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Effect of methylene diphenyl diisocyanate and maleic anhydride grafted
polypropylene on morphology and physical-mechanical properties of
polyethylene based wood-plastic composites containing nanosilica and nanoclay
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1- Department of Wood and Paper Science and Technology, University of Zabol, Zabol, Iran
* P.0.B. 98615- 538, Zabol, Iran, nosrati.babak@uoz.ac.ir

Keywords Abstract

This research was conducted with the aim of investigating the compatibilizer of methyl diphenyl
diisocyanate and maleic anhydride polypropylene on the morphology and physical-mechanical properties
Nano Silica of wood-plastic composite containing nanosilica and nanoclay, high density polyethylene, wood flour. For
Nano Clay this purpose, 3% compatibilizer along with nano particles at 3 levels of 0%, 2%, 4% were mixed with an
High density polyethylene/HDPE internal mixer and test samples were prepared using the injection molding method. Then, the physical and
mechanical properties of the samples such as water absorption and thickness swelling, modulus and tensile
and bending resistances and impact resistance were performed on the samples. The results showed that the
increase of nano particles had a positive effect on the physical and mechanical properties except impact
resistance and improved them. However, the presence of nano-silica has led to an increase in the water
absorption of composites. Examining the FTIR spectra and XRD patterns, the distribution of nanoclay in
the field of polymer is of interlayer type, and in nanosilica, there is the accumulation of nano particles and
the increase in the dimensions of the crystals in the composite. The results of bending and tensile strength
were confirmed by scanning electric microscope.

Methylene diphenyl diisocyanate
Maleic anhydride Polypropylene
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1 Massio Wood
2 Maleic anhydride grafted- polypropylen
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Table 1 Weight percentage of components of various wood-plastic
composites (studied treatments)
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Fig 5 The mutual effect of compatibilizers and the amount of nano
particles on the tensile modulus
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Fig 2 The mutual effect of compatibilizers and the amount of nano
particles on flexural strength
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Fig 7 The mutual effect of compatibilizers and the amounts of nano
particles on water absorption for 2 hours
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Fig 12 X-ray diffraction spectrum A) pure nanosilica; B) polystructure
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Fig 14 Scanning electron microscope image: A) Multistructure
containing MDI compatibilizing agent and without nano B)
Multistructure containing MAPP compatibilizing agent and without nano
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Nano silica E) Multistructure containing MAPP compatibilizer and 4%
nanoclay F) Multistructure containing MAPP compatibilizer, 4%
nanosilica
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isocyanate compatibilizer

b 00,55 X5 Ay il Setllo 00iiS )55l (g9l wisas FTIR il (13 JSC&
3l dges FTIR b (7 o0isS )5 5le 986 aiged FTIR il (o Ghognsh
Sllwg ! causs )55l

SEM) (495 (59591 gSuwg ;S0 -6-3

39 ol i a5 098 o oanlin (B -0 g A -l 14 JS5) anglio (o
Gy JB slalad s (A - cllwsnles Jdgs e jpa>
a5 wibee B -0) Glugnh wyusl Sle 58 ek im0 s
Gl slediged ;5 el 9 wsr S 90 Gm e STy esseslas
aS col ddo plas ol cpl il g b @yl Scdle oauss )5 5L
A ol Ftan ale gloeg 5 iy Jdo 4 Glogp b v jasl S
o iyl o (VIS (slasign ol alamslgas Sliliwgplss Jatdss Jeie
JLasl 5l (o380 (oui¥lgsS gy (nl S o Sl 1) J(Re (2S5 el b
29 Ol w8l Sitlle wjal it b Slsbe 35,000 slaeg S
o0l bate yarly 2 a8 Conl ohil ol Sy g gk sl oS5 4
[32] el

<0940l (5)9Ud 9 pole Ay s



0359405 (5 9US 9 pgle &y pubs

Obed 5 a9 » Sbsle sl

"'U"IP-;} bbbz ) 3wl Sdle l.;ob)}; Bga Ol sk 5 bl julss Juidss Juio il

Mechanical Properties of \Wood-Plastic Nano composites by
Microwave Radiation,” In Persian, Iranian Journal of Wood and
Paper Industries, Vol. 13, No. 3, pp. 261-273, 2022.

[14] Han, G., Lei, Y., Wu, Q., Kojima, Y., and Suzuki, S., “Bamboo-
filled high den sity polyethylene composites: effect of coupling
treatment and Nano clay,” Journal of Pol ymer Environment, Vol.
16, No. 2, pp. 123- 130, 2008.

[15] Maldas, D., and Kokta. B.r., “Improving Adhesion of wood fiber
with polystyrene by the chemical Treatment of fiber with a coupling
Agent and the Influence on the Mechanical properties of
composites,” J. Adhes. Sci. Technol, Vol. 3, No. 7, pp. 529- 539,
1989.

[16] Rahmati, M., and Farajpour Roudsari, A., “Physical and mechanical
properties of nano composites obtained by mixing Lanjan rice husk
flour, corn starch and nanoclay biopolymer,” In Persian, biannual
journal of research on renewable natural resources, Vol. 10, No. 1,
pp. 39-52, 2019.

[17] Asif, A., Roa, L.V., and Ninan, K.N., “Hydroxyl terminated poly
(ether ether keton) with pendant methyl group- toughened epoxy
ternary nano composites: preparation, morph ology and
thermomechanical properties,” Journal Applied polymer science,
Vol. 106, No. 5, pp. 3793- 3799, 2007.

[18] Moradi Dehaghi, Sh., Kamali, H., Sooreh, M. R., Sadeghzadeh, H.,
Shababi, A. d., and Dolo, M., “The effect of adding PP fibers and
nanosilica particles on the mechanical properties of epoxy
composites,” In Persian, Pik Nur Alam, Vol. 2, No. 1, pp. 60-68,
2011.

[19] Deka, B. K., Maji, T. K., “Effect of Sio2 and nanoclay on the
properties of wood polymer Nano composite,” Polym. Bull, Vol. 70,
No. 2, pp. 403-417, 2012.

[20] Nourbakhsh, A. V., Kokta, B., ashore, A., and Jahan- Latibari, A.,
“Effect of a Novel Co upling Agent, Polybutadiene Isocyanate, on
Mechanical Properties of wood- Fiber Polyp ropylene Composites,”
Journal of REINFORCED PLASTICS AND COMPOSITES, Vol.
27, No. 10, pp. 1679- 1687, 2008.

[21] Zhang, Z. X., Gao, C., Xin, Z.X., and Kim, J. K., “Effects of extruder
parameters and silica on physico-mechanical and foaming properties
of PP/wood-fiber composites,” journal homepage, Vol. 43, No. 2,
pp. 2047-2057, 2012.

[22] Kord, B., Hemmasi, A. H., and Ghasemi, L., “Properties of PP/ wood
flour/ organomod ified montmorillonite nano composites,” Ournal
of the International Academy of Wood Sci ence, 45(1), pp. 111- 119,
2010.

[23] Ziaei Tabari, h., Nourbakhsh, A., and Ashore, A., “Effects of
nanoclay and coupling agent on the physic- mechanical,
Mechanical, Morphological, and thermal properties of Wood flour/
polypropylene composites,” J. poly. Engin. Sci. Vol. 51, No. 2, pp.
272- 277, 2011.

[24] Xanthos, M., “Functional fillers for plantics. Wiley,” Weinheim,
488, 2005.

[25] Hosseinzadeh, S., Ghorbani, M., and Biprva, P., “Effect of colloidal
silica nanoparticles produced from rice husk on dimensional
stability and water absorption of poplar wood (Populus deltoides),”
In Persian, Iranian Journal of Wood and Paper Science Research,
Vol. 28, No. 4, pp. 773-763, 2013.

[26] Rashno, A., Sepidehdam, M.J., Ahmadi, S., Jahan-Latibari, A. and
Mohebi, R., 2012. Studies of the effect of isocyanate coupling agent
on physical and mechanical properties of HDPE-old cartoon fiber
composite,” In Persian, Journal of Applied Researches in
Chemistry( JARC), Vol. 6, No. 2, pp. 15-21, 2012.

[27] Tarmian, A., and Doosthoseini, K., “An Investigation of Practical
Properties of Particleboard Produced with Methylene Diphenyl
Diisocyanate (MDI),” In Persian, Iranian J. Natural Res, Vol. 58,
No. 3, pp. 671-678, 2005.

[28] Adhkary, K.B., Pang, S., and Staiger, M.P., “Long- term Moisture
Absorption and Thickness Swelling Behavior of Recyclyd

Thermoplastics Reinforced with Pinus radiate sawdust,” Journal of
Chemical Engineering, Vol. 142, No. 2, pp. 190- 198, 2008.

g5 3 Greek anes 55 onsl @y & ob ol XRD mls -5
oYy s « sl O3 Jlake il b g eog sln¥opm Slsle
sy Gk 5l R @iz 4 bl Lwsl @S b oo Rl
elise 0975 & (Kt ol osny 59,5 ekomsil po Gl 1o (59,900
JenSgp00 loogS Sy 508 ole i 5l Jol> b -6

a0 e (LS (55 @ ) i Cone s NCO (Jos S o]

&bo -5

[1] Khademi Eslam, H. Yousefnia, Z. Ghasemi, E. and Talaeipoor, T.,
“Investigating the mechanical properties of wood flour/
polypropylene/ nanoclay composite,” In Persian, Iranian Journal of
Wood and Paper Science Research, Vol. 28, No. 1, pp. 153-168,
2012.

[2] Yari Firouzabadi, Z. Vaziri, V. Kord, B. and Jamalirad, L.,
“Investigation of the mechanical-dynamic and thermal properties of
nanocomposites manufactured from rapeseed stalk flour/
nanographene and high-density polyethylene,” In Persian, Iranian
Journal of Wood and Paper Industries13, No. 4, pp. 445-456, 2023.

[3] Shahrajabian, H. and Maleki Khorasgani, A., “Investigation of the
physical and mechanical properties of Wood plastic composites
based on high density polyethylene/ polypropylene/recycled poly
(ethylene terephthalate)”, In Persian, Journal of Science and
Technology of Composites, Vol. 5, No. 1, pp. 127-134, 2018.

[4] Girone's, J., Pimenta, M. T. B., Vilaseca, F., Carvalho, A. J. F.,
Mutjea, P. and Curvelo, A. A. S., “Blocked diisocyanates as reactive
coupling agents: Application to pine fiber- polypropylene
composites,” Carbohydrate polymers, Vol. 74, pp. 106- 113, 2008.

[5] Shahreki, A., Nosrati Sheshkal, B. Mohebbi Gargari, R. and Abdouss,
M., “The effect of nano clay and MAPP coupling agent on physical,
mechanical and natural durability of polypropylene Haloxylon wood
flour composite,” In Persian, Journal of Wood & Forest Science and
Technology, Vol. 23, No. 2, pp. 265-283, 2016.

[6] Shakeri, A., Safdari, V. R., Rohnia, M. and Nourbakhsh, A., “An
analysis of the combined effects of isocyanate HMDI and maleic
anhydride (MAPE) coupling agents on the mechanical properties of
HDPE- wood flour composite,” In Persian, Iranian Journal of Wood
and Paper Science Research, Vol. 28, NO. 2, pp. 290- 300, 2013.

[7[ Azad, F., Faezipoor, M., and Tajvidi, M., “Effect of compatibilizer,
MAPP, on physical and mechanical properties of reed stem flour-
polypropylene composites,” In Persian, Iranian Journal of Wood and
Paper Science Research, Vol. 24, NO. 2, pp. 232- 243, 2009.

18[ Haghpanah, M., “Nosrati Sheshkal, B., and Mohebbi Gargari, R., The
effect of using the textile waste fibers and nanoclay particles on
physical and mechanical properties of composite made from wood
flour/ polypropylene,” In Persian, Iranian Journal of Wood and
Paper Industries, Vol. 6, No.1, pp. 1-12, 2015.

[9] Kord, B., “Investigation on The Effects of Nanoclay Particles on
Mechanical Properties of Wood Polymer Composites Made of High
Density Polyethylene-Wood Flour,” In Persian, Iranian Journal of
Wood and Paper Science Research, Vol. 25, NO. 25, pp. 91-101,
2010.

[10 Parvinzadeh Gashti, M., Moradian, S., Rashidi, A. S., and
Yazdanshenas, M. A., “Effect of Nanosilica Type on Properties of
Polyethylene Terephthalane/Silica Nano composite,” In Persian,
Iranian Journal of Polymer Science and Technology, Vol. 25, No. 3,
pp. 219-203, 2012.

[11] Esmaeili Moghadam, S., Shamsian, M., Bayat Kashkoli, A., and
Kord, B., 2015. Evaluation of effect of Nano SiO2 on the physical,
mechanical and morphological properties of hybrid Nano composite
from polypropylene-wood flour,” In Persian, Iranian Journal of
Wood and Paper Science Research, Vol. 30, No. 2, pp. 266-277,
2015.

[12] Wu, Q., Lei, Y., Clemons, C. M., Yao, F., Xu, Y., and Lian, K.,
“Properties of Nano composites, Journal of Plastic HDPE/ Ciay/
Wood Technology, Vol. 27, No. 2, pp. 108- 155, 2007.

[13] Amini, A., Farsi, M., Kiaei, M., and Maashi Sani, F. H.,,
“Investigation on the Possibility of Modification of Physical and



Ol 9 a9 0 bl salo

...Uo|9igd»bi:¢xz'g)).g.\,!)_\ﬁj|._§_s_ﬂl.ol.;ob)9'; Bga Ol sk 5 wbluwy julss Juidss Juio

[29] Samariha, A., “Investigating the effect of nano silica and aluminum
hydroxide on thermal properties and morphology of nanostructures
obtained from waste polyethylene and OCC pulp,” The third
international research conference in science and nanotechnology,
University of Tehran, April, 1- 7, 2023.

[30] Reusch, W., “Virtual Textbook of Organic Chemistry,” Libre Texts,
686, 2016.

[31] Esmaeeli Aliabadi, A. R., Honarkar, H., Dashtian Gerami, N., and
Moosavi Nadoshan S. A., “Synthesis and Investigation of
Mechanical Properties of the Castable Elastomeric Polyurea for
Anti-explosive Applications,” In Persian, Scientific and research
magazine of modern defense sciences and technologies, Vol. 9, No.
4, pp. 475-467, 2018.

[32] Klyosov, A.A., “Wood Plastic Composites,” John Wiley and Sons,
New Jersey.192-193, 2007.

<0940l (5)9Ud 9 pole Ay s



