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1. Multi-Walled Carbon Nano Tube
2. Graphene nanoparticle
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1. Chemical Vapor Deposition



YYaA )LQ( A E)Lewd yY 3)93 ‘Ulﬂ‘ qu.Jo CAL& :Ll.’>bo 9> dl.&wﬁ)a’l)ﬁ 9 Ji.ob

a

ensls
oAl 55 Slayj5elS $U dndls ) IS0 4 a5 L
s s, 00 o Fr Sl WL sle lude il L
Sl sbas o Sl (ol 5 (5l s
VY ssd= 53 pwlSLsske doys Fr L slals ) 5lS S0
53l do ;5 00 L slacs 3508 4L 5l 5w Ao s

b e slaesls bl g et el oA > sxe
L5 O ls e 3 a0l o S 6,350 lade L56 w
szl mha Ly plest ap Cglie 5 a0 4 aaslis
3 Sl e pols s 5 Kes O s 5y A3 A8
Aon yp it Jolso o5 55 Gasiie Sl Los iomes
o 4 5 K23 (9ol gme JlEte Hl 0l g ol

A o35 bl A Jsde 3 O s s

o313 fulio | Jols il g 41355 Joia ) Jois

F = 1 = . = . .
bl CEP ok o3l Olue (5SUke ggene SH9 o Jole
VSO FAF* ooy ) ooy il
Y/Aa n.s YO/AYA y YO/AYA s 4y Canglie
oIYEY * YV/0-A y AW/ (MOR) _siwed Canglio Cg Aoy
YA/OVE** O-FY\VEIYYS y O-SYV\VE/YYS (MOE) i3 &Y Jgho
\Y/FYO** /ooy \ Y[y celo ¥ O s
N2k VAYS \ VAAYS el V¥ O Gls
Y/-van.s ofeey v ooy el
ofF Y>> AN Y4 ¥ O+ /VFY Qy & Caaglia
FIAVA ** VA/AVY s DA/FYY (MOR) _ies cglio $b duoy
Y/-ay n.s PYVFVA/Y A s VIVEFYY/AYE (MOE) i3 &tV Jgho o
VXYE NS -IvYY Y -[550 celo Y ol Gls
VY NS VA% Y Y/EAY el V¥ O Gls
R XA )b@u :Nn.S
Aoy 0 mhw jo s pxe *
oy ) cla..;)a )loé;.u xk
VY
‘/0 *
)
3. of Ao
/'\ NER
() . .
g /¥f ZVA S 1
o)
\ . . ! =
0/00

. AN 1B \

S e Ll 31 b Cu aselS 3 Bl ol i g ) JSW



Cn

w5955 S PU ool b Bl g b Cojorels dipd 4 Canglie 2ol

s bl s cd WBL ds s b L slad sl 3l 2i
Ol by does Ol o 1) ol e (i slasles &
LY S gillae el Slass ol 3 5U8 53 cibee
53 d e ay aslie Hlds oS 3,3 50 e iyl
W Ll ) Jpon) 3L 2l A5 44 slasl mbae
St 8L o ¥ b gl 5 5slS 50 (sl ol
ot dn Seglie 1 51 5l e ool Sl el
oy Vg elSh sl doys ¥ U slacy 5alS 5L
YN IIM & s 4 canslie e oS Cl op S 5,350
oIS parte i A3 Gl s 5 S S )
Sy s B b 4 onslis (U
DY OV al o (28l ol ins  sbay
st anslin Ly S 56 e S Sl 05
w,0 H s S s S gduanes calites 05 S g3 o 1
ST s el hn s LB 53 (S35 58 5 g5 4
ok 5 Sl dlasl e 53 5l Jlezl 4 o5 555 0
03,5 LS S 5550 Sl a5 Ll e Sl
Sl DLl ol sl Sls Jale JnS 55008 Jule
sl Glaes ;S 5 Jsls pl o olond AL 50
S5t Sdean 350 (il (omen 5 3l s o
VLl sl b b3 sl el o 5 (555 ki

P

351 Gl L aS s e Ol LS Sl =k
—osar gl Ails (o3 00 4 T Sl
g ar s L ks DN ] 2l Gl edde 58 Sadl
SHlmSmr 1 e 3l b AT 5 5L
Sl sl cmis (pl D3 eslinad Gl iy 5lS
Al 3l Lls (%S Al WL Gsle Aoy ¥ L
oslie ol st catsls 2alS L S Tl bl clilcnles
oA Sy 58 33l ) enlital b o5l o il J e
oo 55 olizal Lol 15 G Al 5 g meslie ol L
2 aal b slse pl gl o555
AL &b 4 Cwplas
SIsBLs & s an Caslie ( WLSL sl lde il 53l L
Folglac sl sl 5 il ials ooy sl 5l
Ol 555 5l (g mdn &, 4 Caslie WL sk Ao s
B I (SL ke Hlade O 5L L (Y ISK) sl
SUlF et 53 5 b e Rl S S 5L (s ey
S S 3 (Wetting) 05 S s (81— ads
33 S ES e DA blss o b e ) 50
Cglin 3 O3 Jlasl oyu8 Jals w53 5 osle 30
(6,355 05d) dalid Jlas 53 558 0 Jgaes 4,5 4

(BL ke Lo 3 00 L sbad sad (gl Cunslin oyl Sl

-t
1 >4

-
-
-
-
-

/M) @ 56 4 Cwglio
-«

-

-
==

-

e
-
-

=== ¥ WL
AN Q»lfb

| >4

. ALY

[ \

1S9 ke a1 b Co jomelS 93l &y & Canglite Oy g, Y JSUWS



WAA o o) Bylad VY 3593 o)l omds wolio Al gy (sloodygl b g JSin

2

O et g sl (gl sdiS i Lale ) e
S Sladis s s ol by (5 e esliad 36 53 ol
i oS 3L dal g ials VLl ) sl (S
el J s g SO glacuslis [2alS o
o oy ) i i ) S 5 e il
LA 500l 5L et Cnglie e i3 _sms il 53]
Cooslin o SEU U SOl Ol s Aol
il 05,8 a3 1y La Sl syl 5 i
oy ) 50/ Sl oS e 55 S (ghoazas
C el 5l gl e Cwgline S aia o) 5L
WO 5\ ssd= o sa 8L el o5 00 5 ¥ L
wline jeba 5o A8 Olidew ;3 .ol Al ds s
L sy sl el 5 et Canslie sl
o3 VP Ol B S5y Aoy Y B e 5l op S0l 5l

D] cl s iyl S

(e dge
dade ply o815 S8 i Jae JIY s
Aas e 0L o aelS sl s (atemN J se)
Jsde ( mBL aske e 2l L oS 5 8 jasiie ol
OLid s 31 aulssl us g, a5 5el8 6l Lo
OO L eddad 5 (slacy 5 5elS 5L K> ojlsay a0
Ol 58 5 e s WL 5,1 o ys
s il L sl oy Fo b glacy s sulS 50
oS o cdlhe A3 Dl glaail L G )
3 S2prme gy SUI s ol L a1 e
ol cp e 31 S YT sl DL 2alS e
BtV e (oS 0 3l (e s 2 S
ozl Jsde o5 Ll ol OF saas LS55 (sl
31 Gl U ecmad i oy o b Sl oo OUI
Lo 5melS 5l tasd ke o3 00 4 ¥ 51 WS

Al e Rl

35 il 5 SIS w5 0 5 0 S
Slaie) 45 AS o sl ol5eien Gl 1y aole i
LS D3 0558l s b e eslis ol s 3
b 03,8 plie b x5 ey e ile 42 (GNP
L et 255500 4,0 4 Sanslie 35y o L]
534S DMTA" 05051 5 cp S 65550 Slepslie 03453
Jsdoe S 55 03,50 O b (o (sla i
A 53 S b e Rl esle 6,5 J e 4 BN
S e 35 esle (Damping) (s pdoa o Conls
4SS Gysba ccanl asl -l sasaub o 3 oladss
(=53 A3 O B /Y SIGNP Silys G e il L
Ao 3 VY B (ol pme sbas Jpams 4,0 4 sl
o3 A o Caglie iy g 3L 158
O30 pl =l Amlie 5 ) VY] s etalin 55
S 535U Sl eslinal 4S sl oLas alie Slidss L
b Fd B mls 55 o ) B 0/0 mhaw 53 (55 S

sl o)}@%ﬁ@w;&au)ﬁjid\f

oo e glae
03,33 3 ezt Caslin o Wl SU 3l sldde Jiol53l L
S Goyba (3l el S (b me s ba
e 5 pbay WL B3l Ao ys ¥ L glacy el U
A Camd il e Cnglie Ao pd Ve 2> o
Aosls oL 1y elSL esle Ao s 0O L R LYGNEPWI g
P 3l 31 QR L alie G 3 () JS2)
PALS (Sols e jpban et uslis o s A 4
L Sl — s oS0 3l s Yyl Y] 8L
Jlasl sl 1y e it Sl BUI L5 iolis
Pl ol (SoLSe Jlail 5516 on a4 o 3
b s ol lads sy O sbnl) das

S A oS Sl O B Jlad g Sl leb e

1. Graphene Nanoparticles
2. Dynamic Mechanical Thermal Analysis



w5955 S PU ool b Bl g b Cojorels dipd 4 Canglie 2ol

<
<

<
o

<

(MPa) o5 Cunglie
-
“

-
-

DAL /o \

(1) o559l Hlude

=== Fe L
06 5l

-
<
-

|

(MPa) i Jao
P
=

oS 9U Hlade ol 381 b Co jamlS gl (wied Joo 9 Cuoglile Ol pondi Mgy Y IS

53 S Caglie (gl (oSome s Ll e ity
Ll slaas sai 4y s dall sladi sad 53 4,0 ol
5 S L e sy L S 85
S 2l o BB Chns bli e 53 35 4,0 S0 505
Sl 3 sgde W gad ol Gl Ch.‘).s
oy e Sl 53 05350 (Sl slie ol S Ol
2 Ll (Susly 5 s S by oy b3l
g 510 Sl slar i e oLl e Sl
Frl s elS sl & s a3l laas sas S
sl ang ol p YO LS 55 5 L sl ds s
0> (55,5 (1S 85350 Sl S w5 0T s 5
85550 sl 53> oS pelS SU Ik Sl 553
w5 5l 2l L &S 555 e sdalin (655 op S
o S SVl ail s Sl (3550550
el 0 sl o o L 5 WL s

SEM HV: 20.0 KV WO: 23.66 mm
View flold: 415 ym Det: SE
SEM MAG: 500 X Date{midy): 1273108 Cremsary &

. ¢ v
\ ) \
BEM HV: 200 WV VID: 23.55 mm

View flekd: 104 jam Det: 5§
SEM MAG: 2.00 kx  Datofrvidy!: 123108 Oursiy &

--------------------- A
oo — 80 5y
Woe
DALY o[d \
(1) 01,596 i
<l ol

Colw YF 5 Y 51 e b gas OF Ol e s p L
s ole i 3l S Lasiie Of 3 g sab e
oS 55l e Jy il s pae G st ol s
S ol g 3l uT ol Q\yﬁdj\;@uj;‘b"
o e Sl s sl s bnle e 0 5L L
s J pman 53 g;.wj.:;.j &‘}?‘ﬁwc‘_ﬁaﬁ ol g
dalgs 15l o3Il Oles 4 5o Of Sl 5 A el

5] sl

SEM (sha9, S @ Kay S sl
Sl Yeer 500 LS55 LSEM pwm F ISS
—er g8 50 Gln s Bsesl ek el St e
5550 Ha> Ok 5 8L A3 00 5 ¥ L Sadly
Jlail 0,550 3 5 Jdsany e sl nl D3 ool 02 S

4_<J._Ju_ﬂ :ﬁj«gﬁ,}ijdjjl.w}@ osle oy Chms

\

Pl Teer gBer iS50 U 9,5 5,390 (o 9 WL o3 Fo b i ps sWdiged ConsSli mlans SEM o gaai F JSUS



WAA Hlee o) Byl VY 893 )]l (oas @lie Ao woge (slaodygl b g IS

e

RS R AL

AIRYOee ol b Bl e )3 Fo b Cujonliail 15 (59,5 ()5 8396 (ST, 51 SEM gl .0 JSuo

ool st 5 e 3 aS UEL 4sed 0T 3 o S Sl
&l DMTA 5030 53 o3l e ooy o Ccils J g
00 5 ¥+ o5 Z;l_»ck_.ﬂj.s)s S iselS sl g o
45 3,8 Laseie 0,366 5l eslitad Ol DI s doys
Sty e J e e 4 a0 slales &0 s
350 Sl esle O sl (6 i aslin ol il
Sl e e WS e 511Gl b
Sie il U aS s S e e ls ped ool anly
GO Jsdee 5 (G7) 0,83 Jske 53 o Sldie ¢ op S 5L
Jodon Sl SRl g a8 Al o 1531 55 (GT)
Jodo s S Tan 8 Sldis cames 55 .ol iy 3O
s e 5 5 das e DA 1 6, Jade s ]
Lt Coaglie 5 (G pdia o Caolt s s

el sl J)"‘M

DMTA _Suilse — SKealss kb, ow )y
b aslis gl Tan 8 jltis i slals ses & IS
sl Lo Fr L slacy 508 50 5 (65 S a5 6,3 40
G oax s =00 gles duls ;3 il CL_N S s 8L
Slde il L e e L | ol S il B s £
Jlasl iy sbales Gy Tan 8 1y god Ky 0y S 50
LS oS 00550 sy SiSen Of Js o8 il
o SVl 5 e w0 &S el WL 5T 5 ey S
oz palie folie ioman bl WL 5 ek 6 5o
4S5 S parie ujsalS 5 ¢ 8 s sl sladod Jll
s Jliml gles o S s S a1l
YO 3l sy P 8L sl s |y ey 58 5
sde ol e zals sls il o S sl a3 1400

QMD%Q(;\&U@!O&@&;!MP

Tan Delta

(c

Sl a0

y. fe 5

S PU Bliseo pdlo 45 Moy Fo Wl U jorolS il DMTA (45051 13 TN 8 palile & JSW



AD w5955 S PU Sl oolatnl b el gy b Cojorels dips 4 Coglie ol 8

35S aseda 5 315 QLIS |y Jsaame 53 (55,5 S 5350 S e
s o Il e slie 55y o 03510 gl oS B3la e il 31 L S 5l DL G s S 5o
e 1S 80350 Slesliad (LIl sl s e il oL Jame Bl (o3 00 & Fr 51 WS
L s e e b S 0350 G S 05 Sl ao s Fr L glacy 55l 60 s e 4l
SL s ey 5L 5 g VLl sl 4 S el i 53 i Sl 5555 S (Sl 5K 035 b
Gl JLatl glos palis lie (pven sl oslon] 5t ds Ceslis alS e (Wl SL s 2l
ol a8 S e e 5SS g 5 s Sl O e 253l L pioan S J pame st Caaglie
W3l Gl &gl AL JUEN sles ¢ S 3,350 s S iy il Jgeame O Gl 5 e ke e
) ol AL e 2525 (S35 S HL D D2y e
lalllan Cm s LB s Gkt ol gla i i ool BLsd 5101 50 Js s slg Jpuame dnnndls
st Solss Il colem L (5,5 Al 5l a5 3 a et d Soaglie G S BU SMRe SRl 50 sls s
2l 5 osliS o e ol 5 655k 5 Sliiss Aas B b b [ e e sl
el 55 5 5 ey Sy o OSSP e R s e 0 s
33 Gl Sl dhs s 4 23 8 plondl el S 18 A S S sl s
References

[1]. Ashori, A.R. (2008). Wood-plastic composites as promising green-composites for automotive industry.
Bioresource technology, 99(11): 4661-4667.

[2]. Kada, D., Migneault, S., Tabak, G., and Koubaa, A. (2016). Physical and mechanical properties of
polypropylene-wood carbon fiber hybrid composites. Bioresources, 11(1): 1393-1406.

[3]. Ashori, A., Shahrebabak, A.B., and Madhoushi, M. (2015). Effects of nanoclay and coupling agent on fungal
degradation and water absorption of sanding dust/high density polyethylene composites. Journal of
composite materials 49(9): 1107-1114.

[4]. Makhmale, S.A., Patil, S.B., Kale, V.G., and Ravishankar, S. (2016). Automobile bodies by advance
material with light weight. International Research Journal of Engineering and Technology, 3(4): 970-975.

[5]. Rafie Keshtli, F., Siaie Tiri, H., and Shams Nateri, M. (2014). Investigating the water absorption and
resistance impact resistance of wood-plastic composite based on recycled materials. 2™ National Conference
on Modern Technologies in Wood and Paper Industries.

[6]. Prashantha, K., Soulestin, J., Lacrampe, M.F., Claes, M., Dupin, G., and Krawczak, P. (2008). Multi-walled
carbon nanotube filled polypropylene nanocomposites based on masterbatch route: Improvement of
dispersion and mechanical properties through PP-g-MA addition. Express Polymer Letters, 2(10): 735-745.

[7]. Petchwattana, N., Covavisaruch, S., and Phetsang, K. (2015). Multi-walled carbon nanotube filled
polypropylene nanocomposites: electrical, mechanical, rheological, thermal and morphological investigation.
Proceedings of the 3" International Conference on Industrial Application Engineering.

[8]. Menbari, S., Ashenai Ghasemi, F., and Ghasemi, I. (2015). Comparison of mechanical properties of hybrid
nanocomposites of Polypropylen/Talc/Graphene with Polypropylene/ Graphene. Modares Mechanical
Engineering, 15(7): 329-335.

[9]. Hemmati, M., Rahimi, G.H., Kaganj, A.B., Sepehri, S.,and Rashidi, A.M. (2008). rheological and
mechanical characterization of multi-walled carbon nanotubes /polypropylene nanocomposites. Journal of
Macromolecular Science, Part B, 47(6):1176-1187.


http://www.tandfonline.com/author/Hemmati%2C+M
http://www.tandfonline.com/author/Rahimi%2C+G+H
http://www.tandfonline.com/author/Kaganj%2C+A+B
http://www.tandfonline.com/author/Sepehri%2C+S
http://www.tandfonline.com/author/Rashidi%2C+A+M
http://www.tandfonline.com/toc/lmsb20/current
http://www.tandfonline.com/toc/lmsb20/current

[10]. Rashidi, A.M., Hajjar, Z., Ghozatllo, A., Rashtchi, M. (2012). Highly-ordered nanostructure arrays and
methods of preparation thereof. US Patent 20120204890.

[11]. Pourabbasi, S., and Kord, B. (2011). Investigation on the effect of chemical foaming agent and wood flour
content on mechanical properties, density and cell morphology of HDPE/EVA/ wood flour hybrid foamed
composites. Journal of Wood and Paper Industries of Iran, 2(1): 63-80.

[12]. Chaharmahali, M., Kazemi Najafi, S., and Tajvidi, M. (2006). The effect of producing method on the
mechanical properties of wood plastic composites made from particleboard waste. Iranian Journal of Wood
and Paper Science Research, 21(1). 33-42.

[13]. Ghanbari, A., Madhoushi, M., and Ashori, A. (2014). Wood plastic composite panels: Influence of the
species, formulation variables and blending process on the density and withdrawal strength of fasteners.
Journal of Polymers and the Environment, 22(2): 260-266.

[14]. Sheshmani, Sh., Ashori, A., and Arab Fashapoyeh, M. (2013). Wood plastic composite using graphene
nanoplatelets. International Journal of Biological Macromolecules, 58: 1- 6.

[15]. Tavasoli Farsheh, A., Talaeipour, M., Hemasi, A.H., Khademieslam, H., Ghasemi, I., and Masoomi, Z.
(2011). Development of fine-celled wood fiber/PVC Composite foams using multi-walled carbon nanotubes.
World Applied sciences journal, 13(2): 269-276.

[16]. Chavooshi, A., Madhoushi, M., Navi, M., and Abareshi, M.Y. (2014). MDF dust/PP composites reinforced
with nanoclay: Morphology, long-term physical properties and withdrawal strength of fasteners in dry and
saturated conditions. Construction and Building materials, 52: 324-330.



87 Forest and Wood Products, Vol. 72, No. 1, Spring 2019

Improving of impact strength of composite PP/bagasse by using of nano
carbon (GNPR) for application in automotive industry

A. Malakani; Ph.D. Student of Wood Composites, Gorgan University of Agricultural Sciences and Natural
Resources, I.R. Iran

M. Madhoushi; Assoc. Prof., Department of Wood Engineering and Technology, Gorgan University of
Agricultural Sciences and Natural Resources, I.R. Iran

Gh. Ebrahimi; Prof., Department of Wood Industries, Faculty of Natural Resources, University of Tehran,
I.LR. Iran

A. Rashidi; Prof., Nanotechnology Research Center, Research Institute of Petroleum Industry, I.R. Iran

(Received: 17 October 2018, Accepted: 02 March 2019)

ABSTRACT

The current study was carried out to investigate the possibility of improving the strength properties,
especially the impact resistance of plastic wood composites (bagasse/polypropylene) by adding the
carbon nanoparticles (GNPR) for using in the automotive industry. For this purpose, the
nanocomposite must have a low density and high impact resistance. In this research, the 40% and 55
wit% of bagasse particles with 40 meshes, four GNPR content (0, 0.25, 0.5 1%), polypropylene (PP),
and 2% maleic anhydride polypropylene were used. The nanocomposites were produced by using an
internal mixer and then samples were produced for density, impact, and flexural strength test by two-
stage hot and cold press. The physical and mechanical results showed that by increasing the bagasse
particles content in the obtained nanocomposite, the density, flexural modulus, and water absorption of
the product were increased while the impact resistance and bending strength were decreased. In
addition, by increasing the carbon nanoparticles content the impact strength and flexural strength of
the nanocomposite were improved. The SEM microscopic images revealed the uniform distribution of
the carbon nanoparticles (GNPR) at the fracture surface of the impact specimens and improved
bonding between bagasse and PP particles. Furthermore, by increasing the use of carbon nanoparticles
(GNPR), the glass transition temperature of nanocomposites improved. The DMTA results indicated
that the modulus of resulting nanocomposite was increases with increasing the bagasse quantity.
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