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Abstract

Problem definition and objectives: Wood-plastic composites (WPCs) are a suitable
alternative for reducing environmental pollution and managing waste due to their utilization of
wood and polymeric residues. While the use of raw cellulosic fibers reduces compatibility with
non-polar polymer matrices and leads to a decline in mechanical properties due to their polarity
and hydroxyl groups, employing modification methods such as thermal treatment (steaming) can
address these challenges. This study seeks to utilize steam treatment on poplar wood flour and
recycled polypropylene, which is abundantly available in various sources. The primary objective
of this research is to improve the physical and mechanical properties of wood-plastic composites,
thereby producing a product of acceptable quality for industrial applications by reducing
production costs and utilizing waste materials.

Methodology: To this end, Tabriz poplar wood flour was prepared and subjected to steam
treatment at 180°C for one hour. For composite fabrication, virgin and recycled polypropylene
were used alongside maleic anhydride as a coupling agent. Materials were mixed in an internal
mixer based on specific weight ratios (40% wood flour and 60% polymer), and samples were
prepared using injection molding. Prior to testing, samples were conditioned under standard
environmental conditions (23°C temperature and 50% relative humidity). To determine physical
and mechanical characteristics, tests for water absorption, thickness swelling, tensile strength,
flexural strength, and impact strength were conducted. Additionally, scanning electron microscopy
(SEM), Fourier transform infrared spectroscopy (FTIR), and X-ray diffraction (XRD) were
employed for structural analysis.

Results: Regarding physical properties, the lowest water absorption and thickness swelling
were observed in samples containing steamed fibers and virgin polymer. These results indicate the
removal of some hemicelluloses and a reduction in hydroxyl groups due to steaming, leading to
increased hydrophobicity. In terms of mechanical properties, the highest tensile, flexural, and
impact strengths were found in samples made from steamed poplar wood flour and virgin
polypropylene. Scanning electron microscopy images demonstrated better distribution and superior
adhesion between steamed fibers and the polymer matrix. FTIR results indicated a decrease in the
intensity of peaks related to hydroxyl groups and the degradation of hemicelluloses. Although the
use of recycled polymer caused a slight decrease in properties, this difference was not statistically
significant.
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Conclusion: The results showed that steaming reduced water absorption and thickness swelling
while enhancing mechanical properties. The most significant finding was the improvement in
adhesion between the fiber phase and the polymer due to the removal of hemicelluloses. In
addition to improving physical properties, combining steamed wood flour with virgin
polypropylene increased mechanical strengths. Furthermore, while the use of recycled polymer
was accompanied by a slight decrease in properties, it is of industrial and economic importance
due to its environmental benefits and cost reduction, and can serve as a suitable alternative when
combined with virgin polymer.

Keywords: Wood-plastic composite, recycled polypropylene, steaming, mechanical properties,
scanning electron microscopy



bay

¥ o)l.o.i'a APGRICS ‘Q‘)._’J ;\5155 S @L...a u.o.‘?u‘ aolidas

b

"Ml goald dioh Caaaa (5309 9 ke

29388 02938 9 (R a5l gy Sidly 0 92 o bt ((S33lSe 9 (553538 (ol 9B ey

sanazparvizi@yahoo.com :4sUb, .l pl o))y Slids g pgle doly ¢ oMl 3151 slKitils 2 g Lo @lio wdine 4B g0l I ¢ Jguns odiangs =)

Sl 0t i 5 pole 15y e oodMool S1j1 oKL () Lo 5 sl i oSl LS 5 gy i 09,5 il =¥

VEF LT b gu,l VEF Ho s wdl ) go,lb

lie (3ol (spoedy 5 a5z Dluls Sl odliel s 4 Sitdiogy slaojluiy 181! § dlluw oy
Jeds a0 a5 ofsln GLI Sl asliul a8 b )3 s Sy o pie g Jamecn; sla Sl jialS <l
oelyt ey (b pd (gyee Lo ile Ly ()L pialS el (JenS gyan (sloog)S 3929 5 (1392 (kb
aye 1y 29290 Gy Wlgi e ((22)10) (Sl et gzmen (Mol oy, 3l xS0 g Sl
oS ol (B gl il ookl 5 pgio oo o) 5y 2 (22,5 e Sl 6See JLd 4 S ol a3l
loojluwsin (SlSe 5 (Suid pelsd 9 Gl (2l (ool Buod 39250 Bl 98y 4 il plie
= Jp8 J-B cnieS b Jgmame «lolss jlosliinl g g5 boajo (ials' b &S psboas ol Sarodbos>
235 Mg inio )l

a2 A slod 3 (w35 jlag oo g 4l S5 e w5z 3] oslite ol sl 1Ry, 9 3190
Sl Sllo olyom ay (BL3L 5 5 Glagph jl eujanls ol (e85 5 cols S e 4 ol Sl
3 (modh o35+ 5 Lgn 3, lo 3 Fr) Lastie 9 Comd ol s dlge i o3l 00,55l Jole lgie 4
loeigas dmgygol plosl 5l L8 s alo ()5 (5,5 B ) odlisial L ladigad 5 oS 5 (Bl (S bslseo ol
S S iy e Sl A 58 (303 B cd Cusb) 9 gmdus 42 ) VY slod) 3l (Jaes Lalyd )
el (s it 5 4002 5 (e (IS alied (SaniSly Ol Gl lagseil ((Sle 5 (S5
A8 odlisl (XRD) (ol andl 3l 9 (FTIR) joy8 (193l (riwcisl {SEM) (siug) (597S)| oSy Se

SLI gslo sladisad a by pe Colbus (SaniSly g Ol ol (i (58 ((Sujsd Lelss 290 50 gl
P JenS 9300 sloog)S (ialS g ool can I (pisu Blo oaind i ol cul g 5S4 yery 9 008 (23l
(et ¢t glacuaglio (3 5Vl ( (Sl (ol s )l o (g5 Sl Gl 4 oo &S cl (o)
Sy o pgluai ab oalitio 1S4 hogi b g 0ad (23, gz o)) jlead bl (sladige 5 gl
FTIR ol 292 (el m ile g 00 (20)L50 SUI (e iceslio Glbgeon g st @jof oximd i (5950
rocy okl & (Jb 53 09 b shio son 055 5 JouS 9000 slrog)S & bgiye (sl wad als 5l (S
395 JoLsine el 5 ) M) ) L kb Lol Sl anlS el b3l

Sl (olss (Il g cualbes (Suuasly 5 o Gla Sals el (2, o ol (LS gl 15 55 doesl
0133 9t o9de 9 by oliw con Bis 31 )3 pedly 9 U B Gy (SS9 Bl (Yoo 255
J ol (ppioren b (Sl slacunglio Gl el 1S Glagnih bodd (23)5u og2 3)) cuS 5 ((Sjd
o dpasie GialS g e gLlie Jods 4 Ll e olan 4y 1) (olss (2l o8 42 ST 3L peudy
ol )90 1S yos Ly S5 53 canlie (30l lgie 4 Kl 0 g Conl Cuenl Bl (ol 5 gaio Ll
25 )%

odus



i (Sl g (S5 eleS (o) 2

DAF

989 Sun o SHlSe [oly S (22,50 ((BLL logy b «Saad-Cge Cojonls 1 gdlS (b 2319

WS oo Jrord ) be 4 ke SIS danilony
oo S35 s ST S S 5 & sl ol oS
Sl 05 o0 seniny lie s ol (Sogll 5 Ise 4,
Sroek sasilony Cunae i Gy et 2Lk
(il wnld b ez jham 5 Gy, Gl o Lol el
g 00 (g St e s yeudy (JoSIge JLSLe
s S ek @ ces O] (S 5 S olss
ly ol Cr st dw o0 B 4 5,00l 5l D9 d oo st
03y pb slacudgasme » ade o (S slge L
50l ,50 5 550 yarly Olge L ()] 59,5 bglies conds
[o] el &5 1o Slgo dxwgs b
ansgl Cep @ 3l gl o 8Ll cais
Slye syt Sl g At d (il WRES el asily
~Gyas ST (il 4 axg b f] ais 8650
Ay (SeleS| a3 SEdiosr pBasS
S psbar V] el s oby (8L3L yeudy 5l oolid
Iy Canebs 5 ol Comsay @13 Ly SLII L o jory oS 5
b ielid oo Sidbos laojlusiz (lgie 4
Sge g ooz 5l el 4 axg 3l bl
38 s bl s ouisS y plpie & 53 lobee S
O T R N TS P
5 ot b Lylpd 3 calie syl b oloosle
5 celie 2l 5l g)loys5 5 Jds 4 Ll 5l eolazl
5 697 Jelse pln )3 Vb plss ush, 4 Cueglio alox
sl s o el YL ted Cesslie wo e
2ot 5 ool iS5 S B Sl cilizes
@ gl cals Jo e ool GulEl
Gimee ool el (e DY gane
Gl Sy sy slaojlusiny dan (Shy
Y game ol ol cilizee Jame Lyl il o bl
Ao 1y cpl CllB g heudy (o Slo 5l oolaxwl o a
el 6 B8k (Sijslon Lulyd ples )y Loy oS
Sl Olsie 4 ]y ol (Shy oal waes ol og>
3 Sie ol cwl ools 13 e Dlakad gl cunlis
abadi 5l Lol 09l oo wguime Cuje lye 4 3)lse 25T

9y S9yS)

doddo

Connsy golie 5l GBI solitwl 31 ams wiz jo
wnlel g bl Gl Soa ) Ol (e
Elor gysld g il Cumds (nl o el eailas
Lo 4 0o)ly Sloso (05 e Cuzr o Al
S OMSde cpl s @l 5 6555l g S
el Caonl a5 s0lge 51 S0 D] sl e Jae
Sz el alil S g gsx Olnls Gals e
& Sy ojleaizr il oo SGMiogz o5l
@oder Sy (Sl Slse wdy glasil by
leojluans 5l atws pl o)l oz 4 as g elb
aiej 5 ) Sop Jod Sl s s peed ans;
IY] 5,51 3525 & a5 Laeas (Sall 2alS

@SRy Gl waSy el Gl 4 osx
(5 Fewd (SRR aS g 450 ccalie Tl (ygzen
il plp 50 Vb Caglin (g pdgen 55 Sy o]
5 Pl (o ()l el oy (5 4 Caeglie
4 a5 Glhosr 00,5 ailce Y Sl Sluogas
@ erboe DLl 0Slg g0 Wgd o A5 1590 Olgie
L5500 ol el )5 aily oaisS Cosis 5B lgie
03,5 5 Loy dame b (Flgd g, S A g
sk 8L Bl e 09z lsP Son 9 LAl Lo
@ ssr delse 5 ol il B oS cosi |y ()]
Iv] Sy JBlas

arg JB (Fogll cel Sy sol> sladll;
o9 SYsb S lp 1y Wedoe Sy Lae
o8 el Gl e jo aile oo (Bl Candb o 4
sladly (asme Cuwj S5l Bdo ln oo lo
L el opl Gals Buae col ool atily p sul>
Gl B05 ojlidiz DY game adg5 gl Ll 5l eoliaiul
[¥]

Wanio ) yeely Wlomy ol ke als e
My pletsle Caio g Sudind (SN sl
o St S 5 lasilons ool St o 090 o0
08 o8 b pailee wile (Suw slaghy, el



ARIA

Pl el 4 e oS d9doe 2l (el
“osr gbojleaz o Sl s (St (SHbe
Sl Olgse ) Blire Glos Sog) 09d g0 Seidly
O ke 08 Jleel (s  (Sdiz oo
5 oo slooaisS b Cusli wosz o)l Gl e
st B VY] laoass 1550 10938 ¢ a9 38l550
B Job 0 (5K o5 ke g lalsle e
bwgio ojlail gulidl a4 e pgie 9> slaadls
Hopdee o sladdls oy e Colue 5 Sl
b8 é-.‘.L" Sl ) Jokw olge ammas (ol ool
A i dgugs |y Jalore oole HLiisl g 0057 5 e i
Sl & e iS5 Bilsho san i (ol b
ko GpdiSly cnlply @b ole 4 (s
b Setflons ol oacas 85k Jele [VF] col il 53l
2o 0 ST Wsn w9z Sl oS5 000 ooy S
0 Ogee Sy ©ox ojleaiz o ) (Saes
o Siwdb g ailygle Y game s3lusip [10] sao
5l e 4 b Setdosy L Col Gillr S,
g M asis JB el Sl e
655 31y 6l Jomiliy g n Lk (SIS e
Souty Jodo @ caddllas ol jo [VF] aS oglad ol
e 5 g sz & il lesd b sz )] ele>
deboss 5 08 i3l ejlonir (Si5d 5 (Sl ol
sheme Sy LGS 5 Wy glaanie Guals
oolazwl 28L5L ady 51 pdsaysod sladilony 51 oL

Ly 9 9lg0
Slgo 55w ool g angs

Gl b el L PP Glysn b
kg

aioj ool lyie 4 AVeT3 ISy o AT/10E
4.5 Hyundai Petrocdemical Co. <5 & 3l (g ,0uby
Lo Al olge o olpl jeaS 5o aSil o ol
BT pos Jdsay 5 wisd s SSE 08 5l ge asliyy
JeSas olge o)lye Srae LS Bk lanlg)
sshateds 5 ol 3 (alBU o9z el 5 gyl onims
W8S poead b Jos <80 5 S 455 2 5l x5l
2 @&l by, 4 Bk plosnh w8

¥ o)l.o.i'a APGRICS ‘Q‘)._’J ;\5155 S @L...a u.o.‘?u‘ aolidas

Canb )0 Ngame pan b hameun; ks
Sl oo slaojludiz b o0 000l Was S
Copde B 5l Grioren g Bl 35 le> SV
2 e 500 SlS S b awlie o o Jl> 6355
Dairi [A] Wgi oo solitul loisle J5s slacwnd
Tz S s Sl el (T0VYV) llSen
ol ool Glagnh SleS L ead asly slaosle
o 1y e Sl eVEE S Gl 5 wsz o)l L
BB sgngs el ouS 5l wis S samline 5 wo,S
(RS Jgde  (oheSCuglie (AL lwglie Az
Sydien S pe o3l Ol Do 0 Cuaglie 5 (e Joke
Sy by 4 (VY ol )Ken g Bouhamed [a]
Cr Sl 5 e slp Gl Ol 4 (Sl gl
wdl s gl asslen o9y ooz 3l g 4 yeddy
b oz Jlasl g BLI ke lgie ialzdl a8
w3 oo sl lala>de LB (e 4 1) olasis
ojlwaiz i abul YNV Jlo o a5 amghy ,o [V 0]
& b olslh cluls sl eslanal b Setdlhoss
S5 AL g GiaSt Gy 4 (HBLik oz s oS
Sroch loojluosiz &5 wb (aside g 0d a5
ol ek SUE L 8Ll Sdlge s
Sluls Gmals (b mlie Lai> 4 a5 Coul ol
2obal b oiS o SS anje o olge g g canYl
ol o ceslie JalsS oy (9 SU CgSng S
28 Kb Jode GRalbl Gl oS Cushs 5 ane)
sl Jj 5l ooliiul 236 (Yo VF) ol Sem g Li V)]
B b oIl aney il sz slaojluniz o
B i 3yse 1y ooz 3,1 g eaiiS g ol e 4 oS
SlSe olys dge g oodle laioles] mls assls
slen (So5d 5 (S 5 (oSl aiilea
5 w8l g 5 Sl el a5 Wl plis s K
009l dedend u B mb glales o olenis
Sl sl als el gz o)l 5l YL slass,
8,1 asle ok SUI VY] 05,5 0 St oo
$loos S sl Ysane (silshusiSd Slga plo 5 sz
i o5 aten 295 gohw (59, (oS JeuSg e
Pl ) hdpd il S b8 Sl B S
Gl Seidlge s b Cewgey osle So LSS



i (Sl g (S5 eleS (o) 2

M-I g5 00,5 sl oyl aeaia¥l Jgow g Cuoglia
s @ 225 opail 5 ol JSS es aigas
4 jeme Instron 4486 Jao  iiS ee;l olSiws
Jsbo Syl 5 Sledbl (6 550alS (5 slaa o
el b5 ell bdisged (55, 2 Gies Ver L
i3S p frerdo B (6 NS )L e s g i S
i8S 18 se3l 0550 oS 5 o 5l aiged des g pelats
Slliw D 790 asl ol b gl ied ee5]
sl 4 adiged (59, » aballi 4w (Bg) 4 3 ASTM
85 ploxl o] AtV Jose 5 Cuoglie s
ahaie gl b Julats coSla JS 4 9051 950 digas
ol8wd alwgts Ghad(p905] g DBl yardo 8 0 VY
o> w4 j4ome Instron 4486 Jow i Qyoﬂ
s Voo b sk Sdyls 5 Sl (5 55slS (s 5]
Voo oBasSs g0 alols 005 bl bbaised (g9,
Ll agds » yeele 0 ISl Copn 5 ek
B 15 ge3l )90 S 5 ya Sl digel du g 0
4l ol 5l ool b Hladl a4 Cuglie (yge;]
4.)),0 U}A)" oKiws 41.5...09.: 9 ASTM Q)L).JLMJ D 256
sl SANTAM 117 Jus 5 sl g5 5l Sl
Sl l5le 5 5l oolanwl L aosls fdod g ayjo0
Calt y 5 0 elal sl Ml b JB o SPSS
o 50 Sl fgej] SeS A goises,S 5 dwslie
A plml s )0 A0 liabl
b » b digad aos (gl WisS e plil iy
Y loo b BUI o el Foo Bl o 4 o lasbil
g Casb, B ol ools J18 a0 B ol Cugb, g a0
Gl Jdoar el oy Jolw 4 lasee sleo
OV ke gllae (059058, JL3, 5 el ()l
sz k8 B L ol )l jsliteds 5wy
Vool 4 0aiss Bsle Jule ploreds s yudl Sl

A eolatwl ws o

8aF

ol jlosliinl b g ol pl (condis 5 ook olagsy
Clis gz m3lh L oSt L g8 b 58]
kg
Cox 8,1 08,5 ays A\'E S5 g ). gr/-0min
035 Sy pigio AgS Sl o (pl jo eolitul o)
5 Ol o8l (Bjgel JKiz I Jlasul 5l Gy oS
Jele 285 )18 solatn] 5,50 camlio ojlail & o
Selle Gadod pl 0 oolatwl )50 0aisS S5l
Solvay s,lx ab L g Glugy (b bodd Sigey o000l
=0 LS 5l ol e 00 5 Gl wo o0 ¥ e 4
4 2Rl l Gl oliws alwgs lal ;o oo 5y
sshite 4 alBilejl SUl alwsy o Jros 2SS olad
SBL Ll o e B e eSS ojlal 4 olaws
S8 oolital 590 Badow cnl o Fr e (59, ouiledl
shls (S G jo sdnl caway BL s (28 F
4,0 PO sga oled o g el YY Con a4y lgn oL~
ogi g, gyl 5l Lol b, b oss 518 of Kl

Dy (S35 Moy md iy a ] Cusb, Jlade

9,

Sz doyd O o Casby b gz o)l 00l
alio 5 pgle olf.w.:Lc)" 5 SU ples sl 5 jles
Ja...:}: ‘u|).e‘4 PICRRS Gv.:....la C’L‘A om0 R xels 9 9=
YA slos o g cele SO Don a4y 20y olSws
pll Bl ol Voo Jlid o g o Kl a0
5 o9k 9o (A3 (Shalre olKiws jl eolawl b g
SrS B 5l solainl b badiges 5 ol plodl o Fgunon

mabge el YE jo culis SoiSly 9 o wds
A8 6 pSojlil ASTM D 703 s Juiliwl illae vcs s
B b Jlzms o3l 5 5l aiged (39 s pSosll (sl
FogSan 3l gl csleds (6 Sojlail glp 5 o5 ¢/e ¢ )
Al ool e do o /o) CBo by (iw )

D 638M-89 asl ol L gl iiS g0

Glizee WluS 5 onids JSlis izl - ) Joua

(1) B3k hman b (1) Sl SHb () phagn b

(1) o 523, yrgio Sl (1) yrgioo Sl Lo




by ¥ o)l.o.i'a s\?dl.?‘dﬁ| .\5155»_.»? @L...a u.o.‘?u‘ aolidas

¥ oY . ¥- \

¥ oy ¥ Y
oy ¥ ¥ ¥
oy v ¥ v

9 L5k yorly g oads (omo)le SLI gl sl
5 o0l o2,y B sol> slaojluaiz o Q—l S
2 less o slae Szl polie) 0od ge 0y S eely

(ool 00 S 3l U5l

Coles (Sapisly g of L
5 2l iz Jlae Sliil 5 lawgie polie ¥ Jsar
Lg‘)“ el Y ) 03 ng‘“f")‘d"‘ Ceolses ‘;wls
09 oo alaxde a5 joboylen amd oo (LS ) S 5 o

(F XX jls) el YF )owW;MJ‘gguTu» oSl - ¥ Jgo

Ceoldus (SaaiiSly (ufileo (1) T @iz (il Slowd
SAYE (V) Ve D (- 100) )
SNR Y IAD (- 10) Y
VYO (-IYA) VIEA (VISF) v
Vo8 (-I¥Y) VAY (VOA) f

@O U (S 93 5 S o)led oS 5 e o
o el o gine wslins SuniSly 5 ol iz o
LSk yerhy Jine 23U (S a9 Sojled oS 5
Ot s )le‘s;u Coles ;Mlj P ;.J R

el e (IS 50 oS 5 ke o

5 ol @iz 1y el Jiee 56X e

LS 5 o JAD ekl mh o Calis _SausSly
5 ol Dia (Bl sedly i 856 Y 5
Ol chw 0¥ o) OS5 0 Cuwlrs ;mb
SOk ek 5 (2ol blite U jebinen 5 720

Gl F oYY O SlS e 130 Gl gaw o

9ol @i (L5 ey 5 (o83l hlike il g (L5l yorky Jiiumo 3l (B0 Lk Jiiaws ;I (il sl @325 - ¥ Jgur
G94b ol el YF jo (Cawlis Sapisly

Sig(+/+8) Ol po (1255l @ol3l 4z 0 Ol po £gomo et gl

ol ¥Va “IA-Y \ VYO N U

ooV <[+ VA Y Y s FaniSly 5 ao b
-IAY#ns N Y V- AY o iz il el

-/-20ns Y \ SAINE! Coslied (ForiSly b3k enly
RN “1eYq ¥ CANE N UV S IRV B
ey oA ¥ S[oYY coalies FaniSly y 2ilsl el s o0l

o sixe pas s Ao 30 mhaw o jly Jae*

SHle Lolss (5503l
Sl a5 (5 ysboas 05d co g 2l (et
Sl olem by 5 MlS g5LsS (glas )5 5o cole



i (Sl g (S5 eleS (o) 2

SU sl glaojloniz po ol e 5 oS yoch
i) Syhige s UL pecksy eati aol
(Sl 00y )S.b )...u‘)_‘ J?‘») )L».!.o d‘)pu‘ O Jay).o

OaA

(oS Cenglie (sieS Jodo (LIS Cuoglie  o2iS
ol 1y cuS 5 e slp o (6 S0l b 4 Ceaglie
Pl oYL d9d e alixdle a5 sbijlen e
5 ond 20y BL g5l sleoslunis o S

Ao WlaS 5 )0 1 0 4 Caoglilo (pinod Cunglio i Cuoglin (Sl - F Jou

(o 3 J93) a1 pd & Cangliie (JBwly o) (clnd Conglile (JBwly o) (oo’ cuoglie  lowd

Yo (+1+V) SEIEY (- ITONY) Y#I£Q (+15F-9) \
YYINO (+/-Y%) AZYAR (CTARA YA ARV TCAARED Y
DAY (1Y) YA VYY) YOI Y(-IVE0-) Y

Feo (o] 0) ZAVSQIA RS} YOIV (- /YDO-) ¥

- e B TR0 (labl mhaw )3 4y 4 Cueslie
Ao s sl |y gsls

Al plxil e 5 Luisa lawgy a5 adow (o
ooz sboluriz ;5 (Sl oly> o5 Wald axgie
mojlwaiz b ool Cglds (Ll yerdy (g9l SeLdly
DV] sl S ey slo

Calie 1 ol i 6 s s
ghe ;0 4,0 4 Cuglis (i Cwglie (oniS
(S Caglhe bk e JEo b

120 lgebl mhaw 10 4,0 4 Cwglie ( cie Cwglis
5 20,0 bl ;50 s Jlo sme ¥ g) LS 5 0
(e Caglie (8IS Sueglie o (BL3L eed

Coglie (8030 pouds g (20 bl j3U g (BL3L youdy Jhiwnn 33U (20 Jlisuno 13U il ylg 43225 —0 Jgu
4 b & Cuoglilo g (o Cooglilo ¢ it

Sig(+/+0)  Slup (Sibe @il 4z, Ol ggexe

ERRES VY[V Y Y/PVEY S Cglie jo 20,y Jais

+/¥ns \ldRAte Y YY/-0) S Cglin jo 8L3L ey Jaies
-[Y#ns AR ¥ aU¥F-. eieiS Cuglie jo 2BLL peudy g 20w bl [
+/+O\ns ZIOV Y \YI¥FaY e Caglie jo 20,y s

+[Yns AINARG Y ARVARA e Cwglin jo 8L3L el Jaies
+/40ns SARR) ¥ VIYYY e Cwglio jo 8Lk jeuls 5 20 u blas i
DRARES ofe ¥ Y [+--¥ Qo 4 Cwglie ;o 20,5 Jates i

+/\ns SR Y 1+ %) a0 4 Cwgliae jo 8L3L jeuds Jatuw i
+/8+#ns AR ¥ [++F dyo 4 Cwglae jo 8Lk el 5 o2,y Jilae

Jedoas (em-1 ) £ee-VFe e oogame Ll ololils
AT ez el g 0l Dl (6551 Gliee (09 5eS
gl 5 oz laml (JsSse 0 S9zge slanisy
5 MsSse aSl Sl Al wsl ol 4y ool
Olie og SYL Jdoas (em-1) VFO--F+« ¢ sogume

Slegxe pacns 0o ,000 maw (ol Jse®

(FTIR) 30,8 (y95lo 4 598 Jooud' (oximiinb
Slp o 25 @ by So FTIR b
JobST 5 byl b OH (slaog 5 Jio (s3lge lulits
@l Sl addllae (Bg; (Sl g oy S ple
5 oad mo b Bl o Cdn dinb 3 UK e

(em-1) Fevve B Fee aals 0l poio woz 0,1 sais

B odes oogume g0 i pl jo awo el



534

el B0 (29,5 5 2 4l 4 Sl 5593

¥ o)l.o..f'.o N ool ‘Qlﬁ‘ ;\ilfg S é.vl....o um‘ aolilad

Slasisn 225 ) 51 8 oS ns iz 53

0.12 | —— Wood FlousfwF)
Sewmed Waad Floun W)

Absorbance (a.u.)

0.00 A

4000 3500 3000

2000 1500 1000 500

Wave Number n:cm‘ij

ould g ou (2O, g Q)Tqbs.g).aFTlR;.é,e.b—\ Js<s

(em- YFV0 Sy 50wl wib .l g9 k5 ol
Sl JnS g ) 09,5 (2S5 DLl a4y bgyye 1)
(ol Gt Sl slevisn Jdo 4 42l b
Sladsllioad iz O ol cal 5w OH 2S5
Slge 5 (Sl sk 10 05zge p90 5 Jgl g5 Selidl
Bl (ol
900 m0,)L5u oy > o, FTIR slach b ps
Jdoasas cib og g ol ouis 20,5y
39198590 00 (st SlympedS 0o £ G )50
s oaalie LacSdly wgr mba slo Sy s
oAl a0y 0T ao s Gl 85l slas
Iy Tos ooy
@laba>de JB glis 99 go ali>Me a5 jboyles

ol g ol (20,u ez o)l W FTIR slacab 0
odls F, 20,u Joe plxil JJoay a5 04 co cdmlice

(XRD) S| anisl 55l y3 cygo3!
aliwgy o0 5 odd a0 ogx SLI Gl s

3SR sin Spge Sl andl (ST S5
a0 Y0 = OIVY o BU WSOl asil ol Fho ol s

9 W s JOBFTIR b slas—y
S5 Sl (heS Jdod 5 a0
el s o 93 4y oy 5 VA
live JIS o0, o LS a5 asloalds an e
@) SL s pio b il s g 0o
0390 ;3 pgi—e o 3yl ea i (a5l S g oa
Dyal col oo osls oylas (em-1) Fe e b O -
Sl iSly ol sl 5 gz oz cosle Jodoa
Foe izl 5o Gl Slbes Job o &5 olord
dnglie enlools &) (S 5 ok oo Jsb) oz
G cas glel ek sbeoly ks
2 38 e skecen 5l Si% wia Gy g
w97 Sroeh osle (bl Jele cen el ol
Uil ooy, s i &y yeie GLII 2,y
ol JSCAT sladrl 098 o Sl S5 g ok con
3 sk som COT ely 5 03,5 Jos 95U (lgie o
Dgd oo Hsko con 10 G555 Sladign (uSCh ol
2 Hshoger JeuS sy sloog 5 sz S0 Bk
mosle dsl 9 918 (6265 (le)S (s5lly Cenl pu s
ol s 0ehioe aw LS S e a5 cul
OgedlieO-F (ol (23)150) poio oz silulix



iy (Sl 5 (So5d elyS )

I -3 WEL G VI R VoW | PR C S IWR CE S L=
axdl (5 550elS o) (SIS 9095 9 o s (50 g
I wgs

Sl slolas abbe Pole 4 bgye oSt
29,y adly ;o il ylie Lo yas oouid g ool oo,y
By (S sl Slpess Jg alldS S jsb » 50
@b olviz Fl (oo )Bu e a5 was e LS (0l

Lol 4l ek o yek b llws S LS (69,
Pl g Ohd sl Shy e Shibp ez a

200

a2y BeU 0 o 4z y0 b ol g oud (o83, wgz 3,1 0 XRD Gub - JSCi

ubo WLAA @)y )‘ ‘;..'Ls aS Cwl oo; ‘.).:.' u....ibsl
ad sladigel mhw owyp y0 WBloe a0 0oz
9> Cu9melS 50 gl (65 &5 w00 IS 4 osd
» ..\)‘9.)‘54 as J)LiLSA L)“"‘)"ﬂ WA (5@))[?'!.3 du‘
S5 ol g O asile ojludiz xaw olgs

Iyv] st

EHT=15.00 kU wn=
16pn

(SEM) (g (9 559 295ang ySmn

gy, Sae 3l odal Cawss pglas 5l eolanwl L
odls Coall BLII o (6 )55l lgv oo e siugy (S9N
3,5 saalin ) el i lo g

oy ladigel (osSwg,Soe pglal jo a5 jsbilen
0l (2o)u BL g el SauS ey 95h oo

Mag= 1.00 K X
Photo No.-1722  Detector= SE1

59 oha sl 9 ol (RO, e LI Joll oSG o lods S )5 3l oud aid S gy (9 ST o gSwg o gl - Y S



EHT=15 .88 kV

1epn  —y

259 kgl 9 oo (B0l g BLIN Jold S5 0 jlosds S 5 3l ouds aid 5 gy (9 yiSI| g 9,50 pgliai —F S

@9% By L)"‘ 5o 03 ul?v."».w») ) 4?515 OS8O

Ll ol 28L3L o] ey aSul @ 4z gy b O S0
4z b (TS ) 058 (o o0 1 55 (55 (Sliseon
@B S Sl 5 (Ko el oo s
S| C’_)L..AM L)"‘ » L)L““) 0

Wlodd &35 Syecdy ey )3 (297 @ gz D)
e I e e N ]
Glodisel agd @l orle Uhgy O3gymeST O)po
DAl asb e Sl oo

¥ o)Lo..'l) N7 Al?‘ﬁ)‘)il .\.clfjuP évL..o u.o.‘?u‘ dolilad

Mag= 508 X
Photo No.=1728 Detector= SE1

gyl 9 oudd (205l Loz SLI Joldh S ojlods S 5 3l oud 48,5 gy (Jg piS gk g ;S 9 glal —O Sl

Sl oy 0l slrouisS )55l dales s (o
Sl e el b o1 Glie g ead eolazl
S8 ple byl plad (r (orlin 5 095 (Sligeen
ey 5 oai mo e G gl ojluaiz ol ¥
ol |y G Oloins oo 4 5 ol (1 0S5
omile Ol cwlie (Jlbgeen poal (pl )3 083 s
Dy ge 0y oS Coshl 5 dlne)
9 oot (23 Sl Jolts Lo 4 bgaje ¥ JSCS
ol oims Glas (o93u poal Sl (VoS 5) S50 pely
Cugl g Syoely o ple O (Glhgren o5 Zeal go9e
Al orizmen gl 485 Syge (095 4 oS
I 5 GLI b 0essd o 45 omabs LI s



i (Sl g (S5 eleS (o) 2

Sk ek Gl slediges (Sund s Sl
“a s Jdo a4 S8L5L endy 51 eolanl cais sumlin
'w) Q).?M u‘).t‘ L}“‘QL{ ‘o)Lwd.o U"‘ o092 ).n.\.:
Sy Oluls 5l sazme eolawl (ol o s
SNz Ay A3 )0 D 5 Syl Sy 5 Al
oS F o)leds Jgu 4 axgi b Iyy] S4d o0 drogi 03l
i8S Jlw V0 byl 8bsl 5 S0 Sadl lade
‘jl.:uLo LS‘LQS"*‘")L’ QL) o> u‘?“s" IRUR uLm.:
S 905 a5 e (s Pshuyfd S oyen < 1,
odd a5 Jpame & Cows a5 asa halS 4 e
Scwglie Jl e ;0 5 99d o0 (HBL3Le Slge L
Sle 1y Goxr mlio Bjlas jo o5 LB 5§ lis
(SEM)  siug, So,ySIl CoSwgSen polas V¥
AU Jols Jlewd conle Gliganr saims  li

oSSl andl Glaca b ol ey g el a0,
3 0l 20,5y ez BUl A v o lis (XRD)
0oz Ll cwl eon an Il S ow@s e YYD S

S edds 2By pgx BUI @ cas o] Ol s
FTIR (yg05] sl by it BB Olposs ol ol
5 ol yz BLIL s 20, cslin 3l oaims LS
Bl JeSg 0 lapyS A5 wwd o0 (LS (ot
756 20,5y il eals o5 o delu sen 5 g ool
g aly s ile g BLI Gl Jlasl 0gugn 10 (ol
5 b Pl St co sl en i 3 )b

53,5 g iz Sl

gy

=

Ble J3s 4 e ol wsighe SUI a0l b
"o Pokosen 425 ll 4 e 9005 Sek ooz
loog )T 595500 o] (Srwgs Ol GhalS g o5 09
o g 09Bon o el Sl oo a5 S0
Olasnch Jro kS 8 Gloyedy b ol e )5
Ale GRlBl g S (Seea el nl g 298
Bed oo ol Qi el 5 Sl
oad (20,5 Bl ool Setdly gz ojluaiz
SL ol ojluaiz L oawlie o (Al eldy
2 Lol edz e (il jed 5 eats o)l
4 basye mlo sl lis o9 5l (g 9abse el YF
P e ol Qi alie 5 Culbks (Saasly
A esl g ond syl GLI s> sla Lo
ce |y ol ol ot ssalie sl SuiSly Jslas
2 ke SUI JenSgyu0n slooy 5 2als 4 Gl
PlsF omip 5 Seils by (o83,Bu anld 4
Jogine loss p ()50 13l (sylel B 5l (S5
Pl eor 0 Lk ek JEee 36 g
Blod 51 ] Jg ol oLt |y (6 52aS Caoglia o 53 303
SUl sl ojloniz (pizeer g logine )bl
S oly> i (A ey 5 0ud a0
@pd & Saglie g (LAAS Cuaglie (ded Ceaglie ;o |,
Sk sedk ol ojluniz sl las se
Josine bl Bl Jy il |, Casglia oy 2aS
Pl 0 Gls g B Al 4 axg L oogs

GO VYO LYY laJlo (bl 50 8b3L BB g ol adgh Sewdly jlado -0 Jgur

Jlw (& Ogds) Seiwdly JS adgd

(o Ogabeo) o €L 3L (o 85 px> (1) 8L 5L o

AR Yv-

YO AIY

ARRIA vy

YA 3

ARRRY Yoy

YV/A a

YeYF Y

fr Ve

(&2 i) V2Y0 ffo

b AR




gy

Composites, 38(8),
Doi:10.1002/pc.23741.
[10] Bouhamed, N., Souissi, S., Marechal, P., Amar,

M.B., Lenoir, O., Leger, R. and Bergeret, A. (2020)
“Ultrasound evaluation of the mechanical properties
as an investigation tool for the wood-polymer
composites including olive wood flour”, Mechanics
of Materials, 148, p- 103445. Doi:

10.1016/j.mechmat.2020.103445.

[11] Moreno, D.D.P. and Saron, C. (2017) “Low-density
polyethylene waste/recycled wood composites”,
Composite Structures, 176, pp. 1152-1157. Doi:
10.1016/j.compstruct.2017.06.025.

[12] Li, X., Lei, B., Lin, Z., Huang, L., Tan, S. and Cai,
X. (2014) “The utilization of bamboo charcoal
enhances wood plastic composites with excellent
mechanical and thermal properties”, Materials &
Design, 53, pp- 419-424. Doi:
10.1016/j.matdes.2013.07.040.

[13] Khan, A., Mishra, A., Thakur, V. and Pappu, A.
(2025)  “Towards sustainable wood plastic
composites: polymer types, properties, processing
and future prospects”, RSC Sustainability, pp. 2833-
2862.

[14] Guo, X., Fu, Y., Zhang, F., Li, X. and Liu, N. (2021)
“Change of structural features and relocalization of
chemical components in the autohydrolyzed poplar
wood chips enhance the accessibility of remaining
components”, Industrial Crops and Products, 167, p.
113508. Doi: 10.1016/j.indcrop.2021.113508.

[15] Brodowsky, H. and Méder, E. (2018) “Investigation
of transcrystalline interphases in polypropylene/glass
fiber composites using micromechanical tests”,
Fibers, 6(1), p. 16. D0i:10.3390/fib6010016.

[16] Friedrich, D. (2024) “Branding of wood-plastic
composites under generic name ‘“Biobased-Plastic”
or specifically as “Wood-Plastic Composite”? A
consumer study under compolytics approach”,
Journal of Cleaner Production, 470, p. 143276. Doi:
10.1016/j.jclepro.2024.143276.

[17] Voltz, L., Guiseppe, 1., Geng, S. and Oksman, K.
(2020) “The effect of recycling on wood-fiber
thermoplastic composites”, Polymers, 12(8), p. 1750.
Doi:10.3390/polym12081750.

[18] Toscano, G., Maceratesi, V., Leoni, E., Stipa, P.,
Laudadio, E. and Sabbatini, S. (2022) “FTIR
spectroscopy for determination of the raw materials
used in wood pellet production”, Fuel, 313, p.
123017. Doi: 10.1016/j.fuel.2021.123017.

[19] Chaudhary, V., Ram, K. and Ahmad, F. (2019)
Reinforced Polymer Composites. 1st edn. New
Delhi: Wiley-VCH.

[20] Lazrak, C., Kabouchi, B., Hammi, M., Famiri, A.
and Ziani, M. (2019) “Structural study of maritime
pine wood and recycled high-density polyethylene
(HDPEr) plastic composite using Infrared-ATR
spectroscopy, X-ray diffraction, SEM and contact
angle measurements”, Case Studies in Construction

pp. 1749-1755.

¥ c)Lo.ic N7 .\l;?‘Q‘).ll J.C'Sju? &vL..o u.o.‘?u‘ aolilad

&bw
[1] Kinoshita, Y., Yamada, T., Gupta, S.M., Ishigaki, A.
and Inoue, M. (2020) “Decision support model of
environmentally friendly and economical material
strategy for life cycle cost and recyclable weight”,
International Journal of Production Economics,
224(C), p. 107545. Doi: 10.1016/j.ijpe.2019.107545.
[2] Lopez, Y.M., Paes, J.B., Gustave, D., Gongalves,
F.G., Méndez, F.C. and Nantet, A.C.T. (2020)
“Production wood-plastic composites using cedrela
odorata sawdust waste and recycled thermoplastics
mixture from post-consumer products-A sustainable
approach for cleaner production in Cuba”, Journal of
Cleaner Production, 244(2), p. 118723. Doi:
10.1016/j.jclepro.2019.118723.
lakovlev, M., Survase, S., Segers, P., Sideri, S.,
Rouzinou, S., Pylkkanen, V. and Retsina, T. (2020)
“Sulfur dioxide-ethanol-water fractionation platform
for conversion of recycled wood to sugars, lignin and
lignosulfonates”, Bioresource Technology, 300, p.
122652. Doi: 10.1016/j.biortech.2019.122652.
[4] Altuntas, E., Yilmaz, E., Salan, T. and Alma, M.H.
(2017) “Combined effect of zinc borate and coupling
agent against brown and white rot fungi in wood-
plastic composites”, BioResources, 12(4), pp. 7056-
7068.
Lopez, M.D.M.C., Pernas, A.LA., Lopez, M.J.A.,
Latorre, A.L., Vilarifio, J.L. and Rodriguez, M.V.G.
(2014) “Assessing changes on poly (ethylene
terephthalate) properties after recycling: Mechanical
recycling in laboratory versus postconsumer recycled
material”, Materials Chemistry and Physics, 147(3),
pp. 884-894. Doi:
10.1016/j.matchemphys.2014.06.003.
Bal, B. (2022) “Mechanical properties of wood-
plastic  composites produced with  recycled
polyethylene, used Tetra Pak® boxes, and wood
flour”, BioResources, 17(4), pp. 6569-6577.
doi:10.15376/biores.17.4.6569-6577.
Krause, K.C., Sauerbier, P., Koddenberg, T. and
Krause, A. (2018) “Utilization of recycled material
sources for wood-polypropylene composites: Effect
on internal  composite  structure,  particle
characteristics and physico-mechanical properties”,
Fibers, 6(4), p. 86. Doi:10.3390/fib6040086.
Jamekhorshid, A., Sadrameli, S.M., Barzin, R. and
Farid, M.M. (2017) “Composite of wood-plastic and
micro-encapsulated phase change material (MEPCM)
used for thermal energy storage”, Applied Thermal

13

—

[5

=

[6

=

[7

—

[8

=

Engineering, 112, pp. 82-88. Doi:
10.1016/j.applthermaleng.2016.10.041.

[9] Dairi, B., Djidjelli, H., Boukerrou, A., Migneault, S.
and Koubaa, A. (2017) “Morphological, mechanical,
and physical properties of composites made with
wood flour-reinforced polypropylene/recycled poly
(ethylene terephthalate) blends”, Polymer



iy (Sl 5 (S5 ele (o)

materials engineering and metallurgy. Tehran, 10-11
November. [In Persian].

[23] Bashardoust, Z., Hedjazi, S. and Hamzeh, Y. (2025)
“Production of Chemical Pulp Using Carbonate
Process from Wheat Straw”, Iranian Journal of Wood
and  Paper  Industry, 16(1),  pp. 1-14.
Do0i:10.22034/ijwpi.2025. [In Persian].

[24] Gholami, M., Mansori, H. and Nosrati, B. (2015)
“Investigation of the Physical Properties of Wood
Plastic Composite made from recycled materials”. In:
Collected Papers of the First National Symposium on
Wood and Lignocellulosic products. [In Persian].

5%

Materials, 10, e00227. Doi: 10.1016/j.cscm.
2019.e00227.

[21] Mertens, O., Krause, K.C. and Krause, A. (2018)
“Evaluation of wood fiber composites based on a
novel simultaneous defibration and compounding
process”, Journal of Applied Polymer Science,
135(7), p. 45859. Doi:10.1002/app.45859.

[22] Hojaholeslami, Z., Bagherzadeh, E. and Zebarjad,
M. (2020) “Making high-density polyethylene wood-
plastic composite of poplar wood and investigating
its  mechanical, thermal and morphological
properties”. In: 9th International conference on



