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Investigation of grinding partially stabilized zirconia (PSZ) for dental Implant
application
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Titanium is currently widely used as dental implant, but it may cause allergic problems. For this reason,
Received 26 January 2018 the use of partially stabilized zirconia (PSZ) in dental applications has increased in recent years.
Accepted 11 April 2018 Because of extreme hardness and brittleness of ceramic (PSZ) and in order to achieve dimensional and
Auilable Onkne U4 Ny 2018 geometrical accuracy, grinding is necessary. In this research, a comprehensive study was carried out to
v nvestigate the eITf:cl of the grinding parameters of !’SZ on surface rczughness‘ grinding cost and‘ PSZ
Implant phase transformation. It was observed that, increasing both depth of cut and feed rate results in an
Zirconia increase on tetragonal to monoclinic phase transformation. It was also observed that using a metal bond

Grinding
Surface roughness
Grinding cost

grinding wheel with higher concentration and larger abrasive size results in lower grinding cost. It was
observed that using resin bond grinding wheels instead of metal bond grinding wheels, results in
average 8% lower surface roughness. However, an increase in grinding wheel concentration results in
decreasing in the surface roughness. Response surface method (RSM) was used to find an optimum
condition and create a mathematical model between inputs and outputs and it was shown that the
average R-square of the model was more than 0.90. PSZ microstructure and surface roughness could be
controlled by controlling the grinding parameters. Using a metal bond grinding wheel with higher
concentration and larger abrasive size results in lower grinding cost.
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Fig 8 Monoclinic phase content in different grinding condition using a.
resin bond grinding wheel, b. Metal bond grinding wheel
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Table 4 Value of parameters in mathematical model

' N M S g2 s,
0.50438 0.059703 SD25M100M 1
0.53127 0.053629 SD25MS5OM 2
0.40572 0.12100 SD125M100M 3
0.58594 0.047925 SD25M100B 4
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Table § Optimized condition for Ra and Cs suggested by RSM model
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Fig. 9 Analyzing PSZ ground surface using AFM, cutting condition: a:
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L Response surface method (RSM)
*R-Squared

07 oplasds 18 0,93 1397 yuo o yure Splo awiseo WWW.SID.ir


http://www.SId.ir

Archiveof SID

OblBat 9 alda 7 el Sl Suw Ol3ss Sailpasl Sadgi S odub J1ul SligS s () K ) e

&y -6

S. Malkin, G. Changsheng, Grinding Technology: Theory and Application of

Machining with Abrasives. Second Edittion, pp. 1-9, Industrial Press Inc.,

2008.

[2] W. M. Zeng, Z. C. L, Z. J. Pei, C. Treadwell, Experimental observation of
tool wear in rotary ultrasonic machining of advanced ceramics, International
Journal of Machine Tools and Manufacture, Vol. 45, No. 12, pp. 1468-1473,
2005.

[3] H. Huang, Y. C. L Experimental imnvestigations of machining
characteristics and removal mechanisms of advanced ceramics in high speed
deep  grinding, International  Journal  of  Machine  Tools  and
Manufacture, Vol. 43, No. 8, pp. 811-823, 2003.

[4] J. Kopac, P. Krajnik, High-performance grinding a review, Jowrnal of
Materials Processing Technology, Vol. 175, No. 1. pp. 278-284, 2006.

[5] C. Sikahdis, Advances in Ceramics: Electric and Magnetic Ceramics,
Bioceramics, Ceramics and Environment. pp. 397-420, InTech, 2011

[6] R. Giordano, Machinable Zirconia, A study on the building blocks of
restorative dentistry, Inside Dental Technology, Vol. 3, No. 3, 2012.

[7] S. Sandag, T. Onjen, A. Gamze, Basic properties and types of zirconia: An
overview. World J Stomatol, Vol. 20, No. 3, pp. 40-47, 2013

[8] N. Nik. Bone tissue reactions to dental implants, Jowrnal of Dental Medicine,
Vol. 7, No. 2, pp. 55-65, 1994,

[9] S. Nikzad, A. Azari, S. Nikan, Z. Bahrani, Curmrent status of zirconia in
dentistry: an overview, Journal of Dental Medicine, Vol. 27, No. 3, pp. 223-
232, 2014 (in Persian .. 15)

[10] M. N. Aboushelib, N. H. Salem, A. L. Abotaleb, N. M. moniem, Influence of
surface nano-roughness on osscointegration of zirconia implants in rabbit
femur heads using selective infiltration etching technique, Journal of Oral
Implantology, Vol. 39, No. 3, pp. 583-390, 2013.

[11] A. Ahmadzadeh, A. H. Ashtiani, S. Epakchi, M. Pormehdi, et al,
Comparison of the effect of feldspathic porcelain and zirconia on natural
tooth wear, Journal of Islamic Dental Association of IRAN, Vol. 26, No. 3,
pp. 170-176, 2014. (in Persian _..,l5)

[12] N. Igawa, 1. Yoshinobu, Crystal structure of metastable tetragonal zirconia
up to 1473 K, Journal of the American Ceramic Society, Vol. 84, No. 5, pp.
1169-1171, 2001.

[13] A. Mariano, Encyclopedia of Biomaterials and Biomedical Engineering,
Second Edition, pp. 3104-3110, Taylor and Francis: New York, 2014.

[14] R. C. Garvie, R. H. Hannink, R. T. Pascoe. Ceramic steel?, Nature, Vol. 258,
pp. 703-704, 1975.

[15]J. S. Reed, A. M. Lejus, Affect of grinding and polishing on near-surface
phase transformations in zirconia, Materials Research Bulletin, Vol. 12, No.
10, pp. 949-954, 1977.

[16] X. Hockin, S. Jahanmir, L. K. Ives, Effect of grinding on strength of
tetragonal zirconia and zirconia-toughened alumina, Machining Science and
Technology, Vol. 1, No.1, pp. 49-66, 1997.

[17] J. Chen, J. Shen, H. Huang, X. Xu, Grinding charactenstics m high speed

[

Fig. 10 SEM micrographs of PSZ ground surface. a: a,=10p,

grinding of engineering ceramics with brazed diamond wheels, Journal of b: ap, =20, ¢: g, =40

Materials Processing Technology, Vol. 210, No. 6, pp. 899-906, 2010. a=10p Gl e 2SI O Lies odd  3iifon mlas  Llog 10, [S02
[18] P. Anand, N. Arunachalam, L. Vijayaraghavan. Grinding behavior of £ 95 s S s L = g

Ytrium  partially  stabilized  zirconia  using  diamond  grinding a=40y -z @y=20p

wheel, ddvanced Materials Research, Vol. 1136, pp. 15-20, 2016.
[19] M. N. Aboushehb, N. H. Salem, A. L. Abotaleb, N. M. moniem, Influence of . R & b .
surface nano-roughness on osseointegration of zirconia implants in rabbit Q'?’ss‘ < I'L’»“I l:"?‘Y)i) Jl’ Fm 9 ns’)j‘“’ e ‘C‘L"“ S 2

femur heads using selective infiltration etching technique, Journal of Oral - eimee g B i i 4
Implantology, Vol. 39, No. 5, pp. 583-590, 2013. bSow 22 sl iiny, Wb L Err ool &5 5,5 (g S A

[20] L. Guéhennec, A. Soueidan, P. Layrolle, Y. Amouriq, Surface treatments of o o als oy S -5 A L T E I
titanjum dental implants for rapid osseointegration, Dental materials, Vol ks o= sl SR3070 R 2 3o il
23, No. 7, pp. 844-854, 2007. FaS b (5 ) 32% @ e S, eanle S L K B 5 ealazul
[21] M. Wong, J. Eulenberger, R. Schenk, E. Hunziker, Effect of surface topology i gy == o : S
on the osseointegration of implant materials in trabecular bone, Jowrnal of UJJ&..-: AR (G plha af g u..al_,sl a5 ol uL*‘ ol ey C"L:" pu
Biomedical Materials Research Part A, Vol. 29, No. 12, pp. 1567-1575, _ . i ; e
1995 ohels GiSew anie wolp Gee il L Bk 5l ase e 20l
[22] L. Shengyi, Z. Wang, Y. Wu, Relationship between subsurface damage and : . ) 2., b - i
surface roughness of optical materials in grinding and lapping oy o.%JL{’ § 5SS eanlu ops ol lai alh S shoay il e
processes, Jowrnal of Materials Processing Technology, Vol. 205, No. 1, pp. T . " . cup fOn A0 e ol - .
34-41, 2008, 1 Slo Gl ) SexalSgige 4 JUgS1ym Jlslage; jeedd lies 208 syl
[23] A. Esmacilzare, A. Rahimi, S. M. Rezaei, Investigation of subsurface

p15 S PR 5 ¢lls imal & bg, d odds obwl 5L, Jow
damages and surface roughness in grinding process of Zerodur glass— SPT0R Ot st SR T A o et J

ceramic, Applied Surface Science, Vol. 313, pp. 67-75, 2014. as A & sl ol o lroosls e VL sl Fo\les a5 ol 0.9
[24] K. Ueda, T. Sugita, H. Tsuwa, Application of Fracture Mechanics in Micro- ) e ? J = ;u =
Cutting of Engineering Ceramics, CIRP Annals - Mamifacturing Technology, WS s SpKie dnie g mhe G5 polie 0d AleS Ojg04

Vol. 32, pp. 83-86, 1983. . N _ . )
[25] S. Agarwal, P. V. Rao, Experimental investigation of surface/subsurface 2 by A Sl 4 olis Sy sad St o) il Lyl
damage formation and material removal mechanisms i SiC S ot - . . o i o i
erinding, International Journal of Machine Tools and Manufacture, Vol. 48, Loyl il g pieg oanlu 03 (S8 i o0l )3 o5l b slaSiws
No. 6, pp. 698-710, 2008.
[26] S. Agarwal, P. Venkateswara, Predictive modeling of force and power based
on a new analytical undeformed chip thickness model in ceramic grinding,

el ply Sl sy

International Journal of Machine Tools and Manufacture, Vol 65, pp. 68-78, an e

2013, L9 4085
[27] 1. Inasaki, Grinding of hard and bnttle matenials, CIRP Anmnals - LYL ol&23ls AMMP ac T sl alsaliasy - .

Manufacturing Technology, Vol 36, No. 2, pp. 463-471, 1987 s> 2 3he 0B g P 0097 O PER AR 9 =l
[28] L. Lichun, F. Jizai, J. Peklenik, A study of grinding force mathematical e g_;,_’;o_:_,ls LS}JL*' ),;5

193 07 oplois 18 053 1397 jueo purae S84 6D [


http://www.SId.ir

Archiveof SID

Ohad 9 (plds 7 sl Slga duuw

OIS Siilposl dudgd s odub H1dal LT ) () S )

Industrial Ceramics, Vol. 32, No. 5, pp. 277-279, 1991.

[30] A. G. Belous, E. V. Pashkova, O.1 Vyunov, V.P.Ivanitskn, Effect of
combined doping (Y 3++ Fe 3+) on structural features of nanodispersed
zirconium oxide, Jowrnal of materials science, Vol. 40, No. 19, pp. 5273-
5280, 2005.

07 o louis 18 ©)9> 1397 MR eI Sl WA

model, CIRP Annals - Manufacturing Technology, Vol, 29, No. 1, pp. 245-
249, 1980.

[29] T. V. Chusovitina, S. T. Yu, M. G. Tretnikova, Properties of ceramics based
on zirconia partly stabilized with yttrium concentrate, Refractories and

WWW. 8D .ir


http://www.SId.ir

