ass s bl sdgel ag
oslawsl (Populus deltodides) i sds 5o
G (Sopb el el gln S
Ikl bl me ke TOXYOXYe sla
S5 0L Cgm0s, 4l 5l ASTM-D4446
L kel s (Control) sals 4 ba,ls . Kus 4y
(MMA/B) LLS1 5, s3SI Sk L
O S fl Do S S P 55
SHS Sy e 55 (TEOSIMMA/B)
Gl 5 (VTEOS/MMA/B) ol Sl i/
dee IO S SG S e Do S SN S
$dues S (TEOS/VTEOS/MMA/B) M Sl
LS| Lis e Sod ol s led s ks
S Ll ome 4 05 ek (EST5 555 6l
SIS Sads el o (55luesbel
sdy S VMY S0 e b O
VMY IS5 e b O oS Sl S e
oS a Wl e eS8 el Jge g S
Olyeay J5bl 53 amm /555 doss Yo 2kile
S5 s sl Jee kS el Pl
S5 e s Al Vgl Ol
2 eSS TN il boalst s Ll
Olsea Ol S o850 el CaSa e Sl
S3s doss T Ole 003y Sl S
il e AL BLSL plee a4 asise
33 Lo Ve ssl= TEOS/VTEOS/MMA/B

1

5 ki Sbesse m L JSE00)
el dlesl ok 5l o oS 5o Slaes S
b S s (S s Shs s (oSS
sy Ol il 0) ) pad dalyE 5 g
Geils sl L 1y (slolses sboless Ol &S 505
Lgs a2l € Sl gahiosr 508
(Sloslses b o iz slasegise Ll AL 1l
L S GlaodiS S5l O3 ged WLS1 s
Slopi= oo slad 5 0 diSoiiSTy (sla o550
e LlEe S5 ko Olsse OF L
sScir Jolge (1) 235 slal A ol
SECNUNING I G ST PEIPEY- S PP IV N
Lopsle S lacnss 5 aded Sl wlie
Sl 5515 (8 D) L S e eslinal (senle §
53 3she s 5 Pl S SS (L 4 S
Jparme 35 o sdasden ool b b, b STy
o b JSUE ook STl sl
Cor b elns 4 ol NS oSS
S 3 S g S oden Sy SL g a3 S 3k
S sl s pSe Jlall 5 oeds STy ol
o8I 53 Dl s oS5l S5 ) il
o 03 e S sodes Slaes S L SIS
el o O 6y 2alS o
oot o B) LS| fisze SHET ) s
S e Wl 00 ek GESTs welsl 5 s
s oy S a3 LLST 5 3l esliza
KUY U WS CORCON I 1 PN TN S (R WY
Solm as Sy (CHsCO)Oy Jse b o
ool 345 4 JICs, AS o IS5 ST sl dsl,
Ao JGsly e e STy s esise b
Llate 5 AS o oS5 Linl Sty 3 ol

(YY) ::J_f;;a LSS ey ol



YEve (V) ojlol (TA) dla Ko g g2 (5)9U8 g pole (sl idg sy 4 puid

Mt—Mc

Uptake = )

5 0is Mt (kg/m’) wl> Uptake ol 3 &
I3 a5ed K2 035 Me okg) gLl 5l day 4 5as
) gLl 5l J3 Sas e V5 (k) el S

—xd _
P ~doa 1 ¥)
r.?v;- \_ﬁy\:}\ X c(kg/m3> d)gv\-’l“ P LQT DL LY
Sist adls doem’) Ll 5l dey 5 LS 4ses
O St andls du s (@em)) ko
(gem’) aals

— Wwpc_wc

C
W-W¢

x 100 4)
We (1) o & josise Jds 55 C Ll 5o 8
053 Wipe «(8) gl 51 3 6yed Sax 035
505 Wi 5 () 04l s 5l de ages Si
(g) gLl 5l day & 50

— dewdodP
Xdewdp—doddp

()

p

L(/) j‘““:‘\'.’. .b.mj: on.::ﬂ LSL"GJ Fp LQT DL LY
doa O/08glom’) oo oylps anndls dow
Gl X (gem’) dals e St anadls

SELL p em?) gLl 5l dny 5 |5 4 sas o>
(glem®) Lol ails dy (glem’)

Fv=1-Fp QY

LSL,G_Q FV)A.\.L_:. Ja...u).? O./L\:JJ._’. ‘5L,a_9 Fp LQT DL LY

ks B g5 elZS

b\

T Sl Je w5850 e S 5 53 )
s des ¥ Olne a4 s by S5k
iy b Sk hie jesise Al esbe] e e
Ssmels S8 3 5 58 oS Sle e S /AL

Ao A ho 388 o as sl g o S
ot A POl s ek pldl 5 Sl
G b ST L bl Ll
Ol s Lo gas LJAK.:..LLU'T sk s i
cele & e w :\Jf&:ju a5 v gles Cou
33 sdomm Do LELx;.a 5 LS esls I3
VU ode ap ol S sl am iy VY gles 5o sd
SLSS L el ol b oam S s el
Sladiged gLl hay o 53 350 el S
OO oS 516 5 ks L VETOS/MMA/B —
ooy Olea a Olejen Djsoas OO S e
S el AT S s jLab-0
riye b el 5 OO Sl fze e sige bl
3 B gl S 5 Skl gl
O35 5 o b 5l sl e LA il 5 eled]
23 b 03 ek S pots Wt sad e A3 S
Jos G L S 3 YL Cdea axs A gles
b sod 4o caall 53 34d <=l>_;,\ O gl 35 0l
RVPIN I WPESSNL I = S PRI o O
SSeiul 5 s Wilae 5 as S 13 cela Y
() 835 LRl Q1) ol s il St sl
SRS S RS TSR I NP CREPY
5oy glad (V) ek 4 O Sk fie e s e

s S e B E Ly, b (V) s

WPG=(w)x\~~ o)

Wi
Sz G35 Wa () O35 Ll WPG Ol s &S
J':} 4 gas Sz O3 Wi d(g) tha\ 3l ds 4 o0
(g) CW\ )'\



OlySed g (b 1)25

3150 Gl e A 02l3 s i Ar S
FARS b oas law g Wsad s Sl
e Agilent oS s cxle wp bas
Trdsb 5 s e Cary 630, 2017 J
b S0 —feer cm’”

JeS— sy S9SN O S g S S,
o orle wlics, (FE-SEM)  law
5558 TSCAN 5 i el o8aus 3l eslanad L
3 A bl MIRAZ Ju 5 S (5558m
T S JoeS s S S S
SH Vb slal #5535 sk Lo sal
A ey (idg S

S sl Jdoiga st (gl tlmesls oo g4 5ous
53 bty 5JUT 0sesT 5 SPSS (16.0) 3l 5
oo S ki eslind sl SLlS b G
el STl sl a3l L LSl

NI

Cou g W
USG5 (FTIR) w, 8 b jo 3 25 i
Slaaised anp LS e8n) amecidb )
Cjﬂ Sle &A.i ..,\.AJL;G QL.I..: \) e.LJ'DC}La\ B Jall
035 siS Slils,l a4 bge Yrie om’
RAPR 3 AS S Ll o JeSs ks
S8 sy aals 5 TEOS/VTEOS/MMA/B
j:tijb GMJQL.:..: JE.,:_L? Cw‘ B &_,_,_“ gj"‘ SR
LTl e o JeSsods sles S 0
VTEOS/MMA/B C]a.u B J:‘«SJ)J:.A o)ﬁ
Jses 15 i easlis TEOS/MMA/B i 5.8

55 s e M eSSl

T

Ol gl Gl iR el RSl
L&:;'-(p_o-;;;)') dwloes 3l s B gad (S 508
O3 il ladles 53 5 Lks S aab e Ol 5o
ok 0Ll s 5 ,Selul Lol 5 e
OY) g Sl LS () Ol Gl wos S b
5ol () Sassiius oL 5 sl ol

15 S dwlee V0 BV Lails,

_ Wy-W,
=—w X 100 v)

1

Wy

Sl 5 08 Wa o) of Gl Wy ol s oS
S e 05 W) ol s gk
(g) s,j 05 (Sosab se

Wac_wat

WRE = ( o

) x 100 )

(1) ool & 505 T odor W (1) Aals 5o

S ="""1%100 )

\41

JJM};JV»V] L(Cm:’)gijbdj‘}&)b)'\m
.(Cm3) ui L 6))4.]9)5.‘« )\

ASE = 327315 100

S ()

(1) eddpol e ez SLiSls S,

() dalls & sed aze= SAESH Sy
(FTIR) w5 hds 3f 5  oewcib
L osiodol 5 dals gladiped alos bl
or APARAS AR i Sl el

3 (T Slad gl uL:.wT)\ J.pl;— — s JJ A



YEve (V) ojlol (TA) dla Ko g g2 (5)9U8 g pole (sl idg sy 4 puid

ol BTy 3 Kl LSt s
ol Sy kS IS0 O Sk fte e st ol e
C-H i olils,l o bs,e Vireem'
oo ol o aes &S WL S
238 e sdalin iy OOl S5 5 OO S
C-O0 sy a4 by VYL em! el S
oS ke s e 4 bsse (V1)
55 Loy S ol 0ds wlol L ol cus S el
Sap 3l Shalpl O St e (sl laad sal
(e b5z sl lasles s VeYeem’
oS DLl L &S a2l SO Wgy 4 bgy e
530 cl o3 Sy Slisea (C-0) 58]
dl Hpdm v S| s sl sk
v em!asb s S hlSt o LS sse 5 O

J‘).JL;G odalin

o s P e 358 UGl 5 (Jse 2,8 1401Y)
Sl 5 L G AGR JeS ol slaes S 4
(il S il 4 S5l g e s
Sy ki e Mol Jged a4 al ol Yo
Ly oS Slals )l 4 by e YAQ cm’ a>L
Cilwe O was &S (V8) sl SsWll C-H
R T T B e o
St sla tsn oas wlol 4 Ol e
O S 56 5 den s 5 O Sk Lo sla pady
WrE em”! asl S sl Cd g bl o
» a8 (00 el Cum Jin S oS a by
b oaslie 5o 0 She fie a5 g0 S5l Slads yos
e eSS el S 3L RIS Ll
il Dls 5 L o St fie 65wl fige S
ST spam 5 O S5 GF s

[mamaam)
1

i i

IR LT
- L . i

t;L..I.J.J!I.l..

lransmitance (%a)
—— e s

(e ) i 2

| [V s A
L

e

- T

Lal i 1.0l

Freos v oS s A |
L L L 1 L L

é

MR (e W ™ A L] e | v

{ afiil .j_;} zsa 20
Wavenumber (cm™)
(MMA) &3 Sis Jio 0dsi 3ol ¢ sha 5 (Control) dals 1 Jdls 5 dals ilisee 7l 50 3053k 458 ook b —) I3
LSy 5/ o St el e S 15 5 ks (TEOSIMMA/B)  4sLoS1 5 15 5 5/ oy S s e/ 53k oS 51,5
(TEOS/VTEOS/MMA/B) &4 L.S1 5 15 5 59/ <y 5 G feial 5w oS 516 5 et 5 / 5w oS 515 (VTEOS/MMA/B)

Figure 1. Fourier-transform infrared spectroscopy (FTIR) of control and modified level: control, modified
with MMA/B, TEOS/MMA/B, VTEOS/MMA/B and TEOS/VTEOS/MMA/B.

¢



Ol)Sed g wlis 1,25

e bodDl ldy plls s
Codsd EalS L Bos s sl 1, O Ske L
> S S skl 4y Sl
alil e o0 St ke e L eadpdlol
e Gloos S Gl 5l O S Sl 5 i s
GS1s Jsher ol s oS soden (slaes S L il 5 o
Lsey Sl Sl 30 ST a5 das il
OV AN ) das ymSly Loy slaesse L alS s
390 Jate Jolwo)l sz 4 g3 5 abols O
Ol s 500 ¢ 2l ~Slal s ()Y JS3)
b ol 5 20 el Jltle g s 013
Lee 1 ol Sk e el 5 OMew oS 5l 5
Dok Glaoylms 5 ol J slalas 5 aS

(Y JK8) 335 n 2

SN Sas S ol oy Slen,
slimol 5 dals (sladisal S JenS= s
St (DY I3 s s esls LS Y IS s
sdalie b SlS &pma aald oo
Sladshe slaeslps (O Sk e oy 355 5
Sl d 04 e s Al b sy
A S Y L
Slaesl s by sasise Olsea o Sk Je
© Al S s gt STy s il
5o Gobeelns s ek o has S
() ssip e Jsbo Sl 508 (Sad
S Shefre 5t s e asOLS ()Y IS
O oS S5 L edd ol g Sl o
Sl IS oo ds Ol S 5115 Sl e

LS s 5l OV e 811 512 Sas fie ()
MMA/TEOS/B

ST L 0k S e 7 it f P g 0 S Sl iz (5)

TEOS/VTEOS/MMA/B

LS s a ety Sk Lze () Aals ()

control

LSy g 0D o 18 5 i $ Sn i ()
MMA/VTES/B

.eﬁcﬁgd‘g Jals C}E.w }‘ (SEM) ‘;:e_x "é‘g,‘iﬂl g;v‘,ﬂw}f{_ea J._s‘,\..a}'—\‘ JS..’:»
Figure 2. Scanning electron microscopy (SEM) images of control and modified levels.



YEve (V) ojlol (TA) dla Ko g g2 (5)9U8 g pole (sl idg sy 4 puid

S5 s s e b Lse ol B O L
omeren (85 el Olajes SNST 5 s
oy M e Sl Sy s
SSly e SOUT spam s s glaes S
S Sk e e s g ol penay O 05 ey
o= 0550 IO Sladan sagige ol LS o0
Jl el 1 JS8) ety (Rl L Db
o S5 OA) el s s pdisE
OOl b aglin s 1y SSlol 1 5 055 il
S ol S ol R ke ST e
35 jomyre VTIEOSIMMA L oSlsl s
P PGS 5 M Ol SIS
Lot el LS5 ks
3 OY) s Jtle ojlns Sk Sadees

0.6 - B Uptake

e
Uptake (kg/m?)

C

03,515 Sz s Sy » el 3
Ao @l bl andls 5 s Sl
Sl el sy o Shefme e o
o o U A5 (5,530 VTEOS/MMA/B
VTEOS/TEOS/MMA/B s TEOS/MMA/B
Baapl (T UK AE edaliae s OO
PlA 4 o Sk e pesise 4 s oSS
SN S ke Jome/ O oS SIS 5 S s Jshms 2
FeS IsNp05s 4 VS bl pl Al
OB S Jin U aglie 3 SN S 18 7 S5
2ol Ble sy QUS4 sl ool
S pn pde e O WSS L A
osbObes 5 dd el e D poa ey L L]
g o dalie S5 S0 iy Son sl s &S
FeS e Sl NIIPERRPRN P St 4
O S Sl 5 dows b Dol L3 daloil o 5 50

B Density «.ls -1

(gwo/3) Aysusq
Nlasaced

Aodd 5 pgige b C)\..o\ il C_,E.« S=y JS.&
Figure 3. Effect of different modification level on monomer uptake and density.
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Figure 6. Effect of different level of modification on water absorption (a) and water repellency efficiency (b) of
control and modified samples during long term emersion test.
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Figure 7. Effect of different level of modification on volumetric swelling (a) and anti-swelling efficiency (b) of

control and modified samples during long term emersion.
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Abstract

Background and Objectives: Impregnation of wood with monomers is one of the methods to
improve biological and mechanical properties of wood. Methymetacrylate (MMA) is a common
kind of vinyl monomers that applied broadly in wood polymer composite manufacturing. But
vinyl monomers are non-polar and exclusively fill cell lumens and other void spaces, without
significant effect on hydroxyl groups of wood. Therefore, despite reducing water absorption
rate, the resultant wood polymer still remains hydrophil. Bonding formation between non-polar
monomers and hydroxyl groups of wood through incorporated modification, probably will
improve physical and mechanical properties of wood. This research performed with the purpose
of investigation the effect of cell wall modification with tetracthoxy Silane (TEOS) and
vinyltriethoxy silan (VTEOS) on physical properties, chemical and microscopic structure of
methymetacrylate wood polymer.

Materials and Methods: Modification of poplar wood was performed by a double process
vacuum/pressure, initially with TEOS and subsequently with VTEOS/MMA at presence of
benzyl peroxide as initiator. At first, samples were impregnated with TEOS, and cell wall
modification performed at 120 °C. Then cell wall modified samples were impregnated with
MMA. In combined level, modified samples with TEOS, were impregnated simultaneously with
MMA/VTEOS. Water absorption and dimensional change, chemical and microscopic structure
of result wood polymer, were respectively investigated by immersing samples in water, Fourier-
transform infrared spectroscopy (FTIR) and scanning electron microscope (SEM).

Results: Changes in FTIR spectra confirmed wood cell wall modification with Silane
compounds. Modification with TEOS/VTEOS/MMA induced the highest intensity of carbonyl
peak. Presence of MMA in cell lumen and increase of its presence in structure of cell wall
modified wood confirmed by SEM. Modification with Silane compounds enhanced monomer to
polymer conversion rate which was more significant in vinyl Silane compound. Vinyltriethoxy
Silane containing level, in spite of lower reactivity, indicated higher weight gain due to
possibility of polymerization and bound formation with MMA. Water repellent efficiency of
MMA containing samples were reduced with increasing immersion time in water, which cell
wall modification with silane compounds decreased this reduction. The highest anti-swelling
efficiency were observed in TEOS/VTEOS/MMA modification level.
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Conclusion: Incorporation of cell wall modification with Silane compounds and impregnation
of lumens with MMA, increased compatibility of polymer with cell wall, and also cell lumens
occupied with polymer. Modification with both two Silane compounds and MMA had highest
enhancement in physical properties of wood polymer composite. VTEOS in comparison to
TEOS, induced significant enhancement in properties of result wood polymer composite.

Keywords: Methylmetacrylate, Silane compounds, Wood modification, Wood polymer composite
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