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ABSTRACT  

 

Aktöre, H. The Effect o f Er,Cr :YSGG Laser Irradiation on the Mechanical 

Strength and Phase Transformation o f Zirconia. Near East University Institute  

of Health Sciences, Prosthetic Dentistry, PhD Thesis, Nicosia, 2018  

 

The aim of this study was to  evaluate the effects of airborne-particle abrasion 

(APA) and Er,Cr:YSGG laser irradiation on four -point flexural strength, phase 

transformation and morpholog ic changes of zirconia ceramics treated at pre-

sintered or post-sintered stage. Three hundred and forty -two bar shaped zirconia 

specimens were milled with different sizes according to the flexural strength test 

(n=10), X-ray diffraction (XRD) (n=4) and fie ld emission scanning electron 

microscope (FESEM) (n=4) analysis. For each test protocol, specimens were 

divided into 4 main groups whether the surface treatments applied before or after 

sintering and whether the specimens received heat treatment or not as pre-

sintered, post-sintered no-heat and post-sintered heat-treated groups, and a 

group was served as control. Main groups were further divided into 6 equal 

subgroups according to surface treatment method applied (2W -, 3W-, 4W-, 5W-, 

6W-laser irradiations and APA). Surface treatments were applied to pre-sintered 

groups before sintering and to post -sintered groups after sintering. Post-sintered 

heat-treated groups were subjected to veneer ceramic firing simulation after 

surface treatments. Flexural strength values were statistically analysed and 

monoclinic phase content was calculated. Highest flexural strength values were 

detected at post-sintered no-heat APA and 4W-laser groups (P<0.05). Pre-sintered 

groups showed statistically lower flexural strength values . Heat treatment 

decreased the strength of the specimens. Monoclinic phase content was only 

detected at post-sintered no-heat groups and the highest amount was detected at 

APA group. Rougher surfaces and deeper irregularities were detected at FE-SEM 

images pre-sintered groups. Application of surface treatments at pre -sintered 

stage may be detrimental for zirconia ceramics in terms of flexural strength and 

is not recommended. 2W - 4W Er,Cr:YSGG laser irradiations can be regarded as 

alternative surface treatment methods when zirconia restoration would be 

subjected to veneer ceramic firing procedures. 
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1. &d1d© 

 2ÖÕɯ àċÓÓÈÙËÈȮɯ ÏÈÚÛÈÓÈÙċÕɯ ÌÚÛÌÛÐÒɯ ÉÌÒÓÌÕÛÐÓÌÙÐÕÐÕɯ ÈÙÛÔÈÚċɯ ÚÖÕÜÊÜÕËÈ, 

×ÙÖÛÌÛÐÒɯ ÛÌËÈÝÐÓÌÙËÌɯ ÛÈÔɯ ÚÌÙÈÔÐÒɯ ÙÌÚÛÖÙÈÚàÖÕÓÈÙċÕɯtercih ve ÒÜÓÓÈÕċÔċɯ ËÈɯ

àÈàÎċÕÓÈıÔċıÛċÙȭɯ2ÌÙÈÔÐÒɯÙÌÚÛÖÙÈÚàÖÕÓÈÙɯÌÚÛÌÛÐÒɯÖÓÔÈÓÈÙċÕċÕ àÈÕċÚċÙÈɯÉÐàÖuyumlu 

ÖÓÔÈÓÈÙċɯÎÐÉÐɯÈÝÈÕÛÈÑÓÈÙÈɯÚÈÏÐ×ɯÖÓÔÈÒÓÈ birlikte , bu materyallerin  ËĹıĹÒɯÒċÙċÓÔÈɯ

direnci göstermeleri  ÎÐÉÐɯËÌáÈÝÈÕÛÈÑÓÈÙċ da ÝÈÙËċÙɯ(Kelly, 2004).  

 Günümüzde zirkonya optik özellikleri ve yüksek bükülme direnci, 

ÒċÙċÓÔÈɯËÈàÈÕċÒÓċÓċĀċɯÝÌɯÒÐÔàÈÚÈÓɯÚÛÈÉÐÓÐÛÌÚÐɯÎÐÉÐɯmükemmel mekanik özellikleri 

sayesinde ÒÓÐÕÐÚàÌÕÓÌÙɯÈÙÈÚċÕËÈɯÌÕɯñÖÒɯÛÌÙÊÐÏɯÌËÐÓÌÕɯÚÌÙÈÔÐÒɯÔÈÛÌÙàÈÓÓÌÙÐÕËÌÕɯ

biridir ȹ,ÈÕÐÊÖÕÌɯ ÝÌɯ ËÐĀÌÙÓÌÙÐȮɯ2007; 3ÜÙ×ɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2014). Bu nedenle 

zirkonya, tam seramik kron ve sabit bġÓĹÔÓĹɯ×ÙÖÛÌáÓÌÙÐÕɯÈÓÛɯàÈ×ċÚċÕËÈȮɯÔÖÕÖÓÐÛÐÒɯ

restorasyonlarda, post-ÒÖÙɯ ÙÌÚÛÖÙÈÚàÖÕÓÈÙċÕËÈɯ ÝÌɯ ÐÔ×ÓÈÕÛɯ ËÈàÈÕÈÒÓÈÙċÕċÕɯ

àÈ×ċÔċÕËÈɯÚċÒñÈɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙÓÈÙɯ(Denry ve Kelly, 2008; Denry ve Kelly, 2014). 

 9ÐÙÒÖÕàÈȮɯ ñÌıÐÛÓÐɯ ÚċÊÈÒÓċÒÓÈÙÈɯ ÉÈĀÓċɯ ÖÓÈÙÈÒɯ ÔÖÕÖÒÓÐÕÐÒȮɯ ÛÌÛÙÈÎÖÕÈÓɯ ÝÌɯ

ÒĹÉÐÒɯÖÓÔÈÒɯĹáÌÙÌɯĹñɯÍÈÙÒÓċɯkristalin formda bulunan polimorfik bir materyaldir.  

Monoklinik zirkonya 1170° "ɅËÌÕɯËÈÏÈɯËĹıĹÒɯÚċÊÈÒÓċÒÓÈÙËÈɯÉÜÓÜÕÜÙɯÝÌɯÚċÊÈÒÓċÒɯ

ÈÙÛÛċÒñÈɯÛÌÛÙÈÎÖÕÈÓɯÝÌɯÒĹÉÐÒɯÍÈáÈɯËġÕĹıĹÙ (Denry ve Kelly, 2008). Zirkonyada, 

ÚÛÙÌÚÌɯÉÈĀÓċɯÉÐÙɯñÈÛÓÈÒɯÖÓÜıÛÜĀÜɯáÈÔÈÕȮɯÔÈÛÌÙàÈÓɯÌıÚÐáɯbir mikro àÈ×ċÚÈÓɯËġÕĹıĹÔÌɯ

ÜĀÙÈÙȭɯ !ÜÕÈȮɯ ɆËġÕĹıĹÔɯ ÚÌÙÛÓÌıÔÌÚÐɯ ÔÌÒÈÕÐáÔÈÚċɆɯ ÈËċɯ ÝÌÙÐÓÐÙɯ ÝÌɯ ÉÜɯ ËÜÙÜÔɯ

ÏÈÊÐÔËÌɯÉÐÙɯÈÙÛċıɯÔÌàËÈÕÈɯÎÌÛÐÙÐÙȭɯ!ÜɯÚÈàÌËÌɯáÐÙÒÖÕàÈɯàÈ×ċÚċÕËÈȮɯÛÌÛÙÈÎÖÕÈÓɯ

fazdan  monoklÐÕÐÒɯÍÈáÈɯÉÐÙɯËġÕĹıĹÔɯÎÌÙñÌÒÓÌıÐÙɯÝÌɯÖÓÜıÈÕɯñÈÛÓÈĀċÕɯɯÐÓÌÙÓÌÔÌÚÐɯ

engellenir (Denry ve Kelly, 2008; Piconi ve Maccauro, 1999). 

 9ÐÙÒÖÕàÈȮɯ ËÖĀÈÚċɯ ÎÌÙÌĀÐɯ Ö×ÈÒɯya×ċàÈɯ ÚÈÏÐ×ɯÖÓËÜĀÜÕËÈÕȮɯ ÌÚÛÌÛÐÒɯ

ÎġÙĹÕĹÔĹɯÈÙÛÛċÙÔÈÒɯÐñÐÕɯÛÙÈÕÚÓÜÚÌÕÛɯÊÈÔÚċɯÚÌÙÈÔÐÒɯÐÓÌɯÝÌÕÌÌÙÓÌÕÔÌÚÐɯÎÌÙÌÒÐÙ 

(Sundh ve ËÐĀÌÙÓÌÙÐ, 2005)ȭɯ9ÐÙÒÖÕàÈɯÙÌÚÛÖÙÈÚàÖÕÓÈÙċÕċÕɯÒÓÐÕÐÒɯÉÈıÈÙċÚċɯÝÌɯġÔÙĹ, 
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ÝÌÕÌÌÙɯÚÌÙÈÔÐĀÐɯÐÓÌɯáÐÙÒÖÕya ÈÓÛɯàÈ×ċɯÈÙÈÚċÕËÈÒÐɯÒÜÝÝÌÛÓÐɯÔÐÒÙÖÔÌÒÈÕÐÒɯÉÈĀÈɯ

ËÈàÈÕÔÈÒÛÈËċÙɯȹ,ÈÛÈÕÐɯÝÌɯËÐĀÌÙÓÌÙÐ, 2014). Bununla birlikte, zirkonya ile üzerine 

ÜàÎÜÓÈÕÈÕɯÝÌÕÌÌÙɯÚÌÙÈÔÐĀÐɯÈÙÈÚċÕËÈɯàÌÛÌÙÓÐɯÉÈĀÓÈÕÔÈɯËÐÙenci elde etmek zordur 

ÝÌɯÒÓÐÕÐÒɯÉÈıÈÙċÚċáÓċÒɯÎÌÕÌÓÓÐÒÓÌɯÈÙÈàĹáËÌȮɯÝÌÕÌÌÙɯÚÌÙÈÔÐĀÐÕËÌÒÐɯËÌÓÈÔÐÕÈÚàÖÕɯÝÌɯ

áÐÙÒÖÕàÈɯ ÐÓÌɯ ÝÌÕÌÌÙɯ ÚÌÙÈÔÐĀÐÕin ÈÙÈÚċÕËÈÒÐɯ ÉÈĀÓÈÕÛċÕċÕɯ ÒÖ×ÔÈÚċÕÈɯ ÉÈĀÓċɯ

ÎÌÙñÌÒÓÌıÐÙɯȹ#ÌÕÙàɯÝÌɯ*ÌÓÓàȮɯƖƔƔƜȰɯ&ÜÌÚÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 2011).  

 Zirkon ya alt àÈ×ċɯÐÓÌɯÝÌÕeÌÙɯÚÌÙÈÔÐĀÐɯÈÙÈÚċÕËÈÒÐɯÉÈĀÓÈÕÛċàċɯÈÙÛÛċÙÔÈÒɯÐñÐÕɯ

kumlama, frezle pürüzlendirme (grinding) ȹ"ÈÕËÐËÖɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƛȰɯ,ÖÚÏarraf 

ÝÌɯËÐĀÌÙÓÌÙÐ, 2011), silika kaplama (Yamaguchi ÝÌɯËÐĀÌÙÓÌÙÐ, 2012)ȮɯÚċÊÈÒɯÈÚÐÛɯ

ÜàÎÜÓÈÔÈÚċɯ(Elsaka, 2013), lazerle pürüzlendirme ȹ*ċÙÔÈÓċɯÝÌɯËÐĀÌÙÓÌÙÐ, 2013; 

*ċÙÔÈÓċɯ ÝÌɯ ËÐĀÌÙÓÌÙÐȮɯ ƖƔƕƚ) gibi ÍÈÙÒÓċɯ àĹáÌàɯ ÐıÓÌÔÓÌÙÐɯ áÐÙÒÖÕàÈ yüzeyine 

ÜàÎÜÓÈÕÔċıɯÝÌɯÉÜɯàġÕÛÌÔÓÌÙÐÕɯÌÛÒÐÕÓÐĀÐ ÓÐÛÌÙÈÛĹÙËÌɯËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙ. Mekanik 

veya kimyasal tekniklerle zirkonya yüzeyinin pürüzlendirilmesi nin  ve yüzey 

ÛÖ×ÖÎÙÈÍÐÚÐÕÐÕɯËÌĀÐıÛÐÙÐÓÔÌÚÐninȮɯËÈÏÈɯÎĹñÓĹɯÉÐÙɯÔÐÒÙÖÔÌÒÈÕÐÒɯÉÈĀÓanma için 

àĹáÌàɯÈÓÈÕċÕċɯÈÙÛÛċÙËċĀċ ve yüzeyde düzensizlikler  ÖÓÜıÛÜÙËÜĀÜ ġÕÌɯÚĹÙĹÓÔĹıÛĹÙɯ

ȹ,ÐàÈáÈÒÐɯÝÌɯËÐĀÌÙÓÌÙÐ, 2013).  

 Al 2O3 partikülleri ile kum lama ve lazer ile pürüzlendirme yöntemlerinin 

ÝÌÕÌÌÙɯÚÌÙÈÔÐĀÐɯÐÓÌɯáÐÙÒÖÕàÈɯÈÓÛɯàÈ×ċɯÈÙÈÚċÕËÈÒÐɯÉÈĀÓÈÕÔÈɯËÐÙÌÕÊÐÕÐɯÈÙÛÛċÙËċĀċɯ

ÉÐÓËÐÙÐÓÔÐıÛÐÙ ȹ*ċÙÔÈÓċɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015; *ċÙÔÈÓċɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƚ). Bununla 

ÉÐÙÓÐÒÛÌȮɯÛÈÔɯÚÐÕÛÌÙÓÌÕÔÐıɯáÐÙÒÖÕàÈàÈɯÔÌÒÈÕÐÒɯàĹáÌàɯÐıÓÌÔÐɯÜàÎÜÓÈÕÔÈÚċÕċÕȮɯ

áÐÙÒÖÕàÈËÈɯÛÌÛÙÈÎÖÕÈÓɯÍÈáËÈÕɯÔÖÕÖÒÓÐÕÐÒɯÍÈáÈɯËġÕĹıĹÔÌɯÕÌËÌÕɯÖÓÈÉÐÓÌÊÌĀÐȮɯ

ÉġàÓÌÊÌɯ áÐÙÒÖÕàÈÕċÕɯ ËÐÙÌÕñɯ ÝÌɯ ËÈàÈÕċÒÓċÓċĀċÕċɯ ÈáÈÓÛÈÙÈÒɯ ÒċÙċÓÔÈɯ ÙÐÚÒÐÕÐɯ

ÈÙÛÛċÙÈÉÐÓÌÊÌĀÐɯġÕÌɯÚĹÙĹÓÔĹıtür  (MÖÕÈÊÖɯÝÌɯËÐĀÌÙÓÌÙÐ, ƖƔƕƗȰɯ,ÖÖÕɯÝÌɯËÐĀÌÙÓÌÙÐ, 

2011).  àÙċÊÈ, faz ËġÕĹıĹÔĹÕËÌÕɯÚÖÕÙÈɯÐÒÐɯÍÈÙÒÓċɯÒÙÐÚÛÈÓɯàÈ×ċÚċɯÖÓÜıÛÜĀÜÕËÈÕȮɯ

àÈ×ċÓÈÙċÕɯÛÌÙÔÈÓɯÎÌÕÓÌıÔÌɯÒÈÛÚÈàċÓÈÙċɯÛÜÛÈÙÚċáÓċÒɯÎġÚÛÌÙÔÌÒÛÌɯÝÌɯáÐÙÒÖÕàÈÕċÕɯ
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ÉÈĀÓÈÕÔÈɯdirenci  de etkilenmektedir ȹ%ÐÚÊÏÌÙɯÝÌɯËÐĀÌÙÓÌÙÐ, 2008a; Guazzato ve 

ËÐĀÌÙÓÌÙÐ, 2005)ȭɯ!ÜɯÕÌËÌÕÓÌȮɯáÐÙÒÖÕàÈÕċÕɯÍÈáɯËġÕĹıĹÔĹÕĹɯġÕÓÌÔÌÒɯÐñÐÕɯàĹáÌàɯ

ÐıÓÌÔÓÌÙÐÕÐÕɯÚÐÕÛÌÙÓÌÔÌ prosedüründen önce ÜàÎÜÓÈÕÔÈÚċɯġÕÌÙÐÓÔÐıÛÐÙ (Moon ve 

ËÐĀÌÙÓÌÙÐ, 2011).  àÙċÊÈɯÚÐÕÛÌÙleme ġÕÊÌÚÐɯàĹáÌàɯÐıÓÌÔÐɯÜàÎÜÓÈÕÔÈÚċàÓÈɯáÐÙÒÖÕàÈɯ

àĹáÌàÐÕËÌɯËÈÏÈɯàĹÒÚÌÒɯ×ĹÙĹáÓĹÓĹÒɯËÌĀÌÙÓÌÙÐɯÌÓËÌɯÌËÐÓÌÉÐÓÌÊÌĀÐɯÉÐÓËÐÙÐÓÔÐıÛÐÙ 

ȹ,ÖÕÈÊÖɯÝÌɯËÐĀÌÙÓÌÙÐ, 2013).  ÕÊÈÒȮɯÍÈÙÒÓċɯàĹáÌàɯÐıÓÌÔÐɯàġÕÛÌÔÓÌÙÐÕÐÕɯáÐÙÒÖÕàÈàÈɯ

ÚÐÕÛÌÙÓÌÔÌɯġÕÊÌÚÐɯÝÌàÈɯÚÐÕÛÌÙÓÌÔÌɯÚÖÕÙÈÚċɯÈıÈÔÈËÈɯÜàÎÜÓÈÕÔÈÚċÕċÕȮɯÔÈÛÌÙàÈÓÐÕɯ

mekanik diren ci ve mikroàÈ×ċÚċÕÈɯÌÛÒÐÚÐɯÏÈÒÒċÕËÈÒÐɯÝÌÙÐÓÌÙɯoldukça ÚċÕċÙÓċËċÙ 

ȹ/ÈÚÚÖÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015). 

 Bu bilgi lÌÙÐÕɯċıċĀċÕËÈɯÉÜɯÛÌáɯñÈÓċıÔÈÚċÕċÕ ÈÔÈÊċȰɯÚÐÕÛÌÙÓÌÔÌɯġÕÊÌÚÐɯÝÌàÈɯ

ÚÐÕÛÌÙÓÌÔÌɯÚÖÕÙÈÚċɯÈıÈÔÈËÈɯáÐÙÒÖÕàÈɯàĹáÌàÐÕÌɯÜàÎÜÓÈÕÈÕɯÒÜÔÓÈÔÈɯÝÌɯÍÈÙÒÓċɯ

ñċÒċıɯÎĹñÓÌÙÐÕËÌÒÐɯ$ÙȮɯ"Ùȯɯ82&&ɯÓÈáÌÙɯÐÓÌɯ×ĹÙĹáÓÌÕËÐÙÔÌÕÐÕȮɯáÐÙÒÖÕàÈÕċÕɯËġÙÛ-

ÕÖÒÛÈɯÉĹÒĹÓÔÌɯËÐÙÌÕÊÐȮɯÍÈáɯËÌĀÐıÐÔÐɯÝÌɯàĹáey morfolojisi üzerine etkilerinin  

ÈÙÈıÛċÙċÓÔÈÚċËċÙȭ 
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2. &$-$+ɯ!d+&d+$1 

2.1. Dental Seramikler  

2.1.1. #ÌÕÛÈÓɯ2ÌÙÈÔÐÒÓÌÙÐÕɯ3ÈÙÐÏÚÌÓɯ&ÌÓÐıÐÔÐ 

#ÌÕÛÈÓɯ ÚÌÙÈÔÐÒÓÌÙȮɯ àÈ×ċÓÈÙċÕËÈɯ ×ÙÐÔÌÙɯ ÖÓÈÙÈÒɯÖÒÚÐÑÌÕȮɯ ÈàÕċɯ áÈÔÈÕËÈɯ

alüminyum, kalsiyum, lityum, magnezyum, fosfor, potasyum, silikon, sodyum, 

áÐÙÒÖÕàÜÔɯ ÝÌɯ ÛÐÛÈÕàÜÔɯ ÎÐÉÐɯ ÔÌÛÈÓÐÒɯ ÝÌàÈɯ àÈÙċ-metalik elementler içeren 

ametalik, inorganik materyallerdir  ȹ!ÈÉÜɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015). Seramik kelimesi, 

eski Yunanɀda çanak çömlek ÝÌàÈɯàÈÕÔċıɯÔÈËËÌ ÈÕÓÈÔċÕÈɯÎÌÓÌÕɯȿÒÌÙÈÔÖÚɀɯ

ÒÌÓÐÔÌÚÐÕËÌÕɯÛĹÙÌÔÐıÛÐÙ (Mclaren ve Cao, 2009). Seramik iÓÒɯÖÓÈÙÈÒɯ,ȭxȭɯƝȮƔƔƔɀÓÐɯ

àċÓÓÈÙËÈɯÐÕÚÈÕÓÈÙɯÛÈÙÈÍċÕËÈÕɯÌıàÈɯàÈ×ċÔċÕËÈɯÒÜÓÓÈÕċÓÔċıɯÖÓÜ×ɯ(Sukumaran ve 

Bharadwaj, 2006)ȮɯËÐıɯÏÌÒÐÔÓÐĀÐÕÌɯÐÓÒ kez ƕƛƖƗɯàċÓċÕËÈɯ/ÐÌÙÙÌɯ%ÈÜÊÏÈÙËɯÛÈÙÈÍċÕËÈÕɯ

ÔÌÛÈÓɯ×ÙÖÛÌáÓÌÙÐÕɯÉÜɯÔÈÛÌÙàÈÓɯÐÓÌɯÒÈ×ÓÈÕċ×ɯËÐıɯÙÌÕÎÐÕÐn taklit edilmes i ÈÔÈÊċɯÐÓÌɯ

ÎÐÙÔÐıÛÐÙ ȹ*ÙÐÚÏÕÈɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2009). ƕƛƛƘɯ àċÓċÕËÈɯ %ÙÈÕÚċáɯ ÌÊáÈÊċɯ  ÓÌßÐÚɯ

#ÜÊÏÈÛÌÈÜɯÝÌɯÈÚÐÚÛÈÕċɯËÐıɯÏÌÒÐÔÐɯ#ÜÉÖÐÚɯËÌɯ"ÏÌÔÈÕÛȮɯÚÌÙÈÔÐÒɯÍÖÙÔĹÓÈÚàÖÕÜÕÜɯ

ÎÌÓÐıÛÐÙÌÙÌÒɯÐÓÒɯËÌÕÛÈÓɯ×ÖÙÚÌÓÌÕÐɯĹÙÌÛÔÐıÓÌÙËÐÙ (Kelly ve  Benetti, 2011). Porselen, 

ÚÌÙÈÔÐĀÐÕɯàÈ×ċÚċÕÈɯÒÈÖÓÐÕȮɯÒÜÈÙÛáɯÝÌɯÍÌÓËÚ×ÈÙɯÎÐÉÐɯÔÈÛÌÙàÈÓÓÌÙÐÕɯÌÒÓÌÕÔÌÚÐɯÝÌɯ

àĹÒÚÌÒɯċÚċËÈɯÐıÓÌÔɯÎġÙÔÌÚÐɯÐÓÌɯÖÓÜıÔÈÒÛÈËċÙȭɯƕƛƜƝɯàċÓċÕËÈɯɯ#Ìɯ"ÏÌÔÈÕÛȮɯilk dental 

×ÖÙÚÌÓÌÕÐÕɯ×ÈÛÌÕÛÐÕÐɯÈÓÔċıÛċÙ ȹ!ÈÉÜɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƙȰɯ*ÌÓÓàɯÝÌɯËÐĀÌÙÓÌÙÐ, 1996). 

1808 àċÓċÕËÈɯdÛÈÓàÈÕɯËÐıɯÏÌÒÐÔÐɯ&ÐÜÚÌ××ÈÕÎÌÓÖɯ%ÖÕáÐȮɯȿÛÌÙÙÖÔÌÛÈÓÐÒɀɯÈËċÕċɯÝÌÙËÐĀÐɯ

platiÕɯ×ÐÕɯÝÌàÈɯñÌÙñÌÝÌɯÐÓÌɯËÌÚÛÌÒÓÌÕÔÐıɯÐÓÒɯÌÚÛÌÛÐÒɯ×ÖÙÚÌÓÌÕɯËÐıÐɯĹÙÌÛÔÐıɯÖÓÜ×Ȯɯ

ƕƜƗƛɯàċÓċÕËÈɯ ÚÏɯÛÈÙÈÍċÕËÈÕɯÉÜɯÍÐÒÐÙɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ$ÚÛÌÛÐÒɯÉÐÓÐÕÊÐÕɯÈÙÛÔÈÚċɯÝÌɯ

ÛÙÈÕÚÓÜÚÌÕÚÐɯÍÐÒÙÐÕÐÕɯÖÙÛÈàÈɯÈÛċÓÔÈÚċɯÐÓÌɯ$ÓÐÈÚɯ6ÐÓËÔÈÕɯƕƜƗƜ-ƕƝƘƝɯàċÓÓÈÙċɯÈÙÈÚċÕËÈɯ

ÝÈÒÜÔɯ ÍċÙċÕċɯ ÐÓÌɯ ÚÌÙÈÔÐĀÐÕɯ ÍÖÙÔĹÓÈÚàÖÕÜÕËÈɯ àÌÕÐÓÐÒÓÌÙËÌɯ ÉÜÓÜÕÔÜıÛÜÙȭɯ #Ùȭɯ

"ÏÈÙÓÌÚɯ+ÈÕËȮɯƕƝƔƗɯàċÓċÕËÈȮɯ×ÓÈÛÐÕɯÍÖÓàÖɯÛÌÒÕÐĀÐÕÐɯÎÌÓÐıÛÐÙÔÐıɯÖÓÜ×ȮɯÍÌÓdspatik 

àĹÒÚÌÒɯċÚċɯ×ÖÙÚÌÓÌÕÐɯÒÜÓÓÈÕÈÙÈÒɯËÐıɯÏÌÒÐÔÓÐĀÐÕËÌɯÐÓÒɯÛÈÔɯÚÌÙÈmik kron olan jaket 
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kronu üreterek  ×ÈÛÌÕÛÐÕÐɯÈÓÔċıÛċÙɯȹ*ÙÐÚÏÕÈɯÝÌɯËÐĀÌÙÓÌÙÐ, 2009; Sukumaran ve 

Bharadwaj, 2006)ȭɯƕƝƚƖɯàċÓċÕËÈɯ ÉÙÈÏÈÔɯ6ÌÐÕÚÛÌÐÕɯÝÌɯÈÙÒÈËÈıÓÈÙċȮɯÔÌÛÈÓÐÕɯÛÌÙÔÈÓɯ

ÒÈÛÚÈàċÚċɯÐÓÌɯÜàÜÔÓÜ ÖÓÈÉÐÓÔÌÚÐɯÈÔÈÊċàÓÈ ÚÌÙÈÔÐĀÐÕɯàÈ×ċÚċÕÈɯÓġÚÐÛɯÐÓÈÝÌɯÌËÌÙÌÒɯ

termaÓɯÒÈÛÚÈàċÚċÕċɯÈÙÛċÙÔċıɯÝÌ ÓġÚÐÛɯÐñÌÙÐÒÓÐɯ×ÖÙÚÌÓÌÕÐɯÎÌÓÐıÛÐÙÔÐıÓÌÙËÐÙɯ(Anusavice, 

1992). ƕƝƚƗɯ àċÓċÕËÈȮ Vita Zahnfabrik  (Almanya)  ÍÐÙÔÈÚċɯ ÐÓÒɯ ÛÐÊÈÙÐɯ ×ÖÙÚÌÓÌÕÐɯ

×ÐàÈÚÈàÈɯÚĹÙÔĹıÛĹÙɯ(Sukumaran ve Bharadwaj, 2006)ȭɯƕƝƚƙɯàċÓċÕËÈɯ,Êɯ+ÌÈÕɯÝÌɯ

Hughes, feldspatik porselene güçlendirici olarak % 50 ÖÙÈÕċÕËÈɯÈÓĹÔÐÕàÜÔɯÖÒÚÐÛɯ

ÐÓÈÝÌɯ ÌËÌÙÌÒɯ ÈÓÛɯ àÈ×ċ ÚÌÙÈÔÐĀÐÕÐɯ ÎÌÓÐıÛÐÙÔÐıÓÌÙËÐÙȭɯ  ÕÊÈÒɯ ÈÓĹÔÐÕàÜÔɯ ÖÒÚÐÛɯ

ÌÒÓÌÕÔÌÚÐàÓÌɯÔÈÛÌÙàÈÓÐÕɯÐñÌÙÐĀÐÕËÌɯÏÈÝÈɯÒÈÉÈÙÊċÒÓÈÙċÕċÕɯÖÓÜıÔÈÚċȮɯËÖÓÈàċÚċɯÐÓÌɯ

poÙġáɯÉÐÙɯàÈ×ċÕċÕɯÔÌàËÈÕÈɯÎÌÓÔÌÚÐɯÝÌɯÈÙÛÔċıɯÈÓĹÔÐÕÈɯÒÙÐÚÛÈÓÓÌÙÐÕËÌÕɯËÖÓÈàċɯ

Ö×ÈÚÐÛÌÕÐÕɯÍÈáÓÈɯÖÓÜıÜɯÕÌËÌÕlerÐɯÐÓÌɯÌÚÛÌÛÐÒɯ×ÙÖÉÓÌÔÓÌÙÐÕɯàÈıÈÕÔÈÚċȮɯÉÜɯ×ÖÙÚÌÓÌÕÐÕɯ

àÈàÎċÕɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÔċÕÈɯÌÕÎÌÓɯÖÓÔÜıÛÜÙȭɯƕƝƚƜɯàċÓċÕËÈɯ,ÈÊ"ÜÓÓÖÊÏȮɯÉÈÏÚÌËÐÓÌÕɯ

ÓÐÔÐÛÈÚàÖÕÓÈÙċɯÌÓÐÔÐÕÌɯÌÛÔÌÒɯÐñÐÕɯËÈÏÈɯËÈàÈÕċÒÓċɯÝÌɯËÈÏÈɯÛÙÈÕÚÓÜÚÌÕÚÛɯÖÓÈÕɯÊÈÔÚċɯ

ÚÌÙÈÔÐÒɯ ÍÐÒÙÐÕÐɯ ÖÙÛÈàÈɯ ÈÛÔċıÛċÙȭɯ "ÈÔɯ ÔÈÛÙÐÒÚɯ ÐñÌÙÐÚÐÕÌɯ ÛÌÛÙÈÚÐÓÐÚÐÒɯ ÍÓÖÙÔÐÒÈɯ

ÒÙÐÚÛÈÓÓÌÙÐɯÌÒÓÌÕÔÌÚÐɯÐÓÌɯÖÓÜıÛÜÙÜÓÈÕɯÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙɯ×ÐàÈÚÈàÈɯÐÓÒɯÒÌáɯ#ÐÊÖÙɯ

(Dentsply International, Amerika Ⱥɯ ÈËċɯ ÐÓÌɯ ñċÒÔċıÛċÙȭɯAlü minyum oksit ile 

ÎĹñÓÌÕËÐÙÐÓÔÐıɯ×ÖÙÚÌÓÌÕÓÌÙÐÕɯÉĹÒĹÓÔÌɯËÐÙÌÕñÓÌÙÐɯàÈÒÓÈıċÒɯƕƕƚɯ,/a iken, Dicor 

ÊÈÔÚċɯ×ÖÙÚÌÓÌÕÓÌÙËÌɯÉÜɯËÌĀÌÙɯƖƘƔɯ,/ÈɀËċÙȭɯƕƝƛƗɯàċÓċÕËÈɯ2ÖÜÛÏÈÕɯÝÌɯ)orgensen, 

refraktġÙɯËÈàɯÔÈÛÌÙàÈÓÐÕÐɯÒÜÓÓÈÕÈÙÈÒɯǔƛƙɯÖÙÈÕċÕËÈɯÈÓĹmina içerikli Hi -Ceram 

ÚÐÚÛÌÔÐÕÐɯÎÌÓÐıÛÐÙÔÐıÓÌÙËÐÙɯ(Piddock ve Qualtrough, 1990)ȭɯƕƝƜƛɯàċÓċÕËÈɯ,ġÙÔÈÕÕɯ

ÝÌɯ!ÙÈÕËÌÚÛÐÕÐȮɯ×ÙÌ×ÈÙÌɯÌËÐÓÔÐıɯËÐıÓÌÙÐÕɯƗɯÉÖàÜÛÓÜɯÎġÙĹÕÛĹÚĹÕĹɯÌÓËÌɯÌÛÔÌàÌɯ

àġÕÌÓÐÒɯ×ÙÖÛÖÛÐ×ɯÉÐÙɯÔÈÒÐÕÌɯĹÙÌÛÔÐıȮɯƗɯÉÖàÜÛÓÜɯÛÈÚÈÙċÔɯàÈáċÓċÔċɯàÈÙËċÔċɯÐÓÌɯ

ÐÚÛÌÕÐÓÌÕɯ ÙÌÚÛÖÙÈÚàÖÕɯ ÉÐÓÎÐÓÌÙÐÕÐÕɯ ÉÐÓÎÐÚÈàÈÙɯ ËÌÚÛÌÒÓÐɯ ÍÙÌáÌÓÌÔÌɯ ÊÐÏÈáċÕÈɯ

ÎġÕËÌÙÐÓÌÙÌÒɯÉÓÖÒÓÈÙËÈɯÒÈáċÕÔÈÚċÕċɯÈÔÈñÓÈÔċıÓÈÙËċÙɯ(Kelly ve  Benetti, 2011). 

ƕƝƜƔɀÓÌÙÐÕɯÚÖÕÓÈÙċÕÈɯËÖĀÙÜɯÐÓÒɯÒÌáɯÚÌÙÈÔÐÒɯÐÕÓÌàȮɯÖÕÓÌy ve laminate veneer 
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àÈ×ċÔċÕËÈɯÒÜÓÓÈÕċÓÈÕɯ"$1$"ɯƕȮɯƕƝƝƘɯàċÓċÕËÈɯËÈɯ"$1$"ɯƖɯÚÐÚÛÌÔÐɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ

1990ɀÓÈÙċÕɯ ÉÈıÓÈÙċÕËÈɯ àĹÒÚÌÒɯ ÒċÙċÓÔÈɯ ËÐÙÌÕÊÐÕÌɯ ÚÈÏÐ×ɯ ÝÌɯ Ɨɯ ĹàÌÓÐɯ Òġ×ÙĹÓÌÙÐÕɯ

üretimine imkan veren IPS Empress ve ÐñÌÙÐĀÐÕËÌɯǔƛƔɯÓÐÛàÜÔɯdisilikat kristalleri 

ÖÓÈÕɯ(/2ɯ$Ô×ÙÌÚÚɯƖɯ×ÐàÈÚÈàÈɯÚÜÕÜÓÔÜıÛÜÙȭɯƖƔƔƔɀÓÐɯàċÓÓÈÙËÈɯ"$1$"ɯƗɯÚÐÚÛÌÔÐɯÐÓÌɯ

birlikte yine 3 üyeli köpr ĹÓÌÙÐÕɯÈÓÛɯàÈ×ċɯĹÙÌÛÐÔÐɯÔĹÔÒĹÕɯÖÓÔÜıÛÜÙȭɯɯƖƔƔƙɯàċÓċÕËÈȮɯ

×ÙÌ×ÈÙÈÚàÖÕÜɯÛÈÔÈÔÓÈÕÈÕɯËÐıÐÕɯÚÈÕÈÓɯÎġÙĹÕÛĹÚĹÕĹÕɯÌÓËÌɯÌËÐÓÔÌÚÐɯÝÌɯÒÈ×ÈÕċıɯ

ÏÈÓÐÕËÌɯÒÈàËÌËÐÓÔÌÚÐɯÚÖÕÙÈÚċÕËÈɯÛÈÚÈÙÓÈÕÈÕɯ×ÙÖÛÌáÐÕɯÔÐÓÓÌÔÌɯÐıÓÌÔÐɯÐÓÌɯĹÙÌÛÐÓËÐĀÐɯ

"$1$"ɯƗ#ɯÚÐÚÛÌÔÐɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙɯȹ*ÙÐÚÏÕÈɯÝÌɯËÐĀÌÙÓÌÙÐ, 2009). Bilgisayar destekli 

ĹÙÌÛÐÔɯÛÌÒÕÖÓÖÑÐÓÌÙÐÕÐÕɯÎÌÓÐıÔÌÚÐɯàÌÕÐɯÔÈÛÌÙàÈÓÓÌÙÐÕɯËÌɯÎÌÓÐıÔÌÚÐÕÐɯÚÈĀÓÈÔċıÛċÙȭɯ

&ĹÕĹÔĹáËÌɯÍÈÙÒÓċɯÖ×ÛÐÒȮɯÔÌÒÈÕÐÒɯÝÌɯÍÐáÐÒÚÌÓɯġáÌÓÓÐÒÓÌÙÌɯÚÈÏÐ×ɯÉÐÙñÖÒɯÚÌÙÈÔÐÒɯÝÌɯ

ÚÌÙÈÔÐÒɯÉÌÕáÌÙÐɯÔÈÛÌÙàÈÓɯÉÜÓÜÕÔÈÒÛÈËċÙȭ 

2.1.2. Dental Seramiklerin Kimyasal 8È×ċÚċ 

#ÌÕÛÈÓɯÚÌÙÈÔÐÒÓÌÙȮɯÚÐÓÐÒÈɯàÈ×ċËÈɯÖÓÜ×ɯÒÙÐÚÛÈÓɯÍÈáɯÝÌɯÊÈÔɯÍÈáɯÖÓÔÈÒɯĹzere 2 

fazda bulunabilirler. Merkezde bir silisyum (Si +4ȺɯÒÈÛàÖÕÜɯÐÓÌɯÌÛÙÈÍċÕËÈɯƘɯÖÒÚÐÑÌÕɯ

(O-) anyonu birb irleri ile  ÒÐÔàÈÚÈÓɯÉÈĀɯàÈ×ÈÙÈÒȮɯÚÐÓÐÒÈɯÛÌÛÙÈÏÌËÙÈɯȹ2Ð.4ȺɯÈËÓċɯÈÕÈɯ

ñÌÒÐÙËÌÒɯ àÈ×ċàċɯ ÔÌàËÈÕÈɯ ÎÌÛÐÙÐÙÓÌÙ ȹ©ÌÒÐÓɯ ƖȭƕȭȺ. !Üɯ ÛÌÛÙÈÏÌËÙÈÕɯ àÈ×ċȮɯ ÉÈıÒÈɯ

ÒÈÛàÖÕÓÈÙÓÈɯÉÈĀɯàÈ×ÈÉÐÓÔÌÒÛÌËÐÙȭɯ2ÌÙÈÔÐÒÓÌÙËÌɯÖÓÜıÈÕɯÈÛÖÔÐÒɯÉÈĀÓÈÙɯÒÖÝÈÓÌÕÛɯÝÌɯ

ÐàÖÕÐÒɯÒÈÙÈÒÛÌÙËÌɯÖÓÈÉÐÓÐÙȭɯ!ÜɯËÜÙÜÔȮɯÚÌÙÈÔÐĀÐÕɯËÈÏÈɯÚÛÈÉÐÓɯÝÌɯÚÌÙÛɯÖÓÔÈÚċÕċɯ

ÚÈĀÓÈÙÒÌÕȮɯÚÌÙÈÔÐĀÌɯÒċÙċÓÎÈÕÓċÒɯġáÌÓÓÐĀÐɯËÌɯÒÈÛÔÈÒÛÈËċÙ ȹ ÕÜÚÈÝÐÊÌɯÝÌɯËÐĀerleri, 

2013, s. 421).  
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©ÌÒÐÓɯƖȭƕȭ 2ÌÙÈÔÐĀÐÕ ÛÌÛÙÈÏÌËÙÈÕɯàÈ×ċÚċ ȹ!ÈÉÜɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƙȺ 

2ÌÙÈÔÐÒȮɯ ËÖĀÈËÈɯ ÊÈÔÚċɯ àÈ×ċËÈɯ ÉÜÓÜÕÔÈÒÛÈËċÙȭɯ #Ðıɯ ÏÌÒÐÔÓÐĀinde 

ÒÜÓÓÈÕċÓÈÕɯ ÚÌÙÈÔÐÒɯ ÐÚÌȮɯ ÈÓĹmina (Al 2O3Ⱥɯ àÈ×ċÚċÕËÈËċÙȭɯ !Üɯ àÈ×ċɯ ÌÕɯ ËÈàÈÕċÒÓċɯ

oksitlerdendir. Tek bir ÌÓÌÔÌÕÛÛÌÕɯÖÓÜıÈÕɯÚÌÙÈÔÐÒÓÌÙɯÖÓËÜÒñÈɯÕÈËÐÙËÐÙɯÝÌɯÌÓÔÈÚɯ

ÉÜɯ ÛĹÙɯ ÚÌÙÈÔÐÒÓÌÙÌɯ ġÙÕÌÒÛÐÙȭɯ $ÓÔÈÚȮɯ ËÖĀÈËÈÒÐɯ ÌÕɯ ÚÌÙÛɯ ÔÈÛÌÙàÈÓɯ ÖÓÈÙÈÒɯ

bilinmektedir  (Raghavan, 2012). 

#ÌÕÛÈÓɯÚÌÙÈÔÐÒÓÌÙȮɯĹÚÛĹÕɯÍÐáÐÒÚÌÓɯÝÌɯÌÚÛÌÛÐÒɯġáÌÓÓÐÒÓÌÙÐÕËÌÕɯËÖÓÈàċɯËÖĀÈÓɯËÐıɯ

àÈ×ċÚċÕċɯÝÌɯÙÌÕÎÐÕÐɯÛÈÒÓÐÛɯÌËÌÉÐÓÌÕɯÉÐàÖÜàÜÔÓÜɯÙÌÚÛÖÙÈÛÐÍɯÔÈÛÌÙàÈÓÓÌÙËÐÙȭɯ,ÌÒanik 

ÝÌɯÖ×ÛÐÒɯġáÌÓÓÐÒÓÌÙÐɯÐñÌÙËÐĀÐɯÒÙÐÚÛÈÓÐÕɯÍÈáÈɯÎġÙÌɯËÌĀÐıÒÌÕÓÐÒɯÎġÚÛÌÙÌÉÐÓÔÌÒÛÌËÐÙȭɯ

"ÈÔɯÍÈáɯÖÙÈÕċɯÈÙÛÛċÒñÈȮɯÔÈÛÌÙàÈÓɯËÈÏÈɯÛÙÈÕÚÓÜÚÌÕÛɯÉÐÙɯàÈ×ċËÈɯÖÓÜÙÒÌÕȮɯÈàÕċɯ

áÈÔÈÕËÈɯÒċÙċÓÎÈÕÓċÒɯġáÌÓÓÐĀÐɯËÌɯÈÙÛÔÈÒÛÈËċÙȭɯ#ÐĀÌÙɯÉÐÙɯàÈÕËÈÕȮɯÒÙÐÚÛÈÓɯÍÈáɯÖÙÈÕċɯ

ÈÙÛÛċÒñÈɯËÈÏÈ iyi mekanik özelliklere sahip olmakta, ancak estetik özellikleri 

áÈàċÍÓÈÔÈÒÛÈËċÙ ȹ!ÈÉÜɯÝÌɯËÐĀÌÙÓÌÙi, 2015). 

2.1.3. #ÌÕÛÈÓɯ2ÌÙÈÔÐÒÓÌÙÐÕɯ2ċÕċÍÓÈÕËċÙċÓÔÈÚċɯ 

Dental seramikÓÌÙȮɯÍċÙċÕÓÈÔÈɯËÌÙÌÊÌÓÌÙÐÕÌȮɯÒÜÓÓÈÕċÔɯÈÓÈÕÓÈÙċÕÈɯÎġÙÌ, àÈ×ċÔɯ

tekniklerine göre , ÔÐÒÙÖɯàÈ×ċÓÈÙċÕÈ (içeriklerine)  ÎġÙÌȮɯÒċÙċÓÔÈɯËÐÙÌÕñÓÌÙÐÕÌɯÎġÙÌȮɯ

ÈÓÛɯàÈ×ċÓÈÙċÕÈɯÎġÙÌɯÍÈÙÒÓċɯıÌÒÐÓÓÌÙËÌɯÚċÕċÍÓÈÕËċÙċÓÔÈÒÛÈËċÙÓÈÙȭ 
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%ċÙċÕÓÈÔÈɯËÌÙÌÊÌÓÌÙÐÕÌɯÎġÙÌ (Helvey , 2013) 

¶ 8ĹÒÚÌÒɯċÚċɯÚÌÙÈÔÐÒÓÌÙÐɯȹƕƗƔƔoC) 

¶ .ÙÛÈɯċÚċɯÚÌÙÈÔÐÒÓÌÙÐɯȹƕƕƔƕoC-1300oC) 

¶ #ĹıĹÒɯċÚċɯÚÌÙÈÔÐÒÓÌÙÐɯȹƜƙƔoC-1100oC) 

¶ 4ÓÛÙÈɯËĹıĹÒɯċÚċɯÚÌÙÈÔÐÒÓÌÙÐɯȹƜƙƔoC) 

*ÜÓÓÈÕċÔɯÈÓÈÕÓÈÙċÕÈɯÎġÙÌ (Anusavice, 2003, s. 660-663) 

¶ 'ÈÙÌÒÌÛÓÐɯÉġÓĹÔÓĹɯ×ÙÖÛÌáɯàÈ×ċÔċÕËÈɯÒÜÓÓÈÕċÓÈÕɯÚÌÙÈÔÐÒÓÌÙ 

¶ )ÈÒÌÛɯÒÙÖÕɯÝÌɯÐÕÓÌàɤÖÕÓÌàÓÌÙËÌɯÒÜÓÓÈÕċÓÈÕɯÚÌÙÈÔÐÒÓÌÙ 

¶ Veneer seramikleri  

¶ Anterior ve posterior köprü seramikleri  

8È×ċÔɯÛÌÒÕÐÒÓÌÙÐÕÌɯÎġÙÌ (Rosenblum ve Schulman, 1997) 

¶ Sinterlenen seramikler 

¶ Dökülebilir seramikler  

¶ !ÈÚċÕñɯÈÓÛċÕËÈɯÝÌɯÌÕÑÌÒÚÐàÖÕÓÈɯıÌÒÐÓÓÌÕÌÉÐÓÌÕɯÚÌÙÈÔÐÒÓÌÙ 

¶ Cam infiltre seramikler  

¶ !ÐÓÎÐÚÈàÈÙɯËÌÚÛÌĀÐɯÐÓÌɯüretilen seramikler  

¶ Kopya freze yöntemi ile üretilen seramikler  

,ÐÒÙÖàÈ×ċÓÈÙċÕÈɯÎġÙÌ (Kelly ve  Benetti, 2011)  

¶ Cam seramikler 

-+ġÚÐÛɯÒÙÐÚÛÈÓÓÌÙÐɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÚÌÙÈÔÐÒÓÌÙ 

-+ÐÛàÜÔɯËÐÚÐÓÐÒÈÛɯÒÙÐÚÛÈÓÓÌÙÐɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÚÌÙÈÔÐÒÓÌÙ 

-Feldspatik seramikler  

¶ AlüÔÐÕÈɯÌÚÈÚÓċɯÚÌÙÈÔÐÒÓÌÙ 

¶ 9ÐÙÒÖÕàÈɯÌÚÈÚÓċɯÚÌÙÈÔÐÒÓÌÙ 
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2.1.3.1. ,ÐÒÙÖàÈ×ċÓÈÙċÕÈɯȹ*ÐÔàÈÚÈÓɯ*ÖÔ×ÖÚÐáàÖÕÓÈÙċÕÈȺɯ&ġÙÌɯ#ÌÕÛÈÓɯ

Seramikler  

*ÌÓÓàɯ ÝÌɯ !ÌÕÕÌÛÛÐɯ ȹƖƔƕƕȺɯ ÛÈÙÈÍċÕËÈÕɯ ġÕÌɯ ÚĹÙĹÓÌÕɯ ÝÌɯ ÚÌÙÈÔÐÒÓÌÙÐÕɯ

ÔÐÒÙÖàÈ×ċÓÈÙċÕÈɯ ÎġÙÌɯ àÈ×ċÓÈÕɯ ÚċÕċÍÓÈÕËċÙÔÈɯ àÈàÎċÕɯ ÖÓÈÙÈÒɯ ÒÈÉÜÓɯ ÎġÙÌÕɯ ÝÌɯ

ÚÐÚÛÌÔÈÛÐÒɯÉÐÙɯÚċÕċÍÓÈÔÈɯÖÓÔÈÚċÕÈɯÙÈĀÔÌÕɯÚÖÕɯàċÓÓÈÙËÈɯÎÌÓÐıÛÐÙÐÓÌÕɯÚÌÙÈÔÐÒɯÉÌÕáÌÙÐɯ

(ceramic-likeȺɯÔÈÛÌÙàÈÓÓÌÙÐɯÐñÌÙÔÌÔÌÒÛÌËÐÙȭɯ!ÜɯÕÌËÌÕÓÌȮɯÉÜɯÛÌáɯñÈÓċıÔÈÚċÕËÈȮɯ*ÌÓÓàɯ

ÝÌɯ !ÌÕÕÌÛÛÐɀÕÐÕɯ ÔÐÒÙÖàÈ×ċɯ ÚċÕċÍÓÈÔÈÚċÕÈɯ&ÙÈÊÐÚɯ ÝÌɯ ËÐĀÌÙÓÌÙÐnin (2015), öne 

ÚĹÙËĹĀĹɯ ÙÌáÐÕɯ ÔÈÛÙÐÒÚɯ ÚċÕċÍÓÈÔÈÚċɯ ÐÓÈÝÌɯ ÌËÐÓÌÙÌÒɯ ÎĹÕÊÌÓɯ ÉÐÙɯ ÚċÕċÍÓÈÔÈɯ

ÖÓÜıÛÜÙÜÓÔÈÚċɯÈÔÈñÓÈÕÔċıÛċÙɯȹ3ÈÉÓÖɯƖȭƕȭȺȭ 
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Tablo 2.1. 2ÌÙÈÔÐÒÓÌÙÐÕɯÔÐÒÙÖàÈ×ċÓÈÙċÕÈɯÎġÙÌɯÚċÕċÍÓÈÕËċÙċÓÔÈÚċɯȹ&ÙÈÊÐÚɯÝÌɯËÐĀÌÙÓÌÙÐȮɯ

2015; Kelly ve Benetti, 2011) 

 

Kelly ve Benetti (2011), dental seramikleri cam içeriklerine göre 3 ana gruba 

ÈàċÙÔċıÛċÙȭɯ ĀċÙÓċÒÓċɯÖÓÈÙÈÒɯÊÈÔɯÐñÌÙÐĀÐÕËÌɯÖÓÈÕɯÚÌÙÈÔÐÒÓÌÙȮɯÖÓËÜÒñÈɯàĹÒÚÌÒɯÌÚÛÌÛÐÒɯ

ȹÖ×ÛÐÒȺɯ ġáÌÓÓÐÒÓÌÙÌɯ ÚÈÏÐ×ɯ ÖÓÜÙÒÌÕȮɯ ÐñÌÙÐĀÐÕËÌɯ ÊÈÔɯ ÉÜÓÜÕÔÈàÈÕɯ ×ÖÓÐÒÙÐÚÛÈÓÐÕɯ

seramikler, daha düıĹÒɯÖ×ÛÐÒɯÒÈÙÈÒÛÌÙÌɯÚÈÏÐ×ɯÖÓÔÈÒÛÈȮɯËÖÓÈàċÚċɯÐÓÌɯ×ÙÈÛÐÒÛÌɯËÈÏÈɯ

ñÖÒɯÈÓÛɯàÈ×ċɯÔÈÛÌÙàÈÓÐɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙȭɯ,ÐÒÙÖàÈ×ċÓÈÙċÕÈɯÎġÙÌɯËÌÕÛÈÓɯ

ÚÌÙÈÔÐÒÓÌÙÐÕɯÈàċÙċÊċɯġáÌÓÓÐÒÓÌÙÐɯ©ÌÒÐÓɯƖȭƖȭɀËÌɯÎġÚÛÌÙÐÓÔÐıÛÐÙȭɯ 

"ÈÔÚċɯ2ÌÙÈÔÐÒÓÌÙ

Ɉ+ġÚÐÛɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÊÈÔɯÚÌÙÈÔÐÒÓÌÙ

Ɉ+ÐÛàÜÔɯËÐÚÐÓÐÒÈÛɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÊÈÔɯÚÌÙÈÔÐÒÓÌÙ

Ɉ9ÐÙÒÖÕàÈɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÓÐÛàÜÔɯÚÐÓÐÒÈÛɯÊÈÔɯÚÌÙÈÔÐÒÓÌÙ

Ɉ%ÓÖÙÖÈ×ÈÛÐÛɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÊÈÔɯÚÌÙÈÔÐÒÓÌÙ

Ɉ ÓĹÔÐÕÈɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÊÈÔɯÚÌÙÈÔÐÒÓÌÙ

Ɉ ÓĹÔÐÕÈɯÝÌɯÔÈÎÕÌáàÜÔɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÊÈÔɯÚÌÙÈÔÐÒÓÌÙ

Ɉ ÓĹÔÐÕÈɯÝÌɯáÐÙÒÖÕàÜÔɯÖÒÚÐÛɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÊÈÔɯÚÌÙÈÔÐÒÓÌÙ

/ÈÙÛÐÒĹÓɯ#ÖÓËÜÙÜÊÜÓÜɯ"ÈÔÚċɯ2ÌÙÈÔÐÒÓÌÙ

ɈRezin nanoseramik

Ɉ"ÈÔÚċɯÚÌÙÈÔÐÒɯÐñÌÙÐÒÓÐɯÙÌáÐÕɯÔÈÛÙÐÒÚ

ɈZirkonya silika seramik içerikli rezin matriks

Rezin Matriks Seramikler

ɈAlüminyum oksit polikristalin seramikler

ɈZirkonyum oksit polikristalin seramikler

Polikristalin Seramikler
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©ÌÒÐÓɯƖȭƖȭ ,ÐÒÙÖàÈ×ċÓÈÙċÕÈɯÎġÙÌɯËÌÕÛÈÓɯÚÌÙÈÔÐÒÓÌÙȰɯÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙȮɯ×ÈÙÛÐÒĹÓɯËÖÓËÜÙÜÊÜÓÜɯ

ÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙɯÝÌɯ×ÖÓÐÒÙÐÚÛÈÓÐÕɯÚÌÙÈÔÐÒÓÌÙɯÖÓÔÈÒɯĹáÌÙÌɯƗɯÈÕÈɯÎÙÜÉÈɯÈàÙċÓċÙɯȹ*ÌÓÓàɯÝÌɯ

Benetti, 2011) 

2.1.3.1.1. "ÈÔÚċɯ2ÌÙÈÔÐÒÓÌÙ 

 Mine ve dentin in Ö×ÛÐÒɯġáÌÓÓÐÒÓÌÙÐÕÐɯÌÕɯÐàÐɯÛÈÒÓÐÛɯÌËÌÉÐÓÌÕɯÚÌÙÈÔÐÒÓÌÙɯÊÈÔÚċɯ

seramiklerdir. ²ñɯÉÖàÜÛÓÜɯËĹáÌÕÚÐáɯÈĀɯıÌÒÓÐÕËÌɯÚÐÓÐÒÖÕ-oksijen-silikon (Si-O-Si) 

ÉÈĀÓÈÙċɯÐÓÌɯÉÐÙÉÐÙÐÕÌɯÉÈĀÓÈÕÔċıɯÈÛÖÔÓÈÙËÈÕɯÔÌàËÈÕÈɯÎÌÓÔÐıɯÈÔÖÙÍɯÉÐÙɯàÈ×ċàÈɯ

sahiptirler.  #ÌÕÛÈÓɯÚÌÙÈÔÐÒÓÌÙÐÕɯÐñÌÙÐĀÐÕËÌɯÉÜÓÜÕÈÕɯÊÈÔȮɯÍÌÓËÚ×ÈÙɯÈËċɯÝÌÙÐÓÌÕɯ

ÐıÓÌÕÔÐıɯÔÐÕÌÙÈÓɯÎÙÜ×ÓÈÙċÕËÈÕɯÛĹÙÌÔÐıÛÐÙȭɯ%ÌÓËÚ×ÈÙȮɯÚÐÓÐÒÖÕɯËÐÖÒÚÐÛɯÝÌɯÈÓĹÔÐÕàÜÔɯ

ÖÒÚÐÛɯÌÚÈÚÓċɯÖÓËÜĀÜÕËÈÕȮɯÈÓĹÔÐÕÖÚÐÓÐÒÈÛɯÊÈÔɯÎÙÜÉÜÕÈɯËÈÏÐÓɯÖÓÔÈÒÛÈËċÙȭɯ%ÌÓËÚ×ÈÙɯ

ÌÚÈÚÓċɯÊÈÔÓÈÙȮɯÖÓËÜÒñÈɯÉÐàÖÜàÜÔÓÜɯÔÈÛÌÙàÈÓÓÌÙɯÖÓÜ×ȮɯÍċÙċÕÓÈÔÈɯÐıÓÌÔÐɯÌÚÕÈÚċÕËÈɯ

kristalizasyona (devitrifikasyon) dirençlidirler.   àÕċɯáÈÔÈÕËÈɯÎÌÕÐıɯÍċÙċÕÓÈÔÈɯ

derecesi spektrumuna da sahiptirler (Kelly ve Benetti, 2011).  

Feldspatik seramikler  ȹÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙȺ, kaolin (hidrate aluminosilikat), 

ÒÜÈÙÛáɯ ȹÚÐÓÐÒÈȺɯ ÝÌɯ ËÖĀÈÓɯ ÍÌÓËÚ×ÈÙɯ ȹ×ÖÛÈÚàÜÔɯ ÝÌɯ ÚÖËàÜÔɯ ÈÓÜÔÐÕÖÚÐÓÐÒÈÛȺɯ

ÉÐÙÓÌıÐÔÐÕËÌÕɯÖÓÜıÈÕɯĹñÓĹɯÔÈÛÌÙàÈÓɯÚÐÚÛÌÔÐÕËÌÕɯÔÌàËÈÕÈɯÎÌÓÔÌÒÛÌËÐÙȭɯ#ÖĀÈÓɯ
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feldspar (%70-ƜƔȺȮɯÊÈÔÚċɯÍÈáċɯÚÈĀÓÈÔÈÒɯÝÌɯÈÕÈɯÔÈÛÙÐÒÚɯàÈ×ċàċɯÖÓÜıÛÜÙÔÈÒÛÈÕɯ

ÚÖÙÜÔÓÜËÜÙȭɯ$ÙÐÔÌɯËÌÙÌÊÌÚÐɯÖÓËÜÒñÈɯËĹıĹÒɯÖÓÜ×ȮɯċÚċàÈɯÉÈĀÓċɯÐÓÒɯÌÙÐàÌÕɯÉÐÙÓÌıÐÒÛÐÙȭɯ

$ÕɯġÕÌÔÓÐɯġáÌÓÓÐĀÐɯÌÙÐÔÌɯÚċÙÈÚċÕËÈɯÒÙÐÚÛÈÓin mineral lösit meydana getirerek , 

ÙÌÚÛÖÙÈÚàÖÕÜÕɯÐÕÛÙÐÕÚÐÒɯËÈàÈÕċÒÓċÓċĀċÕċɯÈÙÛċÙÔÈÒÛċÙȭɯ*ÜÈÙÛáɯȹǔƕƔ-30), feldspatik 

seramiklerde alt  àÈ×ċɯÝÌɯËÖÓËÜÙÜÊÜɯÎġÙÌÝÐɯàÈ×ÈÕȮɯÈàÕċɯáÈÔÈÕËÈɯÌÙÐÔÌɯËÌÙÌÊÌÚÐɯ

daha yüksek olan bir  biÓÌıÐÒÛÐÙȭɯ*ÈÖÓÐÕɯÐÚÌɯȹǔƔ-3), ÉÐÙÓÌıÛÐÙÐÊÐɯÎġÙÌÝÐÕÐɯĹÚÛÓÌÕÐÙÒÌÕȮɯ

×ÖÙÚÌÓÌÕɯÏÈÔÜÙÜÕÈɯċÚċàÈɯÎÐÙÔÌËÌÕɯġÕÊÌɯÌÓÈÚÛÐÒÐàÌÛɤÒÈÓċ×ÓÈÕÈÉÐÓÐÙÓÐÒɯġáÌÓÓÐĀÐÕÐɯ

ÝÌÙÐÙȭɯ !ÜÕÜÕɯ àÈÕċÕËÈɯ ÚÌÙÈÔÐĀÌɯ Ö×ÈÚÐÛÌɯ ÒÈÛÛċĀċÕËÈÕɯ ËÖÓÈàċɯ ÎÌÕellikle eser 

miktarda bulunur ȭɯ#ÖĀÈÓɯÍÌÓËÚ×ÈÙȮɯƕƖƙƔoC-1500o"ɯċÚċàÈɯÔÈÙÜáɯÉċÙÈÒċÓËċĀċÕËÈɯ

ÒÜÈÙÛáɯÝÌɯÒÈÖÓÐÕɯÐÓÌɯÉÐÙÓÌıÌÙÌÒɯÊÈÔÚċɯàÈ×ċàċɯÖÓÜıÛÜÙÜÙ ȹ&ÙÈÊÐÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015) 

(Tablo 2.2.)ȭɯɯ"ÈÔÚċɯÚÌÙÈÔÐÒÓÌÙÐÕɯÉĹÒĹÓÔÌɯËÐÙÌÕñÓÌÙÐɯÖÓËÜÒñÈɯËĹıĹÒÛĹÙɯȹƚƔ-70 

,/ÈȺȭɯ!ÜɯàĹáËÌÕɯÎÌÕÌÓËÌɯÔÌÛÈÓɯÈÓÛɯàÈ×ċÓċɯÙÌÚÛÖÙÈÚàÖÕÓÈÙÈɯÝÌÕÌerleme materyali 

olarakȮɯÈàÕċ áÈÔÈÕËÈɯÐÕÓÌàɯÝÌɯÖÕÓÌàɯàÈ×ċÔċÕËÈ ÒÜÓÓÈÕċÓċÙÓÈÙȭ 

Tablo 2.2. "ÈÔÚċɯÚÌÙÈÔÐĀÐÕɯÐñÌÙÐĀÐÕËÌɯÉÜÓÜÕÈÕɯÉÐÓÌıÐÒÓÌÙɯÝÌɯÎġÙÌÝÓÌÙÐɯȹ!ÈÉÜɯÝÌɯ

ËÐĀÌÙÓÌÙÐȮɯƖƔƕƙȺ 

dñÌÙÐÒ Görevi  

Feldspar ȹÒÈÓàÈɯÛÈıċȮɯ*2O; soda, Na2O; 

alümina; silika)  

%ċÙċÕÓÈÔÈɯÌÚÕÈÚċÕËÈɯÐÓÒɯÌÙÐàÌÕȮɯËĹıĹÒɯ

ÉÐÙÓÌıÛÐÙÐÊÐɯġáÌÓÓÐĀÐÕËÌɯÖÓÈÕɯÝÌɯËÐĀÌÙɯ

ÉÐÓÌıÌÕÓÌÙÐÕɯÒÈÛċɯÉÐÙɯÒÐÛÓÌàÌɯËġÕĹıÔÌÚÐÕÐɯ

ÚÈĀÓÈàÈÕɯÒÖÔ×ÖÕÌÕÛÛÐÙȭ 

Silika (kuartz)  %ċÙċÕÓÈÔÈɯÌÚÕÈÚċÕËÈɯÏÌÙÏÈÕÎÐɯÉÐÙɯ

ËÌĀÐıÐÔÌɯÜĀÙÈÔÈËÈÕɯÈÕÈɯÒÐÛÓÌÕÐÕɯ

ÐÚÒÌÓÌÛÐÕÐɯÖÓÜıÛÜÙÈÕȮɯÚÛÈÉÐÓÐáÈÚàÖÕÜÕÜɯɯ

ÚÈĀÓÈàÈÕɯÝÌɯ×ÖÙÚÌÓÌÕÐÕɯËÈàÈÕċÒÓċÓċĀċÕċɯ

ÈÙÛċÙÈÕɯÒÖÔ×ÖÕÌÕÛÛÐÙȭɯ 
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Kaolin (Al 2O3.2 SiO2.2H2O, hidrate 

alüminosilikat)  

!ÐÙÓÌıÛÐÙÐÊÐɯÎġÙÌÝÐɯÎġÙĹÙȭɯ àÕċɯáÈÔÈÕËÈɯ

ÍċÙċÕÓÈÕÔÈÔċıɯ×ÖÙÚÌÓÌÕÐÕɯ

ıÌÒÐÓÓÌÕËÐÙÐÓÌÉÐÓÔÌÚÐÕÐɯÚÈĀÓÈàÈÕɯ

komponenttir.  

Cam modifiye ediciler (K, Na veya 

Ca oksit gibi basit oksitler)  

2ÐÓÐÒÈɯ ÈĀċÕċÕɯ ÉĹÛĹÕÓĹĀĹÕËÌɯ ÝÌɯ

ÈÒċıÒÈÕÓċÒÛÈɯÎġÙÌÝɯÈÓċÙÓÈÙȭ 

Renk pigmentleri (Fe/Ni oksit, Cu 

oksit, MgO, TiO 2, Co oksit) 

Restorasyona uygun rengi vermede görev 

ÈÓċÙÓÈÙȭɯ 

Zr/Ce/Sn oksitleri ve Uranyum oksit  Restorasyona uygun opasite vermede 

ÎġÙÌÝɯÈÓċÙÓÈÙȭɯ 

 

2.1.3.1.2. /ÈÙÛÐÒĹÓɯ#ÖÓËÜÙÜÊÜÓÜɯ"ÈÔÚċɯ2ÌÙÈÔÐÒÓÌÙ 

%ÌÓËÚ×ÈÛÐÒɯÚÌÙÈÔÐÒÓÌÙÐÕɯËÖĀÈÓɯÐñÌÙÐĀÐÕËÌÕ ÍÈÙÒÓċɯÖÓÈÙÈÒȮɯÊÈÔÚċɯàÈ×ċÕċÕɯ

ÔÌÒÈÕÐÒȮɯËÐÙÌÕñȮɯÙÌÕÒȮɯÖ×ÈÚÐÛÌɯÎÐÉÐɯġáÌÓÓÐÒÓÌÙÐÕÐɯÎÌÓÐıÛÐÙÔÌÒɯÈÔÈÊċɯÐÓÌɯñÌıÐÛÓÐɯ

ÚÌÕÛÌÛÐÒɯËÖÓËÜÙÜÊÜÓÈÙċÕ ÌÒÓÌÕËÐĀÐɯÊÈÔÚċɯÚÌÙÈÔÐÒɯÔÈÛÌÙàÈÓÓÌÙËÐÙ. 1ÌáÐÕɯÌÚÈÚÓċɯ

kompozitler olarak bilinen bu doldurucular, kristalin ( lösit, lityum -disilika t ve 

ÛĹÙÌÝÓÌÙÐȮɯÍÓÖÙÖÈ×ÈÛÐÛȺɯÝÌɯàĹÒÚÌÒɯċÚċËÈɯÌÙÐàÌÕɯÊÈÔɯ×ÈÙÛÐÒĹÓÓÌÙÐɯȹÚÐÓÐÒÖÕɯËÐÖÒÚÐÛ-SiO2, 

potasyum oksit -K2O, sodyum oksit -Na2O ve alüminyum oksit -Al 2O3) olmak 

ĹáÌÙÌɯƖɯÍÈÙÒÓċɯàÈ×ċËÈɯÖÓÈÉÐÓÐÙÓÌÙȭɯ!ÜɯÔÈÛÌÙàÈÓÓÌÙȮɯÉÌÙÈÉÌÙÐÕËÌɯÒÜÓÓÈÕċÓÈÊÈÒÓÈÙċɯÈÓÛ 

àÈ×ċÓÈÙċÕɯ ÛÌÙÔÈÓ ÎÌÕÓÌıÔÌɤÉĹáĹÓÔÌ ÒÈÛÚÈàċÓÈÙċɯ ÐÓÌɯ ÜàÎÜÕɯ ÛÌÙÔÈÓɯ

ÎÌÕÓÌıÔÌɤÉĹáĹÓÔÌ ÒÈÛÚÈàċÚċÕÈɯÚÈÏÐ×ɯÖÓÔÈÒɯÐñÐÕɯÔÖËifiye edilebilirler  (Gracis ve 

ËÐĀÌÙÓÌÙÐȮɯƖƔƕƙȰɯ*ÌÓÓàɯÝÌɯ!ÌÕÌÛÛÐȮɯƖƔƕƕȺ.  

Lösit, potasyum-alümino -ÚÐÓÐÒÈÛɯÐñÌÙÐĀÌɯÚÈÏÐ× ÒÙÐÚÛÈÓÐÕɯàÈ×ċËÈɯbir mineral 

olup, ÍÌÓËÚ×ÈÛÐÒɯ ÚÌÙÈÔÐÒÓÌÙÓÌɯ ÒÈÙıċÓÈıÛċÙċÓËċĀċÕËÈɯ ÖÓËÜÒñÈɯ àĹÒÚÌÒɯtermal 
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ÎÌÕÓÌıÔÌɤÉĹáĹÓÔÌ ÒÈÛÚÈàċÚċna (feldspatik seramik; 8 x 10-6/oC, lösit; 20 x 10-6/oC) 

sahiptir. #ÌÕÛÈÓɯÈÓÈıċÔÓÈÙċÕ ÛÌÙÔÈÓɯÎÌÕÓÌıÔÌɤÉĹáĹÓÔÌɯÒÈÛÚÈàċÓÈÙċɯÐÚÌɯƕƖ-14 x 10-

6/o"ɯ ÈÙÈÚċÕËÈɯ ËÌĀÐıÒÌÕÓÐÒɯ ÎġÚÛÌÙÔÌÒÛÌËÐÙȭɯ "ÈÔÚċɯ ÚÌÙÈÔÐĀÌɯ àÈÒÓÈıċÒɯ ǔƕƛ-25 

ÖÙÈÕċÕËÈɯÓġÚÐÛɯËÖÓËÜÙÜÊÜÕÜÕɯÌÒÓÌÕÔÌÚÐɯÐÓÌɯÍċÙċÕÓÈÔÈɯÐıÓÌÔÐÕËÌɯċÚċÚÈÓɯÖÓÈÙÈÒɯ

ÉÐÙÉÐÙÓÌÙÐɯÐÓÌɯÜàÜÔÓÜɯÚÌÙÈÔÐÒÓÌÙɯÌÓËÌɯÌËÐÓÌÉÐÓÔÌÒÛÌËÐÙȭɯ2ÌÙÈÔÐĀÐÕɯÔÌÛÈÓËÌÕɯÉÐÙÈáɯ

ËÈÏÈɯàĹÒÚÌÒɯÎÌÕÓÌıÔÌɯÒÈÛÚÈàċÚċÕÈɯÚÈÏÐ×ɯÖÓÔÈÚċɯËÈÏÈɯËÈàÈÕċÒÓċɯÙÌÚÛÖÙÈÚàÖÕÓÈÙɯ

ĹÙÌÛÐÓÔÌÚÐÕÐɯÚÈĀÓÈÔÈÒÛÈËċÙɯȹ*ÌÓÓàɯÝÌɯ!ÌÕÌÛÛÐȮɯƖƔƕƕȺȭ 

 +ġÚÐÛɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÛÈÔɯÚÌÙÈÔÐÒÓÌÙËÌɯÐÚÌɯàÈ×ċËÈɯËÈÏÈɯàĹÒÚÌÒɯÖÙÈÕËÈɯ

(kütlece %35-50) ve daha ince lösit partikülleri bulunur ve bu doldurucunun 

ÌÒÓÌÕÔÌÚÐÕÐÕɯÈÔÈÊċɯÉĹÒĹÓÔÌɯËÐÙÌÕÊÐÕÐɯÈÙÛÛċÙÔÈÒÛċÙɯ(Raghavan, 2012). Lösitin 

ÒċÙċÓÔÈɯÐÕËÌÒÚÐÕÐÕɯÍÌÓËÚ×ÈÛÐÒɯÚÌÙÈÔÐĀÌɯàÈÒċÕɯÖÓÔÈÚċɯÐÓÌɯÚÌÙÈÔÐĀÐÕɯÖ×ÈÚÐÛÌÚÐɯñÖÒɯ

ÍÈáÓÈɯÈÙÛÔÈËÈÕɯËÐÙÌÕÊÐÕɯÖÙÛÈɯÚÌÝÐàÌËÌɯÈÙÛÔÈÚċɯÚÈĀÓÈÕċÙȮɯÉÜɯÕÌËÌÕÓÌɯËÐÙÌÕÊÐÕɯ

ÈÙÛÛċÙċÓÔÈÚċÕËÈɯÐàÐɯÉÐÙɯËÖÓËÜÙÜÊÜɯÚÌñÌÕÌĀÐɯÖÓËÜĀÜɯËĹıĹÕĹÓÔÌÒÛÌËÐÙɯȹ*ÌÓÓàɯÝÌɯ

!ÌÕÌÛÛÐȮɯƖƔƕƕȺȭɯ ÕÊÈÒȮɯÓġÚÐÛɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÛÈÔɯÚÌÙamiklerin bükülme dirençleri 

ȹƕƕƖɯ,/ÈȺɯÝÌɯÒċÙċÓÔÈɯÚÌÙÛÓÐÒÓÌÙÐɯȹƔȭƝ-1.3 MPa.m1/2ȺɯÒÜÓÓÈÕċÔɯÈÓÈÕÓÈÙċÕċɯÈÕÛÌÙÐÖÙɯ

ÉġÓÎÌɯÛÌÒɯĹàÌɯÙÌÚÛÖÙÈÚàÖÕÓÈÙÓÈɯÚċÕċÙÓÈÔÈÒÛÈËċÙɯȹ ÕÜÚÈÝÐÊÌɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƗȮɯÚȭɯ

447)ȭɯ$ÕɯàÈàÎċÕɯÖÓÈÙÈÒɯÉÐÓÐÕÌÕɯÓġÚÐÛɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÚÌÙÈÔÐÒɯÚistemleri IPS 

Empress (Ivoclar Vivadent), Cerpress SL Pressable Ceramic System (Leach and 

Dillan) ve Finesse- ÓÓɯ"ÌÙÈÔÐÊɯ2àÚÛÌÔɯȹ#ÌÕÛÚ×Óàɯ"ÌÙÈÔÊÖȺɀËÜÙȭ 

Lityum disilikat (Li 2Si2O5) ÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÚÌÙÈÔÐÒÓÌÙËÌȮɯÒÙÐÚÛÈÓÐÕɯÍÈá 

ÊÈÔÚċɯ ÚÌÙÈÔÐĀÐÕɯ ÏÈÊÔÐÕÐÕɯ àÈÒÓÈıċÒɯ ǔƛƔɀÐÕÐɯ ÖÓÜıÛÜÙÜÙɯ ÝÌɯçok yönlü olarak 

ËÈĀċÓÔċıȮɯÉÐÙÉÐÙÓÌÙÐɯÐÓÌɯÉÈĀÓÈÕÛċÓċɯÙÈÚÛÎÌÓÌɯËÐáÐÓÔÐıɯ×ÓÈÒÈɯÉÌÕáÌÙÐɯÒÙÐÚÛÈÓÓÌÙËÌÕɯ

ÖÓÜıÈÕɯ ÉÐÙɯ ÔÐÒÙÖàÈ×ċàÈɯ ÚÈÏÐ×ÛÐÙȭɯ !Üɯ àÈ×ċȮɯ ÚÌÙÈÔÐĀÐÕɯ àÈ×ċÚċÕËÈɯ ÔÌàËÈÕÈɯ

geleÉÐÓÌÊÌÒɯ ñÈÛÓÈÒÓÈÙċÕɯ ÐÓÌÙÓÌÔÌÚÐÕÌɯ ÒÈÙıċɯ ÒÖàÈÕɯ ÉÐÙɯ ÉÈÙÐàÌÙ görevi görür  

(Raghavan, 2012). IPS Empress 2 (Ivoclar Vivadent) ve Optec OPC 36 (Pentron 
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Laboratory Technologies) hacimce %65-70 lityum disilikat içerir (Anusavice ve 

ËÐĀÌÙÓÌÙÐȮɯƖƔƕƗȮɯÚȭƘƘƛ-448). Lityum disilikat ile güçlendir ÐÓÔÐıɯÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙÐÕɯ

bükülme ËÐÙÌÕñÓÌÙÐɯÓġÚÐÛɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙÌɯÖÙÈÕÓÈɯÖÓËÜÒñÈɯ

àĹÒÚÌÒÛÐÙɯȹàÈÒÓÈıċÒɯƗƙƔ-ƘƙƔɯ,/ÈȺȭɯ*ċÙċÓÔÈɯÚÌÙÛÓÐÒÓÌÙÐɯËÌ ÓġÚÐÛɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯ

ÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙËÌÕɯàÈÒÓÈıċÒɯƗɯÒÈÛɯËÈÏÈɯÍÈáÓÈËċÙ ( ÕÜÚÈÝÐÊÌɯÝÌɯËÐĀÌÙÓÌÙÐ, 2013, s. 

448; Raghavan, 2012). 

+ġÚÐÛɯÝÌɯÓÐÛàÜÔɯËÐÚÐÓÐÒÈÛɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÛÈÔɯÚÌÙÈÔÐÒɯÚÐÚÛÌÔÓÌÙɯċÚċɯÝÌɯ

ÉÈÚċÕñɯÈÓÛċÕËÈɯĹÙÌÛÐÓÌÉÐÓËÐÒÓÌÙÐɯÎÐÉÐɯ×ÙÌÍÈÉÙÐÒÌɯÉÓÖÒÓÈÙɯÒÜÓÓÈÕċÓÈÙÈÒɯÉÐÓÎÐÚÈàÈÙɯ

ËÌÚÛÌĀÐɯÐÓÌɯËÌɯĹÙÌÛÐÓÌÉÐÓÐÙÓÌÙȭ 

+ÐÛàÜÔɯËÐÚÐÓÐÒÈÛɯËÖÓËÜÙÜÊÜÓÜɯÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙÐÕɯàÈàÎċÕɯÒÜÓÓÈÕċÔÓÈÙċÕÈɯ

ÙÈĀÔÌÕɯ ÔÌÒÈÕÐÒɯ ġáÌÓÓÐÒÓÌÙÐÕÐɯ ÎÌÓÐıÛÐÙÔÌÒɯ ÈÔÈÊċàÓÈɯ àÈ×ċÓÈÙċÕÈɯ ×ÖÓÐÒÙÐÚÛÈÓÐÕɯ

ÚÌÙÈÔÐÒɯÌÒÓÌÕÌÙÌÒɯàÌÕÐɯÑÌÕÌÙÈÚàÖÕɯÉÐÙɯ ÚÌÙÈÔÐÒɯ ÔÈÛÌÙàÈÓÐɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ!Üɯ

ÚÌÙÈÔÐÒɯÔÈÛÌÙàÈÓÐɯÓÐÛàÜÔɯÚÐÓÐÒÈÛɯÈÕÈɯÔÈÛÙÐÒÚɯÐñÐÕÌɯǔƕƔɯÖÙÈÕċÕËÈɯáÐÙÒÖÕyum 

ËÐÖÒÚÐÛɯÌÒÓÌÕÔÌÚÐɯÐÓÌɯÖÓÜıÛÜÙÜÓÔÜıÛÜÙɯÝÌɯȿáÐÙÒÖÕàÈɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯÓÐÛàÜÔɯ

ÚÐÓÐÒÈÛɯ ÚÌÙÈÔÐÒɀɯ ÖÓÈÙÈÒɯ ÈËÓÈÕËċÙċÓċÙȭɯ !Üɯ ÔÈÛÌÙàÈÓÌɯ ÒÙÐÚÛÈÓÐáÈÚàÖÕɯ ÐıÓÌÔÐɯ

ÜàÎÜÓÈÕËċĀċÕËÈȮɯÓÐÛàÜÔɯÚÐÓÐÒÈÛɯÒÙÐÚÛÈÓÓÌÙÐɯƔȭƙ-1µm boyutÜÕÈɯÜÓÈıċÙȰɯÉÜɯÉÖàÜÛɯ

lityum dis ilikat dolduruc ÜÓÜɯÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙËÌɯÉÜÓÜÕÈÕɯÒÙÐÚÛÈÓɯÉÖàÜÛÜÕËÈÕɯƚɯ

kat daha küçüktür ȹ!ÌÓÓÐɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƚ). Daha küçük kristaller içe ren bir 

ÔÐÒÙÖàÈ×ċȮɯÔÈÛÌÙàÈÓÌɯÓÐÛàÜÔɯËÐÚÐÓÐÒÈÛɯÚÌÙÈÔÐÒÓÌÙÌɯÉÌÕáÌÙɯÔÌÒÈÕÐÒɯġáÌÓÓÐÒÓÌÙɯ

ÒÈáÈÕËċÙċÙɯ(WenËÓÌÙɯÝÌɯËÐĀÌÙÓÌÙÐ, 2017)ȭɯ àÙċÊÈɯÎÌÓÌÕÌÒÚÌÓɯÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙÐÕɯ

àĹÒÚÌÒɯÖÙÈÕËÈɯÊÈÔɯÔÈÛÙÐÒÚÌɯÚÈÏÐ×ɯÖÓÔÈÚċȮɯÐàÐɯÖ×ÛÐÒɯġáÌÓÓÐÒÓÌÙÌȮɯ" #-CAM 

ÊÐÏÈáÓÈÙċÕËÈɯÒÖÓÈàÊÈɯÍÙÌáÌÓÌÔÌàÌɯÝÌɯÐàÐɯÉÐÙɯàĹáÌàɯÉÐÛÐÔÐɯàÈ×ċÓÈÉÐÓÔÌÚÐÕÌɯÖÓÈÕÈÒɯ

vermektedir (Krüger  ÝÌɯËÐĀÌÙÓÌÙÐ, 2013). Suprinity (Vita Zahnfabrik) ve Celtra 

#ÜÖɯȹ#ÌÕÛÚ×Óàɯ2ÐÙÖÕÈȺɯËÌÕÛÈÓɯÔÈÙÒÌÛÛÌɯÉÜÓÜÕÈÕɯáÐÙÒÖÕàÈɯÐÓÌɯÎĹñÓÌÕËÐÙÐÓÔÐıɯ

lityum silikat seramiklere örnektir. Suprinity blo ÒÓÈÙɯÒċÚÔÌÕɯÒÙÐÚÛÈÓÐáÌɯÍÖÙÔËÈɯ
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bulunurlar ve frezelendikten sonra ilave bir termal siklusa ihtiyaç duyarlar, 

"ÌÓÛÙÈɯ#ÜÖɯÉÓÖÒÓÈÙɯÐÚÌɯÍÐÕÈÓɯÒÙÐÚÛÈÓÐáÈÚàÖÕɯÈıÈÔÈÚċÕċɯÛÈÔÈÔÓÈÔċıɯËÜÙÜÔËÈËċÙÓÈÙȭɯ

'ÌÙɯÐÒÐɯÔÈÛÌÙàÈÓɯÉÌÕáÌÙɯÒÖÔ×ÖáÐÚàÖÕÈɯÝÌɯàÈÒÓÈıċÒɯƘƖƔɯ,/ÈɯÉĹÒĹÓÔÌɯËÐÙencine 

sahiptir (Reich, 2015). 

%ÓÖÙÖÈ×ÈÛÐÛɯÐÚÌɯÚÌÙÈÔÐĀÐÕɯÖ×ÛÐÒɯġáÌÓÓÐÒÓÌÙÐÕÐÕɯÎÌÓÐıÛÐÙÐÓÔÌÚÐÕËÌɯÌÛÒÐÓÐɯolan 

bir mineraldir. IPS e.max Ceram ve ZirPress (Ivoclar Vivadent ) floroapatit ile 

ÎĹñÓÌÕËÐÙÐÓÔÐıɯÚÌntetik seramiklere örnek verilebilir ( Gracis ve ËÐĀÌÙÓÌÙÐ, 2015; 

Raghavan, 2012). 

 ÓĹÔÐÕàÜÔɯÐñÌÙÐÒÓÐɯÚÌÙÈÔÐÒÓÌÙÐÕɯÒÜÓÓÈÕċÔċɯÐÓÒɯƕƝƚƔɀÓċɯàċÓÓÈÙËÈɯ,Êɯ+ÌÈÕɯ

ÛÈÙÈÍċÕËÈÕɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯdÓÒɯÊÈÔɯÐÕÍÐÓÛÙÌɯÚÌÙÈÔÐÒɯÖÓÈÕɯ(Õ-Ceram Alumina, 

ƕƝƜƝɯàċÓċÕËÈɯÛÈÕċÛċÓÔċıÛċÙȭɯdñÌÙÐĀÐÕËÌɯ Ó2O3 (%82), La2O3 (%12), SiO2 (%4.5), CaO 

ȹǔƔȭƜȺɯÝÌɯËÐĀÌÙɯÖÒÚÐÛÓÌÙɯȹǔƔȭƛȺɯÉÜÓÜÕÔÈÒÛÈËċÙȭɯSlip-casting ÛÌÒÕÐĀÐɯÐÓÌɯĹÙÌÛÐÓÌÕ bu 

ÚÌÙÈÔÐÒɯÙÌÍÙÈÒÛġÙɯËÈàɯĹáÌÙÐÕÌɯñÈÔÜÙɯÒċÝÈÔċÕËÈÒÐɯàÖĀÜÕɯ Ó2O3 materyalinin 

ÚÐÕÛÌÙÓÌÕÔÌÚÐɯÐÓÌɯàÈ×ċÓÔÈÒÛÈËċÙȭɯ!ÜɯÐıÓÌÔɯÚÖÕÜÊÜÕËÈɯÈÓĹÔÐÕÈɯ×ÈÙÛÐÒĹÓÓÌÙÐɯÐñÌÙÌÕɯ

ÒċÚÔÐɯÚÐÕÛÌÙÓÌÕÔÐıɯ×ġÙġáɯÉÐÙɯÐÚÒÌÓÌÛɤÈÓÛ àÈ×ċɯÖÓÜıÔÈÒÛÈȮɯËÈÏÈɯÚÖÕÙÈɯƕƕƔƔo"ɀËÌ 2. 

ÉÐÙɯÍċÙċÕÓÈÔÈɯÐıÓÌÔÐɯÐÓÌɯÓÈÕÛÏÈÕÜÔɯÊÈÔɯÔÈÛÌÙàÈÓÐɯƘɯÚÈÈÛɯÉÖàÜÕÊÈɯÐÚÒÌÓÌÛɯàÈ×ċàÈɯ

infiltre edilerek po Ùġáɯ àÈ×ċÕċÕɯ ËÖÓËÜÙÜÓÔÈÚċɯ ÝÌɯ ËÈàÈÕċÒÓċÓċĀċÕɯ ÈÙÛċÙċÓÔÈÚċɯ

ÎÌÙñÌÒÓÌıÛÐÙÐÓÔÌÒÛÌËÐÙȭɯ2ÐÕÛÌÙÓÌÔÌɯÐıÓÌÔÐɯÚÖÕÜÊÜÕËÈɯÐÚÒÌÓÌÛɯàÈ×ċËÈɯƗɯÛÐ×ɯÈÓĹÔÐÕÈ 

×ÈÙÛÐÒĹÓɯàÈ×ċÚċɯÎġáÓÌÕÔÌÒÛÌËÐÙȯɯÉüyük ve uzun alümina partikülleri (10 -12 µm 

ÜáÜÕÓÜĀÜÕËÈɯÝÌɯƖȭƙ-ƘɯϟÔɯÎÌÕÐıÓÐĀÐÕËÌȺȮɯÍÈÚÌÛÓÐɯÈÓĹÔÐÕÈɯ×ÈÙÛÐÒĹÓÓÌÙÐɯȹƕ-4 µm 

ñÈ×ċÕËÈȺɯÝÌɯÒĹÙÌɯıÌÒÐÓÓÐɯÈÓĹÔÐÕÈɯ×ÈÙÛÐÒĹÓÓÌÙÐɯȹƕǿɯϟÔɯñÈ×ċÕËÈȺ (&ÙÈÊÐÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 

2015; Raghavan, 2012).  

Magnezyum içerikli seramiklere örnek olan In -Ceram Spinell (Vita 

Zahnfabrik)  ƕƝƝƘɯàċÓċÕËÈɯ×ÐàÈÚÈàÈɯÚÜÕÜÓÔÜıÛÜÙȭɯ²ÙÌÛÐÔÐɯÈÓĹÔÐÕÈɯÐñÌÙÐÒÓÐɯÊÈÔɯ

infiltre seramiklere benzer olup, Al 2O3 yerine magnezyum alüminat (MgAl 2O4) 



17 
 

ÐÕÍÐÓÛÙÈÚàÖÕÜɯ àÈ×ċÓÔÈÒÛÈËċÙ (&ÙÈÊÐÚɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2015; Raghavan, 2012). Bu 

ÔÈÛÌÙàÈÓÐÕɯ ÎÌÓÐıÛÐÙÐÓÔÌÚÐÕËÌÒÐɯ ÈÔÈñȮɯ (Õ-"ÌÙÈÔɯ  ÓÜÔÐÕÈɀÕċÕɯ ÛÙÈÕÚÓÜÚÌÕÚÐɯ

ġáÌÓÓÐĀÐÕÐɯÈÙÛċÙÔÈÒÛċÙȭɯ ÕÊÈÒɯÔÐÒÙÖàÈ×ċËÈÒÐɯÉÜɯÍÈÙÒÓċÓċÒɯÉĹÒĹÓÔÌɯËÐÙÌÕÊÐÕÐÕɯËÌɯ

ÈáÈÓÔÈÚċÕÈɯÕÌËÌÕɯ ÖÓÔÜıɯ ÝÌɯ ÔÈÛÌÙàÈÓÐÕɯ ÌÕËÐÒÈÚàÖÕÓÈÙċÕċɯ ÚċÕċÙÓÈÕËċÙÔċıÛċÙɯ

(Anusavice, 2013, s. 449).  

Zirk onya içerikli seramiklerde ise In -Ceram Zirconia (Vita Zahnfabrik) , In-

"ÌÙÈÔɯ ÓÜÔÐÕÈɀÕċÕɯÎĹñÓÌÕËÐÙÐÓÔÌÚÐɯÐñÐÕɯ×ġÙġáɯÐÚÒÌÓÌÛɯàÈ×ċàÈɯÐÕÍÐÓÛÙÌɯÌËÐÓÌÕɯ

lanthanum matery ÈÓÐÕÐÕɯàÌÙÐÕÌɯáÐÙÒÖÕàÈÕċÕɯÐÕfiltre edilmesi ile elde edilen bir 

materyaldir ȭɯdñÌÙÐÒÓÌÙÐÕËÌɯ Ó2O3 (%62), ZnO (%20), La2O3 (%12), SiO2 (%4.5), CaO 

ȹǔƔȭƜȺɯ ÝÌɯ ËÐĀÌÙɯ ÖÒÚÐÛÓÌÙɯ ȹǔƔȭƛȺɯ ÉÜÓÜÕÔÈÒÛÈËċÙɯ ȹ&ÙÈÊÐÚɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2015; 

Raghavan, 2012). In-Ceram Zirconia diĀÌÙɯÊÈÔɯÐÕÍÐÓÐÛÙÌɯÚÌÙÈÔÐÒÓÌÙÌɯÎġÙÌɯËÈÏÈɯ

yüksek bükülme direncine (600-700 MPa) ancak bununla birlikte daha fazla 

opasiteye sahiptir (Powers ve Sakaguchi, 2006, s. 454).  

2.1.3.1.3. Rezin Matriks Seramikleri  

1ÌáÐÕɯÔÈÛÙÐÒÚɯÔÈÛÌÙàÈÓÓÌÙÐȮɯàÌÕÐɯÎÌÓÐıÛÐÙÐÓÌÕɯÝÌɯseramik benzeri özellikler 

sergileyen materyaller olup,  ÔÌÙÐÒÈɯ#Ðıɯ'ÌÒÐÔÓÌÙÐɯ!ÐÙÓÐĀÐ (American Dental 

Association,  # ȺɯÛÈÙÈÍċÕËÈÕɯȿÚÌÙÈÔÐÒɀɯÖÓÈÙÈÒɯÒÈÉÜÓɯÌËÐÓÔÐıÛÐÙȭɯ 

Bu gruba ait seramikler, organik matriks ile yüksek oranda seramik 

partiküllerin in (%50<Ⱥɯ ÉÐÙÓÌıÐÔÐÕËÌÕɯ ÖÓÜıÔÈÒÛÈËċÙȭɯBu materyaller, organik 

ÔÈÛÙÐÒÚɯ ȹ×ÖÓÐÔÌÙȺɯ ÐñÌÙÐĀÐÕËÌÕɯ ËÖÓÈàċɯ ÒÓÈÚÐÒɯ ÚÌÙÈÔÐÒɯ ÛÈÕċÔÓÈÔÈÚċÕÈɯ

ÜàÔÈÔÈÓÈÙċÕÈɯ ÙÈĀÔÌÕȮɯ ƖƔƕƗɯ àċÓċÕËÈɯ  # ɀÕċÕɯ àÈ×Ôċıɯ ÖÓËÜĀÜɯɁseramikler, 

yüksek oranda inorganik refraktör materyaller içeren, bas ċÕñÓÈɯıÌÒÐÓÓÌÕËÐÙÐÓÔÐıȮɯ

×ÈÙÓÈÛċÓÔċıɯÝÌàÈɯÍÙÌáÌÓÌÕÔÐıɤÐıÓÌÕÔÐıɯàÈ×ċÓÈÙËċÙɂ ÛÈÕċÔÓÈÔÈÚċÕÈɯÜàËÜÒÓÈÙċɯÐñÐÕȮɯ

seramik benzeri materyalleÙɯÖÓÈÙÈÒɯÕÐÛÌÓÌÕËÐÙÐÓÔÐıɯÝÌɯÙÌáÐÕɯÔÈÛÙÐÒÚɯÚÌÙÈÔÐÒÓÌÙɯ

ÈËċàÓÈ ÚÌÙÈÔÐÒɯÚċÕċÍÓÈÔÈÚċÕÈɯËÈÏÐÓɯÌËÐÓÔÐıÓÌÙËÐÙɯȹ&ÙÈÊÐÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015). 
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ÜretiÊÐɯÍÐÙÔÈÓÈÙȮɯÙÌáÐÕɯÔÈÛÙÐÒÚɯÚÌÙÈÔÐÒÓÌÙÐÕɯÎÌÓÐıÛÐÙÐÓÔÌÚÐÕËÌÒÐɯÈÔÈñÓÈÙċÕ 

ÎÌÓÌÕÌÒÚÌÓɯ ÚÌÙÈÔÐÒÓÌÙÌɯ ÒċàÈÚÓÈɯ ËÌÕÛÐÕÐÕɯ ÌÓÈÚÛisite modülünü daha iyi taklit  

edebilmeleri,  ÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙÌɯÒċàÈÚÓÈɯËÈÏÈɯÒÖÓÈàɯÍÙÌáÌÓÌÕÌÉÐÓÐÙɯȹÐıÓÌÕÌÉÐÓÐÙȺɯ

ÖÓÔÈÓÈÙċ ve kompozit rezinler ile tamir/modifiye edilebilir olma ÓÈÙċɯolarak 

ÉÐÓËÐÙÔÐıÓÌÙËÐÙ. Rezin matriks seramikleri, özellikle bilgisayar destekli sistemler 

ile üretilmeleri  ÈÔÈÊċɯÐÓÌɯÍÖÙÔĹÓÌɯÌËÐÓÔÐıÓÌÙËÐÙɯȹ&ÙÈÊÐÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015). 

2.1.3.1.3.1. Rezin Nanoseramik  

Bu gruba ait serÈÔÐÒÓÌÙȮɯàĹÒÚÌÒɯÖÙÈÕËÈɯȹǔƜƔȺɯÐıÓÌÔɯÎġÙÔĹıɯÕÈÕÖÚÌÙÈÔÐÒɯ

×ÈÙÛÐÒĹÓÓÌÙÐÕËÌÕɯÔÌàËÈÕÈɯÎÌÓÔÐıÛÐÙȭɯ!Üɯ×ÈÙÛÐÒĹÓÓÌÙȰɯÚÐÓÐÒÈɯÕÈÕÖ×ÈÙÛÐÒĹÓÓÌÙÐɯȹƖƔɯ

ÕÔɯñÈ×ċÕËÈȺȮɯáÐÙÒÖÕàÈɯÕÈÕÖ×ÈÙÛÐÒĹÓÓÌÙÐɯȹƘ-ƕƕɯÕÔɯñÈ×ċÕËÈȺɯÝÌɯáÐÙÒÖÕàÈ-silika 

nanokümeleridir. Nanopartiküller, doldurucu aj ÈÕÓÈÙċÕɯÈÙÈÚċÕËÈÒÐɯÐÕÛÌÙÚÐÛÐÚàÌÓɯ

ÉÖıÓÜÒÓÈÙċɯËÖÓËÜÙÈÙÈÒȮɯÚÌÙÈÔÐĀÌɯàĹÒÚÌÒɯÖÙÈÕËÈɯÕÈÕÖÚÌÙÈÔÐÒɯÐñÌÙÐÒɯÒÈáÈÕËċÙċÙÓÈÙȭ 

Lava Ultimate (3M ESPE) rezin nanoseramik grubuna örnek o larak 

ÝÌÙÐÓÌÉÐÓÐÙɯȹ&ÙÈÊÐÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015). dñÌÙÐĀÐÕËÌȰɯĹÙÌÛÈÕɯËÐÔÌÛÈÒÙÐÓÈÛɯȹ4#, ȺȮɯ

bisfenol glisidil metakrilat (Bis -&, ȺȮɯÌÛÖÒÚÐÓÓÌÕÔÐıɯÉÐÚÍÌÕÖÓɯËÐÔÌÛÈÒÙÐÓÈÛɯȹ!ÐÚ-

$, ȺɯÝÌɯÛÙÐÌÛÐÓÌÕɯÎÓÐÒÖÓɯËÐÔÌÛÈÒÙÐÓÈÛɯȹ3$&#, ȺɯÉÜÓÜÕÔÈÒÛÈËċÙɯ(Goujat ve 

ËÐĀÌÙÓÌÙÐ, 2017; 8ÖÚÏÐÏÈÙÈɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2017). 4#, ɯ ÔÈÛÙÐÒÚɯ àÈ×ċÕċÕɯ ÈÕÈɯ

ÉÐÓÌıÌÕÐÕÐɯÔÌàËÈÕÈɯÎÌÛÐÙÔÌÒÛÌɯÝÌɯàĹÒÚÌÒɯċÚċËÈɯȹ'3Ⱥɯ×ÖÓÐÔÌÙÐáÌɯÖÓÔÈÒÛÈËċÙȭɯ àÕċɯ

zamanda, Bis-&, ɀàÈɯ ÖÙÈÕÓÈɯ ËÈÏÈɯ àĹÒÚÌÒɯ ËÌÙÌÊÌÓÌÙËÌɯ ËġÕĹıĹÔȮɯ ñÈ×ÙÈáɯ

ÉÈĀÓÈÕÔÈɯÝÌɯ×ÖÓÐÔÌÙÐáÈÚàÖÕɯÙÌÈÒÛÐÝÐÛÌÚÐɯÎġÚÛÌÙÔÌÒÛÌȮɯËÈÏÈɯËĹıĹÒɯËÌÙÌÊÌÓÌÙËÌɯÚÜɯ

emÐÓÐÔÐÕÌɯÝÌɯñġáĹÕĹÙÓĹĀÌɯÚÈÏÐ×ÛÐÙȭɯ!ÐÚ-&, ɀËÈÕɯÍÈÙÒÓċɯÖÓÈÙÈÒȮɯÚÌàÙÌÓÛÐÊÐɯÖÓÈÙÈÒɯ

ÒÜÓÓÈÕċÓÈÕɯ3$&#, ɯÐÓÈÝÌÚÐÕÌɯÐÏÛÐàÈñɯËÜàÔÈÔÈÒÛÈËċÙȭɯ3$&#, Ȯɯ!ÐÚ-GMA ile 

ÉÐÙÓÌıÛÐÙÐÓËÐĀÐÕËÌȮɯñÐÍÛɯÉÈĀɯàÖĀÜÕÓÜĀÜȮɯËġÕĹıĹÔɯËÌÙÌÊÌÚÐɯÝÌɯñÈ×ÙÈáɯÉÈĀÓÈÕÔÈɯ

ÈÙÛÔÈÒÛÈËċÙȭɯ  ÕÊÈÒȮɯ ÛĹÔɯ ÉÜÕÓÈÙÓa birlikte daha fazla polimerizasyon 

ÉĹáĹÓÔÌÚÐÕÌɯËÌɯÚÈÏÐ×ɯÖÓÔÈÒÛÈËċÙɯȹ,ÈÐÕÑÖÛɯÝÌɯËÐĀÌÙÓÌÙÐ, 2016).     
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2.1.3.1.3.2. "ÈÔÚċɯ2ÌÙÈÔÐÒɯdñÌÙÐÒÓÐɯ1ÌáÐÕɯ,ÈÛÙÐÒÚ 

²ÙÌÛÐÊÐɯ ÍÐÙÔÈÓÈÙɯ ÛÈÙÈÍċÕËÈÕɯpolimer infiltre seramik matriks materyali 

(hibrit seramikler)  olarak da bilinen bu seramikler, ƕƝƝƛɯàċÓċÕËÈɯ1ȭɯ&ÐÖÙËÈÕÖɯ

ÛÈÙÈÍċÕËÈÕɯ ÊÈÔċÕɯ ×ÖÓÐÔÌÙɯ ÐÓÌɯ àÌÙɯ ËÌĀÐıÛÐÙÔÌÚÐɯ ÍÐÒÙÐɯ ÐÓÌɯ ÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ !Üɯ

ÔÈÛÌÙàÈÓÓÌÙɯÈàÕċɯáÈÔÈÕËÈȰɯñÐÍÛ-ÈĀɯàÈ×ċÓċɯÔÈÛÌÙàÈÓÓÌÙȮɯÚÌÙÈÔÐÒɯÌÚÈÚÓċɯÐÕÛÌÙ×ÌÕÌÛÙÌɯ

faz materyaller veya interpenetre -faz seramik-rezin kompozitler olarak da 

ÈËÓÈÕËċÙċÓÈÉÐÓÔÌÒÛÌËÐÙÓÌÙȭɯ%ÌÓËÚ×ÈÛÐÒɯÚÌÙÈÔÐÒɯÈĀɯàÈ×ċÚċɯȹǔƜƚȺɯÝÌɯ×ÖÓÐÔÌÙɯÈĀɯ

àÈ×ċÚċɯȹǔ14) olmak üzere çift-ÈĀɯàÈ×ċÚċÕËÈÕɯÔÌàËÈÕÈɯÎÌlmektedir. Seramik 

àÈ×ċàċȰɯǔƙƜ-%63 SiO2, %20-%23 Al2O3, %9-%11 Na2O, %4-%6 K2O, %0.5-%2 B2O3 

ve %1> ZrO2 ÐÓÌɯ"È.ɯÖÓÜıÛÜÙÔÈÒÛÈËċÙȭɯ/ÖÓÐÔÌÙɯàÈ×ċàċɯÐÚÌɯUDMA ve TEGDMA  

meydana getirmektedir  (Arnetzl ve  Arnetzl, 2015). 

Vita Enamic (Vita Zahnfabrik) Ȯɯ ÊÈÔÚċɯ ÚÌÙÈÔÐÒɯ ÐñÌÙÐÒÓÐɯ ÙÌáÐÕɯ ÔÈÛÙÐÒÚɯ

grubuna ġÙÕÌÒɯÝÌÙÐÓÌÉÐÓÐÙɯȹ&ÙÈÊÐÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015; ,ÈÐÕÑÖÛɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƚ). 

!ÜɯÔÈÛÌÙàÈÓȮɯƖƔƕƗɯàċÓċÕËÈɯÎÌÓÐıÛÐÙÐÓÔÐıɯÖÓÜ×ȮɯñÐÍÛ-ÈĀɯàÈ×ċÚċɯÐÓÌɯÒÈÙÈÒÛÌÙÐáÌËÐÙȭɯ3ÖÛÈÓɯ

ÈĀċÙÓċĀċÕċÕɯǔƜƚɀÚċÕċɯÝÌɯÏÈÊÔÐÕÐÕɯǔƛƙɀÐÕÐɯÍÌÓËÚ×ÈÛÐÒɯÚÌÙÈÔÐÒɯÖÓÜıÛÜÙÜÙÒÌÕȮɯÎÌÙÐàÌɯ

ÒÈÓÈÕɯÈĀċÙÓċĀċÕɯǔƕƘɀĹÕĹɯÝÌɯÏÈÊÔÐÕɯǔƖƙɀÐÕÐɯ4#, ɯÝÌɯ3$&#, ɯÖÓÜıÛÜÙÔÈÒÛÈËċÙɯ

(!ÏÈÛɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2016; 1ÌÐÊÏȮɯ ƖƔƕƙȰɯ 2ÈÕÕÐÕÖɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2014). Bükülme 

direnci nin ise 150-ƖƕƔɯ,/ÈɯÈÙÈÚċÕËÈɯÖÓËÜĀÜɯÉÌÓÐÙÛÐÓÔÐıÛÐÙɯ(Arnetzl ve Arnetzl, 

2015).           
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2.1.3.1.3.3. 9ÐÙÒÖÕàÈɯ2ÐÓÐÒÈɯ2ÌÙÈÔÐÒɯdñÌÙÐÒÓÐɯ1ÌáÐÕɯ,ÈÛÙÐÒÚ 

!ÜɯÎÙÜÉÈɯÈÐÛɯÚÌÙÈÔÐÒÓÌÙȮɯÚÌÙÈÔÐÒɯàÈ×ċɯÐñÌÙÐÚÐÕËÌɯñÌıÐÛÓÐɯÖÙÎÈÕÐÒɯÔÈÛÙÐÒÚɯ

àÈ×ċÓÈÙċÕɯ ÉÜÓÜÕÔÈÚċɯ ÐÓÌɯÖÓÜıÔÈÒÛÈËċÙȭɯ 2ÌÙÈÔÐÒɯ àÈ×ċàċɯ ȹǔƚƔǾȺȮɯ ÚÐÓÐÒÈɯ ÛÖáÜȮɯ

zirkonyum s ilikat, UDMA, TEGDMA, mikro -silika  ÝÌɯ ñÌıÐÛÓÐɯ ×ÐÎÔÌÕÛÓÌÙɯ

ÖÓÜıÛÜÙÔÈÒÛÈËċÙ ȹ&ÙÈÊÐÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015).  

Paradigm MZ100 (3M ESPE), zirkonya silika seramik içerikli rezin matriks 

grubuna örnek verilebilir. Bu materyal, Paradigm Z100 direkt kompozit 

ÔÈÛÌÙàÈÓÐÕÐÕɯ ÍÈÉÙÐÒÌɯ ÖÓÈÙÈÒɯ ×ÖÓÐÔÌÙÐáÌɯ ÌËÐÓÔÌÚÐɯ ÐÓÌɯ ÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙɯ(Ruse ve 

2ÈËÖÜÕȮɯƖƔƕƘȰɯ2ÈÕÕÐÕÖɯÝÌɯËÐĀÌÙÓÌÙÐ, 2014)ȭɯdñÌÙÐĀÐÕËÌȰɯ!ÐÚ-GMA ve TEGDMA 

rezin matriks içerisinde, %85 oranda zirkonya -ÚÐÓÐÒÈɯ ËÖÓËÜÙÜÊÜÓÈÙċɯ àÌÙɯ

ÈÓÔÈÒÛÈËċÙɯ(!ÏÈÛɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƚȰɯ2ÈÕÛÖÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 2013). Fotopolimerize 

ġáÌÓÓÐÒÛÌɯÖÓÈÕɯÉÜɯÔÈÛÌÙàÈÓȮɯÍÈÙÒÓċɯÙÌÕÒɯÚÌñÌÕÌÒÓÌÙÐÕÌɯÚÈÏÐ×ÛÐÙȭɯ$ÕËÐÒÈÚàÖÕÓÈÙċɯ

ÈÙÈÚċÕËÈȰɯÐÕÓÌàȮɯÖÕÓÌàȮɯÝÌÕÌÌÙɯÝÌɯÒÙÖÕɯÙÌÚÛÖÙÈÚàÖÕÓÈÙċɯàÌÙɯÈÓÔÈÒÛÈËċÙɯ(Bhat ve 

ËÐĀÌÙÓÌÙÐȮɯƖƔƕƚȰɯ,ÈÐÕÑÖÛɯÝÌ ËÐĀÌÙÓÌÙÐȮɯƖƔƕƚȺȭ    

2.1.3.1.4. Polikristalin Seramikler  

/ÖÓÐÒÙÐÚÛÈÓÐÕɯÚÌÙÈÔÐÒÓÌÙȮɯàÈ×ċÓÈÙċÕËÈɯÊÈÔɯÐñÌÙÔÌáÓÌÙɯÝÌɯàÖĀÜÕɯÉÐÙɯÈÛÖÔÐÒɯ

àÈ×ċàÈɯÚÈÏÐ×ÛÐÙÓÌÙȭɯ*ĹñĹÒɯÝÌɯËĹáÌÕÚÐáɯÈĀɯıÌÒÓÐÕËÌɯÒÙÐÚÛÈÓɯÛÈÕÌÊÐÒÓÌÙÐÕËÌÕɯÖÓÜıÈÕɯ

ÉÜɯÚÌÙÈÔÐÒÓÌÙȮɯÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙËÌÕɯñÖÒɯËÈÏÈɯÚÌÙÛɯÝÌɯËÈàÈÕċÒÓċËċÙÓÈÙȭɯ8ÖĀÜÕɯ

àÈ×ċÓÈÙċÕËÈÕɯ ËÖÓÈàċȮɯ ÊÈÔÚċɯ ÚÌÙÈÔÐÒÓÌÙÐÕɯ ÈÒÚÐÕÌȮɯ ÉÜɯ ÛĹÙɯ ÚÌÙÈÔÐÒÓÌÙËÌɯ ñÈÛÓÈÒɯ

ÐÓÌÙÓÌÔÌÚÐɯËÈÏÈɯáÖÙËÜÙȭɯ ÕÊÈÒɯÊÈÔÚċɯÚÌÙÈÔÐÒÓÌÙÌɯÖÙÈÕÓÈɯËÈÏÈɯÈáɯÛÙÈÕÚÓÜÚÌÕÛɯ

ÖÓËÜÒÓÈÙċÕËÈÕɯ ÊÈÔÚċɯ ÚÌÙÈÔÐÒÓÌÙɯÎÐÉÐɯÌÚÛÌÛÐÒɯÈÔÈñÓċɯËÌĀÐÓɯÎÌÕÌÓÓÐÒÓÌɯÈÓÛɯàÈ×ċɯ

ÔÈÛÌÙàÈÓÐɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓċ×ȮɯËÈÏÈɯÚÖÕÙÈɯÌÚÛÌÛÐÒɯÎġÙĹÕÛĹàĹɯÌÓËÌɯÌÛÔÌɯÈÔÈÊċɯÐÓÌɯ

ÊÈÔÚċɯ ÚÌÙÈÔÐÒÓÌÙɯ ÐÓÌɯ ÝÌÕÌÌÙÓÌÕÐÙÓÌÙȭɯ !ÜÕÜÕɯ àÈÕċÕËÈȮɯ ÒÙÐÚÛÈÓÐÕɯ àÈ×ċàÈɯ ÚÈÏÐ×ɯ

ÖÓÔÈÓÈÙċɯ ÕÌËÌÕÐɯ ÐÓÌɯÏÌÙÏÈÕÎÐɯ ÉÐÙɯ ıÌÒÓÌɯ ÎÐÙÔÌÓÌÙÐɯ ÝÌɯhidroflorik as it ile 
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pürüzlendirilmeleri cam içer en seramiklere göre daha zordur ve daha uzun 

uygulama süresi gerektirirle Ùȭɯ àÕċɯáÈÔÈÕËÈɯċÚċÓɯÐıÓÌÔÓÌÙ daha yüksek derecede 

ÚċÊÈÒÓċÒÓÈÙËÈɯ ÜàÎÜÓÈÕÔÈÒÛÈËċÙȭɯ "ÈÔÚċɯ ÚÌÙÈÔÐÒÓÌÙËÌÕɯ ÍÈÙÒÓċɯ ÖÓÈÙÈÒȮɯ ÉÜɯ ÛĹÙɯ

ÚÌÙÈÔÐÒÓÌÙÐÕɯÐıÓÌÕÔÌÓÌÙÐɯÝÌɯıÌÒÐÓÓÌÕËÐÙÐÓÔÌÓÌÙÐɯËÈÏÈɯáÖÙËÜÙȭɯ(ÚċÓɯÐıÓÌÔÓÌÙɯÚÖÕÙÈÚċ 

àÈÒÓÈıċÒɯǔƗƔɯÖÙÈÕċÕËÈɯÉĹáĹÓÔÌɯÎġÚÛÌÙÐÙÓÌÙȮɯÉÜɯàĹáËÌÕɯhedeflenen boyuttan daha 

büyük tasarlanarak ċÚċàÈɯÉÈĀÓċɯÉĹáĹÓÔÌɯÒÖÔ×ÈÕÚÌɯÌËÐÓÔÌàÌɯñÈÓċıċÓċÙɯȹ*ÌÓÓàɯÝÌɯ

Benetti, 2011).  

Alüminyum oksit (Al 2O3) ve zirkonyum oksit (ZrO 2), yayÎċÕɯÒÜÓÓÈÕċÔɯ

ÈÓÈÕċɯÉÜÓÈÕ polikristalin seramiklerdir ȹ&ÙÈÊÐÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015; Kelly ve Benetti, 

2011; Raghavan, 2012).  

2.1.3.1.4.1. A lüminyum Oksit Polikristalin Seramikler  

#Ðıɯ ÏÌÒÐÔÓÐĀÐÕËÌɯ ĹÙÌÛÐÓÌÕɯ ÐÓÒɯ ×ÖÓÐÒÙÐÚÛÈÓÐÕɯ ÚÌÙÈÔÐÒɯ /ÙÖÊÌÙÈɯ  ÓÓ"ÌÙÈÔɯ

 ÓÜÔÐÕÈɀËċr ve yüksek bükülme dir encine sahiptir (ortalama 600 MPa) (Kelly ve 

Benetti, 2011; Raghavan, 2012). !ÜɯÔÈÛÌÙàÈÓɯÐÓÒɯÖÓÈÙÈÒɯƕƝƝƔɀÓċɯàċÓÓÈÙËÈɯ-ÖÉÌÓɯ

!ÐÖÊÈÙÌɯÍÐÙÔÈÚċɯÛÈÙÈÍċÕËÈÕɯÛÈÕċÛċÓÔċıÛċÙȭɯ8ĹÒÚÌÒɯÖÙÈÕËÈɯÚÈÍɯÈÓĹÔÐÕÈɯȹǔƝƝȭƙɯ Ó2O3) 

içerip, bilgisayar destekli ĹÙÌÛÐÔɯÐÓÌɯÈÓÛɯàÈ×ċ materyali olarak ÒÜÓÓÈÕċÓÔÈÒÛÈËċÙȭɯ

Oldukça sert (17-20 GPÈȺɯÝÌɯËÈàÈÕċÒÓċɯÉÐÙɯÔÈÛÌÙàÈÓɯÖÓÜ×ȮɯÌÓÈÚÛÐÚÐÛÌɯÔÖËĹÓĹɯËÌÕÛÈÓɯ

ÚÌÙÈÔÐÒÓÌÙɯÈÙÈÚċÕËÈɯÌÕɯàĹÒÚÌÒÛÐÙ (E=300 GPa) ȹ2ÊÏÌÙÙÌÙɯÝÌɯËÐĀÌÙÓÌÙÐ, 2008). Ancak, 

ÚÌÙÛɯàÈ×ċÚċÕËÈÕɯËÖÓÈàċɯkütlesel fraktüre kaÙıċɯÚÈÝÜÕÔÈÚċáɯÖÓÔÈÚċɯÝÌɯñÖÒɯËÈÏÈɯ

àĹÒÚÌÒɯ ËÐÙÌÕñÓÐɯ ÚÌÙÈÔÐÒɯ ÔÈÛÌÙàÈÓÓÌÙÐÕɯ ÎÌÓÐıÛÐÙÐÓÔÌÚÐɯ ÐÓÌ ÒÜÓÓÈÕċÔċɯ ÈáÈÓÔċıÛċÙ 

(GrÈÊÐÚɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƙȺ.  
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2.1.3.1.4.2. Zirkonyum Oksit Polikristalin Seramikler  (Stabilize 

Zirkonya ) 

8ĹÒÚÌÒɯÒċÙċÓÔÈɯËÐÙÌÕÊÐɯÝÌɯÉÐàÖÓÖÑÐÒɯÜàÜÔÓÈÙċɯÎÐÉÐɯĹÚÛĹÕɯġáÌÓÓÐÒÓÌÙÐɯÕÌËÌÕÐɯ

ÐÓÌɯ ÏÌÔɯ ÈÕÛÌÙÐÖÙɯ ÏÌÔɯ ËÌɯ ×ÖÚÛÌÙÐÖÙɯ ÉġÓÎÌËÌɯ ÒÜÓÓÈÕċÓÈÉÐÓÔÌÓÌÙÐȮɯ áÐÙÒÖÕàÈËÈÕɯ

ĹÙÌÛÐÓÌÕɯÚÌÙÈÔÐÒɯÙÌÚÛÖÙÈÚàÖÕÓÈÙċÕɯËÐıɯÏÌÒÐÔÓÐĀÐÕËÌɯÒÜÓÓÈÕċÔċÕċɯÎĹÕɯÎÌñÛÐÒñÌɯ

àÈàÎċÕÓÈıÛċÙÔċıÛċÙȭɯ 3ÈÔɯ ÚÌÙÈÔÐÒ ÙÌÚÛÖÙÈÚàÖÕÓÈÙċÕɯ ÌÚÛÌÛÐÒȮɯ ÔÌÛÈÓɯ ËÌÚÛÌÒÓÐɯ

ÙÌÚÛÖÙÈÚàÖÕÓÈÙċÕɯ ÐÚÌɯ ÒċÙċÓÔÈɯ ËÐÙÌÕÊÐÕÐɯ ÉĹÕàÌÚÐÕËÌɯ ÛÖ×ÓÈàÈÕɯ áÐÙÒÖÕàÈȮɯ ÔÌÛÈÓɯ

ÈÓÈıċÔÓÈÙÈɯÐàÐɯÉÐÙɯÈÓÛÌÙÕÈÛÐÍɯÖÓÜıÛÜÙÔÈÒÛÈËċÙɯȹ3ÈÉÓÖɯƖȭƗȭȺȭɯ*ċÙċÓÔÈɯÝÌɯÌÚÕÌÔÌɯ

ËÐÙÌÕÊÐɯÉÈÒċÔċÕËÈÕɯÍÌÓËÚ×ÈÛÐÒɯ×ÖÙÚÌÓÌÕÌɯÎġÙÌɯàÈÒÓÈıċÒɯƚɯÒÈÛȮɯalüminadan ise 

àÈÒÓÈıċÒɯƖɯÒÈÛɯËÈÏÈɯÎĹñÓĹËĹÙɯɯ(UludamÈÙɯÝÌɯËÐĀÌÙÓÌÙÐ, 2011). 

Tablo 2.3. Zirkonyum oksitin mekanik özellik leri (Piconi ve Maccauro, 1999) 

*ÐÔàÈÚÈÓɯ!ÐÓÌıÐÔ ZrO 2 + %3 mol Y2O3 

8ÖĀÜÕÓÜÒ >6 g/cm3 

Porözite <0.1% 

Bükülme Direnci  900-1200 MPa 

!ÈÚÒċɯ#ÈàÈÕċÔċ 2000 MPa 

Young Modülü  210 GPa 

*ċÙċÓÔÈɯ#ÈàÈÕċÔċ 7-10 MPa m-1 

3ÌÙÔÈÓɯ&ÌÕÓÌıÔÌɯ*ÈÛÚÈàċÚċ 11 x 10-6 K -1 

Termal dÓÌÛÒÌÕÓÐÒ 2 Wm K-1 

Sertlik  1200 HV 0.1 

9ÐÙÒÖÕàÜÔɯÖÒÚÐÛȮɯÐÓÒɯÒÌáɯƕƛƜƝɯàċÓċÕËÈɯÈÓÔÈÕɯÒÐÔàÈÊċɯ,ÈÙÛÐÕɯ'ÌÐÕÙÐÊÏɯ

*ÓÈ×ÙÖÛÏɯÛÈÙÈÍċÕËÈÕȮɯÉÐÙÛÈÒċÔɯËÌĀÌÙÓÐɯÛÈıÓÈÙċÕɯċÚċÛċÓÔÈÚċɯÚÖÕÜÊÜɯÙÌÈÒÚÐàÖÕɯĹÙĹÕĹɯ

ÖÓÈÙÈÒɯÒÌıÍÌËÐÓÔÐıÛÐÙȭɯ9ÐÙÒÖÕàÈÕċÕɯÉÐàÖÔÌËÐÒÈÓɯÈÓÈÕËÈɯÒÜÓÓÈÕċÔċɯƕƝƚƝɯàċÓċÕËÈɯ
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'ÌÓÔÌÙɯÝÌɯ#ÙÐÚÒÌÓÓɯÛÈÙÈÍċÕËÈÕɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯƕƝƜƔɀÓÐɯàċÓÓÈÙċÕɯÚÖÕÓÈÙċÕËÈÕɯ

ÐÛÐÉÈÙÌÕɯÛÖÛÈÓɯÒÈÓñÈɯ×ÙÖÛÌáɯàÈ×ċÔċÕËÈɯÚÌÙÈÔÐÒɯÉÐàÖÔÈÛÌÙàÈÓÐɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÔċıÛċÙɯ

(Piconi ve Maccauro, 1999). Günümüzde halen ÌÕɯÚÌÙÛɯÝÌɯËÈàÈÕċÒÓċɯÖÒÚÐÛɯÖÓÈÙÈÒɯ

ÎÌñÌÙÓÐÓÐĀÐÕÐɯÒÖÙÜÔÈÒÛÈËċÙȭ 

2ÈÍɯ áÐÙÒÖÕàÈɯ Ĺñɯ ÍÈÙÒÓċɯ ÒÙÐÚÛÈÓÐÕɯ ÍÖÙÔËÈɯ ÉÜÓÜÕÈÉÐÓÌÕɯ ×ÖÓÐÔÖÙÍÐÒɯ ÉÐÙɯ

mateÙàÈÓËÐÙȭɯ.ËÈɯÚċÊÈÒÓċĀċɯÐÓÌɯƕƕƛƔo"ɯÈÙÈÚċÕËÈɯÔÖÕÖÒÓÐÕÐÒɯȹ,ȺɯÍÈáËÈɯÉÜÓÜÕÜÙȮɯ

ÚċÊÈÒÓċÒɯÈÙÛÛċÒñÈɯÛÌÛÙÈÎÖÕÈÓɯȹ3ȺɯÍÈáÈɯÝÌɯƖƗƛƔo"ɀÕÐÕɯĹáÌÙÐÕËÌɯÒĹÉÐÒɯÍÈáÈɯÎÌñÐıɯàÈ×ÈÙ 

ȹ©ÌÒÐÓɯƖȭƗȭȺȭɯ2ÐÕÛÌÙÓÌÔÌɯÚÖÕÙÈÚċɯÚÖĀÜÔÈɯÐıÓÌÔÐɯÚċÙÈÚċÕËÈɯáÐÙÒÖÕàÈËÈɯÛÌÛÙÈÎÖÕÈÓɯ

ÍÈáËÈÕɯÔÖÕÖÒÓÐÕÐÒɯÍÈáÈɯÎÌñÐıɯÎġÙĹÓĹÙɯ ÝÌɯÉÜɯÍÈáɯ ËÌĀÐıÐÔÐɯ ÔÈÛÌÙàÈÓËÌɯǔƗ-5 

ÖÙÈÕċÕËÈɯÏÈÊÐÔɯÈÙÛċıċÕÈɯÕÌËÌÕɯÖÓÜÙȭɯ'ÈÊÐÔɯÈÙÛċıċɯÐÚÌɯáÐÙÒÖÕàÈÕċÕɯàÈ×ċÚċÕËÈɯ

ñÈÛÓÈÒÓÈÙċÕɯ ÖÓÜıÔÈÚċÕÈɯ àÖÓɯ ÈñÈÙȭɯ !Üɯ ÕÌËÌÕÓÌȮɯ ÍÈáɯ ËÌĀÐıÐÔÐÕÐɯ ÌÕÎÌÓÓÌÔÌÒɯ ÝÌɯ

áÐÙÒÖÕàÈÕċÕɯ ÖËÈɯ ÚċÊÈÒÓċĀċÕËÈɯ ËÈɯ ÛÌÛÙÈÎÖÕÈÓɯ ÍÈáËÈɯ ÒÈÓÔÈÚċÕċɯ ÚÈĀÓÈÔÈÒɯ ÐñÐÕɯ

àÈ×ċÚċÕÈɯñÌıÐÛÓÐɯÚÛÈÉÐÓÐáÌɯÌËÐÊÐɯÖÒÚÐÛÓÌÙɯȹÐÛÙÐàÜÔɯÖÒÚÐÛȮɯÔÈÎÕezyum oksit, kalsiyum 

ÖÒÚÐÛɯÝÌɯÚÌÙàÜÔɯÖÒÚÐÛȺɯÌÒÓÌÕÔÐıɯÝÌɯÒċÚÔÌÕɯÚÛÈÉÐÓÐáÌɯÌËÐÓÔÐıɯÛÌÛÙÈÎÖÕÈÓɯáÐÙÒÖÕàÈɯ

×ÖÓÐÒÙÐÚÛÈÓɯȹ39/ȺɯÌÓËÌɯÌËÐÓÔÐıÛÐÙɯ(Piconi ve Maccauro, 1999).   

 

©ÌÒÐÓɯƖȭƗȭ 9ÐÙÒÖÕàÈÕċÕɯ×ÖÓÐÔÖÙÍÐÒɯàÈ×ċÚċɯÝÌɯÍÈáɯËÌĀÐıÐÔɯÚċÊÈÒÓċÒÓÈÙċɯ(Asadikiya 

ÝÌɯËÐĀÌÙÓÌÙÐ, 2016) 
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9ÐÙÒÖÕàÈɯÒċÚÔÌÕɯÚÛÈÉÐÓÐáÌɯÖÓËÜĀÜɯÐñÐÕȮɯÖËÈɯÚċÊÈÒÓċĀċÕËÈɯÛÌÛÙÈÎÖÕÈÓɯÍÈáËÈɯ

ÖÓËÜĀÜɯ ÏÈÓËÌȮɯ Ðñɯ àÈ×ċÚċÕËÈɯ ÔÖÕÖÒÓÐÕÐÒɯ ÍÈáÈɯ ËġÕĹıÔÌÒɯ ÐñÐÕɯ ÉÐÙɯ ÌÕÌÙÑÐɯ

ÉÜÓÜÕÔÈÒÛÈËċÙɯ(Kelly, 2004). Zirkonya gerilim streslerine veya herhangi bir 

ÒÜÝÝÌÛÌɯÔÈÙÜáɯÒÈÓċÙɯÝÌɯàÈ×ċÚċÕËÈɯñÈÛÓÈÒɯÖÓÜıÔÈàÈɯÉÈıÓÈÙÚÈȮɯÛÌÛÙÈÎÖÕÈÓɯÒÙÐÚÛÈÓÓÌÙɯ

ÔÖÕÖÒÓÐÕÐÒɯÍÈáÈɯÎÌñÔÌàÌɯÉÈıÓÈÔÈÒÛÈɯÝÌɯǔƗ-ƙɯÖÙÈÕċÕËÈɯÉÐÙɯÏÈÊÐÔɯÈÙÛċıċɯÔÌàËÈÕÈɯ

ÎÌÓÔÌÒÛÌËÐÙȭɯ!ÜɯÏÈÊÐÔɯÈÙÛċıċɯÚċÒċıÛċÙċÊċɯÚÛÙÌÚÓÌÙ ÖÓÜıÛÜÙÈÙÈÒɯñÈÛÓÈĀċÕɯÐÓÌÙÓÌÔÌÚÐÕÐɯ

ÌÕÎÌÓÓÌÔÌÒÛÌËÐÙȭɯ#ġÕĹıĹÔɯÚÌÙÛÓÌıÔÌÚÐɯȹÔÈÙÛÌÕÚÐÛÐÒɯÛÙÈÕÚÍÖÙÔÈÚàÖÕȺɯÈËċɯÝÌÙÐÓÌÕɯ

bu mekanizma ilk kez &ÈÙÝÐÌɯÝÌɯËÐĀÌÙÓÌÙÐ (1975) ÛÈÙÈÍċÕËÈÕ önÌɯÚĹÙĹÓÔĹıɯolup, 

áÐÙÒÖÕàÈàÈɯĹÚÛĹÕɯÔÌÒÈÕÐÒɯġáÌÓÓÐÒÓÌÙɯÚÈĀÓÈÔÈÒÛÈËċÙɯȹ©ÌÒÐÓɯƖȭƘȭ) (Kelly, 2004; 

Piconi ve Maccauro, 1999). 

 

©ÌÒÐÓɯƖȭƘȭ #ġÕĹıĹÔɯÚÌÙÛÓÌıÔÌÚÐɯÔÌÒÈÕÐáÔÈÚċÕċÕɯıÌÔÈÛÐÒɯÎġÙĹÕĹÔĹ (Palmero ve 

ËÐĀÌÙÓÌÙÐ, 2014) 

 

9ÐÙÒÖÕàÈȮɯ ÔÐÒÙÖàÈ×ċÚċÕÈɯ ÎġÙÌ, tam stabilize, parsiyel stabilize  ve 

tetragonaÓɯáÐÙÒÖÕàÈɯ×ÖÓÐÒÙÐÚÛÈÓÓÌÙÐɯÖÓÔÈÒɯĹáÌÙÌɯƗɯÍÈÙÒÓċɯÛÐ×ÛÌɯÉÜÓÜÕÔÈÒÛÈËċÙ. Tam 
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stabilize zirkon ya, kübik formda olup %8 mol< itri yum oksit (Y 2O3) içermektedir. 

Parsiyel stabilize zirkonya, kübik matriks içerisine nanoboyutlardaki tetragonal 

ÝÌàÈɯ ÔÖÕÖÒÓÐÕÐÒɯ ×ÈÙÛÐÒĹÓÓÌÙÐÕɯ ÌÒÓÌÕÔÌÚÐɯ ÐÓÌɯ ÖÓÜıÛÜÙÜÓÔÈÒÛÈËċÙȭɯ 3ÌÛÙÈÎÖÕÈÓɯ

zirkonya polikristalleri ise, monolitik materyaller olup,  itriyum oksit  (%2-3 mol 

Y2O3) veya seryum oksit ile stabilize edilen tetragonal formdaki materyallerdir. 

#Ðıɯ ÏÌÒÐÔÓÐĀÐÕËÌɯ ÒÜÓÓÈÕċÓÈÕɯ áÐÙÒÖÕàÈɯ ÎÌÕÌÓËÌɯÐÛÙÐàÜÔɯ ÐÓÌɯ ÚÛÈÉÐÓÐáÌɯ ÌËÐÓÔÐıɯ

tetragonal zirkonya polikristal ( Y-TZPȺɯÍÖÙÔËÈËċr; ÚÐÕÛÌÙÓÌÔÌɯÚÖÕÙÈÚċÕËÈɯàĹÒÚÌÒɯ

ÚÌÙÛÓÐĀÌɯÝÌɯĹÚÛĹÕɯÉĹÒĹÓÔÌɯËÐÙÌÕÊÐÕÌɯ(900-1100 MPa) vÌɯÒċÙċÓÔÈɯËÈàÈÕċÒÓċÓċĀÈɯȹƜ-

10 MPa/m) sahip materyaldir  ȹ&ÙÈÊÐÚɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƙȰɯ,ÐàÈáÈÒÐɯÝÌɯËÐĀÌÙÓÌÙÐ, 

2013; Raghavan, 2012). 

9ÐÙÒÖÕàÈÕċÕɯËÐĀÌÙɯÚÌÙÈÔÐÒɯÔÈÛÌÙàÈÓÓÌÙÐÕËÌÕɯĹÚÛĹÕɯÖÓÈÕɯÉÐÙÛÈÒċÔɯÒÐÔàÈÚÈÓɯ

ve mekanik özellikleri de mevcuttur. Bunlar; àÈıÓÈÕÔÈɯËÐÙÌÕÊÐȮɯËĹıĹÒɯÚĹÙÛĹÕÔe 

ÒÈÛÚÈàċÚċȮɯÌÓÈÚÛÐÚÐÛÌɯÔÖËĹÓĹȮɯÒÐÔàÈÚÈÓɯÖÓÈÙÈÒɯÐÕÌÙÛɯÖÓÜıÜȮɯËĹıĹÒɯċÚċɯÐÓÌÛÒÌÕÓÐĀÐȮɯ

yüksek erime derecesi, iyonik iletkenlik ve elektriksel özelliklerdir (Hannink ve 

ËÐĀÌÙÓÌÙÐȮɯƖƔƔƔ).   

Günümüzde zirkonya, tam seramik restorasyon ÓÈÙċÕɯ ÎĹñÓÌÕËÐÙÐÓÔÌÚÐɯ

ÈÔÈÊċɯÐÓÌɯÚÌÙÈÔÐÒɯÈÓÛɯàÈ×ċɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙɯÈÕÊÈÒ ÚÖÕɯàċÓÓÈÙËÈɯÈÓÛɯàÈ×ċɯÐÓÌɯ

ÝÌÕÌÌÙɯ ÚÌÙÈÔÐĀÐɯ ÈÙÈÚċÕËÈÒÐɯchipping problemlerinin önüne geçebilmek için 

monolitik (tam kontur) zirkonya restorasyonlar da üretilmektedir (da Silva ve 

ËÐĀÌÙÓÌÙÐ, 2017).  

2.1.3.1.4.2.1. Zirkonyum Oksit ÐÕɯ8ÈıÓÈÕÔÈÚċɯÝÌɯ#ĹıĹÒɯ(Úċɯ!ÖáÜÕÔÈÚċɯ

(Low Temperature Degradation -LTD)  

9ÐÙÒÖÕàÜÔɯ ÖÒÚÐÛÐÕɯ ÒÙÐÚÛÈÓÐÕɯ àÈ×ċÚċÕËÈɯ ËÌĀÐıÐÔÌɯ ÜĀÙÈËċĀċɯ ËġÕĹıĹÔɯ

ÚÌÙÛÓÌıÔÌÚÐɯÔÌÒÈÕÐáÔÈÚċɯÔÈÛÌÙàÈÓÐÕɯÌÓÈÚÛÐÚÐÛÌɯÓÐÔÐÛÐÕÐɯÈıÈÊÈÒɯÔÐÒÛÈÙËÈɯÔÌàËÈÕÈɯ

ÎÌÓÐÙÚÌȮɯñÈÛÓÈÒɯÖÓÜıÜÔÜɯÈÙÛÔÈÒÛÈȮɯÈàÕċɯáÈÔÈÕËÈɯàÌÕÐɯñÈÛÓÈÒɯÍÖÙÔÈÚàÖÕÜÕÈɯËÈɯ
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neden olabilmektedir.  ,ÈÛÌÙàÈÓɯÐñÌÙÐĀÐÕËÌÒÐɯÎÙÌÕɯÉÖàÜÛÜ-ıÌÒÓÐɯÝÌàÈɯÉġÓÎÌÚÐȮɯ

ÔÈÛÌÙàÈÓÐÕɯ ĹÙÌÛÐÔɯ ÛÌÒÕÐĀÐȮɯ ÜàÎÜÓÈÕÈÕɯ ÚÛÙÌÚɯ ÝÌàÈɯ ċÚċɯ ÔÐÒÛÈÙċɯ ÎÐÉÐɯ ÍÈÒÛġÙÓÌÙȮɯ

ÔÌàËÈÕÈɯÎÌÓÌÕɯÉÜɯÖÓÈàċɯÌÛÒÐÓÌàÌÉÐÓÔÌÒÛÌËÐÙȭɯT-m ÍÈáɯËÌĀÐıÐÔÐȮɯÈàÕċɯáÈÔÈÕËÈɯ

ËĹıĹÒɯċÚċɯÝÌɯÕÌÔɯÝÈÙÓċĀċÕËÈɯËÈɯÔÌàËÈÕÈɯÎÌÓÌÉÐÓÔÌÒÛedir . -ÌÔɯÝÈÙÓċĀċÕËÈɯÝÌɯ

ËĹıĹÒɯ ÚċÊÈÒÓċÒÓÈÙËÈȮɯ áÐÙÒÖÕàÈÕċÕɯ àĹáÌàÐÕËÌɯ Ú×ÖÕÛÈÕɯ ÉÐÙɯ ıÌÒÐÓËÌɯ ÛÌÛÙÈÎÖÕÈÓɯ

ÍÈáËÈÕɯÔÖÕÖÒÓÐÕÐÒɯÍÈáÈɯËġÕĹıĹÔɯÉÈıÓÈÔÈÚċɯÝÌɯàÈÝÈıñÈɯÔÈÛÌÙàÈÓÐÕɯÐñɯÒċÚċÔÓÈÙċÕÈɯ

ÐÓÌÙÓÌÔÌÚÐɯÍÌÕÖÔÌÕÐÕÌɯɁáÐÙÒÖÕàÈÕċÕɯËĹıĹÒɯċÚċɯËÌÎÙÈËÈÚàÖÕÜɂɯÈËċɯÝÌÙÐÓÔÌÒÛÌËÐÙȭɯ

Bu ÏċáÓÈÕËċÙċÓÔċıɯàÈıÓÈÕÔÈɯÚĹÙÌÊÐȮɯÖÙÛÈɯÝÌɯÜáÜÕɯËġÕÌÔËÌȮɯáÐÙÒÖÕàÈɯàĹáÌàÐÕËÌɯ

ÉÖáÜÓÔÈÓÈÙÈȮɯ ÔÐÒÙÖñÈÛÓÈÒÓÈÙÈɯ ÝÌɯ ÉÌÓÐÙÎÐÕɯ ÉÐÙɯ ËÐÙÌÕñɯ ÈáÈÓÔÈÚċÕÈɯ ÕÌËÌÕɯ

olabilmektedir (Denry ve Kelly, 2008)ȭɯ9ÐÙÒÖÕàÈɯàĹáÌàÐÕËÌÒÐɯÉÐÙɯÛÈÕÌÊÐĀÐÕɯÍÈáɯ

ËÌĀÐıÐÔÐÕÌɯÉÈıÓÈÔÈÚċàÓÈɯÏÈÊÔÐÕËÌɯÉÐÙɯÈÙÛċıɯÖÙÛÈàÈɯñċÒÔÈÒÛÈɯÝÌɯÉÜɯÏÈÊÐÔɯÈÙÛċıċɯ

ñÌÝÙÌËÌÒÐɯ ÛÈÕÌÊÐÒÓÌÙËÌɯ ÚÛÙÌÚɯ ÖÓÜıÛÜÙÈÙÈÒɯÔÐÒÙÖñÈÛÓÈĀÈɯ àÖÓɯ ÈñÔÈÒÛÈËċÙȭ 

,ÐÒÙÖñÈÛÓÈÒÓÈÙċÕɯÈÙÈÚċÕÈɯ×ÌÕÌÛÙÌɯÖÓÈÕɯÚÜɯÔÈÛÌÙàÈÓÐÕɯÐñÐÕÌɯËÖĀÙÜɯàÖÓ alarak, yüzey 

ÉÖáÜÕÔÈɯÚĹÙÌÊÐÕÐɯÏċáÓÈÕËċÙÔÈÒÛÈɯÝÌɯÍÈáɯËġÕĹıĹÔĹɯÐÓÌÙÓÌÔÌÒÛÌËÐÙɯȹ©ÌÒÐÓɯƖȭƙȭ). 

!ÈıÓÈÕÎċñɯÍÈáɯËġÕĹıĹÔĹɯÛÈÕÌÊÐÒɯÉÖàÜÛÜÕÜÕɯÉĹàĹÒɯÖÓÔÈÚċȮɯÐÛÙÐàÜÔɯÐñÌÙÐĀÐÕÐÕɯ

ËĹıĹÒɯÖÓÔÈÚċȮɯÙÌáÐËĹÌÓɯÚÛÙÌÚɯÝÌàÈɯÒĹÉÐÒɯÍÈáɯÝÈÙÓċĀċÕËÈÕɯÒÈàÕÈÒÓÈÕÈÉÐÓÔÌÒÛÌËÐÙȭɯ

%ÈáɯËġÕĹıĹÔünden etkÐÓÌÕÌÕɯÉġÓÎÌÕÐÕɯÉĹàĹÒÓĹĀĹɯÐÚÌɯ×ÖÙġzite, rezidüel stres ve 

tanecik boyutundan etkilenebilir (Chevalier, 2006).  

 

©ÌÒÐÓɯƖȭƙȭ Zirkonya ÕċÕɯËĹıĹÒɯċÚċɯÉÖáÜÕÔÈÚċÕċÕ ıÌÔÈÛÐÒɯÎġÙĹÕĹÔĹ (Chevalier, 

2006) 
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2.1.3.1.4.2.2. 9ÐÙÒÖÕàÈɯ#ÌÚÛÌÒÓÐɯ1ÌÚÛÖÙÈÚàÖÕÓÈÙċÕɯ²ÙÌÛÐÔɯ3ÌÒÕÐÒÓÌÙÐ 

Zirkonya destekli restorasyonlar 2 fÈÙÒÓċɯàġÕÛÌÔÓÌɯĹÙÌÛÐÓÌÉÐÓÔÌÒÛÌËÐÙ: 

¶ Kopya-%ÙÌáÌɯ3ÌÒÕÐĀÐ 

¶ CAD -CAM Sistemi  (Computer Aided Design -Computer Aided 

,ÈÕÜÍÈÊÛÜÙÐÕÎȮɯ !ÐÓÎÐÚÈàÈÙɯ #ÌÚÛÌÒÓÐɯ 3ÈÚÈÙċÔ-Bilgisayar Destekli 

Üretim)  

Kopya-%ÙÌáÌɯ3ÌÒÕÐĀÐ 

Kopya-ÍÙÌáÌɯÛÌÒÕÐĀÐɯÛÌÒÕÖÓÖÑÐÚÐȮɯÐÓÒɯÖÓÈÙÈÒɯ"ÌÓÈàɯÚÐÚÛÌÔÐɯÐÓÌɯÉÈıÓÈÔċıÛċÙȭɯ!Üɯ

ÚÐÚÛÌÔËÌɯ ÙÌÚÛÖÙÈÚàÖÕȮɯ ÏÈáċÙÓÈÕÔċıɯ ÖÓÈÕɯ ÔÜÔɤÙÌáÐÕɯ ÔÖËÌÓÐÕɯ ÖÒÜàÜÊÜɯ Üñɯ

ÛÈÙÈÍċÕËÈÕɯÖÒÜÕÔÈÚċɯÝÌɯÔÌÒÈÕÐÒɯÉÐÙɯÍÙÌáÌɯÚÐÚÛÌÔÐɯÐÓÌɯÒÈáċÕÔÈÚċɯÌÚÈÚċÕÈɯËÈàÈÕċÙȭɯ

,ÜÔɤÙÌáÐÕɯÔÖËÌÓȮɯËÐÙÌÒÛɯÖÓÈÙÈÒɯ×ÙÌ×ÈÙÌɯÌËÐÓÌÕɯËÐıɯĹáÌÙÐÕËÌɯÝÌàÈɯÐÕËÐÙÌÒÛɯÖÓÈÙÈÒɯ

ÈÓċÕÈn ölçüden elde edilir. Zirkonzahn, Ceramill sistemleri de Celay sistemi gibi 

kopya-ÍÙÌáÌɯÛÌÒÕÐĀÐÕÐɯÒÜÓÓÈÕÈÕɯÚÐÚÛÌÔÓÌÙËÐÙ ȹ&ÙÖÛÌÕɯÝÌɯËÐĀÌÙÓÌÙÐ, 1997). 

CAD -CAM Sistemi  

CAD -CAM sistemi  ÛÈÙÈàċÊċɯ ȹscannerȺȮɯ ÛÈÚÈÙċÔɯ àÈáċÓċÔċɯ ȹsoftware) ve 

ÉÐÓÎÐÚÈàÈÙɯËÌÚÛÌÒÓÐɯÍÙÌáÌɯÊÐÏÈáċ (processing device) olmak üzere 3 fonksiyonel 

ÒÖÔ×ÖÕÌÕÛÛÌÕɯÖÓÜıÔÈÒÛÈËċÙȯ 

3ÈÙÈàċÊċȮɯ×ÙÌ×ÈÙÈÚàÖÕɯÈÓÈÕċÕċȮɯÒÖÔıÜ bölgeler ve ÒÈÙıċÛɯñÌÕÌËÌÒÐ àÈ×ċÓÈÙċɯƗɯ

ÉÖàÜÛÓÜɯÖÓÈÙÈÒɯÛÈÙÈàÈÕȮɯÉÐÓÎÐɯÛÖ×ÓÈàÈÕɯÝÌɯÛÖ×ÓÈËċĀċɯÉÐÓÎÐÓÌÙÐɯËÐÑÐÛÈÓɯÈÓÈÕÈɯÛÙÈÕÚÍÌÙɯ

edip sanal görüntüler in ÖÓÜıÔÈÚċÕÈɯàÈÙËċÔÊċɯÖÓÈÕɯÊÐÏÈáËċÙȭɯƖɯÍÈÙÒÓċɯÛÈÙÈàċÊċɯÛÐ×Ðɯ

ÔÌÝÊÜÛÛÜÙȰɯÖ×ÛÐÒɯÛÐ×ɯÐÓÌɯÛÙÐÈÕÎÜÓÈÚàÖÕɯ×ÙÖÚÌËĹÙĹɯÖÓÈÙÈÒɯÐÚÐÔÓÌÕËÐÙÐÓÌÕɯàÈ×ċÓÈÙċÕɯ

3 boyutlu görüntülerinin elde edilir  mekanik tip ile ana modelin küre ya da pin 

ÈÙÈÊċÓċĀċɯÐÓÌɯÔÌÒÈÕÐÒɯÖÓÈÙÈk 3 boyutlu ölçümü  àÈ×ċÓċÙɯ(Alghazzawi, 2016).  
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*ÜÓÓÈÕċÓÈÕɯÚÐÚÛÌÔÌɯÎġÙÌɯƖɯÛÐ×ɯÐÕÛÙÈÖÙÈÓɯÛÈÙÈÔÈɯÚÌñÌÕÌĀÐɯÝÈÙËċÙȭɯȹƕȺɯÐıÓÌÔɯ

ġÕÊÌÚÐɯÔÌÝÊÜÛɯÈÕÈÛÖÔÐÒɯàÈ×ċÓÈÙċÕɯÛÈÙÈÕÈÙÈÒɯÍÐÕÈÓɯÙÌÚÛÖÙÈÚàÖÕɯÐñÐÕɯÒÖÕÛÜÙɯÝÌɯ

oklüzal düzlem bilgilerinin  ÒÈàËÌËÐÓÔÌÚÐȮɯ ȹƖȺɯ ÐıÓÌÔɯ ÚÖÕÙÈÚċɯ ×ÙÌ×ÈÙÈÚàÖÕɯ

bölgesinin taranarak final restorasyonun CAD -CAM sistemi bünyesindeki 

varolan anatomik bilgileri ile üretilm ÌÚÐɯıÌÒÓÐÕËÌɯÎÌÙñÌÒÓÌıÔÌÒÛÌËÐÙɯ(Alghazzawi, 

2016). 

3ÈÚÈÙċÔɯ àÈáċÓċÔċɯ ȹ" #ȺȮɯ ÛÈÙÈàċÊċɯ ÐÓÌɯ ÌÓËÌɯ ÌËÐÓÌÕɯ ÉÐÓgilerin bilgisayar 

ÖÙÛÈÔċÕËÈɯ Ɨɯ ÉÖàÜÛÓÜɯ ÖÓÈÙÈÒɯ ÛÈÚÈÙÓÈÕÔÈÚċÕÈɯ ÝÌɯ ÍÙÌáÌɯ ÚÐÚÛÌÔÐÕÐÕɯ ÐıÓÌàÐıɯ

×ÈÙÈÔÌÛÓÌÙÐÕÐÕɯÒÖÕÛÙÖÓĹÕÌɯÖÓÈÕÈÒɯÝÌÙÌÕɯ×ÙÖÎÙÈÔËċÙ (Alghazzawi, 2016). 

%ÙÌáÌɯ ÊÐÏÈáċɯ ȹ" ,ȺȮɯ Éilgisayar  àÈáċÓċÔċÕËÈɯ ÛÈÚÈÙÓÈÕÈÕɯ ÙÌÚÛÖÙÈÚàÖÕÜÕ, 

bloklar/restoratif materyall erÐÕɯÍÙÌáÌɯÌËÐÓÔÌÚÐɯÐÓÌɯĹÙÌÛÐÓÔÌÚÐÕÐɯÚÈĀÓÈÙȭɯ*ÈáċÔÈɯ

ÐıÓÌÔÐɯ ÒÜÙÜɯ ÝÌàÈɯ ċÚÓÈÒɯ ÖÓÔÈÒɯ ĹáÌÙÌɯ Ɩɯ ÍÈÙÒÓċɯ ıÌÒÐÓËÌɯ àÈ×ċÓÈÉÐÓÔÌÒÛÌËÐÙ 

(Alghazzawi, 2016).  

CAD -" ,ɯÚÐÚÛÌÔÐȮɯĹÙÌÛÐÔɯÈÓÈÕÓÈÙċÕÈɯÎġÙÌɯÓÈÉÖÙÈÛÜÝÈÙɯÝÌɯÏÈÚÛÈɯÉÈıċÕËÈɯ

(chair-sideȺɯÒÜÓÓÈÕċÓÈÕɯÚÐÚÛÌÔÓÌÙɯÖÓÔÈÒɯĹáÌÙÌɯƖɀàÌɯÈàÙċÓċÙȭɯ#ÌÕÛÈÓɯÓÈÉÖÙÈÛÜÝÈÙËÈɯ

ÒÜÓÓÈÕċÓÈÕɯÚÐÚÛÌÔÓÌÙɯÒÌÕËÐɯÐñÌÙÐÚÐÕËÌɯËÌɯƖɯÍÈÙÒÓċɯıÌÒÐÓËÌ olabilmektedir; CAD -

CAM komponentlerinin tümüne sahip olan ve konvansiyonel ölçü yöntemleri ile 

elde edilen ölçülerin dental laboratuvara gönderilip, restora syonun 

ÓÈÉÖÙÈÛÜÝÈÙËÈɯÛÈÚÈÙċÔċÕċÕɯÝÌɯĹÙÌÛÐÔÐÕÐÕɯàÈ×ċÓËċĀċɯÚÐÚÛÌÔÓÌÙɯȹ ÔÈÕÕɯ&ÐÙÉÈÊÏȮɯƗ,ɯ

ESPE, Sirona Dental Systems, Zirkon Zahn, Planmeca, Kavo Dental, Dentsply 

/ÙÖÚÛÏÌÛÐÊÚȺɯÝÌàÈɯÓÈÉÖÙÈÛÜÝÈÙċÕɯÚÈËÌÊÌɯÛÈÙÈàċÊċɯĹÕÐÛÌÚÐÕÌɯÚÈÏÐ×ɯÖÓËÜĀÜɯÝÌɯÌÓËÌɯ

edilen verilerin ÐÕÛÌÙÕÌÛɯÈÙÈÊċÓċĀċɯÐÓÌɯĹÙÌÛÐÊÐɯÍÐÙÔÈàÈɯÎġÕËÌÙÐÓÐ×ɯĹÙÌÛÐÊÐɯÍÐÙÔÈÕċÕɯ

ÛÈÚÈÙċÔċɯÝÌɯĹÙÌÛÐÔÐÕÐɯàÈ×ÛċĀċɯÚÐÚÛÌÔÓÌÙËÐÙɯȹ#67-50, Roland DGA Corporation; 

inLab MC X5, Sirona; M5, Zirkonzahn, Tizian Cut 5 Smart, Ceramill Motion 2, 

Amann Girbach)  (Alghazzawi, 2016).  
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HÈÚÛÈɯÉÈıċÕËÈɯÒÜÓÓÈÕċÓÈÕɯÚÐÚÛÌÔÓÌÙɯËÌɯÓÈÉÖÙÈÛÜÝÈÙɯÚÐÚÛÌÔÓÌÙÐɯÎÐÉÐɯƖɯÍÈÙÒÓċɯ

ÈÓÛɯÎÙÜÉÈɯÈàÙċÓÔÈÒÛÈËċÙȯɯÒÌÕËÐɯÛÈÙÈàċÊċÚċɯÝÌɯÍÙÌáÌɯÊÐÏÈáċɯÖÓÈÕɯÚÐÚÛÌÔÓÌÙɯ(Sirona, 

/ÓÈÕÔÌÊÈȺɯÝÌàÈɯÚÈËÌÊÌɯÛÈÙÈàċÊċàÈɯÚÈÏÐ×ɯÖÓÈÕɯÝÌɯÝÌÙÐÓÌÙÐɯÐÕÛÌÙÕÌÛɯÈÙÈÊċÓċĀċɯÐÓÌɯĹÙÌÛÐÊÐɯ

firmaya gönde ren ÝÌɯÛÈÚÈÙċÔɯĹÕÐÛÌÚÐɯÖÓÔÈàÈÕɯÚÐÚÛÌÔÓÌÙɯȹTrue Definition Scanner, 

3M ESPE; iTero, Align Technology, Inc; Trios, 3Shape; Apollo DI, Sirona; CS 3500, 

Carestream Dental LLC) (Alghazzawi, 2016). 

CAD -" ,ɯÚÐÚÛÌÔÐɯÐÓÌɯáÐÙÒÖÕàÈɯËÌÚÛÌÒÓÐɯÙÌÚÛÖÙÈÚàÖÕÓÈÙɯƖɯÍÈÙÒÓċɯıÌkilde 

üretilebilmektedirler; (1) Konvansiyonel seramik materyali ile veneerlenecek olan 

áÐÙÒÖÕàÈɯÈÓÛɯàÈ×ċÓÈÙċÕɯĹÙÌÛÐÔÐɯÝÌɯȹƖȺɯÔÖÕÖÓÐÛÐÒɯáÐÙÒÖÕàÈɯÙÌÚÛÖÙÈÚàÖÕÓÈÙċÕɯĹÙÌÛÐÔÐȭɯ

 àÕċɯáÈÔÈÕËÈȮɯ" #-" ,ɯÛÌÒÕÐĀÐɯÐÓÌɯáÐÙÒÖÕàÈɯÙÌÚÛÖÙÈÚàÖÕÓÈÙċÕɯĹÙÌÛÐÔÐÕËÌɯƖɯ

ÍÈÙÒÓċɯÛÐ×ÛÌ ÉÓÖÒɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙȰɯÛÈÔɯÚÐÕÛÌÙÓÌÕÔÐıɯÝÌɯàÈÙċɯÚÐÕÛÌÙÓÌÕÔÐıɯáÐÙÒÖÕàÈɯ

bloklar.  

" ,ɯÊÐÏÈáċÕËÈɯÍÙÌáÌɯÐıÓÌÔÐɯÛÈÔÈÔÓÈÕËċÒÛÈÕɯÚÖÕÙÈɯàĹÒÚÌÒɯÚċÊÈÒÓċÒÓÈÙËÈɯ

ÚÐÕÛÌÙÓÌÕÌÕɯ àÈÙċɯ ÚÐÕÛÌÙÓÌÕÔÐıɯ ȹġÕɯ ÚÐÕÛÌÙÓÌÔÌɯ àÈ×ċÓÔċıȺɯ áÐÙÒÖÕàÈɯ ÉÓÖÒÓÈÙɯ

ÎĹÕĹÔĹáËÌɯËÈÏÈɯ×Ö×ĹÓÌÙɯÖÓÔÜıÛÜÙɯÝÌ ÉÐÙñÖÒɯĹÙÌÛÐÊÐɯÍÐÙÔÈɯÛÈÙÈÍċÕËÈÕɯÛÈÝÚÐàÌɯ

ÌËÐÓÔÌÒÛÌËÐÙȭɯ!ÜɯÉÓÖÒÓÈÙċÕɯĹÙÌÛÐÔÐÕËÌɯÚÖĀÜÒɯÐáÖÚÛÈÛÐÒɯ×ÙÌÚÓÌÔÌɯȹcold isostatic 

pressingȺɯ àġÕÛÌÔÐɯ ÒÜÓÓÈÕċÓÔÈÒÛÈËċÙȭɯ 8-39/ɯ ÛÖáÓÈÙċÕċÕɯ ×ÙÌÚÓÌÕÌÉÐÓÔÌÓÌÙÐɯ ÐñÐÕɯ

àÈ×ċÓÈÙċÕÈɯÉÐÙɯÉÈĀÓÈàċÊċɯÌÒÓÌÕÔÌÒÛÌɯÝÌɯÉÜɯÉÈĀÓÈàċÊċɯġÕɯÚÐÕÛÌÙÓÌÔÌɯÈıÈÔÈÚċÕËÈɯ

ÌÓÐÔÐÕÌɯÌËÐÓÔÌÒÛÌËÐÙȭɯ4àÎÜÓÈÕÈÕɯċÚċȮɯÚÌÙÛÓÐÒɯÝÌɯÐıÓÌÕÌÉÐÓÐÙÓÐÒɯÈñċÚċÕËÈÕɯÉĹàĹÒɯ

ġÕÌÔɯÛÈıċÔÈÒÛÈɯÝÌɯÉÓÖÒÓÈÙċÕɯÏċáÓċɯÉÐÙɯıÌÒÐÓËÌɯċÚċÛċÓÔÈÚċɯÏÈÓÐÕËÌɯñÈÛÓÈÒɯÖÓÜıÜÔÜÕÈɯ

ÕÌËÌÕɯÖÓÜÕÈÉÐÓÔÌÒÛÌËÐÙȭɯ!ÜɯàĹáËÌÕȮɯàÈÝÈıɯċÚċÛÔÈɯÛÌÙÊÐÏɯÌËÐÓÔÌÒÛÌËÐÙɯ(Denry ve 

Kelly, 2008).  

#Èàɯ ÔÖËÌÓɯ ÝÌàÈɯ ÔÜÔɯ ÔÖËÌÓÈÑċɯ ÏÈáċÙÓÈÕÈÕɯ ÙÌÚÛÖÙÈÚàÖÕȮɯ " #-CAM 

ÚÐÚÛÌÔÐÕÐÕɯ ÛÈÙÈàċÊċÚċɯ ÛÈÙÈÍċÕËÈÕɯ ÛÈÙÈÕÔÈÒÛÈɯ ÝÌɯ ÚÐÕÛÌÙÓÌÔÌɯ ÐıÓÌÔÐɯ ÚċÙÈÚċÕËÈɯ

ÖÓÜıÈÉÐÓÌÊÌÒɯ ÉĹáĹÓÔÌàÐɯ ÒÖÔ×ÈÕÚÌɯ ÌÛÔÌÒɯ ÐñÐÕɯ ÉÐÓÎÐÚÈàÈÙɯ àÈáċÓċÔċɯ ÐÓÌɯ ÖÓÔÈÚċɯ
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gerekenden daha büyük boyutlarda tasarlaÕÔÈÒÛÈËċÙȭɯ #ÈÏÈɯ ÚÖÕÙÈɯ àÈÙċɯ

ÚÐÕÛÌÙÓÌÕÔÐıɯ ÉÓÖÒȮɯ ÏÈáċÙÓÈÕÈÕɯ ÛÈÚÈÙċÔÈɯ ÜàÎÜÕɯ ÉÐñÐÔËÌɯ ÍÙÌáÌÓÌÕÌÙÌÒɯ ÈÓÛɯ àÈ×ċɯ

ÖÓÜıÛÜÙÜÓÔÈÒÛÈȮɯÈÙËċÕËÈÕɯàĹÒÚÌÒɯËÌÙÌÊÌÓÌÙËÌɯġáÌÓɯÖÓÈÙÈÒɯ×ÙÖÎÙÈÔÓÈÕÔċıɯÍċÙċÕËÈɯ

ÚÐÕÛÌÙÓÌÕÔÌÒÛÌËÐÙȭɯ 2ÐÕÛÌÙÓÌÔÌɯ ÚċÊÈÒÓċĀċɯ ÝÌɯ ÚĹÙÌÚÐȮɯ ÒÜÓÓÈÕċÓÈÕɯ ĹÙĹÕÌɯ ÎġÙÌɯ

ËÌĀÐıÒÌÕÓÐÒɯ ÎġÚÛÌÙÌÉÐÓÔÌÒÛÌȰɯ ÐıÓÌÔɯ ÖÙÛÈÓÈÔÈɯ Ɯɯ ÚÈÈÛɯ ÚĹÙÔÌÒÛÌɯ ÝÌɯ ÚċÊÈÒÓċÒɯ

1350o"ɀËÌÕɯ ƕƙƙƔo"ɀàÌɯ ÜÓÈıÈÉÐÓÔÌÒÛÌËÐÙȭɯ 2ÐÕÛÌÙÓÌÔÌɯ ÐıÓÌÔÐÕËÌÕɯ ÚÖÕÙÈɯ ÖÓÜıÈÕɯ

rezidüel stresleri minimuma indirmek için, restorasyon 200 o"ɀÕÐÕɯ ÈÓÛċÕËÈÒÐɯ

ÚċÊÈÒÓċÒÓÈÙÈɯÚÖĀÜÛÜÓÔÈÒÛÈËċÙɯȹ#ÌÕÙàɯÝÌɯ*ÌÓÓàȮɯƖƔƔƜȺȭɯɯɯɯɯɯ 

Cercon Smart Zirconia (Dentsply International), Lava (3M ESPE), Procera 

AllZircon (Nobel Biocare), In -Ceram YZ (Vident), IPS e.max ZirCAD (Ivoclar 

Vivadent) ve Everest ZS (Kavo) piyasada bulunan ve GC Initial Zirconia àÈàÎċÕɯ

ÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÈÕɯàÈÙċɯÚÐÕÛÌÙÓÌÕÔÐıɯÉÓÖÒÓÈÙËċÙȭ 

xáÌÓɯÖÓÈÙÈÒɯÛÈÚÈÙÓÈÕÔċıɯÊÐÏÈáÓÈÙËÈɯÍÙÌáÌÓÌÕÌÕɯÛÈÔɯÚÐÕÛÌÙÓÌÕÔÐıɯÉÓÖÒÓÈÙȮɯ

àÈÙċɯÚÐÕÛÌÙÓÌÕÔÐıɯÉÓÖÒÓÈÙËÈÕɯÍÈÙÒÓċɯÖÓÈÙÈÒȮɯàĹÒÚÌÒɯÚÌÙÛÓÐĀÌɯÚÈÏÐ×ɯÖÓÔÈÒÛÈɯËÖÓÈàċÚċɯ

ÐÓÌɯıÌÒÐÓÓÌÕËÐÙÐÓÔÌÓÌÙÐɯËÌɯáÖÙÓÈıÔÈÒÛÈËċÙȭɯ!ÜɯġáÌÓÓÐÒÓÌÙÐȮɯÔÌÒÈÕÐÒɯġáÌÓÓÐÒÓÌÙÐÕÐɯ

negatif yönde etkileyebilmektedir (Denry ve Kelly, 2008). Ancak, sinterleme 

ÚÖÕÙÈÚċɯÏÌÙÏÈÕÎÐɯÉÐÙɯÉĹáĹÓÔÌɯÎġÚÛÌÙÔÌËÐÒÓÌÙÐÕËÌÕɯàÈÙċɯÚÐÕÛÌÙÓÌÕÔÐıɯÉÓÖÒÓÈÙÈɯ

ÖÙÈÕÓÈɯËÈÏÈɯÈÝÈÕÛÈÑÓċËċÙÓÈÙɯ(ManicÖÕÌɯÝÌɯËÐĀÌÙÓÌÙÐ, 2007). Tam sinterÓÌÕÔÐıɯ8-

39/ɯÉÓÖÒÓÈÙȮɯÍÙÌáÌÓÌÔÌɯÐıÓÌÔÐɯġÕÊÌÚÐÕËÌɯƕƙƙƔo"ɀÕÐÕɯÈÓÛċÕËÈɯÚÐÕÛÌÙÓÌÕÌÙÌÒȮɯǔƝƙɯ

àÖĀÜÕÓÜĀÈɯÜÓÈıÔÈÒÛÈËċÙÓÈÙȭɯ#ÈÏÈɯÚÖÕÙÈɯƕƘƔƔ-1500 o"ɀËÌɯÝÌɯàĹÒÚÌÒɯÉÈÚċÕñɯÈÓÛċÕËÈɯ

àÈÙċɯÚÐÕÛÌÙÓÌÕÔÐıɯÉÓÖÒÓÈÙËÈÕɯÍÈÙÒÓċɯÖÓÈÙÈÒɯÚċÊÈÒɯÐáÖÚÛÈÛÐÒɯ×ÙÌÚÓÌÔÌɯȹhot isostatic 

pressingȺɯ ÐıÓÌÔÐÕÌɯ ÛÈÉÐɯ ÛÜÛÜÓÔÈÒÛÈËċÙÓÈÙȭɯ !ġàÓÌÊÌɯ ǔƝƝɯ ÖÙÈÕċÕËÈɯ àÖĀÜÕÓÜĀÈɯ

ÜÓÈıÔÈÓÈÙċɯÚÈĀÓÈÕÔÈÒÛÈËċÙɯȹ#ÌÕÙàɯÝÌɯ*ÌÓÓàȮɯƖƔƔƜȺȭɯɯ    

DC Zircon (DCS Dental AG), Denzir (Cadesthetics AB), Digizon (Digident 

&ÔÉ'ȺɯÝÌɯ$ÝÌÙÌÚÛɯ9'ɯȹ*ÈÝÖȺɯ×ÐàÈÚÈËÈɯÉÜÓÜÕÈÕɯÛÈÔɯÚÐÕÛÌÙÓÌÕÔÐıɯÉÓÖÒÓÈÙËċÙȭ 
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#ÐÑÐÛÈÓɯÖÓÈÙÈÒɯĹÙÌÛÐÔÐɯÛÈÔÈÔÓÈÕÔċıɯÖÓÈÕɯÈÓÛɯàÈ×ċȮɯÖ×ÈÒɯàÈ×ċÚċÕËÈÕɯËÖÓÈàċȮɯ

ÌÚÛÌÛÐÒɯÉÐÙɯÎġÙĹÕĹÔĹÕɯÌÓËÌɯÌËÐÓÔÌÚÐɯÈÔÈÊċɯÐÓÌɯËÈÏÈɯÚÖÕÙÈɯÔÈÕÜÌÓɯÖÓÈÙÈÒɯËÌÕÛÈÓɯ

ÛÌÒÕÐÚàÌÕɯÛÈÙÈÍċÕËÈÕɯÓÈÉÖÙÈÛÜÝÈÙËÈɯÒÖÕÝÈÕÚÐàÖÕÌÓɯÝÌÕÌÌÙɯÚÌÙÈÔÐĀÐɯȹÍÌÓËÚ×ÈÛÐÒȺɯ

ile kaplanmakt Èɯ ÝÌɯ ñÌıÐÛÓÐɯ ÍċÙċÕÓÈÔÈɯ ÐıÓÌÔÓÌÙÐÕËÌÕɯ ÚÖÕÙÈɯ ÍÐÕÈÓɯ ÙÌÚÛÖÙÈÚàÖÕɯ

ÛÈÔÈÔÓÈÕÔÈÒÛÈËċÙɯȹ,ÐàÈáÈÒÐɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2013)ȭɯ  ÕÊÈÒɯ ÈÓÛɯ àÈ×ċɯ ÝÌɯ ÝÌÕÌÌÙɯ

seramiklerinin ÚÈÏÐ×ɯÖÓËÜÒÓÈÙċɯÍÈÙÒÓċɯÛÌÙÔÈÓɯÎÌÕÓÌıÔÌɯÒÈÛÚÈàċÓÈÙċȮɯÍċÙċÕÓÈÔÈɯÝÌɯ

ÚÖÕÙÈÚċÕËÈɯ ÚÖĀÜÛÔÈɯ ÐıÓÌÔÓÌÙÐɯ ÚÖÕÜÊÜÕËÈɯ ÐÚÛÌÕÔÌàÌÕɯ ċÚċÚÈÓɯ ËÌĀÐıÐÒÓÐÒÓÌÙÐÕɯ

ÔÌàËÈÕÈɯ ÎÌÓÔÌÚÐȮɯ áÐÙÒÖÕàÈɯ ÈÓÛɯ àÈ×ċ-ÝÌÕÌÌÙɯ ÚÌÙÈÔÐĀÐɯ ÈÙÈÚċÕËÈɯ ÐÚÛÌÕÔÌàÌÕɯ

ÔÈÒÈÚÓÈÔÈɯÒÜÝÝÌÛÓÌÙÐÕÐÕɯÖÓÜıÔÈÚċɯÝÌɯñÌıÐÛÓÐɯÝÌÕÌÌÙÓÌÔÌɯÛÌÒÕÐÒÓÌÙÐÕËÌÕɯËÖÓÈàċȮɯ

ÝÌÕÌÌÙɯÔÈÛÌÙàÈÓÐÕÐÕɯÈÓÛɯàÈ×ċËÈÕɯÒċÙċÓÈÙÈÒɯÈàÙċÓÔÈÚċɯȹchipping ve delaminasyon) 

görülebilmektedir ȹ ÉÖÜÚÏÌÓÐÉɯÝÌɯËÐĀÌÙÓÌÙÐ, ƖƔƔƙȰɯ*ÖÔÐÕÌɯÝÌɯËÐĀÌÙÓÌÙÐ, 2010; 

*ÖÔÐÕÌɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƖȰɯ1ÈÐÎÙÖËÚÒÐɯÝÌɯËÐĀÌÙÓÌÙÐ, 2012a; RaigÙÖËÚÒÐɯÝÌɯËÐĀÌÙÓÌÙÐ, 

2012ÉȰɯ3ÈÕɯÝÌɯËÐĀÌÙÓÌÙÐ, 2012). 

9ÐÙÒÖÕàÈɯ ÈÓÛɯ àÈ×ċɯ ÐÓÌɯÝÌÕÌÌÙɯ ÚÌÙÈÔÐĀÐɯ ÈÙÈÚċÕËÈÒÐ ÉÈĀÓÈÕÛċËÈɯ ÖÓÜıÈÕɯ

ÉÈıÈÙċÚċáÓċÒÓÈÙċɯġÕÓÌÔÌÒɯÈÔÈÊċàÓÈɯñÌıÐÛÓÐɯÛÌÒÕÐÒÓÌÙɯÎÌÓÐıÛÐÙÔÐıÛÐr: 

¶ CAD -CAM ÐÓÌɯĹÙÌÛÐÓÔÐıɯàĹÒÚÌÒɯËÐÙÌÕñÓÐɯÝÌÕÌÌÙɯÚÌÙÈÔÐĀÐÕÐÕ zirkonya alt 

àÈ×ċɯĹáÌÙÐÕÌɯÚÐÕÛÌÙÓÌÕÔÌÚÐ ȹ!ÌÜÌÙɯÝÌɯËÐĀÌÙÓÌÙÐ, 2009). 

¶ 5ÌÕÌÌÙɯÚÌÙÈÔÐĀÐÕɯÉÈÚċÕñ (press-onȺɯÛÌÒÕÐĀÐɯÐÓÌɯĹÙÌÛÐÓÔÌÚÐɯ(Aboushelib ve 

ËÐĀÌÙÓÌÙÐ, 2006).  

¶ Press-on ÛÌÒÕÐĀÐɯ ÐÓÌɯ ĹÙÌÛÐÓÔÐıɯ ÝÌÕÌÌÙɯ ÚÌÙÈÔÐĀÐÕÐÕɯ ĹáÌÙÐÕÌɯ ÛÈÉÈÒÈÓÈÔÈɯ

ÛÌÒÕÐĀÐɯÐÓÌɯÝÌÕÌÌÙɯÚÌÙÈÔÐĀÐɯÜàÎÜÓÈÕÔÈÚċɯȹIÐÍÛɯÝÌÕÌÌÙÓÌÔÌɯÛÌÒÕÐĀÐɯɬ Double 

veenering technique) (AbousheÓÐÉɯÝÌɯËÐĀÌÙÓÌÙÐ, 2008). 

 

Son zamanlarda, zirkonya-ÝÌÕÌÌÙɯÉÈıÈÙċÚċáÓċĀċÕċɯġÕÓÌÔÌÒɯÐñÐÕɯàÜÒÈÙċËÈɯ

bahsi geçen yöntemlere alternatif olarak monolitik zirkonya restorasyonlar 
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ÒÜÓÓÈÕċÔÈɯÎÐÙÔÐıÛÐÙ ȹ,ÈÙÊÏÈÊÒɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƕȰɯ2ÊÏÓÌàɯÝÌɯËÐĀÌÙÓÌri, 2010). 

,ÖÕÖÓÐÛÐÒɯÛÌÙÐÔÐȮɯȿÛÌÒɯÔÈÛÌÙàÈÓËÌÕȮɯÛÈÔɯÒÖÕÛÜÙɯıÌÒÓÐÕËÌɯĹÙÌÛÐÓÔÐıɀɯÈÕÓÈÔċÕÈɯ

gelmektedir.  2ÖÕɯàċÓÓÈÙÈɯÒÈËÈÙɯÔÖÕÖÓÐÛÐÒɯÒÙÖÕÓÈÙȮɯÎÌÕÌÓÓÐÒÓÌɯÌÚÛÌÛÐÒɯÖÓÈÙÈÒɯĹÚÛĹÕɯ

ÈÕÊÈÒɯÔÌÒÈÕÐÒɯÖÓÈÙÈÒɯáÈàċÍɯÔÈÛÌÙàÈÓÓÌÙËÌÕɯÖÓÜıÛÜÙÜÓÔÈÒÛÈɯÝÌɯÈÕÛÌÙÐÖÙɯÉġÓÎÌËÌɯ

ÒÜÓÓÈÕċÓÔÈÒÛÈàËċȭ "ÈÔÚċɯ ÚÌÙÈÔÐÒÓÌÙȮɯ ÓġÚÐÛɯ ÝÌɯ ÓÐÛàÜÔɯ ËÐÚÐÓÐÒÈÛɯ ËÖÓËÜÙÜÊÜÓÜɯ

ÚÌÙÈÔÐÒÓÌÙɯ ÝÌɯ ÏÐÉÙÐÛɯ ÚÌÙÈÔÐÒÓÌÙɯ ÔÖÕÖÓÐÛÐÒɯ ÒÙÖÕɯ àÈ×ċÔċÕËÈɯ àÈàÎċÕɯ ÖÓÈÙÈÒɯ

ÒÜÓÓÈÕċÓÔÈÒÛÈËċÙȭ  ÕÊÈÒɯáÐÙÒÖÕàÈÕċÕɯËÐĀÌÙɯÛÈÔɯÚÌÙÈÔÐÒɯÚÐÚÛÌÔÓÌÙÌɯÎġÙÌɯËĹıĹÒɯ

translusensisi konvansiyonel zirkon àÈÕċÕɯÔÖÕÖÓÐÛÐÒɯÒÙÖÕɯàÈ×ċÔċÕËÈɯÒÜÓÓÈÕċÔċÕċɯ

ÌÚÛÌÛÐÒɯÈñċËÈÕɯÚċÕċÙÓÈÔÈÒÛÈËċÙ ȹ&ÙÐÍÍÐÕȮɯƖƔƕƗȰɯ,ÐÛÖÝɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƚȺ bu nedenle, 

áÐÙÒÖÕàÈÕċÕɯÔÐÒÙÖàÈ×ċÚċÕËÈɯÉÐÙÛÈÒċÔɯÔÖËÐÍÐÒÈÚàÖÕÓÈÙɯàÈ×ċÓÈÙÈÒɯÒÖÕÝÈÕÚÐàÖÕÌÓɯ

áÐÙÒÖÕàÈàÈɯÎġÙÌɯÛÙÈÕÚÓÜÚÌÕÚÐɯġáÌÓÓÐÒÓÌÙÐɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙɯȹËÈɯ2ÐÓÝÈɯÝÌɯËÐĀÌÙÓÌÙÐ, 

2017)ȭɯ  ÓĹÔÐÕÈɯ ÐñÌÙÐĀÐÕÐÕɯ ÈáÈÓÛċÓÔÈÚċȮɯ àÖĀÜÕÓÜĀÜÕɯ ÈÙÛÛċÙċÓÔÈÚċȮɯ ÛÈÕÌÊÐÒɯ

ÉÖàÜÛÜÕÜÕɯ ÒĹñĹÓÛĹÓÔÌÚÐȮɯ àÈ×ċÚċÕÈɯ ÒĹÉÐÒɯ áÐÙÒÖÕàÈɯ ÌÒÓÌÕÔÌÚÐȮɯ ÐñÌÙÐĀÐÕËÌÒÐɯ

àÈÉÈÕÊċɯ ÔÈËËÌÓÌÙÐÕɯ ÝÌɯ àÈ×ċÚÈÓɯ ËÌÍÌÒÛÓÌÙÐÕɯ ÈáÈÓÛċÓÔÈÚċɯ àÈ×ċÓÈÕɯ

ÔÖËÐÍÐÒÈÚàÖÕÓÈÙËÈÕɯ ÉÈáċÓÈÙċËċÙɯ(Zhang, 2014)ȭɯ *ÙÐÚÛÈÓɯ ÛÈÕÌÊÐĀÐÕɯ ÉÖàÜÛÜȮɯ

polikristalin seramiklerin translusensilerinin düzenlemesinde en etkili olan 

ÔÐÒÙÖàÈ×ċÚÈÓɯġáÌÓÓÐÒÛÐÙȭɯxÕÊÌÒÐɯàċÓÓÈÙËÈɯàĹÒÚÌÒɯÛÙÈÕÚÓÜÚÌÕÚÐàÌɯÚÈÏÐ×ɯÚÌÙÈÔÐÒɯ

materyaÓÓÌÙÐÕɯÎÌÓÐıÛÐÙÐÓÔÌÚÐɯÈÔÈÊċàÓÈɯÚÐÕÛÌÙÓÌÔÌɯÚċÙÈÚċÕËÈɯÛÈÕÌÊÐÒɯÉÖàÜÛÓÈÙċÕċÕɯ

ÉĹàĹÛĹÓÔÌÚÐɯàġÕÛÌÔÐɯÜàÎÜÓÈÕÔÈÒÛÈàËċɯȹ"ÏÌÕÎɯÝÌɯËÐĀÌÙÓÌÙÐ, 2002). Daha büyük 

ÛÈÕÌÊÐÒÓÌÙɯ ËÈÏÈɯ Èáɯ ÛÈÕÌÊÐÒɯ ÚċÕċÙċɯ ÖÓÔÈÚċÕÈɯ àÖÓɯ ÈñÈÙÈÒɯ ċıċĀċÕɯ ËÈĀċÓÔÈÚċÕċɯ

ÈáÈÓÛÔÈÒÛÈËċÙȭɯ  ÕÊÈÒɯ áÐÙÒÖÕàÈɯ ÚÌÙÈÔÐÒÓÌÙËÌȮɯ ËÈÏÈɯ ÉĹàĹÒɯ ÛÈÕÌÊÐÒɯ ÉÖàÜtu 

ÚÌÙÈÔÐĀÐÕɯÔÌÒÈÕÐÒɯġáÌÓÓÐÒÓÌÙÐɯÈñċÚċÕËÈÕɯáÈÙÈÙÓċɯÖÓÔÈÒÓÈɯÉÐÙÓÐÒÛÌɯÛÌÛÙÈÎÖÕÈÓɯÍÈáċÕɯ

ÚÛÈÉÐÓÐÛÌÚÐÕÐɯËÌɯÖÓÜÔÚÜáɯÌÛÒÐÓÌÔÌÒÛÌËÐÙȭɯ!ÜɯÕÌËÌÕÓÌȮɯáÐÙÒÖÕàÈÕċÕɯÛÙÈÕÚÓÜÚÌÕÚÐÕÐÕɯ

ÈÙÛÛċÙċÓÔÈÚċɯÈÔÈÊċàÓÈɯÛÈÕÌÊÐÒɯÉÖàÜÛÜÕÜÕɯÉĹàĹÛĹÓÔÌÚÐɯÜàÎÜÕɯËÌĀÐÓËÐÙɯȹËÈɯ2ÐÓÝÈɯÝÌɯ

ËÐĀÌÙÓÌÙÐȮ ƖƔƕƛȺȭɯ#ÈÏÈɯÛÙÈÕÚÓÜÚÌÕÛɯáÐÙÒÖÕàÈɯÌÓËÌɯÌÛÔÌÒɯÐñÐÕɯÜàÎÜÓÈÕÈÕɯÉÈıÒÈɯÉÐÙɯ
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àÈÒÓÈıċÔɯÛÈÕÌÊÐÒɯÉÖàÜÛÜÕÜɯÊÐËËÐɯÖÙÈÕËÈɯËĹıĹÙÔÌÒÛÐÙȭɯ ÕÊÈÒɯÛÈÕÌÊÐÒɯÉÖàÜÛÜÕÜÕɯ

ɁñÐÍÛɯÒċÙċÓÔÈɯÍÌÕÖÔÌÕÐÕÐÕɂɯÈáÈÓÛċÓÔÈÚċàÓÈɯÚÖÕÜñÓÈÕÈÊÈÒɯÒÙÐÛÐÒɯËÌĀÌÙÌɯÜÓÈıÈÕÈɯËÌÒɯ

küçültülmesi gereklidir. Zirk ÖÕàÈËÈɯñÐÍÛɯÒċÙċÓÔÈȮɯÔÐÒÙÖàÈ×ċÚċÕËÈÒÐɯÒÙÐÚÛÈÓÖÎÙÈÍÐÒɯ

ÖÙàÈÕÛÈÚàÖÕÈɯÉÈĀÓċɯÖÓÈÙÈÒɯÖÙÛÈàÈɯñċÒÈÙȭɯ%ÈÙÒÓċɯÙÌÍÙÈÒÛÐÍɯÐÕËÌÒÚÓÌÙÌɯÚÈÏÐ×ɯÉÐÙɯÒÙÐÚÛÈÓɯ

ÖÓÈÕɯ ÛÌÛÙÈÎÖÕÈÓɯ ÒÙÐÚÛÈÓɯ ÍÈáċÕɯ ÍÈáÓÈɯ ÔÐÒÛÈÙËÈɯ ÖÓÔÈÚċÕËÈÕɯ ËÖÓÈàċɯ ñÐÍÛɯ ÒċÙċÓÔÈɯ

meydana gelir. Refraktif indekslerdeki va ÙàÈÚàÖÕÓÈÙÈɯÉÈĀÓċɯÐáÖÛÙÖ×ÐÒɯÖÓÔÈàÈÕɯ

ËÈÝÙÈÕċıɯÉÌÓÐÙÎÐÕɯÉÐÙɯċıċÒɯËÈĀċÓċÔċÕÈɯÕÌËÌÕɯÖÓÜÙȭɯ!ÜɯËÈĀċÓċÔɯÌÛÒÐÚÐÕÐÕɯĹÚÛÌÚÐÕËÌÕɯ

ÎÌÓÔÌÒɯÐñÐÕɯÎÌÓÐıÛÐÙÐÓÌÕɯÉÐÙɯËÐĀÌÙɯàÖÓɯÐÚÌɯÒĹÉÐÒɯáÐÙÒÖÕàÈɯÒÜÓÓÈÕċÔċËċÙȭɯ*ĹÉÐÒɯ

áÐÙÒÖÕàÈɯÖ×ÛÐÒɯÐáÖÛÙÖ×ÐÒɯËÈÝÙÈÕċıɯÚÈĀÓÈàÈÙÈÒɯÛÙÈÕÚÓÜÚÌÕÚÐàÐɯÈÙÛċÙċÙɯȹËÈɯ2ÐÓÝÈɯÝÌɯ

ËÐĀÌÙÓÌÙÐȮɯƖƔƕƛȺȭɯ 

Her ne kadar yeni zirkonya materyalleri daha yüksek translusensiye sahip 

ÖÓÚÈɯ ËÈȰɯ ÙÌÚÛÖÙÈÚàÖÕÜÕɯ ÍÐÕÈÓɯ ÌÚÛÌÛÐĀÐɯ ÏÈÓÌÕɯ ÉÌàÈáċÔÚċɯ Ö×ÈÒɯ ÙÌÕÒɯ ÕÌËÌÕÐɯ ÐÓÌɯ

ÚċÕċÙÓċËċÙȭɯ!ÜɯÕÌËÌÕÓÌȮɯáÐÙÒÖÕàÈɯÔÈÛÌÙàÈÓÐÕÐÕɯÙÌÕÒɯġáÌÓÓÐÒÓÌÙÐÕÐÕɯÎÌÓÐıÛÐÙÐÓÔÌÚÐɯ

ĹáÌÙÐÕÌɯ ñÈÓċıÔÈÓÈÙɯ ËÌÝÈÔɯ ÌÛÔÌÒÛÌËÐÙȭɯ 3ÙÈÕÚÓÜÚÌÕÛɯ áÐÙÒÖÕàÈɯ ÔÈÛÌÙàÈÓÐÕÌɯ

renklendirici pigmentlerin eklenmesinin materyalin bükülme direnci ve 

ÛÙÈÕÚÓÜÚÌÕÚÐÕÐɯÌÛÒÐÓÌÔÌËÐĀÐɯÉÌÓÐÙÛÐÓÔÐıɯÖÓÔÈÒÓÈɯÉÌÙÈÉÌÙȰɯÉÜɯÉÜÓÎÜÓÈÙȮɯÚ×ÌÚÐÍÐÒɯ

ÙÌÕÒÓÌÕËÐÙÔÌɯÔÌÛÖÛÓÈÙċɯÐÓÌɯÚċÕċÙÓċËċÙɯÝÌɯÎÌÕÌÓɯÉÐÙɯàÈÙÎċàÈɯÝÈÙċÓÈÔÈáɯ(Kim ve Kim, 

ƖƔƕƘȰɯ 2ÌËËÈɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2015)ȭɯ 9ÐÙÒÖÕàÈÕċÕɯ ÚÐÕÛÌÙÓÌÔÌɯ ġÕÊÌÚÐɯ ÈıÈÔÈËÈɯ

renklendirici solüsyona dal ËċÙċÓÔÈÚċɯ ÌÕɯ ñÖÒɯ ÒÜÓÓÈÕċÓÈÕɯ ÙÌÕÒÓÌÕËÐÙÔÌɯ

àġÕÛÌÔÓÌÙÐÕËÌÕɯÉÐÙÐËÐÙȭɯ ÕÊÈÒɯÉÜɯàġÕÛÌÔÐÕɯËÌáÈÝÈÕÛÈÑċȮɯÙÌÕÒɯ×ÐÎÔÌÕÛÓÌÙÐÕÐÕɯ

ÉÌÓÐÙÓÐɯÉÐÙɯËÌÙÐÕÓÐĀÌɯÒÈËÈÙɯÜÓÈıÈÉÐÓÔÌÚÐɯÚÖÕÜÊÜÕËÈɯÏÖÔÖÑÌÕɯÖÓÔÈàÈÕɯÉÐÙɯÙÌÕÒÓÌɯ

sonuçlanabilmesidir ( Rinke ve Fischer, 2013)ȭɯ#ÐĀÌÙɯÉÐÙɯÙÌÕÒÓÌndirme yöntemi ise 

ÙÌÕÒÓÌÕËÐÙÐÓÔÐıɯáÐÙÒÖÕàÈɯÉÓÖÒÓÈÙċÕɯÒÜÓÓÈÕċÓÔÈÚċËċÙȭɯ!ÜɯÉÓÖÒÓÈÙɯËÈÏÈɯÏÖÔÖÑÌÕɯÉÐÙɯ

ÙÌÕÒÓÌÕÔÌɯÚÈĀÓÈÙɯ(Kim ve  Kim, 2016). !ÜÕÜÕɯàÈÕċÕËÈɯÔÐÕÌɯÝÌɯËÌÕÛÐÕÐÕɯÖ×ÛÐÒɯ

ġáÌÓÓÐÒÓÌÙÐÕÐɯÛÈÒÓÐÛɯÌËÌÕɯñÌıÐÛÓÐɯÛÙÈÕÚÓÜÚÌÕÚÐÓÌÙÌɯÚÈÏÐ×ɯpolikromatik CAD -CAM 
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blokÓÈÙċɯËÈ mevcuttur.   àÙċÊÈȮɯÌÒÚÛÌÙÕÈÓɯÉÖàÈÔÈɯÐÓÌɯàĹáÌàɯÒÈÙÈÒÛÌÙÐáÈÚàÖÕÓÈÙċɯ

àÈ×ċÓÈÙÈÒɯda ÙÌÕÒɯÜàÜÔÜɯÚÈĀÓÈÕÔÈàÈɯñÈÓċıċÓÔÈÒÛÈËċÙɯȹ1ÐÕÒÌɯÝÌɯ%ÐÚÊÏÌÙȮɯƖƔƕƗȺȭ  

,ÖÕÖÓÐÛÐÒɯ ÙÌÚÛÖÙÈÚàÖÕÓÈÙċÕɯ ×Ö×ĹÓaritesinin ÎĹÕɯ ÎÌñÛÐÒñÌɯ ÈÙÛÔÈÚċÕÈɯ ÝÌɯ

zirkonya materyalinin estetik özellikleri nin  ÎÌÓÐıÛÐÙÐÓÔÌÚÐÕÌɯÙÈĀÔÌÕȮɯáÐÙÒÖÕàÈɯÈÓÛɯ

àÈ×ċÓÈÙċÕɯÝÌÕÌÌÙɯÚÌÙÈÔÐĀÐɯÐÓÌɯÒÈ×ÓÈÕÔÈÚċɯàġÕÛÌÔÐɯÐÓÌ üretilen restorasyonlar 

ÏÈÓÌÕɯ ÎÌñÌÙÓÐÓÐĀÐÕÐɯ ÒÖÙÜÔÈÒÛÈËċÙȭɯ !Üɯ ÕÌËÌÕÓÌȮɯ áÐÙÒÖÕàÈ-ÝÌÕÌÌÙɯ ÚÌÙÈÔÐĀÐɯ

ÉÈĀÓÈÕÛċÚċÕċɯ ÈÙÛÛċÙÔÈÒɯ ÈÔÈÊċàÓÈɯ áÐÙÒÖÕàÈàÈɯ ÉÐÙÛÈÒċÔɯ àĹáÌàɯ ÐıÓÌÔÓÌÙÐɯ

ÜàÎÜÓÈÕÔÈÒÛÈËċÙȭ 

2.2. Zirkonya   ÓÛɯ8È×ċɯÐÓÌɯ5ÌÕÌÌÙɯ2ÌÙÈÔÐĀÐ  ÙÈÚċÕËÈÒÐɯ!ÈĀÓÈÕÛċɯ#ÐÙÌÕÊÐÕÐɯ

 ÙÛċÙÔÈàÈɯ8ġÕÌÓÐÒɯ4àÎÜÓÈÕÈÕɯ8ĹáÌàɯdıÓÌÔÓÌÙÐ 

Zirkonya -ÝÌÕÌÌÙɯÚÌÙÈÔÐĀÐɯÈÙÈÚċÕËÈɯÖ×ÛÐÔÜÔ mikromekanik adezyonu 

ÚÈĀÓÈÔÈÒɯÝÌɯÒÓÐÕÐÒɯÖÓÈÙÈÒɯÜáÜÕɯËġÕÌÔËÌɯÉÈıÈÙċɯÌÓËÌɯÌËÌÉÐÓÔÌÒɯÖÓËÜÒñÈɯáÖÙËÜÙɯ

ve bu adezyonu ÈÙÛċÙÔÈàÈɯàġÕÌÓÐÒɯñÌıÐÛÓÐɯÔÌÒÈÕÐÒɯÝÌɯÒÐÔàÈÚÈÓɯàĹáÌàɯÐıÓÌÔÓÌÙÐɯ

ÜàÎÜÓÈÕÔÈÒÛÈËċÙȭɯ!ÜɯÐıÓÌÔÓÌÙȮɯáÐÙÒÖÕàÈɯÈÓÛɯàÈ×ċàÈȮɯ×ÖÙÚÌÓÌÕɯÐÓÌɯÒÈ×ÓÈÕÔÈËÈÕɯ

önce uygulanmakta ve yüzeye ekleme veya yüzeyden eksiltme yoluyla 

àÈ×ċÓÔÈÒÛÈËċÙȭɯ  ÕÊÈÒɯ ÎĹÕĹÔĹáËÌɯ ÜàÎÜÓÈÕÈÕɯ àĹáÌàɯ ÐıÓÌÔÓÌÙÐÕÐÕɯ ÏÈÕÎÐÚÐÕÐÕɯ

ËÈÏÈɯÌÛÒÐÓÐɯÖÓËÜĀÜɯàġÕĹÕËÌÒÐɯÛÈÙÛċıÔÈÓÈÙɯhalen devam etmektedir (Elsaka, 2013; 

2ÖÕÎɯÝÌɯËÐĀÌÙÓÌÙÐȮ 2013).  

Alü minyum oksit ile kumlama, lazer ile pürüzlendirme, döner aletler ile 

×ĹÙĹáÓÌÕËÐÙÔÌȮɯ ÈÚÐÛɯ ÐÓÌɯ ×ĹÙĹáÓÌÕËÐÙÔÌȮɯ ×ÓÈáÔÈɯ Ú×ÙÌàɯ ÜàÎÜÓÈÔÈÚċȮɯ ċÚċɯ

ÜàÎÜÓÈÔÈÚċȮɯÛÙÐÉÖÒÐÔàÈÚÈÓɯÚÐÓÐÒÈɯÒÈ×ÓÈÔÈɯÝÌɯÓÐÕÌÙɯÔÈÛÌÙàÈÓÐɯÜàÎÜÓÈÕÔÈÚċɯÎÐÉÐɯ

ñÌıÐÛÓÐɯàĹáÌàɯÐıÓÌÔÓÌÙÐɯÜàÎÜÓÈÕÔÈÒÛÈËċÙɯ(CasucÊÐɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƕȰɯIÈÎlar ve 

8ÈÕċÒÖĀÓÜȮɯƖƔƕƚȰɯ#ÌÙÈÕËɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƔƙȰɯ$ÉÌÐËɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƛȰɯ&ÏÈÚÌÔÐɯÝÌɯ

ËÐĀÌÙÓÌÙÐȮɯƖƔƕƘȰɯ+ÖÙÌÕÛÌɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƔȰɯ+ÜÕËÉÌÙÎɯÝÌɯËÐĀÌÙÓÌÙÐ, 2017; IÈÒċÙ-
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xÔĹÙɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƛȰɯ/ÈÚÚÖÚɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƙȰɯ/ÌÙÌÐÙÈɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƘȰɯ2ÖÕÎɯ

ve ËÐĀÌÙÓÌÙÐ, 2013Ȱɯ2ÜÉÈıċɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƘȰɯ8ÖÖÕɯÝÌɯËÐĀÌÙÓÌÙÐ, 2014). 

2.2.1. Kumlama  

Alüminyum oksit (Al 2O3) partikülleri ile kumlama yöntemi ËÐıɯ

ÏÌÒÐÔÓÐĀÐÕËÌɯÌÕɯÍÈáÓÈɯÒÜÓÓÈÕċÓÈÕɯàĹáÌàɯÐıÓÌÔÐɯÖÓÈÙÈÒɯÉÐÓÐÕÐÙȭɯBu yöntem ile hem 

àÜÔÜıÈÒɯÝÌɯÒÖÕÛÈÔÐÕÌɯÛÈÉÈÒÈÓÈÙɯÜáÈÒÓÈıÛċÙċÓċÙɯÏÌÔɯËÌɯÔÐÒÙÖÔÌÒÈÕÐÒɯÉÈĀÓÈÕÛċɯ

ÐñÐÕɯÎÌÙÌÒÓÐɯÖÓÈÕɯ×ĹÙĹáÓĹɯàĹáÌàÓÌÙɯÌÓËÌɯÌËÐÓÐÙȭɯ8ĹáÌàɯ×ĹÙĹáÓĹÓĹĀĹÕĹÕɯÈÙÛċÙċÓÔÈÚċɯ

ile ÉÐÙÓÐÒÛÌɯ àĹáÌàɯ ÌÕÌÙÑÐÚÐɯ ÐÓÌɯ ċÚÓÈÛċÓÈÉÐÓÐÙÓÐÒ artmakta ve yüzey gerilimi 

azaltmÈÒÛÈËċÙ ȹ!ÓÈÛáɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2003; Hallmann ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2012a). 

,ÐÒÙÖÙÌÛÈÕÚÐàÖÕɯÒÐÓÐÛÓÌÕÔÌɯÈÓÈÕÓÈÙċɯàÈÙÈÛÔÈÒɯÐñÐÕɯÌÕɯñÖÒɯÒÜÓÓÈÕċÓÈÕɯàġÕÛÌÔɯƗƔ-

ƖƙƔɯϟÔɯÉÖàÜÛÓÈÙċÕËÈÒÐɯ Ó2O3 ÛÈÕÌÊÐÒÓÌÙÐàÓÌɯÒÜÔÓÈÔÈËċÙȭɯ3ÈÕÌÊÐÒÓÌÙÐÕɯàĹáÌàÌɯ

ÏċáÓÈɯñÈÙ×ÔÈÚċɯÚÖÕÜÊÜÕËÈɯÉÈáċɯÌÓÌÔÌÕÛÓÌÙÐÕɯàĹáÌàËÌÕɯÜáÈÒÓÈıÔÈÚċȮɯÉÈáċÓÈÙċÕċÕɯ

ÐÚÌɯàĹáÌàËÌɯÉÐÙÐÒÐÔÐɯÐÓÌɯÒÈÙÔÈıċÒɯÙÌÈÒÚÐàÖÕÓÈÙɯÔÌàËÈÕÈɯÎÌÓÔÌÒÛÌɯÝÌɯàĹáÌàɯ

enerjiÚÐɯÈÒÛÐÝÌɯÖÓÔÈÒÛÈËċÙɯ(Turp  ÝÌɯËÐĀÌÙÓÌÙÐ, 2013). Yüzey enerjisi, alüminyum 

ÖÒÚÐÛɯ×ÈÙÛÐÒĹÓÓÌÙÐÕÐÕɯáÐÙÒÖÕàÈɯÔÈÛÌÙàÈÓÐɯÐÓÌɯÉÐÙÓÌıÐÔÐɯÚÖÕÜÊÜÕËÈɯÛ-m martensitik 

ÛÙÈÕÚÍÖÙÔÈÚàÖÕÜÕÜÕɯÐÕËĹÒÓÌÕÔÌÚÐɯÐÓÌɯÖÓÜıÛÜÙÜÓÔÈÒÛÈËċÙɯ(ChevaliÌÙɯÝÌɯËÐĀÌÙÓÌÙÐȮɯ

ƖƔƔƝȰɯ2ÊÏÌÓÓÐÕÎɯÝÌɯËÐĀÌÙÓÌÙÐ, 2001)ȭɯ!ÜɯËÜÙÜÔȮɯÔÈÛÌÙàÈÓɯàÈ×ċÚċÕËÈɯÏÈÊÐÔɯÈÙÛċıċÕÈɯ

ÕÌËÌÕɯ ÖÓÔÈÒÛÈȮɯ ËÖÓÈàċÚċɯ ÐÓÌɯ ÖÓÈÚċɯ ñÈÛÓÈÒÓÈÙċÕɯ ÐÓÌÙÓÌÔÌÚÐÕÐɯ ÌÕÎÌÓÓÌÔÌÒÛÌËÐÙɯ

ȹ$ĀÐÓÔÌáɯÝÌɯËÐĀÌÙÓÌÙÐ, 2014)ȭɯ*ÜÔÓÈÔÈɯÐıÓÌÔÐɯÐÓÌɯÔÌàËÈÕÈɯÎÌÓÌÕɯmartensitik 

ÛÙÈÕÚÍÖÙÔÈÚàÖÕÜÕȮɯÉÈáċɯÈÙÈıÛċÙÔÈÊċÓÈÙɯÛÈÙÈÍċÕËÈÕɯÔÈÛÌÙàÈÓÐÕɯġÔÙĹÕĹɯÜáÈÛÛċĀċɯ

(Aboushelib ve  Wang, ƖƔƕƔȰɯ"ÜÙÛÐÚɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƔƚȰɯ*ÈÙÈÒÖÊÈɯÝÌɯ8ċÓÔÈáȮɯƖƔƔƝȰɯ

6ÈÕÎɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2008)Ȯɯ ÉÈáċÓÈÙċɯ ÛÈÙÈÍċÕËÈÕɯ ËÈɯ ÈáÈÓÛÛċĀċɯ ËĹıĹÕĹÓÔÌÒÛÌËÐÙɯ

ȹ2ÊÏÜÉÌÙÛɯÝÌɯ%ÙÌàȮɯƖƔƔƙȰɯ2ÏÐÔÐáÜɯÝÌɯËÐĀÌÙÓÌÙÐ, 1993).  

*ÜÔÓÈÔÈɯÐıÓÌÔÐȮɯÏÌÔɯÓÈÉÖÙÈÛÜÝÈÙËÈɯÏÌÔɯËÌɯÏÈÚÛÈɯÉÈıċÕËÈɯÜàÎÜÓÈÕÈÉÐÓÌÕɯ

ÉÐÙɯ àġÕÛÌÔɯ ÖÓÜ×ɯ ÛÌÒɯ ÉÈıċÕÈɯ ÝÌàÈɯ ËÐĀÌÙɯ àġÕÛÌÔÓÌÙɯ ÐÓÌɯ ÒÖÔÉÐÕÌ olarak 
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ÒÜÓÓÈÕċÓÈÉÐÓÔÌÒÛÌËÐÙȭɯ.ÓÜÔÓÜɯġáÌÓÓÐÒÓÌÙÐÕÐÕɯàÈÕċÕËÈɯÒÜÔÓÈÔÈɯÐıÓÌÔÐÕÐÕɯáÐÙÒÖÕàÈɯ

seramiklerin yüzeyinde çatlak ve ÒċÙċÒÓÈÙÈɯ ÕÌËÌÕɯ ÖÓËÜĀÜȮɯÈàÕċɯ áÈÔÈÕËÈɯ

ÔÖÕÖÒÓÐÕÐÒɯÍÈáɯÐñÌÙÐĀÐÕÐɯÈÙÛċÙÈÙÈÒɯÔÈÛÌÙàÈÓÐÕɯÔÌÒÈÕÐÒɯËÐÙÌÕÊÐÕÐɯÈáÈÓÛÛċĀċ rapor 

eËÐÓÔÐıÛÐÙɯ(GuazáÈÛÖɯÝÌɯËÐĀÌÙÓÌÙÐ, 2005; MÖÕÈÊÖɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƗȰɯ4ÖɯÝÌɯËÐĀÌÙÓÌÙÐ, 

2006Ȱɯ9ÏÈÕÎɯÝÌɯËÐĀÌÙÓÌÙÐ, 2004)ȭɯ!ÜɯÕÌËÌÕÓÌɯÒÜÔÓÈÔÈɯÐıÓÌÔÐÕÐÕɯËĹıĹÒɯÉÈÚċÕñɯ

ÈÓÛċÕËÈɯàÈ×ċÓÔÈÚċ (0.2 MPa) ÝÌàÈɯÏÐñɯÒÜÔÓÈÔÈɯàÈ×ċÓÔÈÔÈÚċɯġÕÌÙÐÓÔÌÒÛÌËÐÙɯ(Asar 

ve IÈÒċÙÉÈàȮɯƖƔƕƗȰɯ'ÈÓÓÔÈÕÕɯÝÌɯËÐĀÌÙleri , 2012b). #ĹıĹÒɯÉÈÚċÕñɯÐÓÌɯÜàÎÜÓÈÕÈÕɯ

ÒÜÔÓÈÔÈɯÐıÓÌÔÐɯÚÖÕÜÊÜÕËÈɯÔÈÛÌÙàÈÓÐÕɯàĹáÌàÐÕËÌɯËÈÏÈɯÒċÚċÛÓċɯÉÐÙɯÈÓÈÕËÈɯÚÛÙÌÚɯ

ÖÓÜıÔÈÒÛÈɯÝÌɯËÈÏÈɯÈáɯáÈÙÈÙɯÖÓÜıÔÈÒÛÈËċÙɯȹ8ÖÖÕɯÝÌɯËÐĀÌÙÓÌÙÐ, 2014)ȭɯ#ÐĀÌÙɯÉÐÙɯ

àÈÕËÈÕȮɯ ÉÈáċɯ ÈÙÈıÛċÙÔÈÊċÓÈÙȮɯ ÒÜÔÓÈÔÈɯ ÐıÓÌÔÐÕËÌÕɯ ÚÖÕÙÈɯ ċÚċÓɯ ÐıÓÌÔÐÕɯ

ÜàÎÜÓÈÕÔÈÚċÕċÕȮɯ Û-Ôɯ ÛÙÈÕÚÍÖÙÔÈÚàÖÕÜÕÜɯ ÎÌÙÐàÌɯ ËġÕËĹÙËĹĀĹȮɯ ÉġàÓÌÊÌɯ

ÖÓÜıÛÜÙÜÓÈÕɯÚÛÙÌÚÐɯÜáÈÒÓÈıÛċÙÈÙÈÒɯÖÓÈÚċɯáÈÙÈÙċɯġÕÓÌËÐĀÐÕÐɯÙÈ×ÖÙɯÌÛÔÐıÓÌÙËÐÙɯȹ*ċÙÔÈÓċɯ

ÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƗȰɯ+ÐÜɯÝÌɯËÐĀÌÙÓÌÙÐ, 2013).   

Al 2O3 ×ÈÙÛÐÒĹÓÓÌÙÐàÓÌɯ ÒÜÔÓÈÔÈɯ ÐıÓÌÔÐÕËÌɯ ×ÈÙÛÐÒĹÓÓÌÙÐÕɯ ÉÖàÜÛÜȮɯ ÐıÓÌÔɯ

ÚċÙÈÚċÕËÈɯÜàÎÜÓÈÕÈÕɯÉÈÚċÕñ, seramik yüzeyine olan mesafe, kumlama süresi ve 

ÒÜÔÓÈÔÈɯ ÈñċÚċɯ ËÐÒÒÈÛɯ ÌËÐÓÔÌÚÐɯ ÎÌÙÌÒÌÕɯ ×ÈÙÈÔÌÛÙÌÓerdendir (Mattiello ve 

ËÐĀÌÙÓÌÙÐ, 2013).  

2.2.2. Lazer ile Pürüzlendirme  

+ÈáÌÙȮɯȿ+ÐÎÏÛɯ Ô×ÓÐÍÐÊÈÛÐÖÕɯÉàɯ2ÛÐÔÜÓÈÛÌËɯ$ÔÐÚÚÐÖÕɯÖÍɯ1ÈËÐÈÛÐÖÕɀ kelimelerinin 

ÉÈıɯÏÈÙÍÓÌÙÐÕËÌÕɯÖÓÜıÈÕɯÝÌɯȿċıċĀċÕɯÜàÈÙċÓÈÙÈÒɯÎĹñÓÌÕËÐÙÐÓÔÌÚÐɀɯÝÌàÈɯȿÏċáÓÈÕËċÙċÓÔċıɯ

ÝÌɯàÖĀÜÕÓÈıÛċÙċÓÔċıɯàĹÒÚÌÒɯÌÕÌÙÑÐɯÛÈıċàÈÕɯċıċÒɯËÌÔÌÛÐɀɯÈÕÓÈÔċÕÈɯÎÌÓÔÌÒÛÌËÐÙȭɯ

Lazer teorisi, Albert EiÕÚÛÌÐÕɀċÕȮɯƕƝƔƔɀÓĹɯàċÓÓÈÙËÈɯÍÖÛÖÕÓÈÙɯÝÌɯÜàÈÙċÓÔċıɯÌÔÐÚàÖÕɯÐÓÌɯ

ÐÓÎÐÓÐɯÖÙÛÈàÈɯÈÛÛċĀċɯÍÐáÐÒÚÌÓɯ×ÙÌÕÚÐÉÌɯËÈàÈÕÔÈÒÛÈËċÙɯ(Coluzzi, 2000). dÓÒɯÓÈáÌÙɯÊÐÏÈáċȮɯ

ƕƝƚƔɯ àċÓċÕËÈɯ 3ÏÌÖËÖÙÌɯ 'ȭɯ ,ÈÐÔÈÕɯ ÛÈÙÈÍċÕËÈÕɯ ÚÌÕÛÌÛÐÒɯ ÉÐÙɯ àÈÒÜÛɯ ñÜÉÜÒɯ

ÒÜÓÓÈÕċÓÔÈÚċɯÐÓÌɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙɯ(BüyĹÒÈÒàĹáɯÝÌɯ3ÜÕÈÓċȮɯƕƝƝƜȺȭ   
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3ÌÒÕÐÒɯ ËÈÓÓÈÙËÈɯ ÝÌɯ Ûċ×ɯ ÈÓÈÕċÕËÈɯ ÎĹÕĹÔĹáËÌɯ ÒÜÓÓÈÕċÔċɯ ÖÓËÜÒñÈɯ

àÈàÎċÕÓÈıÈÕɯ ÓÈáÌÙÓÌÙȮɯ  ÔÌÙÐÒÈɯ !ÐÙÓÌıÐÒɯ #ÌÝÓÌÛÓÌÙÐɀÕËÌɯ %# ɯ ȹFood and Drug 

AdministrationȺɯÛÈÙÈÍċÕËÈÕɯÖÕÈàÓÈÕÈÙÈÒɯËÐıɯÏÌÒÐÔÓÐĀÐɯ×ÙÈÛÐĀÐÕËÌɯàÌÙÐÕÐɯÈÓÔċıÛċÙɯ

ȹ*ÐÔÜÙÈɯÝÌɯËÐĀÌÙÓÌÙÐ, 2000). #ÐıɯÏÌÒÐÔÓÐĀÐÕËÌɯÎÐËÌÙÌÒɯ×Ö×ĹÓÈÙÐÛÌÚÐɯÈÙÛÈÕɯÓÈáÌÙÓÌÙ, 

ÐÓÒɯÒÌáɯƕƝƝƙɯàċÓċÕËÈɯÜàÎÜÓÈÕÔÈàÈɯÉÈıÓÈÕÔċıÛċÙȭɯ*ÜÓÓÈÕċÓÈÕɯËÈÓÎÈɯÉÖàÓÈÙċɯƕƝƗ-

1ƔƚƔƔƔɯÕÔɯÈÙÈÚċÕËÈɯËÌĀÐıÒÌÕÓÐÒɯÎġÚÛÌÙÔÌÒÛÌËÐÙɯ(Sulewski, 2000). Lazerlerin, sert 

ÝÌɯàÜÔÜıÈÒɯËÖÒÜɯÓÌáàÖÕÓÈÙċÕċÕɯÛÌËÈÝÐÚÐȮɯ×ĹÙĹáÓÌÕËÐÙÔÌɯÜàÎÜÓÈÔÈÓÈÙċȮɯÒÈÝÐÛÌɯ

preparasyonu, kök kanal preparasyonu ve dezenfeksiyonu, beyazlatma 

tedavileri ve hipersensitivite ted ÈÝÐÓÌÙÐɯÎÐÉÐɯÖÓËÜÒñÈɯÎÌÕÐıɯÒÜÓÓÈÕċÔɯÈÓÈÕÓÈÙċɯ

ÝÈÙËċÙɯȹ3ÈÉÓÖɯƖȭƘȭȺɯȹÇelik ve Gökay, 2005; ²ıĹÔÌáɯÝÌɯËÐĀÌÙÓÌÙÐ, 2000).   

+ÈáÌÙɯċıċĀċȮɯÔÖÕÖÒÙÖÔÈÛÐÒɯȹÛÌÒɯÙÌÕÒÓÐȰɯËÈÓÎÈɯÉÖàÜÕËÈÒÐɯÛĹÔɯÍÖÛÖÕÓÈÙċÕɯ

ÈàÕċɯÌÕÌÙÑÐɯÚÌÝÐàÌÚÐÕËÌɯÖÓÔÈÚċȺȮɯÒÖÓÐÔÌɯȹËÖĀÙÜÚÈÓȰɯÍÖÛÖÕÓÈÙċÕɯÈàÕċɯàġÕËÌɯÏÈÙÌÒÌÛɯ

ÌÛÔÌÚÐȮɯÏÌÙÏÈÕÎÐɯÉÐÙɯÚÈ×ÔÈɯÝÌàÈɯàÈàċÓÔÈɯÎġÚÛÌÙÔÌÔÌÚÐȺɯÝÌɯÒÖÏÌÙÈÕÚɯȹÌıɯÍÈáÓċȰɯ

ċıċĀċɯÖÓÜıÛÜÙÈÕɯÍÖÛÖÕÓÈÙċÕɯÈàÕċɯÍÈáËÈɯÖÓÔÈÚċɯÝÌɯÉÐÙÉÐÙÐɯÐÓÌɯÜàÜÔÓÜɯÏÈÙÌÒÌÛÓÌÙɯ

àÈ×ÔÈÚċȺɯġáÌÓÓÐÒÓÌÙÐɯÚÈàÌÚÐÕËÌɯËÐĀÌÙɯċıċÒÓÈÙËÈÕɯÈàÙċÓċÙȭɯ,ÖÕÖÒÙÖÔÈÛÐÒɯġáÌÓÓÐĀÐɯÐÓÌɯ

sadece hedeflenen dokularda etki gösterirken, çevre dokulara en az seviyede 

áÈÙÈÙɯÝÌÙÔÌÒÛÌËÐÙȭɯ!ÜɯËÜÙÜÔÈɯÓÈáÌÙÐÕɯËÖÒÜɯÚÌñÐÊÐÓÐĀÐɯġáÌÓÓÐĀÐɯËÌÕÔÌÒÛÌËÐÙɯ(Asar 

ve IÈÒċÙÉÈàȮɯƖƔƕƗȺ.  

$ÛÒÐÓÌÙÐÕÐȮɯ ċıċÒɯ ÌÕÌÙÑÐÚÐÕÐÕɯ ċÚċɯ ÌÕÌÙÑÐÚÐÕÌɯ ËġÕĹıÛĹÙĹÓÔÌÚÐɯ ÐÓÌɯ ÎġÚÛÌÙÐÙÓÌÙȭɯ

+ÈáÌÙɯÝÌɯÔÈËËÌɯÈÙÈÚċÕËÈÒÐɯÌÕɯġÕÌÔÓÐɯÌÛÒÐÓÌıÐÔȮɯÓÈáÌÙɯÌÕÌÙÑÐÚÐÕÐÕɯÌÔÐÓÔÌÚÐËÐÙȭɯ

$ÔÐÓÐÔɯ ȹÈÉÚÖÙÉÚÐàÖÕȺȮɯ ÌÕÌÙÑÐÕÐÕɯ ÏÌËÌÍÓÌÕÌÕɯ àĹáÌàɯ ÛÈÙÈÍċÕËÈÕɯ ÈÉÚÖÙÉÌɯ

edilmesidir. Absorbsiyonu; uygulan ÈÕɯ àĹáÌàÐÕɯ ÒÈÓċÕÓċĀċȮɯ ×ÐÎÔÌÕÛÈÚàÖÕÜȮɯ

àÖĀÜÕÓÜĀÜȮɯÐñÌÙËÐĀÐɯÚÜɯÝÌɯÔÐÕÌÙÈÓɯÔÐÒÛÈÙċȮɯÈàÕċɯáÈÔÈÕËÈɯċıċĀċÕɯÎÌÓÐıɯÈñċÚċɯÝÌɯ

süresi büyük oranda etkilemektedir ȹIÈĀÓÈÙɯÝÌɯ8ÈÕċÒÖĀlu, 2016; Dederich, 1993; 

UludamÈÙɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƕȰɯÝan As, 2004).  
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+ÈáÌÙɯċıċĀċȮɯÖ×ÌÙÈÚàÖÕɯÈÓÈÕċÕÈɯƖɯıÌÒÐÓËÌɯÜàÎÜÓÈÕÈÉÐÓÔÌÒÛÌËÐÙȰɯȹƕȺɯÚĹÙÌÒÓÐɯ

iletim ( continuous modeȺɯÖÓÈÙÈÒɯÛÈÕċÔÓÈÕÈÕɯÝÌ ċıċĀċÕɯÈÙÈÓċÒÚċáɯÖÓÈÙÈÒɯÎġÕËÌÙÐÓÔÌÚÐɯ

ıÌÒÓÐÕËÌȮɯȹƖȺɯÚÌÙÉÌÚÛɯÈÛċÔÓċɯÐÓÌÛÐÔɯȹfree-running pulse modeȺɯÖÓÈÙÈÒɯÛÈÕċÔÓÈÕÈÕɯÝÌɯ

ċıċĀċÕɯÈÙÈÓċÒÓċɯÖÓÈÙÈÒȮɯËÈÏÈɯÈñċÒɯÉÐÙɯıÌÒÐÓËÌȮɯÊÐÏÈáċÕɯÈÒÛÐÍɯÏÈÓÌɯÎÌñÐÙÐÓËÐÒÛÌÕɯÚÖÕÙÈɯ

tekrar pasif hale geçirilmesi ile uygulanabilmekt edir (Coluzzi, 2000;  Dederich ve 

Bushick, 2004). 

2.2.2.1. Lazer Uygulama Parametreleri  

Dalga Boyu: +ÈáÌÙɯ ÌÕÌÙÑÐÚÐÕÐÕɯ ÔÌàËÈÕÈɯ ÎÌÛÐÙËÐĀÐɯ ÌÛÒÐÕÐÕɯ

ËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐÕËÌÒÐɯ ÌÕɯ ġÕÌÔÓÐɯ ×ÈÙÈÔÌÛÙÌËÐÙȭɯ $ÓÌÒÛÙÖÔÈÕàÌÛÐÒɯ ÝÌàÈɯ ċıċÒɯ

ËÈÓÎÈÚċÕċÕɯÉÐÙÉÐÙÐÕÌɯÒÖÔıÜɯ×ÐÒɯàÈ×ÛċĀċɯÕÖÒÛÈÓÈÙɯÈÙÈÚċÕËÈÒÐɯÔÌÚÈÍÌɯÖÓÈÙÈÒɯÉÐÓÐÕÐÙɯ

(Dederich, 1993). Lazer seçiminde dikkat edilmesi gereken en önemli nokta, lazer 

ÜàÎÜÓÈÕÈÊÈÒɯàĹáÌàÐÕɯÏÈÕÎÐɯËÈÓÎÈɯÉÖàÜÕÜɯÌÕɯÐàÐɯÈÉÚÖÙÉÌɯÌÛÛÐĀÐËÐÙɯ(Miserendino 

ÝÌɯËÐĀÌÙÓÌÙÐ, 1995). 

Pulsasyon Süresi: Lazer enerjisinin uygulama süresi olarak bilinir ve 

ÔÐÓÐÚÈÕÐàÌɯÖÓÈÙÈÒɯÛÈÕċÔÓÈÕċÙɯȹ,ÐÚÌÙÌÕËÐÕÖɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƕƝƝƙȺȭ 

/ÜÓÚÈÚàÖÕɯ2ċÒÓċĀċɤ%ÙÌÒÈÕÚȯ 2ÈÕÐàÌËÌɯÈÛċÓÈÕɯÓÈáÌÙɯ×ÜÓÚɯȹÈÛċÔȺɯÌÕÌÙÑÐÚÐɯàÈɯËÈɯ

ÚċÒÓċĀċɯÖÓÈÙÈÒɯÉÐÓÐÕÐÙɯÝÌɯ'ÌÙÛáɯȹ'áȺɯÉÐÙÐÔÐɯÐÓÌɯÛÈÕċÔÓÈÕċÙɯȹ#ÌËÌÙÐÊÏȮɯƕƝƝƗȺȭ 

Güç: 'ÌÙɯÈÛċÔċÕɯÚÈÏÐ×ɯÖÓËÜĀÜɯÎĹñɯÖÓÈÙÈÒɯÉÐÓÐÕÐÙɯÝÌɯ6ÈÛÛɯȹ6ȺɯÖÓÈÙak 

ÛÈÕċÔÓÈÕċÙȭɯ,ÈÛÌÔÈÛÐÒÚÌÓɯÖÓÈÙÈÒɯ/ɯȹpowerȺɯǻɯÓÈáÌÙɯÌÕÌÙÑÐÚÐɯßɯÈÛċÔɯÚċÒÓċĀċɯÖÓÈÙÈÒɯ

ÏÌÚÈ×ÓÈÕÔÈÒÛÈËċÙȭ 

Dalga Formu:  9ÈÔÈÕÈɯÉÈĀÓċɯÖÓÈÙÈÒɯñċÒÈÕɯÓÈáÌÙɯÎĹÊĹÕĹɯÐÍÈËÌɯÌËÌÙȭɯ2ĹÙÌÒÓÐɯ

ȹËÌÝÈÔÓċȺȮɯ ×ÈÙñÈÓċɯ ȹÈÙÈÓċÒÓċȮɯ ÒÌÚÐÕÛÐÓÐȺɯ ÝÌɯ ×ÜÓÚÈÚàÖÕÓÜɯ ÖÓÔÈÒɯ ĹáÌÙÌɯ Ɨɯ ıÌÒÐÓËÌɯ

ÖÓÈÉÐÓÐÙȭɯ2ĹÙÌÒÓÐɯÍÖÙÔÜÕËÈȮɯÓÈáÌÙɯÒÌÚÐÕÛÐÚÐáɯÉÐÙɯıÌÒÐÓËÌɯÜàÎÜÓÈÕċÙÒÌÕȮɯ×ÈÙñÈÓċɯ

ÍÖÙÔËÈɯÐÚÌɯÓÈáÌÙɯċıċÒɯÚĹÙÌÚÐɯÈàÈÙÓÈÕÈÉÐÓÔÌÒÛÌËÐÙȭɯ/ÜÓÚÈÚàÖÕÓÜɯÍÖÙÔËÈɯÐÚÌȮɯÈÛċÔÓÈÙɯ

ıÌÒÓÐÕËÌɯÓÈáÌÙɯċıċĀċɯÜàÎÜÓÈÕÔÈÒÛÈËċÙɯȹ#ÌËÌÙÐÊÏȮɯƕƝƝƗȺȭɯ  
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Tablo 2.4. #ÐıɯÏÌÒÐÔÓÐĀÐÕËÌɯÒÜÓÓÈÕċÓÈÕɯÓÈáÌÙɯÛÐ×ÓÌÙÐȮɯËÈÓÎÈɯÉÖàÓÈÙċɯÝÌɯÒÜÓÓÈÕċÔɯ

ÈÓÈÕÓÈÙċɯ(Uyar, 2009) 

Lazer Tipi  Dalga Boyu 

(nm) 

*ÜÓÓÈÕċÔɯ ÓÈÕċ 

ArF(Argon Florür) 

Excimer Lazer 

193 nm ¶ IĹÙĹÒɯ3ÌÔÐáÓÐĀÐ 

¶ 2ÌÙÛɯ#ÖÒÜɯ4àÎÜÓÈÔÈÓÈÙċ 

¶ Endodonti  KrF Excimer Lazer 248 nm 

XeCl (Xenon Klorür) 

Excimer Lazer 

308 nm 

Frequency Doubled 

Alexandrite Lazer  

377 nm ¶ #Ðıɯ3Èıċɯ3ÌÔÐáÓÐĀÐ 

 ÙÎÖÕɯdàÖÕɯ+ÈáÌÙ 488 nm ¶ 8ÜÔÜıÈÒɯ#ÖÒÜ 

¶ Kompozit Polimerizasyonu  

¶ Beyazlatma 

¶ Hipersensitivite Tedavisi  

#ÐàÖÛɯȹ#ĹıĹÒɯÚÌÝÐàÌȺɯ

Lazer 

600-908 nm ¶ Biyostimülasyon  

 ÓÛċÕɯ!ÜÏÈÙċɯ+ÈáÌÙ 628 nm 

Argon Pumped Dye 

Lazer 

630 nm 

Copper Vapor Pumped 

Dye Lazer 

630 nm 

Helyum -Neon Lazer 632 nm 

Ruby Lazer 694,3 nm                 - 

Diyot (GaAlAs: Galyum -

Alüminyum -Arsenid, 

800-830 nm 

904-950 nm 
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GaAs: Galyum-Arsenid) 

Lazer 

¶ 8ÜÔÜıÈÒɯ#ÖÒÜɯdıÓÌÔÓÌÙÐɯ

(Periodontal ve endodontik 

uygulamalar)  

¶ Analjezi  

¶ Beyazlatma 

¶ Çürük Ablasyonu  

Nd:YLF 

ȹ-ÌÖËÐÔàÜÔȯdÛÙÐÜÔ-

Lantanum-Florür) Lazer  

1053 nm 

Nd:YAG 

ȹ-ÌÖËÐÔàÜÔȯdÛÙÐÜÔ-

Alüminyum -Garnet) 

Lazer 

1064 nm 

Nd:YAP 

ȹ-ÌÖËÐÔàÜÔȯdÛÙÐÜÔ-

Alüminyum -Perovskit) 

Lazer 

1340 nm 

Ho:YAG 

ȹ'ÖÓÔÐàÜÔȯdÛÙÐÜÔ-

Alüminyum -Garnet) 

Lazer 

2120 nm 

Er, Cr:YSGG (Erbiyum, 

*ÙÖÔȯdÛÙÐÜÔ-Skandiyum -

Galyum -Garnet) Lazer 

2780 nm ¶ 2ÌÙÛɯ#ÖÒÜɯ4àÎÜÓÈÔÈÓÈÙċ 

¶ 2ċÕċÙÓċɯ8ÜÔÜıÈÒɯ#ÖÒÜɯ

4àÎÜÓÈÔÈÓÈÙċ 

$Ùȯ8 &ɯȹ$ÙÉÐàÜÔȯdÛÙÐÜÔ-

Alüminyum -Garnet) 

Lazer 

2940 nm 

CO2 (Karbon Dioksit)  9300, 9600, 

10600 nm 

¶ 2ÌÙÛɯÝÌɯ8ÜÔÜıÈÒɯ#ÖÒÜɯ

4àÎÜÓÈÔÈÓÈÙċ 
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Son àċÓÓÈÙËÈɯ ".2, Nd:YAG, Er:YAG, ve Er,Cr:YSGG lazerler yüzey 

ÐıÓÌÔÓÌÙÐÕËÌɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙȭɯ+ÈáÌÙÓÌÙÐÕɯñċÒċıɯÎĹÊĹȮɯÌÕÌÙÑÐɯàÖĀÜÕÓÜĀÜȮɯÈÛċÔɯ

ÚĹÙÌÚÐȮɯÈÛċÔɯÚċÒÓċĀċɯÝÌɯÈÛċÔɯÜáÜÕÓÜĀÜɯÎÐÉÐɯÌÕÌÙÑÐɯÈàÈÙÓÈÙċɯÌÛÒÐÕÓÐÒÓÌÙÐÕËÌɯÙÖÓɯ

oynayan önemli parametrelerdir. Bu lazerlÌÙÐÕɯÜàÎÜÓÈÕÔÈÚċɯÉÐÙñÖÒɯÈÙÈıÛċÙÔÈËÈɯ

ȹ ÒċÕɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƕȰɯ ÒàċÓɯÝÌɯËÐĀÌÙÓÌÙÐ, 2010; Arami ve ËÐĀÌÙÓÌÙÐ, 2014; 

Cavalcanti ve ËÐĀÌÙÓÌÙÐ, 2009; Demir ve ËÐĀÌÙÓÌÙÐ, 2012; Erdem ve ËÐĀÌÙÓÌÙÐ, 2014; 

Ersu ve ËÐĀÌÙÓÌÙÐ, 2009; Ghasemi ve ËÐĀÌÙÓÌÙÐ, 2014; Kasraei ve ËÐĀÌÙÓÌÙÐ, 2014; 

*ċÙÔÈÓċɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƘȰɯ*ċÙÔÈÓċɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015; Liu ve ËÐĀÌÙÓÌÙÐ, 2013; 

Murthy ve ËÐĀÌÙÓÌÙÐ, 2014; Noda ve ËÐĀÌÙÓÌÙÐ, 2010; Turp ve ËÐĀÌÙÓÌÙÐ, 2014; Ural 

ve ËÐĀÌÙÓÌÙÐ, 2010; Ural ve ËÐĀÌÙÓÌÙÐȮɯƖƔƕƖȰɯ²ıĹÔÌáɯÝÌɯËÐĀerleri , 2013; Zanjani ve 

ËÐĀÌÙÓÌÙÐ, 2014) ËÌĀÌÙÓÌÕËÐÙÐÓÔÐıɯ ÖÓÔÈÒÓÈɯ ÉÐÙÓÐÒÛÌȮɯ ÓÐÛÌÙÈÛĹÙËÌɯ ÓÈáÌÙÓÌɯ

×ĹÙĹáÓÌÕËÐÙÔÌÕÐÕɯ áÐÙÒÖÕàÈɯ ĹáÌÙÐÕËÌÒÐɯ ÌÛÒÐÕÓÐĀÐɯ ÒÖÕÜÚÜÕËÈɯ ÉÐÙɯ ÍÐÒÐÙɯ ÉÐÙÓÐĀÐɯ

ÉÜÓÜÕÔÈÔÈÒÛÈËċÙȭɯ 

CO2 ÓÈáÌÙÐÕɯÌÔÐÚàÖÕɯËÈÓÎÈɯÉÖàÜɯÚÌÙÈÔÐÒÓÌÙɯÛÈÙÈÍċÕËÈÕɯÈÉÚÖÙÉÌɯÌËÐÓÌÉÐÓËÐĀÐɯ

ÐñÐÕȮɯÚÌÙÈÔÐÒɯàĹáÌàɯÐıÓÌÔÓÌÙÐÕËÌɯÒÜÓÓÈÕċÓÔÈÚċÕċÕɯÜàÎÜÕɯÖÓËÜĀÜɯÉÐÓËÐÙÐÓÔÐıÛÐÙȭɯ

CO2 ÓÈáÌÙÐÕɯÜàÎÜÓÈÕÔÈÚċɯÚċÙÈÚċÕËÈɯÖÓÜıÈÕɯċÚċÕċÕɯàĹáÌàËÌɯÒÖÕÒÖÐËÈÓɯàċÙÛċÒÓÈÙɯ

ÖÓÜıÛÜÙËÜĀÜɯ ÝÌɯ ÉÜɯ ÈÓÈÕÓÈÙċÕɯ ËÈɯ ÔÐÒÙÖÔÌÒÈÕÐÒɯ ÉÐÙɯ ÉÈĀÓÈÕÛċɯ ÚÈĀÓÈËċĀċɯ

düıĹÕĹÓÔÌÒÛÌËÐÙɯ($ÙÚÜɯÝÌɯËÐĀÌÙÓÌÙÐ, 2009).  

-Ëȯ8 &ɯÓÈáÌÙÓÌÙȮɯÜàÎÜÓÈÕËċÒÓÈÙċɯáÐÙÒÖÕàÈɯàĹáÌàÐÕËÌɯÚÐàÈÏÓÈıÔÈàÈɯÝÌɯ

ÒċÙċÒɯ ÖÓÜıÜÔÓÈÙċÕÈɯ ÕÌËÌÕɯ ÖÓÔÈÒÛÈËċÙÓÈÙȭɯ 2ÐàÈÏÓÈıÔÈȮɯ ÜàÎÜÓÈÕÈÕɯ àĹáÌàËÌÒÐɯ

ÖÒÚÐÑÌÕɯÔÐÒÛÈÙċÕċÕɯÈáÈÓÔÈÚċɯÚÖÕÜÊÜÕËÈȮɯÒċÙċÒÓÈÙɯÐÚÌȮɯÌÙÐàÌÕɯàĹáÌàÐÕɯËÈÏÈɯÚÖÕÙÈɯ

ÚÌÙÛÓÌıÔÌÚÐɯÐÓÌɯÔÌàËÈÕÈɯÎÌÓÔÌÒÛÌËÐÙɯȹ-ÖËÈɯÝÌɯËÐĀÌÙÓÌÙÐ, 2010).     

  Erbiyum lazerler, mikro -×ÈÛÓÈÔÈÓÈÙɯÝÌɯÉÜÏÈÙÓÈıÔÈËÈÕɯÖÓÜıÈÕɯȿÈÉÓÈÚàÖÕɀɯ

ÈËċɯÝÌÙÐÓÌÕɯÉÐÙɯÔÌÒÈÕÐáÔÈàÓÈȮɯÜàÎÜÓÈÕËċÒÓÈÙċɯàĹáÌàËÌÕɯ×ÈÙÛÐÒĹÓɯÜáÈÒÓÈıÛċÙċÙÓÈÙȭɯ

IÈÓċıÔÈɯ×ÙÌÕÚÐ×ÓÌÙÐȰɯÌÕÌÙÑÐÕÐÕɯÏÌËÌÍɯËÖÒÜËÈÒÐɯÚÜɯÔÖÓÌÒĹÓÓÌÙÐɯÛÈÙÈÍċÕËÈÕɯÌÔÐÓÔÌÚÐɯ
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ÝÌɯÈÕÐɯċÚċÕÔÈɯÐÓÌɯÉÜÏÈÙÓÈıÔÈÕċÕɯÔÌàËÈÕÈɯÎÌÓÔÌÚÐËÐÙȭɯ8ĹÒÚÌÒɯÉÜÏÈÙɯÉÈÚċÕÊċɯÐÓÌɯ

ÉÐÙÓÐÒÛÌɯ ÏÈÊÐÔɯ ÎÌÕÓÌıÔÌÚÐɯ ÔÌàËÈÕÈɯ ÎÌÓÔÌÒÛÌɯ ÝÌɯ àĹáÌàËÌɯ ÔÐÒÙÖ×ÈÛÓÈÔÈÓÈÙɯ

ÖÓÜıÈÙÈÒɯ ÔÐÒÙÖÔÌÒÈÕÐÒɯ ÙÌÛÈÕÚÐàÖÕÈɯ ÒÈÛÒċËÈɯ ÉÜÓÜÕÈÉÐÓÌÊÌÒɯ ÒÙÈÛÌÙÓÌÙɯ ÖÙÛÈàÈɯ

ñċÒÔÈÒÛÈËċÙɯȹ*ċÙÔÈÓċɯÝÌɯËÐĀÌÙÓÌÙÐ, 2015; UludamÈÙɯÝÌɯËÐĀÌÙÓÌÙi, 2011). Er:YAG ve 

$ÙȮ"Ùȯ82&&ɯÓÈáÌÙÓÌÙÐÕɯÛÌÔÌÓɯġáÌÓÓÐÒÓÌÙÐɯÝÌɯËÈÓÎÈɯÉÖàÓÈÙċɯÉÐÙÉÐÙÓÌÙÐÕÌɯàÈÒċÕËċÙɯ

(Er:YAG-2.94nm, Er,Cr:YSGG-2.78nm) ÝÌɯÉÜɯÕÌËÌÕÓÌɯÜàÎÜÓÈÕËċÒÓÈÙċɯËÖÒÜɯÝÌàÈɯ

yüzeyde benzer etki gösterdikleri ileri sür ülmektedir ȹ'ÖÚÚÈÐÕɯÝÌɯËÐĀÌÙÓÌÙÐ, 1999). 

$Ùȯ8 &ɯÓÈáÌÙËÌɯàÈÒÓÈıċÒɯƚƔƔo"ɀËÌȮɯ$ÙȮ"Ùȯ82&& ÓÈáÌÙËÌɯÐÚÌɯàÈÒÓÈıċÒɯƜƔƔo"ɀËÌɯ

ablasyon tepkimesi meydana gelmektedir ȹ'ÈÙÈÚÏÐÔÈɯÝÌɯËÐĀÌÙÓÌÙÐ, 2005).  

9ÐÙÒÖÕàÈɯ àĹáÌàÐÕÌɯ ÓÈáÌÙɯ ÜàÎÜÓÈÔÈÚċɯ ÐÓÌɯ ÐÓÎÐÓÐɯ ÌÕɯ ÎĹÕÊÌÓɯ àÈàċÕÓÈÙɯ

Er,Cr:YSGG lazer ile ilgilidir ȹ&ÏÈÚÌÔÐɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƘȰɯ*ċÙÔÈÓċɯÝÌɯËÐĀÌÙÓÌÙÐȮɯ

ƖƔƕƙȰɯ9ÈÕÑÈÕÐɯÝÌɯËÐĀÌÙleri, 2014). $ÙȮ"Ùȯ82&&ɯÓÈáÌÙȮɯƕƝƝƔɯàċÓċÕËÈɯÎÌÓÐıÛÐÙÐÓÔÐıɯÖÓÜ×ɯ

ȹ$ËÜÈÙËÖɯÝÌɯËÐĀÌÙÓÌÙÐ, 2012)ȮɯÍÖÛÖÈÒÜÚÛÐÒɯÓÈáÌÙɯÖÓÈÙÈÒɯËÈɯÛÈÕċÔÓÈÕÔÈÒÛÈËċÙȭɯdÓÒɯ

ÖÓÈÙÈÒɯ ËÐıɯ ñĹÙĹÒÓÌÙÐÕÐɯ ÜáÈÒÓÈıÛċÙÔÈËÈɯ ÝÌɯ ÔÐÕÌ-ËÌÕÛÐÕɯ ÔÖÙÍÖÓÖÑÐÒɯ àÈ×ċÚċÕËÈɯ

ÔÌàËÈÕÈɯ ÎÌÓÌÕɯ ËÌĀÐıÐÒÓÐÒÓÌÙÐɯ ËÌĀÌÙÓÌÕËÐÙÔÌËÌɯ ÏÌÙÏÈÕÎÐɯ ÉÐÙɯ àÈÕɯ ÌÛÒÐɯ

ÖÓÜıÛÜÙÔÈËÈÕɯÒÜÓÓÈÕċÓÔċıÛċÙɯȹ'ÈÙÈÚÏÐÔÈɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƔƙȰɯ²ıĹÔÌáɯÝÌ Aykent, 

2003)ȭɯ'ÈÝÈɤÚÜɯÚÖĀÜÛÔÈÚċɯÈÓÛċÕËÈɯÒÜÓÓÈÕċÓËċĀċÕËÈȮɯÔÐÕÌȮɯËÌÕÛÐÕȮɯÚÌÔÌÕÛɯÝÌɯÒÌÔÐÒɯ

ËÖÒÜÚÜÕËÈɯÏÌÙÏÈÕÎÐɯÉÐÙɯÒċÙċÒɯÝÌàÈɯÌÙÐÔÌàÌɯÕÌËÌÕɯÖÓÔÈËÈÕɯÌÛÒÐÓÐɯÝÌɯÛÌÔÐáɯÉÐÙɯ

ÉÐñÐÔËÌɯ ÒÌÚÔÌɯ àÈ×ÈÉÐÓËÐĀÐɯ ÉÐÓËÐÙÐÓÔÐıÛÐÙɯ ȹ²ıĹÔÌá ve Aykent, 2003). Su 

ÔÖÓÌÒĹÓÓÌÙÐÕÌɯàĹÒÚÌÒɯÈÍÍÐÕÐÛÌÚÐɯÖÓÈÕɯ$ÙȮ"Ùȯ82&&ɯÓÈáÌÙȮɯÜàÎÜÓÈÕËċÒÓÈÙċɯàĹáÌàËÌɯ

lazer enerjisi ile su partiküllerini elektromanyetik enerji ile atomize ederek 

ÉÐÙÓÌıÛÐÙÔÌÒÛÌɯÝÌɯàĹáÌàɯ×ĹÙĹáÓÌÕËÐÙÔÌɯàġÕÛÌÔÐɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓËċĀċÕËÈȮɯáÐÙÒÖÕàa 

àĹáÌàÐÕËÌÒÐɯÚÜɯÔÖÓÌÒĹÓÓÌÙÐɯÐÓÌɯÛÌ×ÒÐÔÌàÌɯÎÐÙÌÙÌÒȮɯÈÉÓÈÚàÖÕɯÔÌÒÈÕÐáÔÈÚċɯÐÓÌɯ

yüzeyde mikro -patlamalar yaratarak mikro -ÙÌÛÈÕÚÐàÖÕɯÈÓÈÕÓÈÙċɯÖÓÜıÛÜÙÔÈÒÛÈËċÙȭɯ

.ÓÜıÛÜÙËÜĀÜɯ ÉÜɯ ÌÛÒÐËÌÕɯ ËÖÓÈàċɯ ËÈɯ ÏÐËÙÖÒÐÕÌÛÐÒɯ ÚÐÚÛÌÔɯ ÖÓÈÙÈÒɯ ËÈɯ
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ÈËÓÈÕËċÙċÓÔÈÒÛÈËċÙɯ(EduarËÖɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, ƖƔƕƖȰɯ $ÝÌÙÚÖÓÌɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 1997; 

1ÐáÖÐÜɯÝÌɯËÐĀÌÙÓÌÙÐ, 1996).  

2.2.3. Döner Aletler ile Pürüzlendirme  

Zirkonya seramiklerin yüzey pürüzlendirilmesinde yüksek devirli kesici 

ÈÓÌÛÓÌÙËÌÕɯ ËÌɯ àÈÙÈÙÓÈÕċÓÈÉÐÓÐÙȭɯ /ĹÙĹáÓÌÕËÐÙÔÌËÌɯ ÒÈÓċÕɯ ÎÙÌÕÓÐɯelmas frezler, 

silisyum karbid veya Al 2O3 ÈıċÕËċÙċÊċɯÐñÌÙÌÕɯáċÔ×ÈÙÈÓÈÙɯÝÌɯËÐÚÒɯıÌÒÓÐÕËÌÒÐɯÈÓÌÛÓÌÙɯ

ÒÜÓÓÈÕċÓÈÉÐÓÐÙȭɯ $ÓÔÈÚɯ ÍÙÌáÓÌÙÓÌɯ àÈ×ċÓÈÕɯ ×ĹÙĹáÓÌÕËÐÙÔÌËÌɯ àĹáÌàɯ ÈıċÕËċÙÔÈÚċɯ

àÈ×ċÓÈÙÈÒɯËÐĀÌÙɯàġÕÛÌÔÓÌÙÌɯÖÙÈÕÓÈɯËÈÏÈɯ×ĹÙĹáÓĹɯàĹáÌàÓÌÙɯÖÓÜıÛÜÙÜÓÜÙȭɯ#ġÕÌÙɯ

aletlerle àÈ×ċÓÈÕɯàĹáÌàɯÐıÓÌÔÐÕÐÕɯÌÕɯÉĹàĹÒɯÈÝÈÕÛÈÑċȮɯÈĀċáɯÖÙÛÈÔċÕËÈɯÒÖÓÈàÊÈɯ

ÜàÎÜÓÈÕÈÉÐÓÔÌÚÐËÐÙȭɯ ÕÊÈÒɯÒÜÔÓÈÔÈɯàġÕÛÌÔÐÕËÌɯÖÓËÜĀÜɯÎÐÉÐɯËġÕÌÙɯÈÓÌÛÓÌÙÓÌɯ

àÈ×ċÓÈÕɯÉÜɯÐıÓÌÔɯÚÖÕÜÊÜÕËÈɯÔÌàËÈÕÈɯÎÌÓÌÕɯÚÛÙÌÚɯÐÓÌɯÚÌÙÈÔÐÒɯàĹáÌàÐÕËÌɯñÈÛÓÈÒÓÈÙɯ

ÖÓÜıÈÉÐÓÔÌÒÛÌɯ ÝÌɯ ÙÌÚÛÖÙÈÚàÖÕÜÕɯ àÈ×ċÚċÕËÈɯ áÈàċÍÓÈÔÈɯ ËÈɯ ÔÌàËÈÕÈɯ

gelebilmektedir ȹ ÚÈÙɯÝÌɯIÈÒċÙÉÈàȮɯƖƔƕƗȰɯ"ÜÙÛÐÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 2006)ȭɯ*ÜÓÓÈÕċÓÈÕɯ

ÌÕÚÛÙĹÔÈÕÓÈÙċÕɯÚÈÏÐ×ɯÖÓËÜÒÓÈÙċɯÎÙÌÕɯÉĹàĹÒÓĹĀĹɯÝÌɯÉÜɯÈÓÌÛÓÌÙÐÕɯÒÜÓÓÈÕċÓËċĀċɯÏċáɯ

ËÈɯÉÜɯÜàÎÜÓÈÔÈËÈɯÎġáġÕĹÕËÌɯÉÜÓÜÕËÜÙÜÓÔÈÚċɯÎÌÙÌÒÌÕɯ×ÈÙÈÔÌÛÙÌÓÌÙËÌÕËÐÙȭɯ

*ÜÓÓÈÕċÓÈÕɯÌÕÚÛÙĹÔÈÕÓÈÙċÕɯÎÙÌÕɯÉĹàĹÒÓĹĀĹɯÐÓÌɯÔÌàËÈÕÈɯÎÌÛÐÙËÐÒÓÌÙÐɯÔÌÒÈÕÐÒɯ

ÏÈÙÈÉÐàÌÛɯËÖĀÙÜËÈÕɯÐÓÐıÒÐÓÐËÐÙɯȹ/ÌÙÌÐÙÈɯÝÌɯËÐĀÌÙÓÌÙÐ, 2014).. dÕÊÌɯÎÙÌÕÓÐɯÉÐÙɯÍÙÌáɯ

àÈÙËċÔċɯ ÐÓÌɯ ×ĹÙĹáÓÌÕËÐÙÔÌɯ ÐıÓÌÔÐɯ áÐÙÒÖÕàÈÕċÕɯ ËġÕĹıĹÔɯ ÚÌÙÛÓÌıÔÌÚÐɯ

ÔÌÒÈÕÐáÔÈÚċÕċÕɯÈÒÛÐÝÌɯÖÓÈÙÈÒɯàĹáÌàɯÚÌÙÛÓÐĀÐÕÐÕɯÈÙÛÔÈÚċÕċɯÝÌɯñÈÛÓÈÒɯÖÓÜıÜÔÜÕÜÕɯ

ÌÕÎÌÓÓÌÕÔÌÚÐÕÐɯÚÈĀÓÈÔÈÒÛÈËċÙɯȹ ÓÉÈÒÙàɯÝÌɯËÐĀÌÙÓÌÙÐ, 2004)ȭɯ ÕÊÈÒȮɯËÈÏÈɯÒÈÓċÕɯ

ÍÙÌáÓÌÙɯ ȹƕƙƔϟÔȺɯ ÒÜÓÓÈÕċÓÔÈÚċɯ àĹáÌàɯ ×ĹÙĹáÓĹÓĹĀĹÕĹɯ ÈÙÛċÙÔÈÒÓÈɯ ÉÐÙÓÐÒÛÌɯ

áÐÙÒÖÕàÈÕċÕɯÉĹÒĹÓÔÌɯËÐÙÌÕÊÐÕÐɯÈáÈÓÛÛċĀċɯÉÌÓÐÙÛÐÓÔÐıÛÐÙɯȹ*ÖÚÔÈÊɯÝÌɯËÐĀÌÙÓÌÙÐ, 2000). 
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2.2.4. 2ÐÓÈÕɯ4àÎÜÓÈÔÈÚċ 

2ÐÓÐÚàÜÔɯÈÛÖÔÓÈÙċÕċɯÐñÌÙÌÕɯÚÐÓÈÕÓÈÙȮɯÚÌÙÈÔÐÒɯàĹáÌàÐÕËÌɯÉÜÓÜÕÈÕɯÚÐÓÐÒÈÕċÕɯ

ÏÐËÙÖÒÚÐÓɯ ÐàÖÕÓÈÙċàÓÈɯ ÚÐÓÖÒÚÈÕɯ ÈĀċɯ àÈÙÈÛÈÕɯ ÝÌɯ ÈàÕċɯ áÈÔÈÕËÈɯ ÈËÌáÐÝɯ ÙÌáÐÕÐÕɯ

matriksi ile kopolimerize olan çift fonksiyonlu hibrit inorganik -organik 

ÔÖÓÌÒĹÓÓÌÙËÐÙȭɯ  àÙċÊÈɯ ÚÐÓÈÕÓÈÙɯ ÔÈÛÌÙàÈÓÐÕɯ àĹáÌàɯ ÎÌÙÐÓÐÔÐÕÐɯ ËĹıĹÙÌÙÌÒɯ

ċÚÓÈÕÈÉÐÓÐÙÓÐĀÐÕÐɯÝÌɯàĹáÌàɯÌÕÌÙÑÐÚÐÕÐɯÈÙÛÛċÙċÙÓÈÙɯȹ,ÈÛÐÕÓÐÕÕÈɯÝÌɯËÐĀÌÙÓÌÙÐ, 2004). 

Böylece hidrofobik bir matriks olan adeziv rezin hidrofil ik bir yüzey olan 

ÚÌÙÈÔÐĀÌɯÉÈĀÓÈnabilir (Matinlinna ve ËÐĀÌÙÓÌÙÐȮɯƖƔƔƚȺȭɯ!ÐÙñÖÒɯÍÈÙÒÓċɯÛÐ×ÛÌɯÚÐÓÈÕɯ

ÉÈĀÓÈÕÔÈɯ ÈÑÈÕċÕċÕɯ ȹƗ-metakriloksipropiltrimeoksisilan, 3 -

akriloksipropiltrimeoksisilan, 3 -ÐáÖÚÐàÈÕÈÛÖ×ÙÖ×ÐÓÛÙÐÌÛÖÒÚÐÚÐÓÈÕȺɯ ÌÛÒÐÕÓÐĀÐɯ

ËÌĀÌÙÓÌÕËÐÙÐÓÔÐıɯÈÕÊÈÒɯáÐÙÒÖÕàÈɯÚÌÙÈÔÐÒÓÌÙËÌɯÚÐÓÐÒÈɯÔÐÒÛÈÙċɯÈáɯÖÓËÜĀÜɯÐñÐÕɯÏÐñÉÐÙÐɯ

ÐÚÛÌÕÌÕɯÉÈĀÓÈÕÔÈɯËÐÙÌÕÊÐÕÐɯÎġÚÛÌÙÌÔÌÔÐıÛÐÙɯȹ!arghi, 2000; Derand ve ËÐĀÌÙÓÌÙÐ, 

2005; Frankenberger ve ËÐĀÌÙÓÌÙÐ, 2000; Kern ve Wegner,1998; Tsuo ve ËÐĀÌÙÓÌÙÐ, 

2006). Bu nedenle zirkonya seramiklerde silanlar genellikle silika kaplama 

àġÕÛÌÔÓÌÙÐɯÐÓÌɯÉÐÙÓÐÒÛÌɯÜàÎÜÓÈÕċÙÓÈÙȭ 

2.2.5. Silika Kaplama Yöntemleri  

Bu yöntemler pirokimyasal ve tribokimyasal silika kaplama yöntemleri 

ÖÓÈÙÈÒɯƖɯÉÈıÓċÒɯÈÓÛċÕËÈɯÐÕÊÌÓÌÕÌÉÐÓÐÙȭ 

2.2.5.1. Pirokimyasal Silika Kaplama  

Bu yöntemde tetraetoksisilan (TEOS) içeren yüzey kaplama solüsyonunun 

ġáÌÓɯÉÐÙɯÈÓÌÝËÌÕɯÎÌñÐÙÐÓÔÌÚÐàÓÌɯàÈÒÓÈıċÒɯƔȭƕ-ƕȭƔɯϟÔɯÒÈÓċÕÓċĀċÕËÈɯÚÐÓÐÒÈɯÛÈÉÈÒÈÚċɯ

àĹáÌàÐɯ ÒÈ×ÓÈÙȭɯ IÌıÐÛÓÐɯ ×ÐÙÖÒÐÔàÈÚÈÓɯ ÚÐÓÐÒÈɯ ÒÈ×ÓÈÔÈɯ ÚÐÚÛÌÔÓÌÙÐɯ ÔÌÝÊÜÛÛÜÙȭɯ

SilicoaterTM Classic, SilicoaterTM MD, SilocTM ve PyrosilPen -Technology bu 

sistemlerden ÉÈáċÓÈÙċËċÙɯȹ)ÈÕËÈɯÝÌɯËÐĀÌÙÓÌÙÐ, 2003). Silicoater, atmosferik oksijen 
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ÐÓÌɯàÈÒċÓÈÕɯÉĹÛÈÕɯÎÈáċɯÒÜÓÓÈÕÈÙÈÒɯÔÌÛÈÓɯÝÌàÈɯÚÌÙÈÔÐÒÓÌÙÌɯċÚċɯÜàÎÜÓÈÕÔÈÚċÕċɯ

ÚÈĀÓÈàÈÕɯÉÐÙɯÓÈÉÖÙÈÛÜÝÈÙɯÊÐÏÈáċËċÙȭɯ àÙċÊÈɯ3$.2ɯÐñÌÙÌÕɯbir haznesi de mevcuttur. 

"ÐÏÈáċÕɯàÈÒċÓÔÈÚċɯÐÓÌɯÉÐÙÓÐÒÛÌɯÚÐÓÈÕɯÈÓÌÝÐÕɯÐñÐÕÌɯËÌÒÖÔ×ÖáÌɯÖÓÜÙɯÝÌɯÜàÎÜÓÈÕÈÕɯ

àĹáÌàËÌɯÚÐÓÐÒÈɯÛÈÉÈÒÈÚċɯÖÓÜıÛÜÙÜÙȭɯ!ÜɯÛÈÉÈÒÈɯÖÓËÜÒñÈɯÐÕÊÌɯÝÌɯÊÈÔÚċɯàÈ×ċËÈËċÙɯÝÌɯ

ÚÐÓÈÕɯÐÓÌɯÒÐÔàÈÚÈÓɯÉÐÙɯÉÈĀÓÈÕÛċɯÖÓÜıÛÜÙÈÉÐÓÐÙȭɯ%ÈÒÈÛɯÉÜɯàġÕÛÌÔÐÕɯÖÓËÜÒñÈ ÒÈÙÔÈıċÒȮɯ

×ÈÏÈÓċɯÝÌɯÜàÎÜÓÈÕÔÈÚċÕċÕɯáÖÙɯÖÓÔÈÚċɯÝÌɯÈàÙċÊÈɯÏÈÚÛÈɯÉÈıċÕËÈɯÜàÎÜÓÈÕÈÔÈÔÈÚċɯ

ÎÐÉÐɯËÌáÈÝÈÕÛÈÑÓÈÙċɯÝÈÙËċÙȭɯ2ÐÓÐÊÖÈÛÌÙɯÛÌÒÕÖÓÖÑÐÚÐÕÐÕɯÉÜɯÕÌÎÈÛÐÍɯġáÌÓÓÐÒÓÌÙÐÕËÌÕɯ

ËÖÓÈàċɯ2ÐÓÐÊÖÈÛÌÙɯÐÓÌɯÈàÕċɯñÈÓċıÔÈɯ×ÙÌÕÚÐÉÐÕÌɯÚÈÏÐ×ɯÈÕÊÈÒɯÜàÎÜÓÈÕÔÈÚċɯËÈÏÈɯÒÖÓÈàɯ

ve ekonomik olan PyrosilPen ve Silano-Pen sistemleri piyasaya ÚÜÕÜÓÔÜıÛÜÙɯ

(Janda ve ËÐĀÌÙÓÌÙÐ, 2003; Özcan ve ËÐĀÌÙÓÌÙÐ, 2008). 

2.2.5.2. Tribokimyasal Silika Kaplama  

3ÙÐÉÖÒÐÔàÈÚÈÓɯÚÐÓÐÒÈɯÒÈ×ÓÈÔÈɯàġÕÛÌÔÐÕËÌɯ×ÐÙÖÒÐÔàÈÚÈÓɯàġÕÛÌÔËÌÕɯÍÈÙÒÓċɯ

olarak, zirkonya yüzeyine 30 -ƕƕƔɯ ϟÔɯ ÉÖàÜÛÜÕËÈɯ ÚÐÓÐÒÈɯ ÒÈ×ÓÈÕÔċıɯ  Ó2O3 

×ÈÙÛÐÒĹÓÓÌÙÐɯÜàÎÜÓÈÕċÙȭɯ*ÜÔÓÈÔÈɯàÈÒÓÈıċÒɯƕƙɯϟÔɯËÌÙÐÕÓÐĀÐÕËÌɯàÈ×ċÓċÙɯÝÌɯÉÜɯ

ÐıÓÌÔÓÌɯáÐÙÒÖÕàÈÕċÕɯÚÈËÌÊÌɯàĹáÌàÐɯ×ĹÙĹáÓÌÕËÐÙÐÓÔÌáȰɯÈàÙċÊÈɯÚÐÓÈÕɯÐÓÌɯÒÐÔàÈÚÈÓɯ

ÉÈĀÓÈÕÔÈɯàÈ×ċÓÈÉÐÓÔÌÚÐɯÐñÐÕɯÜàÎÜÕɯÏÈÓÌɯÎÌÛÐÙÐÓÐÙɯȹ*ÌÙÕɯÝÌɯ6ÌÎÕÌr, 1998).  CoJet 

ÝÌɯ1ÖÊÈÛÌÊɯÚÐÚÛÌÔÓÌÙÐɯÌÕɯàÈàÎċÕɯÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÈÕɯÛÙÐÉÖÒÐÔàÈÚÈÓɯÚÐÓÐÒÈɯÒÈ×ÓÈÔÈɯ

yöntemleridir (Druck ve ËÐĀÌÙÓÌÙÐ, 2014; Gomes ve ËÐĀÌÙÓÌÙÐ, 2013). 

Klinikte uygulanabilen bir sistem olan CoJet sistemi (3M ESPE, Seefeld, 

Almanya), silika ×ÈÙÛÐÒĹÓÓÌÙÐàÓÌɯÔÖËÐÍÐàÌɯÌËÐÓÔÐıɯƗƔɯϟÔɯÉÖàÜÛÜÕËÈɯ Ó2O3 kumu 

ve bir silan solüsyonu olan ESPE-2ÐÓɀɯËÌÕ ÖÓÜıÜÙɯȹ#ÌÓÓÈɯ!ÖÕÈɯÝÌɯËÐĀÌÙÓÌÙÐ, 2007). 

,ÈÛÌÙàÈÓÐÕɯ ÐñÌÙÐĀÐÕËÌȰɯ ǔƝƛɀËÌÕɯ ÍÈáÓÈɯ  Ó2O3Ȯɯ ǔƗɀÛÌÕɯ Èáɯ ÈÔÖÙÍɯ ÚÐÓÐÒÈɯ

ÉÜÓÜÕÔÈÒÛÈËċÙȭɯ ²ÙÌÛÐÊÐɯ ÍÐÙÔÈɯ ÉÜɯ ÚÐÚÛÌÔËÌɯ  Ó2O3 partiküllerinin 2 -10 mm 

mesafeden 2-ƗɯÉÈÙɯÉÈÚċÕñɯÈÓÛċÕËÈɯƕƙɯÚÕȭɯÚĹÙÌàÓÌɯ×ĹÚÒĹÙÛĹÓÌÙÌÒɯàĹáÌàÐÕɯÚÐÓÐÒÈɯ

ÛÈÉÈÒÈÚċɯÐÓÌɯġÙÛĹÓÔÌÚÐÕÐɯġÕÌÙÔÌÒÛÌËÐÙȭɯ8ĹáÌàËÌɯÍÈáÓÈɯÒÈÓÈÕɯÔÈÛÌÙàÈÓɯÒÜÙÜɯÝÌɯàÈĀɯ
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ÐñÌÙÔÌàÌÕɯÏÈÝÈɯÐÓÌɯÛÌÔÐáÓÌÕÐÙɯÝÌɯÛÌÔÐáÓÌÕÌÕɯàĹáÌàɯÏÌÙÏÈÕÎÐɯÉÐÙɯÚċÝċàÓÈɯÛÌÔÈs 

etmemelidir. Daha sonra ESPE-2ÐÓɯÚÐÓÈÕɯÚÖÓĹÚàÖÕÜɯÜàÎÜÓÈÕċÙɯÝÌɯƙɯËÒȭɯÚĹÙÌɯÐÓÌɯ

ÒÜÙÜÔÈàÈɯÉċÙÈÒċÓċÙȭɯ!ġàÓÌÊÌɯÐÓÎÐÓÐɯàĹáÌàÐÕɯàĹáÌàɯÈÓÈÕċɯÈÙÛċÙċÓÈÙÈÒɯÎĹñÓĹɯÉÐÙɯÔÐÒÙÖɯ

ÔÌÒÈÕÐÒɯÒÐÓÐÛÓÌÕÔÌɯÚÈÏÈÓÈÙċɯÌÓËÌɯÌËÐÓÔÌÚÐ ÈÔÈñÓÈÕċÙɯȹ+ÖÙÌÕÛÌɯÝÌɯËÐĀÌÙÓÌÙÐ, 2010). 

LaboratuvardÈɯÜàÎÜÓÈÕÈÉÐÓÌÕɯ1ÖÊÈÛÌÊɯÚÐÚÛÌÔÐɯƕƝƜƝɯàċÓċÕËÈɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ

2ÐÚÛÌÔÐÕɯÜàÎÜÓÈËċĀċɯ Ó2O3 ×ÈÙÛÐÒĹÓÓÌÙÐÕÌɯÎġÙÌɯƖɯÍÈÙÒÓċɯÛÐ×ÐɯÝÈÙËċÙȭɯ1ÖÊÈÛÌÊɯ2ÖÍÛɯ

ÚÐÚÛÌÔÐÕËÌɯƗƔɯϟÔȰɯ1ÖÊÈÛÌÊɯ/ÓÜÚɯÚÐÚÛÌÔÐÕËÌɯÐÚÌɯƕƕƔɯϟÔɯÚÐÓÐÒÈɯÐÓÌɯÒÈ×ÓÈÕÔċıɯ Ó2O3 

×ÈÙÛÐÒĹÓĹɯÒÜÓÓÈÕċÓċÙȭɯ'ÌÙɯÐÒÐɯÚÐstemde de öncelikle Rocatec-/ÙÌɯÐÓÌɯƕƕƔɯϟÔɀÓÐÒɯ Ó2O3 

×ÈÙÛÐÒĹÓÓÌÙÐɯÒÜÓÓÈÕċÓÈÙÈÒɯÔÐÒÙÖ-ÒÜÔÓÈÔÈɯàÈ×ċÓċÙɯÝÌɯàĹáÌàɯÛÌÔÐáÓÌÕÌÙÌÒɯÈÒÛÐÝÌɯ

ÌËÐÓÔÐıɯÖÓÜÙȭɯdÒÐÕÊÐɯÈıÈÔÈËÈɯƗƔɯϟÔɯȹ1ÖÊÈÛÌÊɯ2ÖÍÛȺɯÝÌàÈɯƕƕƔɯϟÔɯȹ1ÖÊÈÛÌÊɯ/ÓÜÚȺɯ

ÉÖàÜÛÜÕËÈɯÚÐÓÐÒÈɯÐÓÌɯÒÈ×ÓÈÕÔċıɯ Ó2O3 ÛÖáÓÈÙċɯáÐÙÒÖÕàÈɯàĹáÌàÐÕÌɯÜàÎÜÓÈÕċÙȭɯ3ĹÔɯ

ÒÜÔÓÈÔÈɯÐıÓÌÔÓÌÙÐɯƕƔɯÔÔɯÔÌÚÈÍÌËÌÕȮɯËÐÒɯÈñċàÓÈȮɯƖȭƜɯÉÈÙɯÉÈÚċÕñɯÈÓÛċÕËÈɯÝÌɯƕƙɯÚÕɯ

ÚĹÙÌɯÐÓÌɯÜàÎÜÓÈÕċÙȭɯ#ÈÏÈɯÚÖÕÙÈɯÚÐÓÐÒÈɯÐÓÌɯÒÈ×ÓÈÕÔċıɯàĹáÌàÓÌÙÌɯƗ,ɯ$2/$-Sil ile 

ÚÐÓÈÕÐáÈÚàÖÕɯÐıÓÌÔÐɯàÈ×ċÓċÙȭ 

2.2.6. Kloro -2ÐÓÈÕɯ4àÎÜÓÈÔÈÚċ 

Piascik ve ËÐĀÌÙÓÌÙÐ ȹƖƔƔƝȺȮɯÛÈÙÈÍċÕËÈÕɯÎÌÓÐıÛÐÙÐÓÌÕɯÉÜɯàġÕÛÌÔËÌȮɯÉÜÏÈÙ-faz 

ËÌ×ÖáÐÚàÖÕɯÛÌÒÕÐĀÐɯÐÓÌɯáÐÙÒÖÕàÈɯàĹáÌàÐÕËÌɯñÖÒɯÐÕÊÌȮɯÚÐÓÐÒÈɯÉÌÕáÌÙÐɯÉÐÙɯÛÈÉÈÒÈɯ

ÖÓÜıÛÜÙÜÓÔÈÚċɯÈÔÈñÓÈÕÔċıÛċÙȭɯ2Ð"Ó4 ȹÚÐÓÐÒÖÕɯÛÌÛÙÈÒÓÖÙÐÛȺɯÝÌɯÚÜɯÒÈÙċıċÔċÕËÈÕɯÖÓÜıÈÕɯ

ÉÜÏÈÙȮɯÔÖÓÌÒĹÓÌÙɯÉÜÏÈÙɯËÌ×ÖáÐÚàÖÕɯÊÐÏÈáċɯÒÜÓÓÈÕċÓÈÙÈÒɯƕƙɯËÒɯÚĹÙÌàÓÌɯáÐÙÒÖÕàÈɯ

àĹáÌàÐÕÌɯ ÜàÎÜÓÈÕÔÈÒÛÈËċÙȭɯ 2Ð"Ó4 ve H2.ɀɯ ÕÜÕɯ ÙÌÈÒÚÐàÖÕÜɯ ÚÖÕÜÊÜɯ áÐÙÒÖÕàÈɯ

àĹáÌàÐÕËÌɯÚÐÓÐÒÈɯÉÌÕáÌÙÐɯÉÐÙɯÛÈÉÈÒÈɯÖÓÜıÔÈÒÛÈɯÝÌɯ'"ÓɯÎÈáċɯÈñċĀÈɯñċÒÔÈÒÛÈËċÙȭɯ!Üɯ

ÐıÓÌÔɯÐÓÌɯáÐÙÒÖÕàÈɯàĹáÌàÐɯÚÐÓÈÕɯÜàÎÜÓÈÔÈÚċɯÐñÐÕɯÏÈáċÙÓÈÕÔċıɯÖÓÜÙȭ 

 

 



47 
 

2.2.7. Gaz-%Èáɯ%ÓÖÙÐÕÈÚàÖÕɯ3ÌÒÕÐĀÐ 

!ÜɯàġÕÛÌÔɯáÐÙÒÖÕàÈɯÐÓÌɯÚÐÓÈÕɯÉÈĀÓÈÕÛċÚċÕċɯÎĹñÓÌÕËÐÙÔÌÒɯÐñÐÕȮɯáÐÙÒÖÕàÈɯ

àĹáÌàÐÕËÌɯÐÕÊÌɯÉÐÙɯÖÒÚÐÍÓÖÙÐÛɯËġÕĹıĹÔɯÛÈÉÈÒÈÚċɯÖÓÜıÛÜÙÜÓÔÈÚċɯÌÚÈÚċÕÈɯËÈàÈÕċÙȭɯ

9ÐÙÒÖÕàÈɯÉÐÙɯ×ÓÈáÔÈɯÙÌÈÒÛġÙĹɯÐñÐÕÌɯàÌÙÓÌıÛÐÙÐÓÌÙÌÒɯÍÓÖÙÐÕÈÚàÖÕɯÐıÓÌÔÐɯÜàÎÜÓÈÕċÙɯÝÌɯ

yüzeydeki 1-Ɨɯ ÕÔɯ ÒÈÓċÕÓċĀċÕËÈÒÐɯ ÉġÓÎÌÕÐÕɯ áÐÙÒÖÕàÜÔɯ ÖÒÚÐÍÓÖÙÐÛÌɯ ȹ9Ù.3F4) 

ËġÕĹıÔÌÚÐ ÈÔÈñÓÈÕċÙɯȹ/ÐÈÚÊÐÒɯÝÌɯËÐĀÌÙÓÌÙÐ, 2011Ⱥȭɯ!ÜɯÛÈÉÈÒÈÕċÕɯÚÐÓÈÕÓÈɯÒÐÔàÈÚÈÓɯ

olarak ÉÈĀÓÈÕÔÈàċɯÈÙÛÛċÙÔÈÚċÕċÕɯàÈÕċɯÚċÙÈȮɯÛÌÔÈÚɯÈñċÚċÕċɯÈáÈÓÛÈÙÈÒɯċÚÓÈÕÈÉÐÓÐÙÓÐĀÐɯ

ËÌɯÈÙÛÛċÙËċĀċɯËĹıĹÕülmektedir (Piascik ve ËÐĀÌÙÓÌÙÐ, 2012). 

2.2.8. HIM/SIE Y öntemi ( Heat Induced Maturation/Selective Infiltration 

Etching) 

8ÌÛÌÙÓÐɯÚĹÙÌɯÝÌɯċÚċɯÝÌÙÐÓËÐĀÐÕËÌɯáÐÙÒÖÕàÈɯÛÈÕÌÊÐÒÓÌÙÐÕÐÕɯÉĹàĹÔÌàÌɯàÈÛÒċÕÓċÒɯ

ÎġÚÛÌÙËÐĀÐɯÛÌÚ×ÐÛɯÌËÐÓÔÐıÛÐÙɯȹ"ÏÌÝÈÓÐÌÙɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƔƘȺȭɯ9ÐÙÒÖÕàÈÕċÕɯÉÜɯÛÌÙÔÖ-

ËÐÕÈÔÐÒɯ ġáÌÓÓÐĀÐÕËÌÕɯ àÖÓÈɯ ñċÒċÓÈÙÈÒɯheat induced maturation (HIM) yöntemi 

ÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ!ÜɯàġÕÛÌÔËÌɯáÐÙÒÖÕàÈɯÐÒÐɯÒċÚÈɯÛÌÙÔÈÓɯÚÐÒÓÜÚÈɯÔÈÙÜáɯÉċÙÈÒċÓÈÙÈÒɯ

ÛÈÕÌÊÐÒɯÚċÕċÙÓÈÙċɯÉġÓÎÌÚÐÕËÌɯÚÛÙÌÚɯÖÓÜıÛÜÙÜÓÔÈÒÛÈËċÙȭɯ!ÜɯÚÛÙÌÚɯÛÈÕÌÊÐÒɯÉĹàĹÔÌÚÐÕÌɯ

ÝÌàÈɯÉÈıÒÈɯÉÐÙɯÍÈáÈɯÎÌñÐıÌɯÕÌËÌÕɯÖÓÈÊÈÒɯÒÈËÈÙɯÌÕÌÙÑÐɯÉÈÙċÕËċÙÔÈÔÈÒÛÈËċÙȭɯ ÔÈñȮɯ

ÛÈÕÌÊÐÒɯÚċÕċÙÓÈÙċÕËÈɯÉÐÙɯÏÈÙÌÒÌÛÌɯÕÌËÌÕɯÖÓÈÙÈÒɯÉÈıÒÈɯÔÈÛÌÙàÈÓÓÌÙÐÕɯáÐÙÒÖÕàÈàÈɯ

ÐÕÍÐÓÛÙÈÚàÖÕÜÕÜɯ ÒÖÓÈàÓÈıÛċÙÔÈÒÛÈËċÙȭɯ '(,ɯ àġÕÛÌÔÐÕËÌ zirkonya önce 2 dk 

süreyle 750o"ɀɯàÌɯċÚċÛċÓÔÈÒÛÈȮɯÚÖÕÙÈɯƕɯËÒɯÚĹÙÌàÓÌɯƚƙƔo"ɀàÌɯÚÖĀÜÛÜÓÔÈÒÛa sonra 

tekrar 1 dk süreyle 750o"ɀàÌɯ ċÚċÛċÓÔÈÒÛÈɯ ÝÌɯ ÚÖÕÙÈÚċÕËÈɯ ÖËÈɯ ÚċÊÈÒÓċĀċÕÈɯ

ÚÖĀÜÛÜÓÔÈÒÛÈËċÙɯȹ ÉÖÜÚÏÌÓÐÉɯÝÌɯËÐĀÌÙÓÌÙÐ, 2007).  

2.2.9. 2ċÊÈÒɯ ÚÐÛɯ2ÖÓĹÚàÖÕÜɯÐÓÌɯ/ĹÙĹáÓÌÕËÐÙÔÌ 

Casucci ve ËÐĀÌÙÓÌÙÐ (2009ȺɯÛÈÙÈÍċÕËÈÕɯÛÈÕċÛċÓÈÕɯÉÜɯàġÕÛÌÔȮɯÔÌÛÈÓÐÒɯÉÐÙɯ

ËÖĀÈàÈɯ ÚÈÏÐ×ɯ áÐÙÒÖÕàÈÕċÕȮɯ ÔÌÛÈÓɯ ÝÌɯ ÈÓÈıċÔÓÈÙċÕċÕɯ ×ĹÙĹáÓÌÕËÐÙÐÓÔÌÚÐÕËÌɯ
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ÒÜÓÓÈÕċÓÈÕɯÚċÊÈÒɯÒÐÔàÈÚÈÓɯÚÖÓĹÚàÖÕɯÐÓÌɯ×ĹÙĹáÓÌÕËÐÙÔÌÚÐɯÍÐÒÙÐÕËÌÕɯàÖÓÈɯñċÒċÓÈÙÈÒɯ

ÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ 8ġÕÛÌÔÐÕɯ ÜàÎÜÓÈÕÔÈÚċȮɯ ƕƔƔ0"ɯ ÚċÊÈÒÓċÒÛÈÒÐɯ ÔÌÛÈÕÖÓɯ ȹƜƔƔɯ ÔÓȺȮɯ

ǔƗƛɀÓÐÒɯ '"Óɯ ȹƖƔƔɯ ÔÓȺɯ ÝÌɯ ÍÌÙÙÐÒɯ ÒÓÖÙÐËɯ ȹƖɯ ÎÙȺɯ ÒÈÙċıċÔċÕċɯ ÐñÌÙÌÕɯ ÚÖÓĹÚàÖÕËÈȮɯ

áÐÙÒÖÕàÈÕċÕɯƗƔɯËÒɯÉÌÒÓÌÛÐÓÔÌÚÐɯıeklindedir (Casucci ve ËÐĀÌÙÓÌÙÐ, 2009). 8È×ċÓÈÕɯ

ÈÙÈıÛċÙÔÈÓÈÙËÈɯáÐÙÒÖÕàÈɯàĹáÌàÐÕÌɯÚċÊÈÒɯÈÚÐÛɯÚÖÓĹÚàÖÕÜɯÜàÎÜÓÈÔÈÚċÕċÕɯ Ó2O3 ile 

ÒÜÔÓÈÔÈɯÐıÓÌÔÐÕÌɯÎġÙÌɯËÈÏÈɯÍÈáÓÈɯàĹáÌàɯ×ĹÙĹáÓĹÓĹĀĹɯȹ"ÈÚÜÊÊi ve ËÐĀÌÙÓÌÙÐ, 2009) 

ÝÌɯÙÌáÐÕɯÚÐÔÈÕÓÈɯËÈÏÈɯàĹÒÚÌÒɯÉÈĀÓÈÕÔÈ ËÌĀÌÙÓÌÙÐɯȹ"ÈÚÜÊÊÐɯÝÌɯËÐĀÌÙÓÌÙÐ, 2011) 

ÎġÚÛÌÙËÐĀÐɯÉÐÓËÐÙÐÓÔÐıÛÐÙȭ 

2.2.10. Plazma Spreyi Yöntemi  

/ÓÈáÔÈɯ Ú×ÙÌàɯ ÛÌÒÕÐĀÐÕÐÕɯ ÏÌÕĹáɯ ÉÈĀÓÈÕÔÈɯ ÔÌÒÈÕÐáÔÈÚċɯ ÛÈÔɯ ÖÓÈÙÈÒɯ

ÈÕÓÈıċÓÈÔÈÚÈɯËÈȮɯñÌıÐÛÓÐɯÔÈÛÌÙàÈÓÓÌÙÌɯÜàÎÜÓÈÕËċĀċÕËÈɯÉÈĀÓÈÕÔÈɯËÐÙÌÕÊÐÕÐÕɯÈÙÛÛċĀċɯ

ÎġáÓÌÕÔÐıÛÐÙȭɯ/ÓÈáÔÈȰɯÐàÖÕÓÈÙȮɯÈÛÖÔÓÈÙɯÝÌɯÕġÛÙÈÓɯ×ÈÙñÈÊċÒÓÈÙɯÐñÌÙÌÕɯÒċÚÔÌÕɯÐàÖÕÐáÌɯ

ÖÓÔÜıɯÎÈáËċÙȭɯ&ÈáċÕɯÐÚÛÌÕÐÓÌÕɯıÌÒÐÓËÌɯÝÌɯÔÐÒÛÈÙËÈɯÐàÖÕÐáÌɯÌËÐÓÌÉÐÓÔÌÚÐɯÐñÐÕȮɯ

ÐıÓÌÔÐÕɯÝÈÒÜÔɯÈÓÛċÕËÈɯÎÌÙñÌÒÓÌıÛÐÙÐÓÔÌÚÐɯÎÌÙÌÒÐÙȭɯ8ĹÒÚÌÒɯÍÙÌÒÈÕÚÈɯÚÈÏÐ×ɯÉÐÙɯ

ÑÌÕÌÙÈÛġÙɯÎÈáċÕɯÐàÖÕÐáÌɯÖÓÈÙÈÒɯ×ÓÈáÔÈàÈɯñÌÝÙÐÓÔÌÚÐÕÐɯÚÈĀÓÈÙȭɯ9ÐÙÒÖÕàÈɯàĹáÌàÐÕÌɯ

uygulanan plazma sprey yönteminde hekzometildisiloksan  kulÓÈÕċÓÔċıÛċÙɯ

(Derand ve ËÐĀÌÙÓÌÙÐȮɯ ƖƔƔƙȺȭɯ !ÈĀÓÈÕÔÈÕċÕɯ ÈÙÛÔÈÚċÕċÕɯ ÏÐËÙÖÑÌÕɯ ÝÌɯ ÒÖÝÈÓÌÕÛɯ

ÉÈĀÓÈÙÓÈɯÚÈĀÓÈÕËċĀċɯËĹıĹÕĹÓÔÌÒÛÌËÐÙȭ 

2.3. 9ÐÙÒÖÕàÈÕċÕɯ,ÌÒÈÕÐÒɯÝÌɯ%ÐáÐÒÚÌÓɯxáÌÓÓÐÒÓÌÙÐÕÐÕɯ#ÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐÕËÌɯ

*ÜÓÓÈÕċÓÈÕɯMekanik Testler  

9ÐÙÒÖÕàÈÕċÕɯ ÔÌÒÈÕÐÒɯ ÝÌɯ ÍÐáÐÒÚÌÓɯ ġáÌÓÓÐÒÓÌÙÐÕÐȮɯ ÈàÕċɯ áÈÔÈÕËÈɯ ÝÌÕÌÌÙɯ

ÚÌÙÈÔÐĀÐɯ ÐÓÌɯ ÉÈĀÓÈÕÔÈɯ ËÈàÈÕċÔċÕċɯ ËÌĀÌÙÓÌÕËÐÙÔÌÒɯ ÈÔÈÊċɯ ÐÓÌɯ ÎÌÙÐÓÐÔɯ ÝÌɯ

mikrogerilim testleri, makaslama ve mikromakaslama testleri ve bükülme direnci 

ÛÌÚÛÓÌÙÐɯÎÐÉÐɯÉÐÙñÖÒɯÛÌÚÛɯàġÕÛÌÔÐɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙɯ(SÈÐÛÖɯÝÌɯËÐĀÌÙÓÌÙÐ, 2010). 
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2.3.1. &ÌÙÐÓÐÔɯȹIÌÒÔÌȺɯ!ÈĀÓÈÕÔÈɯ#ÈàÈÕċÔċɯ3ÌÚÛÐ 

 ÓÛɯàÈ×ċɯÐÓÌɯĹÚÛɯàÈ×ċɯÈÙÈÚċÕËÈÒÐɯÉÈĀÓÈÕÔÈɯËÈàÈÕċÔċÕċɯġÓñÔÌàÌɯàġÕÌÓÐÒɯ

ÒÜÓÓÈÕċÓÈÕɯin vitro ÛÌÚÛɯàġÕÛÌÔÐËÐÙȭɯ!ÜɯÛÌÚÛɯàġÕÛÌÔÐÕËÌɯÉÐÙÉÐÙÐÕÌɯÉÐÙÓÌıÛÐÙÐÓÌÕɯÍÈÙÒÓċɯ

ÔÈÛÌÙàÈÓÓÌÙÐÕɯÉÈĀÓÈÕÛċɯÕÖÒÛÈÓÈÙċÕÈɯÓÖÕÎÐÛÜËÐÕÈÓɯÖÓÈÙÈÒɯÔÈÛÌÙàÈÓÓÌÙËÌɯÈàÙċÓÔÈɯ

ÎÌÙñÌÒÓÌıÌÕÌɯ ÒÈËÈÙɯ ñÐÍÛ ÛÈÙÈÍÓċɯ ÎÌÙÐÓÐÔɯ ÒÜÝÝÌÛÐɯ ÜàÎÜÓÈÕÔÈÒÛÈɯ ÝÌɯ ġÓñĹÔɯ

àÈ×ċÓÔÈÒÛÈËċÙɯ ȹ©ÌÒÐÓɯ ƖȭƚȭȺȭɯ 4àÎÜÓÈÕÔÈÚċÕċÕɯ ÒÖÓÈàɯ ÖÓÔÈÚċɯ ÝÌɯ ÏċáÓċɯ ÚÖÕÜñÓÈÙɯ

ÝÌÙÔÌÚÐɯÎÐÉÐɯÈÝÈÕÛÈÑÓÈÙċɯÔÌÝÊÜÛÛÜÙȭɯ ÕÊÈÒɯÉÜɯÛÌÚÛɯàġÕÛÌÔÐÕËÌɯġÙÕÌÒɯÎÌÖÔÌÛÙÐÚÐɯ

ÖÓËÜÒñÈɯ ÉĹàĹÒɯ ÉÐÙɯ ÙÖÓɯ ÖàÕÈÔÈÒÛÈɯ ÝÌɯ ÛÌÚÛɯ ËĹáÌÕÌĀÐÕËÌɯ ġÙÕÌÒlerin 

àÌÙÓÌıÛÐÙÐÓÔÌÚÐÕËÌÒÐɯÌÕɯÜÍÈÒɯÉÐÙɯÏÈÛÈȮɯÐÚÛÌÕÔÌàÌÕɯÒÜÝÝÌÛɯÜàÎÜÓÈÕÔÈÚċÕÈɯÝÌɯ

ÔÈÛÌÙàÈÓÓÌÙËÌɯñÌÕÛÐÒɯȹàÜÝÈȺɯÖÓÜıÜÔÜÕÈɯÕÌËÌÕɯÖÓÈÙÈÒɯÏÖÔÖÑÌÕɯÖÓÔÈàÈÕɯÚÛÙÌÚɯ

ËÈĀċÓċÔċÕÈɯÉÈĀÓċɯÒÖÏÌáÐÝɯÒċÙċÓÔÈÓÈÙċÕɯÖÓÜıÔÈÚċÕÈɯÝÌɯÏÈÛÈÓċɯÝÌÙÐÓÌÙÐÕɯÌÓËÌɯÌËÐÓÔÌÚÐɯ

gibi sonuçlara neden olabilmektedir (Al -Dohan ve ËÐĀÌÙÓÌÙÐ, 2004; Dündar ve 

ËÐĀÌÙÓÌÙÐȮɯƖƔƔƛȰɯ'ÈÔÔÈËɯÝÌ Talic, 1996). 
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©ÌÒÐÓɯƖȭƚȭ &ÌÙÐÓÐÔɯÉÈĀÓÈÕÔÈɯËÈàÈÕċÔċɯÛÌÚÛÐɯËĹáÌÕÌĀÐÕÐÕɯıÌÔÈÛÐÒɯÎġÙĹÕÛĹÚĹɯ(Lauto ve 

ËÐĀÌÙÓÌÙÐ, 2010) 

2.3.2. Mikrogerilim (Mikroçekme) !ÈĀÓÈÕÔÈɯ#ÈàÈÕċÔċɯ3ÌÚÛÐ 

!ÜɯÛÌÚÛɯàġÕÛÌÔÐȮɯÐÓÒɯÖÓÈÙÈÒɯƕƝƝƘɯàċÓċÕËÈɯ2ÈÕÖɯÝÌɯËÐĀÌÙÓÌri  (1994)ȮɯÛÈÙÈÍċÕËÈÕɯ

ÎÌÓÐıÛÐÙÐÓÔÐıɯÖÓÜ×ɯñÌÒÔÌɯÛÌÚÛÐÕËÌÕɯÍÈÙÒÓċɯÖÓÈÙÈÒɯƕɯÔÔ2ɀËÌÕɯËÈÏÈɯÒĹñĹÒɯàĹáÌàɯ

ÈÓÈÕÓÈÙċÕċÕɯ ÉÈĀÓÈÕÔÈɯ ËÈàÈÕċÔċÕċÕɯ ġÓñĹÔÓÌÙÐÕËÌɯ ÒÜÓÓÈÕċÓÈÕɯ ÉÐÙɯin vitro test 

àġÕÛÌÔÐËÐÙȭɯIÈÓċıÔÈɯ×ÙÌÕÚÐÉÐÕÐÕɯñÌÒÔÌɯÛÌÚÛÐɯÐÓÌɯÉÌÕáÌÙɯÖÓÔÈÚċɯÝÌɯñÌÒÔÌɯÛÌÚÛÐɯÐÓÌ 

ÒÈÙıċÓÈıÛċÙċÓËċĀċÕËÈȮɯÏÌÙɯÉÐÙɯġÙÕÌÒÛÌÕɯÉÐÙñÖÒɯÔÐÒÙÖ-ġÙÕÌĀÐÕɯÌÓËÌɯÌËÐÓÌÉÐÓÔÌÚÐɯÐÓÌɯ

ËÈÏÈɯ ÏÖÔÖÑÌÕɯ ÚÛÙÌÚɯ ËÈĀċÓċÔċÕÈɯ ÕÌËÌÕɯ ÖÓÈÙÈÒɯ ÒÖÏÌáÐÝɯ ÒċÙċÓÔÈÓÈÙċÕɯ ġÕĹÕÌɯ

ÎÌñÐÓÔÌÚÐɯ ÎÐÉÐɯ ÈÝÈÕÛÈÑÓÈÙċɯ ÉÜÓÜÕÔÈÒÛÈËċÙȭɯ  ÕÊÈÒɯ ËÈÏÈɯ ËÈÙɯ ÝÌɯ ÒĹñĹÒɯ àĹáÌàɯ
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ÈÓÈÕÓÈÙċÕËÈɯġÓñĹÔɯàÈ×ċÓÈÊÈĀċÕËÈn daha kompleks ve hassasiyet gerektiren bir 

ÐıÓÌÔɯÖÓÔÈÚċȮɯÌÕɯÜÍÈÒɯÉÐÙɯàÌÙÓÌıÛÐÙÔÌɯÏÈÛÈÚċÕËÈɯàÈÕÓċıɯÚÖÕÜñÓÈÙċÕɯÌÓËÌɯÌËÐÓÔÌÚÐȮɯ

ÈàÕċɯáÈÔÈÕËÈɯġÙÕÌÒÓÌÙÐÕɯÏÈáċÙÓÈÕÔÈÚċÕËÈɯàÈıÈÕÈÕɯáÖÙÓÜÒɯÝÌɯġáÌÓɯÌÒÐ×ÔÈÕɯ

ÎÌÙÌÒÛÐÙÔÌÚÐɯÎÐÉÐɯËÌáÈÝÈÕÛÈÑÓÈÙċɯÉÜÓÜÕÔÈÒÛÈËċÙɯȹ5ÈÕɯ,ÌÌÙÉÌÌÒɯÝÌɯËÐĀÌÙÓÌÙÐ, 

2010). 

2.3.3. ,ÈÒÈÚÓÈÔÈɯ!ÈĀÓÈÕÔÈɯ#ÈàÈÕċÔċɯ3ÌÚÛÐɯ 

!ÈĀÓÈÕÔÈɯËÈàÈÕċÔċÕċÕɯËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐÕËÌɯÌÕɯñÖÒɯÒÜÓÓÈÕċÓÈÕɯin vitro test 

àġÕÛÌÔÐɯ ÖÓÈÙÈÒɯ ÉÐÓÐÕÔÌÒÛÌËÐÙȭɯ +ÐÛÌÙÈÛĹÙËÌɯ ÉÈĀÓÈÕÔÈɯ ËÈàÈÕċÔċÕċÕɯ

ËÌĀÌÙÓÌÕËÐÙÐÓËÐĀÐɯñÈÓċıÔÈÓÈÙċÕɯǔƖƚɀÚċÕËÈɯÔÈÒÈÚÓÈÔÈɯÉÈĀÓÈÕÔÈɯËÈàÈÕċÔċɯÛÌÚÛÐÕÐÕɯ

ÒÜÓÓÈÕċÓËċĀċɯÙÈ×ÖÙɯÌËÐÓÔÐıÛÐÙɯȹ5ÈÕɯ,ÌÌÙÉÌÌÒɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƕƔȺȭɯ àÕċɯáÈÔÈÕËÈȮɯ

áÐÙÒÖÕàÈɯÔÈÛÌÙàÈÓÐÕÐÕɯÉÈĀÓÈÕÔÈ ËÈàÈÕċÔċÕċÕɯËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐÕËÌɯËÌɯÌÕɯÚċÒɯ

ÒÜÓÓÈÕċÓÈÕɯÛÌÚÛɯàġÕÛÌÔÐËÐÙɯ(Al -#ÖÏÈÕɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƔƘȰɯ#ĹÕËÈÙɯÝÌɯËÐĀÌÙÓÌÙÐȮɯ

ƖƔƔƛȰɯ %ÐÚÊÏÌÙɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 2009)ȭɯ !ÐÙÉÐÙÐÕÌɯ ÉÈĀÓÈÕÔċıɯ Ɩɯ ÔÈÛÌÙàÈÓÐÕɯ ÉÈĀÓÈÕÛċɯ

ÕÖÒÛÈÚċÕÈɯ Ɣȭƙɯ ÔÔɤËÒɯ ÏċáËÈȮɯ ÔÈÛÌÙàÈÓÓÌÙËÌɯ ÈàÙċÓÔÈɯ ÔÌàËÈÕÈɯ ÎÌÓÌÕÌɯ ÒÈËÈÙɯ

makaslama kuvveÛÐÕÐÕɯÜàÎÜÓÈÕÔÈÚċɯıÌÒÓÐÕËÌɯÎÌÙñÌÒÓÌıÛÐÙÐÓÐÙɯȹ©ÌÒÐÓɯƖȭƛȭȺɯȹ Ó-

Dohan ve ËÐĀÌÙÓÌÙÐȮɯƖƔƔƘȺȭɯ*ÖÓÈàɯÜàÎÜÓÈÕÈÉÐÓÔÌÚÐɯÝÌɯÏċáÓċɯÚÖÕÜñɯÝÌÙÔÌÚÐɯÎÐÉÐɯ

ÈÝÈÕÛÈÑÓÈÙċɯÉÜÓÜÕÔÈÒÛÈËċÙȭɯ ÕÊÈÒɯġÙÕÌÒɯÎÌÖÔÌÛÙÐÚÐȮɯÌÓËÌɯÌËÐÓÌÕɯÝÌÙÐÓÌÙÐɯġÕÌÔÓÐɯ

ölçüde etkilemektedir. Örnek bünyesinde  ÖÓÜıÈÉÐÓÌÊÌÒɯ ÈÕÖÙÔÈÓɯ ÉÐÙɯ ÚÛÙÌÚȮɯ

ÏÖÔÖÑÌÕɯÖÓÔÈàÈÕɯÚÛÙÌÚɯËÈĀċÓċÔċÕÈȮɯËÖÓÈàċÚċɯÐÓÌɯÒÖÏÌáÐÝɯÒċÙċÓÔÈÓÈÙÈɯÕÌËÌÕɯÖÓÈÙÈÒɯ

ÏÈÛÈÓċɯÚÖÕÜñÓÈÙċÕɯÖÙÛÈàÈɯñċÒÔÈÚċÕÈɯÕÌËÌÕɯÖÓÈÉÐÓÔÌÒÛÌËÐÙɯȹ2ÈÐÛÖɯÝÌɯËÐĀÌÙÓÌÙÐ, 2010).  
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©ÌÒÐÓɯƖȭƛȭ ,ÈÒÈÚÓÈÔÈɯÉÈĀÓÈÕÔÈɯËÈàÈÕċÔċɯÛÌÚÛɯËĹáÌÕÌĀÐɯıÌÔatik görüntüsü (Lee ve 

ËÐĀÌÙÓÌÙÐ, 2015) 

2.3.4. ,ÐÒÙÖÔÈÒÈÚÓÈÔÈɯ!ÈĀÓÈÕÔÈɯ#ÈàÈÕċÔċɯ3ÌÚÛÐ 

 3ÌÒɯ ÉÐÙɯ ËÐıɯ ġÙÕÌĀÐÕËÌÕɯ ÉÐÙñÖÒɯ ġÙÕÌÒɯ ÌÓËÌɯ ÌËÐÓÌÉÐÓÔÌÚÐÕÐɯ ÈÔÈñÓÈàÈÕɯ

ÔÐÒÙÖÔÈÒÈÚÓÈÔÈɯ ÉÈĀÓÈÕÔÈɯ ËÈàÈÕċÔċɯ ÛÌÚÛÐȮɯ ƖƔƔƖɯ àċÓċÕËÈɯ ÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙȭɯ

,ÈÒÈÚÓÈÔÈɯ ÉÈĀÓÈÕÔÈɯ ËÈàÈÕċÔċɯ ÛÌÚÛÐÕËÌÕɯ ÍÈÙÒÓċɯ ÖÓÈÙÈÒȮɯ ÔÐÒÙÖÔÈÒÈÚÓÈÔÈɯ

ÛÌÚÛÐÕËÌɯËÈÏÈɯÒĹñĹÒɯàĹáÌàɯÈÓÈÕÓÈÙċÕċÕɯÉÈĀÓÈÔÈɯËÈàÈÕċÔÓÈÙċÕċÕɯġÓñĹÓÔÌÚÐËÐÙȭɯ

 ÕÊÈÒɯÔÈÒÈÚÓÈÔÈɯÉÈĀÓÈÕÔÈɯËÈàÈÕċÔċÕËÈÕɯËÈÏÈɯÍÈáÓÈɯÏÖÔÖÑÌÕɯÖÓÔÈàÈÕɯÚÛÙÌÚɯ

ËÈĀċÓċÔċɯÙÐÚÒÐÕÌɯÚÈÏÐ×ɯÖÓÔÈÚċÕËÈÕɯËÖÓÈàċȮɯÓÐÛÌÙÈÛĹÙËÌɯÚċÒɯÛÌÙÊÐÏɯÌËÐÓÌÕɯÉÐÙɯÛÌÚÛɯ

àġÕÛÌÔÐɯÖÓÔÈÔÈÒÛÈËċÙɯȹ5ÈÕɯ,ÌÌÙÉÌÌÒɯÝÌɯËÐĀÌÙÓÌÙÐ, 2010). 

2.3.5. Bükülme Direnci  Testleri  

 Bükülme direnci, uni -aksiyel (üç-dört nokta) ve bi -aksiyel bükülme testleri 

ÐÓÌɯËÌĀÌÙÓÌÕËÐÙÐÓÔÌÒÛÌËÐÙȭɯ3ÌÒÙÈÙÓÈÕÈÉÐÓÐÙɯÝÌɯÎĹÝÌÕÐÓÐÙɯÚÖÕÜñÓÈÙɯÝÌÙÔÌÚÐȮɯÈàÕċɯ

áÈÔÈÕËÈɯÉÈÚÔÈȮɯñÌÒÔÌɯÝÌɯÔÈÒÈÚÓÈÔÈɯÒÜÝÝÌÛÓÌÙÐÕÐɯÉÐÙɯÈÙÈËÈɯÜàÎÜÓÈÔÈÚċÕËÈÕɯ
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ËÖÓÈàċɯ ÚċÒɯ ÛÌÙÊÐÏɯ Ìdilirler. Bükülme testleri sonucunda kopma ve rotasyon 

görülmektedir (FiÚÊÏÌÙɯ ÝÌɯ ËÐĀÌÙÓÌÙÐȮɯ ƖƔƔƜÈȰɯ &ÐÖÙËÈÕÖɯ ÝÌɯ ËÐĀÌÙÓÌÙÐ, 1995). 

#ÈàÈÕÈÒÓÈÙɯÈÙÈÚċÕÈɯÒÖÕÜÔÓÈÕËċÙċÓÈÕɯġÙÕÌÒÓÌÙËÌɯÒÜÝÝÌÛÐÕɯÜàÎÜÓÈÕËċĀċɯàĹáÌàËÌɯ

ÉÈÚÔÈɯÎÌÙÐÓÐÔÐȮɯËÐĀÌÙɯÛÈÙÈÍÛÈɯÐÚÌɯñÌÒÔÌɯÎÌÙÐÓÐÔÐɯÎġÙĹÓĹÙȭɯ4ÕÐ-aksiyel bükülme 

testinde, 2 noktadan desteklenen dikdörtgen çapraz-kesite sahip örneklere, 

desteklenen noktalardan dikey yönde sadece 1 noktadan kuvvet uygulanmakta 

ȹĹñɯÕÖÒÛÈɯÉĹÒĹÓÔÌɯÛÌÚÛÐȺɯȹ©ÌÒÐÓɯƖȭƜȭȺȮɯÝÌàÈɯËÌÚÛÌÒÓÌÙÐÕɯƖɯÕÖÒÛÈÚċÕËÈÕɯËÈɯÒÜÝÝÌÛɯ

ÜàÎÜÓÈÕÔÈÒÛÈËċÙɯȹËġÙÛɯÕÖÒÛÈɯÉĹÒĹÓÔÌɯÛÌÚÛÐȺɯȹ©ÌÒÐÓɯƖȭƝȭȺɯ(RodrigueÚɯÝÌɯËÐĀÌÙÓÌÙÐ, 

2008).  

 

©ÌÒÐÓɯƖȭƜȭ ²ñɯÕÖÒÛÈɯÉĹÒĹÓÔÌɯËÐÙÌÕÊÐɯÛÌÚÛɯËĹáÌÕÌĀÐÕÐÕɯıÌÔÈÛÐÒɯÎġÙĹÕÛĹÚĹ (Curk ovic ve 

ËÐĀÌÙÓÌÙÐ, 2010) 
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©ÌÒÐÓɯƖȭƝȭ Dört nokta bükülme direnci t ÌÚÛɯËĹáÌÕÌĀÐÕÐÕɯıÌÔÈÛÐÒɯÎġÙĹÕÛĹÚĹɯ(Sabree, 

2014) 

 Uni -ÈÒÚÐàÌÓɯ ÉĹÒĹÓÔÌɯ ÛÌÚÛÐÕÌɯ ÈÓÛÌÙÕÈÛÐÍɯ ÖÓÈÙÈÒɯ ÎÌÓÐıÛÐÙÐÓÌÕɯ ÉÐ-aksiyel 

ÉĹÒĹÓÔÌɯ ÛÌÚÛÐÕËÌɯ ÐÚÌȮɯ ËÐÚÒɯ ıÌÒÓÐÕËÌÒÐɯ ġÙÕÌÒÓÌÙȮɯ ÏÈÓÒÈɯ ıÌÒÓÐÕËÌÒÐɯ ËÈàÈÕÈÒɯ

ÛÈÙÈÍċÕËÈÕɯ ËÌÚÛÌÒÓÌÕÔÌÒÛe ve kuvvet vertikal yönde, uni -aksiyel bükülme 

ÛÌÚÛÐÕËÌÕɯÍÈÙÒċɯÖÓÈÙÈÒɯÔÌÙÒÌáɯÉġÓÎÌàÌɯÜàÎÜÓÈÕÔÈÒÛÈËċÙɯ(Huang ve Hsueh, 2011). 

Bi-aksiyel bükülme testinin, uni -ÈÒÚÐàÌÓɯ ÉĹÒĹÓÔÌɯ ÛÌÚÛÐÕÌɯ ÎġÙÌɯ ÉÐÙɯ ÛÈÒċÔɯ

ÈÝÈÕÛÈÑÓÈÙċɯ ÔÌÝÊÜÛÛÜÙȰɯ ÉÐ-aksiyel bükülme testinde kuvvet merkezden 

ÜàÎÜÓÈÕËċĀċɯ ÐñÐÕɯ ÒÌÕÈÙɯ ÉġÓÎÌÓÌÙËÌÒÐɯ ËÌÍÌÒÛÓÌÙɯ Îġáɯ ÈÙËċɯ ÌËÐÓÔÌÒÛÌɯ ÝÌɯ ÌÙÒÌÕɯ

ÉÈıÈÙċÚċáÓċĀÈɯÕÌËÌÕɯÖÓÔÈÔÈÒÛÈËċÙɯ(PittayachaÞÈÕɯÝÌɯËÐĀÌÙÓÌÙÐ, 2007; Thompson, 

2004)ȭɯ!ÜÕÜÕɯàÈÕċÕËÈȮɯĹñɯÕÖÒÛÈɯÉĹÒĹÓÔÌɯÛÌÚÛÐÕËÌɯÌıÐÛɯÖÓÔÈàÈÕɯȹÕÖÕ-uniform) 

ÚÛÙÌÚɯ ËÈĀċÓċÔċɯ ÖÙÛÈàÈɯ ñċÒÔÈÒÛÈɯ ÝÌɯ ÉÜÕÜÕɯ ÚÖÕÜÊÜÕËÈɯ ËÈɯ ÛÜÛÈÙÚċáɯ ÚÖÕÜñÓÈÙɯ

ÔÌàËÈÕÈɯÎÌÓÔÌÒÛÌɯÐÒÌÕȮɯËġÙÛɯÕÖÒÛÈɯÉĹÒĹÓÔÌɯÛÌÚÛÐÕËÌɯËÈÏÈɯÌıÐÛɯÉÐÙɯÚÛÙÌÚɯËÈĀċÓċÔċɯ

ÖÓÜıÛÜÙÜÓÔÈÒÛÈËċr ȹ0ÜÐÕÕɯÝÌɯ0ÜÐÕÕȮɯƖƔƕƔȰɯ2ÏÌÛÛàɯÝÌɯËÐĀÌÙÓÌÙÐ, 1983). Dört nokta 

ÉĹÒĹÓÔÌɯÛÌÚÛÐÕËÌȮɯĹñɯÕÖÒÛÈɯÉĹÒĹÓÔÌɯÛÌÚÛÐÕËÌÕɯÍÈÙÒÓċɯÖÓÈÙÈÒȮɯËÈÏÈɯÎÌÕÐıɯÉÐÙɯÈÓÈÕɯ
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ÒÜÝÝÌÛɯÚÛÙÌÚÓÌÙÐÕÌɯÔÈÙÜáɯÒÈÓÔÈÒÛÈËċÙȮɯËÖÓÈàċÚċɯÐÓÌɯñÈÛÓÈÒɯÖÓÜıÔÈɯÖÓÈÚċÓċĀċɯËÈÏÈɯ

ÍÈáÓÈËċÙɯ(Quinn ve  Morrell, 1991). Üç nokta ve dört nokta bükülme direnci testinin 

ÉÜÓÎÜÓÈÙċÕċÕɯÒÖÙÌÓÈÚàÖÕɯÎġÚÛÌÙËÐĀÐɯÙÈ×ÖÙɯÌËÐÓÔÐıÛÐÙɯȹ%ÐÚÊÏÌÙɯÝÌɯËÐĀÌÙÓÌÙÐȮɯƖƔƔƜÈȺȭ 

2.3.5.1. Weibull Analizi  

 ȿ$ÕɯáÈàċÍɯÏÈÓÒÈɀɯÛÌÖÙÐÚÐÕÐɯÉÈáɯÈÓÈÕɯÝÌɯƕƝƙƕɯàċÓċÕËÈɯ6ÌÐÉÜÓÓɯÛÈÙÈÍċÕËÈÕɯ

ÎÌÓÐıÛÐÙÐÓÌÕɯ ÔÈÛÌÔÈÛÐÒÚÌÓɯ ÉÐÙɯ ÈÕÈÓÐáɯ àġÕÛÌÔÐɯ ÖÓÈÕɯ 6ÌÐÉÜÓÓɯ ÈÕÈÓÐáÐȮɯ ËÌÕÛÈÓɯ

ÔÈÛÌÙàÈÓÓÌÙÐÕɯËÈàÈÕċÒÓċÓċÒɯÏÌÚÈ×ÓÈÔÈÓÈÙċÕËÈɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙɯ(Quinn ve  Quinn, 

2010; Weibull, 1951)ȭɯ!ÜɯÈÕÈÓÐáȮɯÒÈÛċɯÝÌɯÒċÙċÓÎÈÕɯÔÈÛÌÙàÈÓÓÌÙÐÕɯÚÈÏÐ×ɯÖÓËÜĀÜɯ

ÒÈÙÈÒÛÌÙÐÚÛÐÒɯ ËÈàÈÕċÔɯ ÝÈÙàÈÚàÖÕÓÈÙċÕċÕɯ ÏÌÚÈ×ÓÈÕÔÈÚċÕËÈɯ ÝÌɯ ÈàÕċɯ áÈÔanda 

ÜàÎÜÓÈÕÈÕɯËÌÕÌàÚÌÓɯÛÌÚÛɯÚÖÕÜÊÜÕËÈɯÌÓËÌɯÌËÐÓÌÕɯÍÙÈÒÛÖÎÙÈÍÐÒɯÉÈıÈÙċÚċáÓċÒɯȹÍÈÐÓÜÙÌȺɯ

ÖÓÈÚċÓċÒÓÈÙċÕċÕɯ ȹÉÈıÈÙċÚċáÓċÒɯ ÛÐ×Ðɯ ÝÌɯ ÉÖàÜÛÜȺɯ ÒÈÕÛÐÛÈÛÐÍɯ ÖÓÈÙÈÒɯ ÐÚÛÈÛÐÚÛÐÒÚÌÓɯ

ËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐÕËÌɯÒÜÓÓÈÕċÓÔÈÒÛÈËċÙɯȹ0ÜÐÕÕɯÝÌɯ0ÜÐÕÕȮɯƖƔƕƔȺȭ  

2.4. 9ÐÙÒÖÕàÈÕċÕɯYüzey Morfo ÓÖÑÐÚÐÕÐÕɯ #ÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐÕËÌɯ *ÜÓÓÈÕċÓÈÕɯ

Yöntemler  

2.4.1. 3ÈÙÈÔÈÓċɯ$ÓÌÒÛÙÖÕɯ,ÐÒÙÖÚÒÖÉÜɯȹScanning Electron Microscope, 

SEM) 

 3ÈÙÈÔÈÓċɯ$ÓÌÒÛÙÖÕɯ,ÐÒÙÖÚÒÖÉÜȮɯÒÈÛċɯÊÐÚÐÔÓÌÙÐÕɯÔÐÒÙÖàÈ×ċÓÈÙċÕċɯÐÕÊÌÓÌÔÌÒɯ

ÈÔÈÊċɯÐÓÌɯÒÜÓÓÈÕċÓÈÕɯÉÐÙɯàġÕÛÌÔɯÖÓÈÙÈÒɯÉÐÓÐÕÐÙȭɯ'ÌÔɯËĹıĹÒɯhem de yüksek enerjili 

ÌÓÌÒÛÙÖÕÓÈÙÓÈɯÒĹñĹÒɯÉÐÙɯÈÓÈÕċÕɯÖËÈÒÓÈÕÈÙÈÒɯÛÖ×ÖÎÙÈÍÐÒɯàÈ×ċÚċÕċÕɯÐÕÊÌÓÌÕÔÌÚÐɯ

ÌÚÈÚċÕÈɯËÈàÈÕċÙȭɯIÈÓċıÔÈɯ×ÙÌÕÚÐÉÐɯÒċÚÈÊÈȰɯÐÕÊÌÓÌÕÌÊÌÒɯÕÜÔÜÕÌÕÐÕɯÌÕÌÙÑÐɯàĹÒÓĹɯ

ċıċÕɯ×ÈÙÛÐÒĹÓÓÌÙÐɯÐÓÌɯÉÖÔÉÈÙËċÔÈÕÈɯÜĀÙÈÛċÓÔÈÚċɯÝÌɯÕÜÔÜÕÌɯÔÖÓÌÒĹÓÓÌÙÐɯÐÓÌɯÌÓÈÚÛÐÒ 

ñÈÙ×ċıÔÈɯÚÖÕÜÊÜɯàĹáÌàÐÕËÌÕɯàÈàċÓÈÕɯÎÌÙÐɯÚÈñċÓÔċıɯÌÓÌÒÛÙÖÕÓÈÙċÕɯȹbackscattered 

electronsȺɯ ÝÌɯ ÌÓÈÚÛÐÒɯ ÖÓÔÈàÈÕɯ ñÈÙ×ċıÔÈɯ ÚÖÕÜÊÜɯ àÈàċÓÈÕɯ ÐÒÐÕÊÐÓɯ ÌÓÌÒÛÙÖÕÓÈÙċÕɯ

(secondary electronsȺȮɯÌÓÌÒÛÙÖÚÛÈÛÐÒɯÓÌÕÚɯÛÈÙÈÍċÕËÈÕɯÛÌÒÙÈÙËÈÕɯÎÌÙÐɯñÌÒÐÓÌÙÌÒɯÍÓÖÙÌÚÈÕɯ
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ÌÒÙÈÕċÕÈɯƘƙ0 añċɯÐÓÌɯñÈÙ×ÔÈÚċɯÝÌɯÚÐÕÛÐÓÈÛġÙËÌɯȹphotomultiplier tube, PMT) toplanarak 

ÚÐÕàÈÓÌɯ ñÌÝÙÐÓÔÌÚÐɯ ÝÌɯ ÕÜÔÜÕÌÕÐÕɯ àĹáÌàɯ ÛÖ×ÖÎÙÈÍÐÒɯ àÈ×ċÚċÕċÕɯ Ɨɯ ÉÖàÜÛÓÜɯ

ÎġÙĹÕÛĹÚĹÕĹÕɯÌÓËÌɯÌËÐÓÔÌÚÐɯıÌÒÓÐÕËÌËÐÙɯ(Joy ve Joy, 1996; Pawley, 1997).  

ƖȭƘȭƖȭɯ ÓÈÕɯ$ÔÐÚàÖÕÓÜɯ3ÈÙÈÔÈÓċɯ$ÓÌÒÛÙÖÕɯ,ÐÒÙÖÚÒÖÉÜɯȹField Emission 

Scanning Electron Microscope, FESEM) 

 Yüzey ÔÖÙÍÖÓÖÑÐÚÐɯÈÕÈÓÐáÐÕËÌɯ3ÈÙÈÔÈÓċɯ$ÓÌÒÛÙÖÕɯ,ÐÒÙÖÚÒÖÉÜÕÈɯÈÓÛÌÙÕÈÛÐÍɯ

ÖÓÈÙÈÒɯÒÜÓÓÈÕċÓÈÕɯ ÓÈÕɯ$ÔÐÚàÖÕÓÜɯ3ÈÙÈÔÈÓċɯ$ÓÌÒÛÙÖÕɯ,ÐÒÙÖÚÒÖÉÜɀÕÜÕɯñÈÓċıÔÈɯ

×ÙÌÕÚÐÉÐȮɯ3ÈÙÈÔÈÓċɯ$ÓÌÒÛÙÖÕɯ,ÐÒÙÖÚÒÖÉÜɯÐÓÌɯÉÌÕáÌÙɯÖÓÔÈÚċɯÐÓÌɯÉÐÙÓÐÒÛÌȮɯÉÐÙɯÛÈÒċÔɯ

ĹÚÛĹÕɯġáÌÓÓÐÒÓÌÙÐɯÉÜÓÜÕÔÈÒÛÈËċÙȭɯ*ÖÕÝÈÕÚÐàÖÕÌÓɯ3ÈÙÈÔÈÓċɯ$ÓÌÒÛÙÖÕɯ,ÐÒÙÖÚÒÖÉÜɯ

yönteminde sinyal -ÎĹÙĹÓÛĹɯÖÙÈÕċɯȹsignal-to-noise ratioȮɯ2ɤ-ȺɀÕċÕɯËĹıĹÒɯÖÓÔÈÚċÕËÈÕɯ

ËÖÓÈàċɯËÈÏÈɯËĹıĹÒɯñġáĹÕĹÙÓĹÒÛÌɯÝÌɯËÈÏÈɯàÈÝÈıɯÎġÙĹÕÛĹÓÌÙɯÌÓËÌɯÌËÐÓÔÌÒÛÌËÐÙȭɯ

 ÓÈÕɯ$ÔÐÚàÖÕÓÜɯ3ÈÙÈÔÈÓċɯ$ÓÌÒÛÙÖÕɯ,ÐÒÙÖÚÒÖÉÜÕÈȮɯ2ɤ-ɯÖÙÈÕċÕċɯÈÙÛċÙÔÈÒɯÈÔÈÊċɯÐÓÌɯ

ċÚċÛċÓÔċıɯÛÜÕÎÚÛÌÕɯÛÌÙÔÐàÖÕÐÒɯÌÓÌÒÛÙÖÕɯÒÈàÕÈĀċÕċÕɯàÌÙÐÕÌɯàĹÒÚÌÒɯ×ÈÙÓÈÒÓċĀÈɯÚÈÏÐ×ɯ

 ÓÈÕɯ $ÔÐÚàÖÕÜɯ *ÈÛÖËɀÜɯ ȹfield emission cathodeȺɯ ÌÒÓÌÕÔÐıÛÐÙɯ ȹ/ÈÞÓÌàȮɯ ƕƝƝƛȺȭɯ

!ġàÓÌÊÌɯàĹÒÚÌÒɯñġáĹÕĹÙÓĹÒÛÌɯȹàÈÒÓÈıċÒɯƗ-6 kat daha iyi) 3 boyutlu görüntüler elde  

edilebilmektedir (Nallusamy ve  Babu, 2015).  

2.5. 9ÐÙÒÖÕàÈÕċÕɯ8ĹáÌàɯ /ĹÙĹáÓĹÓĹĀĹÕĹÕɯ #ÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐÕËÌɯ *ÜÓÓÈÕċÓÈÕɯ

Yöntemler  

Ɩȭƙȭƕȭɯ/ÙÖÍÐÓÖÔÌÛÙÌɯ"ÐÏÈáċɯÐÓÌɯ8ĹáÌàɯ ÕÈÓÐáÐ 

/ÙÖÍÐÓÖÔÌÛÙÌɯÊÐÏÈáċȮɯàĹáÌàɯ×ĹÙĹáÓĹÓĹĀĹÕĹÕɯƖɯÉÖàÜÛÓÜɯÖÓÈÙÈÒɯġÓñĹÔĹÕÌɯ

ÖÓÈÕÈÒɯ ÝÌÙÌÕɯ ÝÌɯ ×ĹÙĹáÓĹÓĹÒɯ ÐÓÌɯ ÐÓÎÐÓÐɯ ÙÈÒÈÔÚÈÓɯ ÝÌÙÐÓÌÙɯ ÖÓÜıÛÜÙÈÕȮɯ ÒÜÓÓÈÕċÔċɯ

oldukça kolay bir ci ÏÈáËċÙȭɯ3ÈÙÈàċÊċɯÜñɯȹÐĀÕÌɯÜñÓÜɯÉÐÙɯÌÓÔÈÚɯÝÌàÈɯÓÈáÌÙɯÖÓÈÉÐÓÐÙȺɯ

ÝÈÚċÛÈÚċɯÐÓÌɯÐÓÎÐÓÐɯàĹáÌàÐÕɯÛÈÙÈÕÔÈÚċɯÝÌɯÌÓËÌɯÌËÐÓÌÕɯÝÌÙÐÓÌÙÐÕɯÌÓÌÒÛÙÐÒÚÌÓɯÈÒċÔɯ

ÍÈÙÒÓċÓċÒÓÈÙċɯıÌÒÓÐÕËÌɯÒÈàËÌËÐÓÔÌÚÐɯÌÚÈÚċÕÈɯËÈàÈÕċÙȭɯ#ÐÑÐÛÈÓɯÝÌàÈɯÈÕÈÓÖÎɯËÖÕÈÕċÔɯ
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àÈÙËċÔċɯÐÓÌɯËÌɯÉÜɯÝÌÙÐÓÌÙɯÎÙÈÍÐÒÚÌÓɯÝÌɯÚÈàċÚÈÓɯËÌĀÌÙÓÌÙÌɯËġÕĹıÛĹÙĹÓĹÙȭɯ2ċÒÓċÒÓÈɯ

ÒÜÓÓÈÕċÓÈÕɯ×ÈÙÈÔÌÛÙÌÓÌÙȰɯ1Èɯ ȹRoughness average, ortalama pürüzlülük), Rmax 

ȹÔÈÒÚÐÔÜÔɯ ×ĹÙĹáÓĹÓĹÒɯ ËÌÙÐÕÓÐĀÐȺȮɯ 1áɯ ȹÖÙÛÈÓÈÔÈɯ ×ĹÙĹáÓĹÓĹÒɯ ËÌÙÐÕÓÐĀÐȺɯ

parametreleridir ȹ3ÏÖÓÛɯÝÌɯËÐĀÌÙÓÌÙÐ, 2006). 

2.5.2. Atomik Kuvvet Mikroskobu ( Atom ic Force Microscope, AFM)  

 ƕƝƜƚɯàċÓċÕËÈɯ&ÌÙËɯ!ÐÕÕÐÎɯÝÌɯ'ÌÐÕÙÐÊÏɯ1ÖÏÙÌÙɯÛÈÙÈÍċÕËÈÕɯÎÌÓÐıÛÐÙÐÓÌÕɯÉÜɯ

àġÕÛÌÔȮɯàĹáÌàɯ×ĹÙĹáÓĹÓĹĀĹÕĹÕɯÒÜÝÝÌÛɯÐÓÌɯġÓñĹÓÔÌÚÐɯÌÚÈÚċÕÈɯËÈàÈÕÔÈÒÛÈËċÙȭɯ

8ġÕÛÌÔÐÕɯñÈÓċıÔÈɯ×ÙÌÕÚÐÉÐȮɯÊÐÏÈáċÕɯÒÜÝÝÌÛɯÜàÎÜÓÈàċÊċɯÜÊÜɯàÈÙËċÔċɯÐÓÌɯġÙÕÌÒɯ

yüzeyine mÈÕàÌÛÐÒɯÝÌɯÌÓÌÒÛÙÖÚÛÈÛÐÒɯÒÜÝÝÌÛɯÜàÎÜÓÈÕÔÈÚċɯÝÌɯÐÕÛÌÙÈÛÖÔÐÒɯÌÛÒÐÓÌıÐÔɯ

sonucu meydana gelen sapma (deflectionȺɀÓÈÙċÕɯÒÈàËÌËÐÓÔÌÚÐËÐÙȭɯ2È×ÔÈɯÔÐÒÛÈÙċɯ

ËÈÏÈɯÚÖÕÙÈɯÔÌÒÈÕÐÒɯÛÈÙÈàċÊċɯÚÐÚÛÌÔɯÛÈÙÈÍċÕËÈÕɯġÓñĹÓÔÌÒÛÌɯÝÌɯÏÌÚÈ×ÓÈÕÈÕɯÝÌÙÐÓÌÙɯ

görüntüleme sisteminde grafikseÓɯ ËÌĀÌÙÓÌÙÌɯ ËġÕĹıÛĹÙĹÓÔÌÒÛÌËÐÙɯ(Rugar ve 

Hansma, 2010).     

2.6. 9ÐÙÒÖÕàÈÕċÕɯ,ÌÒÈÕÐÒɯÝÌɯ%ÐáÐÒÚÌÓɯxáÌÓÓÐÒÓÌÙÐÕÐÕɯ#ÌĀÌÙÓÌndirilmesinde 

*ÜÓÓÈÕċÓÈÕɯ*ÐÔàÈÚÈÓɯ ÕÈÓÐáɯ8ġÕÛÌÔÓÌÙÐ 

2.6.1. Enerji #ÈĀċÓċÔÓċɯ7-(ıċÕċɯ2×ÌÒÛÙÖÚÒÖ×ÐÚÐɯȹEnergy Dispersive X-Ray 

Spectroscopy, EDS) 

 $ÕÌÙÑÐɯ ËÈĀċÓċÔÓċɯ 7-ċıċÕċɯ Ú×ÌÒÛÙÖÚÒÖ×ÐÚÐȮɯ ġÙÕÌÒÓÌÙÐÕɯ ÌÓÌÔÌÕÛÚÌÓɯ ÝÌàÈɯ

ÒÐÔàÈÚÈÓɯÈÕÈÓÐáÐÕÐɯàÈ×ÈÕɯÉÐÙɯàġÕÛÌÔɯÖÓÈÙÈÒɯÉÐÓÐÕÐÙȭɯ8ġÕÛÌÔËÌɯÐàÐɯÖËÈÒÓÈÕÔċıɯÉÐÙɯ

elektron demeti ile inceleneceÒɯ ÖÓÈÕɯ ġÙÕÌÒɯ ÜàÈÙċÓÔÈÒÛÈɯ ÝÌɯ ÌÔÐÓÐÔɯ

ÎÌÙñÌÒÓÌıÔÌÒÛÌËÐÙȭɯxÙÕÌÒÛÌÒÐɯÏÌÙɯÉÐÙɯÌÓÌÔÌÕÛÐÕɯÒÌÕËÐÕÌɯÈÐÛɯ×ÐÒɯÖÓÜıÛÜÙÈÕɯÈÛÖÔÐÒɯ

àÈ×ċÚċɯ ÉÜÓÜÕÔÈÒÛÈËċÙȭɯ 'ÌÙɯ ÉÐÙɯ ÌÓÌÔÌÕÛȮɯ 7-ċıċÕċÕċɯ ÍÈÙÒÓċɯ ÚÌÝÐàÌÓÌÙËÌɯ ÈÉÚÖÙÉÌɯ

ÌÛÔÌÒÛÌȮɯËÖÓÈàċÚċɯÐÓÌɯÍÈÙÒÓċɯÚÌÝÐàÌÓÌÙËÌɯÐñÌÙÐÒɯÈÕÈÓÐáÐɯàÈ×ċÓÈÉÐÓmektedir. Bu sayede 
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ÌÓÌÔÌÕÛÈÓɯ ËÈĀċÓċÔɯ Ú×ÌÒÛÙÖÔÌÛÙÌɯ ÛÈÙÈÍċÕËÈÕɯ ÕÐÛÌÓɯ ÝÌɯ ÕÐÊÌÓɯ ÖÓÈÙÈÒɯ

ËÌĀÌÙÓÌÕËÐÙÐÓÔÌÒÛÌËÐÙɯ(All ÌÕɯÝÌɯËÐĀÌÙÓÌÙÐ, 2012).  

2.6.2. X-(ıċÕċɯDifraktometre si (X-Ray Diffractometry , XRD)  

 X-ċıċÕÓÈÙċÕċÕɯÒÜÓÓÈÕċÓÔÈÚċɯÐÓÌɯÒÙÐÚÛÈÓɯàÈ×ċÓċɯÔÈÛÌÙàÈÓÓÌÙÐÕɯÔÖÓÌÒĹÓÓÌÙÐÕÐÕɯ

ÎÌÖÔÌÛÙÐÒɯ àÈ×ċÓÈÙċÕċɯ ÝÌɯ ÍÐáÐÒÚÌÓɯ ×ÈÙÈÔÌÛÙÌÓÌÙÌɯ ÉÈĀÓċɯ ÍÈáɯ ËÌĀÐıÐÔÓÌÙÐÕÐɯ

ËÌĀÌÙÓÌÕËÐÙÔÌËÌɯÒÜÓÓÈÕċÓÈÕɯÉÜɯàġÕÛÌÔȮɯÐÓÒɯÖÓÈÙÈÒɯƕƝƕƖɯàċÓċÕËÈɯ,Èßɯ5ÖÕɯ+ÈÜÌɯ

ÛÈÙÈÍċÕËÈÕɯÎÌÓÐıÛÐÙÐÓÔÐıÛÐÙɯ(Authier, 2006; Nallusamy ve Babu, 2015)ȭɯ*ÙÐÚÛÈÓɯàÈ×ċÓċɯ

ÔÈÛÌÙàÈÓÓÌÙɯÔÖÓÌÒĹÓÌÙɯÚÌÝÐàÌËÌɯÐÕÊÌÓÌÕËÐĀÐÕËÌȮɯÈÛÖÔÓÈÙċÕɯÉÌÓÐÙÓÐɯÉÐÙɯËÐáÐÓÐıɯÐÓÌɯ

ÉÐÙÓÌıÛÐĀÐɯÝÌɯÉġàÓÌÊÌɯƗɯÉÖàÜÛÓÜɯÎÌÖÔÌÛÙÐÒɯÉÐÙɯàÈ×ċɯȹÉÐÙÐÔɯÏĹÊÙÌȺɯÔÌàËÈÕÈɯÎÌÛÐÙËÐĀÐɯ

ÎġÙĹÓÔÌÒÛÌËÐÙȭɯ!ÐÙÐÔɯÏĹÊÙÌȮɯÛÌÒÙÈÙÓÈàÈÙÈÒɯÉÐÙɯÈÙÈàÈɯÎÌÓËÐĀÐÕËÌɯÐse materyalin 

ÒÐÛÓÌÚÐÕÐɯÖÓÜıÛÜÙÔÈÒÛÈËċÙȭɯ&ÌÖÔÌÛÙÐÒɯıÌÒÓÌɯÎġÙÌɯÉÐÙÐÔɯÏĹÊÙÌȰɯÒĹÉÐÒȮɯÛÌÛÙÈÎÖÕÈÓȮɯ

heksagonal, ortorombik, rombohedral, monoklinik ve triklinik olmak üzere 7 

ÍÈÙÒÓċɯıÌÒÐÓËÌɯÖÓÈÉÐÓÐÙȭɯ8ĹÒÚÌÒɯÌÕÌÙÑÐÓÐɯÝÌɯËĹıĹÒɯËÈÓÎÈɯÉÖàÜÕÈɯÚÈÏÐ×ɯ7-ċıċÕċɯÒÙÐÚÛÈÓɯ

ya×ċÓċɯÉÐÙɯÔÈÛÌÙàÈÓÌɯÔÈÙÜáɯÉċÙÈÒċÓËċĀċÕËÈȮɯÈÛÖÔÓÈÙÈɯÈÐÛɯÌÓÌÒÛÙÖÕÓÈÙɯÛÈÙÈÍċÕËÈÕɯ

ÒċÙċÓÈÙÈÒɯ ÍÈÙÒÓċɯ àġÕÓÌÙÌɯ ËÈĀċÓÔÈÒÛÈËċÙȭɯ #ÐÍÙÈÒÛÖÔÌÛÙÌȮɯ ÉÜɯ ÒċÙċÓÔÈÕċÕɯ ÏÈÕÎÐɯ

ÈñċÓÈÙËÈɯ ÌÕɯ ÍÈáÓÈɯ ÖÓËÜĀÜÕÜɯ ÛÌÚ×ÐÛɯ ÌËÌÙÌÒɯ ÒÙÐÚÛÈÓɯ àÈ×ċÕċÕɯ ÎÌÖÔÌÛÙÐÚÐÕÐÕɯ

ÈÕÓÈıċÓÔÈÚċÕċɯ ÚÈĀÓÈÔÈÒÛÈËċÙɯ ȹ-ÈÓÓusamy ve Babu, 2015).  XRD analizi ile, 

ġÙÕÌÒÓÌÙÐɯÛÈÏÙÐ×ɯÌÛÔÌËÌÕɯÈÕÈÓÐáɯàÈ×ċÓÔÈÒÛÈɯÝÌɯÒÙÐÚÛÈÓÐÕɯÉÐÙÓÌıÐÒÓÌÙÐÕɯÒÈÓÐÛÈÛÐÍɯ

ËÌĀÌÙÓÌÕËÐÙÔÌÚÐÕÌɯÖÓÈÕÈÒɯÝÌÙÔÌÒÛÌËÐÙȭɯ!ÜɯÜàÎÜÓÈÔÈȮɯÏÌÙɯÉÐÙɯÒÙÐÚÛÈÓɯÔÈËËÌÕÐÕɯ

kendine özgü bir X -ċıċÕċɯËÐÍÙÈÒÚÐàÖÕɯıÌÒÓÐɯÝÌÙÔÌÚÐÕÌɯËÈàÈÕÈÙak maddenin ne 

ÖÓËÜĀÜɯÏÈÒÒċÕËÈɯÉÐÓÎÐɯÝÌÙÔÌÒÛÌËÐÙɯ(Borie, 1965; Trautzt, 1955). 
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3. GEREÇ VE YÖNTEM  

!ÜɯñÈÓċıÔÈËÈȮɯàÈÙċɯÚÐÕÛÌÙÓÌÕÔÐıɯÝÌɯÛÈÔɯÚÐÕÛÌÙÓÌÕÔÐıɯáÐÙÒÖÕàÈɯġÙÕÌÒÓÌÙÌɯ

ÍÈÙÒÓċɯ ÌÕÌÙÑÐɯ ÈàÈÙÓÈÙċÕËÈɯ $ÙȮ"Ùȯ82&&ɯ ÓÈáÌÙɯ ÐÓÌɯ ×ĹÙĹáÓÌÕËÐÙÔÌɯ ÝÌɯ  Ó2O3 ile 

ÒÜÔÓÈÔÈɯàĹáÌàɯÐıÓÌÔÓÌÙÐɯÜàÎÜÓÈÕÈÙÈÒȮɯàĹáÌàɯÐıÓÌÔÓÌÙÐÕÐÕɯáÐÙÒÖÕàÈÕċÕɯÔÌÒÈÕÐÒɯ

ËÐÙÌÕÊÐȮɯ ÍÈáɯ ËÌĀÐıÐÔÐɯ ÝÌɯ àĹáÌàɯ ÔÖÙÍÖÓÖÑÐÒɯ ġáÌÓÓÐÒÓÌÙÐɯ ĹáÌÙÐÕÌɯ ÖÓÈÕɯ ÌÛÒÐÓÌÙÐɯ

ËÌĀÌÙÓÌÕËÐÙÐÓÔÐıÛÐÙȭɯ IÈÓċıÔÈɯ ×ÓÈÕċɯ ÝÌɯ ÈÕÈɯ ÛÌÚÛɯ ÎÙÜ×ÓÈÙċɯ ©ÌÒÐÓɯ ƗȭƕȭɀËÌɯ

gösterilmektedir.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  ©ÌÒÐÓɯ3.1. IÈÓċıÔÈ ×ÓÈÕċÕċÕɯıÌÔÈÛÐÒɯÐÓÓĹÚÛÙÈÚàÖÕÜ 

Kontrol grubu  Pre-sinter  
Post-sinter +  

(ÚċÓɯÐıÓÌÔɯyok  

Zirkonya örnekler  

Post-sinter +  

ċÚċÓɯÐıÓÌÔ 

2ÐÕÛÌÙÓÌÔÌɯÐıÓÌÔÐ 

Test prosedürü 

8ĹáÌàɯÐıÓÌÔÐɯ
protokolü  

2ÐÕÛÌÙÓÌÔÌɯÐıÓÌÔÐ 

Test prosedürü Test prosedürü Test prosedürü 

2ÐÕÛÌÙÓÌÔÌɯÐıÓÌÔÐ 

8ĹáÌàɯÐıÓÌÔÐɯ
protokolü  

2ÐÕÛÌÙÓÌÔÌɯÐıÓÌÔÐ 

8ĹáÌàɯÐıÓÌÔÐɯ
protokolü  

(ÚċÓɯÐıÓÌÔ 
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3.1. 9ÐÙÒÖÕàÈɯxÙÕÌÒÓÌÙÐÕɯ'ÈáċÙÓÈÕÔÈÚċ 

IÈÓċıÔÈËÈɯÜàÎÜÓÈÕÈÊÈÒɯÛÌÚÛɯàġÕÛÌÔÐÕÌɯÎġÙÌɯÍÈÙÒÓċɯıÌÒÐÓɯÝÌɯÉÖàÜÛÓÈÙËÈɯ342 

ÈËÌÛɯáÐÙÒÖÕàÈɯġÙÕÌÒɯÏÈáċÙÓÈÕÔċıÛċÙȭɯ8ÈÙċ ÚÐÕÛÌÙÓÌÕÔÐıɯáÐÙÒÖÕàÈɯÉÓÖÒÓÈÙdan (GC 

Initial Zirconia Disk, GC Corporation, Tokyo, Japonya), 8ÈÒċÕ #ÖĀÜɯ²ÕÐÝÌÙÚÐÛÌÚÐɯ

#Ðıɯ'ÌÒÐÔÓÐĀÐɯ%ÈÒĹÓÛÌÚÐɯ/ÙÖÛÌÛÐÒɯ#Ðıɯ3ÌËÈÝÐÚÐɯ ÕÈÉÐÓÐÔɯ#ÈÓċɯ*ÓÐÕÐÒɯ+ÈÉÖÙÈÛÜÝÈÙċɯ

bünyesinde bulÜÕÈÕȮɯƙɯÈÒÚÓċɯ" #-" ,ɯÊÐÏÈáċɯȹSirona inLab MC X5, Dentsply 

Sirona, PA, Amerika)  ÐÓÌɯ Ɨɯ ÍÈÙÒÓċɯ ÉÖàÜÛÛÈ örnekler  ĹÙÌÛÐÓÔÐıÛÐÙ (Tablo 3.1.). 

xÙÕÌÒÓÌÙɯ Ɨ#ɯ !ÜÐÓËÌÙɯ ȹ,ÐÊÙÖÚÖÍÛɯ "ÖÙ×ÖÙÈÛÐÖÕȮɯ  ÔÌÙÐÒÈȺɯ ÈËÓċɯ ÉÐÓÎÐÚÈàÈÙɯ

×ÙÖÎÙÈÔċÕËÈɯÛÈÚÈÙÓÈÕÔċıɯÝÌɯÚÛÌÙÌÖÓÐÛÖÎÙÈÍÐ ȹÚÛÓȺɯÍÖÙÔÈÛċÕËÈɯÒÈàËÌËÐÓÔÐıÛÐÙɯȹ©ÌÒÐÓɯ

ƗȭƖȭȺȭɯ*ÈàËÌËÐÓÌÕɯÉÜɯÛÈÚÈÙċÔÓÈÙɯĹÙÌÛÐÔɯÐñÐÕɯ" #-" ,ɯÊÐÏÈáċÕÈɯÈÒÛÈÙċÓÔċıɯȹ©ÌÒÐÓɯ

ƗȭƗȭȺɯÝÌɯ" #ɯÊÐÏÈáċÕËÈɯÍÙÌáÌÓÌÕÌÊÌÒɯÉÓÖÒÓÈÙËÈɯÒÖÕÜÔÓÈÙċÕċÕɯÉÌÓÐÙÓÌÕÔÌÚÐÕËÌÕɯ

ÚÖÕÙÈɯȹ©ÌÒÐÓɯƗȭƘȭȺɯ" ,ɯÊÐÏÈáċɯÐÓÌɯÍÙÌáÌÓÌÕÔÐıÛÐÙɯȹ©ÌÒÐÓɯƗȭƙȭȺ. 

 

 

©ÌÒÐÓɯƗȭƖȭ Ɨ#ɯ!ÜÐÓËÌÙɯÉÐÓÎÐÚÈàÈÙɯ×ÙÖÎÙÈÔċÕËÈɯÛÈÚÈÙÓÈÕÈÕɯÝÌɯÚÛÓɯÍÖÙÔÈÛċÕËÈɯÒÈàËÌËÐÓÌÕɯ

örnekler  
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©ÌÒÐÓɯƗȭƗȭɯCAD -" ,ɯÊÐÏÈáċ 

 

 

©ÌÒÐÓɯƗȭƘȭ xÙÕÌÒÓÌÙÐÕɯ" #ɯ×ÙÖÎÙÈÔċɯÒÜÓÓÈÕċÓÈÙÈÒɯàÈÙċɯÚÐÕÛÌÙÓÌÕÔÐıɯáÐÙÒÖÕàÈɯÉÓÖÒÓÈÙɯ

ĹáÌÙÐÕËÌɯÒÖÕÜÔÓÈÙċÕċÕɯÉÌÓÐÙÓÌÕÔÌÚÐ 

 

          

©ÌÒÐÓɯƗȭƙȭ xÙÕÌÒÓÌÙÐÕɯ" ,ɯĹÕÐÛÌÚÐɯÐÓÌɯÍÙÌáÌÓÌÕÔÌÚÐɯÝÌɯÍÙÌáÌÓÌÔÌɯÐıÓÌÔÐɯÚÖÕÙÈÚċɯ

örneklerin görüntüsü  
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Tablo 3.1. IÈÓċıÔÈËÈɯÜàÎÜÓÈÕÈÕɯÛÌÚÛɯàġÕÛÌÔÓÌÙÐÕÌɯÎġÙÌɯÏÈáċÙÓÈÕÈÕɯáÐÙÒÖÕàÈɯġÙÕÌÒÓÌÙÐÕɯ

ÉÖàÜÛÓÈÙċɯÝÌɯÚÈàċÓÈÙċ 

Test/Analiz Yöntemi  Örnek Boyutu  Örnek 2ÈàċÚċ 

Dört nokta bükülme direnci  1.4 x 4 x 20 mm 190 

XRD 1 x 4 x 10 mm 76 

FESEM 1 x 4 x 5 mm 76 

                                                                                                   Toplam  342 

 

Dört -nokta bükülme direnci testi için  190 ÈËÌÛɯ ÉÈÙɯ ıÌÒÓÐÕËÌÒÐɯ ġÙÕÌÒ, 

4ÓÜÚÓÈÙÈÙÈÚċɯ2ÛÈÕËÈÙËÐáÈÚàÖÕɯ.ÙÎÈÕÐáÈÚàÖÕÜɯȹ(2.ȺɀÕÜÕɯƚƜƛƖȯƖƔƕƙ (ISO, 2015) 

önerilerine göre 1.4 x 4 x 20 mm boyutlarċÕËÈɯÏÈáċÙÓÈÕÔċıÛċÙ ȹ©ÌÒÐÓɯƗȭƚȭȺ.  

 

 

©ÌÒÐÓɯƗȭƚ. Dört nokta bükülme direnci  analizi için 1.4 x 4 x 2ƔɯÔÔɯÉÖàÜÛÓÈÙċÕËÈɯ

ÏÈáċÙÓÈÕÈÕɯzirkonya örnekler  
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X-ċıċÕċɯ ËÐÍÙÈÒtometresi (XRD) ve alan emisyonlu tarama elektron 

mikroskobu (F$2$,ȺɯÈÕÈÓÐáÓÌÙÐɯÐñÐÕɯÚċÙÈÚċàÓÈ 76 adet 1 x 4 x 10 mm ȹ©ÌÒÐÓɯƗȭƛȭȺɯve 

76 adet 1 x 4 x 5 mm ȹ©ÌÒÐÓɯƗȭƜȭȺɯÉÖàÜÛÓÈÙċÕËÈɯáÐÙÒÖÕàÈɯġÙÕÌÒÓÌÙɯÌÓËÌɯÌËÐÓÔÐıÛÐÙȭɯ

Standart düz yüzeyler elde edebilmek için tüm örnekler, parlatma  ÊÐÏÈáċɯȹPhoenix 

Beta Grinder/Polisher; Buehler, Düsseldorf, Almanya)  ve 600-, 800- ve 1200-grit 

×ĹÙĹáÓĹÓĹĀÌɯÚÈÏÐ×ɯÚÐÓÐÒÖÕɯÒÈÙÉÐËɯËÐÚÒÓÌÙɯȹEnglish Abrasives, London, dÕÎÐÓÛÌÙÌȺ 

ÒÜÓÓÈÕċÓÈÙÈÒɯÚÜɯÈÓÛċÕËÈȮɯƕƙɯÚÕ. ÚĹÙÌàÓÌɯ×ÈÙÓÈÛċÓÔċıÛċÙȭ 

 

 

©ÌÒÐÓɯƗȭƛ. 71#ɯÈÕÈÓÐáÐɯÐñÐÕɯƕɯßɯƘɯßɯƕƔɯÔÔɯÉÖàÜÛÓÈÙċÕËÈɯÏÈáċÙÓÈÕÈÕɯáÐÙÒÖÕàÈɯġÙÕÌÒÓÌÙ 

 

©ÌÒÐÓɯƗȭƜ. FESEM analizi için 1 x 4 x 5 ÔÔɯÉÖàÜÛÓÈÙċÕËÈɯÏÈáċÙÓÈÕÈÕɯáÐÙÒÖÕàÈɯġÙÕÌÒÓÌÙ 
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3.2. Zirkonya Örneklerin Sinterlenmesi  

 IÈÓċıÔÈËÈɯÏÌÔɯÚÐÕÛÌÙÓÌÔÌɯġÕÊÌÚÐɯÏÌÔɯËÌɯÚÐÕÛÌÙÓÌÔÌɯÚÖÕÙÈÚċɯáÐÙÒÖÕàÈɯ

ġÙÕÌÒÓÌÙÌɯ ÜàÎÜÓÈÕÈÕɯ àĹáÌàɯ ÐıÓÌÔÓÌÙÐÕÐÕɯ ÌÛÒÐÓÌÙÐÕÐÕɯ ËÌĀÌÙÓÌÕËÐÙÐÓÔÌÚÐɯ

ÈÔÈñÓÈÕËċĀċɯÐñÐÕȮɯÚÐÕÛÌÙÓÌÔÌɯġÕÊÌÚÐɯȹ×ÙÌ-sinter) gruplardaki örneklere yüzey 

ÐıÓÌÔÓÌÙÐɯ ÚÐÕÛÌÙÓÌÔÌɯ ÐıÓÌÔÐɯ ġÕÊÌÚÐÕËÌɯ ÜàÎÜÓÈÕÔċıÛċÙȭɯ 2ÐÕÛÌÙÓÌÔÌɯ ÚÖÕÙÈÚċɯ

gruplardaki (kontrol, post -ÚÐÕÛÌÙɯċÚċÓɯÐıÓÌÔɯÜàÎÜÓÈÕÔÈàÈÕȮɯ×ÖÚÛ-ÚÐÕÛÌÙɯċÚċÓɯÐıÓÌÔɯ

ÜàÎÜÓÈÕÈÕȺɯġÙÕÌÒÓÌÙÌɯÐÚÌɯÍÙÌáÌɯÐıÓÌÔÐÕËÌÕɯÚÖÕÙÈɯÐÓÒɯÖÓÈÙÈÒɯÚÐÕÛÌÙÓÌÔÌɯÐıÓÌÔÐɯ

ÚÖÕÙÈÚċÕËÈɯËÈɯàĹáÌàɯÐıÓÌÔÐɯÜàÎÜÓÈÕÔċıÛċÙȭɯxÙÕÌÒÓÌÙȮɯĹÙÌÛÐÊÐɯÍÐÙÔÈɯÛÈÓÐÔÈÛÓÈÙċɯ

ËÖĀÙÜÓÛÜÚÜÕËÈȮɯƕƘƙƔo"ɀɯËÌȮɯƜɯÚÈÈÛɯÚĹÙÌàÓÌɯÚÐÕÛÌÙÓÌÔÌɯÍċÙċÕċɯȹ2ÐÙÖÕÈɯÐÕ%ÐÙÌɯ'3"ɯ

Ú×ÌÌËȮɯ#ÌÕÛÚ×Óàɯ2ÐÙÖÕÈȮɯ/ Ȯɯ ÔÌÙÐÒÈȺɯÐñÐÕËÌɯÚÐÕÛÌÙÓÌÕÔÐıÓÌÙËÐÙ ȹ©ÌÒÐÓɯƗȭƝȭȺ. 

 

     

©Ìkil 3.9 . IÈÓċıÔÈËÈɯÒÜÓÓÈÕċÓÈÕɯÚÐÕÛÌÙÓÌÔÌɯÍċÙċÕċɯÝÌɯÚÐÕterlenen örnekler 
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3.3. Deneysel Gruplar ċÕɯ.ÓÜıÛÜÙÜÓÔÈÚċɯÝÌ 4àÎÜÓÈÕÈÕɯ8ĹáÌàɯdıÓÌÔÓÌÙÐ 

Bükülme direnci  testi, XRD ve FESEM analizine tabi tutulacak örnekler, 

ÏÐñɯàĹáÌàɯÐıÓÌÔÐɯÜàÎÜÓÈÕÔÈàÈÕɯȿÒÖÕÛÙÖÓɀɯÎÙÜÉÜȰɯàĹáÌàɯÐıÓÌÔÓÌÙÐÕÐÕɯÚÐÕÛÌÙÓÌÔÌɯ

ġÕÊÌÚÐɯÜàÎÜÓÈÕËċĀċɯȿ×ÙÌ-ÚÐÕÛÌÙɀɯÎÙÜ×larȰɯàĹáÌàɯÐıÓÌÔÓÌÙÐÕÐÕɯÚÐÕÛÌÙÓÌÔÌɯÚÖÕÙÈÚċɯ

ÜàÎÜÓÈÕËċĀċɯÎÙÜ×ÓÈÙËÈɯċÚċÓɯÐıÓÌÔɯÜàÎÜÓÈÕÈÕɯȿ×ÖÚÛ-sinter+ċÚċÓɯÐıÓÌÔɀɯÝÌɯċÚċÓɯÐıÓÌÔɯ

ÜàÎÜÓÈÕÔÈàÈÕɯȿ×ÖÚÛ-ÚÐÕÛÌÙǶċÚċÓɯÐıÓÌÔɯÜàÎÜÓÈÕÔÈàÈÕɀɯÎÙÜ×ÓÈÙ olmak üzere 4 ana 

ÎÙÜÉÈɯ ÈàÙċÓÔċıÓÈÙËċÙ ȹ©ÌÒÐÓɯ ƗȭƕȭȺ. YüáÌàɯ ÐıÓÌÔÐɯ ÜàÎÜÓÈÕÈÕɯ ÈÕÈɯ ÎÙÜ×ÓÈÙ ise 

ÜàÎÜÓÈÕÈÊÈÒɯàĹáÌàɯÐıÓÌÔÐÕÌɯɯÎġÙÌɯ ƚɯÌıÐÛɯÈÓÛɯÎÙÜÉÈɯ(2 W-, 3W-, 4W-, 5W-, 6W- 

Er,Cr:YSGG lazer irradiasyonu ve Al 2O3 ile kumlama)  ÈàÙċÓÔċıÓÈÙËċÙȭɯ!ġàÓÌÊÌȮɯ

ÒÖÕÛÙÖÓɯÎÙÜÉÜɯÐÓÌɯÉÐÙÓÐÒÛÌȮɯÛÖ×ÓÈÔɯƕƝɯÈËÌÛɯÛÌÚÛɯÎÙÜÉÜɯÖÓÜıÛÜÙÜÓÔÜıÛÜÙɯȹ3ÈÉÓÖɯƗȭƖȭ). 

Tablo 3.2. 8ĹáÌàɯÐıÓÌÔÐɯÝÌɯċÚċÓɯÐıÓÌÔɯÜàÎÜÓÈÔÈɯ×ÙÖÛÖÒÖÓĹÕÌ ÎġÙÌɯÖÓÜıÛÜÙÜÓÈÕɯÛÌÚÛɯÎÙÜ×ÓÈÙċ 

&ÙÜ×ɯÈËċ 8ĹáÌàɯÐıÓÌÔÐɯ×ÙÖÛÖÒÖÓĹ 

Kontrol  8ĹáÌàɯÐıÓÌÔÐɯÜàÎÜÓÈÕÔÈËċ 

Pre-2W Sinterleme öncesi 2W Er,Cr:YSGG lazer irradiasyonu 

Pre-3W Sinterleme öncesi 3W Er,Cr:YSGG lazer irradiasyonu 

Pre-4W Sinterleme öncesi 4 W Er,Cr:YSGG lazer irradiasyonu 

Pre-5W Sinterleme öncesi 5W Er,Cr:YSGG lazer irradiasyonu 

Pre-6W Sinterleme öncesi 6W Er,Cr:YSGG lazer irradiasyonu 

Pre-K Sinterleme öncesi kumlama  
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Post-2W 2ÐÕÛÌÙÓÌÔÌËÌÕɯÚÖÕÙÈɯƖ6ɯ$ÙȮ"Ùȯ82&&ɯÓÈáÌÙɯÐÙÙÈËÐÈÚàÖÕÜȮɯċÚċÓɯÐıÓÌÔɯàÖÒ 

Post-3W 2ÐÕÛÌÙÓÌÔÌËÌÕɯÚÖÕÙÈɯƗ6ɯ$ÙȮ"Ùȯ82&&ɯÓÈáÌÙɯÐÙÙÈËÐÈÚàÖÕÜȮɯċÚċÓɯÐıÓÌÔɯàÖÒ 

Post-4W 2ÐÕÛÌÙÓÌÔÌËÌÕɯÚÖÕÙÈɯƘ6ɯ$ÙȮ"Ùȯ82&&ɯÓÈáÌÙɯÐÙÙÈËÐÈÚàÖÕÜȮɯċÚċÓɯÐıÓÌÔɯàÖÒ 

Post-5W 2ÐÕÛÌÙÓÌÔÌËÌÕɯÚÖÕÙÈɯƙ6ɯ$ÙȮ"Ùȯ82&&ɯÓÈáÌÙɯÐÙÙÈËÐÈÚàÖÕÜȮɯċÚċÓɯÐıÓÌÔɯàÖÒ 

Post-6W 2ÐÕÛÌÙÓÌÔÌËÌÕɯÚÖÕÙÈɯƚ6ɯ$ÙȮ"Ùȯ82&&ɯÓÈáÌÙɯÐÙÙÈËÐÈÚàÖÕÜȮɯċÚċÓɯÐıÓÌÔɯàÖÒ 

Post-K Sinterlemeden sonra ÒÜÔÓÈÔÈȮɯċÚċÓɯÐıÓÌÔɯàÖÒ 

Post-2W-ċÚċ 2ÐÕÛÌÙÓÌÔÌËÌÕɯÚÖÕÙÈɯƖ6ɯ$ÙȮ"Ùȯ82&&ɯÓÈáÌÙɯÐÙÙÈËÐÈÚàÖÕÜɯǶɯċÚċÓɯÐıÓÌÔɯ 

Post-3W-ċÚċ 2ÐÕÛÌÙÓÌÔÌËÌÕɯÚÖÕÙÈɯƗ6ɯ$ÙȮ"Ùȯ82&&ɯÓÈáÌÙɯÐÙÙÈËÐÈÚàÖÕÜɯǶɯċÚċÓɯÐıÓÌÔ 

Post-4W-ċÚċ 2ÐÕÛÌÙÓÌÔÌËÌÕɯÚÖÕÙÈɯƘ6ɯ$ÙȮ"Ùȯ82&&ɯÓÈáÌÙɯÐÙÙÈËÐÈÚàÖÕÜɯǶɯċÚċÓɯÐıÓÌÔ 

Post-5W-ċÚċ 2ÐÕÛÌÙÓÌÔÌËÌÕɯÚÖÕÙÈɯƙ6ɯ$ÙȮ"Ùȯ82&&ɯÓÈáÌÙɯÐÙÙÈËÐÈÚàÖÕÜɯǶɯċÚċÓɯÐıÓÌÔ 

Post-6W-ċÚċ 2ÐÕÛÌÙÓÌÔÌËÌÕɯÚÖÕÙÈɯƚ6ɯ$ÙȮ"Ùȯ82&&ɯÓÈáÌÙɯÐÙÙÈËÐÈÚàÖÕÜɯǶɯċÚċÓɯÐıÓÌÔ 

Post-K-ċÚċ 2ÐÕÛÌÙÓÌÔÌËÌÕɯÚÖÕÙÈɯÒÜÔÓÈÔÈɯǶɯċÚċÓɯÐıÓÌÔɯ 
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YüzeàɯÐıÓÌÔÐɯ×ÙÖÚÌËĹÙÓÌÙÐɯÈıÈĀċËÈɯÉÌÓÐÙÛÐÓËÐĀÐɯıÌÒÐÓËÌɯÜàÎÜÓÈÕÔċıÛċÙȯ 

Kontrol grubu: xÙÕÌÒÓÌÙÌɯàĹáÌàɯÐıÓÌÔÐɯÜàÎÜÓÈÕÔÈÔċıÛċÙȭ 

Kumlama ÎÙÜ×ÓÈÙċ: Örneklerin bir yüzeyi 110 µm Al 2O3 partikülleri  (Korox 110, 

Bego, Bremen, Almanya) ile 10 mm mesafeden, ƖɯÉÈÙɯÉÈÚċÕñɯÈÓÛċÕËÈ ve 15 sn. 

ÚĹÙÌàÓÌɯÒÜÔÓÈÔÈɯÐıÓÌÔÐÕÌɯÛÈÉÐɯÛÜÛÜÓÔÜıÛÜÙ ȹ©ÌÒÐÓɯƗȭƕƔȭȺ. 

$ÙȮ"Ùȯ82&&ɯÓÈáÌÙɯÎÙÜ×ÓÈÙċ: Örneklerin bir yüzeyine Er,Cr:YSGG lazer (Waterlase 

MD, Biolase, Irvine, CA, Amerika), MG6 safir uç (Biolase Technology Inc., Irvine, 

CA, AmÌÙÐÒÈȺɯ ÒÜÓÓÈÕċÓÈÙÈÒɯ ÒÖÕÛÈÒÛÚċáɯ ÚÌÙÛɯ ËÖÒÜ modunda, 2-6 W enerji 

düzeylerindeȮɯƕƔɯ'áɯÛÌÒÙÈÙÓÈÔÈɯÏċáċɯÝÌɯƕƘƔɯϟÚɯÈÛċÔɯÚĹÙÌÚÐàÓÌȮɯǔƙƙɯÚÜɯÝÌɯǔƚƙɯÏÈÝÈɯ

ÈÓÛċÕËÈɯÜàÎÜÓÈÕÔċıÛċÙȭɯ+ÈáÌÙɯÜÊÜɯġÙÕÌĀÐÕɯÛĹÔɯàĹáÌàÐÕÐɯƕƔɯÔÔɯÔÌÚÈÍÌËÌÕɯƗƔɯÚÕ. 

ÚĹÙÌàÓÌɯÛÈÙÈÔċıÛċÙ ȹ©ÌÒÐÓɯƗȭƕƕȭȺ. 

 

 

©ÌÒÐÓɯƗȭƕƔ. *ÜÔÓÈÔÈɯÊÐÏÈáċ 
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©ÌÒÐÓɯƗȭƕƕ. IÈÓċıÔÈËÈɯÒÜÓÓÈÕċÓÈÕɯ$ÙȮɯ"Ùȯ82&&ɯÓÈáÌÙɯÊÐÏÈáċɯÝÌɯġÙÕÌÒÓÌÙÐÕɯàĹáÌàÓÌÙÐÕÌɯ

ÓÈáÌÙɯÜàÎÜÓÈÕÔÈÚċ 

 

3.4. (ÚċÓɯdıÓÌÔ 

 Dört nokta bükülme direnci testi, XRD ve FE SEM analizleri öncesinde, 

ċÚċÓɯÐıÓÌÔɯɯÎÙÜ×ÓÈÙċÕËÈ (post ÚÐÕÛÌÙɯǶɯċÚċÓɯÐıÓÌÔȺɯÉÜÓÜÕÈÕɯġÙÕÌÒÓÌÙȮɯÝÌÕÌÌÙɯÚÌÙÈÔÐĀÐɯ

ÜàÎÜÓÈÕÔÈËÈÕȰɯÈÕÊÈÒȮɯĹÙÌÛÐÊÐɯÍÐÙÔÈÕċÕɯáÐÙÒÖÕàÈɯÈÓÛɯàÈ×ċɯÐñÐÕɯġÕÌÙËÐĀÐɯÝÌÕÌÌÙɯ

ÚÌÙÈÔÐĀÐɯȹ(ÕÐÛÐÈÓɯ9Ù-%Úɯ"ÌÙÈÔÐÊɯ#ÌÕÛÐÕȮɯ&"ɯ$ÜÙÖ×ÌȮɯ+ÌÜÝÌÕȮɯ!ÌÓñÐÒÈȺɯÍċÙċÕÓÈÔÈÚċÕċɯ

ÚÐÔĹÓÌɯÌËÌÊÌÒɯıÌÒÐÓËÌ (Tablo 3.3.), seramiÒɯÍċÙċÕċɯȹ/ÙÖÎÙÈÔÈÛɯ$/ƙƔƔƔȮɯ(ÝÖÊÓÈÙɯ

Vivadent, Schaan, Liechtenstein) içerisinde 800oCɀËÌɯ ċÚċÓɯ ÐıÓÌÔÌɯ ÛÈÉÐɯ

ÛÜÛÜÓÔÜıÓÈÙËċÙ ȹ©ÌÒÐÓɯƗȭƕƖȭȺ. 
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Tablo 3.3. 5ÌÕÌÌÙɯÚÌÙÈÔÐÒÓÌÙÐÕÐÕɯ(ȭɯ#ÌÕÛÐÕɯÍċÙċÕÓÈÔÈɯġáÌÓÓÐÒÓÌÙÐɯȹ!ȯɯÉÈıÓÈÔÈɯċÚċÚċȮɯ2ȯɯ

ÒÜÙÜÛÔÈɯÚĹÙÌÚÐȮɯÛɯɯȯɯÍċÙċÕÓÈÔÈɯċÚċÚċÕċÕɯƕɯËÈÒÐÒÈËÈÒÐɯàĹÒÚÌÓÔÌɯÔÐÒÛÈÙċȮɯ3ȯɯ×ÐıÐÙÔÌɯċÚċÚċȮɯ'ȯɯ

×ÐıÐÙÔÌɯċÚċÚċÕËÈɯÉÌÒÓÌÔÌɯÚĹÙÌÚÐȺ 

5ÌÕÌÌÙɯ2ÌÙÈÔÐĀÐ B  

(oC) 

S  

(dk)  

t   

(oC) 

T  

(oC) 

H  

(dk)  

GC Initial Zirconia Disk  450 4 55 800 1 

 

 

©ÌÒÐÓɯƗȭƕƖ. (ÚċÓɯÐıÓÌÔÐÕɯÜàÎÜÓÈÕËċĀċɯ×ÖÙÚÌÓÌÕɯÍċÙċÕċ 

 

3.5. Dört Nokta Bükülme Direnci Testi   

 IÈÓċıÔÈËÈɯÜàÎÜÓÈÕÈÕɯàĹáÌàɯÐıÓÌÔÓÌÙÐɯÚÖÕÙÈÚċÕËÈȮɯƕȭƘɯßɯƘɯßɯƖƔɯÔÔɯ

boyutlar ċÕdaki  190 ÈËÌÛɯ áÐÙÒÖÕàÈɯ ġÙÕÌĀÌɯ ȹÕǻƕƔȺɯ 8ÈÒċÕɯ #ÖĀÜɯ ²ÕÐÝÌÙÚÐÛÌÚÐɯ

MüheÕËÐÚÓÐÒɯ %ÈÒĹÓÛÌÚÐɯ ÉĹÕàÌÚÐÕËÌÒÐɯ 4ÕÐÝÌÙÚÈÓɯ 3ÌÚÛɯ "ÐÏÈáċ (EZtest-500 N 

Shimadzu; Kyoto, Japonya) ile ISO ƚƜƛƖȯƖƔƕƙɯ ÚÛÈÕËÈÙËċÕËÈÒÐɯ ÛÈÓÐÔÈÛÓÈÙɯ
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ËÖĀÙÜÓÛÜÚÜÕËÈɯËġÙÛɯÕÖÒÛÈɯÉĹÒĹÓÔÌɯËÐÙÌÕÊÐɯÛÌÚÛÐɯÜàÎÜÓÈÕÔċıÛċÙ ȹ©ÌÒÐÓɯƗȭƕƗȭȺ. 

ZÐÙÒÖÕàÈɯġÙÕÌÒÓÌÙȮɯƕƚɯÔÔɯÜáÜÕÓÜĀÜÕËÈÒÐɯÛÌÚÛɯËĹáÌÕÌĀÐÕËÌ bulunan ve 1.5 mm 

çapa sahip olÈÕɯƖɯÈËÌÛɯñÌÓÐÒɯËÌÚÛÌÒɯñÜÉÜĀÜÕ üzÌÙÐÕÌɯàÌÙÓÌıÛÐÙÐÓÔÐıÛÐÙȭɯ*ÜÝÝÌÛȮɯ

ÈÙÈÓÈÙċÕËÈɯƜɯÔÔɯÔÌÚÈÍÌɯÉÜÓÜÕÈÕɯàĹÒÓÌÔÌɯñÜÉÜÒÓÈÙċɯÐÓÌɯƕ ÔÔɤËÒɯÒÈÍÈɯÏċáċÕËÈ, 

ġÙÕÌÒÛÌɯÒċÙċÓÔÈɯÔÌàËÈÕÈɯÎÌÓÌÕÌɯÒÈËÈÙɯÜàÎÜÓÈÕÔċıÛċÙ ȹ©ÌÒÐÓɯƗȭƕƘȭȺ.  

 3ÌÚÛɯÊÐÏÈáċÕÈɯÉÈĀÓċɯÉÐÓÎÐÚÈàÈÙɯÌÒÙÈÕċÕËÈɯÎġÙĹÓÌÕɯàĹÒɤáÈÔÈÕɯÌĀÙÐÚÐÕËÌÒÐɯ

ÈÕÐɯËĹıĹı ËÌĀÌÙÓÌÙÐɯÐáÓÌÕÌÙÌÒȮɯÔÈÒÚÐÔÜÔɯÒÜÝÝÌÛɯȹ-ȺɯÒÈàËÌËÐÓÔÐıɯÝÌɯÉĹÒĹÓÔÌɯ

direnci (ϦȺɯ%ormül 3.1 ÒÜÓÓÈÕċÓÈÙÈÒɯÔÌÎÈ×ÈÚÒÈÓɯȹ,/ÈȺɯÉÐÙÐÔÐÕËÌɯÏÌÚÈ×ÓÈÕÔċıÛċÙȯ 

Ϧ = 3PL / 4wb2            (3.1)  

 Formüldeki ; /ȯɯÒċÙċÓÔÈɯÒÜÝÝÌÛÐÕÐɯȹ-ȺȮɯ+ȯɯÛÌÚÛɯËĹáÌÕÌĀÐɯÜáÜÕÓÜĀÜÕÜɯ

ȹÔÔȺȮɯÞȯɯġÙÕÌĀÐÕɯÎÌÕÐıÓÐĀÐÕÐɯȹÔÔȺɯÝÌɯÉȯɯġÙÕÌĀÐÕ ÒÈÓċÕÓċĀċÕċɯȹÔÔȺɯÎġÚÛÌÙÔÌÒÛÌËÐÙ. 

     

©ÌÒÐÓɯƗȭƕƗ. !ĹÒĹÓÔÌɯÛÌÚÛÐÕÐÕɯÜàÎÜÓÈÕËċĀċɯ4ÕÐÝÌÙÚÈÓɯÛÌÚÛɯÊÐÏÈáċ ve test için özel olarak 

ÏÈáċÙÓÈÛċÓÈÕɯÉÈĀÓÈÕÛċɯ×ÈÙñÈÓÈÙċ 
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©ÌÒÐÓɯƗȭƕƘ. 3ÌÚÛɯËĹáÌÕÌĀÐÕÐÕɯıÌÔÈÛÐÒɯÎġÙĹÕĹÔĹ 

 

 IÈÓċıÔÈËÈȮɯËġÙÛɯnokta bükülme direnci testinde kaydedilen bükülme 

direnci veril ÌÙÐɯ ÒÜÓÓÈÕċÓÈÙÈÒɯ 6ÌÐÉÜÓÓɯ ÈÕÈÓÐáÐɯ àÈ×ċÓÔċıȮɯ 6ÌÐÉÜÓÓɯ ÔÖËĹÓĹɯ ÝÌɯ

ÒÈÙÈÒÛÌÙÐÚÛÐÒɯËÈàÈÕċÔɯFormül ƗȭƖȭɯÒÜÓÓÈÕċÓÈÙÈÒ ÉÌÓÐÙÓÌÕÔÐıÛÐÙȯ 

ὖὪ ǻɯƕɯǸɯÌß×ɯȻȹǸɯ„ /„0)m]                  (3.2) 

 Formüldeki ; /ÍȯɯÒċÙċÓÔÈɯÖÓÈÚċÓċĀċÕċȰɯϦȯɯÉĹÒĹÓÔÌɯËÐÙÌÕÊÐniȰɯϦ0: 63.21% 

ÒċÙċÓÔÈɯÖÓÈÚċÓċĀċÕËÈÒÐɯÒÈÙÈÒÛÌÙÐÚÛÐÒɯËÈàÈÕċÔɯËÌĀÌÙÐÕÐȰɯÝÌɯÔȯɯ6ÌÐÉÜÓÓɯÔÖËĹÓĹɀÕĹɯ

temsil etmektedir.  

  àÕċɯáÈÔÈÕËÈɯàÐÕÌɯÈàÕċɯÝÌÙÐÓÌÙɯÒÜÓÓÈÕċÓÈÙÈÒɯÉĹÒĹÓÔÌɯÔÖËĹÓĹȮɯ%ÖÙÔĹÓɯ

ƗȭƗɯÐÓÌɯÏÌÚÈ×ÓÈÕÔċıÛċÙȯ 

E = L3F / 4bh3y                  (3.3.) 

 %ÖÙÔĹÓËÌÒÐȰɯ+ȯɯËÌÚÛÌÒÓÌÙÐÕɯÈÙÈÚċÕËÈÒÐɯÔÌÚÈÍÌàÐɯ(mm); F: uygulanan 

ÒÜÝÝÌÛÐɯȹ-ȺȰɯÉȯɯġÙÕÌÒɯÎÌÕÐıÓÐĀÐÕÐɯȹÔÔȺȰɯÏȯɯġÙÕÌÒɯÒÈÓċÕÓċĀċÕċɯȹÔÔȺȰɯÝÌɯàȯɯÜàÎÜÓÈÕÈÕɯ

àĹÒĹÕɯÒÈ×ÓÈËċĀċɯÈÓÈÕċɯÛÌÔÚÐÓɯÌÛÔÌÒÛÌËÐÙȭ 

 




