vy IWAY Lol g 5l o o)lods oo Jlw oyl ol 32l 9 g &9 buo alxeo

(Paulownia fortuneiligly gz (Swilio 5 (K1 508 (Pls5 32 (St 9il U (b3

v (. Yoo Voo o
Gl G Loyumes gyl axdooniSeS (b8 v 0
ol e molio 9 (55,3laS pole olRiils sl b ouSiiils Lol
3 550 9ty oDl o1 olKisls LBLlS g gz polio 5 ple 09,5 Lokl
L;L?-) ROV g2 Cem olKislo su‘).o.c (e Lgcm‘o o> éJL.aO 05; )LJ.)LW‘

ouS
(sieos Jge «BLII (5lg0,lid () (SilSe 5 (Daejlys Ol Gz g ez (S00iS19) So5d els> G ol 5
Jolme b baigas 35 (gwyp (Ve-ANM ol 55,00 Tel b ooad eludl sligly ooz d(abmmin¥l Jsae 5
ELsl (&8 Jobes by, 4 a0 Ve Do 4y JLAS 5 0 )L VD Hlad cod g 00 e e PP Cle b (59 ,00mS el
o il il e plitl gladiges LI (gilsn )i 5 alein¥] Jpde o siad Jodo o5 wiohs Lt gl wiad
obadls a4 15 Ol ee a5 ais odalive sl gLl sladige b vall Gaz S5 0 (g o e gl (SOl ples
Aoy bgye O e g ez (SetSly ity Condls eldl sladslne ;5 (5 y9abse il 5o baaigal (o SLJI
5 olal Sl LalS 1 (gl cine Curo B (53, dunST 56 b sz gltl 4 wishs Lt b el 03gr Js) ks

Sl eole> ol ol (o> (SaiSly dLiglly (g9, amnST 5 1 ols olf')"'g

malihe.akhtari@gmail.com Jgtus oo g



S0 9 (K 3d PleB 1 (59 S gl L Db 3!

YA

- 638 lalal b eles i1 5 Soye als
5 reie el gl glls @l gl by g il
“She b 5 Dalds ceul (Sen YL (b (655
A (St a5 () Jocal asls Wl Lol @l sla
Gl e cdlis oo l5 o 1) Ll o Slee
Sld gl as wols plis s lidss [V)]aso
Al caglio 5 ST ply e Caglie ((Sasle
DY]aces Gildl | Gex slaeds UV axsl
ey > «VerY) ol Kes 5 Matsunaga
Al e D13 g6 L ool glll oz 5550g S0
aslys oo 0=V ol b e )3 b s 08§
Bl aile cmsir 25wz gl liilug Ko
s‘""““‘)l‘ 6L®J5Lu ) ‘_,’J}Lu o)lﬁb sy (sl
G yas ol G g olul o cde a [VY]osS Soa5
O bame 5 Sleitle Bjlas jo oy 4 sz
Sl els> sk, Dl g 258 e dgae
5 Severa .asb e H5,506 55 oex SYgame
Ol b aS Wass; 4 ol 4 (Ve oVl Sea
G Caglie 5 (cheS Jodo lugb, oSy
Slade @ b w4 des Glp bpeddlS g S
g oaxg b Dol S Jokw ojlps cugh,
L;L:MJ; colS b 9> .).,Jy s‘-,_‘Ji;.? @L’.A Codgdne
a8y Jst el o Wil 655 & glio ololo
G55 ol 3 osliial Coenl s ol e s
eoz Sl B nl o wlBlee Gl cnl 0 a9x
o soliul ¥V glem’ Sas JS> | Ll
Vol o g oo adpus i ye g5 Ligly (s
BB slosr cuSeye 0 b Y Jolee Jls
G p P oS 45 A co ddgi Caio o oolasul
[\A]C».w‘ o; O9N (G0 by 9 )Uw‘) ‘6‘4"’).5)
Coms 41 5 Ngh oo St Slol 4 gl sla,lgll
Sty pe eizmen )l (VL Cuglie S
ol Ll o S g S L_,’_‘:L,J A ansly ol
B S 5 (S A 4 425 b opbia
P 0y & S glatuglio Vb Cons g Jod

dodio

S olge plo (ouyp ) Sl Sle syl 5L
3 FSEsS Slojlal lls o5 olal 51 Sy JBlas
bl sl 6l)ls SIS Gl (Seigdsm) (S s
@ osz S o 3l D]assl o5 gl slace b
5 ok smd Slske Sl acly S50 0ole Sy ol
oaid JoSis o rendy opl cwwloads aisle 0K
@bt 5 (Sopd olo Ll lsonge sk o)les
o ol b magh Gl glale o ae G
» ol sl gyl o5 g sysldgl an;
Beis 0 6 b B [Y]ewload sl oz cblas
sle Sy p o $U 86 bl Glye cod 25
S8 am oad glo S Lo psro oox (Sl
50 Oyl Jal Jged cely 0,85 gl b gz glosil oS
sz Sl i 5 cesS SRl @i s osz
[Y]ewlasl, el Sle Lolgs coles jo9 ool
b il cosls a5 el oo 3,155« uizmen
2 Sl 5 (Sub ols o3 el 0, 5 S
O o whide jo cabaisle Gezes Basy
O Ol 4l op Ole g 0ad ooz (lnl Al
Ol 008 s 3 g [Flowl ools rals sy Ve )
[o]anl @jloline pals G5 5 ol sndedss
shilo olpd gl aS vy asmad pl @ g cSlopy olge
a9 0l QN‘ GYM ‘L_-;.’jjgt:“’ Qo oobe R L’ o).&
(V-1 ) Mcintyre [#las s o Jdass oy Ll
5 ©hd b CH Sy w9 dad e a5 Cdly e
Shd oyl @hyd ol b gwsSae bl )l Gz Jlisle
Ohd Ll S e 35 ilel Bges jsbar 1S5
3 eSS Gl ojlail 1 wen ablasslge i aile
J8lio B slie 6‘[.@ C‘)}"" L: (\” . ’nm)u‘)a} ).laﬁ
259 9 JoS dga sl ( Fee-foenm) lals
o [V] cab sl Cexr o g esles
MLLQ 59 C)‘)o 54[; l.s OM)LM S ‘[c\ ) /\]UL‘LM
o Jslz.a @JQL» ‘_gl.astlm b oo )L‘M.: 6“”%’9% L
5 ol el 2alf Gemes oy sl o]



va IWAY Lol g 5l o o)lods oo Jlw oyl ol 32l 9 g &9 buo alxeo

s — I ey .

) 3 .
6 9abse 3l i adgl ez =V (€M™ ) g, gabss
(cm’)

Coz bl wil b
$U Ol 858 5l gl (ol 5159590 (53, ST 5L
S sk Shey @ 97 Sladises Wb (5l B e
Veohe gl oslal boggy ST 66 Joloxe L
Lol L YD jlad co e e e pPM Cdale ¢ agls

)

obol Juloxig 505 bg

05931 51 S 8550 (slaJele gy sln Ghgs o0l 50
OSSIs ozl 5l ooty (5 Ske anglie 5 uil)ly 325
ol SLlS b B L5 SAS 531 65 5l eolial b
ROCIK GRS P TS [ PCES S

b Pl 2 GenSIsl b ogldl U
Wl ooz

ol Qi

Aoy i e oo oddlin VS o 4 jeblen
Sl d..d)f Q)9..o Lg)sd.]oe.(.: Jﬁ‘ el A L g_)—‘ g_).).>
oz, Casby Ll ol Cans Laml snuay 4 oy
DYl sz 5he 5 gl o cusb, Glol S e oy
2 sl o Ol Qi ks g 26 ) Jsoxr
Bals (s badiges Of iz (il )ly w325 slaJsax
g 0 G)bsme 53U (59)0mST g L gz Lo a5
ol Gl by Sy sals sladige 9 cl

ilodgad LA (5 i

3 Diffusion

~oSle il siS wsilolonlsr aile ols bl
(b 5 Gre sbile (a estas L algily
coLn.A.MJ‘ ¢)9A uLo.L.A 9 d‘..\.n LJLCQ ..\.J}: s‘sam}a UYT
[V#]o,S oo )18

Sl 5 (Kb sl SRy wyn 4 G5 o)
L o glusl (Paulownia fortunei)sligl o>
S50 (Suid s Shs Sjlop e (g3,0ST gL
sl i g Ol Qi Jols iagh cnl yo (2bj)
Jad (e ol SGl sla Sy g Suejlho

L 9y 99190

LQ‘U}QJ G}L“ oolel

e 0aSails 31 gy cnl 5 5 3,90 slislly sz
gl slagny el 5l Wl ags Gl b
Joles cugh, a0 b wiads (gussaws ole ¥ i a4 o gl
Slogsesl bl Glp e Wed S0y e
() (SeilSe 5 (0] Caz g olal (FaraSTly) S5
3 ASTM-D4442 s lastesl olal 4 o ja
Lok s ASTM-D 143-94

o> (SoaiSly g ol wdar g0l

"Cslios s 5T gy el Y St 4y badigod 5T 0
4 Ledsges Sis olal g 059 o Sz V-V Y
oelsS 5 (o5 ole 0 ) LB Jlzms soli b s S
Ladiged (s XS (6 503l (+/+ YMMESS) 455
mabgt 5l ey ladiged olal 5 ()59 ¢ Hgabst ol plox o
L g aiads (5 =Soslal pasetis (o (slaejly )0 50
SoriSly s WAHST G o ¥ g ) Ly, 5l esliceul
A dwle (VST) o

(1 akal))

Wi =T
Wh

WA= X e
S o el g9 = W, (o) ol Ci= =WA

(@) 94bse 3| s w6 (559 =WY (@) 5abse

V-Water Absorption
Y-Volumetric Swelling



S0 9 (K 3d PleB 1 (59 S gl L Db 3! A

Sl 50 (6 abse iz sl ojl ;0 Ligdly oz Ol iy (9)0mSTeil il -V Joa

(M)é) uT u..\." Lbe\i,.m'

YYsh Yosh Y-fh Ve« h #+h Y#h YAh ‘Y h Ah fh Yh Vh «/6h
YVEVYY NS /OA AYEIYA AYYY WNNVEE ANYE AY/AA YAIAA YYIOY  FYIVY O BRIYY TR fY/PA sl
ARAVi A R R RYA S SRR RYAA A S AAIVY Yamnmy FEEY ovieY  FVBee  YYIVO O YYIVY O AENE VVFY [NAIA 69 y9wS 193l
15
Tt 4
T 4
e 4
& —i— Ll wie
L
et —k— p ) il
Soee
o
[ *
LEN
3
.
1] 1 h T Th: T Th T
(h ey
Ls_,Lg,) GLQ").L?)Q L.J?Jl; Y = ul “»";\?}365)3.. S‘yl.: Jﬂbi\ <
O ploy Sae jo vals slediges yiores e x> (SwiuSly

o> (SaeiSly ool glual sladiges 4 Cod

WDgd oo oy YV SE ;o a5 jeblen ailaiils (g ios

Gogax U ocels VY 1 e olel s oo

Sy oz e Faisly & by S
3wl lagley 1o (55, ST gb L ol gl
Ll 039 eSS ol plas uib)ly arses . Cesload ools (LAY Jour
2 Gl 58l st gU L osx Sl &S
madl Sloy leoll ads o laaiged olul ([ SarisTy

<l 3 6y98bse alise slaosl ) Ligly wgzolal (FariSly p 59,0086l 156 -V gax

(200) slayl  SapiSly b digos
YYsh Yosh  v.fh  \eeh £+ h Ysh  YAh wh Ah fh Yh ‘h +/6h
AN AN AN AN AOY AN AON AY# via-. A/ FINE FIVA Y/#N aals
OIVA [NRIN YIAA vy A4 \fAitd f/va YA \AR Y/va V/ae e < I8Y 69 y9wmnS 1936




(KN)

A IPAY (lali 5 )l o) o )bost e ylez JUw eyl pl SELS 5 g2 s Lo alono
s — + + - +
:_'? =1 E —a— Il digoi
'; N " 7 —dk
0 % - | h s el gl
]
o b Vo fo fo 5 o f
ook
iz Sloj sl sloosl )0 Ligly oz (SoaiSTy 2 59,9515l 3L - Y IS
S 2ls> p 59y weSTel b oglesl S
" gl cox
N S g lpe ,Lid
35 Sl sl sladiges )3 SUI (5ilge Lad a5 aas o0 (lis TS

Ligly w9z (S p (59,8mS Tl 5l - ¥ S

oS Jgo
©5z e Jsse p |y Gguslsl 56 T S
Jse S9dee o o jsbles oo olis Ligly
GoyieSTleil booad glil sladiges o sies
wls  lowses 5l i @YY kglem?)
ol s a3 Jgaz ol 0355 (FVY/YOY Kg/em®)
3 b e 55U e las a5 wsle las pied Jgde
wsls Ligly ©oz (cded Joto » o/ Jloixl o

G599 b (FYAIVVA bar) s 0S5 b suss glosl
555 (g we (FYAY - F barasls ages 5l i
Sb e a5 ol olis OLI (ojlse Lid il
ansls B gjlse jlid (gl gme 53U (55,005

. :‘

VI KN)aals sladiges cisew a5 ols olas § Ss

$9mSleilh b ons glaal ladiges I pman(
ols plas by wjms Jsas ceslosgy (VAFKN)
o) Jlein| o 48 S (59, SS9l 56 &S

el o Sl Je



S0 9 (K 3d PleB 1 (59 S gl L Db 3!

AY

sladiges Sle 5 (Sosd (ploS (o) @S 2Bl
asly Hlid gy dunST gl L oads gl sliglhy s
BLI gslge Hlid 5 ctes Jgdo ] Jgo oS
Qals gladiges 3l yiion (69, 95U L ood glidl slodigal
Slowd sbdigad 3l yiion walld slediges Sowe aios
s BLI ool 4 15T Glgi e a8 ail e oas
o gLl laslxe ;5 (5y5abse 23U )0 aaises
L osz glaal a5 wols plas mls 5 ol 355
Sl s jladl sagay a4 Glgiee 1y adgl BB o
e 4 elal e 0 oS )l ioen
)l L5"M;u WA W) U.CL’ sDM] 0)|3 T e @51...:5)1‘4
BN ui ol MIS [\a]w‘oé‘b L)“"‘)B‘ ‘) LS).IAJQB.N
eblad pals 4 olg oo |y 6 L ool glodl sloaigas
Mle 5 Johw ole o clad o wiles
L Jlasl g 6b cnl 095 o) dhnly (oelySSn
ed g g azgi b aS ol Cond oS ) j0 0)lg
S5 slagil 5l S Jlext 4 b lasl ol vy, o9
oS cunly azgr wb andl adl oo o8 anle 8L
a5 Cowl 00 jeS SLL slealizd o Ol Gds wglas
"o Sl 0 wBliee ojlns 5 U slalasl (om0
B el ailes 13 gl b Laglly e glusl caS lgs
S ) 092 (i 9 (Sl lacueglis og9u>
$b as ol plis 50 (V++0) Yang olidss .oisy
" P oy Sl slacuwglis D)3

A e

Jsse

s s

(Kg/em2) ‘

(Kg/em2)

S9 S ail ol

57 e Jode » (59,0 1els 36 -F IS

sl
EVSUWoV| I PR

WtV Jodo 3 1) S eSTPl 56 O S
oao a5 jblen ams s lid Ll g Lies
Looad gldl sbodiges apcn¥l Jodo g g0
Codises 5 i (FIAVES KZ/em?) s umsTsil
s Jsr ooy (FASVVITKg/em?®) sals
Slews &S ol ies alesoY Jode il
WtV Jose gl b (59 unSTgil

Tase-
Tag -
Tasa-

‘55).)\#‘,519,3].3

] Jgao p (59,0059l 1306 -0 S

Ligdl oz (s

S S AT g Sy
Sol TV glem’ s ol 5 iy sz Sz
S9dse Gl S Slocsr 552 4 WD xS
9 @Y A5G hd Gl (AedS Hozen (B)lae ;9
Lol J&s aSiyl 4 axg b oogd oo colail
G (nl 5o s (Sl 5 (Sund lt b (Sesp
b e OS5l L ogx glaal & cul oud 555
b biglly sr (SHle 5 (Kb Pl p Ste



AY IWAY Lol g 5l o o)lods oo Jlw oyl ol 32l 9 g &9 buo alxeo

&=l

[1] Siegel, R W, Hu, E, Roco, M C, eds. 1999. Nanostructure Science and Technology.
Springer (former Kluwer Academic Publishers): Dordrecht, Netherlands

[2] Evans, P D, Matsunaga, H, Kiguchi, M. 2008. Large-scale application of nanotechnology
for wood protection. Nature Nanotechnology 3(10), 577.
[3] Taghiyari, H. 2010. Study on the Effect of Nano-Silver Impregnation on Mechanical

Properties of Heat Treated Populus nigra.Wood Sci Technol. DOI 10.1007/s00226-010-
0343-5.

[4] Taghiyari, H., Rangavar,H. and Farjpour, O. 2011. Effect of Nano-Silver on production
of hot-pressing and improvement in physical and mechanical properties of particleboard.
Bioresources. 6(4): 4067-4075.

[5] Ghorbani, M., Akhtari, M., Taghiyari, H.R. and Kalantari, A. 2012. Effects of silver and
zinc-oxide nanoparticles on gas and liquid permeability of heat-treated Paulownia wood.
Austrian Journal of Forest Science. 129(1): 106 — 123.

[6] Ellis, J.R .,2007. Silver as a wood presertive. Enviormental requirement and concerns.
IRG on Wood protection Doc. No. IRG/WP 07-30420

[7] McIntyre, C. R. 2010. Comparison of Micronized Copper Particle Sizes, IRG/WP 10-
30538, 41st IRG/WP conference Annual Meeting,Biarritz, France.

[8] Cooper, P.A. & Ung, T.Y. 2009. Component leaching from CCA, ACQ and a micronized
copper quat (MCQ) system as affected by leaching protocol. Int. Res. Group on Wood Prot.
Doc. IRG/WP 09-50261.

[9] Freeman, M.H. & Mclntyre, C.R. 2008. A comprehensive review of copper-based wood
preservatives with a focused on new micronized or dispersed copper systems. Forest Products
J., 58(11): 6-27.

[10] Cayton, R H, Sawitowski, T. 2006. The impact of nano-materials on UV-protective
coatings. http://www.nsti.org/Nanotech2006/showabstract.html?absno=854. 18/02/2010

[11] Clausen, C.A., 2007. Nanotechnology: Implications for the Wood Preservation Industry.
International Research Group on Wood Protection, Stockholm,Sweden, IRG/WP/07-30415.
15p

[12] Taghiyari, H.R. 2011 Effects of nano-silver on gas and liquid permeability of
particleboard. Digest Journal of Nanomaterials and Bioresources, Vol. 6, No 4, October-
December, p. 1517 — 1525.

[13] Matsunaga, H, Kiguchi, M, Evans, P. 2007. Micro-Distribution of Metals in Wood
Treated with a Nano-Copper Wood Preservative. International Research Group on Wood
Protection.

[14] Severa, L., Buchar J., Krivanek 1., 2003. The influence of the moisture content on the
fracture of the notched wood beam. 8th International IUFRO Wood Drying Conference

[15] Kalaycioglu, H., Deniz, 1., Hiziroglu, S. 2005. Some of the properties of particleboard
made from paulownia. J. Wood Sci. 51: 410-414.

[16] Flynn H, Holder C (2001). Useful wood of the world. Forest Products Society 2nd Ed.,
Madison, WI, 618p.



S0 9 (K 3d PleB 1 (59 S gl L Db 3! A

[17] Baronas R., Ivanauskas F., Juodeikiené 1., Kajalavicius A., 2001. Modelling of Moisture
Movement in Wood during Outdoor Storage. Nonlinear Analysis: Modelling and Control,
6(2), 3-14.

[18] Yang, R, Li, Y, Yu, J (2005): Photo-stabilization of linear low density polyethylene by
inorganic nano-particles. Polymer Degradation and Stability, 88(2), 168-174.



85 Iranian Journal of Wood and Paper Industries, Vol.4, No. 1, Spring & Summer 2013

Effect of Nano-Zinc Oxide on the Physical and Mechanical properties of
Paulownia Wood (Paulownia fortunei)

M. Ghorbani Kookandeh*!, M. Akhtari?, H.R.Taghiyari®

! Assistant Professor, Faculty of Natural Resources, Sari Agricultural Sciences and Natural
Resources University, Sari, Iran
? Assistant Professor, Department of Natural Resources and Agriculture, Bojnourd Branch,
Islamic Azad University, Bojnourd, Iran
3 Assistant Professor, Wood Science and Technology Department, Faculty of Civil
Engineering, Shahid Rajaee Teacher Training University, Tehran, Iran

Abstract

Present research was conducted investigate to physical (water absorption and volumetric
swelling) and mechanical properties (MOE, MOR, Compression strength parallel to the grain
and hardness) of Paulownia fortunei impregnated with Nano-zinc Oxide with size range from
10 to 80 nm. Specimens were impregnated with a 5000 ppm aqueous suspension of nano-zinc
oxide, at 2.5 bars in a pressure vessel for 20 minutes. Results showed that modulus of rupture
(MOR), modulus of elasticity (MOE) and compression strength parallel to the grain were
significantly increased in impregnated specimens. The only mechanical property decreased
by nanoparticle-impregnation was hardness. Highest water absorbtion and volumetric
swelling took place during first 8 hours of soaking period. Results of the analysis of variance
showed that the impregnation of wood with nano-zinc oxide was positive and significantly
affected water absorption and volumetric swelling of Paulownia fortunei.

Keywords: Nano-zinc oxide, Paulownia fortunei, Volumetric swelling, water absorption,
Mechanical properties
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