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1. General Linear Model
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4. Bulk

Jlail p egSae b 4 i culis b oslaeld
20 o g lao iy 5,105 1 WL g anly;
zhe 4 Hoes (O )b S g8 90
—opmy 4 b Juate (Vg ' Jlail slag s b okl
e (Jlasl T Sainn Glags b ol o950 o

1. Adhesion forces

2 _Cohesion forces




q

£ )Lef. Al O)Lo..f: ‘ﬂ,.cbo}\jo JL..J ‘U')"‘ els 9<% &Lu& d.L"u

aiufum Sheslatal s 4 cel o] ol
o Oslieely Gl asSly Gl (b e it
2 gdee o5 5 onld LSS s gl 5, G
LYVl S o obml o> b sp6e8 g dms
ag8 i Sl cgd oo oamlie ¥ IS jo a5 jghailen
S¥ez 2 ksl woys g okl Culs a9z
Cwglie a5 (g b A4 e b gue lbaiges LiiS
ohd el o9z @5 | (oS 5 A Al (S
Cald a5z w55 Jlite S 05 Gueiwsil woys
SV 3 Cwd las)s e g5 g ek
ool Cews 3l ase a5 Lae ol a4 w0y Gl pxe
sz 85 Jboloaw a anly dailg (Sees

(F J58) adbioe (dig g9 9 phd Sulies

S e Jad g0 sladad hos gles s g 0dg pid
e ot Colis alS b el ol oy ) iy
Slapkd 5 055 e sby S i Jab o las s
Looi)ls 2 Jlasl s Boas yaud slve ooy 5556
Wyl i Jlail s 4 glee e wwlbs il
Ao 55l el cxge ol al g ond euniS
e RIS AT 5o kb Sl el jsbo 4 5 e
5 iiS Stz p by £ Jitee S1IYF] 0L
aS 69k 4 g o goe (Saenz fols cws jlase
Ol B o il (o Lol ools iligy (sladiges
G A Caglie 5 LS (Saer 3 )b
Gk g cdlae (ol wse 8 (S goneyS wws S
Ca.asu.a (YY) Q\)&w s Talaei oluelie

Jigd

Lie

oy
&

B
-
,

abcde
defg cdef
defg g
Y -
[
[

(JEwl ) oS 5

0 o/5 |

60

2

o|o/5|1|2
120

(S (5 Wy Ceoglio 1 i gil g pled Coolind (292 4395 ol ST - T USD

&
+

ol

Fis

-
. B

-
g

i

-
&

|y el

—in

—
.

—
>3

-
1

[>3
!

(ho33) (Sdinz 310 Cawd I (5o
T B

60

ol (slg ol gy o

120

S S (3010 Cawd Jl oy g ey Ea5 g pld Caolnd (a2 digS hilie JSI-F JSCh



- Slad laibg (Sod els p ) pld Crls 5 uedew )3 56

>

625 Syl 9 Of 0h8 uled 41915 (595 2 Linbigr £95 3 rbiwgil gz g8 S0 Jgax

(iog SRz (5 5 ol (eg)SeoRas py ol (azy0) (mled aygl;

Ssef oSk Ssef oSk Syes oSk o e
a YA a e a VYIFA S, ]
b AIA- b ¥ a VYA Sy Sl
¢ \YIAY ¢ Y d Ve 5Y
¢ WY ¢ YNy ¢ Y130 11 obogis
b VO b Y0 b VEITA /)
a VO/AY a oo a Vo/0a 1Y
a Ve O a YIVY a VYT ol o -
a VYAV a YiPt a YY/2A LS S
¢ A b Yiot de VeIA T lix
¢ VAIYO b Yios od  YVIFA T 15 gl 3,
b VY a BV be  YENO 7Y gl s,
a YoV a DY a VFI-5 I ilix )
£ VIve ¢ Y/¥5 R Y- /£) T gilix Jig el 955
£ ANE ¢ YI5A de VIR T 18 glox iy
e M) b Y/E- b VEE- 1Y gilix iy
d Vi b Y/ay b YONY 1Y gilix i
a YA/TA a FIYA a VYIS i oy e i,
a Yave a 7 b YYAA L il ' .
b AR b Yvs b VYNV Sl Ly e sy It i
b AV - b Y-8 b YYAA LS s
¢ VY0 ¢ Y-t be  VOAF il L eedle b
¢ \YIYo ¢ Yvs b VYV il el 10 b
b VY ab ¥4 a VERY ol em /) gl
a \0/Y a %5 - a VOIBD el eexlY s
c VYV c Y8 ¢ YeIrA LS b sl
¢ YN ¢ Y/ A be VVIFA Sk gl
b VIS b ¥ a VEITY LS/ b
a VOO ab ¥ a VolsY ST b
d VA - de YI0A defe  VVEA ol eeidle slix i,
od VAT d Y5 bodef  VYIAP il Ly waiee 18 il 3l
b Va0 ab Ve abed  YHFe il b ewel) gibel,
a Y150 a oY - a VENY il eedlY silix i,
d 2% def Yio- g £4/20 LSxle gibe
d VAIY - def Y/ cdefg VY- LS 10 gl i, )
be VYD abe IPA abede YY) LK) gilix b, S otegiosr 45
a /- a NS a V5l - LS gl i,
h A gh Y/o) fg Voo il el slix i
fgh AIY - efgh YV dofe  YVOF il Ly e [0 silix i
of 70 def Y/fo abed  VENY il L eil) glx s

c VeIve bed ¥ ab VOl el e Y gilix Jig




\f.. )l'eﬁ <\ O)Lo..fa 5@&}‘5& JL..J ‘U‘)"‘ J.ClSj <9 é.oLa..o dJ.‘?r.a

/
h vio- h Y/PY fg V- IAY Sl gilix g
gh ANY fgh Y/50 ofg VA/YS Sl I gilix Jigs
efg ANy defg AT abe VEIOA ST\ gilix g
e Ve od YIAD ab A ALY gilix g

L¥] gl o @ x5l ol & Cush) 995
Slols las maw 05 oeesl 5l edel Cans 4y b
sr Rz g Ra slamsls 5 dew &350 a0
oy Gl boas Lae cpay 09 b gime mhaw
s plas 6 pReidar Gl baiged 65 (mkewgl
ey ek DLl cdale lE 00 Jsux)
o s S eled agly Rl s 6y Gl
o (V) 0) LK 5 SOW Glidxs mls pgas
& e L350 009380 S 0 (g5 Gl S
1Y ol slaiia ;o wad i cp ¥V 09y ba it

agly i g gl ) O e Ol,3550
A OAQLM u.uLw

(a y3) wled asgl;

Sy g SISl ragn onl 5l Jel s
4 S g baiged eled agly 2 ekl
GBS b SL3gl Glire  lacdile
sanlie & JSo 45 a5 jshilen i ali>de (g pKadar
lodiges (oled gl cudingili do ) 2l B L o9 o
1YL gledigas o el aygly o it cdl il
wall sladiges ;o wlod apsly (n S 5 ekl
Oy pSol Casls 4 wasy ol wb aasde
5 ol @80 Dgaps o 45 355 o 001 s Lurdiasgil
Gl o i s g oad SSlae dgly b wles
Ershad leasl 3l 000,53 la iy Saigd s
L e oldglb (Y-)Y) AzadisLangroudi
legds b 50 Gl g gl 65 I

e T T T
s o 1|I+ "ﬁ Tl Tlﬁ
{MJJj ‘_'uh-lllhl-ll:-ﬁlﬂ \-!1}-3,.“.;

o 1313 3 sl oo 10 JSb



- Slad laibg (Sod els p ) pld Crls 5 uedew )3 56

csobamdl slBaus 5l el snlp; 4 Jbe (Soies
@ s S culke L gl idasl ool
Sdgl S walss gabro 4 orke Yo S
Tobw SNsby Sl g gy ol com e
—oibg Ceko ) b 6ysld 65 4w S s
oRIBl s Gbg 5o wax el dbml v (257 sl
plgs xeS Gwgnl b polaw b sales ] coiS
o g A Gl e g s dalyS (gt
Coglie 4 (lgi oo SRl (nl leaiil Bl 09d
5 Cwlies il sl Sy 5l b &S el Jlas!
GBI cei e g S8b Cews Sl ibgy g9

A daly> Gime (p9z SYE yos a2 )2 )3 o

y
ol i s 3515 6 gy al 9
w97 SLasS ool Jlsl sboiiy els> » S,
ol aslllas ol 5l Jol> @l b g P s )
Jed 5l sz bl sla SRy by cwlks ol
25 G else 5l ad g9 9 s didsd 5 il
b S1,0550 51 ooliil g o9z zolaw (RO ibg
Coslio Gl o /) chile b lajiis e
olple oS A 4 Coglie 5 (it Saies
sl LY Sl Ll 0 e gy 1) il
Gl 35 b (Saies el el g
2 zF BB S (Gusellal sleids culks

&Ll

[1] Amerio,E., Fabbri,P., Malucelli, G., Messori,M., Sangermano, M., and Taurino, R., 2008. Scratch resistance
of nano-silica reinforced acrylic coatings. Progress in Organic Coatings. 62: 129—133.

[2] Nikolic, M., Lawther, J.M., and Sanadi, A.R., 2015. Use of nanofillers in wood coatings: a scientific review.
Journal of Coatings Technology and Research. 12 (3) 445-461.

[3] Zhang, X., Chen, R., and Hu, J., 2016. Superhydrophobic surface constructed on electrodeposited silica films
by two-step method for corrosion protection of mild steel. Corrosion Science.104: 336-343.

[4] Othman,S.H., Abdul Rashid, S., Ghazi, T.LM. and Abdullahl, N., 2012. Dispersion and stabilization of
photocatalytic TiO;nanoparticles in aqueous suspension for coatings applications. Journal of Nanomaterials.
10 pages.

[5] Sun, L., and Gong, K., 2001. Silicon-based materials from rice husks and their applications. Industrial &
Engineering Chemistry Research. 40: 5861-5877.

[6] Bergna, H.E., and Roberts, W.0.,2005. Colloidal silica: fundamentals and applications. Surfactant Science
Series. Vol. 131, New York, CRC Press.

[7] Hsieh, T. H., Kinloch, A. J., Taylor, A. C., and Sprenger, S., 2011. The effect of silica nanoparticles and
carbon nanotubes on the toughness of a thermosetting epoxy polymer.Applied Polymer Science.119 (4):
2135-2142.

[8] Bauer, F.,and Mehnert, R., 2005.Uv curable acrylate nanocomposites: properties and applications. Journal of
Polymer Research.12(6) : 483-491.

[9] Bulian, F., and Graystone. J.,2009. Wood coatings. Theory and Practice, Elsevier Science Ltd., Amsterdam.
[10] Mastouri, A., azadfallah, M., tarmian, A., and efhamisisi, D., 2018. The effect of cerium dioxide

nanoparticles on the physical properties of polyurethane clear coating. Iranian Journal of Wood and Paper
Industries. 8(4): 645-656.



\f.. )Lef. <\ O)Lo...':: ‘p.‘bb}‘jb JL.J ‘Ul)"‘ els 9<% é.oLa..o 41.7;4
Y

/

[11] KhojastehKhosro, S.,Ghofrani, M., and Ganjaei sari, M.,2016.The effect of adding zinc oxide nanoparticles
on color change and adhesion strength of polyurethane coating on wood surface. Iranian journal of wood
and paper science research. 30(4):690-704.

[12] Cristea, M.V, Riedl, B., andBlanchet, P., 2010.Enhancing the performance of exterior waterborne coatings
for wood by inorganic nanosized UV absorbers .progress in organic coatings. 69(4):432-441.

[13] Malaki, M., Hashemzadeh, Y., and Fadaei Tehrani, A., 2018. Abrasion resistance of acrylic polyurethane
coatings reinforced by nanosilica.Progress in Organic Coatings. 507-515.

[14] Pagnola, M.R.,Vivero,J.U., and Marrugo,A.G.,2018 New uses of micro and nanomaterials. Publisher:
Intech Open. ISBN: 978-1-78984-173-2: 79-81.

[15] Bomba,J., Jezek,J., Hysek,S., Sikora,A., Stolarikova,R., Palacka,A.,Berkova,M.,andKolbabova.T., 2017.
Polyurethane coatings on hardwood and softwood surfaces:their resistance to household liquids as an
educational case study. BioResources. 12(3): 5867-5877.

[16] Latibari, A., 2007. Science and technology of adhesion for lignocellulosic substances, Islamic Azad
University publication, Karaj, ISBN No: 9644504 194. P348.

[17] Pandit, S.K., Tudu, B.K., Mishra, .M., and Kumar, A.,2019. Development of stain resistant,
superhydrophobic and self-cleaning coating on wood surface. Progress in Organic Coatings.

[18] TSE -TS 2471. 1976. Wood - Determination of moisture content for physical and mechanical tests, TSE:
Ankara, Turkey.

[19] ASTM D 2832. Standard Guide for Determining Volatile and Nonvolatile Content of Paint and Related
Coatings.

[20] Peng,Z. L.,and Chen, S.H.,2011. Effects of surface roughness and film thickness on the adhesion of a
bioinspired nanofilm. Physical review E 83, 051915.

[21] Cheng, E., and Sun,X., 2006. Effects of wood-surface roughness, adhesive viscosity and processing
pressure on adhesion strength of protein adhesive .Journal of adhesion science and technology. 20(9): 997—
1017.

[22] Kaygin, B.,and Akgun, E., 2008. Comparison of conventional varnishes with nanolake UV varnish with
respect to hardness and adhesion durability./nternational Journal of Molecular Sciences.476-485.

[23] Budakci, M.,2003. Design and production of a new adhesion testing device and its utilization with testing
of wood varnishes, Ph.D. Thesis, Department of Furniture and Decoration, Gazi University, Ankara.

[24] Ozdemir, T., Temiz, A., and Aydin, 1., 2015. Effect of wood preservatives on surface properties of coated
wood. Advances in Materials Science and Engineering.1-6.

[25] Parhizkari, M.M., Tarmian, A., Taghiyari, H.R., and Karimi, A.N., 2011. The effect of drying intensity and
moisture content on longitudinal permeability of poplar tension and normal wood (populus nigra). Iranian
Journal of Wood and Paper Science Research. 26(3):477-485.

[26] Panigrahi, S., Kumar, S., Panda, S., and Borkataki, S., 2018.Effect of permeability on primary processing of
wood. Journal of Pharmacognosy and Phytochemistry. 7(4): 2593-2598.

[27] Ghofrani, M., Mohammad Moradi, Z., and KhojastehKhosro, S., 2016. Investigation on the effect of
different methods of applying transparent coatings on adhesion strength of coating in wooden surfaces.
Iranian Journal of Wood and Paper Science Research. 31(2):248-260.



- Slad laibg (Sod els p ) pld Crls 5 uedew )3 56

"

[28] Manavi, G.H., Ghofrani, M., and Mirshokraei, S.A., 2012. Effects of wood type, moisture content and paint
type on adhesion strength of conventional clear paints used in furniture manufacture. Iranian Journal of
Wood and Paper Sciences Research. 27: 743-753.

[29] Rahman, 1., andPadavettan, V., 2012. Synthesis of silica nanoparticles by sol-gel: size-dependent properties,
surface modification, and applications insilica-polymer nanocomposites — a review. Journal of
Nanomaterials. 1-15

[30] LabbaniMotlagh, A., Bastani, S., and Hashemi, M.M., 2014. Investigation of synergistic effect of nano
sized Ag/TiOparticles onantibacterial, physical and mechanical properties of UV-curable clearcoatings by
experimental design. Progress in Organic Coatings. 77: 502— 511.

[31] Sow, C., Riedl, B., and Blanchet, P., 2010. UV-waterborne polyurethane-acrylate nanocomposite coatings
containing alumina and silica nanoparticles for wood: Mechanical, optical, and thermal properties
assessment. Journal of Coatings Technology and Research. 8 (2): 211-221.

[32] ErshadLangroudi, A., and Azadi, N., 2017. Hydrophobic coatings based on acrylic copolymers and the
effect of adding nano silica. Advanced materials and novel coatings.6 (23): 1655-1668.

[33] Malaki, M., Hashemzadeh, Y., and Karevan, M., 2017.Effect of nano-silica on the mechanical properties of
acrylic polyurethane coatings. Progress in Organic Coatings. 477-485.

[34] Karevan, M., and Kalaitzidou, K., 2013.Formation of a complex constrained region at the graphite
nanoplatelets-polyamide 12 interface. Polymer. 54(14):3691-3698.

[35] Sargsyan, A., Tonoyan, A., Davtyan, S., and Schick, C.,2007. The amount of immobilized polymer in
PMMA SiO; nanocomposites determined from calorimetric data. European Polymer Journal. 43 (8): 3113—
3127.

[36] Gunduz, G., 2015. Chemistry, materials, and properties of surface coatings: traditional and evolving
technologies. DEStech publication. ISBN No. 978-1-60595-066-2. Page: 650- 652.

[37] Talaei, A., Rezvani, M. H., and DoostMohammadi, 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. 171-180.



Iranian Journal of Wood and Paper Industries, Vol. 12, No. 1, Spring 2021

N

4

The effect of nano-SiO2 particles and film thickness on physical properties of
transparent wood coatings

Abstract

In this study, theeffect of different levels of nano-SiO,
particles and film thickness on physical properties of acid
catalyzed and nitrocellulose transparent coatings applied to
beech and spruce wood was investigated. Nano-SiO; particles
were added to coatings in order to improve adhesion
characteristics and wettability behavior.For this purpose,
specimens were prepared to dimensions of 220 x80 x20 mm.
Nano-SiO, particles were prepared at concentrations of 0,
0.5, 1 and 2 wt% and added to the acid catalyzed and
nitrocellulose transparent coatings.To study the effect of
different levels of film thicknesson adhesion characteristics of
nano coatings, specimens were coated at two levels of
thickness of 60 um and 120pum using film applicator.
According to ASTM D 4541 standard, the adhesion strength
of specimens was determined. Scratch resistance was
determined according to ASTM D 3359. According to ASTM
D 5946 standard, contact angle was measured. Results
revealed that the highest adhesion strength was obtained in
beech species coated with acid catalyzed containing 1% nano-
Si0; particles with thickness of 60 pm. Increasing the nano
particles up to 2% had negative effect on adhesion
characteristics. The increase of the film thickness decreased
adhesion characteristicssignificantly. The increase of nano-
SiO; particles, up to 2%, increased the contact angle of the
surfaces of specimens significantly. Thus, the incorporation of
nano-SiOxparticlesinto coatings, up to 1%, improved adhesion
characteristics and the incorporation of nano-SiO:particlesinto
coatings, up to 2%, improved the wettability behavior of
coatings. Furthermore, applying films with lesser thickness
led to increase of adhesion characteristics.

Keywords: Nano-SiO2 particles, Film thickness, Adhesion
characteristics, Contact angle.
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