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Abstract

The main aim of this study is to study the effect of TiO, nanoparticles (TiO;
NPs) and Date Seed Nanoparticles (DS NPs) on the mechanical and
tribological characteristics of (PMMA).To technique fabricate the
composites was used cold-cured. And specimens were fabricated directly
without heat treatment. Two groups of specimens were fabricated, the first
group by addition of TiO, NPs to PMMA with different weight fractions
(wt.%) of 0-1.2 and 1.5 wt.%. For the second group, DS NPs were added to
PMMA with the same wt.%. Effect of TiO, NPs and DS NPs content on
Vickers microhardness number (VHN), the elastic modulus, wear rate, and
coefficient of friction (COF) of all nanocomposites have been investigated.
The pin-on-disc tester achieved the tribological characteristics under loads
10, 20, and 30 N applied at constant sliding speed and sliding distance of
1.256 m/s and 226 m, respectively. Then, the worn surfaces were

characterized by (SEM) scanning electron microscope after the wear test.

For cold (self) nanocomposites, experimental results uncovered that
microhardness, the elastic modulus, COF, and wear rate were improved with
increasing nanofiller content up to 1.2 wt. % of TiO, NPs and DS NPs. Also,
the wear rate increased with increasing applied loads up to 30 N, while COF
decreased with increasing applied loads up to 30 N. SEM examination
showed that the worn surface of pure PMMA contains many ploughed marks
and deep grooves. After adding 1.2 wt. % TiO,NPs and DS NPs into PMMA,
mechanical strength of the specimen’s surface was improved and
dramatically decreased wear grooves. Also, after adding TiO, NPs and DS
NPs to PMMA, more than 1.5 wt.% up to 1.2 wt. %, there were more
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ploughed marks and porosity on worn surfaces than PMMA at 1.2 wt.% TiO,

NPs and DS NPs.




CHAPTER FIVE REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

References

A. Warrier, G. G. Singh, L. M. Manocha, J. Valand, N. Patel, and S.
Manocha, “Nanocomposites for structural applications UGC-CAS
View project Alkenes Oxidation View project Satish Manocha
Nanocomposites for structural applications,” 2006. [Online].

Available: https://www.researchgate.net/publication/228611568

S. Li, M. Meng Lin, M. S. Toprak, D. K. Kim, and M. Muhammed,
“Nanocomposites of polymer and inorganic nanoparticles for optical
and magnetic applications,” Nano Rev., vol. 1, no. 1, p. 5214, Jan.
2010, doi: 10.3402/nano.v1i0.5214.

L. Liu and B. Peng, “Synthesis, Characterization, and Applications of

Polymer Nanocomposites”, Journal of Nanomaterials, 2020.

K. Haraguchi, “Synthesis and properties of soft nanocomposite
materials with novel organic/inorganic network structures,” Polymer
Journal, wvol. 43, no. 3. pp. 223-241, Mar. 2011. doi:
10.1038/pj.2010.141.

S. Pandya, “NANOCOMPOSITES AND IT’S APPLICATION-
REVIEW Book: Special topic volume on ‘Magnetic Nanoparticles for
biomedical applications’ View project Rare earth elements based
Nanomaterials View project NANOCOMPOSITES AND IT’S
APPLICATION-REVIEW?”, doi: 10.13140/RG.2.1.2798.9840.

A. Sawaguchi, K. Toda, and K. Niihara, “Mechanical and Electrical

Properties of Silicon Nitride-Silicon Car bide Nanocomposite



CHAPTER FIVE REFERENCES

[7]

[8]

[9]

[10]

Material,” 1991.

J. K. Oleiwi, R. A. Mohammed, S. Issa Salih, J. Kadhim Oleiwi, and
A. Saad Mohamed, “INVESTIGATION OF MECHANICAL
PROPERTIES OF PMMA .pdf Related papers MODIFICAT ION OF
SILICONE RUBBER BY ADDED PMMA AND NAT URAL
NANOPART ICLE USED F... Development t he Physical Propert ies
of Polymer Blend (SR/PMMA) by Adding various T ypes of Nanop...
EXPERIMENTAL INVEST | PROPERT IES OF EGG SHELL
INVESTIGATION OF MECHANICAL PROPERTIES OF PMMA
COMPOSITE REINFORCED WITH DIFFERENT TYPES OF
NATURAL POWDERS,” vol. 13, no. 22, 2018, [Online]. Available:

www.arpnjournals.com

C. Author, M. R. Kessler, F. Author, V. Kumar Thakur, and O. of
Authors, “Elsevier Editorial System(tm) for Polymer Manuscript Draft
Title: Self-Healing Polymer Nanocomposite Materials: A Review
Article Type: SI: Self-Healing Polymers (Invited) Section/Category:
Physical Chemistry of Polymers.”

Y. K. Beng, M. N. Dalimin, M. S. Salit, M. A. Faizal, and M. K. M.
Shah, “Effect of ply lay-up and curing pressure on void content in
GFRP laminates of unsaturated polyester resin-reinforced woven E-
glass fibers,” J. Mech. Sci. Technol., vol. 31, no. 12, pp. 5779-5784,
Dec. 2017, doi: 10.1007/s12206-017-1120-2.

S. Shinzato, T. Nakamura, T. Kokubo, and Y. Kitamura, “PMMA -
based bioactive cement: Effect of glass bead filler content and

histological change with time,” 2001.



CHAPTER FIVE REFERENCES

[11]

[12]

[13]

[14]

[15]

[16]

A. Jassam, F. M. Mohammed, and H. M. Hamad, “Effect of Natural
Fillers on the Tensile and Flexural Properties of PMMA used in
Denture Manufacture,” IOP Conf. Ser. Mater. Sci. Eng., vol. 1094, no.
1, p. 012080, Feb. 2021, doi: 10.1088/1757-899x/1094/1/012080.

U. Ali, K. J. B. A. Karim, and N. A. Buang, “A Review of the
Properties and Applications of Poly (Methyl Methacrylate) (PMMA),”
Polymer Reviews, vol. 55, no. 4. Bellwether Publishing, Ltd., pp. 678—
705, Oct. 02, 2015. doi: 10.1080/15583724.2015.1031377.

T. H. AlAbdulaal and I. S. Yahia, “TiO2-nanoparticles enhances the
structure and optical behaviors of PMMA/glass polymeric films:
Kramers-Kroning analysis,” Phys. Scr., vol. 96, no. 3, Mar. 2021, doi:
10.1088/1402-4896/abcef7.

M. A. Kadhim and E. Al-Bermany, “Structural and DC-electrical
properties of novel PMMA-PVA nanocomposites reinforced with
graphene nanosheets,” IOP Conf. Ser. Mater. Sci. Eng., vol. 1067, no.
1, p. 012120, Feb. 2021, doi: 10.1088/1757-899x/1067/1/012120.

S. Issa Salih, J. Kadhim Oleiwi, and A. Saad Mohamed,
“INVESTIGATION OF MECHANICAL PROPERTIES OF PMMA
COMPOSITE REINFORCED WITH DIFFERENT TYPES OF
NATURAL POWDERS,” vol. 13, no. 22, 2018, [Online]. Available:

www.arpnjournals.com

M. M. Gad, S. M. Fouda, F. A. Al-Harbi, R. Ndpankangas, and A.
Raustia, “PMMA denture base material enhancement: A review of
fiber, filler, and nanofiller addition,” International Journal of
Nanomedicine, vol. 12. Dove Medical Press Ltd., pp. 3801-3812, May



CHAPTER FIVE REFERENCES

[17]

[18]

[19]

[20]

[21]

[22]

[23]

17, 2017. doi: 10.2147/1IN.S130722.

B. Ali Sabri, M. Satgunam, N. M. Abreeza, and A. N. Abed, “A review
on enhancements of PMMA Denture Base Material with Different
Nano-Fillers,” Cogent Eng., vol. 8, no. 1, 2021, doi:
10.1080/23311916.2021.1875968.

A. Navidfar, T. Azdast, and A. Karimzad Ghavidel, “Influence of
processing condition and carbon nanotube on mechanical properties of
injection molded multi-walled carbon nanotube/poly(methyl
methacrylate) nanocomposites,” J. Appl. Polym. Sci., vol. 133, no. 31,
Aug. 2016, doi: 10.1002/app.43738.

S. M. Mirabedini and K. Khodabakhshi, “Nanocomposites of PU
Polymers Filled With Spherical Fillers,” in Polyurethane Polymers:
Composites and Nanocomposites, Elsevier Inc., 2017, pp. 135-172.
doi: 10.1016/B978-0-12-804065-2.00004-8.

S. Jd, “Titanium Dioxide and Polyethylmethacrylate electrospun
nanofibers: assessing the technique parameters and morphological

characterization”, Barazilian Dental Science, Vol. 22 No.1, 2019.

N. Chand and N. Siddiqui, “Improvement in thermo mechanical and
optical properties of in situ synthesized PMMA/T102 nanocomposite,”
Compos. Interfaces, vol. 19, no. 1, pp. 51-58, 2012, doi:
10.1080/09276440.2012.688423.

A. Chatterjee, “Properties improvement of PMMA using nano Ti02,”
J. Appl. Polym. Sci., vol. 118, no. 5, pp. 2890-2897, Dec. 2010, doi:
10.1002/app.32567.

H. 1. Elkhouly, “Comparison of the effects of nano date seed as



CHAPTER FIVE REFERENCES

[24]

[25]

[26]

[27]

[28]

reinforcement material for medium-density polyethylene (MDPE) and
polyethylene terephthalate (PET) using multilevel factorial design,”
Polym. Polym. Compos., vol. 29, no. 9, pp. 1462-1471, Nov. 2021, doi:
10.1177/0967391120973501.

H. I. Elkhouly, R. K. Abdel-Magied, and M. F. Aly, “An investigation
of date palm seed as effective filler material of glass—epoxy composites

using optimization techniques,” Polym. Polym. Compos., vol. 28, no.
8-9, pp. 541-553, Oct. 2020, doi: 10.1177/0967391119888313.

V. Mittal, A. U. Chaudhry, and N. B. Matsko, “True biocomposites
with biopolyesters and date seed powder: Mechanical, thermal, and
degradation properties,” J. Appl. Polym. Sci., vol. 131, no. 19, Oct.
2014, doi: 10.1002/app.40816.

H. 1. Elkhouly, M. A Rushdi, and R. K Abdel-Magied, “Eco-friendly
date-seed nanofillers for polyethylene terephthalate composite
reinforcement,” Mater. Res. Express, vol. 7, no. 2, 2020, doi:
10.1088/2053-1591/ab6daa.

S. H. Reddy, I. S. Al Maskari, S. E. Alrubkhi, and S. S. Alkindi,
“Application of Date Seeds Powder as Growth Additive for Callus
Induction in vitro Using Vigna radiata Hypocotyl Seedling Explant,”
Int. J. Plant Soil Sci.,, pp. 11-21, Dec. 2020, doi:
10.9734/ijpss/2020/v32i1930393.

N. Sarifuddin, H. Ismail, and Z. Ahmad, “The Effect of Kenaf Core
Fibre Loading on Properties of Low Density
Polyethylene/Thermoplastic  Sago  Starch/Kenaf Core  Fiber
Composites,” 2013.



CHAPTER FIVE REFERENCES

[29]

[30]

[31]

[32]

[33]

[34]

[35]

K. S. Ahmed, S. Vijayarangan, and A. C. B. Naidu, “Elastic properties,
notched strength and fracture criterion in untreated woven jute-glass

fabric reinforced polyester hybrid composites,” Mater. Des., vol. 28,
no. 8, pp. 22872294, 2007, doi: 10.1016/j.matdes.2006.08.002.

A. A. Aly, E.-S. B. Zeidan, A. A. Alshennawy, A. A. EI-Masry, and
W. A. Wasel, “Friction and Wear of Polymer Composites Filled by
Nano-Particles: A Review,” World J. Nano Sci. Eng., vol. 02, no. 01,
pp. 32—-39, 2012, doi: 10.4236/wjnse.2012.21006.

K. Friedrich, R. Reinicke, and Z. Zhang, “Wear of polymer
composites.” Engineering Tribology,2002

G. Xian, R. Walter, and F. Haupert, “Friction and wear of epoxy/Ti0,
nanocomposites: Influence of additional short carbon fibers, Aramid
and PTFE particles,” Compos. Sci. Technol., vol. 66, no. 16, pp. 3199—
3209, Dec. 2006, doi: 10.1016/j.compscitech.2005.02.022.

L. Chang, Z. Zhang, C. Breidt, and K. Friedrich, “Tribological
properties of epoxy nanocomposites |. Enhancement of the wear
resistance by nano-TiO2 particles,” in Wear, Jan. 2005, vol. 258, no.
1-4 SPEC. ISS., pp. 141-148. doi: 10.1016/j.wear.2004.09.005.

M. Salavati-Niasari and D. Ghanbari, “Polymeric Nanocomposite

Materials,”2011.[Online].Available:https://www.researchgate.net/pub
lication/221911330

A. Jamwal, R. Agrawal, and P. Gupta, Application of Multi-Criteria
Decision-Making Techniques in the Optimization of Mechano-
Tribological Properties of Copper-SiC-Graphite Hybrid Metal Matrix
Composites, no. August 2020. Springer International Publishing, 2021.



CHAPTER FIVE REFERENCES

[36]

[37]

[38]

[39]

[40]

[41]

[42]

doi: 10.1007/978-3-030-50312-3_7.

N. Zaki and B. Aldewachi, “Smart Pharmaceutical Polymers
Classification and Applications: A Review Qsar and Molecular
Docking  Approach of N-Benzylpiperidine Derivatives as
Acetylcholinesterase Inhibitors to Design Anti-Alzheimer Agents.
View project.” [Online]. Available:
https://www.researchgate.net/publication/354683962

P. Holmes et al., “Review of REACH with regard to the Registration
Requirements on Polymers Draft Final Report Part A: Polymers RPA
Report-Assured Quality Rpa Project Ref: J762 Approach: In
accordance with the agreed work plan Report Status: Draft Final
Report: Part A Report Prepared by: Meg Postle (RPA) Mark Blainey
(Milieu),” 2012.

R. O. Ebewele, Polymer science and technology. CRC Press, 2000.

M. K. Mishra, Y. Yagci, and M. K. Mishra, Handbook of vinyl
polymers : radical polymerization, process, and technology. CRC

Press/Taylor & Francis, 2009.

S. Tomar, L. Singh, and V. Sharma, “Miraculous Adjuvants: The
Pharmaceutical Polymers,” Int. Res. J. Pharm., vol. 7, no. 7, pp. 10—
18, Aug. 2016, doi: 10.7897/2230-8407.07779.

J. R. Martin, J. F. Johnson, and R. Cooper, “Journal of Macromolecular
Science , Part C Mechanical Properties of Polymers : The Influence of
Molecular Weight and Molecular Weight Distribution,” no. October
2013, pp. 57-199, 2006.

J. J. Shea, “Polymeric materials - structure, properties, applications



CHAPTER FIVE REFERENCES

[43]

[44]

[45]

[46]

[47]

[48]

[Book Review],” IEEE Electr. Insul. Mag., vol. 18, no. 4, pp. 4646,
2005, doi: 10.1109/mei.2002.1019907.

E. E. Totu, A. C. Nechifor, G. Nechifor, H. Y. Aboul-Enein, and C. M.
Cristache, Poly(methyl methacrylate) with TiO, nanoparticles
inclusion for stereolitographic complete denture manufacturing — the
fututre in dental care for elderly edentulous patients?, vol. 59. Elsevier
Ltd, 2017. doi: 10.1016/j.jdent.2017.02.012.

M. Vojdani, R. Bagheri, and A. A. R. Khaledi, “Effects of aluminum
oxide addition on the flexural strength, surface hardness, and
roughness of heat-polymerized acrylic resin,” J. Dent. Sci., vol. 7, no.
3, pp. 238-244, 2012, doi: 10.1016/j.jds.2012.05.008.

“Enhanced Properties of Polymethyl Methacrylate Coated with Atomic
Layer Deposited Ceramic Nanofilm BY ELEONORA PENSA
Submitted as partial fulfillment of the requirements for the degree of

Master of Science in Bioengineering in the Graduate College of the ,”

2018.

D. Hirsch and M. Juda, ‘“Polymethyl methacrylate (PMMA),”
Kunststoffe Int., vol. 107, no. 10, pp. 39-42, 2017, doi: 10.1081/e-
ebpp-120050801.

I. Chrysafi et al., “Mechanical and thermal properties of PMMA resin
composites for interim fixed prostheses reinforced with calcium [3-
pyrophosphate,” J. Mech. Behav. Biomed. Mater., vol. 112, no. July, p.
104094, 2020, doi: 10.1016/j.jmbbm.2020.104094.

R. Balen et al., “Structural, thermal, optical properties and cytotoxicity

of PMMA/ZnO fibers and films: Potential application in tissue



CHAPTER FIVE REFERENCES

[49]

[50]

[51]

[52]

[53]

[54]

[55]

engineering,” Appl. Surf. Sci., vol. 385, pp. 257-267, 2016, doi:
10.1016/j.apsusc.2016.05.122.

O. S. Manoukian et al., Biomaterials for tissue engineering and
regenerative medicine, vol. 1-3. Elsevier Inc., 2019. doi:
10.1016/B978-0-12-801238-3.64098-9.

D. Rokaya, V. Srimaneepong, J. Sapkota, J. Qin, K. Siraleartmukul,
and V. Siriwongrungson, “Polymeric materials and films in dentistry:
An overview,” J. Adv. Res., vol. 14, pp. 25-34, 2018, doi:
10.1016/j.jare.2018.05.001.

S. Deb, “Polymers in dentistry,” Proc. Inst. Mech. Eng. Part H J. Eng.
Med., wvol. 212, no. 6, pp. 453-464, 1998, doi:
10.1243/0954411981534213.

X.Xu, L. He, B. Zhu, J. L1, and J. Li, “Advances in polymeric materials
for dental applications,” Polym. Chem., vol. 8, no. 5, pp. 807-823,
2017, doi: 10.1039/c6py01957a.

O. S. Manoukian and S. G. Kumbar, “Poly ( methyl Methacrylate )
Volume 1 Aesthetic cranioplasty,” 2019.

A. A. A.R. ALI, “Effect of Palm Oil Based Microcrystalline Cellulose
on Properties of Acrylic Denture Base Resin,” Univ. Malaya
Kualalumpur, vol. 1, pp. 1982-2004, 2017.

S. H. Kim and D. C. Watts, “The effect of reinforcement with woven
E-glass fibers on the impact strength of complete dentures fabricated
with high-impact acrylic resin,” J. Prosthet. Dent., vol. 91, no. 3, pp.
274-280, 2004, doi: 10.1016/j.prosdent.2003.12.023.



CHAPTER FIVE REFERENCES

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

7. Zhang and K. Friedrich, “Artificial neural networks applied to
polymer composites: A review,” Compos. Sci. Technol., vol. 63, no.
14, pp. 2029-2044, 2003, doi: 10.1016/S0266-3538(03)00106-4.

S. Jain, A. P. Jain, S. Jain, O. N. Gupta, and A. Vaidya,
“WITHDRAWN: Nanotechnology: An emerging area in the field of
dentistry,” J. Dent. Sci., pp. 1-9, 2013, doi: 10.1016/}.jds.2013.08.004.

I. M. Hamouda, “Current perspectives of nanoparticles in medical and
dental biomaterials,” J. Biomed. Res., vol. 26, no. 3, pp. 143-151,
2012, doi: 10.7555/JBR.26.20120027.

R. Pabbati, V. R. Kondakindi, and F. Shaik, Applications of
Nanomaterials in Biomedical Engineering, no. April. 2021. doi:
10.1007/978-981-15-9916-3_3.

J. Cho, M. S. Joshi, and C. T. Sun, “Effect of inclusion size on
mechanical properties of polymeric composites with micro and nano
particles,” Compos. Sci. Technol., vol. 66, no. 13, pp. 1941-1952,
2006, doi: 10.1016/j.compscitech.2005.12.028.

G. Oberdorster, E. Oberdorster, and J. Oberdorster, “Nanotoxicology:
An emerging discipline evolving from studies of ultrafine particles,”
Environ. Health Perspect., vol. 113, no. 7, pp. 823-839, 2005, doi:
10.1289/ehp.7339.

M. R. Wiesner et al., “Decreasing uncertainties in assessing
environmental exposure, risk, and ecological implications of
nanomaterials,” Environ. Sci. Technol., vol. 43, no. 17, pp. 6458-6462,
2009, doi: 10.1021/es803621K.

A. S. Ozaki, “Assessing the effects of titanium dioxide nanoparticles



CHAPTER FIVE REFERENCES

[64]

[65]

[66]

[67]

[68]

[69]

on microbial communities in stream sediment using artificial streams
and high throughput screening,” ProQuest Diss. Theses, p. 68, 2013,
[Online].Available:http://ezproxy.library.yorku.ca/login?url=https://w
ww.proquest.com/dissertations-theses/assessing-effects-titanium-
dioxide-nanoparticles/docview/1449843851/se
2?accountid=15182%0Anhttps://ocul-
yor.primo.exlibrisgroup.com/openurl/010CUL_YOR/010CUL_YOR
'YOR_D

C. Buzea, 1. I. Pacheco, and K. Robbie, “Nanomaterials and
nanoparticles: Sources and toxicity,” Biointerphases, vol. 2, no. 4, pp.
MR17-MR71, 2007, doi: 10.1116/1.2815690.

V. Singh, P. Yadav, and V. Mishra, “Recent Advances on
Classification, Properties, Synthesis, and Characterization of
Nanomaterials,” Green Synth. Nanomater. Bioenergy Appl., no.
September, pp. 83-97, 2020, doi: 10.1002/9781119576785.ch3.

A. Larena, A. Tur, and V. Baranauskas, “Classification of
nanopolymers,” J. Phys. Conf. Ser., vol. 100, no. Part 1, pp. 1-4, 2008,
doi: 10.1088/1742-6596/100/1/012023.

R. Pabbati, V. R. Kondakindi, and F. Shaik, Applications of
Nanomaterials in Biomedical Engineering, no. March. 2021. doi:
10.1007/978-981-15-9916-3_3.

A. Larena, A. Tur, and V. Baranauskas, “Classification of
nanopolymers,” J. Phys. Conf. Ser., vol. 100, no. Part 1, pp. 11-14,
2008, doi: 10.1088/1742-6596/100/1/012023.

P. R. Sajanlal, T. S. Sreeprasad, A. K. Samal, and T. Pradeep,



CHAPTER FIVE REFERENCES

[70]

[71]

[72]

[73]

[74]

[75]

[76]

“Anisotropic nanomaterials: structure, growth, assembly, and
functions,” Nano Rev., vol. 2, no. 1, p. 5883, 2011, doi:
10.3402/nano.v2i0.5883.

L. H. Madkour, Classification of Nanostructured Materials, vol. 116,
no. June. 2019. doi: 10.1007/978-3-030-21621-4 9.

D. Elkassas and A. Arafa, “The innovative applications of therapeutic
nanostructures in dentistry,” Nanomedicine Nanotechnology, Biol.
Med.,vol.13,n0.4,pp.1543—
1562,2017,d0i:10.1016/j.nan0.2017.01.018.

R. S. Chaughule, Dental applications of nanotechnology. 2018. doi:
10.1007/978-3-319-97634-1.

M.S. Memon, N.Yunus, and A.A.Razak, “Some mechanical properties
of a highly cross-linked, microwave-polymerized, injection-molded
denture base polymer.,”Int. J. Prosthodont.,vol.14, no. 3, pp. 214-8,
2001,[Online].Available:http://www.ncbi.nlm.nih.gov/pubmed/11484
567

J. Jordan, K. 1. Jacob, R. Tannenbaum, M. A. Sharaf, and I. Jasiuk,
“Experimental trends in polymer nanocomposites - A review,”
Materials Science and Engineering A, vol. 393, no. 1-2. pp. 1-11, Feb.
25, 2005. doi: 10.1016/j.msea.2004.09.044.

Y. Han, Y. Zhao, C. Xie, J. M. Powers, and S. Kiat-Amnuay, “Color
stability of pigmented maxillofacial silicone elastomer: Effects of
nano-oxides as opacifiers,” J. Dent., vol. 38, no. SUPPL. 2, pp. e100—
e105, 2010, doi: 10.1016/j.jdent.2010.05.009.

M. Z. Rong, M. Q. Zhang, Y. X. Zheng, H. M. Zeng, R. Walter, and
93



CHAPTER FIVE REFERENCES

[77]

[78]

[79]

[80]

[81]

[82]

K. Friedrich, “Structure-property relationships of irradiation grafted
nano-inorganic particle filled polypropylene composites,” Polymer
(Guildf)., vol. 42, no. 1, pp. 167-183, 2001, doi: 10.1016/S0032-
3861(00)00325-6.

R. Wang, J. Tao, B. Yu, and L. Dai, “Characterization of multiwalled
carbon nanotube-polymethyl methacrylate composite resins as denture
base materials,” J. Prosthet. Dent., vol. 111, no. 4, pp. 318-326, 2014,
doi: 10.1016/j.prosdent.2013.07.017.

P. Cevik and A. Z. Yildirim-Bicer, “The Effect of Silica and
Prepolymer Nanoparticles on the Mechanical Properties of Denture
Base Acrylic Resin,” J. Prosthodont., vol. 27, no. 8, pp. 763-770,
2018, doi: 10.1111/jopr.12573.

O. Beraetal., “Preparation and thermal properties of polystyrene/silica
nanocomposites,” Thermochim. Acta, vol. 515, no. 1-2, pp. 1-5, 2011,
doi: 10.1016/j.tca.2010.12.006.

W. Yu, X. Wang, Q. Tang, M. Guo, and J. Zhao, “Reinforcement of
denture base PMMA with ZrO; nanotubes,” J. Mech. Behav. Biomed.
Mater.,vol. 32, pp. 192-197, 2014, doi: 10.1016/j.jmbbm.2014.01.003.

S. Shirkavad and E. Moslehifard, “Effect of TiO, nanoparticles on
tensile strength of dental acrylic resins,” J. Dent. Res. Dent. Clin. Dent.
Prospects, vol. 8, no. 4, pp. 197-203, 2014, doi:
10.5681/joddd.2014.036.

M. Boumaza, R. Khan, and S. Zahrani, “An experimental investigation
of the effects of nanoparticles on the mechanical properties of epoxy
coating,” Thin Solid Films, vol. 620, pp. 160-164, 2016, doi:



CHAPTER FIVE REFERENCES

[83]

[84]

[85]

[86]

[87]

[88]

[89]

10.1016/j.tsf.2016.09.035.

T. Kang, J. H. Lee, and S. G. Oh, “Dispersion of surface-modified
silica nanoparticles in polyamide-imide (PAI) films for enhanced
mechanical and thermal properties,” J. Ind. Eng. Chem., vol. 46, pp.
289-297, 2017, doi: 10.1016/j.jiec.2016.10.042,

M. Safarabadi, N. M. Khansari, and A. Rezaei, “An experimental
investigation of HA/AL,O3; nanoparticles on mechanical properties of
restoration materials,” Eng. Solid Mech., vol. 2, no. 3, pp. 173-182,
2014, doi: 10.5267/j.esm.2014.4.006.

X. He, Y. Qu, J. Peng, T. Peng, and Z. Qian, “A novel botryoidal
aramid fiber reinforcement of a PMMA resin for a restorative
biomaterial,” Biomater. Sci., vol. 5, no. 4, pp. 808-816, 2017, doi:
10.1039/c6bm00939e.

A. D. Salman, G. H. Jani, and A. A. Fatalla, “Comparative study of the
effect of incorporating SiO, nano-particles on properties of poly
methyl methacrylate denture bases,” Biomed. Pharmacol. J., vol. 10,
no. 3, pp. 1525-1535, 2017, doi: 10.13005/bpj/1262.

W. A. Hussain and F. S. Hashim, “The Effect of Additives on Denture
Base Resin Properties,” J. Al-Nahrain Univ. Sci., vol. 20, no. 4, pp. 44—
50, 2017, doi: 10.22401/jnus.20.4.08.

F. Kundie, C. H. Azhari, and Z. A. Ahmad, “Effect of nano- and micro-
alumina fillers on some properties of poly(methyl methacrylate)
denture base composites,” J. Serbian Chem. Soc., vol. 83, no. 1, pp.
75-91, 2018, doi: 10.2298/JSC170118056K.

M. Morsy and M. Al-daous, “Afyon Kocatepe Universitesi Fen ve



CHAPTER FIVE REFERENCES

[90]

[91]

[92]

[93]

[94]

Mihendislik Bilimleri Dergisi Gold nanoparticles-PMMA composite

for denture base : Synthesis , mechanical and thermal characteristics,”

vol. 14, pp. 369-374, 2014.

R. K. Alla, K. N. Raghavendra Swamy, R. Vyas, A. Konakanchi, V.
Guduri, and P. Gadde, “Influence of silver nanoparticles incorporation
on flexural strength of heat-cure acrylic denture base resin materials,”
Annu. Res. Rev. Biol, wvol. 17, no. 4, 2017, doi:
10.9734/ARRB/2017/36581.

S. Rashahmadi, R. Hasanzadeh, and S. Mosalman, “Improving the
Mechanical Properties of Poly Methyl Methacrylate Nanocomposites
for Dentistry Applications Reinforced with Different Nanoparticles,”
Polym. - Plast. Technol. Eng., vol. 56, no. 16, pp. 1730-1740, Nov.
2017, doi: 10.1080/03602559.2017.1289402.

M. K. Bangera, R. Kotian, S. Natarajan, J. Somasundaram, and D. L.
Mangalath, “Behavior of nanosilver and nanotitanium reinforced
polymethyl methacrylate for dental applications,” Polym. Compos.,
vol. 43, no. 2, pp. 741-752, 2022, doi: 10.1002/pc.26406.

J. M. Al-Khayri, S. M. Jain, and D. V. Johnson, “Date palm genetic
resources and utilization: Volume 1: Africa and the Americas,” Date
Palm Genet. Resour. Util. Vol. 1 Africa Am., vol. V, no. March, pp. 1-
546, 2015, doi: 10.1007/978-94-017-9694-1.

K. Z. Al-Hinai, N. Guizani, V. Singh, M. S. Rahman, and L. Al-Subhi,
“Instrumental texture profile analysis of date-tamarind fruit leather
with different types of hydrocolloids,” Food Sci. Technol. Res., vol. 19,
no. 4, pp. 531-538, 2013, doi: 10.3136/fstr.19.531.



CHAPTER FIVE REFERENCES

[95]

[96]

[97]

[98]

[99]

V. Singh, N. Guizani, A. Al-Alawi, M. Claereboudt, and M. S.
Rahman, “Instrumental texture profile analysis (TPA) of date fruits as
a function of its physico-chemical properties,” Ind. Crops Prod., vol.
50, pp. 866-873, 2013, doi: 10.1016/j.indcrop.2013.08.039.

K. Zahir, V. Sixt, and N. S. Rrrv, “Instrumental Texture Profile
Analysis of Date-Tamarind Fruit 1 , eather u ’ ith Dill * erent Types of
Hydrocolloids,” 2012.

I. RA, “Effect of Date Palm Seeds on the Tribological Behaviour of
Polyester Composites under Different Testing Conditions,” J. Mater.
Sci. Eng., vol. 04, no. 06, 2015, doi: 10.4172/2169-0022.1000206.

H. Moustafa, C. Guizani, and A. Dufresne, “Sustainable biodegradable
coffee grounds filler and its effect on the hydrophobicity, mechanical
and thermal properties of biodegradable PBAT composites,” J. Appl.
Polym. Sci., vol. 134, no. 8, 2017, doi: 10.1002/app.44498.

M. T. Hincke, J. Gautron, M. Panheleux, J. Garcia-Ruiz, M. D. McKee,
and Y. Nys, “Identification and localization of lysozyme as a
component of eggshell membranes and eggshell matrix,” Matrix Biol.,
vol. 19, no. 5, pp. 443-453, 2000, doi: 10.1016/S0945-
053X(00)00095-0.

[100] A. Ruggiero, P. Valasek, and M. Miiller, “Exploitation of waste date

seeds of Phoenix dactylifera in form of polymeric particle
biocomposite: Investigation on adhesion, cohesion and wear,”
Compos. Part B Eng., vol. 104, pp. 9-16, 2016, doi:
10.1016/j.compositesb.2016.08.014.

[101]J. C. Gerdeen PhD PE and R. A. L. Rorrer PhD PE, “Tribology of



CHAPTER FIVE REFERENCES
Polymers and Composites,” Eng. Des. with Polym. Compos., vol. 32,

pp. 299-324, 2020, doi: 10.1201/b11597-17.

[102] R. H. Porter and A. R. Blaustein, Mechanisms and, vol. 73, no. 1. 2005.

[103]W. Brostow, J.-L. Deborde, M. Jaklewicz, and P. Olszynski,
“Tribology with emphasis on polymers: friction, scratch and wear

resistance,” North, vol. 25, no. 0, pp. 119-132, 2004.

[104]J. C. Gerdeen PhD PE and R. A. L. Rorrer PhD PE, “Tribology of
Polymers and Composites,” Eng. Des. with Polym. Compos., no.
December, pp. 299-324, 2020, doi: 10.1201/b11597-17.

[105]F. K. Geitner and H. P. Bloch, Metallurgical Failure Analysis. 2012.
doi: 10.1016/b978-0-12-386045-3.00002-7.

[106]F. K. Farhan, B. B. Kadhim, B. D. Ablawa, and W. A. Shakir, “Wear
and Friction Characteristics of TiO2 —ZnO / PMMA Nanocomposites,”
Eur. J. Eng. Res. Sci., vol. 2, no. 4, p. 6, 2017, doi:
10.24018/ejers.2017.2.4.287.

[107]H. I. Elkhouly, R. K. Abdel-Magied, and M. F. Aly, “Date palm seed
as suitable filler material in glass—epoxy composites,” Iran. Polym. J.
(English Ed., vol. 28, no. 1, pp. 65-73, Jan. 2019, doi: 10.1007/s13726-
018-0678-6.

[108] M. A. R. Miranda and J. M. Sasaki, “The limit of application of the
Scherrer equation,” Acta Crystallogr. Sect. A Found. Adv., vol. 74, no.
1, pp. 54-65, Jan. 2018, doi: 10.1107/S2053273317014929.

[109] A. O. Alhareb, H. M. Akil, and Z. A. Ahmad, “Mechanical Properties
of PMMA Denture Base Reinforced by Nitrile Rubber Particles with



CHAPTER FIVE REFERENCES
Al,O3/YSZ Fillers,” Procedia Manuf., vol. 2, no. February, pp. 301—

306, 2015, doi: 10.1016/j.promfg.2015.07.053.

[110]Y. Sahin, “Analysis of abrasive wear behavior of PTFE composite
using Taguchi’s technique,” Cogent Eng., vol. 2, no. 1, Dec. 2015, doi:
10.1080/23311916.2014.1000510.

[111] A. O. Alhareb, H. M. Akil, and Z. A. Ahmad, “Mechanical Properties
of PMMA Denture Base Reinforced by Nitrile Rubber Particles with
Al,O3/YSZ Fillers,” Procedia Manuf., vol. 2, pp. 301-306, 2015, doi:
10.1016/j.promfg.2015.07.053.

[112]N. N. Hafizah, M. H. Mamat, M. H. Abidin, C. M. S. Said, and M.
Rusop, “Bonding and mechanical properties of PMMA/TIO,
nanocomposites,” Adv. Mater. Res., vol. 832, pp. 700-705, 2014, doi:
10.4028/www.scientific.net/ AMR.832.700.

[113]S. Wang, M. Wang, Y. Lei, and L. Zhang, “'Anchor effect’ in
poly(styrene maleic anhydride)/TiO, nanocomposites,” J. Mater. Sci.
Lett., wvol. 18, no. 24, pp. 2009-2012, 1999, doi:
10.1023/A:1006646219253.

[114]Y. Chen, H. Xu, and T. Sun, “Preparation and study of PMMA/TiO;
nanocomposites,” Adv. Mater. Res., vol. 233-235, pp. 1830-1833,
2011, doi: 10.4028/www.scientific.net/ AMR.233-235.1830.

[115]1. A. Rahman, P. Vejayakumaran, C. S. Sipaut, J. Ismail, and C. K.
Chee, “Size-dependent physicochemical and optical properties of silica
nanoparticles,” Mater. Chem. Phys., vol. 114, no. 1, pp. 328-332,
2009, doi: 10.1016/j.matchemphys.2008.09.068.

[116]S. S. Fometu, Q. Ma, J. J. Wang, J. Guo, L. Ma, and G. Wu, “Biological



CHAPTER FIVE REFERENCES
Effect Evaluation of Different Sized Titanium Dioxide Nanoparticles

Using Bombyx mori (Silkworm) as a Model Animal,” Biol. Trace
Elem. Res., no. 0123456789, 2022, doi: 10.1007/s12011-021-03086-2.

[117] M. Cascione et al., “Improvement of pmma dental matrix performance
by addition of titanium dioxide nanoparticles and clay nanotubes,”

Nanomaterials, vol. 11, no. 8, 2021, doi: 10.3390/nan011082027.

[118]J. Orellana, I. Moreno-villoslada, R. K. Bose, F. Picchioni, M. E.
Flores, and R. Araya-hermosilla, “Self-healing polymer
nanocomposite materials by joule effect,” Polymers (Basel)., vol. 13,
no. 4, pp. 1-24, 2021, doi: 10.3390/polym13040649.

[119] M. Alamgir, A. Mallick, G. C. Nayak, and S. K. Tiwari, “Development
of PMMA/TIO, nanocomposites as excellent dental materials,” J.
Mech. Sci. Technol., vol. 33, no. 10, pp. 4755-4760, 2019, doi:
10.1007/s12206-019-0916-7.

[120] M. N. Rohim, M. N. EI-Sheikh, W. Y. Ali, and A. E.-S. M. Hassan,
“Effect of Al,O3 Nanowires and ZrO, Nanoparticles Addition on the
Mechanical and Tribological Properties of Heat-Cured PMMA Acrylic
Denture Base Material,” High Temp., vol. 24, p. 28, 2021.

[121] K. M. EI-Tamimi, D. A. Bayoumi, M. M. Z. Ahmed, I. Albaijan, and
M. E. El-Sayed, “The Effect of Salinized Nano ZrO; Particles on the
Microstructure, Hardness, and Wear Behavior of Acrylic Denture
Tooth Nanocomposite,” Polymers (Basel)., vol. 14, no. 2, 2022, doi:
10.3390/polym14020302.

[122] E. Hornbogen, “Role of Fracture Toughness in the Wear of Metals.,”
Elsevier Sequoia S.A, 1975.



CHAPTER FIVE REFERENCES
[123] A. E. M. Hassan, A. I. EiD, M. El-Sheikh, and W. Y. Ali, “Mechanical

and tribological performance of polyamide 12 reinforced with

graphene nanoplatelets and paraffin oil nanocomposites,” Materwiss.
Werksttech., wvol. 50, no. 1, pp. 74-85 2019, doi:
10.1002/mawe.201700177.

[124]B. Suresha and K. N. S. Kumar, “Investigations on mechanical and
two-body abrasive wear behaviour of glass/carbon fabric reinforced
vinyl ester composites,” Mater. Des., vol. 30, no. 6, pp. 2056-2060,
2009, doi: 10.1016/j.matdes.2008.08.038.

[125] B. N. Ravi Kumar, B. Suresha, and M. Venkataramareddy, “Effect of
particulate fillers on mechanical and abrasive wear behaviour of

polyamide 66/polypropylene nanocomposites,” Mater. Des., vol. 30,
no. 9, pp. 3852-3858, 2009, doi: 10.1016/j.matdes.2009.01.034.

[126] A. E. S. M. Hassan, A. I. Ei, M. El-Sheikh, and W. Y. Ali, “Effect of
Graphene Nanoplatelets and Paraffin Oil Addition on the Mechanical
and Tribological Properties of Low-Density Polyethylene
Nanocomposites,” Arab. J. Sci. Eng., vol. 43, no. 3, pp. 1435-1443,
2018, doi: 10.1007/s13369-017-2965-5.

[127]M. M. Gad and R. Abualsaud, “Behavior of PMMA denture base
materials containing titanium dioxide nanoparticles: A literature
review,” Int. J. Biomater., vol. 2019, 2019, doi:
10.1155/2019/6190610.



91



